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CHAPTER 1

INTRODUCTION

1—i. GENERAL .

a. This pamphlet is designed to aid in the technical evaluation
of satellite earth terminals , eq uipment , and circuits . The technical
evaluation program (TEP) for satellite systems was pioneered by US Army
Communications Command (USACC) when the first comprehensive test pro-
cedures were developed and tested by the USACC Technical Evaluation
Detachment (TED) in early 19 74. Since that time , the p rocedures have
been revised a number of times and are continually being refined to
imp rove test techni ques , data collection , applica tion of the tes t da ta
f or systems improvements , and methods of accomp lishing the evaluations
more e f fec tively. In this respect , it is anticipated that  the tests
con tained in this pamphle t and subsequen t analysis of the tes t da ta will
be accomplished almost entirely by calculator—controlled techniques .
This improved me thod will reduce onsite test time , improve da ta accuracy ,
and permit more efficient scheduling of resources.

b. The material contained in this pamphlet is basically a compen-
dium of instructional notes developed or compiled by the USACC satellite
test team. The procedures , contained in chapters 6 through 75, per—
tam ing to satellite evaluations are essentially the same as those
developed for the Defense Communications Agency (DCA) by USACC. While
these procedures were developed for evaluating the defense satelli te
communications system (DSCS), they should also be app licable to non—
defense communications systems (DCS) satellites as they are deployed.
It is anticipated that some changes to the test procedures and tes t
techniques will be required to adapt them to new and more sophisticated
satel lite systems .

c. The method used to perform an evaluation of a satellite system
will vary depending on the number of test teams available and system
configu ration. The most desirable method , of course , would be to employ
a test team at the nodal point with other teams located at each of the
stations when the system is configured in the fan mode as shown in
figure 1—1. This may not be practicable due to the number of test
teams that would be required and the affect such a test arrangement
would have on all customers served by the multiple destination approach .
Recognizing this, the test p rocedures con tained in this pamph let and
the method used by the test team is to primarily evaluate the system
through a satellite loopback . This approach has its limitations since
it does not fully characterize the overall network in a system con-
figuration as is commonly used on terrestrial radio links. Considering
all factors , the loopback app roach appears to be the mos t cost—
effect ive and ef f ic ient  method of conducting the satellite evaluation
program. The audio series tests , chapte rs 57 th rough 74 of this pamphlet ,
could be pe rf ormed on a link basis , however , which would be indicative
of the service quali ty being provided the custome r , as well as the need
to evaluate other stations in the network .

1—1 
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Figure 1—1. Fan mode.

d. The basic test procedures and test techniques con tained in this
pamphlet should also be used when testing newly installed terminals .
This will establish a baseline for ongoing operations as well as provide
empherical data on which to compare the data collected by the TEP teams.

e. System downtime to accomp lish all required test sequences normall y
involves a minimum of 24 hours of downtime . This can be divided into
three 8—hour blocks or segments of six 4—hour blocks when necessary .
This 24—hour requirement is predicated on testing and minor onsite adjust-
ments only , and any major  main tenance or repa ir actions tha t may be
necessary could extend the downtime requirements . If the total downtime
requirement cannot be provided due to high pr iori ty circui t requiremen ts
or lack of adequate alternate—route capability , the test team will accom-
plish as many of the key tests as time permits . The final tes t report will
include all pertinent data on denial of the downtime along with information
on the nonavailabliity of circuit alternate—route capability . This lack
of al ternate—route capability may indicate a serious weakness in system
configuration and could have catastrophic effect on critical communications
r , e r v ir e .  Du ring system downtime , the test team will insure that the
system can be restored to its normal operating condition wi thin 20
m inu tes of n o t i f i c a t i o n .

1. The technical nature and the complexity of the systems that are
to be evaluated necessitates that the tes t teams be high ly proficien t,

1—2

~~~~~~~~~ ~~~~~
S_ .

. - - i~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~



___  
--- - -- — - -~~—-- — — -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — - -  -- -~~~~~~~

(3 702—2

self—motivated , and extensively experienced in L i t -  f u n d a m e n t al s  of sateliit~
transmission systems and equipment. The frequent and e x t r h i d o d  periods
of t empora ry  d u t y  (TDY) that will be re~~ I:i r1d of t in- test teams also
necessitates that the team ;€ ‘I I I P c r S  not  only be p r o f e s s  1 110 !  I i i  l i  I r
spei ialty but totally dedicated to systcr!ls improv emeilts.

1— 2.  SCOPE. The following inforisaliot is contained in this pamph l e t :

a. Respons ib i l i t i e s  and du t i es  ol the siitelli t t - test team ( I  l I s t  L )  -

b. Admlnistrati .- e and iocisticai p roci - dt:t es (chap 2).

c. Calculation worksheets and tutorial itiior :.:otion on test teci~~
niques and data analysis (chap 3).

d. Equipment speciLications and extracts of technical litera~ urc
that may ass is t  tes t  engineer ,~ itt assess ing the p e r f o r n a I I c - r  of a link
and t e rmina l  (app B ) .

e. Test procedures for the radio system and pertinent audio series
tests that can be used to determine the quality oI C U S I O S S - -  service
(chap 6 through 75).

f .  Reporting requ~ reoonts and r e p o r t  p r e p a r a ti o n  ( 1 1 0 1  ~i ) .

1—3 . PURPOSE. The purpose  of th  i r sIr ~~ ot is to:

a. Establish standardi zed test proc- -nlt res -and test otit er ia for
eva lua t ing  the o p e r a t L o n ~fl pe r f o n - -ni r of -; ~ii~1li te  e a r t h  1 n ~- in a l c o o l :) - -

ment , sys tems , and circuit’- .

b.  Provide n coopen d  urn of pe t-I inent InfO anti no that will aid TIl’
personnel in. p e r f o r m i n g  a L - c h n i c a l  evaluation c- f a svr- c l f l d t l~~t an
be used as an instructional guide 1or orisite I S O t I T 0 0 0 0 c e  p Cr r 0 0 0 C]

c. P r o v ’ d e  information to tIm op liOt ira and r:ojnt~ ncnp~ (i~i- ’ I co’ s-ic-i
having pr imary responsib ility f o r  t h o  l)~~~ . .  sate ’l~ t~- enr ~~ I t r .-inslS
that can be used by their personnel in evaluating the e f f t c ~~I v e : i t -~ s of
their qua lity assutance p r i g r a m s .

d. Prescribe a standard reporting format for the recording and
reporting of the test data collected by the TEP field test teams .

1—4. PROGRAM OBJECTIVES . The objectives of the technical evaluation
prog ram are to:

a. Identify those systems that may require r - - p Ia n c n t , modifica-
tion , or upgrade .

b. Standardize and improve onsite operations , maintenance , logis-
t ical service , and ru~~t orner  service.

1—3
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c, Establish a baseline of equipment and system perfo r inosre that
can be used by the O&M command in monitoring the effectiveness of onsitt :
O&M .

d.  Develop a technical  data base of equipment  and s y s t em  p e r f o r m a n c e
characteristics that can be used for cost—effective , tiae -p ilo - e d modern-
ization of USACC facilities and equipment.

e. Provide over—the—shoulder training and assistance to u n , i t e
personnel as required.

f. Improve the quality of service being provided tie customer
through a sys temat ic  and detai led eva lua t ion  of equ ipment  and f a c i l i t i e s
operated and maintained by L’SACC. This is the  most important objective
of the program since it provides commanders with an impartial and com-
prehensive evaluation of equipment potential , operating level , and
recommendations for improvements .

1-S. REFERENCES .

a. DCAC 300—175—9 , DCS Operating—Maintenance Electrical Performance
Standards .

b. DCAC 310—70—1, Supp lement 1 to Volume II, DCS Tech nical Con trol
Test Descriptions .

c. DCAC 310—70—57 , Supp lemen t 1, DCS Quality Assurance Program
Technical Evaluation of Line—of—Sight and Tropospheric Scatter Links .

d. DCAC 310—70—57, Supp lement 6 , Performance -Measurement Procedures
for Satellite Communications Systems with draft Annex A , Subsystem Per-
formance Parameters .

e. MIL—STD—188/lOO , Common Long Haul and Tactical Communication
System Technical Standards .

f. TM 11—5805—507—15/1, Service : Multip lexer Set A N / l C C — 4 ( V )
(Lenkurt) AF 30(602)—4l35.

g. TM ll—S895—389—34/3 , Direct Support (DS) and General Support
(CS) Maintenance Manual : Satellite Communications Terminal AN/TSC—S4
(Functional Diagrams).

h. TM ll—S89S—389—50/4 , Depot Maintenance Manual : Satellite
Communication Terminal AN/TSC—S4 (Alignment Procedures and v t - ~-ot  Oierhaul
Standards).

i. DTM 11— 5820—803—12 , Ope rator  Manual , Modem , Digi ta l  T ) at ~~,
MD—92l/G.

1—4
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j .  Y1M L 1~ S82 (l--~t 1s-- l 2 , Operator Manual , Amplifier , Parametric
- — 6 6 7 6/  Se

k. DTM 11—5820— 819— 34 , Amp l i f i e r , Paramet r i c  (AM—6676 / TSC --S4) .

1. IM 11—5895—539 —1 2 , Operator  and Organiza t iona l  Maintenance
.- rmu a l , Parts 1 and 2, Satellite Communications Terminal (AN/MSC—46(V)).

m. DTM 11—5895—539—34—1 , Freq uency Convers ion Subsys tem for  Satell ite
( onununicat ions (A.N /M SC— 46 ( V ) ) .

n. DTM 11—5895—796—34—1, Modular OM—46(V)/TCC—78 , —79 , DS/ G S and
Depot Maintenance Manual , Multip lexer Se ts, AI’~/TCC—78, AN/TCC—79 and
~. (O1 ~~oda 1

o. DIM 11—5895—833—12 , Frequency Conversion Subsy stem for  Satellite
Coinmunicat io t ta  Terminal (AN/TSC—S4) .

p. TN 11—5895—903—34 , Opera tor and Ma in tenance Man ual :  Parame tric
Amplifier Group OG—l33/G for AN/FSC—78.

q. CCR 702--l-- 3, US Army Communications Command (USACC) Quality
Assurance Program for Operational Communications—Electronics (C—E)
Systems and Facilities .

r. CCP 105—5 , Introduction to Satellite Communications .

s. CCP 702- 1, Wideband Radio Analysis.

1—6 . DiSCUSSION .

a. Prior to conducting a technical evaluation , a test notification
message will be provided the command that is scheduled to be evaluated.
This n o t i f f  cation message will also be addressed to all applicable
:ction a l e !  l u to r m a t  Ion addressees and will as a minimum contain :

(1) rriod ot the evaluation .

(2) Test team composition and security clearance status of test
teaUl I~ C l l l ’ - £ 1 1

(3) Primary and alternate date(s) and time(s) for system downtime.

(4 )  uc- 1igiiated poi nt of contact for  the test team activities
including to I phon e tiunb ers .

(5) Ic L team travel arrangements and arrival  time .

(6) I e ’ - t  sched ule for  mul tiple link or system evaluations .

h

i 
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( 7 )  1-i. equ i  L e n i e n t  fo r  the I~~M command to p r o v i d e  a qu a l i  l i e d  techni-
c i an  dur i t i g to, evaluat ion ~~ - work w ith and assist the test team .

(0) -O u i r e n o - n t  for lOT ~‘int of - :ta-. t and t e l ephone n u m b e r .

(9) Logistical support w i ll consist of the following:

(a)  ~- s ~- n r s  and rations r e q u i r o z u - o t s .  Any unusual  s i t u a t i o n s  t h a t
would p rec i  ide using g a v c r i n m e n ~ f a c i l i t i e s  should be included in the
test not i!ic .-ntion message.

(b) Power requir€ uielil for tic test sets , especially for the Ai~/TSM

(c) F - u i  ‘ - i t  secur ft ° roc:I~ j ro l *’ y t t S

~u) onsii ~, : I - n r aI~~~o f : ~:s~ Lra. i L e s t .  iueasurement , and diagnostic
equ ipment ( ‘I”’ ) i - ) t h a t  may be I C ; ]  i r o d .

(e) i r u u s p s.-r L a tiua re;-Ii ren ents for the test team and equipment.
Th is sh ou ld in~ tude any known requirement for materials handling equip-
ment or o t n e t  s ocialized equipment.

b. O~ ~ o -Ce 1
~~.t  of the Le~ t notif icatiort message , the O&M command

personnel will p~~n i - - r m all requii - 1 saint enance , optimize system perform—
ance , and arrange for the logistical support required by the test teams
in accomp fishing their test objectives . The O&M command will notify the
TED , CC~~O1 S~~m jQ- , of:

(1) Name ~nd telephone number of the local point of contact for the
evaluation .

(2) The status of quarters , rations , and logistical support iden-
tified in the test notification message.

(3) Any orovatio n , reconfiguration , or maintenance actions that
may be scheduled or in process that could influence the test results .

c. Upon arrival at the station to be evaluated , the team chief will
brief the site personnel and the senior C—E commander on the scope of
the evaluation , delineating the long range and immediate goals of the
evaluation.

d. The initial station evaluation shou ld consist of a general walk—
through and familiarization of station layout , facil ities available , and
orientation of site personnel. A suitable working location for the test
team will be established in coordination with onsite personnel. The
working location should be selected in such a manner that interference
with the site personnel and their mission Is minimized.

1—6
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e. Successful accomp lishment ot t i e .  t ’ v I i l u a t  ion ari d , o i i t o e s-nt lv ,
the test objectives will depend to a ljr~ e degccc on i:~~ i - o r t i c i I . o~L ! :
of site personnel t h roughou t  t h e  evaluat ion. l i t  i~~ tore , P t~~ t
members are expec ted  to work h a n d — i n — h a n d  w i t  It t h e  l o i a l  e r - I . , n i i e  one
understand the i r  problems in o p e r a t i n g  and m a i n t a i n i n g  t i t e  Sy s i e f l l .

f. At the conclusion of the evaluation , the te st tear .1 j l ~~I will
provide site personnel and the senior C—F commander with an inio rr~t1
exit br iefing. In the case of DCS s, th e local l)CA re~~r e]eot I I I  iV C w i l l
be invited to participate as an observer. \s a i n i i i imum t i e  b r i - f i j i c
will incl ude:

(1) A summary of t e s t  r e s u l t s  in n on t e . ’ 1t i ~ ic a l t e r m s  ehe :e-i r ~o S s i h ] C ,
The use of charts and graphs is enconraged s ince  the inforrnat ion erie cc
better presented and understood by management personnel.

(2) Significant deficiencies noted duri ii s. t h e  evaluat iuli L i t  c-~~r~
correc ted by the test ream or site personnel.

(3) Deficiencies requiring ongoing corrective actions at the site
and command level , along with technical recommendations that l u i t  b €
taken to improve system performance. Th~ deficiencies should be pro - -~~eO
in such a manner that they can be directi e related to th0 q u a l i t ~ of
service being provided by the terminal . All technical recoIIII lel lddt lt)II’-
must be based on sound engineering and n o t i  n t e n a u i c e  p r a c t i c e s  arid rep i ~ sent
a reasonable and logical cost—effective solution to the prohieic .

(4) In addition to the informal exit bn iefi ti g , L h i ~ s~ nior  ( i — C
commander and site personnel will be provided a i . r i t L e n  l i s t  of on p r i in g
corrective actions and the test team ’s recommendations for s\’I-i t c I l
improvement. The O&M commander will also be adv ised  t h a t  a respu l i so  t o
i den t i f i ed  def ic ienc ies  w i l l  be r e q u i r e d  upon r e c e i p t  of the  f i n a l i z c i
test r epor t .

g. The test tea m members wi l l  c o l t  am I c o l t  m v act ion  t i c  can be
interpreted as establishment of p~~l j ~~,- or ch a n g i n g  e i t h e r  i O u i l  or U SA C( ’
policy . Any questions that may arise during t h e course oi the evj 1ua~~lc n
that may involve policy will be rel€ rred to the TED .

I
1—7. COMMENTS . Users of this pamphlet ore invited to s u l — ci t recon een—
dations to improve the pamphlet. Comments should he key d t . the
spec if ic page, paragraph , and line of the text. hational ~ l . - i L i  l~
provided for each comment to insure u n d e r s t a n d i n g  an d com l ’ et ev -~1u ,~t i ~~n
of the recommended change . Comments should be submitted on 1’\  Form .~~LP-
(Recommended Changes to Publications and Blank Forms) and add F t  ~scd to
Commander , US Army Communications Command , ATTN : CC—OPS— O , Fort h i o tH - , -

Arizona 85613. (Copies of DA Form 2028 are provided at th e end of th1i~
pamphle t.)

1—7

, ‘ ~~~~~~~~~~~~~~ _ _ _ i_ ,____ _ 
-~~~ - . -_



(:CP 702— 2

CHAPTER 2

SATEP TEAN MEIBER RESPONSIBILITIES

2—1. GENERAL .

a. This chapter delineates the responsibilities and duties of the
satellite technical evaluation program (SATEI~) team members . The test
teams assigned to accomp lish the program objectives will not norm ally
be diverted to other missions except when an emergency situation arises
(CCR 702—1—3).

b. The test teams will be dep loyed based on a master test schedule ,
and the period of deployment will vary depending on the complexity of
the system , transportation problems , and the amount of effort required
to optimize the equipment and system. It is anticipated that a satellite
evaluation should not exceed 20 days in dura tion , with an objec t ive of
15 days . This time will also be influenced by the effectiveness of local
maintenance programs , proficiency of test team members , and availability
of required test equipment and associated hardware .

c. During the time the test teams are not on TDY performing evalua-
tions of satellite systems in accordance with (lAW) the master test
schedule , they will be involved in analyzing the raw test data , reviewing
test proced ures , develop ing proced ures f or new sys tems , preparing
revisions to existing procedures , and preparing O&M procedures to improve
onsite techniques . Additionally,  the systems located in the proximity of
the test team’s home station will be scheduled for a cyclic evaluation
when the teams are not TDY to other geographical areas .

d. Although this pamphlet is primarily techn ical in na ture , the
test team may examine other nontechnical areas such as facility manning,
adequacy of logistical support , environmental conditions , safety practices ,
and opera tional procedures . This is based on the fact that problems
encountered by the test team in the tech nical area may be d irectly
at t r ibuted to a deficiency in the nontechnical areas . A nontechnical
evaluation would normally be conducted by a performance evaluation
program (PEP) team rather than a TEP team ; however, in the interest of
economy of resources , the TEP and PEP may be conducted at the same time .

e. Checklists and guidelines for conducting a performance evaluation
of a satell ite facility will be publ ished as an append ix to th is
pamphlet as they are developed . These checklists will provide for a
comprehensive examination of all facets of station operation. They will
be objective rather than subjective insofar as possible. They will be
developed in such a manner that 0&M commanders can use the same infor—
nation in evaluating the performance of onsite person nel , maintenance ,
and procedures.
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2. S a t e~~I i t e  P 0 iii l u  . ( ‘i~~U O 2

Sr N~ r o t - a v e  O j It E7 2b \ .p( 4 1

P - l i e  oheve re~ I I - S e l l  ts the  ~ t , i i i l a  tO I zed test I t ait: s t r u c t u r e  for an
eval ,at i on  I ~t satel ii to  t O i l  .1 . ‘I’hi ~ - umber ot  persuonel and t h e
s pen i a l i  h-s t o  I - c  ine - 1 u ~h-d i l l  tl.c te en si ll I- h e ll0 on the mission of th e

A L . . -\ t  t t o:, • i t is possible filial addi t l o l l O l  spec ml t i es su~ P as poser ,
ef lOl ronmental roiL i i i  , c le c t ro m a gn e t i  , or e t h e r  type engineering spec ia l -
t ies  wil l  be in c luded  in the  t e st  team to e - ~oiv~ a particular problem .

c. P0rsuiuicl selected to man L I e ’ test earns must be satellite
t r55 t o e d  as i-; - I I as p r o f i c i e n t  in sys t ems  cv . i l au t i o n  L L ’o l t i q u e s  . t h e y
should  also Cave long—term t e L l i  co i l l ity  to r e du c e  t r a i n i n g  cost  and to
insure t ha t  the eva lua t ions  are  onei i c t e ’d i i i  a ij i nj i d u n ,  of t i m e  w i t h o u t
: s a c u i fi c i n g  the qu a l i t  01 service being provided.

~~. TEST 1 0A~- l l < C SPONS I B I  I l l  IES . 1 l ie  b o s i  r e s p o n s i b i l i t i e s  of t h e
Lost r eam and pe r sonne l  :- o inp t ’ i s i o g  the team ar e  c ’ o n t - t i r i e d  in subsequent

The t e t - ip o n s ib  I I I ties of t i e  O~ T t - oin ma ii d to. hie-dule d to be
v a lua te - i  i ce -  . ‘o i t l a i nej  in  000 ; i i o -  l - - 3 .oid -~~rdgr~ phs 1— fm , 2-4 , an d  2—5

of this pamphlet.

a . Te~~ Chi t -

(1) S:tpe~ ise s lIt . t est man ,tCL i’-i ti c’s and j l o . u !e s  that all data
IS oil l~~~ t~~U and anal ysed on dail y basis and required ep orts are
p ko :~i te - i

( 2 )  iin0 h-r:eots le5 ’ i a t l t s  I rout esr il I i sh ~~i test pr - c & ‘diir es as may
be e qo  l e d  I in sure that the t e a t  : h .j t a  i s  complet e , va l id , and in

or , 1 l i  a l ic e  - - I ro os tab lioht’ .l dir c I t  i- 5- es . When dc-v i at i .‘ns are used , t h ey
,i. lOt he fully s - , j . I a j t i ed , and t h e  team chief w i l l  io s ’ti that th e data
elc ; :, rl to, a Fe ess€-’lt i a I I y unchanged.

(ii Asu is 1.; the Le. - t t e c l m n i c i a t t s  In set t j i g  up t h e  test instrumen—
l o tiO fl, , t i - s u r i n g  that the test e o i i f i gu r a t  ion is lAW established procedures.

(4 , I t o .  ci, t h 0 t  all .issi goed test Ins t ini - it- j it ation ati t associated
o o. . ls;,ire is ~ c o u n t e d  for  and p r o p e r l y m a i n t a i n e d .

2—2
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(5) P i u e i d t - o  t ec ’ h o j , - - t l  t s s l s t : i t i e  an .i  o v e r — t h e — L uu l d e r  t r i i i i ig to
ons i t e  p ersor i t ie l  in l i p  r e v  tr i g s’- - : t  e l - i  p ort o F i l l - u S e

(6)  Iiis u~ c-s t h 0 i  the cu~~p 1e~ 0 d f i t - S t  i l I L O  p a c ka g~ and summary 01 t e s t
results ,ire p rov ided  to the  LI P det ~~clì: ueo t  anal ys i s  s ec t ion w i t h ,  i n  7
work ing  days a f t e r  the c v a i u a t i c l t  has b r-co comp le tc i .

(7) P r o v I d e s  an cot  F a i t c o  b ri c i  111:2 to  t i t e  O&M cotrnotn der and o t h e r
designated personnel , covering the scop e o{ the e,:,h cet ion (immediate
and long range goals) ; prov lOch u&:-i ru - iIi i aiii ~ r w i t h  a m l  t e s t o i t e  cha r t
covering all phases of the evaluation.

(8) Provides t i i e  o p e ra t  i e g  u n i t , s i t e  pe- r suitnv l , nd 0&~-f co~~oander
~ i t h i  an 0x i t  b r i e f i n g  a t  t h e  c o i i c lu s i . -n o f t he  c - v u l u a t  ion. The local
DCA r ep resen ta t ive  will  also be given the opportuni ty to partici pate in
the b r i e f i n g  when DCS terminals are i i v ~~l — e d .  The e~i i t  b r i e f i n g  w i l l
inc lude  those I tems ou t l ined  in e u r a g r a ~i h i  l — 6 t  of t h is p a m p h l e t .

( 9) D i r e c t s  d i a gu 0 ~~L i c  te s t i n g  as l iecessary to i~~
- -- l a t e  a p r o b l e m  or

p o t e n t i a l  problem and p rov ides  recommendat ions  to correct a t i v  de f i c i enc ie s
noted .

(10 ) Advises the de t achmen t  head q u a r t e r s  d i r e c t ly  of any problems
encountered which would i n f l u e n c e  the tes t r e su l t s  or n e c e s s i t a t e  a
change to the test  schedule.

(11) Assumes r e spons ib i li i~ f o r  the  h e a l t h , w~ I f a r e , mora le , and
conduct  of assigned team members when in t e s t  s t a t u s .

(12) Assures adherence of a l l  team members to l o r a i 1 ’~ publ i shed
dress s tandards  and pol ic ies  w i t h i n  the  host command.

(1 1) Reques ts  and ~u or J in a t e s  asstc :ii downt ime  as r equ i r ed .

(14) Per form s otis it e ana l y s i s  and ree i i , , -t i on  a t  t h e  t e s t  da ta  and
provides  a d r a f t  of the  t e s t  repor t  to  the  anal ysis  Sc5 ti,Ofl .

(15) i’ r i v i d e s  the d e t a - h i ie ’ri t  i i i  - c o u n t r y  c o o r d i n r i t 5 r  of the des i r ed
date and t ime tha t  the exi t  b r i e f i n g  can be g i v e n .  The in—coun t ry
coordinator will m ake all arrangements to insure that appropriate
personnel are in attendance and that adequate f a c i l i t i e s  are a v a i l a b le .
In the absence of a detachment in—country coordinator , all a r rangement s
will be made through the local command ’s primary point of contact.

(16) l~ intains a journal i h i r o u g h i i t t  ICC test p e r i o d  t h a t  L c 1  ‘ cots
all significant items occurring during the evaluation . As a mi nimum ,
the journal will include~

(a) Start and stop t l ute tar all I est i,i’,ilieili eS .

- 
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(b) Acquisition of systems er c i r c u i t s  Ja r testing; and release’ of
th e lee r or t j r .  of not I I I  cation to t h e techn to -al controller or site
1cers nlmlel that t h e test sequence  has been comp l e t e d .

(c) Arri v ;ii and d e p ar t u r e  t ime  of t e st  personnel at the t e rmina l  to
be e v a lu a t e d .

(0) I)ifficulties encountered in technical , logistical , or adminis-
trativ e , i m , ’ 5r-: h i l t  inpact on t h e  e v a l u a t i o n  program .

(e) \ i- e i -ord  of total hour -i worked by each team member on a dail y
basis. This is c’ctremel y important when computing overtime or compensa-
tory time for l e s t team members .

(17) Reviems and submits team travel vouchers to the detachment
commander within 3 working days after the I’D? has been comp leted.

(18) Other duties as assigned.

b. Team NCOIC.

(1) Assists the team chiet in accomp lishing the miss ion to harac—
terize the performance of an earth terminal or satellite 11th .

(2) Provides guidance and rr : i nil ,p to team members and site peri-: ’iu —
nel on an as—required basis.

(3) Provides  technical , personal , dd i : i i r i i  a trat I ye , and operational
observations to the t een chief .

(4) Insures t t a t  t he  test e q u i p m e n t  is cal  f tr a t r ’ d , o p e r a t i o n a l ,
and securely te: i -i’ (~d i i .  ra 0.  i q - ~~t i t h~ i~~~ O r  I -- e~~~ j r - i o .~~~ ~~‘, th e field.

(5)  P ( lr ! er ’ c t h e -  - i t  i . —~ el f i t -  ‘ -\TEI5 e Ch eti c h i t --f -1 t r r lnp his or
1€’ r

c. Senior  S — i t - I l  i t . -  ‘ r . 1 i - ~j i i~ u .i ,  ( ‘ p : ~)

(1) Pe rf a u s  th e m c’  s and Il leSsU r e so r t  Is h AU I i t  p1 -c u ” lu r e s  and
r e q u i r e m e n t s  con t a ined  ~i t  this pamphlet.

(2) Completes the r e q u i r e d  data  e l e i - i - n t s  fo r  all  t e~~t da ta  col lected —

and insures t b - i t . t :he data is valid , legi b le , and representative of s\atem
performance.

(3) Initiates co rre ctive adjustment . maintenance , and/or alignment
of satel li e. - r hiul i o and i;iriI tip lex ( l ( ~l] l p r a ’ i  I w i t h in  the capabilities of tic
test team.

(4) It t - -mi res t h a t  t e s t  equi  p : ’ h i ’ l l t  is I in c t i on in g  p r i~g ” t  l y whenever
data is bei ng - 0  he cted .

~ __ __ _ _ _ _ __i 
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(5) O the r  dut ies  as assigned .

d. Senior Microwave Repairman .

(1) Performs tests and measurements lAW the procedures and require-
ments contained in this pamphlet.

(2) Completes the required data elements for all t c -~~t data collected
insuring that the data is valid , leg ib l e , and represent stive of system
performance.

(3) Initiates corrective adjus tment , maintenance , arid/or alignment
of microwave radio and multip lex equipment within the - ap 1iil ities of
the test team. -

(4) Insures that the test equipment is functioning properly when
data is being collected.

(5) Insures that the interconnecting microwave sc - ~ers is not
degrad ing the satellite communications service.

(6) Other duties as assigned .

2—4. ADMINISTRATIVE REQUIREMENTS.

a. All personnel are required to comply with the ut ito r n stan’l~ rd-,
outlined in BA regulations as may be amended by local command po l i c ie s
and directives within the geographical test area. The appropriate
uniform will be worn during normal duty hours unless civilian clothing
is prescribed or encouraged for wear by the host command .

b. All TDY orders will be prepared and processed by the TEP deta ch —
ment in sufficient time to permit orderly planning by affected personnel.
The orders will normally require that personnel utili~~~, to the maximum
extent possible , government quar ters , mess , and transporLati~ n to include
Military Airlift Command facilities . When it is impracticable to use
these facilities or their use would directly a f f e c t  t h e  test team ’s
miss ion , the orders will be appropr iately annotated . 1 . the event that
quar ters and rations are available in a par ticular area and the team ch ief
determines that the use of such facilities would adversely affect the
mission , the team chief will prepare and submit a written certification
so that an appropriate amendment to the original orders can be initiated.

c. An inventory of all blank forms and test data sheets wil l  be
per formed at the conclusion of the evaluation ; and rep len ish men ts
requisitioned as required to insure that the basic load of these items
are maintained with the test set.

d. Toe team chief wi ll insure that  the detachment  head quarters  Is
provided a telephone number at which till team members can be reached
du ring normal and o f f — d u t y  hours . The local O&M command’s pr imary

2—5
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point of contact will also be provided this Information .

e. USACC subord inate commands will provide telephone and message
service for the detachment in—country coordinator and the test team as
may be required during the evaluation .

2—5. LOGISTICAL SUPPORT.

a. USACC subordinate commanders are responsible for logistical
suppo rt of the TEP test team while deployed within their geographical
area of responsib ility. This support includes but is not limited to:

(1) Transporting of personnel and equipment to and from the test
site.

(2) Arranging for billeting and messing facilities . In this
respect, considerations must be given to the fact that the test teams
are expected to work during nondu ty ho urs , holidays, and weekends in
accomp lishing the test objectives . Test personnel are also expected to
reduce and analyze the test data during the time that testing is not
being accomplished .

(3) Arranging for test equipment repair and calib ration within the
capabilities of the area maintenance supply facility (AII SF) and for A
level calibration and repair as may be required by the test teams .

(4) Providing security for the test instrumentation during periods
that the test teams are not onsite.

(5) Augmenting the test equipment organic to the TEP team as r eou i r e d
and within local capabilities .

(6) Providing qualified maintenance technicians to assist the test
team throughout the evaluation . These individuals may be site personnel
or technicians from the local PNSF ; however , they should be mad e available
on a full—time basis for maximum exposure to the test procedures , cross
training, and effectiveness of required corrective actions .

b. When the USACC TEP detachment is scheduled to perform a technical
evaluation of satellite earth terminals operated and maintained by other
military departments or services , coordination with the appropriate level
of command will be effected to insure that the required support is avail-
able.

2—6
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PR }iD ICT ED 1’l-~R b l ’ I -U /\ N l l- A N I )  TI i ’ J ! l i A ’ j A

3-1. GENERA l, .

a. P r io r  to an c-va I c u t  ion 01 a satellite e a r l  hi I c - r i  nei l and i t s
associated conununi c~it  t o n s  s s t . - ~ - . c . - r t a i n  calcula ’ i n t i - -t mud he p e r f o r m e d
so t h a t  p r e d i c t ed  p e r f o r r u a o c e -  !~ - v ,  l a  i - - t i  be e s t a -  u s e d  ‘i h c-ce p r e d i c t e d
levels may be accomplished l v  the te s t r , -  - j r  oi r c e i r i e d  from tao agency

who engin’ ered and i n s t a  I T e d  th e systuc. . hI e ne vor  n iT) .d j i I.- • ~~~ or i c i  nd
eng inee r ing  da ta  should be o b t a i ne d  and used as a h -as ic  for  c~.~ suu r inp fi t e

measured test r e s u l i - —  ith de- - iivtu n- - u-e Ic~rs -inch t i c - v a l n i. c a l c u l a t e d  by
the  t e s t  t e ec u .

b .  E q u i p m e n t  s p e c i f i c a t i o n s  as c- o-. i r r t t n i i In  the o~ c r - - h  r i c i t e  technical
manuals  and u r , i n u c l a c t u i e t  ‘ s ape 1 ii~~~t i o : c c i  - ; o l d  al:-;e- be ~c .’ iu- - .ed pr i m

to any a n s i  t~e eva lua t  on to insure  t ha t  c- u i  ~ i c -n t  ~~~ r forn - aj c  c , u m c
comp ared  to  i t s  design o r a l  - - tees dorint -inp i cable - - t seq-c-ncc

c. Appendix B c o n t a i n - ~ t he s ub sy s te m  i r f o r m a n c e  pa -a t - ce t i — i - - f~~r
various types of sat. - l l i t e  ea r th  r ec rtl* o l s . It  n- .- : y  l a  t o t e d  dn r  f~ -g an
evaluat ion , h o w e v e r ,  t l at the  - - :uc .~ f i  - 

~L i o n  f o r  ~ p er t  iou 1 o r  I t - -io

is not inc luded in t h i s  c l o t  a .  I c  t h i s  :aae , i t  ma c’ a tr ’ce i sarv  to r - v ~ c - -:

all available lite e-itaire in order  to c s t a h l inh  - - p e r ~~a rm i nc e  acre- to r.

This i n f o r m a t i o n  should then  i c r  fo -isarded to ti~ c- de to -etun ct s-a that the
appendix  can be u p d a t e d .

d. The h ea t t v - -in c vlccotl d also r u - v i e w  t:i , p a r c  orrci ece son 4 10r ug d a t a ,
communica t ions  re cuc u t - c e  equipment  O a t -  s i t e  s v n u ’p i s  r e p c - t t , and o t h e r
operat ional  i n f o r mat i o n  p e r t a i n i n g  to the s.t t o  to ice o-aiuated r - r i o r
to d e p a r t u t o -  f rom t h e i r  T ot : , - stat 1-c . . A - - -.-~~ ew of to ‘ s d a r t  w t l  1 orcvid-

the test  team ‘ - i t O  an l i i i ’ I ca t ion  of t l t : -  ~u a l it \  - s c - -c ’. ice a - d  a h  4~~~ j l i t v
being p r o v i d e d  by Li i :  t e rmina l , as w e L l  -is i .denti  fe  r u r c s  i f - i c  —u --c-i --i
r equ i r ing  c o r - r - c t i v e  a n t i c - I .

3 — 2 .  P R P D I  C i  I hRFO1dc - .U~CE WORKSHEETS

a. The link performance w cn- i-:s luec -- t s as shown in ipnc --a 3— 1 thur ut )

3—4; USACC Forms 406—R (Test), 407—R (Test), 1P l ° - - } h ( i . s t )  , and 4 ( t 9 - R
(Test) should he completed by the test team chief prior J i  a r r i v a l  on s i t e .
This may not be possible in some cases since site personnel may be
unaware of waveguide (WG ) lengths or some other pertin ent parameter
necessary to complete the worksheets. The data f rom tiie~~C worksheets
is to be used throughout t he .  t e c h n i c a l  e v a l u a t i o n s  fl a s c e r t a i n  t h a t
measured test  resul ts  compare  f a v o rab l y w i t h  the  pr im!  h I  -d or design
performance.

b .  The data  e l e m e n t s  con ta ined  in the w et  I~ - Pce 1 s are b a — i c - c l  on
eng ineer ing  design p r i n c i p l e s  and p roven  t e c l m i q t t e s  f t  d e t er m i n i n g
system per formance .  Many of the  l c - m i n t s  are c- rut-ion to wideba r . d trans-
mission systems whi l ’- others — u rn unLque to ‘tare -l j ite’ teru -f ’ u ,-tI I r O u t s f l i q d j , ’fl

- i-- i
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charact er ist 1. -s . l ie -  s , v i : I -  I s  used and th i i r In 11 n i t  I o t is  i r e  c o n t a i n e d

~n d I ) h u C 1 1 , 1 1 > ~ F • . i ~ (N d ’  702—1 i i  a rt -  ~- x p l a 1 n ~-d in t I c ’  a c c o m p a n y i n g  t e x t .

a . ( 2 i h c u l a i j .ns, ~ e - i  t e r r e-P t i  d e t e - r t u . i ue th~- p r e d i c t c - d  t u e - r ) r c : u t i u e
I t v n i 0)  a ci - iteli 1 te , - i r t t i  l i - r in a l  : t i ~~~t a lw ay s  c u n s i d e r  the desipt i
s t~~ i f  I a t  ion of t h e  , - u 1 i l j ] i i . - I  . As -itt er. inijiie , w h i n e  w h i t e  no i se  l o a d i n g
t h e  haseband u l  ii sc -s tem , pe. ik  ope r a t i o na l  p e r t o r n i a n c e  cannot  be e x p e c t e d
j i  t he design  I j i l t s  are .-:-ccee- d c -d. l i e ’ f o r m u l a  f o r  w h i t e  n o i s e  l o a d i n g
is c an t  c i i  ne-c l in  the I ink a I c i i i  a t  Ion c - : e r k s l u e o t s  is based on —l +4 log d

I ::l a t e  N c l u i l I s l i e ’ (Ic-S j ~u nt im b c -  r of u l i an n e l s )  . D u r i n g  the i -ou rs.: of th e
- i i i  i L i o n , i t  is a l s o  d e s i t a l l a  to  I t t e i ru ilme t he  s’,’aten  pe r t  ormance at
alta r l o a dj i t ~4 levels , es~ie- is1l y in th e ’ current operational configuratiu an .
A pr oatic e used during thi n widehand c - - v a 1  oat ions (CCP 702—1) is to load
th e s y s t e m  at some l e ve l  he h~~ th e -  number at  channels installed to at
leas t the d e s i g n  a p a h i l l t  . ‘[‘his method p rov id e - s  a v a l i d  i n d i c a t i o n  of
how well the system will pet farm should the  loading levels be increased
or decreased.

d. The comp leted p e r t o r i u s t u i c e c  worksheet  wi l l  be i n c l u d e d  in the  f i n a l
tes t r e p u r t  and w i l l  be used d u r i n g  the de ta i l ed  anal y s i s  p e r f o r m e d  by
the TED .

3—3. TRANSMITTER DEVIATION .

a. The in fo rmat ion  listed in the subsequen t parag raphs has been
extracted from CCP 702—1 as tutorial information for the satellite test
teams . The information pertains primarily to the wideband radio systems ;
l u i w e v a r , su s i e  of the data is also app l icable to the s a t e l l i t e  te rmina l
equl p m e n t .

b. ihe proper amount of carrier deviation to be used on any par-
ticular radio system is established during system design , and depends
upon the balance between thermal noise and intermodulation distortion to
he permitted in the system . Before proceeding f u r ther , it is necessary
to remember that the frequency modulated (FM) systems , noise of thermal
origin appearing in the haseband after frequency demodulation is inversely
proportional to the received radio frequency (RF) carrier level and the
square of carrier deviation . Similarly ,  baseband noise appearing as
intermodulation products increases with the square of deviation. l’he
absolute value of these intermodulation products depends upon equipment
linearity , feeder echo distortion , and frequency selective fast fading
due to multipath propagation. This simp ly means that for amy specific
carrier level (received signal level (RSL)). equipment configuration , and
path geometry , thermal noise decreases wi th increas ing dev iation , and
interruodulation products Increase with increasing deviation . This would
sIc ~~ges t t h a t  some o p t i m u m  deviation exists at which the sum total of
t I e r s - e l  and inierm odu lat iun noise is minimum . It is a proven fact that

- r se- - m d  order terms, the sum u u f l  thermal and intermodulat ion noise is
u: liiittitz tl when they are equal to each other (fig. 3—6). Thus to
achieve the minimum amount of noise i c r  the maximum period of time , it
l i i  L i i . :  ‘i s t i al p r a c t i c e  of I’M s y s t e m  i l e c u i g n e r s  to ca lcula te  the  t e s t  tone
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deviation which results in equal contribution of thermal and intermodula—
tion noise in the presence of some specif ied RF s ignal  level , usually the
expected or median value . When a specific optimum carrier deviation has
been established , it is a problem for the technician to set and periodi-
cally check that the deviation is of the proper value. Remembering that
all test tone power levels in the system are proportional to the square
of devi at ion , it should be apparent that all system levels (and conse—
auently channel noise) are cr it ically dependent upon carrier deviation .

c. The method used by the wideband TEP test teams to set deviation
is the first carrier dropout method . It is characteristic of all
f r equency or phase modula ted radio sys tems tha t f or cer tain freq uencies
of modula tion tones , the carrier (in the modulated signal) will disappear.
This disappearance is due to phase cancellation of cer tain components
produced during modulation and always occurs with mathematical precision .
The mathema tical rela tionsh ips descr ibing th is phenomenon ar e termed
“Bessel Functions.” Specif ically of interest here is the relationship :

This defines the modulation index and indicates that it equals the
ratio of peak per channel carrier deviation to the frequency of the tone
used to produce it. When the modulation index (this ratio of carrier
deviation to test tone modulation frequency) equals 2.41, the carr ier
will disappear . Knowing the carrier disappears when the modulating
index equals 2.41, the desired optimum deviation D~ can be substituted
and the above equation solved for the so—callea , Bessel dropout test
tone frequency . This frequency at a level of zero dbm0 will produce
the requ ired dev ia t ion if the sys tem does no t have preemphasis. However,
a n umber of the systems encountered by the TEP teams during an evaluation
will have preemphasis networks . The prob lem can be summarized as follows :
If modulator deviation is adjusted using the test tone (f ) above with
a level of zero dbmO in a preemphasized system , the actua’ baseband
traffic will not be represented . The amount of preemphasis (and con-
sequently ,  deviation) will be different for other baseband frequencies
because of the preemphasis. Therefore , some baseban d freq uency must be
found at which the net preemphasis effect is zero . This frequency is
called the pivot frequency, or in some ref erences , mean baseband
frequency . Below this frequency , the modula tor inp ut level is less
and above this frequency , the input level is greater. A formal
def in it ion of pivot frequency would be that frequency in baseband for
which the root mean square (rms) deviation in an emphasized system with
whi te noise loading is equal to tha t of a f la t sys tem when the rms power
input (modulating whi te  noise level) to the modulator is the same in
bo th cases. The problem now becomes one of determining the pivot fre-
quen cy and the tes t tone level tha t must be used to set devia t ion in an
emphasized system . The first step in solving this problem is to deter-
mine the type of preemp hasis in the system. There are basically three
types of preemphasis that may be encountered in the field. These three
types a re discussed in the succeeding paragraphs.

3... 3
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d. Onc particular type of preemp hiasis provides a l2—db boost to the
t . up base-l aud frequency . h u e  characteristic curve for this type of pre—
cbc. h chc asie is -iT~~c-tt in figure 3-- 7. FItore 3—7 is plotted for any basehand
c O O l ~c t i 4 t - i i .  h O e  abscissa is the  no r ac i l  i zed  f r e q u e n c y  (

~~/~ max ) where
f is 1 b c -  ‘is- -I-i - ‘I t req u en a - y of i n t l - r e - - c t and ~max is t h e  maximum basehand
I t o  c u i c - i l c Y . ‘1 110 t O l  i c - i b i d  - - l I n t i o u u  i- -i iced to der ive  t h i s  curve :

= 10 log 1 + 15 (I’R ntax ) 2

= p i 0. - uh up (ih - : i s  I or the freqcici cv of interest

t he  haseband f r e q u e n c y  of i n t e r e s t

1 max = maximum baseband frequency

- cc p i v o t  f r e q u e n c y  fo r  t h i s  type  of preemphasis  can be found by using
the t o i ] o w i n g  r e l a t i o n s h i p :

Preeniphasis improvement (in) at 
(I~ linear)

p i .  - i t  f r c - - - : i t i c t u e  v = 10 log R 2

L R 1 dR

w h e r e
tinear = the linear portion of the preemphasis

equation

1 + 15 (
~ ‘~ maxY

= 111max = lowest baseband frequency d ivided
f-v the maximum baseband frequency

R7 = 

~max~~max 
= maximum baseband frequency div ided

by the maximum basehand frequency
= 1

- , s cu example let ’s assume a 24—channel system with a baseband of 12
P1!;’, to 108 kHz.
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732-P

= 1 0

= 10 i og~~~~~ (1_+_15R 2)_d~~~ where R =

dR

-
~~(

~= 10 logJ ) R 1 dR + 15 )k 1 R2 dR

(R 2L )R1 
dR _j

rR I
= 10 log I ~~~~~~~~~~ :-‘ i~

L JR 1

= 10 1o~~~~ (R 2 1 - ?  T

but

12 x ~0~/108 x ~~ 
-

= 108 x 10 1/108 x ~~ 1 0

io log rl.0o - 0.11 + 5 - ~Q.ii)3}

L 1.00 - 0.11

= 10 log
0.89

‘— 5
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= 10 log 6.61)
= 8 .2  db = p’~’eethphasis improvement at

the pivot frequency

In eve ry case where this t y p e  p re e rnph as i s  is used , t h i s  i n t e g r a t i o n  wi l l
yield approximatel y 8 dh. ‘[‘herefore , th e pivot frequency for any base—
band can be found from the preemphiasis curve by f i n d i n g  the  f r e q u e n cy
corresponding to 8 db . Now that the pivot frequency is known , the level
used to set deviation can be found. The rms (or peak) deviation per
channel can usually be found in the equi pment technical manual or manu-
facturer ’s specifications . This value is stated for the pivot frequency.
W it h  this per channel m s  deviation value and the  pivot frequency obtained
from the above calculations , the test tone level Can he determined from
the following equation : -

2.4 f 1Ln (dbmO) = 20 log pL~ 
D rms

where :
Ln (dbrn O) = required test tone level

= modulating (pivot) frequency

D rms = rms per channel deviation desired

Using the pivot frequency at the test tone level calculated above , the
cov’rect deviation can be set on a modulator with this type preemphasis.

e. Probab ly the  most common type of preernp hasis is tha t  recommended
by International Radio Consultive Committee (CCIR). The characteristic
curve for CCIR preemphasis is shown in figure 3—8. Once again the pre—
emphasis improvement is plotted versus 

~
/
~max~ 

The CCIR preemphas is
curve is defined by:  

—

1
I~~~~ 5 — l O log 1+ 6.9

1+7
’ 5.25

[ (~
(
~r

/f  — 

~‘~ r
)2

where :
= circuit resonan t frequency 1.25 

~max

~max 
= the highest baseband frequency

f = the frequency of interest
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The pivot f r eq uency is once again found by the integration method used
on the typical preemphasis curve. In the case’ of CCIR preemphasi s ,

— linear , would be:

I linear =~ l + 6 . 9  
—

p 5.25

L ~~ (
~ r I~ 

-

If the integration is performed in the same manner as w i t h  the typ ical
preemphas is, the result would be that the pivo t frequency would occur
at the freq uency corresp ond ing to zero db on the curve . As in the
typ ical pree mphasis case , the test tone level is found using the formula:

2.4f
Ln (db mO) = 20 log I

I ‘12 D[
Using the pivot frequency and the level calculated by the formula above ,
the deviation can be se t corr ectly on systems utilizing preernphasis net-
works recommended by CCIR.

f. Sometimes a system will have a time constant that differs from
that of the typical preemphas is curve , in wh ich case , the preemphasis
curve will not accurately define the preemphasis effects . Therefore , a
method is needed to plot a preemphasis curve , if only the preemph asis
c i rcu i t  time constant is known . If this  is the case , the follow ing
relationsh ip can be used.

= 10 log (1 + 39.5 f2 T~~)

where :
f = any baseband f requency in Hz

= preemphasis circuit tine constan t

The preetnphasis improvement at the pivot frequency can be found b y the
same in tegra tion method tha t was used for  the typ ical preemphasis curve.

linear in this case would be:

= 1 + 395 ~
2

If the results of this integration is equated to I~ = 10 log (1 + 39.5
f2 ‘r2) ,  a general formula can be derived to find the pivot frequency .
This fo rmula is:

/ ~max~ 
—

= 11 ~~ umax —
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where :
t p pivot :  I l’equ. ’nc ’’

= maximum !~~is~ - l u . a u d  t r e i l U c - u c-: ’,-

= lowest baseband f r e q u e n c y

I lie te st Lone Jeve l  can be c a l c u l a t e d  in t ic si e’ manner as i t  was f o r
(Id lE u~~d the  t y t t i e a l  p reemphas i s  c u r ve s .

g. It should be made clear that sutm t imes a technical manual will
presc r ibe  a t r equency and level ot h e r  t h a n  the p ivot f requency  at the
appropriate level .  There is n o t h i n g  wrong w i t h  th is  as long as the
a l  f e r e i n u e  in preemphasis  b e t w e en  t l c e ’ p i”o t  frr-quency and the new fre—
quency is 1 d c -n i n t o  account  in t l i c -- new level.  it  is clear that the
equip m ent  i i i I lC d l  specilicatierm s should be c o n s u l t e d  to d e t e r m i n e  i f
special techniques 0re used to set deviati-a ru .

j , .  A d d i t i o n a l  i n f o rma t i o n  as i t  p e r t a i n s  to deviation for the
satellite modems is contained in the appropriate test procedures.

3-4. S~ ~T1~ - I i E~1PERATURE VS NOISE F I Ct  R E .

a. One of the major factors determining the capacity of a satellite
link is the ratio of the received signal strength to the noise present
w i t h i n  the receiving systems . The noise in the receiver originates
trom Lv principal sources —— the internal noise associated wi th  the
electron flaw within the sys tem and the external noise contributed by
various soucces . The receiving sstem noise temperature is the equivaient
noise tempe r- i ure of the system as applied to the input of the parametric
a.sp l i f i € r  ( j o a - - a m p ) .  It  is composed of the noise temperature of the
total of a l l  components p r e c e d i ng  and including the para—amp , noise con—
trihuted by the WG , and the noise  t em p e r a t u r e  of the  an tenna .  This
system noIse temperature Is commonly referred to as the SNT which
includes the contribution of noise from all sources . It may also be
refecre l to as the system operating noise temperature . —

b. .“.uisc figure (NE) is used to expr-e.ss the noise introduced in
relative Ler’rs by comparing the actual noise output of the receiver
with the receiver input noise .  This input  noise  is thermal  shot—noise
generated within, the signal source and is proportional to the absolute
temperature of the source. Conventionally ,  when def in ing the NF , this
temperature  has been accepted to be 290 degrees K. Noise figure readings
mus t be corrected when operating devices where signal sources are at
very low temperatures. The temperature ccl the sky area to which the
receiver antenna is pointed may be the problem . To circumvent such
correc tions , the term sys tem tempera ture has been in troduced , by wh ich
the noise performance of receiving systems may be descr ibed , regardless
of the input noise conditions .

3—8
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c . System tc--i ccpe’ ratur e expr c--s~ c--.; ih c - noise condjtjuiis in a c c -  C I  - L i ~~~
sy s t e m  in a more fundamental s-a’,- the -in i~F since th€’ tl ;c- -t -m al Si t— no ise UI
the i n p u t  is p r o p o r t i o n a l  to t e - t u I u e r a t u u r e -  (d c -g r e -s K) . I t  i c-c t h en  ° F i - ’
pri iite to identif y temperatur e- with noise leve l , i l l S  d e t e r m i n i n g  an
abso lu te  amount  of no ise .  Sy s t e m  t e m p e r a t u r e  exp res ses  hoc- .’ much t h u e
i n p u t  noise level would  have to be r a i s ed  (and , hence , the a s s o c i a te d
source noise temperature increased) to produce th e actual noise level
at the output. The increase  of  s o u r - c-- n o i s e  tef tup erature is dc- i  m e d  as
receiver noise t e t n p c - - r a t u r e .  Th e ,‘OLertI temperature- represc- t t s  the t o t a l
noise level at the system output ret erred L u  t h e  r e c e i v e r  i i i 1~ t . Ii
the source noise tempereture is s u b t r a c t e d  f r o m  the sn— ;t elcuu - c tempe ratu~ c-
the receiver noise temperature will be o b t a i n e d .

d . System temperature it-c in al-solute figure and descrih cc- t ! c -  cac. c l~~
of noise added to the input signal noise- by a s y s t e L u  ( recei~~~r r n o t .  )i
The total noise in a s y s tem , T5, c a n  be sep aio~ted in to  Lwü i - l e t c - u .  tS  ~~
shown below :

‘S 
= + :~r (1)

where :
= noise produced b y a signal source at

the receiver input.

= noise produced within the receiver ,
referred to receiver input as an
equivalent noise source

Expressing the noise levels of ec dt ion (1) as corresponding temp - ’-ratur c -

we obtain the following:

kBT S PBT g + kBT r 
( .~)

where :
k = Boltzmann ’s constant (1.38 x

0
w a t t  see! K)

B receiver (or equivalent noise) bandwidt h
(3 db down points) in Hz

T5 = SNT in °K

Tg = temperature of generator (input ter-
mina t ion , s ign a  s - t r c e , e t c )

Tr = equivalent receiver noise temperature
re ’ rred to the receiver input

e i
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After eliminating factor kB , a simp le relationship for the System temper-
ature is obta ined  by the fo l lowing :

Tg + Tr (3 )

For the interpretation of the  system temperature T
~~, the terms , Tg(generator temperature) and Tr (receiver temperature ) need further

expansion .

(1) Generator temperature T5: Generator temperature Tg is the
actual , absolute temperature of ~he signal source at the receive r input.
How eve r, this temperature does not coincide with the ambient room temper—
ature in all cases .

(a) Tg below room temperature (T0): Cooled transmission line
terminations for measurements on para—amps may have temperatures of 200
degrees K or less , which introduces less noise at the amplifier input.
In radio astronomy it may be the temperature of the sky area to wh ich
the receiver antenna is pointed (approximately 10 degrees K or less).

(b) Tg above room temperature : Excess noise sources (gas discharge
tubes or temperature limited thermionic diodes have temperatures on the
orde r of 9,000 degrees K, or 10,000 degrees K).

(c) Tg equal to room t e m p e r a t u r e : Inpu t  t e r m i n a t i o n s  or r ece ive r
antennas for terrestrial communications have a generator temperature
wh ich is 290 deg rees K , for all practical purposes .

(2) Receiver temperature T
~~: The receiver temperature Tr and its

relationship to the NE is obtained from the general definition of the
noise factor (F) or NF respectively .

F = 
actual available output noise (4)
ideal available amp lifier input noise

(The word available in the above formula indicates that the source
must always he matched to t h e  load.)

~~actua1 
= 10 log  F (5)

Th e NF for  a receiver (gain G , noise factor F) which  is t e r m i n a t e d  at
the  input by a signal source (T g) may be written as:

GkBT + (F — 1) CkBT
NF 1 = l 0 log g g (6)

actua c- kBT

3—10
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introducing the receiver temperature Tr, equation (6) will become :

GkBT + GkBT
NFactual = 10 log 

CkBTg 

r (7)

Comparing equations (6) and (7) it is possible to obtain the expression
for Tr•

Tr = T g ( F — l )  ( 8)

It is recognized that for a receiver which does not add an~’ noise (F—l),
the receiver temperature becomes zero degree K; however , this situation
nay never be encountered. Finally, equation (8) may be solved for F as
follows :

F = i — ~~ =~ (9)
I Tg g

Interpreting equation (1), the system temperature is the generator
tempe ra ture  mult i p lied by the noise factor (F) of the receiver. For a
noiseless receiver, the system temperature T5 equals the  genera tor
temperature Tg •

NF actual = 10 log T5 
— 10 log Tg (10)

In order to convert from system temperature to NF , the generator temper-
ature must be known. The receiver temperature is obtained from the
system temperature which is directly related to the temperature of the
generator. Rewriting equation (3), the receiver temperature Tr becomes :

Tr = T s
_ T

g (11)

e. By convention , the definition of the NF relates the actual
available noise output power to the amplified availab le noise input
power. The noise input power is thermal noise generated in the input
termination at 290 degrees K. The NF , based on the preceding definition ,
is called the system operating NF. Equation (6) can be rewritten
as follows :

GkBT + (F—l)  GkBT
NF = 10 lo g g (12)

operating GkBT
0

3—11
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where:
T
~ = u i ) ( )  d e g r ees  K

1
~g = - c O O  r a t  or noise t caPe rot ii  ro

tmi-Then using si gnal sources of very low tem p er cit u r~~, the operating ~[ will
not indicate - the actual Ni- as defined in equation (6). A correction
factor relating the operating Nt ’ to t he actual Ni - ’ is o b t a i n e d  f r o m
equation (12).

- 
GkBT g + (I’ l) GkBT -

~IF ope r a t i ng  = 10 log (13)
G kBT 0

NF ope ra t ing  NF~~~~~~1 
+ 10 log (14)

0

S lving I at ’ N I ictual

NFactual = NF operat~ ng + 10 log _~~ 
(15)

Noise figure iccoters usually indicate only the value NFoperating. The
meter reading should then he corrected by equation (15). Only when T0 =

does the meter indicate NFactual.

f. For a typical SNT measurement configuration , see figure 3—9 .

3—5 . EARTH STATION RECEIVE ANTENN A GA 1N (G) / SYSTEM TEtI PERA TI RE (T 5) .

a. Due to the high gain of these l a r g e  a n t en n a s , in the  order  of 60 db ,
it is not usually practicable to provide a known signal source from a
boresight tower or atop a mountain to usc-c in cal ibrating ti receive
antenna goin. Ins tead , the well—known radio energy emanating from
Cassiopeia--A , Taurus—A , or Cygnus—A can be used as a signal source in
the far—field. The gain can then he measured directl y by means of a
rad iome ter , or indirectly by measuring both G/T5 and T5 (system tempera-
ture) by means of the so—called Y—factor technique. In princip le , both
techniques should yield equal results. In practice , when both techniques
are available , the radiometer can yield higher accuracy and repeatabilit y
than the Y—factor technique for gain , and the opposite is true for G/T5.

b . The Y—fact or technique emp loys a noise source such as an argon
l amp for which the noise temperature has been established for both cold
(turned off) and hot (turned on) conditions . The Y—factor measurement
can be made using the basic configuration shown in figure 3—10.

3-12
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e’ . W ith the i t o i s i . - source- o il , t l l c ~ equ i-r  c l i - t u t  ~u I d  t e - l ;q e- r , A t  u r u  at
the re- -~- i ver input (T~~-) i~ composed ot t i c e  cold te i j u c - c - c r s c  e of t he
source (1- ) c d i  l ied by t h e l c u c i a i i o n  - i u i d  I L i l t w ilt .  ~ i t h  th~ noise
source to m’ iu. ’ I ii , t i e , - e q u i v a l e n t  hot t ci - up u .crature at the L u c e i v e r  i n p u t
i T i ~~ ) is cerj ~sic -c-el  o t  the  hot t e m p u r i l  o r e  of i he source ( I 1 - , )  c u d  i f i e d  by
t b -  i so la t ion  and f i l  L e t  ci i  i t .

d.  To -d r e r ininie the  Y - - {ac t r as s h o t u n  in f i c 4 u l r v  3 - i ( u , a r-ierence
S - C t  it - - 1 0  lb . I h t t  ceise sourci- 1. . t Ur o e e i  en i c - u t h e  -utte nuator ic

~ u s tu d  so t ha t  the p u ~~~ c- r mnc t e r  is so t  Si the r e f e r e u c - e  p o i n t  d p c i c ’, .
l ie a N e c i ~ ,- i tor sett ing I S  t l ic -  Y — i a c t o r  in Oh .  The f l u  I - cc  so ir c - sc c: ~-, ; u i

~n f~~g :re 3~~l~ ca n r -r .~- i  c5~~ c d i  c e  star seloc t ed  fo r  th e  measurr-ulc-nt . the

i: cc ki: c~; c t c t , -cc:c i i i i  :~ -ak -O on thc- -~ t~t~~, ~oI an indication cieter is uc ’t

~it a c o n v e n i s u i r  r~~f e r c - - u c e .  ‘t h i s  met - : ’: leo ;ures t h e  r~~celved p01 -er after
s u i l  t u b  Ic iou- , - ce amp l ir  i - ~~t ion , in —~a nuc c f t ~~lt e  bu e  a r b it r ar - ;  b a n d w i d t h .
‘ I c  u c - t i - u c a n  :s ‘ I t em t : i i - e - i o f t  t h e  s ta r , t O  d prec i c  1 -n RF attectuator

c ,  a ot the iflCtc i c~~~altuist€:iI Lu) restore t i t e o n :  t r i a l  i nd ica tor
re id ir e , ,  - th e  c i c in ne  in a t t u c i u t t o r  sett~~np is toe Y- Icu tor in dh for a
j i r t i c u l ir e l e v a t io n  ang le and t r e c u cc co c c : . Th is Y— f ~~c- t or  is then r e l a t ed
to the s~’st ‘- c . CIT 8 t h rough  the tu l loc- ,’ir i t e-S i i  i t i o n:

C/T 5 = 8’ck (1—1) k 1k / s
)2 (16)

C/ T (dh ) = 10 log ~, c k / s A 2 + 10 lo g (Y—l) + 10 log k 1k 2 (17 )

where : 
--

k = c lcc l t zman n s cons tant  (1 .3  x i0~~-~ Joules !°h.)

s is the spectral f l ux  lu - lu s i ty  fo r  the  s to r  USe

k 1 is a c ur r e c i c o n  fo r  a t m ospher ic  a t t e n u a t i o n  and is a func t ion  of
elevation angle. A sucitable :pp :u :ciuu ation to k~ , usai le for 

~EL >5 0

is g iven b y :

10 log N 1 0 . 0 4/ s i c- f -

k2 is a correction for the anguLar extent at  L i t ’ - sdio stat and is a
function of antenna beamwidth

A is speed of light -
~ trcrl ie llcy

e. To comp lete the Y—tactor measurement , the s y s te m  t e c c c p e r a t i r e ,
T5, must be measured, the rece i ver temperature ‘1’~ is first neasurc-cd.
This is done by measuring the factor Y , which is the ratio of power at
the meter when the input to the receiver is first cou cco :ted to an
ambient (Ta) matched load , and then to a cryo~ eii i c a hl- ,- cooled load T~ .
The factor is obtained as the db diffe rcic ce i c- ’iJtng of the RF attenuator.

3—13
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Then:
-I- 

- — ‘i’ -I .
I = 

d i c  ( 18)
r 

~
‘
l 

— 1

Sys tem t e m p e r a t u r e  T5 is then o b t a i n e d  b y m e a s u r i n g  Y 2 w h i c h  is the ratio
(dh difference) of powers appearing at the low—noise receiver output
when the input  is f i r s t  connected to the  a m b i e n t  load ari d then  to t h e
antenna.

Then : T + T
T a r (19)

From the above , the antenna gain can easily be calculated. This method
has two distinct disadvantages . First , there is the uncertainty of
being prop erly peaked on the moving radio star. Secondly ,  the finite
time required for each of these measurements leaves room for error due
to gain changes in the low—noise receiver during the measurement. Both
of these disadvantages are minimized by repeating the measurement several
times . Another consideration that must be given when using this method
is that all systems may be unab le to use Cassiopeia—A as a source. This
is typical of the AN/TSC—54 terminals. Also the measured results may be
questionable on other type terminals due to the small Y—factors that may
be involved.

f. The radiometer technique eliminates the zero drift errors in
gain measurements by translating the signal to a modulated frequency,
usually on the order of 30 Hz. In this technique , the deflection of
the meter or strip chart is directly proportional to the power received ,
which in turn is directly related to the antenna gain . Thus , only the
scale factor needs to be calibrated. This is accomplished by switching
between the ambient temperature and a cold load at a fast rate of about
30 Hz.

3—6 . EARTH STATION TRANSMIT ANTENNA CAIN.

a. Earth station transmit antenna gains could be measured in ii
manner similar to the receive gain using the Y— factor technique if a
low—noise receiver in the 7.2 to 8.4 GHz band were readily available.
Al terna tely ,  if the equipmen t conf igura tion perm itted , a rad iome ter
could be used. However , ne ither of these are generally available.
Therefore , transmit an tenna gain is generally measured by comparing the
outpu t of a small standard ga in horn an tenna with the gain of the unknown
antenna. In this technique , two sou rces of error must be taken into
account. The small standard gain horn sees considerable ground inter-
ference , and the large antenna is being measured in the near—field. The
ground in terference can generally be accoun ted f or by sweeping the standard
gain horn in elevation and tracing out the interference pattern . If there

3—14
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is one main source of interference , as is usuall y the case, it can be
calculated out and the interference—free received signal can be found to
compare with that due to the large antenna . Similarl y ,  near—field
factors can be computed for the large antenna from standard antenna
theory .

b. The basic transmission equations as used in figures 3—1 through
3—4 will provide a close approximation of system gains and losses . If
the earth station transmitter power is radiated by an isotropic antenna,
the power per unit  area at a given distance from the transmitter antenna
is equal to the transmitter power (

~~~ ) divided by the surface area (4irR2)
of an imaginary sphere having a specified distance (R). This is illus-
trated in figure 3—11.

where :
WL = J~ . — surface  area of a sphere ’s

41cR rad ius in me ters

Since the transmit antennas are usually direc tional there will be a ga in
associated with the transmitting antenna. Then the power per unit area
or power density (WL) at a distance from a directional antenna is given
by:

P G
WL = (20)

4 iiR

where :
is transmitted output power of the ground station

is gound station transmitting antenna gain

The rece iving an tenna cap tures a por tion of the transmitted powe r, giving
a received power (er) based on the effective cross sectional area of the
receiving an tenna equal to AR.

— 
P~G~A~ (21)

R 4inR 2

An tenna theory gives the relationship between antenna gain (C) and the
e f f e c t i v e  cross sectional area (A) as:

G —  4~ A 22

where :

~ is the transmitted wavelength

3—15

_ - . -.
-



~~~~~~~~~~~~ - ---- - - - ~~~--- ~~~~-- —- - -~~ - - - ~~~~~~~~~~~~~
-

~~~~~~~~~~
_ -- _

~~~~~~~~~~~~~~~~~ -‘~~~~~ --~~~~~~~~~~~

CCI ‘102—2

Solvinc 3 ~-~~ula t L o u ( 2 2 ) t a r  A u tu i l  s u b s t i t u t  i tcg in r-c u l c I t  ion ( 2 2 )  gives: 

2
p — t t ’ R (23)

4 c i t

c. - \ t u t e n n i a s  can be- dr - s ig n e d  to  radiate much ch or e in one- direction
than in others . Th o r a t i o  o1 the power d e n sit y  at the peak of the antenna
pattern to wha t t i e  power density would have been for an isotrop ic antenna
(WL) is called gain . The numerical value of an antenna gain can be
expre ssed as a r at  j o  of the powers or it  can he expressed in dh by t ci i

ten times the  common Iog;ir I thi f l  01 th e ’  ocmi -S-r r a t i o .  Some vc - r~ prec: I se
mnatheumatical irlationsh ips ‘-sist hetw e-r hean ’-: h d t h , gain , wavelength ,
ari d antenna ,~r e u t  ( - c r i f l~ 111 , t e r c t c c u  des ign gh ga i i  an t  - - t u n a s  v i  t i c  ve ry
narrou-; oe -uc c angJ c-s us t ~ C UOL uratel y pointed for icc-is i u: coc :u u- I C  I e m i t - :
However , it trust he remembered t h a t  large c c ucc t c - i11L a s are prone  to i l - i  or—
sit i u i i s  in shape wh i ch c h c t n p e  the shape  of ca u e r jd I ; c t i u t  1:- ,,t tu rn , reduce
the antenna gain , nd deflect the cen ter bean away from its intended
d i re c t i o n . ‘I h e  r e c i a t i o n s h i p  of a n t i c c ic l a  he :~c cc ’c i l t h , h c c i i m c , -, :_ e] c c th , and
a n ten n a ares t h u r  n~c cc-sign c-in be exp res sed  as

A -mrecc n 3 cure: (apertut- e cfCci ~ in. s n c r c I e  r i - r e

= 1151 -- Over Lt t ,lUc5~’j dtii 10 r a d ian s

C = pa in (cot- c ratio)

A ‘ec io i  ent’th ic u c+ ers

F = f r - ; - c u e n c y  in Hz

1 = speed of L igh t ( ‘c I 0 ~ i c e

= purabo la u ]i-a titste - c 1 ’ l e t

h o c  f - - c a pa ’ol-c ’iic O c u l t ’ t m O I t  COicc i l l Ot i  I’) P1IC1(’ - s ’lO a p p l  1 : 0  i on s  the
f o l ! c - c n n g  c l i t i o i ic t p s - x i n t s

C = 
( c A -  — 

- 
(2’

d. Typ ically, most parabolic antennas have an efficiency of 55 to
60 percent. This accounts for such factors as aperture blockage , ante tu n:
misalignmen t , and ~~c ju r 1e r - t i ons in time antenna surface. The above gain
formula then becomes :

C ‘= --1L ~ 
(2.~~) i c  (~ s)
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n = , uuut & - c u c , i  c - I  I I I e i t c v

cr  in  t c - - n : c  01 dec ibe ls :

C (db ) = 20 lo g  d :o 1 ~g F - 1 7 2 . 7 ( u )

I l i e - be amwidth  can c i l s o  be expressed is ci f u n c t  ic- n cf I r e q u ! e - n r v  and
antenna size :

= or ~~~~~~~~~ 
(2 7)

e. The gain in figure 3—12 Is shown in dl while- t h e  h e ar c  n o e l  Is
shown in radians . The graph reveals t h at antenna gain in , :re-:is€-s r a i d i -
with both an increase in diameter (or aperture area A ) and f r eq uency  ( F) -

Also gain (C) increases as beamwidti’u 
~
— -

~~ 
decreases.

f. Atmospheric disturbances , during had weather , prevent beam
angles from being less than 1 milliradian ; hence , antenna gains of

more than 72 db for all—weather use cannot  genera l l y be a c h i e ve d .

g. The gain figures discussed are only valid for the far—field
(many wavelengths away from the antenna). Cain figures change w it h
dis tance and are cons ider ably different in the near—field.

h. Normally, the gain of the antennas will be specified during
design and this information should be consulted whenever possible- . In
the event this data is not available , consult the government acceptance
data or manufacturer ’s literature to establish the antenna gain used
during the calculation process. If none of this data is available ,
the information can be calculated from the  preceding i n f o r m a t t u - n  wh i ch
will provide a close approximation of overall antenna gain.

3—7. LOSS FACTORS .

a. RF Considerations .

(1) hajor factors in RF considerations , as applied to satellite
communications , are those of propagation and transmission loss.

(2) When ~~~ is def ined as the 1ff carrier power output delivered t o

the transmission line leading to the dup lexer (either in earth terminal
or aboard the satellite) and “rc is defined as the carrier power deliveru d
to the receiver amp lifier input at either the earth terminal or satell i t e
receiver , the ra tio Tc/P rc can be called the transmission loss (Lt ) o f a
single communications space link.

= Lt (dh) 
rr 10 log 10 ( ~~ ~ (28)

~rc ~ ~rc I

3—17

- ~~~~A iJ ~~~ -
~~~~

---- - ~~~~~~~~~~~~~~~~~~ ~~~~~~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — —~~ - - -

, i i 2 -  2

- - ‘ - c i s c - ui i cot to i l l  s i l c  I I L u  I he, smnti et  I I ‘:e I u - , c - - c - ~ I c - i  t I :  i t i c  I

I I~ , t~ ~ ~ ~ -.- ,, ( ,i j ,

- cO I - - i • i u c I - n  ( i i  I

- 1 l i i  I - c~, 1, I - e t  c - c - i  I I - - ~ 
it c c l

h it _ c - t i c  i d  ( I c  I 1 . 1 c c  c~~~c 1 I !  l e t
i c - i  i c  d c l  c - O i l S  ( - Ii

I — - i i  - - - i I I c  A - 11cc- ,  ~ c d ,  I U u u I c c

( i  t e a l ) ~~~~~ . c  C

I 
~~~ 

— c S s  e’CS ( i t c . S 1 i c t  I t .  i l s O l Ot  1011

I c - n -, u u i t h ti C 
~

- -  i t  -dc ~ 01 F - i i i i  ( - i l  )

I ] c c s c -~ i e t w , e c u  t i e  ie’( l cer antc - t - t i

input ,c ii Ii. & ci  C r  an mp l i i  h r  (dh

t~ 1 , 1  - - - I c  t e e  L5 - i i c’ I ( c s n

I I’ - i c I I i V  t i c - c  s l u i c e 11 !, , th~ r a t i o  c u t  t he powe r r a d i a t e d  b y
I L I  c i  ou t e c u u i ,  P

~ 
to t h e  I c u e - e r  ~ l sum L t d  by  the re~ ci v i m i g ant,:u Icc

I i t F - c i t i i  S ü t , ’ t f las  - c r c  i S C & & h (-d to h e -  i~~o 1 u c c i ~ : and in  t i c - c  e ; ~c - e )  i s
cal  I ~-d t i c -  u - - t m  c u p i~~ i r e . - space  I a c-. S I

‘ 5 
, 

(30)

-‘ I- - \
I~~ ( c I i ~~ -- 10 i - g ~~

0 —--s-
\ “ r

(~. l i i i ,  i~~ c u L I t c I C  t r e e  n~ c~~i - e  h iss is related qii an t it i t  i u e i ’ :  L i t  t a c

i i e rauce bet . - -ri t h e  Li t t e s c u i t t t r  and u-& c - i - i c— i a nd to t h e  t i ’e - o u i u — c u i
i-Id I t-ill, 1 cf  t i e  s~~~ i u c I  . l i e  I - a t r u i ~~ I c - s s  i~ increases  as t h e- s q c ~~i e
- I 1 - t i  l i s t - e and t I , c - c l T t ( l i i (_ V Is - ~~- ! c - - c c , &  ci

I s C~~~ 
13] )

(P ) - /9. ‘~ ± 2 t i  l og  i- -4--~ log S

u_-i

i 1 ’ . l u _ c  1 cu _ - u c  c .~~~

ii I S  p - c U t  I c c - t i g h t  iu I -~

1 - 1 8

~ 

• :~~~~~~~~~~~~~~~~~~~
- 

- 
_ _ _ _ _ _ _ _ _ _ _



-
~

---
~ 

- - -  -~~~~~ -

- l i  7 ( j ) — !

c. Atmospheric and Pt_am Loss.

(1) The atmosphere has a ~eiuctlv~ absorptiuii 01 i d J I a t l u ) h  L i i

microwave millimeter portions of the  sp ei :m.  rum bc--i t C e e l  10 1~iid I O~ 
- h i 1

as shown in figure 3—13. The right--hand C U r / I  -a I o - S m  e- c L  ul s.c i p 1 i j:i

oxygen and water vapor which occurs  under  ide ol u t i n o s p i c t r i c  c o i i - J c I t~
The left—hand curves represent excess rain 1uc c~ iii I t  O t c : u u ,- 1  ~:c i i  •O e,

rain or fog forma t ions  are  d o m i n a t e  f a c t o r s .  lie - j i V e s  ci i i g c i i c  ,i
have been theoretically derived and ex i &c i i i c u u - t u L c i ~~iv  - ce - r u  c u _ d .

(2) The amount of absorption due to e c te r v u l cc I .±no u_a, • c - s  c-~~
loss (Lexr) varies considerab ly depeii diii5, on th e - e s - o L : c .  I . d-~~L I
rain loss and clear weather atmospheri c ioss (L~~) ar e d t - i 1 c eii~~c -i.t I -, i, ii e

extent on antenna elevation pointing an gle - . I l l s  Is i c  o n - , - ‘
elevation angles , the radio signal travers e- -~ l o n g e r  c ~ L i  C ~& i a
earth’s atmosphere than at high elevat ion o u i ~~ l t S .  c i  Oh o i l  I - i i ~~ i c  /ic L 01.
angle of 5 degrees , the path length t h r u u i g i  t I c ~ . L c : c c ) 5 1 - c e r c  I c -  I
50 km in length. The constituents of atmospheric al ’c~ -i - t ~ -~~~ i ,u & i 5u~ I c e ’ .
vary with frequency in the case of a 50—km p a t t i  l ength  ate ~ i i n
figure 3—13. Figure 3—14 shows the total one—way , clea r s - a t : , . r cc i o~ ~ L i
as a f unc tion of freq uency for different ante-cina elevati on O i i bl ie

(3) Since excess rain loss becomes a facLor only dot i . - ~, p~
- m  . -

~ 
- of

rain or fog, it is expressed as a percentage i t  t ime th a t  it e~. c~~~ c l t

certain value.

d. Transmitter Antenna Line Loss .

(1) It is convenient to specify t h c  I-il - ’ p uui -e r ul a tis - , c i t t e r  i’~
as that delivered by the power amp l i f i e r  L a  m ime ‘ jOc: ~~i, S5IU . l i m , e  ~~~~~~~~~~~
to the dup lexer. The RF power that is a o t i i i I l y t~~d ij t e d  is 1e~~~ LL~~ii ~~~~~

~~ is multiplied by a fractional transmitter 1 c)n s  (L t ) ii , ~ i Sc-c I n c  i~~
power. This loss , composed of losses due to  t h e  dup 1 c c - -~ - r , . . c - L , : c f e,  c o o , t 1’ r - : , ,

and fac tors concerning the antenna beam , Is j i a F t ically t:uia ~ - c i d u i I e

although every effort is made to m i n i m i ze  t i i e - s ~~ J u s s -  — as much  as
possible during equipment design .

(2) The loss in the network stems i t U i c i  I c c -  d i i j u i c ~~~ £ a 1~~e 1 I , ail S ~~~~

the transmission lines connecting the dup lu _ - xc--r t O  Lice 0tt_ ’i -
~~~

- ~ihl er
and to the antenna. The potential t r s n s i c c i s s i c c t  l i ne  I~~-~~ c~~ii i .  c c : t - ~~ i -  -

erably reduced by the choice of high qualit y , 1ew~ luss I I t c ~~i c 1 5 S 1 c i I c  l i ne
material , and arrangement of the antenna—duplexer —c cc ’ce c a c : 1 - I it h u m

locations to require the minimum length of line. ide dc~ p ! c ’ x t 1-  ,t,

depends on its design , but can be reduced by using a great ci s u c 1 : o m  a iccic
between the transmitted and received f requenc ies . The sante I c - c - - ] , u t i ~~n i s
required , but more freedom in design is allowed so that , generall y ,  a
lower loss duplexer (filter—isolator) results. W .-fl—desigiced dup l e .’. -

exhibit a loss of the order of 1 db , depend fng on rated Tow er.
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(3) The a n t e n n a  bc--am loss is ci composite group of loss factors
which , when divided into t h e  antenna gain (P), reduces  th c- - theoretical
gain to tin u t t c - - c’tlVe operating antenna gain. Ihe- antenna beam loss
group is c omposed of an illumination loss and a pointing error loss.
[‘tie illumination loss occurs with beams formed by concave antenna dishes
which ar e  i l l u m i n a t e d  by a p o i n t  or a s u b r e f l e c t o r , in the  case of a
c mssegrcuinian feed system , at the dish ’s f ocal po int. Due to practical
considerations in design , not all energy from the feed point is inter-
ce pted by the dish surface. That which is not intercepted is lost and
t h i s  may be r e f e r r e d  to as the  i l l u m i n a t i o n  loss f a c t o r  which is usually
in t hc -- order of 2 to 3 db. Inaccuracies in pointing the  transmitting
antenna can cause a pointing error (tracking error) loss ranging from a
fract ion of a db to several db’s.

e. Polarization Loss .

(1) Electromagnetic radiation oscillates in a plane at right angles
to its direction of propagation . To illustrate , consider a rope tied
to a post while the other end -is moved up and down vertically. Vertical
waves wi l l  be created which wil l  travel down the rope from the source
of vib ration toward the fixed terminal . The waves in the rope will occur
in only one plane and, since in this case the plane is vertical , the waves
are termed vertical ly polarized waves. In a similar illustration , if the
rope is vibrated from side to side and no gravity is present , the waves
In the rope will occur in a horizontal plane and will be horizontal ly
polarized. Polarized radiation is generated in a manner similar to this
illustration . A receiving antenna and its transmissio--m line coup ling
network can be designed to accept , with only negl igib e loss , radiation
which is polarized in a p lane and to reject amy radiation which is
polarized in a plane at right angles to it. If the rope passed through
a narrow slotted picket fence , horizontal oscillations (analogous to
horizontally polarized waves) would be stopped abruptly at the slot.
Vary ing degrees of hindrance would be observed if the ang le of polar iza t ion
were rotated from zero (vertical) through 90 degrees (horizontal). Thus ,

~ plane—polarized receiver antenna is similar to the picket fence and when
aligned to the polarization plane of the transmitter , it can deliver the
rad iated power intercepted by the antenna to the antenna transmission
line . As the angular misalignment (short of 90 degrees) between the
transmitter and receiver antenna increases, the polarization loss will
become greater. When the receiver polarization p lane is at right angles
ro the transmitter polarization plane (a condition called cross polari-
zation) the loss, theoretically, is infinite. In practice , cross
polarization loss is not infinite , but it does approach the order of 30
db or a factor of 1 , 000 to 1.

(2) A more sophisticated scheme of polariza tion is called circular
polarization . This is a wave whose plane of polarization rotates through
360 degrees as it progresses forward . The rotation can be clockwise or
counterclockwise (CCW). Circular polarization is created by comb in ing eq ual
magnitudes of ver tical and hor izontal plane polarized waves , wi th a
phase difference of 90 degrees . Depending on the phase relationship,
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this creates rotation either in one direction or the  other. If the
phase—time relation between the horizontal or vertical components is
not exactly 90 degrees or if the magnitudes are not equal , a right—
hand or left—hand elliptical polarization results. The magnitude of
the radiated wave varies in a cyclical manner.

(3) A receiving antenna designed for circular polarization in one
rotational sense (right—hand , for example) will pass all intercepted
right—hand circularly polarized radiations to the transmission line .
Conversely, an antenna designed for one rotational sense will exhibit
a high rejection of radiation polarized in the opposite rotational sense.
Theoretically , this loss is infinite , but again in practice , it is more
on the order ot 30 db .

(4) There are two outstanding reasons for using circular polarization
rather than plane polarization in ground—to—satellite and satellite—to—
ground communications . Ground station receivers can reject circularly
polarized radiation emitted from their own transmitters and back—scattered
from reflecting layers in the atmosphere (rain , f o g ,  and clouds) fa r more
ef f e c tively than if the reflected radiation is plane polarized. Addi-
tionally, the use of circular polarization makes the use of a polarization
alignment control unnecessary . For examp le , suppose a linearly polarized
wave were rotated 90 degrees as the result of rotation of the satellite ’s
transmitting antenna or because of atmospher ic phenomena , linearly
polarized receiving antenna would then have to be rotated simultaneously
through 90 degrees to avoid a large loss (as much as 30 db) of signal.
With circular polarization there would be , in theory, no loss of signal
strength as the result of the 90 degrees rotation of the transmitted
wave. In prac tice , there migh t be as much as a 3—db loss resulting
from a 90—degree rotation of the wave with circular polarization . On
the other hand, a c irc ularly polarized antenna is more complicated than
a plane polarized antenna and the polarization will always have some
ellipticity in practice .

(5) Even when employing circularly polarized antennas , some polari-
zation loss occurs . This is due to the fact that actual antennas are
never exac tly circularly polarized and polarization is affected by the
ionosphere . These factors give rise to slightly elliptical rather than
pure circular polarization . When the elliptical polar izat ion seen by
the receiving antenna is not exactly ma tched by the antenna polarization ,
a polarization loss occurs. This polarization loss is typically on the
order of 1 or 2 db.

f. Receiver Antenna Loss.

(1) As in the case of the transmitter power ratios , the ra tio of
the single channel RF power —— intercepted by the receiving antenna (Pr) ——
to the power delivered to the input of the receiver amplifier for that
channel (“ rc ) is the rece iver antenna loss (Lr). This loss is also
compounded by increments of network loss and antenna loss.
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(2) Both the network and composite pointing error losses arc- similar
in magnitude and occur for reasons similar to those descr il ed for the
transmitter losses .

3—8. SIGNAL—TO—NOISE (S/N) RATIO , CARRIER—T —NO I~ F: (c/N) RATIO .

a. Noise in a satellite communications system is made up largel~’ of
thermal, sky ,  excess rain , and sat e -lilt .- intermnodulation noise.

b . Although , ultimatel y, the S/N ratio of the output signal from t ie
earth station receiving system is of prime importance , the C/N at several
intermediate points between the transmitting earth station and the
receiving earth station should be considered. iThe power ratios at the
following points are of particular interest :

(I) At the input to the satellite transponder (C/N).

(2) At the input to the earth station receiving system (C/N).

(3) At the output of the earth station receiving system , as measured
in the individual voice or data channels (S’N , C plus noise—to—noise
( N / N ) ) .

c. This paragraph describes the various factors that must be taken
into consideration in computing S/N at the points 01 interest.

(1) Eff ective radiated power.

(a) Effective isotropic radiated power (Eirp) is a term that has
been found convenient to use in describing the radiated power from the
satellite. Eirp is the product of the actual RF transmitter power output
and the antenna gain . For instance , a satellite transponder with a
10—watt final amplifier and an antenna with a gain of 10 would have arm
Lirp of 100 watts or 20 dbw. The Eirp of a satellite can be ~ tlculated
providing that certain parameters (readily available at the earth statler )
-i~re obtained. These parameters are antenna elevation , slant range to
the satellite , weather , ground antenna net gain , SNT , C/N (or C/kTB ) of
the receiver , and bandwidth of the receiver or measuring device (whichever
is narrower). The received signal strength (Sr) at the ground station
(referred to the para—amp input) is given by:

Sr = Eirp — Lfs — La + Gga( net ) (32)

where :
Sr is received signal strength (referred to para—amp input)

L15 is free space loss

La is atmospheric attenuation
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— c a i n c l u d e -  ra i - t :ce loss

(s ’l : i -u a p r - 1 i c d 1~- ) - ( t i c  king ( c r c - s s c : v c - r )  l oss .
p o l a r i z at i on  (e’t l f ~ - t  [ c i t y )  loss , - c i i i  t c u d  I u ; s
( i n c l u d i n g  \~u I l i m e s )  I c y  par ; i— :im c c p in 1~ut

Based on the above , i t  c iii be c i t - n  t h a t  Ic -v t r a n s p o s i n g  c h ic  e q u a t i u e ,
E ir p  is exp r e s s e d  b y :

E i r p  = + L~ 5 + I -~ G ga(  e l )  (3~~)

(b )  Onc e- the m a j o r  T~3r:itlc et i rs  a r -  s t a t ed , i t  is sic ; ci c’s-it t e r  of
add i t ion  and sift-traction to determine

(2) ~-~u l t i p )~ ’ access b a n k o f f .

(a) ‘~~m l t i p ie access b a c k o f f  is a t i - ri-c- that has cor e i n t o  use ftc

connec t ion  wi th  f r e q uen c y  d iv is ion  m u l t i p l e  access (FDMA).

(b) Multip le access backoff re lers to the s a t e l l i t e  o u t p u t  power
tha t  is lost  due to the necu-ssity for hacking off on the earth station
radiated ~c - - -we r to ‘cs-old fucnerot ing c !XCe-551 ’c’C i y h i  c c - li Ju t e r rc - c - c d u l  sI ion
products in the sat - chu te. Multi p l e  i c c es c c  b u c - k c f f  ~ Iil r- c - a l l y  amount
to b e t s - - c - :  1 and 2 db

(3) Nc ci se  l- -in d w i d t h .

(a) A f i g u r e  t i c ’  C / N  ~ -i me- t i c i c i g i r - - ~ -c unless the  noise  b a n d w i d t h :
associated w i t h  i l - c  C / N  is kn c e - : c i  . Thu n o i s e  hci ’ds ’ idth of - a t e r e st
varies , dec t - c~~l I i i i ;  on c ; :  I c l i  i / N is be lug  (h i - - C  er ’mined

(b )  The u n i v  noise of c o nc e t ’ - in  the  c- c-y r r~~: t e r m i na l  recei  -c i  cc n i t —
c ’ - c t  ‘c i g ic - c i l i s  t I c - c  c-- - c u - - - d ! 1 3 t  f alTR w i l l - t n th e  cm 1 : - a t  voi~~c - or da ta
c h a n n e l .  In the co-so ~c f  a voice channel , th is  no i s  ban~ - -:i l t l c  w i f l
n o r m a l ly  he / t k}lz.

(C) -~ t the  l n p c ! t  tr, h e-  ear t i c  g i  c it  I c y  receiving svst c ’c-t ye are r~’s - y—
cerned with the Cc N in the inte in c-d la t e f requency ( 1F,  bctn-lccidth . The
C/ N in th i s  bandwid th  c 1 c - - t  m i m e -c i- j e t  a r  or cot f e  signal is s’ ron g enouch
to be al )’! rer~ -iv e r th r ’ ’ c l o I c I . F’n c c ’ -~~~m i g  ‘lie C / N  in t h e  Jr ~- cc r -iw - i ;1~ b ,
the C/N in the output channel can hi’ cal culated.

(d) At the input to the satellite receiver , there are two noise
bandwidths of interest: the C/N in the entire transponder passband and
C/N In the RF signal bandwidth. The ratio of the  S/N power in the entire
transponder passhand largely determines how the output power of tb-c
satellite will divide between the desired signal and the noise s i g n a l .
Also , the satellite power lost to in t er inodu la t  ion pro 11:0 t - . c-cust hi-

considered . The C/N in the RF signal bandwidth deten.i1ne-~ iou much
noise powet will be contained in the acmt r - im t signal t 1 iat  w i l l  ul tim atel y
fall wi thin the IF passband of the earth stat i -an receiving OvS t - ~n .
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(4) Carrier—to—noise density.

(a) in the C/N density expression (c/kT) , C refers to the ratio of
time RF signal level , or carrier leve l , of the received signa ’ at the
earth terminal receiving system . Boltzmann ’s constant is k cd ‘1 is the
receiving SNT , kT is the noise power in a bandwidth of 1 Hz; hence the
term , noise density.

t 
(b) The significance of this expression comes from the fact that

- - - formulas for computing the capacity of satellite communications links
show that this factor is basic to determining the channel capacity of
the system. lit s u f f i c e s  to say , however , that once the arbitrary
factors such as desired channel C/N and modulation iic ’iex have been
determined , then channel capacity can be determined from C/kT . Figure
3—15 shows how the number of voice channels varies as a function of C/kT
under set conditions .

(c) Because C/kT is fundamental to so many link per formance  ca lcu—
lations , manufacturers of satellite receiving equipment generally

-
‘ describe the performance of their equipment based on the C/kT of the

received signal .r
(5) Antenna gain—to—noise (C/T) temperature .

(a) The antenna G/T temperature ratio may be thought of as a figure—
of—merit for an earth receiving station . G refers to the gain of the
earth station antenna in the receive mode , and T is the equivalent noise
temperature of the receiving system .

(b) To understand the importance of C/T , recall that C/kT determines
the capacity of a satellite communication link . C , in the expression
C/kT , corresponds to 

~r 
and is expressed as :

c = 
PtCtGrX 2 (34)

(4 ’cR) 2

Equation (34) indicates that any increase in the rece ive antenna ga in
Cr will bring about a corresponding increase in the value of C/kT .

(c) The equivalent noise temperature T in the expression C/kT is
based on the total amount of noise in the received signal . This includes
sky , excess rain , and satellite intermodulation noise , as well
as the earth terminal receiving SNT . However , the earth terminal
receiving SNT is usually the major component of the total noise in the
rece ive sys tem and reducing it will automatically reduce T in the C/kT
expression ; thereby increasing the value of C/kT. There is a direct
relationship between an increasing value of C/T and an improvement in
C/kT . Satellite earth equipment designers always strive for as high a
ratio of G/T as possible.
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(d) The measurement of CIT is a difficult procedure because of the
problem of f i n d i n g  a s u i t , i l ’ l e  r e fe renc e  and measurement procedu re- .

(6) Signal—to—noise ratio.

(a) Four sets of computa t ions  must be performe d to determine the
S/N r a t i o  of the ea r th  receiving s t a t i on  o u t p u t  s ignal s to the u l t i m a t e
user of the link. The four sets of c o m p u t a t i o n s  are :

1. An uplink power bud get analysis.

2. A computation of how the signal power divides in the satellite
be tween signal power and noise poe-er.

3. A downlink power bud get anal ysis  to determine C/k T .

4. A computation of the number and cuality of voice channels based
on C/kT .

(b) The uplink pow er bud ge t anal ys is  nay be performed by solving
the equation for the free space loss.

L5 =~~l~

p ‘~L5 (db)  = 10 log ( _

~
)

whe re:

L5 = isotropic f ree  space loss

= ratio of power radiated by the transmitter
to the power absorbed by the receiving
antenna

= power absorbed by the 
~t 

antenna

To the f r ee space loss must  be added the atmospheric absorption loss.
The total loss consist ing of f ree  space loss, p lus atmosp h e r i c
absorption , determines the amount of power rece ived by the  s a t e l l i t e
from the earth station. Excess rain and sky noise can be ignored in
the uplink analysis because they will be very small in relation to the
thermal noise introduced by the satellite receiver.

(c) The computation to determine how the signal power in t h e
satellite divides, when FDMA is used, is best explained by going through a
simple example calculation . Let us assume that the satellite has a
rated power output of 25 watts and that there are four stations all of
equal power accessing the satellite. Let us further assume that the
accessing stations are small tactical stations so that the signal strength
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from each station reaching the satellite is equal to the thermal noise
ioe c- r of the satellite receiver. The 25 watts of output would , th e r e f o r e ,

h iS d i vt de d  e q u a l l y i n to  l i v e  c ’z c r t s , one pa r t  to each of the four signals
jt i c c  repe i t i n g  and one part ti~ n oise , so tha t  each o u t p u t  c a r r i e r  would
be 5 w . i t L s .

(d) time 5— o t t  carriers , however , must be reduced by the amount of
multi p l e access backoff that is required. In a typical satellite repeater
t h i —  w i l l  amount  to —1 .5 db , or a factor of 1 to 1.41, resulting in 3.5

~,- c m I t s c -  - i - c’ c a r r i e r .

~,e) In computing the split between satellite signal power and thermal
- ‘oise power , the noise power in the entire passband of the satellite has
to be c icic-tidered. Of the noise power leaving the satellite , however , we
need be concerned only with the noise in the RF carrier bandwidth . For
i-as-c of computation , assume timat the total satellite bandwidth is 200

~- U-{z and that the RF carrier bandwidth is 2 ~-1Hz. ‘[‘he thermal noise power
s - it l c i c c  each carrier passband will be one—h undredth of 5 watts or 0.05
watt.

(f) The satellite intermodulation noise must be added to the thermal
cc’i se power. In a typical satellite repeater , the intermodulation noise

~i l 1  be about the same magnitude as the thermal noise. Therefore , to
c-oi’ c iete this example of how the power divides within the satellite , we
can assume that the output from the satellite would consist of 3.5 watts
of a i gnal power and 0.1 watt of noise power.

(g) An accurate downlink power budget analysis Is somewhat more
(cc’clc-licated than the up link analys is. Free space loss and atmospher ic

absorption loss must bc applied to both the satellite signal power out—
cut and time satellite noise power output to determine how much signal
p c W ’ - r  and how much noise  power reach the earth station antenna. The
ai’ y noise must  be added to the noise power received from the satellite.
The t -  - y l  noise in the receiving system may be calculated by adding the
recei’ ing SNT to the noise from time satellite. The ratio of the signal
power reaching the earth to the total noise powe r is C/N. Nultlp l y ing
icy I/B gi-ii - s the C/N density C/ kT .

(h) To determine the C/kT during high precipitation conditions ,
app ly the excess rain loss to both the satellite signal and noise power.
Als o , add time excess ~ain noise to the noise from the satellite and sky
noise. This will eive a new figure for total received signal and noise.
By adding the receiving system equivalent noise temperature to the
received equivalent noise temperature of the total received noise ,
C,”kT under rain conditions can be obtained.

( i )  ‘l’he liuInl )er and quality of voice and data channels that a given
‘;atel lite communications [ink can support , can be de termined fro m C/k T
by using equipment curves such as shown in figure 3—15.
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(7) Required signa l—t o— imolse ratio. While the  S/N  r a t i o  gives a
measure of the performance of ci communications link , the decisiun as to
whether a particular S / N  ratio is good or bad is still sonmew lic it subject ivec
a l t h o u g h  various standard ; have been e -- -c t a b l i s h e d .  -An S / N  r a t i o  tha t
would  he i n t o l e r a b l e  t i l l  J mi  l i t  - i n c  sy~-t e n i  m i g h t  be p e r f e c t  l y icc - e j c c t a h l e
o n ci comnme r c f a l  sy s t e m , cr vice  v er s t i .

(8) O the r  noise  c o n s i d e r a t i o ns .

(a )  F li t -  m a j o r  g a l a c t i c - sources  of no i - y e  (sk y noise)  ar e  the  sun ,
Milky Way , and scattered hydrogen clouds . The sun is the most intense
source , having a noise t e m p e r a t u r e  T sun as h igh  as l ,000 ,000°K
at 300 l~f l1z , al t h o u g im th is decreases  to 6 ,000°K fo r  f r e q u e n c i e s  h i g h e r
than 10 GHz , as showi-i by the l ine  l a b e l e d  Tsun in f i g u r e  3 — 1 6 .  I f  an
antenna beam has a beam angle width 0B’ which is identical to the angle
subtended by the sun from the earth , then when the beam is pointed at
the center of the sun the antenna beam temperature TB will be exactly
the sun temperature as shown in figure 3—16. If the antenna beamwidth
0 B is larger than the angle subtended by t h e  sun 8s~ then with the beam
again pointed at the center of the sun , the beam temperature TB Is less
than the sun temperature. During the most active years in the sunspot
activity cycle , the temperature Tsun can be as much as 10 ,000 t ime s tha t
shown in f igu re  3—16. However , b y i n s u r i n g  t h a t  a h igh gain antenna
does not point within ten beaniwidths of the  sun , the beam temperature T B
of an isotropic antenna resulting f ’ cj n i  t ic . - sun ’s radiation at its high
bust intensity will not exceed that given by the line marked sunburst noise
in figure 3— 16.

1. The most intense g— ila ct l c noise c omes f r o m  our  own galaxy , the
Milky Way , in the direction o c ’ r h e  c o n s r u l l a t l o n  S a g i t t a r i u s . For
antenna beams s u f f i c i t c - r t l y  n - m rr- - u (tr tion of a degree) TB is given
approximately by the galactic no 1-~ -’ l ii i, .- in figure 3—16. There ~re
isolated clusters of hmvdr u gi- n In sp -u C - -n also r - l c I  l a t e  ~~~0

t 
~ e .  High

gain antennas with narrow beamw~
,itI c s , when po lic ’ ed at  these acu r c e s ,

have been temperatures of al-out 100°K , :15 shown icy the hydrogen nois e 1j ~~c
in figure 3—16. F’or larger--th u --I ~ — i c c t iona l - --degree antenna he: m mw dth s .
the beam antenna noise t emperat circ c w o u l d  be less 1 c - I y  J O ~~

3K .

2. Satellite antennas wi thi a he Iou- i run Ic e : an c icigl c to uc comp l etel y
subtended by the earth would have an antenna beam tempei-iture equal to
the earth or earth ’s atmospheric thermal temperature (approximately 290°K),
as shown by the line marked earth noise .  The antenna beam noise would
be less than 290°K for antennas with beam angle widths larger than the
angle subtend ed by the earth.

3. In general , the antenna beam background noise temperature can
be anything from l,000 ,000°K to a few degrees K , depending on narrowness
of beamw idth angle , frequency, and direction of pointing. Both isotropic
and high gain antenna beam noise are m i n i m i z ed  by cho&a.ing f r equenc i e s
higher than 1 GHz. High gain antennas m u s t  avoid pointing at discrete
noise sources such as the sun , Milky Way, hydrogen Houds . ii: - ] the earth.
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4 Despite the high sky noise temperatures that can be encountered ,
the amount of sky noise entering the antenna under normal conditions does
not present a severe problem. For an antenna pointed slightly downward
so that it is actually looking at the earth , the noise temperature will
be approximately time temperature of the earth , or 290°K; as the antenna
pointing elevation is raised , the temperature rapidly drops off to
something less than lO°K at an elevation angle of 15 degrees and con-
tinues to drop off as the antenna is raised. This is shown in figure
3—17 .

(b) During periods of heavy rainfall , the antenna is in effect
pointed at a large mass of material in the form of countless raindrops .
Excessive ra inf a l l  no ise energy in the form of blackbody radiation will
be rece ived by the antenna. Since the raindrops do not form a solid
mass , the noise equivalent temperatures of the rain fall will be some-
what lower than the actual temperature of the rain .

1. If the rain is occurring some distance away f rom the antenna ,
the rainfall probab ly will not extend through the entire cross section
area of the antenna beamwidth. This will have the effect of reducing
the noise equivalent temperature further.

2. Since excess rain temperature is present only during periods
of rain , it is expressed as a percentage of time that it exce eds a
certain value in the same manner that excess rain loss is expressed. A
typical distribution curve of excess rainfall attenuation is shown in
figure 3—18.

(c) The receiver portion of the satellite transponder generates a
certain amount of thermal noise in the same manner as any other receiver.
The amount of thermal noise generated is dependent upon the NF or
equivalent noise temperature of the satellite receiver.

1. This noise is added to the signal received from the earth station
and is rebroadcast by the transmitter portion of the satellite transponder
with the desired signal. The amount of satellite thermal noise in the
rebroadcast signal will depend on the ratio of received signal strength
to satellite thermal noise.

2. A typical satellite transponder receiver will have an equivalent
noise tempera ture of 3 ,000°K. The amount of noise power generated by a
3,000—degree receiver having a 50—MHz bandpass can be calculated to be:

N = kTB

= 1.38 x l0 23 x 3 x l0~ x 5 x iü~ (35)

= 2.07 x 10—12 watts
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3. Most communications satellites emp loy automatic gain control (ACC)
so that ~is the received signal decreases in strengtlm , the gain of the
sate ’lite increases. This insures that , regardless of receiver signal
strength , the satellite transmitter is driven to saturation or near
saturation . In the event that no signal is received , the noise generated
by the receiver will constitute the  signal that drives the satellite
transmitter.

4. The amount of satellite thermal noise in the output signal can
vary anywhere irom constituting the entire output signal (no—received—
signal condition) to a small portion of the output signal (strong—
received—signal condition) .

(d) Since all satellite repeater transponders built to date have
been nonlinear devices , they generate intermodulation noise. Inter—
modulation noise consists of the sum and difference signals that are
produced whenever two or more signals are amplified in any dev ice that
is not exactly linear (output signal directly proportional to input signal)
in its operation . The amount of intermodulation noise that is added to
the signal by the satellite transponder is dependent to some extent upon
the type of multip le access that is employed. There is no accurate way
of calculating the amount of intermodulation noise contributed by the
satellite.

3—9 . INJECTED REFERENCE CARRIER TECHNIQUE. The signal strength received
from a satellite at the earth station ’s antenna flange ranges from about
—85 dbm to —120 dbm. These weak signals must be amplified by a low—noise
receiver in order to be visible on a typical microwave spectrum analyzer
or measurab le by other techniques . In order to make accurate signal
strength measurements at the output of the receiver , it is necessary to
cancel out gain variations of the receiver itself. One technique for
doing this is to inject ahead of the receiver a continuous wave (CW)
signal whose power level is calibrated and adjustable to be within the
range of the sa telli te ’s signal. The imjected signal can thus be made
equal in power and close in frequency to the unknown signal , as d isp lay ed
on a spec trum analyzer. In this way , both the power level and the
frequency of the unknown signal can be measured accurately. The injected
carrier is generated by a signal generator or equivalent instrument. Its
level is monitored by the reference signal power meter and adjusted by
the downlink reference attenuator. It is injected ahead of the para—amp
by means of a calibrated direc tional co upler and d isp layed together with
the satellite ’s signal on the spec trum analyzer. Note that by using
this technique the noise seen on both the satellite and injected signals
is abo ut the same . This is largely due to the para—amp . Eye observations
are used to distinguish the noise as seen on the spec trum analyzer dis-
play while the meas urement is ac tually done on a noise—free injected
signal. Also , all rece iver or analyzer gain variations affect both
signals simultaneously and are thus integrated out by the observer.

3—29 



-~~—-~~~ -- - - —

CCP 702 2

3—10. SPECIAL INFORNATION RELATING TO THE PROPERTIES OF GAS A

Information contained herein was extracted
from Technical Report No. ACC—ACO—2—74

2.1 Ear l y Measurements

‘I’he radio emission known as Gas A was discovered in 1948
by Ry le and Smith (7) while measuring rf emissions from the
Cons tellation of Cygnus discovered two years earlier. In 1954
Baade and Minkowski (8) identified the newly discovered rad io
source with faint optical nebuiosities located near the Con-
stellation of Cassiopeia. From optical measurements of the
nebulosities Minkomqski (9, 10, 11) concluded: that they are
traveling radially ou tward at a speed of 7440 km/sec;  that
they are approximately 11,000 light years fr om the ear th, and
that they are remnants of a supernova explosion , the visual
evidence of which p robab ly reached the earth about 1700 A.D.
Subsequent rf measurements (12 , 13) made in 1952 to determine
the center and angular size of Gas A helped Baad e and Minkowsk i
to positively identif y the emission with the nebulosities.

Since these first observations , many measurements of
Cas A have been made to determine its flux density and
spectral distribution , angular shape , polarization , and
stability . The following subsections contain discussions
of the results of these measurements as they pertain to the
use of Gas A as a standard source of rf noise power for the
measurement of the parameters of large antennas .

2.2 The Location of Gas A

2.2.1 The Equatorial and G a l a c t i c  Coordinate System

The equatorial coordinate sycte-m is the most commonly
used system for locating the position of - c-lestia l bodies.
It is the one used in most st ir catalogues and will be
discussed in detail in this subsection. The galactic
coordinate system is often used in conjunction with the
equatorial system in loca ting broa d regions of cosmic
background radiation and will  therefore also be treated
to some extent here .

Equatorial Coordinate System (6)

In the equatorial system the plane of the earth ’s
equator is the plane of reference , the center of the
earth is to coordinate origin , and the earth ’s geograp hic
north pole is the northern direction . The reference
direc tion in the reference plane is defined in conjuction
with the celestial sphere, figure 2—1. This sphere is an
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imaginary spherical surface of arbitraril y large radius with
the earth as its center , and onto which the stars appear to
be projected . In the period of a year , these stars exhibit
ve ry little angular motion on the sphere and so provide a
quasi—permanent reference pattern for their own locations.
Objects like the sun and planets appear to move through
this pattern . The intersection of time earth ’s equatorial
p lane with this sphere defines the celestial equator , and
the earth’s projected north and south poles define the celes-
tial north and south poles respectively. ]he apparent yearl y
path of the sun on this sphere is called the  ecliptic , wh ich
intersects the celestial equator twice a year , once at the
vernal equinox and once at the autumnal equinox. Then, the
line drawn from the earth ’s cen te r  to t h e  ve rna l  equinox
defines the reference direction , or the direction from which
the longitude of a star of the sphere is measured.

The angle a in the equitorial plane measured eastward from
the vernal equinox to a projection of a particular star
onto the plane is the star ’s longitude and is called the
righ t ascension . It is usually expressed in hours , minutes ,
and seconds; 24 hours corresponding to 3600. The angle c~
measured from the reference plane to the star ’s position is
called the star ’s latitude on the sphere and is called the
declination . It is expressed in degrees , arc minutes , and
arc seconds , and is pos itive towards the celestial north
pole and negative towards toe south. For examp le , Ta u A
is located at ~ = 5h 31m 30 S and ~ = 2l058~ in figure 2—1.

The angle In right ascension belween the observer ’s
meridian (in earth coordinates) and the star is called the
star ’s hour angle. The hour angle is defined to be nega-
tive before it transits the observe r ’s meridian. For
example , the Tau A hour angle to the observer ’s meridian
(at a = 21m 11m~ in figure is approximatel y a negative
3h 2om~

Galac t i c  Coordinate System (6)

Since 1958 , the galactic coordinate system is defined
as follows . The origin is defined by the intersection of
the plane of our galaxy and the line through the center of
the ear th perpendicular to this plane . Angles of galactic
longitude (ill) are measured in this plane, and angles of
galactic latitude (bH) are measured from this plane. The
reference direction in the galactic plane is from the
origin to the center of the galaxy In the plane.

The apparent intersection of the galactic plane with
the celestial sphere is called the galactic equator (fig .
2—1) and provides a convenient reference circle (not a
great circle) on that sphere . The north g a l a c t i c  r ole -I s
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the intersection ( 1  = l2~ 7 and 6 = 280) of the perpendic-
ular from tIme origin with the nortimern hemisphere of the
celestial sphere .

2.2.2 The Precession of the Earth ’s Axis (6)

Since the earth is not a perfect sphere , the gravi—
tat ional pull exerted upon it by the sun causes a gradual
orecession of the earth ’s axis around the pole of the
ecliptic , one cycle being completed in approximatel y
26000 years . This gradual motion shifts both the celestial
equator and the celestial poles with respect to the star
pattern , causing an apparent shift in the positions of
the stars . Therefore , when specificing the right ascension
and declination of a star , it is important to specif y a
date (epoch) to which they refer. The difference in the
right ascension and declination referred to AD 1950.0
are given by

= m + n sin a tan iS per  year
= n cos a per year

where a and iS are the right ascension and declination for 1950.0.

m = 3.07327 seconds

and n = 1.33617 seconds of arc = 20.0426 seconds of arc

2.2.3 Cas A

Through a detailed study of the shape of Cas A (14)
the center of its rf emission Is placed at

a 2 3 h 2lm lls

and 6 = 58°32’40”

at the epoch of 1950.0. For comparison , the optical center of
the expanding nebulosities mentioned in subsection 2.2.1 is
located at (15) 23h 21m ll.4~ right ascension , and 58°32 ’l8.9”
declination .

Cas A , though not visible, is located (fig. 2—2) just
west (11°) of B Cas . The effect of the earth ’s precess ional
motion upon the apparent position of the stars from 1900 AD
to 2000 AD is also indicated in figure 2—2 . The location of
Cas A in our galaxy is shown in figure 2—3.
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2,3 Flux Density and Spectral Index

2.3.1 Brightness~ Brightness Temperature, and Flux Density (6)

The intensity measure of radiation from the celestial
sphere is called the brightness . The brightness of a small
surface on the celestial sphere can be related to the flux
dens i ty ,  S, at an antenna on the earth. This relationship
will now be developed. From figure 2—4

dw ’ = B dA dO ’ (2 . 1 )

where dw ’ = spec tral power (power per unit bandwidth) emitted
by the incremental surface dA into the solid angle dO’ , watts !
Hz

B = surface brightness , w a t t s/ ( r a d 2 ’m 2
~~Hz)

dA = elemental surface area on the celestial sphere ,
m 2

do’ = elemental solid angle , rad2

Thus B is a brightness whose magnitude depends upon its loca-
tion on the celes tial sphere , and which varies in a roughly
continuous manner over the sphere except for occas i ’- ti al
“bright spots” which correspond to highly localized ~r dis-
crete sources of radio emissions . The broad continuous
brightness is referred to as “background radiat ion,” and
the bright spots as radio “stars.” Gas A is one of these
radio stars . Figure 2—5 is a representation of the celestial
sphere with the earth at its center , and with the size of the
earth represented by a point (e) relative to the radius of the
celestial sphere. As seen from the earth the elemental sur-
face area dA on the sphere (of radius r) subtends a solid
angle d~~, where the area and the solid angle are related via
the equat ion

dA = r2dU . (2.2)

The spectral power (dw ’ of eq.  (2 . 1))  leaving the surface
dA proceeds within the solid ang le do’ to the earth , becoming
spread uni forml y over the area dA ’ . Therefo re the elemental
flux density (dS) that reaches the earth after radiating from
dA equals this spectral power divided by the elemental area
dA ’. That is

dS —

dA’ (2.3)
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where dS = spectral power pcr unit area in watts/(m - 
~1-Iz). The

area W\’ and solid angic d~~’ a I & ~ r~- l a t e d  v ia  the  equa t ion

dA ’ = r d ’ . ( 2 . 4 )

Then using eqs (2.1) , ( 2 . 2 ) ,  and ( 2 . 4 ) ;  eq .  ( 2 . 3 )  reduces
to

dS = Bd . ( 2 . 5 )

This is the  f u n d a m e n t a l  equa t ion  r e l a t i n g  the elemental
f l u x  dens i ty  (dS) a r r i v i n g  at the e a r t h  to the  b r i g h t n e s s
B of the area of the sphere subtended by the solid angle
d - . -

The f l u x  (S) f rom any f i n i t e  source is given by the
in tegra l  of all the e lementa l  f luxes  making up’. the  source ,
tha t  is -

S = I BdO ( 2 . 6 )
source

The magnitude of the flux density is often expressed
in f lux  uni ts  ( f . u . ) ,  where one uni t  is 1 0 6  w a t t s !
(m2~ Hz).

The brightness temperature is a fictitious temperature
associated with the brightness . It  is that temperature
to which a black—body radiator must be raised in order to
have the same brightness B. In the low frequency approxi—
mation it is re la ted  to the brightness through the equation
(6)

T = X 2 B
B 2k ( 2 . 7 )

wh ere TB is the brightness temperature in kelvins , X is
the wavelength of interest in meters and K is Boltzmann ’s
constant.

2.3.2 Fl ux Density and Spectral Index of Gas A

Among other things the flux density of Gas A is both
a function of frequency and time . Therefore the time and
the frequency of its measurement must be specified. For
example , the flur density of Cas A at 7.5 CHz for the time
(epoch) AD 1965.0 is approximately 618 f.u. and is decay-
ing at approximately 1% per year. One f.u. or flux unit
is 10_26 w/m 2/Hz.
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i t  h a s  bt -eu  f o u n d  that time fri-~~a-n cy  de~i en d e n c e  ,i~
t h e  f l u x  d e n s i t y  f o l l ow s  t b -  equation

S ( f )  = S
1

f
a 

( ‘ 8 )

whe rt- S1 is the  f l u x  d e n s i ty  at 1 GHz , ~ is  a c o n s t a n t
cal led the “s p e ct r a l  i n d e x ” and is d e f i n e d  by eq .  ( 2 . 8 ) ,
and f is t h e  i r e q u e n c \ -  in GIlz ( t h e  symbol ~ is a l so  used
to denote right ascension) . The flux densit \ of Gas A
around 7.5 CHz is given in table 2—1 and figure 2—6 . The
flux densities were transferred (see section 2.4) from
the epochs in which they were measured  (column t h i r e ~ ) to
the epoch AD 1965.0 (column four) by using a decay rate
of l.1Z per ve~mr.

Table 2—1

Frequency Epoch Flux Density AD 1965.0 Flux
(GHz) (AD) (f.u.) Density (f.u.)

5 1964.4 910 (16) 905

5.68 1968.5 740 ( 17) 766

6.66 1965 684 (18) 684

8 1964 590 (19) 58~

9.36 1961.5 520 (20) 502

9.375 1962.7 514 (21) 502

9.38 1968.5 510 (17) 528

Figure  2—6 is a log—log plot  of the  AD 1965.0 f lux
densities in table 2—1 .  The l ine draw n through the  poin ts
is a least squares fit to these points and conforms in
the interval from 5 to 10 CHz to the spectral ec~uation

S ( f )  3604 f~
0
~

875 (2 . 9)

where the flux density is given in flux units and the
frequency is in GHz. From this equation the flux density
at 7.5 GHz is found to be 618 f.u., with a corresponding
brightness temperature of 336 kelvins . A method such as
this is often used over a much wider frequency range to
determine S at a frequency where it has not been measured ,
and/or to obtain a higher accuracy in S based upon the
a ss u m p t i o n  tha t  eq. ( 2 . 8 )  is a correct description of
how S varies with frecimiency . In this context it should
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be poi n ted  out  th at  the va lue  of a (—0 . 875)  and S1 ( 3604
f.u .) found from this table usi n g onl y data over the
restricted frequency r ,mm ~•e do not agree with -x ’s and
generally found in ti - - literature. This disagreement
reopens the question -f whether the flux density (at 7.5
GHz for example) can actuall y be more accuratel y deter-
mined by a curve fitting process on a number of measured
points close to 7.5 GHz as done in figure 2—5 , by a curve
fitting process over a wider frequency range or by direct
measurement of G/T at 7.5 GHz. The curve fitting process
for finding a and S over the wider frequency range cor-
r esponding ly requires a to be constant  over th i s  larger
range , a requirement that  may not be met ( 2 2 ) .

The characteristics (spectral index , polarization ,
decay rate , intensity distribution , and shape) for Gas A
are explained to first order ( 23 ) by an expa ndi n g shel l
model wh erein the rf emission is assumed to come f r om
synch rontron radiat ion wi th in  the shell.  One of the
predictions of this model will be used in the next sub —
section where the Cas A decay rate is discussed .

2.4 Secular Decay

2.4.1 Decay Rate

The shell model (23) of Cas A predicts its flux
density S at its age t. According to this model S can
be calculated from the measured flux density S0 measured
at age to from the equation

S = S~~(t~ / t )~ (2 .10)

Where B is a decay constant that is related to the
spect ral index a through the equat ion (u < o)

B = 2(1—2 ) (2.11)

Based on eq. (2.10) the flux density S from Gas A should
decay with time as roughly indicated in figure 2—7. The
(normalized) differential decay rate , r, can be found by
differentiating eq. (2.10 ) and is

r = _ 1 d S =~~ (2.12)
S dt t
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The decay ra te  c a l c u l a t e d  f o r  Gas A u s i n g  epoch AD 1950 . 1
from eqs. (2.11) and (2.12) is 2%, while the measured value
is closer to 1%. Minkoweki ’s ( 10) b i r t h d a y  (Al) 1700) for
(:as -\ has been used in t h i s  c a l c u l a t i o n  — i long w i t h  a
sp i - c t r ~()  index equal to —0.8. It is interesting to note
in this  regard that  Brosche (24 )  has drawn attention to
some Korean records that indicate a “guest star ” in t he
region of Cassiopeia around AD 1592 , which “star ” if i t
were the b i r t h  of Gas A would y ie ld a decay ra te  (AD
1950.0)  of 1.3% per year , much closed to time measured
values than the ra te  given by Minkowsk i ’ s da ta .

While the shell model is not a perfect descri p t ion
of the Gas A decay , i t  indicates  in a rough way ( f i g .
2—7 )  how the flux density should decay with time . As
will be seen , the  t ime dependence of r as indicated in
eq. (2.12)  shows tha t  more care should be exercised in
the application of average decay rates measured over
long periods .

The decay rate predicted by eq. (2.12) decreases
wi th time . At the present time insufficient receiver
sensitivity , coupled with the small yearly decrease in
the f l u x  of Gas A , p r even t s  a short  term measurement  of
the Gas A decay rate. One is forced therefore to compare
the flux from Gas A over long periods of t ime , a process
which yields an average decay rate instead of the differ-
ential rate. It can be seen from figure 2—8 that this
average decay rate , R , where (At = t—t0)

so _ s
R = 

SAt (2.13)

is related to the differential decay rate , r , at age t
to first order in At/t 0 by

r R ( [ — t . t / t 0 ) (2.14)

and that  the differential rate is always less than the
average rate. An estimate of the magnitude of Lt/t 0, or
the relative correction needed to reduce R t o r , can be
obtained by taking the birth of the radio star to be AD
1700 , t o to be AD 1948 , and At to be 25 years . The
resulting At/ t0 is 0.1. In other words the differential
decay ra te  is 10% less than the average decay ra te
measured over the 25 year period , a difference that should
not be ignored when using the decay rate to predict the
flux density of Gas A.  Therefore , the model , while not
per fec t , does in d i c a t e  t ha t  t h e aver age decay r a t e  (R)
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used in the literature to transfer flux densities from one
epoch to ano ther shou ld p robab ly b e reduced , in some cases
possib ly by as much as 10%. Moreover , if it is assumed
that the shell velocity has not increased since the explosion
that gave rise to Gas A , then it can be easily shown that
the star birth cannot be earlier than AD 1700 under certain
simplifying assumptions in which case it can be conjectured
that the difference between the average and differential
decay ra tes is pr obab ly greater than 10% for a 25 year
measurement period, in any case , these results derived
from the shell model do strongly suggest that the practice
of using the average decay rate to transfer flux densities
from one epoch to another should be examined more closely -

if a high accuracy in the resulting flux densities are
desired.

Flux densities are deduced in the literature from known
values by use of the following equation

S = S1(l_R)
At 

(2.15)

where S1 is the flux measured at age t 1, R is the average
decay ra te dis cussed above , and At is the time difference
between t1 and the time of interest t. From the preceding
discussion it is seen that a better approximation to S is
ob tained when one uses r ins tead of R , that is

S = S1(l-r)
A
~~, (2.16)

where r is calcula ted from R by using eq. (2.14). Even
eq. ( 2 . 1 6 )  is not exact in the sense that it is equivalent
to eq. ( 2 . 1 0 ) .  However , it is a suf f icien tly good approxi-
mation for even the most accurate of today ’s meas uremen ts
and has the great advantage that B need not be known and
only a rough estimate of the star ’s bir thday need be used
in calculating r from eq. ( 2 . 1 4 ) .

2.4.2 Some Measured Values of R

Some measured values of the average decay rate R are shown
in table 2—2.
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lable 2—2

Lr r o r  in
Freq . Decay Rate Decay Rate Epochs Year
CHz (percentL ( p e r c e n t )  Used ~~~~~ Re fe rence

0.082 1.06 13 1948—1960 12 Ii~ ghen (25)

0.082 1.29 6 1948—1969 21 Scott (26)

3.2 1.14 23 1953.9—1962.7 8.8 Mayer (27)

1.4  - 1 .38  11 1965-1971 11 Findlay (28)

1—3 0.90 11 1960—1971 15 Baars (29)

These results Indicate that the average decay rate is not
known to a high degree of accuracy . Add to this the fact
that the rates used are possibly 5% to 10% h igh , and that
the rate possibly changes with frequency (30) and it is
eas ily seen that the state of knowledge concerning decay
rate is not at a very h igh level and tha t much more work
along this line needs to be done.

2.5 Polarization

2.5.1 Polarization and Faraday Rotation

Polarization (6)

The emission from a celestial radio source extends over
a wide frequency range and therefore within any finite band—
width consists of the super—position of many statistically
independent waves of various polarizations . Generally these
emissions ar e par tially polar ized , some sources tending
towards complete nonpolarization and others toward a signifi-
cant degree of polarization . Partially polar ized emiss ion
can be decomposed into a comple tely random wave p lus
comple tely polarized waves . The degree of polarization d
is then defined as the ratio of the power contained in the
polarized wave to the total power in all the wave . It is
this to tal power , or the power con tained in both the random
and polarized waves , that is proportional to the source
flux density .

The “pos ition angle ” of the polar iza tion of a source
is measured rela t ive to the nor therly direction from the
source on the celestial sph ere , increas ing in the eas twardly
direction . The manner In which the antenna polarization and
the linear source polariza tion e f f e c t the ava ilable power
antenna output port is shown in table 2—3 , on the
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assump t ion that time a n ten n a  i— pointed di rec- t lv at the source ,
and that the source is a p o i n t  s o u r c e .

‘fable 2-3

Type of Antenna Spectral Power at
Polarization Antenna Waveguide Port

L inear - 1/2 ~A~~(1 + d Gos 2i)

R i g h t  or Left Circular 1/2 SA~

The first column of the table shows the t v h ~e of a n t e n n a
polarization assumed for the antenna rec eiving flux from
the sources . The second column shows the power per unit
bandwidth available at the antenna waveguide port as a
result of the source flux imp inging on t h e  a n t e n n a  a p e r t u r e .
Ae is the effective antenna aperture (2), d is tii~ degree
of linear polarization of the source , and 0 is the angular
difference between the source ’s polarization position angle
and the antenna ’s linear polarization ang le measured relative
to the source ’s north .

Faraday Rotation (6,31)

Nuch of the galactic medium between the earth and Gas A
is ionized and contains a small magnetic field roughly
parallel to the direction between them . Because of the
presence of the magnetic field , this medium is an isotropic
and causes the direction of polarization of a polarized
wave traveling through it to rotate as the wave proceeds .
This rotation is proportional to the square of the wave—
length of the polarized wave. Therefore , as the observed
waveleng th is increased , the observed position angle of
the source polarization will increase or decrease according
to whether the proportionality constant is positive or
nega tive respec tively. This proportionality constant is
called the “rotation measure ,” and in the direction of Cas A
is thought to be (14) approximately —130 rad./m2.

2.5.2 Measured Polarization of Gas A

The literature (14,32 ,33,34) suggests that above 1 GHz
the linear polarization of Cas A is approximately 1% , and
that below 1 GHz the polarization falls to zero . Table 2—4
is representative of the values reported , and show s tha t
the degree of polarization and the position angle ar e no t
accuratel y known .
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T4b le 2—4

Frequency Polarizat ion Position Angle
(GHz) (%) (Degree) Reference

1 1 —— 32

3 < 1 —— 32

5 1 .4  ± 0 . 5  37 ± 15* 14

8.25 0.5 ± 0.2 114 ± 15 33 
- - -

10 1 .5  40* 32

14.5 1 .2  ± 0 . 5  41 ± 9* 35

15.25 1.9 ± 0.2 71 ± 3* 33

15 .75  2 . 2  ± 0 . 3  79 ± 3 33

19.4 1 31* 34

*Indicates values used in figure 2—9 .

The scheme depicted in figure 2—9 might be used to obtain
usab le values of position angle versus frequency . The
posit ion angle values in the table ident i f ied by an as terisk
have been plotted against wavelength in the figure. The
wavelength is indicated on a sq uared scale so tha t the da ta
should fall  along a straigh t line ass um ing the posi tion
angle is proportional to wavelength squared. Then the
leas t squares f i t linear curve , curve (a) in the figure ,
gives at least an idea of the position angle as a function
of wavelength that might be used in calculations involving
linearl y polarized antennas . Curve (b) is included in the
figure to indicate the slope that corresponds to the
measured (14) rotation measure (—130 rad ./m 2).

2.6 HIgh Resolution Maps

For the purpose of this report Gas A is considered to
be a discrete source with a single value assigned to its
flux density, spectral index , degree polarization and posi-
tion angle , and secular decay rate for a given epoch and
frequency of observation. However, there have been a
n umber (14 , 34 , 36) of investigations made into the deta i led
structure of this source which , from our point of view , are
worth examining for several reasons : 1) they aid in
understanding the nature of the background radiation In the
neighborhood of Cas A, and therefore  in the in terpre tation
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of broadbeam measurement results; 2) they hel p determine
at what antenna resolution Cas A can no longer be treated
as a d i scr e t e  source  w i t h  no structure; and 3) they can he
used to o b t a i n  more ac c u r a t e  s o u r c e — a n t e n n a  c o n v o l u t i o n
corrections . The high resolution maps of Cas A will show
that all of the parameters of Gas A which  are considered
to be constants in the broad beamwidth pictur e do in fact
vary across t h e  f ace  of t h e source  in a h i~ç i m l y irregular
ma n n e r .

Figure 2—10 shows a brightness temperature contour
map (14) of Cas A (epoch AD 1950, frequency 5 CHz),
where the thick dashed curve represents the zero contour
(relative to a cold area of the sky well separated from
the source), and where the contour interval is 200
kelvins . The brightness temperature is plotted in right
ascension versus declination , and the highl\- structured
nature of Gas A is clearly evident. It is also clear
that the source is well localized with a sligh t bulge
towards the east.

Figure 2—11 is another brightness temperature map (14)
(epoch AD 1968.4, frequency 1.407 GHz) with a dashed zero
contour and 6700 kelvins contour intervals. On this map
the numbers representing the spectral index and their
locations are noteworthy . It can be seen that the index
varies from a negative —0.5 to a negative —1.2 in a highly
irregular manner. The resulting spectral index averaged
over this map is a negative —0.75 , in fair agreement with
Baar s ’ (29) negative —0.787.

Figure 2—12 (epoch AD 1966.8, frequency 19.4 GHz)
shows two prof ile views (34) of Gas A , curve (a) being
proportional to the brightness temperature relative to
the uniform backgro und ar ound Gas A , and curve (b) being
pr opor tional to the linearl y polarized component (amp li-
fied 20 times) of this brightness temperature . A
cha rac teris tic “valley” of red uced polarization can he
seen running from southwest to northeas t across the
source . This “valley” is also evident in figure 2—13
which shows the distribution (14) (epoch AD 1950,
frequency 5 CHz) of this polarized component. The bars
in figure 2—13 are oriented along the electric vector
posi tion angles , the longes t bar correspond ing to a
brightness temperature of about 100 kelvins . The degree
of polarization averages about 5% around the rim of the
shell , with peaks of about 10% in the southeast region
and of about 6% in the northwest region . Towards the
central part of the shell the polarization falls to 1%
or less . The average polarization over this map is 1.4%
at a position angle of 37°.
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Fi gure 2-12. Brightness temperature contour map of Cas A
(Epoch AD 1966.8 , 19.4 GHz) showing (a) the
br i gh t ness t empera t ure , (b)  t he l inea r l y p o l ar i z e d
component of (a) amplified 20 times. (Courtesy
of As trophysical Journal, Vol . 151 , p. 56 , 1968;
C.I-l . Mayer and I.P. Hollinger; Universi ty of
Chicago P r e s s . )
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Fi~~are 2-13. Bri ghtness temperature contour map of Gas A
(Epoch 1950 .0 , 5.0 GHz) showing the distribution
of polarized emission across the source with the
average position ang le of the electric vectors
superimposed. (Courtesy of Monthl y Notices of
the  Royal Astronomical Societ y, Vol. 151 , No. 1 ,
p.  116 , 1 9 7 0 . )
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Figure 2-14. Mean brightness temperature profile from the
center of Gas A outward (Epoch AD 1950.0 , 5.0 GHz).
(From Monthly Notices of the Royal Astronomical
Society, Vol. 1Sf, No. 1. p. 118, 1970).
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To get an idea of the average shape of t h e Gas A ,
annular rings about thi- c~ - l i ~ 1 r  of the source 5 arc seconds
wide we rT: extracted f r o m  the intensi ty nap in figure 2—10 ,
and the iclensity around each ring averaged. Figure 2-14
(epoch AD 1950, frequency 5 Gliz) show s the resulting
histogram (14). The abscissa rep resents the arc radius from
the cent .~r of the source  (o = 2311 2l~ 11S , ~ = 58O , 32~~ O 11 ,
(Epoch AD 1950), and the ordinate is proportional to the
brightness temperature relative to the uniform background
around Cas A. This histogram agrees well with other
measurements which indicate that the source has an average
shape resembling a disk with an enhanced outer ring. The
smooth cu rve drawn through the histogram is the best—fit
curve p r e d i c t e d  f r o m  the sp her ica l  shell model wi th  a
small radial magnetic field. This curve , or some curve
like it drawn through the histogram , could be convolved
with the main beam of broad beamwidth antennas to obtain
the usual  star size correction .

2.7 Cosmic Bac~g~~und Radiation

Besides the discrete sources of radio emission like
Gas A , the cosmic or extraterrestrial radio sky contains
a aore or less continuous background of radiation which
consists  of a thermal  and a nonthermal component. In the
con tex t  of th is  report one needs to  know th i s  background
radia t ion  because 1) this background r a d i a t i o n  cont r ibu tes
to total system temperature of any satellite ground station ——
the contribution depending upon where the satellite is;
2) the background around Gas A nay be different from the
background around the satellite; and 3) the background
around the calibrating source (Gas A) determines where
the antenna should be pointed in the course of p e r f o r m i n g
G/T ratio measurements.

2.7.1 Nature of the Cosmic Radio Background

The origin of the continuous cosmic radio background
radiation is still open to question , and it appears that
a number of measurements in the microwave region and above
remain to be done.

Kraus (6) distinguishes three sources of continuous
background radiation , extragalactic and galactic nonthermal
(synchrotron) radiation , and galactic thermal radiation
originating in the galactic HIl (ionized hydrogen) regions.
The nonthermal synchrotron radiation predominates below
about 1 GHz with a spectral index of from about —0.2 to
—0.5, and the thermal radiation predominates about 1 GHz.
From a review of the literature one receives the impression
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that above 1 GHz it is not clear what th e- sou r c 4  of t h e
continuous thermal radiation is. Some of the refereuce~
suggest that the radiation comes from the galactic HIT
(ionized hydrogen) regions , while others suggest a cosmic
black—body origin (to be discussed). In what follows it
will be seen that the radio background maps support the
latter conclusion .

A radio map (6) of the cosmic radiation at 20 MH z i~
shown in figure 2—15. The contours tire at 6 k e l v i n
intervals above the coldest parts of the sky which are
at a temperature of about 80 kelvins . Since the dotted
line represents the galactic equator it is seen that the
background peaks up in the galactic plane and falls off
from this plane. Since the measurements were done at
250 Mlix , the con tours  are p r e d o m i n a n t l y non thermal  in
nature (see fig. 2—16). Furthermore , since the contour
lines run parallel to the galactic equator, it can he
implied , consisten t with remarks in the preceding para-
graph , that the nonthermal radiation has a strong
component associated with the galactic plane. In the
following it will be seen that the same conclusion does not
appear to be app licable to the thermal radiation ab ove 1 ( H z .

In addition to the three sources of con t inuous  radio
emission mentioned earlier there is mention in the
literature of a possib le fourth (37) source , cosmic
black—bod y radia t ion . Accord ing  to hypothes is  i t
originated when the universe was in a highly condensed
and heated state , and as the universe expanded , the
cosmological red shift cooled the radiation while pre-
serving its thermal character. A number of measurements
(38 ,39 ,40) of the absolute cosmic backgroun d tend to
support this idea , the most convincing of which is the
set taken at Pr inceton ( 3 9 ) .  R e f e r r i n g  again to f igure
2—15 , the eleven numbered points aiong the 40th declinatio-
represent positions where the Princeton measurements
(9.375 GHz) were made. Table 2—5 gives the values of
these measuremen ts wh ich , although they should he con-
sidered to be the same within the ± 0.5 kelvin
experimental error , are listed in order of descending
magnitude.
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Fi gure 2-16. Bri gh tness  spect rum o f the con tinuou s cosm ic
radiation as deduced from the literature .
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Table 2—5

Brightness
Measurement Location Temperature (kelvins)

Number (Right Ascension) at 9.375 GHz

1 23h 40m 3.32

2 1h 3.16

3 19h 30m 3.14

4 l8~’ 10m 3.12

14h 20m 3.07

6 15h 3.02

7 1711 2.98

8 10h 10m 2.89

9 ~~~ ~0m 2.80

10 4h 2O~ 2.78

11 2O h 30m 2 . 7 6
Average 3.0 ± 0.5 kelvins

It is important to note that from the distribution of these
po ints along the 40th declination that there seems to be no
correlation between the position of the measured values and
the position of the galactic equator , leading to the con-
clusion that the continuous radiation above 1 GHz is
isotropic and not primarily associated with the galactic
plane. If there were a continuous increase of thermal
radiation towards the galactic equator , then measurement
number 11 should be considerably greater in magnitude
than measurement number 1, yet they represent respectively
the lowest and highest values in the table. This leads to
the conclus ion that, except for Hil regions (which emit
thermal radiation) localized along the galactic equator ,
the continuous thermal radiation ab ove 1 GHz is isotropic
and does not peak—up along the galactic equator like the
nonthermal case below 1 GHz (fig. 2—15). In other words ,
it appears that the continuous thermal radiation is not
associated with the galactic Hil regions , but that it
stems from a universal black—body radiation and is
spread uni form ly over the celestial sphere . This conclu-
sion is further supported by the contour maps to follow .
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In addition to the Princeton measurement , Penzias and Wilson
(38) and Roll et a!. (39) have made measurements averaging
the absolute cosmic background along declinations clos&- to
the 40th declination which agree with the Princeton measure-
ments , and are summarized in table 2—6.

Table 2—6

Frequency Brightness
GHz Tem perature (kelvins)

4.08 3.1 ± 1 (38)*

9.375 3.0 ± 0.5 (39)
(average of Princeton
measurements)

32.5 3.16 ± 0.2 (40)

*The value quoted by Penzias and Wilson (38) is 3 . 5  ± 1
kelvin. A later measurement by the same authors with a
modif ied horn f eed mentioned by Roll et al. (39) gave the
lower (and presumably better) value reported in table
2—6.

The preceding remarks lead to the following picture
(fig. 2—16) of the continuous cosmic radio background .
Below approximately 1 GHz the brightness (c.f. section
2.3.1) consists mainly of synchrotron radiation (6)
lying in magnitude between that emanating from the galactic
center and that from the galactic pole , and peaking up
along the 2alactic equator. Above 1 0Hz the brightness
consists of isotropic black—body rad iation at 3 kelvins .
Superimposed on this continuous radiation are numerous
localized Hil regions of thermal radiation associated
with the galaxy . For reference the brightness of Gas
A is included in figure 2—16. While this picture of
the continuous background seems to be consistent with
the available data and radio maps , many more measure-
ments , primarily in the microwave region and above , need
to be performed to adequately justify it. It is never-
theless the most consistent picture that can be pieced
together from the available literature. Wi th f i gure
2—16 , the positions of the contours with respect to the
galactic equator in the maps to follow can be easily
unders tood and lend f urther suppor t to the concl usions
drawn.
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In addition to the map shown in figure 2— 15 (250 ~~1 z ) ,
figures 2—1 7 (30), 2—18 (41), 2—19 (42), and 2—20 (43)
sh ow radio maps around Gas A a t  404 MHz , 960 MHz , 1.4 0Hz ,
and 3.2 (:1hz respectivel , w i t h  the galactic equator drawn
in , and lend support to t h e  p r e v i o u s ly  dr tvn conclus ions
c o n c e -r n i n ~ t h e  n a t u r e  of t he  t he rma l r a d i a t i o n  above 1 01h z .
It is apparent that in the 250 MHz, 404 Mh z , and 960 MHz
maps the contours run predominantl y ~~trallel to the
galactic equator , wh ile in the 1.4 Clix and 3.2 0Hz maps
this  is not t he  case.  In f a c t  the  c o n t o u r s  in the  1.4 0Hz
and 3.2 0Hz naps arIse I ron localized Fill rc(ions around
( a s  A , and in the  f r e q u e n c y  r eg ion  above 1 G1-I z ~r i l er e  the
synch rontron radiation is expected to die out (fig. 2—16),
the distinct absence of contour lines parallel to ti le

galactic equator indicates a lack of continuous thien:~a ]

r a d i a t i o n  e m a n a t i n g  f r o m  the ga lac t ic  p lane .  In o t h e r
words , at about  1 0Hz , consistent with figure 2—6 , the
continuous synchrotron radiation dies out leaving only
the isotropic black body component with the Hil radiation
manifesting in localized regions only.

2.7.2 Cosmic Background Contribution to the System
Noise Temperature

Assuming the validity of the above conclusions , the
contribution to the cosmic background on the system noise
temperature can now be predicted. When an antenna is
pointed at a stationary satellite , the satellite appears
to describe a path on the celestial sphere along one of
the celestial declinations . In the process , t h e antenna
beam and sidelobes pick up cosmic radiation along this
pa th wh ich , in the microwave ~~ gion, is a u n i f o r m  3
kelvin black—bod y radiation on which the occasional
localized HII regions are superimposed. The contribution
to the system noise temperature from this backgound
radir.tion varies along this  path in a co r re spond ing
man’ier. For examp le , cons ider wha t happends whe n the
antenna beam encounters the various HII regions along the
60th declination in figure 2—19 . The contour intervals
are designated by integers which are multiples of 0.8
kelv ins above a un i fo rm backgro und , presumably the 3
kelvin black—bod y radiation. As the beam (assumed small
compared to the distances between the contours) traverses
the contours along the 60th declination from righ t to
left the antenna temperature is increased from 3 kelvins
by 1.6 , 2.4, 3.2 , 3.2, 2.4 , 1.6 , and 0.8 kelvins in
succession . This gives an idea of the possible variation
of the antenna temperature for a narrow beam antenna as
it traverses a localized HIl region . To know this
varia~ ion in detail a radio map along the declination
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CCI’ 702 —2

traversed by the satellite for the frequency in use is
clearl y necessary .

For the greatest accuracy , the preceding imp lies
that when measuring the ground station C/T using the
direct radio star method described in section 1.4, t h e
offsets from Cas A used to establish P2 or the system
noise temperature should be made to an area of the ce~ csti ai
sphere free from localized HIT radiation . These regions
are apparent  from f igures  2—19 and 2—20 . Fur the rmore ,
since f igures  2—19 and 2— 20 indicate  tha t  the re  is some
Mu r ad ia t ion  su r round ing  Cas A , the c o n t r i b u t i o n  of t h i s
radiation to the system noise temperature should be
subtracted when Cas A is used as a calibrating source .
Iii order to do this , a good map of the Mu radiation
around Ca’~ A is needed . Figures 2—19 and 2—20 give an
idea of the problems involved in obtaining such m aps
at a given frequency . The symmetry of contour lines
around Cas A in these figures strongly suggests that
the high synchrotron radiation from Cas A in the
sidelobes of the antenna used to determine these contours
has distorted the resulting picture of the Hil radiation ,
and one is tempted to rep lace the maps with a (hopefully)
“correc ted ” map that might look like figure 2—21. When
this is done at 1.4 GHz, Cas A appears to be bathed in
HIT rad iation approxima tely equal to 1.2 kelvins
(1,5 x 0.8) above the 3 kelvin black—body level. Since
the brightness for the Hil regions is expected (6) to
be flat above 1.4 GHz this leads to 0.04 kelvin
(using eq. (2.8)) increased at 7.25 GHz . Thus ,
given the validity of the ass•imptions made in arriving
at 0.04 kelvins , the HIT background around Cas A at
this freq uen cy should cause negl igible erro r (less
than 0.01 dB) in the use of Cas A as a calibrating
source.

In summary , it appears that there are many gaps in
the literature concerning the cosmic background In
general , and the background around Cas A in particular .
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UPLINI( NOISE PERFORMANCE WORKSHEET ~ ITEST ENGR SIGNATURE
(CCR 702 — 1—3)

LINK No. STATIONS ti NDER TEST

- 
TO 

— —~~~~~~~~~

D E F I N I T I O N  SYMBOL VA Lu E R E F E R E N C E / E Q U A T I O N

Path distance (earth d 
-~~~~~~~~ km

terminal to satellite)

Carrier frequency f 
_____ 

MHZ

Free space loss Lbf db 20 log f + 20 log d +
32.45

Atmospheric absorption Aa ________ dh

Antenna coupling loss Lgp _db
(losses in satellite in
coupling of transmitter
to antenna)

Tracking error loss Lt ________ db

Polarization loss L~ db

Basic median transmission L db Lh f  + Aa + + Lta +

loss

Transmitter power (nominal) Pt _______dbm 10 log P~ (m illiwatts)

Antenna diameter (transmit) ____ m

Antenna d iameter (receive) Dr

Free space antenna gain G~ _~~~~__db Manufacturer ’s specifi—
(transmit) relative to cations or 20 log Dt +
isotrop ic radiator 20 log f — 52 .5 d

Free space antenna gain Gr d~ Manuf mc turer ’s specifi—
(receive) relative to cat ions  or 20 log Dr +
isotrop ic radiator 20 log  I — 52 .5  d

Path antenna gain G~, ________db Gt + Cr

Median receive carrier _______dbtn ‘~t 
+ G~ - L

power

Receiving system noise T5 ________°K From receiving system
temperature noise temperature work-

sheet or manufacturer ’s
data

USACC FORM 406 R (TEST) Page 1
1 MAY 77

FIgure 3—]. UplInk noise performance worksheet.
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UPLINK NOISE PERFOR MANCE WORKSHEET

D E F I N I T I O N  SYMBOL VALUE R E F E R E N C E / E Q U A T I O N

Boltzmann ’s constant k —19 8 .6 (1.38044±0.00007)

db m /kHz x 10 16 erg dec1

Number of VF channels N 
— -______

Top baseband frequency ______kHz

Req u ired IF bandw id th B MHz 2 i f  + 2 
~m

Peak composite deviation A f kI Iz / 2  d rms log ~~ (P~~/2 0 )

Carrier—to—noise ratio C/N dl- C — k — 10 log T
~ 

— 10
C/ N = C/kTB log B

RMS per channel deviation drms ______ kHz

White noise loading P~ _____dbm0 -l +4 log N

Preemphasis improvement ‘p ________db
for top channel

FM improvement for top ‘fm ________db 20 log drms — 20 log
channel 

~m 
+ 10 log B + 1p +

25 .1 db

Unweighted median channel— SJN (t) _______ db C/N +
to—thermal noise ratio for
top channel

C—message weighted thermal N(t)1 _____pWCO Log~~ 10.1[88.5 —

noise power S/N(t)]}

USACC FORM 406—R (TEST) Page 2
1 MAY 77

Figure 3— 1. Upli nk noise performance worksheet. (continued)
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RECEIVING SYSTEM NOISE TEMPERATURE WORKSHEET TEST ENGR SIC’~ATURE
(CCR 702—1—3)

LINK NO STATION UNDER TEST 
—___________ ______-___________

- - --~~~~~~~~~~0_  - 
-

DEFINITION SYMBOL VALUE REFERENCE/EQU /\TIOU

Equivalen t an tenna no ise Ta ________ °K Based on an tenna
temperature at antenna position and frequency
ou tpu t f lange

Transmission line loss L1 db Measured or calcula ted
between the antenna output value
flange and the receiver
input flange

Ambient temperature T0 290 °K

Noise figure of the receiver NF2 ________ db Measured or manufac—
first stage, for low noise turer ’s specifications
systems,NF2 is taken for
parametric amplifier

Noise temperature of the T2 ________ °K For a low noise receiver
receiver first stage system T2 = (F 2 — 1) T0

where F2 log 1 ( )

Power gain of the receiver G2 ________ dh
first stage

Noise figure of the second NF 3 ________ db Measured or manufac—
stage of the receiver turer ’s specifications

Noise temperature of the T3 ________°K T3 = (F 3 — 1) T0
second stage of the NF
receiver where F3 = 1og 1 

~

Loss between first stage L2 ________ °K
and second stage

System noise temperature T5 ________
0K T5 Ta + (L 1 — 1) T0 +

L T
L1 T2 + 

1 3
C2

USACC FORM 407—R (TEST)
1 NAY 77

Figure 3—2. Receiving system noise temperature worksheet.
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DOWNL INK NO~ SE PERFORMA~ CE WORKSHEET TEST ENGR SIGNATI RE

LINK NO. J STATIONS UNDER TEST 
— -

__L _ _  __________ 
_____ 

TO
DE F I N I T I O N  SYMBOL VALUE REFERENCE / EQUATION

Bas ic med ian transmission L 
______ 

d Fr om up link noise per-
loss formance worksheet

Effective isotropic ra— E
diated power of satellite irp 

_______dhm Power output (dbm) +
antenna gain (dh) or
manufacturer ’s sped-
fications

Receiving system antenna C. db
gain relative to isotropic
radiator

Median receive carrier C _ _ _ dbm Eirp — L + G
power

Receiving system noise T5 _________°K From receiving system
temperature noise temperature

worksheet or measured
results

Boltzmann ’s constant k —198.6 (1.38044±0.00007)

dbm/kHz x 1O~ -~ erg deg 1

Number of VF channels N 
________

Top baseband frequency 
~m 

_______kllz

Requi’ )andwidth B 
—— 

MHz (2 A f + 2

Peak c - ~.te deviation Af _______kHz T~ ~~~ 1og~~ (p~
/2fl)

Carrier—to—noise ratio C/N 
—— db C — k — 10 log Ts — 10

C/N = C/kTB log B

RNS per channel deviation drms ______ kllz

White noise loading P~ ______ dbmO —l +4 log N

Preemphasis improvement r~ ________db
for top channel

FM improvement for top ‘fm _______ db 20 log drms — 20 log f~,
channel + 10 log B + I~, + 25.1

db
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _____- ___________

USACC FORM 408—R (TEST) Page 1
1 M AY 7 7
Figure 3—3. Downlink noise performance worksheet.
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1)OWNLINK NOISE PERFOR MANCE WORKSHEET

- - 

D E F I N I T I O N  SYMBOL VALUE ~EFE ~~EN C E / E ’~UAT I ON

Il uweighted median channel— S/N(t) ~~ C/N + T fm
t o - - t herma l noise ratio for
N p  (-hatmel.

(-message weighted thermal N(t)2 pWCO Loc1 {0.1188.5 —

Ft()I~~t’ power S/N(t) I }

~quipm ent  I IDISO power NPR db Manufac tu re r ’s s p e c i f i —
I~~l t I I )  a t  oI)erat lug cat ions

I/ k r  ratio white n o i s e  P~ dbmO —l +4 log N
I ‘ t e l l  mg

Wim Ito no i se  bandw idth B~ kHz

I I I !  I v a l e m i t  channel  signal— S/ N ( i )  __~~~~db
i ut e r m n od ’ i l a t  ion noise

1 1 t tO

C- message weighted inter— N(i) pWCO Log 1 {O .1I88.5 —

modulation noise power S/ N ( i )  I )

C-message  weig hted therma l N ( t ) 1  pWCO From up l ink noise per—
noise power (uplink ) formance worksheet

c —mess~ige weighted N(i) pWCO From equi pment i n t e r —
equi pment intermodulation ( modulation distortion
n o i s e  power worksheet

C— message w e i g hted feeder  N ( f e )  pWC O From echo d i s t o r t i o n
e c u ,  n o i s e  worksheet

Fet a l w e i g h t e d  noise  power N ( t c , t a l )  pWCO N ( t ) 1 + N(t)2 + N(1)
+ N(f0)

1)1 :d\ med i an  all oc at iomi N (D(’A) - 
)WCO

I l o s i g u  marg in db 10 log [N (DC A) /N (t Ot a l ) ]

_ _  _ _ _  ________-

~~~

CSACC FORM 408-K (TEST) Page 2
1 MAY 77
Figure 3—3. Downlink noise performance worksheet. (continued)
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ECHO DISTORTION WORKSHEET TEST ENGR SIGNATURE
(CCR 702—1—3)

LINK NO. STATIONS UNDER TEST 
-_______________________________________________

_________________________

_
____ 

_____ TO _________ 
_________________________

OEFINI TION sm,soL TRA NSUIr RECEIVE R EFERENCE/EQUATION
STA T I ON STAT ION

VSWR at point A 
______ —_____ M a n u f a c t u r e r ’s specs or

measurement

Return loss A La ______db _______db 20 log VSWR +1
VSWR-i

VSWR at point B 
______ 

Manufacturer ’s specs or
measurement

Return loss B Lb ______db _______db 20 log VSWR+l
VSWR -l

Transmission distance D m m

Attenuation constant a dbi dbm Manufacturer ’s data

Transmission loss A to B Lt ______db 
-__db aD

Velocity of propagation v rn/pt _____ rn/ps Manufacturer ’s data

Echo delay T ______ps ______

~

.is 2D/c

RF signal—to—RF echo S/E db _______db La + Lb + 2L t
power ratio

Number of VF channels N 
— ______

Top baseband frequency NTh _______MHZ

Per channel deviation drms _____ 
______MHz Manufacturer ’s standard or

(rms) measurements

Baseband white noise P~ _____dbm ( dbmO
power

White noise bandwidth B~ ______MH: ______MHz

System deviation (rmc) a ______MHt ______MHz drms log 
1(0.05P~)

Deviation ratio a/fm

Top baseband frequency fmT ______ ______

times echo delay

Interference ratio K ______db ______db Figure 3—5

USACC FORM 409—K (TEST) Page 1
1 MAY 77

Figure 3—4. Echo distortion worksheet.
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ECHO DISTORTION WORKSHEET

DEFINITI ON SYMBO L TRANSMIT REFERENCE /EQUATION
STATION STATION

Emphasis  improvement 1p _______db ______db 3 db for CCIR empliasic

Noise power ratio due to NPR ______ db ______db S/E + K +
echo

Channe l signal—to—no i se S/N ______db ______db NPR — P~ + 10 log Bn
ratio due to echo + 25.1

Channel Icho noise Ne . p WCO PWCO Log4{0.1 (88.5—S/N)]

Link channel echo noise 
~~ pWCO Sum of noise powers due to

echos at both stations

COMM ENTS

USACC FORM 409—R (TEST) Page 2
1 MAY 77

Figure 3—4. Echo distortion worksheet. (continued)
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Figure 3—5. Contours of constant interference in the
top channel of a multichannel FM system .
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Figure 3—6. Carrier deviation .
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Figure 3—10. Typical Y— f a c t o r  techni que .
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Figure 3—11. Typical isotrop ic antenna pattern .
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Figure 3—12. Antenna gain vs wavelength graph .
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Figure 3—13. Atmospheric absorption graph.
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ioo - SUMMER ATMOSPHERE:
TEMPERATURE AND PRESSURE ARE INTERNAT IONAL

70 - STANDARD ATMOSPHERE ; WATER VAPOR ASSUMED
TO VARY LINEARLY FROM 100 /M3 AT SEA LEVEL
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Figure 3—14. Clear weather atmospheric absorption graph .
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Figure 3—1 5. Channel capacity grap h in relation to C/kT .
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Figure 3—16. Antenna beam noise graph.
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FIgure 3—17. Space noise temperature graph as a
function of elevation angle at 4 GHz.
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CHAPTER 4

TESTING PHILOSOPHY

4—1. GENERAL .

a. As discussed in chapter 1, the most cost—effective method of
evaluating a satellite earth terminal appears to be by use of a satellite
loopback . The test procedures contained in chapters 6 through 59 of
this pamphlet are basically those tests necessary to fully characterize
the equipment and terminal operation .

b .  A logical test sequence must be followed during the evaluation
since the results of one particular test may impact on one or more
succeeding test sequences . The test sequence can be divided into three
elements , that is , testing of individual items of equipment , testing of a
subsystem, and finally, a complete systems test.

c. Equipment testing can be defined as that tes ting required to
determine if a par ticular piece of equipmen t is performing wi th in its
design specifications. Those items of equipment found to be deficient
should be repaired or adjusted as required to bring their performance
within specifications . This is necessary since their peak operational
performance is required to insure that system performance parameters
are within specifications. In other words , deficiencies in individual
pieces of equipment that are left uncorrected may impact on the service
being provided to the customer.

d. As the satisfactory testing of individual items of equipment
progresses, subsystems will gradually evolve. A subsystem is that
grouping of equipment designed to perform as a functional part of the
complete system. Assuming individual items of equipmen t have been
proved to be within specifications, the subsystem testing will determine
how well the items perform when combined into a subsystem. During this
phase of testing, emphasis should be placed on fun ctional performance
rather than the performance of individual pieces of equipment. This
phase should reveal any unusual problems with interfacing of equipment
items to form a subsystem. Such things as level incompatibility and
impedance mismatches should be evident during subsystem testing.

e. System testing consists of those test techniques req uired to
evaluate the individual items of equipment and the subsystem ’s perform-
ance when installed as a completed system. Tests for the entire system
should be designed to determine the ability of the system to meet its
overall design specifications . The system tests must consider the
desired system end product, encompass the functions of the subsystems,
and yield an evaluation of the composite function of the system . The
design of these tests will be predicated , to some degree, on the avail-
ability of equipment and facilities . The system tests on operational
systems will also be limited due to the constraints contained in chapter
I of this pamphlet.
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essent E~ I t h i t  the  i ;.i i v lJ-iai Ce a m i l ia r  w t t h  t i r e  manufacturei ‘s
s n e c i t i c a t ions  ~~~ design s~~andarcs  in order  to asi - e r t a i n  t h a t  the  test
dat a ~s w i t h i n  r e qu i r e d  p or~n - : -t er s .

c .  L:n-i.- If -~he oa t  ~e. - ; . d i I i g ,  no giu ’ ii ; d at au , or ground loops
wi l l  result in inval id t est  dot i.  he station ground of the system being
evaluated sh ; i ;t l r i  be checked by the test teams before proceeding to the
individual tes t ~ Cq u P i 1 c e 3 .  ibis ci eck s h o u l d  also include t I e potential
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f .  When m easured r e su l t s  dep a ;-t  f rom th~ expec ted  value , t h i  tes t
team mus t isol te  the cause f 1  the  d i s c r e p a n c y  and implement the
necessary c o r r e c t i v e  action . T Iin- , e areas not cor rec ted  wh i l e  onsit e  must
be Iden tified as to the specilic problem and recommended correctIve
action . Wheu . -’r r possible , the Lest team must refrain from using such
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term s as it may be caused by or it nov be j u t  luel -ed C . Sul  f i c i ent
diagnostic testing must be accomp l i sh e d  to L ;o lo t - tim e problem to sp cLf ic
equipmen t items or subsystem so that t he c) i ~~ col U h h i d  C . , ! h  Ii; I t iat e
correc t ive  ac t ion .

4--3. TESTS ‘iu BE PERFORMED. -

a. Table 4—i provides a lot of tests I’.au i i i  r e q i i  r’-d to be ~e r —
formed by the tes t  teams as ~-;ei 1 as some op t iona l  t e s t ,  that ony bi
conducted , time permitting . Th i s  I n f i  r rn at  ion has ! ceI .- :t racte d f ro n -

DCAC 310—70—57 since certri i~i cia:a elements are r equ i r ed  i v  DCA on all
DSCS terminals. The same data Is also app li ’-ahle to ; .n--L’CS terminals. - ‘

b . Additional diagnostic r o u t i n e s  may lr ~~’ , to  b e ,j e r form ed  by the -

test team . In such cases , the appropriat e techn i cal l it i i~~t u r c  si~oui  r~
be consulted.

c. Table 4—2 reflects those test sequences that ;u i or may not -

require system outage tIcI,1 . Since dcv~r:time will he l imited on all -

operational systems , the test  e.:I :a must  use a svSteIL:  ot p r i o r i t ie s  in
evaluating a terminal . The pr i o rl ies  should be arranged so c h a t the
most s i gn i f i c an t  tests are accomp l i  shed d u r i n g  system J o on t i m e .
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CHAPTER 5

ANALYSIS OF DATA

5— 1. GENERAL . This chap te r  is intended to provide insigh t into  the
meaning of data recorded during a technical evaluation . Each individual
test performed provides information as to system quality and certain
faults that may exist in the radio or multiplex subsystem . Analysis of
the test results collectively can result in expeditious fault isolation
ai-zd correc tion , and the elimination of unnecessary and t ime—consuming
t r ia l  and error procedures . Every test performed has a de f in i t e  rela-
tionsh ip to one or more of the other tests  in the sequence. This chapter
will  examine the key individual tests performed b y the TEP team and thei r
relationships. The test results wil l  be examined as possible troub le-
shooting aids based on engineering information and past experience .

5—2 . IDLE CHANNEL NOISE RECORDINGS . Idle channel noise (ICN) is a key
parameter in system analysis . The ICN readings usually p rovide the f i rs t
indication that a problem exists in a system. The ICN is the composite
noise frcm all subsystems as shown below :

ICN = thermal noise + equipment intermodulation
and residual noise + feeder echo d is tor t ion
+ RF interference + mult iplex noise

a. The ICN recordings performed by the TEP teams will provide the
median system noise during normal t r a f f i c  loading conditions . This
considers the UP and the data obtained during the NPR tes t .  Due to the
low C/k T normally encountered , in two sa te l l i te  systems, multiplex
noise contributions are usually insignif icant and have l i t t le  e f f e c t  if
any on the composite ICN . The predominant source of noise in the system
is thermal.

b. It should be pointed out that although ICN is a valuable para-
meter in system analysis it does not provide a great deal of information
as to the cause of a problem . When ICN is high , the system should be
checked to determine whether the fault can be attributed to radio problems .
Noise isolation can be accomplished by measuring the noise output of the
receiver in a 3.1 kBz slot at the respective input receive C/kT ratio
and comparing this figure with calculated values. Noise spikes or inter-
fering tones which may be the cause of the high ICN may be identified
by use of a frequency selective voltmeter (FSVN). In add it ion , NPR
tests may be conducted to further isolate the noise problem . The
increased ICN may be attributable to many factors, and many tests may
have to be conducted before a solution is found . Receiver quieting
checks (C/kT versus baseband TTNR and/or channel TTNR), transmi tter
deviation , and baseband frequency response are but a few of the tests
which may be required .

5—1
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5— 3.  NPR \‘E 1~S~ S BASEBAND LOADING ( S T — 3 6 ) .

a. the N1’R test is a special testing technique employing white noise
load ing of a mp l i f i e rs , r r a n sm i t t Lr s , and transmission systems to deter-
mine or verif y €-quipCnent and system performan12e. This technique Is
widely used in testing and evaluating wideband terrestrial links ; however ,
i t s  a p p l i c a t i o n  to s a t e l l i t e  l inks is somewhat l imi t ed .

b. The mos t common applicat ion of NPR testing normally encountered
in the DSCS and other communications systems is in the testing of broad-
band transmission facilities . The technique may be applied In testing
of radio or m u l t i p lex noise performance under various loading conditions .

It is alsu possible to test overall system performance from audio break—
ouc to audio breakout by use of special white noise generators designed
to load indiv 4idual channels of treQuency division multip lex (1 DM ) system .
The following discussion will be limited to applications in testing
satellite systems looped at IF , RF , or satellite from baseband to base—
band since mos t terminals are not equipped with NPR test sets.

c. NPR testing developed out of a need to measure equipment and
transmission system performance under actual operating conditions . When
a trans miss ion sys tem is developed , the design is based on providing a
particular noise performance under maximum load conditions . Obviously
it becomes impiactical or impossible to test the noise performance under
normal operating conditions , because the instantaneous loading is con-
tinually changing and there is no practical method by which to control
the channel t s activity to insure that all channels are in use simultane-
ously and that all levels are correct. This problem has been overcome
by use of what Is termed white noise to simulate a fully loaded system.
White noise is random noise which has a flat power distribution across
the frequency spectrum. White noise statistically has the same charac-
teristics as a complex signal composed of a multip le number of voice
and data signals. Figure 5—1 shows the difference between the peak and
i-ms values of comp lex and sine wave signals. The peak—to—average value
in db for a s[ne wave is readily calculated as 3 db (20 log 1.414).
Calculating the peak—to—average value of a comp lex wavefo rm is more
difficult and hecomes more of a statistical stud y. As may be seen from
the f igure , thure are many peaks occurring at various amplitudes . The
important poli-it in determining the peak—to-average value of a comp lex
signal Is to define the percentage of time a certain level is exceeded
rather than th-~ number of peaks or the maximum peak level. In this
respect it has been determined that for a peak—to—average value of 13
db , the complex signal will not exceed the specific level of 0.001 per-
cent of the r ime . This is further illustrated in figure 5—2 . As may
be seen , the peak—to—average value of voice signals varies from approxi-
mately 19 db for one channel to about 13 db for approximately 60 channels .
Da ta signals , however , star t at 3 db for a single tone (sine wave)
increasing to about 13 db at a loading of about 18 tones . White noise
then can he used to s imulate mul tichannel baseb and signals for  tes t ing
purposes -

5—2 
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d. When wh i t e  noise is used to  s i m u l a t e  a baseband s f - -soil , it  mus t
occupy the same f r equency  spect ruin as the  bandwid th  of the  h m o - t - o i i d

~igna1, and be adj usted to the design level of t h e  sy s te - f u l l y  1~~~~ed.
~‘igure 5—3 delineates the required levels for testing di &-~~~-nt

capacities .

e. References in various technical publications give d~~fInitlon ~
or descriptions of NPR as:

(1) Signal—to—noise ratio in db in a particular chann e !  er  sH t  of
the baseband of an amp lifier , transmission equipment , or u arisn -~~n t on
path for some specified white noise loading condition.

(2) interinodulation noise for some specifi ed lo ad ilh r - n d i t i n n .

Both of the above properly describe NPR but fall far short of p r o v i d i n g
an eas ily understood explanation of what NPR Is and how Nh R teSt results
may be used and interpreted. To obtain maximum benefits from NPR testir -g ,
a good understanding of decibels and their logariLlie i~ ttin ct cn is alo
required.

f. Figure 5—4 shows a typiral setup fc~r white to l as  t e-- t  i t i g  5r -1

transmission system or cul p or silts of ri syst--m to determine its N F ~~ S r i - —

formance capah f ty. The transmissi S svotem may be a conp ]ete s o t  ci l i t e
link or stisp ir a self—test translator (STT) RF loopback of t r a n sm i  t t er s
and receivers. In any case , the point of interface is t h e  l a s eha n d in-
put and output. As shown in the diagram , the output of t e wh:ito noi- -e
cetierator i n  connected to the system or device under re st through t o
app ropriotu high pass and low pass filter combination to - nd l i r i t
spectrum of whi to  noise to that of tlie norma l bass-hand signal .
ievel of noise is then id justed to a it .’ul ate des ’ gn load ‘-ti hi t tons
based on t h e  N1J~ formul a (- I -f~ I t~~~ N) . At t i e  r e - ~ vs - ; t a t  in ,
noise Is; E n  a 3. 1- -M hz slot , r i t  the fr t-~ t r-ncy of i r t t — N - t , i~ V € - i 5 u 1~
and used as a rolerence. Nex t , a hand—r eject filt:r Is in :orted Into
the receiver cir-:uitry at the same ‘- cfei t o r e  I i e q s  0 r  the SL :~~ ~— e

measured sgritn ‘the NP1~ j ;  the d i f f ~ i e’ - - in dh ho ~-~~~- r t :0 t 0 i~~ od 1: 55

For rxamp lr ’ , i f t ! t  tw o readi tto ‘s t e  - !(  01 5C r —
~~ ~~t - , the ~iI P ~s 55

db. It is ~~y ;i l p -Uc e ‘ ° -  I r I S ! : !iij~ ir , lrslr- a t  s t  t I ~~o-s !j f ’ - N  i t

slots (preferab l y h igh , mid , aii low) in tire basebarid . ilie I’-;:l of
white  noise loading is also varied , usually ranging  f r u i t  —10 dbniO I
10 dbm0 while operating at the maximum allowable C/kT r a t i o  (6 db above
FM threshold) . The results are then drawn on a graph for  analysis .

g. Another measurement that is made during the analysis of the NPR
is the basic noise ratio (BNR) or basic Intrinsic noise ratio (BINR).
Normall y ,  on sa tellite term inals , the NPR and BNR are eq - - il . F l b t r O  5— ~
shows how BNR is measured. The slot noise is measured under loaded
conditions. The noise reading becomes the reference . ih.: white noise
is removed and the remaining noise measured. If the re adiit ~’ with white
noise is —16 dbm and the reading is —76 dbm when the white noise Is

5 — 3
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removed , the BNR is 60 db. There are some NPR test sets that give
measurements in terms of S/N ratio in db for a voice channel instead of
NPR .

h. The question is sometimes raised as to what e f f ec t  the  bandwidth
of the noise slot measured has on the test resu l t s .  This involves what
is termed bandwidth ratio (BWR) and is i l lus t ra ted  in f igure  5—6 . BtJR
in db is simply 10 times the log of the ra t io  of the two ban dwidths
involved. It is easily understood that if a slot that is Y cycles wide
admits a certain amount of noise then a slot 2Y cycles wide, will  admit
twice as much noise power or 3 db more power (10 log 2 = 3 db). It is
im por tant then to know the bandwidth when de termining  the S/N ratio of
channels, bu t no t during NPR testing. Figure 5—7 demonstrates this fact
very simply. The figure assumes a l—kllz slot for taking measurements .
If the bandwidth is widened to 2 kHz , twice as much noise is measured
and the levels are 3 db higher than those measured wi th  l—kHz slot.  The
NPR remains the same because it is the difference between the two levels.
The S/N of a channel , however , is another matter because the reference
is made to the zero TLP, single—channel test tone (SCTT), or zero dbm0
point and the S/N’s ate therefore 76 and 73 db respectively. Hence the
3 db difference is due to the bandwidth of the noise slot measured .

5—4. AUDIO TEST RESULTS .

a. If the radio subsystem has been cleared as a source of problems,
the audio series tests should provide further information as to an
appropriate solution. In most cases, the effects of out—of—specifica-
tion data is evident. However, each of the tests will be discussed
briefly with emphasis placed on a few of the tests where results may
require clarif ication and/or in terpreta t ion. Comments for each tes t
should be provided on the test data forms and should include a comparison
of measured results to the manufacturer ’s and/or MIL—STD specifications .

b. Idle channel noise, delay distortion, and impulse noise tests
must be performed on identical channels at both ends of the link in
order to obtain a more meaningful correlation of these parameters within
the system.

5—5. INSERVICE CUSTOMER LEVELS (T—3).

a. This test should be performed as early in the test phase as
possible since it may indicate that a complete alignment of the multi-
plex may be required. It may also reveal specific equipment prob lems
that must be corrected before proceeding with the complete evaluation.

b. Proper customer levels and level discipline is essential to
quality coi unications over a satellite transmission system. Hot
levels can cause a degradation of the entire system through intermodu—
lation products and the fact that additional satellite power may be
used.

j
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5—6 . l—kHz TEST TONE SIGNAL LEVELS (T—4) .

a. This test  measures and evaluates the voice signal level charac-
teristics end—to—end across the satellite link including the multiplex
and earth terminal ’s conditioning components. If during the preliminary
testing the measurements are not within the specified tolerances , correc-
tive action should be taken to insure that final data is accurate. Test
tone levels that exceed the prescribed level may result in overloading
of the baseband and intermodulation products created . In some cases,
the ho t levels will also cause adjacen t channel crosstalk and degr ada tion
of the subscriber service .

b. In some equipment , provisions have not been incorporated for
adjusting the group (GP) and supergroup (SG) levels. In such cases ,
only the channel and baseband levels can be adjusted . If these adjust-
ments do not correct the level disparity at the GP and SG test points ,
troub leshoo ting of the ind ividual circui ts may be necessary to isola te
the problem. In most cases, this particular situation would be indica-
tive that changes in component values have occurred.

5—7. IDLE CHANNEL NOISE (T—8). This test measures and evaluates the
degree of interference and noise introduced into a voice frequency (VF)
channel . This parameter and its affect on system performance as related

to the radio equipment and path have been discussed previous ly .  Additional
noise contributions and isolation procedures are discussed below .

a. Some major contributors to a high noise level in the channels
are : in—station wiring , carr ier leak , improper or inef f e c tive gro und ing
sys tems , and unbalanced power distribution systems . In the event the
measured ICN departs from the predicted value by more than 2 or 3 db ,
it may be necessary to investigate all of the possible factors to isolate
and correct the problem.

b. When a difference of 2 db or more exists between ICN measurements
ob tained using flat as opposed to C—message weighting, the cause is usually
attributed to alternating current (AC) power interference . The AC power
in terference usually results from improper grounding or induction . Some-
times the add itional noise can be att ributed to car rier leak , ex traneous
signals , or mixing of signals which result in unw an ted components fa l l ing
into the VF spectrum . The first step in isolating these interfering
componen ts is to sweep the VF channel bandw idth wi th a wave analyzer.
Audio de tection will be useful in de termining the type of signal be ing
introduced .

5—8. IDLE CHANNEL IMPULSE NOISE (T—9).

a. The purpose of this test is to measure and evaluate the degree
of in ter ference  being introduced into a VF channel by random impulse
noise h i t s .  Impulse noise can be introduced into a VF channel at any
point in a system. It can be generated in the equipment itself ,
induced from powerlines or generated in the environment , and radia ted

5—5 
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In to  the station . Excessive impulse noise can have a detrimental affect
on t e ir t ype  and data circuits . If excessive impulse noise is measured
during the evaluation , additional measurements should be performed at
the group , supergroup , and haseband of the equipment in an effort to
i so late  the problem .

b .  The above procedures are help ful  in isolating the source of
impulse noise and verif y ing whether the radio , multip lex, or path is the
cause of the problem. If these have been eliminated as potential sources,
it wi l l  be necessary to per form addit ional  tests to determine the cause
of the impulse noise. The isolation process must consider all those
[actors listed in paragraph 5—2 to include verification that the instru—
ment a t f o n  Is not being a f f e c t e d  by the test connections .

5—9 . VOICE CHANNEL CROSSTALK (T—l8) .

a. The purpose of this test is to measure the total amount of
crosstalk wi th in  a voice channel from all sources and assess its
impact on normal communications . Whenever crosstalk is measured in a
VF channel , the test results must be analyzed and compared to the manu-
facturer ’s specifications and MIL—STD .

b. Intelligible crosstalk may be caused by an impedance mismatch
in the c i rcui t  or capacitive and inductive coupling between disturbing
and disturbed channels. These conditions can occur at any point in a
commun ica t ions sys tem. Crosstalk can also result from improper filtering

~n
-i thin the mul t ip lex  and malad jus ted  channel and carrier levels.

c. One of the first steps during the preliminary evaluation of a
system or station is to isolate crosstalk entry into the network . To
accomplish this, measurements may have to be performed between the
various test points (TP—l through TP—l2). Once isolated to high levels,
iriproper filtering, wiring or cabling, the team chief can then determine
the necessary course of corrective action .

d. To obtain accurate crosstalk measurements , considerable attention
to derail is required . Particular care must be exercised to insure the
ad -quat:y of the grounds, effectiveness of the shielding, and correctness
of f -nninattons in order to avoid ground loops and to insure that the
r-y r-isured data is accurate.

5—10 . VOICE CHANNEL FREQUENCY RESPONSE (T— lO) .

a. This test, also referred to as an insertion loss and amplitude
vers in f requency response test , may be performed on any tIF transmission
path. Its purpose is to measure the amount of attenuation incurred in
the path at various frequencies within the aud io spectrum . This test
basically measures the level of a received test signal at each of the
voice frequencies of interest. The loss at each frequency is then
compared to the loss at 1 kllz or some other reference frequency to
determine the response of the channel under test.

5—6 
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b. The results of the frequency response L Is ts art iced t o  U t - i t -
mine if the VF channel equipment is operating properl y. WE L I I O  \ F
channel pe r fo rmance  has been verified , additional tests nIus.L be perfo il CU
on the equal  izers  or r i n g i n g  equipment  to verify t i l l  l r p e r t , - 51- i i  the
system .

5—11. VOICE CHANNEL ENVELOPE DElAY DISTORTION (‘1—12).

a. The purpose of this test is to determine the r e lati ve delay t ime
of the frequencies from 250 Hz to 3400 Hz. This is to compare t h e de la ’.
of the frequencies in the channel spectrum with the delay o a referenc-
frequency (usuall y 2 kl-iz) . In this war , w i l l s  th c~ r n b c c l r i t e  ‘I - l a y  ( t ~~ o
actual transmit time from send to receive) is not deter . iii. tie tino
differential across the receive audio path is measured .

b. The results of the delay measurements a n— used to le t ermine
whether the multip lex equipment on the path is operating i - perl y and
to ascertain if external equalizers are necessary to ne - t - i r i it

parameters . When delay equalizers are installed , t h e test rust be per—
formed at the equalizer input and output to determine i~ t i - - equa l i ze r s
are operating properly.

c. On some systems , fixed type equalizers may be inst t i i ed which
limit onsite adjustments. On these systems , the test team should pay
particular attention to the operation of th° equalizers. )l-teriora tion
of components or local configuration o~ the eqtialise rs may neces-~’ttut ~
that the fixed type limits be rep laced with an s- !jus table tvpt— .

5—12 . VOICE CHANNEL PHASE JITTER (F - -- 17). -

a. This test is used to measure t i l l :  in c r e m e n t a l  ch s n g e n  in the
phase of a single frequency raitar -i t ted on a VI- ’ channel c ’~e-r  a sy st o r .
Since phase j i t t e r  has l i t t l e  impact on vu iv’- communications , m i n i r i urr
a t tent ion has been given to this J a a n ’ror ! r i l i ~ ear l i e r  e’ aluations .
Today , with the increasing is~ of high --at s-- d a is C t s i sc , - b a - s  i i t tel-
has become one of the orirn ri - in ’ I ca rs , ‘O ~ l i t  I - g s  f ’  ~~~ 

i~o r n i n n c e .
As transmission speeds lus t . 15 1 0  l i i  -~~ 0,  0 1 5  - - - ‘ w i t ’ -
extremely slio~ t t h in i r t s - r - a l a  is t ul:~~~i i  

~~ ~~~~ tn this liapeona , it j-
possible that the j titer wet’ ~-3 l~~ se ’- ’i a - i  a p o i s e  1 - ~ l u  [- -:0 ~v i t ’
equipment and resu l t  In message err o rs . lie  sit ~~ h i m  is 1 ‘h v
undesirable and could have serious consequences.

b. Phase jitter on data transmissions systems can be defined as
an unwanted change in the phase or frequency of the transmitted signal
due to modulation products from another system or source . ‘lhe modul ation
process that causes phase jitter may be either phase or f ’ - ~ uency modic
lation depending on ~~~~~~ source , which is generall y in the t- - r irii n al
equipment. In multlp l- -x units, phase jitter results from incidental
phase modulation of oscillators used for frequency translation of the
signals . This incidental modulation is caused by noise and line related
ripple of office batteries and on power and bias supp lies . It may al so

5-- 7 
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occur within timing circuits of FDM systems . This modula t ion  is t r a n s —
ferred to the multip lex signal dur ing frequency translations and ,ge neral l y,
the greater the number of translations , the greater the phase jitter.

c. Measurements have indicated that for long—haul , multilink
systems , the most serious components of incidental phase modulation are
powerline related , both as harmonics and subharmonics of the line
frequency . If excessive phase jitter is measured during am evaluation ,
the sources discussed above should be investigated .

5—13. VOICE CHANNEL HARMONIC DISTORTION (T—14).

a. The purpose of this test is to determine whether any appreciable
nonlinearit ies exist wi th in  the equipment during the evaluation . The
nonlinear opera tion of amp lif iers , filters , channel modulators, or gro up
modulators can all contribute harmonic distortion and result in degraded
service.

b. Should the harmonic distortion measured during an evaluation
exceed the equipment specifications , an investigation should be
accomp lished to determine which component is causing the problem . From
pas t experience , it has been found that the j~~imary cause f or high
harmonic distortion was attributed to the channel modulators and
demodulators. High levels of harmonic distortion could influence the
ICN readings taken during test T—8.

c. Analysis of the test data must include a comparison of the
measured results with the equipmen t specif i c a tions and the app licable
DCA standard . Moreover , a conclusion must be drawn as to the capab ility
of the equipment to meet specifications and , whenever poss ible , a concise
descrip tion of the problem along with recommended corrective action

- - should be documented .

5— 14. VOICE CHANNEL FREQUENCY TRANSLATION (T—l5).

a. This test will determine whether there is a f requen si error
present in any of the carrier frequency oscillators of the multiplex
equipment.  If a carrier oscil lator is o f f  f requency,  the received
signal will also be shifted in frequency . Small errors of a few Hz
are not noticeable on normal voice circuits , but digital transmissions
are extremely sensitive to any frequency errors .

b. The send and receive frequencies are compared and the difference
is stated as the frequency translation of change in audio frequency .
This amount in Hz is compared to the maximum allowable change in
audio frequency criterion for the circuit. Should the measurement exceed
the app licable DCA standard , it wil l  be necessary to measure and adjus t
the master  osc i l la tor  f requency  on all m u l t i p lex equi pment on the l ink/
system .

5—8
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5—15 . VOICE CHANNEL INTER N ODIJLATI ON DISTORTION (T—2l).

a. This test evaluates the inter-modulation products when a two—tone
signal of different frequencies Is app lied to the VP channel input. This
test requires a higher input level than the standard —10 dbniO test tone
level; therefore , it should be performed only during nontraffic periods .

b. Since the level of the required test tone may interfere with
customer service , the harmonic distortion test (T—l4) will normally be
used instead of T—2l.

5—16 . ANTENNA TRACKING AND POINTING ACCURACY (ST—l) .

a. This test consists of two parts. They are the angular threshold
of the tracking receivers and the —6 db offset test. The former defines
the threshold at which the track receivers remain effective with respect
to deviation in look angles from the actual location of the satellite.
The data obtained should be reduced and tabulated on figure 6—4 ; USACC
Form 351—R (Test) as shown in the example below :

LOST LOCK 
— 

REGAINE D LOCK
(THRESHOLD) (THRESHOLD)

ANGULAR DEV ANGULAR DEV
DIRECTION (AVERAGE) C/kT db DIRECTION (AVERAGE) C/kT db

+1.500 44 +AZ +1.40° 51 - - — - - - -

—AZ -1.55° 47 —AZ - ~IT~5° 50

+EL +1.20° _ +EL +1.15° 47

- — 
-~~E~~ ~l 3O0 45 —EL —1.25° 44

NOTE: The angular deviation is determined by ootaining the
difference in degrees from the pointing angles to
the satellite and the angle at which a loss of lock
or acquisition occurs . The above chart depicts
average values calculated arithmetically.

b. The angular deviation at which the threshold events occurred
should be graph ically represented as shown below :

5—9
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c. The —6 dh offset tstst rieasures th - , s-orvn system ’s s!-’il it\ - to
automatically F e C  i t t  t he mtenna t f  I ! ,, - look angl e of the as- i oil t e
otter being mo r : t ’ - t  1 r:o ~ad ot I t 1 aa ’ ellite ~o w ! ( - r c  t t- ,~- ’

density ratio) dt:-:r :tsca ° dh~

I . Most rnjJ, i -~_r-y— -1-~’ - -  ~~~~~~ 
- r \ ’ 5 t n T - ’ - ~~~ p- ’ r s te  at a t ’/ b i  :,3 t10  t l i -~ t

_.—— - ——tg ~6 ~t7 6 dh al’ - - FM o - e E  I~ \ 5  the / 1- s v , ’ i t ’d  , r - - - -
~ 1 v - r

dire - t i v , db t~~r di- . - ‘ - -n ” - -t l y ,  ‘ h r  i ,~ fi , r : - t i - n  a t t a i n  ‘rt ~- :i1l de t i ii
the ri,-I:-:ji’,’tiu ai ow:l t e t~~~ i i b i i i i ’  e~~~~~~’t  n-j t1 - l i - - I - c - vt i 0  t I -  t } ; ~ a l t - I d  ur

I ~ I r e q i s  I r E -n/c 0 i_ - - . F it’ - -ID dh ‘.‘ I I —~ 1 ~1 I - ui _ - c ’ ’ l  a - i ‘ ,  - I D E  t I  y’~,t

hoe bet it s- t I 1) ~ 
-~~~~ -~~ - ‘ -“  i p  O t t o  ii i - - t I - - i ’  ft it  t o ’  , -  1 ts’ 1 oh i~~v - i~~ .

;;n t 1 :  l~l-o - tt~ - 1’ i f  1 - ’’  ~l , ’ i ’ i tv -v e t ‘ ‘ ‘r i -p d  ( I  

~~
,‘ .

~ 4 th’ ~ 1~~ I s i - I  - t I - - l , - -

e. When t a t  i- enultn :’ i- - 1 , - n d  f -  b e  - : 1~~~~t ,- i r i s t - ’l the m o n t —  r r ~~ -~ai~ Jr -
causes are dots-- i t  t”e tr rn-l - ‘o r ’  i I n , elect i:~ - i  -~0 i n n  ~~r1 svsl € - v - ,
misaligned a-’ i r au th on2 -l e ~ / t ( I l l  l i s t : ,  ~~}‘t ’ I I ( t  ‘~~, r~ - - ‘ I s - i  t ,n I b - ‘l~~H
antenna feed ass - t b  I v  - 3  i - ~ - , i  - I ‘ - I i  ~- ‘t ‘ 1 -  1~~~~~~- e ‘ - i  ~~~~ c-rI - In ; ’
t ion  o f  th ,~~;~ cat  -

5—17. ANTENNA F t u : l 1S  I , BEAI-1WIOTH , AND S I U F  LORE (ST—?)

a. The resul ts  of this measurement w i l l  provide da ta  related to
the actual focusing of the feed assembly. If the test results are found
to be substandard , the earth terminal will experience one or a combina-
tion of the following conditions :

(1) Low f i g i r r  ‘---of -merit.

(2) Excessive tracking error.

(3) Out—of—tolerance link phase distortion .

5-If)
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(- ‘,) Low TTNR ‘ S .

b. Substandard antenna focusing may be corrected by erecting a
t -~~r c a i g ht  tower  and a d j u s t i n g  the fe ed assembly and/or phasers , as
requi red , to ’ a t t a i n  i n — t o l e r a n c e  t e s t  r e s u l t s .  Usual l y ,  the antenna
m a n u f ac t u r e r  wil l  provide the M IL D E P f a c il i t y  w i t h  r equ i red  a l ignment
proceduren and TMD E . In :aest instances , the TMD E required to correct
antenna focusing is not readily available to test persen~ el----an~~- - -cori-
sequently, the problem should be addressed s e p a r a t ely .

c. Sometimes a terminal may be operating severely below the design
requirements. Therefore , as an Interim measure , the tcam chief should
einp loy a modified alignment procedure that uses an unmodulated signal
from the satellite to readjust the feed assemb ly or phasers , as req uired ,
to improve the earth terminal performance. This  procedure will require
repeated adjustments and extensive communications outage time . When it
has been determined that an alignment is required , the technical manual
Of l  the particular terminal should be consulted.

5—18. EARTH TERMINAL FIGURE—OF—MERIT (ST—3).

a. Earth terminals that fail to meet the C/T speci~~icetions will
usually require excessive amounts of power in order to meet user circuit
quality requirements and , subsequently ,  p l ace heavy power requirements
on the satellite repeater.

b. The three most likely causes of a low figure—of—merit (G/T) are
the antenna gain , equipment noise temperature , and WG component power
l osses between the an tenna feed assemb ly and the front end of the low
noise amplifier (LNA).

i s .  The antenna gain is determined by its diameter and the operating
frequency with the assumption being that the feed horn is properly
positioned . If it is determined that the antenna gain is low, test

5 personnel should perform adjustments on the feed assemb ly to achieve
the required gain. Another cause for a low CIT ratio may be attributed
to excessive power loss between the input to the LNA and the feed assemb ly.

- - - 
- - 

This occurs when there are severe impedance mismatches and high loss in
the WC line . Lastly, excessive SNT will degrade the CIT ratio. Although
several factors (line and equipment) govern the CIT ratio , the mos t
s1gn if i~~r.I, and controllable cause is the poor performance of the first
LNA . NorinalTl’y- ~ para—amp is employed at the earth terminal facilities .

d. Based on the ab~~7e discussion , it is apparent that corrective
measures req ui red to impr ove -the G/T ratio are limited primaril y to
an tenna al ignmen t , -antenna mainteuance , and maintaining the specified or
a lower SNT. ~~

‘ -
~~~~ 

-

e. In cases where the anomalies cannot be corrected in a cost—
effective manner or where extensive reengineerlng wouI~1- b~ required ,

-

5-il
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the team chief should recommend that the uplink power levels from the
distant terminals be increased or decreased accordingly. Consideration
should be given to system configuration inasmuch as power adjustments
on fan systems could affect the user performance levels at other
stations. Furthermore , the team chief should keep in mind that the
power adjustments should be made using the frequencies at which the CIT
ratio was measured.  

-—

- - - - 

f. The team chief should reduce the measured results to arithmetic
averages for each of the three RF center frequencies at which the
figure—of—merit was measured . The process for calculating the figure—
of—merit is outlined in the SATE? handbook; therefore , only the basic
formula Is shown below :

~ (numeric) = 8ITK (1—1)
T SA 2

C (db) = 10 log 8~~ + 10 log (Y—l) + 10 log K1K2
T S X 2

where : -

G is gain

T is SNT

K° is 1.38 x 10—2 3 Joules/°K

S is spectural flux density of the star in W/m2

K1 is atomospheric attenuation respective to elevation
look only in db

K2 is correction for angular extent of Cassiopeia—A and
is a function of antenna beamwidth at —3 db power
points -

Y is power rat io between on—star  and quiet space

g. The information attained from this test should also be used to
compute the system path characteristics and to compare expected noise
performance levels with measured noise levels.

5—19. SNT VERSUS ANTENNA ELEVATION ANGLE (ST—4).

a. The SNT is a function of the intrinsic noise of the equipment,
sky noise, atmospheric attenuation , antenna noise, and extraneous noise
sources such as electromagnetic interference . The SNT usually varies
inversely with the elevation look angles. The greater the elevation
look angle the lower the SNT.

5— 12
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b. The greatest  degree of latitude in controlling the SNT lies in
control of the C—E components since the celestial and terrestrial
sources of noise are not subject to control. The first stage of low
noise amp l i f i c a t i o n  is normally the predominant f a c t o r .  Howeve r ,
substandard noise temperatures of the IFLA ’s, down conver ters , poo r
grounds , and loose RF fields also contribute to the overall noise

~ 

temperature or NF of the system . A convenient method to overcome the
e f f e c E~~ t~f’ b~fat d’ard SNT - is to- increase the transmit .power leve.L,at _ -

the distant station . However , this adjustment has a few restrictions
that l imit  the power allocated to other terminals accessing the
satellite. Therefore , it is imperative that the SATE? team identify
substandard stages of amplification and initiate the necessary corrective
actions required to improve the SNT. Supplement 6 to DCAC 310—70—57
and this pamphlet provide detai led procedures for measuring NF ’s andlor
noise temperatures of downlink components. The noise temperature or NF
may be measured on the individual C—E components without requiring exten-
sive communications outages . In some cases , only the no ise tempera ture
of one or two components need be measured. The NF or noise temperature
can be calculated by employing either the tandem NF or temperature
formulas and transposing the formulas as required to solve for unknown
values. The basic formulas are shown below :

F~—l F— i  F — l
NF ( to ta l )  = F + + —1-.-- + ... + n

1 G
1
G
2 

G
1
G
3
” C(n—l)

where :
Fn is the NF of the n

th stage

and Gn is the gain of the n th stage

Tr Ti +
~~Z+~~~

1
~ +~~~~ +~~!LC1 C1G2 n—i

where :
Tr is composite SNT

T~ is SNT of the n th stage

and G~ is the gain of the n
th stage

c. To fur ther  clarif y this liscussion , a diagram depicting the
points where the noise temperatures may be measured is shown below :

5—13
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d. The data obtained from this test may be used to calculate the
threshold performance levels based on measured parameters which should
be compared to the predicted threshold values . As a result of this
comparison , a conclusion may be reached as to whether a module within
the terminal would have to optimized .

5-20. WG RETURN LOSS 0r VSWR (ST— 5).

a. Shis test provides informat ion  concerning the magni tude of the
reflected power on the transmit and receive transmission lines . The data
acquired should be compared to specified performance levels . Where the
VSWR is not specified , the test should be conducted with the line ter-
minated into a standard or calibrated WG termination and with the line
terminated into the equipment (normal system configuration) . The test
results from these two configurations should be compared with respect
to frequency and the two impedances to determine if anomalies exist In
the WG system .

b. Multij,ie problems may arise as a result of excessive VSWR on
the transmit line . One problem is excessive feeder echo distortion noise.
However , feeder echo distortion noise is not significant in the voice
channels since thermal noise predominates on most links. The team chief
should also keep in mind that other problems may arise when substantially
high VSWR ’s are noted. These are substandard phase distortion and non—
linearities that could Increase the amplitude of RF intermodulati on
distortion products.

c. Standing waves are usually caused by discontinuities in a
transmission line. These anomalies are a result of den ts, bends ,
splices , punctures , and foreign matter within the transmission line .
Most military terminals employ WG lines greater than 80 feet in length.
As a result , fault location on the line could be simplified by using a

5—14
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time domain re f lec tomet ry  t e s t .  As an a l t e rna te , f a u l t  isolation m a y
be accomp lished by pe r fo rming  f requency  domain r e f l e c t o m e t ry  or \‘SWR
measurements at Intermediate  po in t s  or sect ions along the  line . On
active terminals, an au thor i zed  outage (AO) is r e q u i r e d  fo r  t roubleshoot-
ing the WC runs .

d. ST—5 measurements should be per formed in con junc t ion  w i t h  ST—6
since excessive ljne sses wi l l  tend to mask or obscure the  ST— 5 tes t
results. 

-

5-21. WG INSERTION LOSS (ST—6).

a. Excessive WG insertion loss may require substant ia l  increases in
up link power to meet effective isotropic radiated power (Eirp) require—
ments and in some isolated cases may affect the receive SNT. Previous
experience has shown that when the insert ion loss was notabl y out of
tolerance on the receive line, the terminal ’s ability to autotrack was
greatly impaired along with indications of RF phase shift symptoms and
increased impulse noise counts .

b.  The calculated WG loss , L in db per foo t , is a func t ion  of the
physical characteristics, the opera t ing f requency , and conductor resistivity
as shown below :

( a f 3/2 k f - ½ ~
L = 0.01107 \ ~~~~~ 

~ db/ft

a3/’2 — i ½
/

c

where :
is frequency cutoff in MHz

f is operating frequency in MHz

a is width of WG in cm

b is height of WC in cm

NOTE : The above formula is fo r  copper WG ’ r .  At t enua t ion
due to dielectric loss is not considered . In order
to compute loss for WC ’s other than copper , multiply
(L) by the square root of ratio of res is t iv i ty  of
the new material  (R nm ) to copper (R cu )

(L) where Rcu iS 1.72 x 10—6 a/cm

5—15
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c. Previous  experience has shown tha t  the most common causes of
out—of—tolerance conditions are moisture accumulation , foreign matter
in the line , mnisal igned WC windows and seals, loose connections, and in

~t- io eral , any irregularities in the uniform line .

5-22. PARA—AM P FREQUENCY RESPONSE AND CAIN (ST—7).

a. The operating condition of the para—amp will have a s ign i f i can t
~I f ec t  on the overall system noise performance of the terminal . There-
fore , it is cr i t i ca l  that  the LNA (para—amp) be maintained in optimum
condition . The gain of the para—amp should be held within the maximum
and minimum limitations to preclude any oscillations and j i t t e r  wh ich
could become not iceable  at the user VF levels . A substant ial ly degraded
osuin responsa- would a f f e c t  the terminal ’s abi l i ty  to mainta in  an in—tol -
erance figure—of—merit (CIT ratio) thT ~hout~ the 5Q0—MHz downlink
bandwidth and may also degrade the VF channel noise performance levets . 

b.  The most common causes of low gain and frequency response are
substandard pump power , pump output frequency , or misadjusted varactor
bias voltages. The first stage of amplification is supercooled to provide
low noise amp l i f i ca t ion. Variations in temperature  may have an adverse
affect on the stability of the para—amp .

c. Typical state—of—the—art para—amps are multistaged , single—pump
amplifiers and are generally equipped with switches that enable maintenance
personnel to bypass individual stages for analytic testing . Varactor
bias , pump power , gain , and frequency adj ustments are usually available
to  improve degraded conditions .

d. The data collected from this test will be used to identify sub—
s tandard net gain or loss and net frequency response performance levels
when the overall net response measurements f a i l  to meet speci f ica t ions.

5—23.  PARA—AMP NOISE TEMP ERATURE (ST—8) .

a.  This test is conducted for  diagnostic purposes . The results
w~ l1 indicate  the e f f e c t  of the para—amps on the overall SNT .

b. The most common causes of excessive noise temperature are high
i npu t  VSWR and f a i lu re  of oven or r e f r i g e r a t i o n  units . Excessive
varactor bias will cause para—amp oscillations and an increase in noise
temperature . In general, any anomalies that affect ambient temperature ,
bandwid th , and gain of the para—amp will affect the SNT.

c. Routine and preventive maintenance on the cryogenic cooling
ey-otP r~, ovens , and alignment of the para—axnps will tend to reduce the
noise temperature . The input VSWR ’s may be improved by replacing input
components and/or matching the input impedance to the output impedance of
the preceding stage , that is, antenna feed assembly to input of para—amp .
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5—24.  PARA—MIP DYNAMIC RANGE (O.5 — db COMPRESSION POINT) (ST—9) .

a. This test will demonstrate the para—amp ’s ability to m a i n t a i n  a
constan t gain for  various levels of input  s ignal . DCAC 310 — 70— 57
requires a minimum RF Input level of —50 dbm . This signal level Is
s ign i f i can t ly g rea t e r  than  the normal opera t ing  power l eve l .  Conse quen tly ,
the dynamic range at signal levels lower than — 50 dbm is usual ly not
checked . Whenever necessary, the dynamic range below —50 dbm may be
evaluated by using the a t tenuator  subst i tu t ion technique.  An SHF s igna l
generator and a ca l ibra ted  a t t e n u a t o r  are used to ob ta in  a su i t ab l e
reference disp lay on a spec t rum analyzer. The calibrated output from
the signal generator  should be on the order  of —10 to —20 dbm.  ~ f t e r
inject ing the signal into the para—amp , the a t t e n u a t o r  is a d j u s t e d  as
required to reestablish the reference level.

b. When dynamic range requirements are not met , the p roblem is
generally a t t r i b u t e d  to a defec t ive  varac tor  diode , improper varac tu r
bias , ~~~~~~~~~~~~~~~~~~~~~~~~ power .

c. The dynamic range is measur~ d at -three RF frequencies : 7250,
7500, and 7750 MHz in the RF bandpass. The input and output levels ~f
the para—amp are recorded . The difference between the two levels is
equal to gain in db.

C = P0 —

where :
P0 = power output in dbm

P~ power input in dbm

d. The maximum or rated input levels are shown in the appropriate
maintenance manual . At the rated or higher input level , th e device
under test will tend to compress the gain , resulting in very littl0
gain.

e. This test and assessment is also app licable to fi~~ld effect
transistors and tunnel diodes .

5—25. PARk—AMP PUMP SOURCE POWER OUTPUT LEVEL AND FREQUENCY (ST-il).

a. This is a diagnostic test and should be performed when the gain
or bandwidth is found to be out of tolerance.

b. Should the test results fall below specified performance levels,
it will be necessary to adjust either the pump or Guns oscillators lAW
the manufacturer ’s maintenance manuals . In some cases, it will be
necessary to replace or repair defective components such as klystron~
and power supplies.
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c. For additional information relating to the pump oscillator ’s
a f f e c t  on the va rac to r  diode and subsequent a f f e c t s  on the gain of the
para—a mp , r e f e r  to chap te r  2 , TM 11—5895—903 — 34 .

5—26.  IFLA NF (ST—l2) .

a. The data obtained from this test may be used to determine the
IFLA ’s noise con t r ibu t ion  to the overall SNT . Theoretically ,  the
IFLA noise cont r ibut ion  will be minimal . Therefore , th is  tes t should
not be conducted unless the SNT requirements were not met and previous
diagnostic tests did not reveal any conclusive results .

b. In most cases, there are no adjustments which can be made on
the IFLA . Therefore , the amplifier should be replaced if it is deter—
mined that unsa t i s f ac to ry  service is being provided.  However , power
supply hum and grounding NF ’s are not considered sufficient reasons
for  amp l i f i e r  rep lacement.

c. Based on the above , corrective measures may have to be imp lemented
lAW appropriate  maintenance manuals.

5-27. MULTIPLE FREQUENCY RESPONS E AND GAIN .

a. This paragraph pertains to the following tests:

TEST DESCRIPTION

ST—13 IFLA Frequency Response and Gain

ST— l7 Down Converter  Frequency Response and Cain

ST—19 Up Conver te r/Exc i t e r  Frequency Response and Power
Output  —

ST—2l Uplink IFLA and IPA Frequency Response and Gain

b. Substandard frequency response of the uplink and downlink coin—
ponents will  have serious a f f e c t s  on the overal l net gains , losses , and
frequency response of the system . Therefore , it is essential that
anomalies within each major component be corrected prior to performing
the overall net gain and frequency response measurements whenever
possible . It should be noted that net RF and IF phase response problems
are usually apparent when the net frequency response is below minimum
performance levels .

c. The two most common causes of such substandard conditions are :

(1) Excessive voltage standing waves due to mismatching of
impedances .

(2) Degraded power supplies , amplifiers , and components.
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d. In general , mos t of the uplink and downlink equipment such as
the IFLA ’s and IPA ’s have no or very few adjustments that will aid
in attaining in—specification conditions . Therefore , the componen ts
should probab ly be rep laced. In cases related to the up and down
convers ion systems , it has been found that the ma jo r i t y  of the problems
are due to the following :

(1) Defective amplifiers .

(2) Misaligned f i l t e r s.

(3) Misadjusted a t tenua tors .

(4) Loose coaxial connections .

e. Prior to any troubleshooting effort , a visual inspection should
be made to ascertain that all connections are secured . Faults can
normally be isolated by employing the automatic swept frequency technique
to measure the gain, loss, and bandwidth of integral modules or subcoti—
ponents of the up and down converters .

5—28. MULTIPLE VSWR.

a. This paragraph pertains to the following tests:

TEST DESCRIPTION

ST—1O Para—amp VSWR

ST—l4 IFLA VSWR

ST—l5 Down Converter VSWR

ST—22 IPA VSWR

ST—23 Power Output , VSWR, and Reflectometer Calibrations
- and PA Frequency Response

b. VSWR tests conducted on IFLA ’s para—amps, up and down converters,
and associated equipment are normally performed for diagnostic purposes .
However, previous evaluations have shown that an excessive VSWR will
have adverse affects on amplitude response and phase distortion in the
system. Also , if the Input VSWR on receive components is abnormal , an
increase in system or equipment noise temperatures may be noted
dependent upon the severity of the standing waves .

c. Therefore, the VSWR should be considered when determining and
correcting system phase linearity, net frequency response, and net gain
anomalies . Additional discussion on VSWR may be found in chapter 3.
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5—29 . DOWN CONVERTER (ST— 16) AN I) [P CONVERTER (ST—2 O ) SPURIOUS O C I P U F .

a. In the discussion of spurious signals , intermodulation products
will be covered in a subsequent paragraph . However , it is recognized
that in some lsL-s , spurious signals and intermodulation are directl y
related and rudy be caused by the symptoms discussed in that subsequent
paragrap h .

b .  Spur ious  s igna ls  may be e i t h e r  b r o a db an d  or narrowband and t h e i r
a f f e c t  on the  communica t ions  q u a l i t y  w i l l  depend on t he i r  amp l i t u d e  and
re la t i onsh ip  tu the frequency of the normal ca r r i e r  and t r a f f i c  sig n a l s .
Depe nding on t h i s  r e l a t i o n s h i p, s p u r i o u s  s i g n a l s  can r e s u l t  in high bit
errjr rates (h ER), impulse noise , and ICN which generally degrade the
quality ct service. These spurious signals may also require the use of
additional terminal RF output power over and above that allocated to
mtdmize their effects on communications quality . Since the proper
management of RF output power is the key to successful satellite trans—
mission , it is essential that ~purious signals which exceed the specified
l evel be t-ie ntified and corrected. Spurious signals may also obscure
receiver quieting characteristics and , in Eatellite communications ,
special frequency allocations and control measures must be imp lemen ted
to avoid the affects of these signals. Unwanted signals also tend to
increas e the SNT . Therefore , if spurious signals are noted , the source
should he identified and , corrective action taken . If corrective action
i ;  not taken , Lhe affect that the spurious signals have on the system
should be detecmined and appropriate recommendations provided in the
final report.

c. The sources of spurious signals are divided into two categories ,
internal and external. Internal sources include harmonically or
unharmonicali\ related signals generated within the earth terminal
equl~ ment vhi -h , in most cases , can be controlled or reduced to an
i~ ceptab te level. The external sources of spurious signals are either
n a t u r a l  phenomena or manmade which are generated external to the earth
terminal ’s equipment. Generally ,  these are: propagation conditions
resultir~g in the reception of unwanted RF signals , ducting , rain ,
galactic or earth noise , and signals generated by terrestrial cominuni—
cations systems , factories , machinery, and powerlines . All of these
sources , wh eth er narr owb and or wideband , can have a detrimental affect
on the communications quality . The degree of degradation caused by
these sigaat- will depend on their amplitude , f r e q uen cy ,  and duration .
As an example of this, in the earlier days of satellite transmission ,
it was found that signals radiating f rom nearby microwave links were
causing antenna tracking and noise problems which reduced the effective-
ness of the satellite system . In each case , the spurious signals had
to be identified and corrected before satisfactory service could be
expected from the terminal equipment.
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d. The magnitude of spurious signals is normally expressed I n db
relative to a known signal level; however, on occas ion , it may be
expressed in units of power. The attenuator substitution method use-~
a spec trum analyzer to determine the magnitudes of these signals in db.

e. The SATEP team will be responsible for pinpointing the origiu of
spurious signals and submi tting technical recommenda tions to e f f e c tivel y
reduce or eliminate these signals. Frequently ,  corrective measures
may not be cost—effective or may be extremely d i f f i cult , a t wh ich t i r r
it will be incumbent upon the test team to evaluate the affects on t~~~~

terminal ’s operation and recommend alternative means for nullifying t he
e f f e c t s  of the signals.

f. Previous satellite evaluations have revealed that the F~ mcd-
ulators and LO’ s in the up and down converters have produced more
spurious signals than any other source wi th in  the terminal  eq u i p n e nt .
Through the proper selection of the terminal location , the a f f e c t s  of
external spurious signals can be controlled or min in J zed .

5—30. DOWN CONVERTER NF (ST—18).

a. The total  NF of the down conver ter  under  normal c o n d i t i o n s  is
composed of the NP of the s tr ipl ine mixers , IF amp l i f i e r s, and th~~ power
losses of the devices that precede the NF controlling device . These
may be expressed as shown below :

NF —l NF —l NF1-l
NF NF + 2 + 3 

~~~~~~~~~~~~~~~~~~

1 1 2 G1C2 CNF _ l

where :
NFT is the composite NP

NF~ is the NP of the ~ th stage

G~ is the NF of the ~ th stage

b. Any attenuation or coaxial cable power losses between the noise
source and the input to the down converter  should be sub t rac ted  f rom
the NF as indicated below :

NFactual = NF — (CL + A)

NFactual = NF considering external losses (db)

NP = measured NF (db)

CL = coaxial cable losses (db)

A attenuation (db)
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c. I t  was noted dur ing  previous evaluat ions  tha t  the NF increases
substantially when the phase lock loop circuitry of the LO ’ s are mal—
adjusted and when the LO ’s are emitting spurious signals. Another
l a c t o r  that  con t r ibu te s  to the to ta l  NP is the power ou tpu t  level of the
LO ’s and , therefore , these should be main ta ined  at spec i f i ed  levels .
When substandard  conditions exist , the items previously ment ioned should
be checked pursuant to appropriate maintenance instructions . As
pr eviously mentioned , the condition of the first mixer and amplifier
will have the predominant affect on the overall NF .

5—31. PA INTERNODULATION , SPURIOUS RADIATION , AND HUM MODULATION (ST-24)

• AND CROSSOVER INTE RM ODULAT ION (ST-43) .

a. Intermodulation distortion products result from mixing two or
more signals with in devices that hav e amp litude nonlinearities or where
amplitude and phase modulation conversion occurs . Some of the signifi-
cant sources of interniodulation are: antenna feed assemblies , transmit
amp lif iers , klystrons , loose WG connections , and overdr iven amp ly ing
devices.

b. It should be noted that the magnitude of intermodulation varies
with changes in carrier amplitude . However , chang es in amplitude do not
necessarily result  in a propor t ional  change of the in termodula t ion .
There fo re , it w i l l  be incumbent upon the SATEP team to define the
relationship of the multiple carriers , input drive level (uplink)
frequencies , and the affect that each of these variables has on system
operations . The team chief must submit recommendations that are required
to reduce the level of the intermodulation .

c. The intermodulation may be detected and measured by using a
spectrum analyz er , and emp loy ing the attenuation substitution technique
to measure the amplitude and magnitude of the intermodulation with
chiau~ es in carrier levels. Measurements should be taken when the device
under test ha~ saturated power output levels of 3, 6, and 9 db below the
rated level. These measurements will show the carrier—to—intermodulation
frequency relationship and the amplitude—to—carrier relationship. This
information wi l l  e~~tahljsh the basis for de termining the maximum allow-
able carrier drive level and the number of :arriers to be used at a
terminal. The above discussion is directed toward up l ink equi pment.
The intermodulat ion dis tor t ion products , present  on the downlink , are
generated at the satellite, at the distant  terminal ’s t ransmi t te rs, or
at the crossover from the transmit end of the antenna feed assemb ly .
Often , these are third order intermodulation products which may be
present in the usable downlink frequency spectrum.

d. Intermodulation distortion products will be not iceable  at all
terminals tested that  use mult ip le carr iers . However , the  levels
sh~iuld riot exceed specified tolerances . If it is determined that  devices
such as traveling wave tube (TWT) PA ’s, klys t rons, or loose WG connec-
tions are producing high in temmodulat ion  d i s to r t i on  p roduc t s , those
devices should he rep laced or currected as required . In some instances ,
alignmen t or tuning may improve conditions .
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e. Intermodulation distortion products resulting from amp litude and
phase modulat i on conversion should be reduced to a minimum b y r e s t r i c t i n g
the level of amplitude modulation that is produced from the F’1 modulator
(normally in the order of —40 db) . These products are common to non—

l inear i t i e s  in ph a s e — l o c k  loop detectors and other FM derivative
circuitry. The test team mus t insure that nonlirearitles are noted and
corrected , and that the frequency gain response levels of the trans-
mitters are within specified tolerances.

5—32. FM MODEM 1)EVIATI (N , DEVIATION L I N E A R I T Y , DISPERSION , AND
FREQUENCY RESPONSE (ST—3l).

a. The FM deviation and linearity measurements are two of the most
important tests madd during the SATE? evaluation . Substandard perform-
ance levels will probab ly affect the \F users and may also limit the
terminal ’s capab ilities.

b. When FM deviation is properly adj us ted , the noise performance
of the system will be optimal with respect to thermal and intermodula—
tion noise. This phenomena will be explained in greater detail.

c, The modulator input level (M j in dbmO) it  which the carrier null
occurs is a func tion of the peak FM dev iat ion ( !F in kHz) and the recommended
mis SCTT deviation (tiSCTT in kl-Iz) as foll)ws :

N1 = 20 log ~F __

A SCTT ~ 2

d. The peak FM deviation may be calculated from the nth order
Bessel function (J 0N) and the highest modulating frequency (Fm in kHz)
as follows :

1~F = 0.608 J0N Fm

e. The value of J0N may be extracted from the Bessel function tab-
ulated below:

J01 2 .405  J06 18.071
J02 5.520 J07 21.212
J03 8.654 J08 24.352
J04 11.792 J09 27.493
J05 14.931 J0l0 30.635

f . The constant 0.608 is based on CCIR parameters for pivot fre-
quency . As an example , for a 24—channel sys tem , Fm will be 108 kHz .
For firs t carrier null:

= 0.608 (2.405) 108

= 157.768
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In this pa r t i cu la r  examp le , the A~~CIT taken from the manufacturer ’s
spec i f i ca t ion  is 125 Hz mis. The modulator  input  level for  f i r s t
carrier null  on t h i s  24—chamnel  sys tem is then :

M 1 20 log 157.768
l25/~2

—0.988 dbmO

If the zero dbmO input level to the modulator is —20 dbm , the first
carrier dropout should be at a level of —20.988 dbmO .

5—33. FM DEMODULATOR IF BANDPASS CHARACTERISTICS (ST—32).

a. If the bandpass characte~ i~ tlcs , bandwidth , and frequency
response of the IF filters are substandard , they will generally have
adverse affects on the overall noise threshold and intemniodulation dis-
tortion within the system.

NOTE: Substandard frequency response does not always affect
the phase delay .

b. Theoretically, the noise threshold degrades logarithmicall y as
the bandwidth of the filter increases . That is , if the bandwidth is
doubled , the noise threshold of the system would degrade by 3 dh. To
overcome this degradation, the transmit power at the distant station
would have to be increased by 3 db which levies heavier power requfre-
ments on the satellite. Conversely, if the bandwid th is decreased , the
noise threshold would improve . However , reducing the bandwidth w h i l e
the distan t s ta t ion  maintains a constan t FN deviation ratio may result
in an increase in phase distortion which subsequently results in lower
noise power rat ios . The minimum IF bandwidth (BIF in MHz) that is
required on any given system is determined as follows :

BIF = 2 ~ F +

where:

~F is the frequency deviat ion in Mhz

~m 
is the highest  modula t ing  haseb and f r e q u e n cy  in MHz

c. The degraded condit ion of the IF f i l t e r  may be improved by
emp loying the swept frequency technique and tuning the filter as
required to attain in—tolerance results. After alignment and pr io r to
returning the system to normal operating condition , the NPR test should
be performed to insure that the system is optimized . Should the NPR ’s
fa i l  to meet the required levels , the delay and linearity of the filter
must be measured. Accordingly ,  adjustments of the delay equalizers
may be required  to ob ta in  in—tole rance  test  r esu l t s .  flue to error
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introduced by detectors , delay test sets , and tes t cables , the NPR ’s
should be remeasured following this adjustment. To assist team
personnel in performing delay and l ineari ty measurements , a procedure
has been extracted from DTM 11—5895—796—34—1 and included in this dis-
cussion .

d . The a f f ec t s  that the alignment will have on the overall noise
threshold of the system under test may be determined by performing C/kT
versus TTNR or NPR measurements . The curve obtained from these measure-
ments will indicate the FM threshold . The measured FM threshold will
then be compared to the calculated value.

NOTE : This procedure should be implemented when all other
C—E equipment that could affect the threshold is
operating at specified performance levels or better.

e. Any change in the measured IF bandwidth from specifications will
have a direct affect on the threshold level. For example , on a 24—channel
system the typ ical IF bandwidth is 2.1 MHz. If the actual measured band—
pass was 2.9 MHz, the increase in bandwidth will result in a degradation
in threshold level as indicated:

Change in TFM (db) = 10 log measured IF bandwidth
pr edicted IF bandwidth

10 log

= 1.4 db

NOTE : The AGC circuitry of the IF amplifiers cause
misloading measurements and invalidate the
test results . Therefore , the AGC circuitry
should be disabled or the test signal should
be injected at a power level at which the AGC
circuitry has virtually no affect.

EXTRACT FROM DTM 11—5895—796—34—1

Group Delay Equalization (70 MHz only)

a. Connect the test equipment to the IF bandpass filter
module as shown in figure ST—32—l.

b. On the transmission generator , make the following
control settings:
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CONTROL SETTINt— -~~~ -

Mode BB + Sweep -

IF Freq uency (MHz) Coarse 70

IF Frequency (Mhz) Fine 0

BB Freq uency (kHz) 500

1)eviation (kHz RNS) 200

c. On transmission generator , set the ATTENUATION (dB)
pushbut tons  to provide 4 .0  dB a t t enua t ion .

d. On the demodulator disp lay , make the fol lowing
control sett ings :

CONTROL SETTING

Disp lay IF

Marker Offset (MHz) 2.9 (72 channels)-

2.1 (48 channels)

1.7 (36 channels)

1.3 (24 channels)

Calib ration (dB) 1

e. On the demodulator disp lay , adjust  IF LEVEL atten-
uator pushbut tons  to zero the IF/BB LEVEL meter .

f. On the group delay detector, make the following con-
trol settings:

CONTROL ‘SETTING

BB Frequency (kHz) 500

Demod Inpu t INT

Delay Output Normal

Ret Loss/Ref/Delay (rear panel; Delay
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g. On group delay detector , adjust SET LEVEL control
unt i l  PHASE LOCK/LEVEL meter indicates in green zone .

h. Set DELAY CALIBRATION (ns) control of group delay
detector  to 1.

1. The group delay of the 70 Mhz IF bamdpass filter
module shall be as follows :

72 channels less than 40 ns 2 .~~~MH-z bandwidth

48 channels less than 60 ns 2 .1  MHz bandwidth

36 channels less than 80 ns 1.7 MHz bandwidth

24 channels less than 120 ns 1.3 MHz bandw idth

These figures are based on 60 percent of the 3 dB band-
width. Adjust circuit elements , if necessary , to obtain this
value. No equalization is required in 10.7 MHz f i l t e r s .
(Refer to figure ST—32—2 , part J for 36 channel presenta-
tion).

REPAIR: In general , there are no special techniques required
to repair this module . Standard techniques of soldering and
unsoldering electronic parts are required . The IF bandpass
f i l t e r  circuit card assemb ly provides mounting for  all c i rcui t
components , except connectors Jl and J2. The circuit card
itself is mounted in the module casing using 4L—b rackets .
Module covers are mounted on 5 hexagonal posts and fastened
by cross—slotted screws .
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Figure ST—32—l . IF baseband filter group delay, test eq~i
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filter group delay, test equipment setup.
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Figure ST—32—2. Alignment/adjustment test wavefor
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5—34. T’FNR AND ILLE NPR VERSUS C/kT RATIO (ST— 34) .

a. The performance of an earth terminal is determined by its ability
to provide quality communications to the users . The key f a c t o r  used to
indicate this qual i ty  of pe r formance  is the TTNR vers us the C/ N referred
to as 1—Hz bandwidth (C/kT) . The TTNR refers to a baseband slot of 3.1
kHz or a nominal voice “hannel. Measurements are made of both the loaded
—nd idle chann 1. TTNR a~. C/kT is varied . The resu l t ing  data is compared

- - calculated values in order to provide the basis for technical recom—
mendat ions .

b. The kLy quality fac tor , TTNR or S/N ratio, as a function of C/N
or C/kTB may be expressed as:

S/N = C/k TB + 20 log + 10 log —1. + ‘in
in BCH

where :

~F is the peak FM deviation in kHz

Fm is the highest modulating frequency in kHz

B is the IF bandwidth in Hz

BCH is the channel bandwidth (nominal 3.lXlO
3 Hz)

‘urn is the emphasis improvement in db (nominal 4 db)

c. For a given system, the last three parameters listed above are
essentially constant. Therefore, the S/N will depend almost entirely
on the value C/kTB . This ratio may be f u r t h e r  simplified for  a given
system to C/kT since the B or IF bandwidth will be constant . It is
important to determine the S/N for an operational value of C/kT which
is some value above FM threshold. This operating point is typ ically
6 db above the FM threshold of the terminal . This threshold may be
calculated from the product kTBF where :

k Is Boltzmann ’s constant or —198.6 dbm

T is the ambient temperature in °K or for 290°K 24.6 db

B is the IF bandwidth in Hz

F is the NF obtained from the SNT

d. A typical value for SNT of 175°K will yield an NF (F) of 2 db.
For a 24—channel system with an IF bandwidth of 2.1 MHz or 63.2 db , a
typical noise threshold would be —198.6 dbm + 24.6 db + 63.2 db + 2 db
or —108.8 db. This would represent a calculated value . The actual FM
threshold should be 10 db higher than the noise threshold and , using
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this examp le , would occur at —98.8 dbm. If the measured FM threshold
coincided w i t h  our calculated value, the opera t ing point would be about
6 db above this level or —98.8  dbm. The S/N obtained fo r  this  value
will be the key performance factor. An S/N of about 40 db may be
expected.

e. In actual  t e s t ing ,  the range of receive C/kT will be es tabl ished
(typicall y 3 db below to 6 db above FM threshold which is considered 10
db above noise threshold) and the up link power will  be adjus ted  to
obtain the desired receive C/kT ratio . The TTNR ’s in the high , mid ,
and low baseband slots should then be measured and the results compared
to calculated values .

f. No consideration has been given to nonlinear noise generated by
intermodulation distortion . This type of noise results when the ampli—
fiers are overloaded, when severe discontinuities exist in the WC , or
when RF or IF spurious signals are present.

g. Generally ,  in earth terminals , the effects of intermodulation
distortion cannot be detected because of masking due to predominating
noise. In any event, it will be incumbent upon the SATEP team to deter-
mine the source of the excessive noise when TTNR’s are found to be
substandard and when all RF C—E components have met spec i f ied  perform-
ance levels .

h.  I t  has been found that the best way to make such a determinat ion
is to measure the baseband noise in a given channel noise slot and to
see whether the noise level compares favorably with the calculated
value. If they do , the multiplex equipment and coaxial cables located
between the FM modem input and output points and the multip lex equip-
ment input and output points may be the cause for the degraded channel
performance. The source of radio noise is usually determined by making
the TTNR measurements with the system looped back through the RF and/or
IF equipment. Consideration should be given to actual power level
required to attain the desired C/kT ratios to preclude any compensation
for equipment abnormalities .

i. The plot of the NPR as a function of the baseband loading of a
satellite station provides useful information concerning the composite
effects of thermal noise and interinodulation noise for various levels
of baseband loading. The maximum NPR is achieved when the thermal and
intermodulation noise components are equal as shown in figure 3—6. The
corresponding baseband loading at t h i s  crossover poin t  is considered
the optimum. Since the calculated bas”band loading is usually a f ixed
value for a given sys tem , it may be necessary to ach ieve the ideal
operat ing point by s h i f t i n g  the composite NPR curve . This may be
accomp lished by changing the modulation index and by decreasing or
increasing the deviation ratio. However , this is not us~ally
accomp lished on act ive ea r th  t e r m i n a l s .
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j .  The NPR ’s are measured at the predicted loading level (—1 +4 log
N) to ascertain optimum noise performance of the equipment. Ideall y,
this tes t  should be per formed at both  the FM threshold and at the opera-
ting C/kT level.

k. The data obtained from this test may also be used to calculate
the TTNR ’s which may then be compared to predicted values and used as
a basis for diagnostic information . The noise as a result of intermod—
ulation distortion may be def ined as f ollows :

S/N (db) NPR + 10 log B~~ — NLR
Bwc

where :
NPR noise power ra t io  (db )

BBw = baseband width in Hz

Bwc = bandwidth of voice channel (3100 Hz)

NLR = no ise loading factor based on —l +4 log N (dbmO)

1. The data obtained from the 48—hour recordings of baseb and
traffic levels should be compared to data obtained in this test to
insure that actual baseband traffic levels are commensurate with design
standards .

m. The most common cause of substandard conditions are improperly
deviated FM modulators or noise contribution from other sources .
Additional information on NPR and baseband loading is contained in
paragraph 5—3 and chapter  3 respectively.

5—35. FM MODULATOR POWER OUTPUT AND FREQUENCY ACCURACY (ST—37).

a. The FM deviation should be centered at 70 ~fHz to insure that it
is linear within the —3 db points of the d is tan t  end IF bandpass f i l t e r .
If the deviation pat tern  is found to be in the nonlinear por t ion  of the
IF ban dpass , excessive d is tor t ion  will probab ly resul t  in degraded
performance to the subscribers . Therefore , it is imperat ive that  the
output frequency of the FM modulator  remain wi th in  specif ied to le rances .

b. Substandard conditions are usually attributed to misadjusted
deviator modules , defective AGC circuitry , improper B+ voltage supplies ,
and excessive baseband loading t r a ff i c  levels.

c. The power output level is not as c r i t i c a l  as f r equency . However ,
intermodulation distortion products may be generated when e x c e s siv e ly
high power levels exist at the input  to the up converters . Low o u t p u t
levels are normally coupled with an increase in the o u t p u t  noise f l oo r
which may result in lower uplink c/kT levels .

5—33
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1. 0 a’~-~ out o t t  Leve l -tit o inu lie s - r e  general l y attributed to a sub—
OL L J I i I  l ev i  Lot and/ u— 70—I’Dlz PA modules .

3 — 3 6 .  ~ ‘ - 3 - \ ~ -~r’-1 - ‘ n L M  (~~I - - 39).

• On k a I P t ed i - j 0 0 0  t of ‘Ji~- -uu s jut i-. provided on this test

~ lnce - t oy  m l  o t i n : i t  i on  con - e l - n  ~ the  c -p t - r a t i o n a l  c h a r a c t e r i s t i c s  of
an t ij . i e n ing 1 - ;  c l a s s i f t e d .

b. Previous ~-v~ luat o:~~ h ave uFon-:ii that Inaccurate measurements
:0 - u i t when ~oher utat ions are acce~~~in~ t i-ic s a t e l l i t e  at the same
Irequenc” . r h e r e ’ oro , t e s t  pe rsonne l  should  in su re  t h a t  no o ther
sLut ion —~~- t s  :u ce s s  t o  t u e  s o te l l  it .- during t he  p e r f o r m a n c e  of t h i s  t e s t .
It ~- - i - ~ u s e  no ted  t hu t  e r r o r  r a t e s  ~e t i e r ; u l l v  f0 n a—t o when ope ra t i ng
t he h/kF rat o c use Lu t h r e s h o l d .  ihe r e f o r e , for evaluation purposes
the PER re -asurements  should  be made in 1—dh s teps  f rom 6 db above thres-
hold  to 2 d! - be low . Timing c i r c ui t ~ and t h r e s h o l d  c o n t r o l l i n g  devices

~~~
- . usua l I y h -  - - - t i so  of  s u b s t a n d a r d  c o n d i t i o n s .

c. ~ -r additional information relating to advantages and operation
of - - u - c - i d  spectrum systems and equipment , consult the t~~~:-- in g document
prepared by the manufacturer under government contract.

~ 37. l-;~DEBAND (I IrITAL) i~u I 1 ~M (ST—38).

a. The ~to~ t common cause of excessive error counts is high thermal
noise within the system . Therefore , in order to provide specified user
pe r fer.. utic - : 1 - c o l e , it is imperative that a phase shift keying (PSK)
s.- t ~ O operate it or abo~’e the specified C/kT level. Other sources
that would degrade th e quality of communications are phase distortion —

in C--F . -iruj~~i - i ts, amplitude nonlinearities , IF feed over from the keyer

~O L : e it je r , poor ~~~- i i i n r l  systems , and defective coaxial cables. Also ,
if ~ir l i n ~z -heul ts fail , the s y - t t e m  will normally experience an increase
fri error rates.

b. A i - - - s - --t i o o  on the PSK s~ stem bit error performance as
exL raui ,-- l from YIM Ll—5 820--8Pt - ~2 is quoted below . This discussion
a p lies ~pecificJI y to hi Li ta l Data Modem ~flJ—92l/C .

rl’A -T F~~H PT’ 11—5820—803—12

CO1)INC/DECODING_OPTI ONS

a. The t ransniss ion  of d ig i t al  da ta  over a s a t e l l i t e
c o m m u n l e - r ions  l in k  t y p i c a l l y r e su l t s  in random errors  in
the  da ta  stout to the l i p it i l  u se r  f rom the  PSK Modem
re - e l v e r .  These e r r o r s  ir e  primarl ly  caused by the  noise
i n h e r e n t  in ft.- s a t e l l i t e  ink. The performance of a
d i g i t  i i  communicat ion  l i nk  is g e n e r a l l y  measured  in te rms
— -,f the average h i t  e r ro r  r a t e  at the d i g i t a l  o u t p u t  of the
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E f f e c t i v e  C/kT = 57.1 — (1.0- + 1.1) 55 dB—Hz

Knowing the data rate (50 kb/s), the equivalent signal—
to—noise ra t io  (Eb /N o) referenced to a noise bandwidth equal
to the data  ra te  (R 0) ca n be dete rmined f rom the  formula:

Eb/N0 C/kr — 10 Log RD

This function is plotted for convenience in figure
ST—39—2. The resulting Eb/N0 is +8 dB. As sluown in the
performance curves of figure ST—39—1 , the PSK Modem operat-
ing only with differential coding will provide an error
rate of 4 x 10~~ at Eb /N o 8 dB. Error—correcting coding
would therefore , not be required to provide a bit error
rate of less than 1 x l0~~~.

d. However , should the digital user require a minimum
bit error rate of 1 x l0~~ instead of 1 x i0~~ , operation
with differential coding only would not provide an accept-
ab le bit  error ra te .  In this case , using the internal
coder/decoder would result in an acceptable bit error rate
of 4. 4 x l0~~ as indicated in f igure  ST— 39 —l.

e. Assuming that the digital user ’s data rate is
changed to 100 kb/s, that he still requires 1 x 10~~
maximum bit error rate , but the satellite will not support
any increase in the C/kT, then the following situation
exists. Operating with the same link parameters , the
resulting Eb /N 0 from figure ST—39—2 (for an effective C/kT
of 55 dB and a data rate of 100 kb/s) is now 5 dB. Refer-
ring to the performance curves of figure ST—39—l the
resulting error rates for the various options are :

(1) Differential coding only 1.2 x i0
2

(2) Internal coder/decoder 4.3 x l0~~

(3) External Viterbi  coder/decoder 1.3 x 10— 6

Therefore , the only option which sa t isf ies  the require-
ments is the use of an external Viterb i coder/decoder.

5-38. FREQUENCY SYNTHESIZER INTERN AL FREQUENCY STANDARD (sT-40) AND LO
MULTIPLICATION CHECK AND POWE R OUTPUT (ST—4 1).

a.  The f requency synthesizers  provide time bases to at tain the
required radio frequency local oscillator (RFLO) and intermediate
frequency local oscillator (IFLO) stability . This stability and
accuracy minimizes translation error since any significant translation
could adversely affect the noise performance of the system. BER ’s on
digital systems and impulse noise counts may become excessive at the
VF user level under degraded conditions .

5—37
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RAF IO OF NOISE IN A TEST CHANN EL W In-i AL!. & .-~N N E L S

LOADED TO THE NOISE PRESENT WITH NO LO- t u oj iNG

_ _ _ _ _  LEVEL

WH ftI. u-J O
NOISE WHITE

NOISE

- BASIC NOISE

(REFERENCE LEVEE SLOT MEASURED

BNR = (REFERENCE LEVEL - BASIC NOISE LEVEL) db
F t - U n u n i -  5—5. BNR/BINR measurer-m o u lt tech uil q iu n.- s.

SLOT

BROADBAND NOISE
EQUAL LEVEL AT
ALL FRE QUENCIES

~3

t o - f
BVV R = 10 LOG ~14 --  13
NLR = +4~5 dbmO f 1 = 12 kHz f2 lob kHz

SLOT 3.1 kHz
BWR = 10 log •i~q~ ~-!i = 149 db

3.1

Figure 5— 6.  B\4R measurement  techniques .
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CHAPTER 6

ANTENN A TRACKING AND POINTING ACCURACY (ST—i)

6-i. GENERAL .

a. The purpose of this test is to evaluate the sa te l l i te  earth
terminal’s abi l i ty  to autotrack the sa tell ite and to de termine the
angular threshold of the t racking receivers .

b.  This test will be conducted on each tracking receiver , as
applicable. In order to minimize commun ica t ions outage time , the test
personnel should insure that the para—amps , tracking receivers , tracking
down conver ters , and all other equipment that  would adversely a f f e c t  the
receiver tracking threshold capability meet the minimum performance
specifications.

c. This is an out—of—service  test and requires an AO.

6—2 . SPECIFICATIONS . The test data obtained during this  tes t shall be
compared to the performance limits delineated in appendix B.

6—3. TEST EQUIPMENT REQUIRED.

a. Frequency selective voltmeter .

b. Crystal mixer.

c. Signal generator.

d. Coup ler.

e. Frequency counter.

6-4. TEST PROCEDURE S.

a. Configure the test equipment as illustrated in figure 6—1.
Tune the beacon signal down converter to the appropriate beacon
frequency .

b. This test will determine the angular difference to the right of ,
to the left of , above , and below the satellite over which the track
receiver is effective . -;

c. Measure the beacon C/kT ratio while autotracking the designated
satellite.

d. Manually track the satellite.

e. Without  changing the elevatiqn look ang le , manuall y adj us t the
antenna azimuth in a clockwise direction until a loss—of—lock condition
exists. Measure and record the beacon signal C/kT ratio and the deviation
in degrees in reference to the original azimuth angle reading. Slowly

6—1
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adj ust  t i n e  an t e n n a  in a ‘ ; tw d i r e c t i o n  uj u t i  I lock  is rega ined .  ) ‘ecord t I t ~
angle and b c n a i - c , n  I ,kT I :nrn figure 6—2; 1 SILO For n u 4 1 ( ) — L  ( l e s t ) .

1 . Repeat  pa ragraph  6—4e n ine  more t lute s.

g. Manua11’~- ad j us t the antenna i i i  a 0GW direction without c l u a n g i n i n -

rut -- elevation look angle until a loss—of—lock condition exists. Meus re
and record the deviation in degrees in r e f e r e n c e  to  t h e  o r i g i n a l  a z i m u th
angle and the beacon C/ k r  r a t i o .  Slow ly adjus t t I t o  an tenna  in a c lockwise
direction u n t i l  lock is regained . Record the ang i n - and beacon C/kT on
figure 6—2; VSA ( i: t u rin 410—R (l est)

h. Repeat n- r t f n t O p I I  f - - - s - g nine mor -- t i m e s .

i~ Manua ll-, adjust the antenna to the ri F n Iai azimuth and elevation
look angles .

j. Without cii- iging the azi m uth look ang le , id just the ant u - i ts  In
~he UP direct ion ‘until a io n ~ — of—Io t :I-n c e n d j t j u n  exists . Measure and
record the beacon C/kT r a t i o  and the iC~~ l i t  ion ang le irn reference tc
the o r ig ina l  e l evu  t ion  look angle r~-nid I mg . Ad] ust the unteru jia in t i e
dctwnwui n-i di red -u  u n t i l  the  sys tem has rega l ui - b lock. Record the
angie md beacon o/kT on Ii  c-u r e  6 — 2 ;  05100 F n n r  ‘u l i--R ( i c - s t  ) cnd repeat
n i f l i -  inu re t imes .

k .  ‘i-Inc - n I l l~ n~~ i j u s t  t I - e an t en n a  I -  the or  ignal n i Z J F c -~~~ 11 amP e l e v a t ioj i
look ang i u - s  and r ep e a t  ,iragi u o h u n -  n n j  i n  t l n  down d i r e c t  too te ll  t i me s .

Tune the  On - n - c S g o a l  d n j i n f l  c - n  -~- r  t i - i  to a y u f : i m I o h i n  n) i j O f l  do t - - t n
l i n i t ~ ~~~ m i i  t O n  i s  t re ’ l n — - n i - n v  n m - - J u l J O I n  C~~ 1 U 1 t i n n J f .  Ibis
n i l  -~~~ r i t n m c t  I t - t r t f l i : l i t t t u n n - l  F -  on - i n n  t I e r  n n . - t - m t n r u - n f t i~~~~ ~~i n n l  1 n~~ I n ‘- 1- - -

au’ i n  n c - 1  mode fo i b m  n I i ~~u ~~t - ni ’  c-n tiii ~ t i , n 5 t-

to. I-~ - ‘t ) m n t  i n n !  ~ t i g  r ;u p ) i  f 4 c- I i ,  i - n n i c~h k - m i i i n - , 1 1 ~~~~ - - t -:1 a en
figu ri- ~ 

n . t~Sn ~ i t -  f l — -~~ ~~ I f l  I ’  ~~~~~~~ 1

0 .  ) f i t l c  t in he l y o n - I n n  n~~~~ ’ - u n j  t i  t o  I i . In - ;e - n I n I , ! I n 1
n u n l ;n t i m t u l I t C  t i l l  T - nan nu I / t -

o. lu t o t r a c k  the des igna ted  cci t t- I I itt - r u - p e l t e r  anti i~~~n - n t d  the
azimuth and elevation look ang les on f i g u r e  6 — 2 ;  05100 Form 4l0—R (Test).
Manually track the satellite repeater and increase the elevation ang le
unti l  the beacon C/kT decreases 6 d h .  Re- - u r n )  t he  e l e v a t i o n  ang le  on
f igure  6— 2 ; USACC t -o r rn  4 1O—R ( T e s t ) .

p. A u t o t r a r - k  the d e s i g n a t e d  ‘i - u t eli j I, - r’-pn - u t  Pr .  n-h - - i s l l r ’ -  and
record the az im i t I and e l e v a t i o n  ang ] i -s  on f i g - c ’ -  ~-n --- 2 1 51(1 1 0 1 1 1 1  410—R
(Test)  . Manual  I y t r a c k  the  s a t e l l i t e  rm - p n - O t  er and i n c r e a s e  the  a z i m u t h
angle un t i l  the beacon s ignal  C/kT d e cr e t u sen  6 db .  - e u - u - r d  t i le a~ imu th
angle on f igu re  6— 3; USACC Form 4 i i — R  ( T e s t ) .

—2
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q. Aututrack the designated satellite r e p e a t e r .  F nn -~~~~~ n , -  a tt n r c ur d
the e leva t ion  angle on f i g u re  6--3; [SILO 1-orm 4l1—R ( &-st ) . l~~ n i t u~ l y t ra u k
the s a t el l  i t n -  repeater  and dec rea se  the nl€m vation -In -igi C u n t i l  t l u ’ -  t i t -~~ n O t t
signal C/k T decreases 6 db . l<e cu r c i  t i n t -  •~l ev a t ion  a ; -l e  Oc -n t Ig i re h — 3 ;
U SAC C Form 41i—R (Test).

r. Autotrack the designated satellite repeater. t - i e : u u j r n  i l n ~ r e t - n c - u
t h e  az imuth  angle on f i g u r e  6—3;  USACC Form 4 11—R (Tt-st). Narinn -~llv tr ac k
the satellite and decrease Flu e a z i m u t h  angle  u n t i l  the  beacon , I~~1lLn i
C/kT decreases 6 dh. Record the azimuth J’ig~~u~s n a u d  d e v i a t i o n s  on f i g u r e
6—3 ; USACC Form 4l1—R (Test).

s. ~c-peat paragraphs 6—4 o through r five- addit i oins J 1: J ne -

t .  ‘- u t ot r a c k  the des igna ted  s a t el l i t e  and recoru the a z i m u t h  and
elevatio ui look angles on figure 6—3; USAC Form 411—F (Test).

u. Restore the syst e n  to the normal u p t - r a t i u~ t . c u i d ~ t I  on sad s u m m a r i z e
the test results on figure 6—4 ; [SILO Form 351—R (Test).
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SATELLITE AC QUISITION AND T R A C K I N G  C A P A B I L I T Y
(CCR 702 -1-3 1

DATA SHEET 
__________________________ 

PAGE 01 PA G ES

TERMINAL ID DOWN CONVERTER DATE ( DAY . MONTH , Y E A R )

S A T E L L I T E  ID SATELLITE MODE WIND VELOCITY

PRECIPITATION TIME PRETES T BEACON C /kT D COMM SIG TRACK

_________ 
z 

________ 
D B E A C O N  SIG T R A C K

tJ AZ

DEL LOST LOCK REGAI N LOCK

TEST RUN C kT C/ kT ~~ ANGLE C kT C ’ kT 
~~ A NGFE

NO. idhrn( (dbm—Hz( 1db—Hz ) ideg ) (dhmi )dbm -Hz) 1db — Hz) ( de g )

2

3

5

6

7

8

9

10

C O M M E N T S

T Y P E D  N A M E . GRADE AND TITLE 
[TEST 

ENGR SIGNATURE

USACC PORN 4 l 0—R (TEST)
1 MAY 77

Figure 6-2. Satellite acquisition and tracking capability data sheet.
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AN T Er u i- A uI’ nn-cING AND POINTING ACCURACY P A G E  ~T PAG~~
)CC R 702 1.3)

I A Si CE
II SSN DATE (DAY MONTH Y E A R )

;t-n I-~ c- tn T BEACON C/tn T SATELLITE ID

ni Nt ) V E L O C I T Y  CHANN EL CAP AZ LOOK ANGLE deg

EL  LOOK nn5G LE deg TYPE BEACON VF CHANNEL NO

_____ 
6db O F F S E T  DEV iAT IO N 

TEST TONE 

—

- - - -~~~~~------ - - --- _ _ __ _ _ _  

—
-- - _ _ _ _ _  _ _ _ _ _ _

5
_ _ _ _

F 
_  _ _  

- -~~~~~~~~- -- -- -~~~~~~~~~ -~~ ---~~~~ _ _

-

~

- ---_

T , I n F O S M(E GRSrI . AN D  T I T L E  
1TEST 

EN G R  S I G N A T U R E

- 
- - - - , 411-f (TEST)

7 77
- r u -  6— I i r n n na  tra ding and p o i n t i ng accuracy d a t a  s h m e t



( I~

T
I LIJ p R E L M ,N e q v I o,~~E

_____  —

D A I A  S H E E T
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FAC ILJ T V T E S T ED  
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T HI4OUGH f ’A C IL IT IESn 
______

TEST PERFORME D W i )  — M INOR M o n - n i ’  - - ni - NE

AS S FECIC IEO IN TEST PRocED u R ES W ITH M-E i r iR  Mor-~ C — I S ’  E F . n i n ~~1- ~~- n ~t

COMMENTS

~~n c-i~~ F - - t i  C n ’ 1 - r u I n

TEAM LEADER CERTIFICATION

NAME (TYDId) 1GRAD E f s IQNAT0RE

~ACC F O R M  3 5 1 - P  ‘ t E S T )  
- -

~~~ 

- - -

1 O C T  76 - - , - - -
~ n g u n i -  d — 4 .  1~~n,t ~cvn .-r  ( n ~~~ ’ t- n i  u t l I  - , t t t - e

F—

_ _  _ _ _ _



p - - - --~~~~~~~~~~~~~~~~~ I1~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ - - ‘

~ ~~~~~~~~~~~~~~~~~ 
- -

?~cedx,v~ Ycç9e 7,~~1 ~r,Y/r - #2// llecf
CCP 702—2

CHAPTER 7

ANTENNA FOCUSING , BEAMW IDTH , AND SIDE LOBE (ST—2)

7—1. GENERAL .

a. The purpose of this test  is to measure the  antenna focus ing  and
beamwidth at the — l and —3 db power po in ts , and the re la t ive  (main lobe)
amp l i t u d e  of the side lobes .

b. This is normally an out—of—service test and therefore requires
an AO .

c. Misal ignment  in the antenna  focusing normally would reduce the
G/T ra t io  of the terminal and could increase the t r ack ing  error  and/or
cross talk , resulting in subsequent excessive channel impulse noise
counts , BER , and degraded TTNR.

7—2. SPECIFICATIONS . The test data obtained during this test shall be
compared to the performance limits delineated in appendix B.

7—3 . TEST EQUIPMENT REQUIRED.

a. Signal generator.

b. Power meter.

c. Mixer.

d. Frequency counter.

e. Frequency selective voltmeter.

7—4. TEST PROCEDURES.

a. Configure the test equipment as illustrated in figure 7—1.
Tune the down converter to the frequency of the beacon signal .

b . Tune the FSVM for 500 kI-lz at a bandwidth of 3.1 kHz.

c. Tune the signal generator to 70.5 MHz as read on the frequency
counter at an output power level of zero dbm. Adjust the frequency
control on the FSVM until a peak indication is obtained at 500 kHz.

d. Fine tune the azimuth and elevation controls until a peak indi-
cation is obtained on the FSVM.

NOTE: It may be necessary to retune the FSVM for a peak
indication .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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c .  Rc- n : - n u  I nc a z i m u t h  ari d elevation look ang les i n d i ca t e d  on t h u e
s y u u J t r u  r ea dout  on f i g u r e  7--f ; USACC f o r m  4 12—R ( T e s t ) .

f .  Rotacu l I n t -  t t zj i n n u t h  of t h t -  a n te nn a  in a c lockwise  d i r e c t i o n
u n t i l  t he  peak i n d i c a t i o n  on t he  FS[~ decre ases by 1 db .  Moni to r  t h e
ang le us Lcn - J l c u L e d  on the  sv u t c h r o  readout  and s u b t ra c t  t h e  o r i g i n a l
an i - t u tit look i n n g le f rom the  angle in which  the signal amp litude decreased
by 1 dh .  Rt-~ ou d the d i r  f e r e n ce  b e t w een  the  two angles on f i  p i t i -e 7—2 ;
L~~,\UC Form -- nl _ ?—I- ~ ( T e s t ) .

g .  Continue t o  r o t a t e  the an tenna  in a c lockwise  d i r e c t i o n  u n t i l
the [I ak iu u d i c a t  ion on the FS\P- t dec rea ses  by 3 db .  ( ( [curve  the  ang le
in -J i t-at ed  on th ,.~ syn chro  r eadou t  arn d su L - t r a c t  the ori g inal  a z i m u t h  look
aug i r  ruot i l  thc  n i n u g l e  at which the s ignal  amp l i t ude  decreased by 3 db .
~n ec ord  t i n t -  d i t i cr e n c u  b e tw e e n  the two angles on f i g u r e  7 —2 ; U SAC C Form
4 1 2  - R ( j L C t ) .

h .  C ont in u e  to r o t a t e  the a n t e - n n n s  in a cluckwise d i rec t ion  u n t i l  a
~, n ~~ t -u id  peak i n d ic a t i o n  is d i s p layed on the FSVM . Record the amp l i t u d e
of the  side I c - h - n  in r e t e r e n cu  to the amp l i t ude  of the main beam on
f i gu r e  7 — 2 ; LS~~CC t o rn  4 l2—R ( T e s t ) .

i. Repeat  pa ragrap hs 7—3 d t h r o u g h  i , whi le  r o t a t i n g  the  an t enna
in t~ie Cf ~W , t ip (i n c r~rase  e leva t ion) , and down (decrease e leva t ion)
u l c e c tio ns .

j .  r i e e t t n r e  tale sy s t e m  It - the normal  opera t ing cond i t ion  and
ninit . n t t ~~ t h e  t e st  r e su l t s  on f i g u r e  6—4 ; CSACC Form 35l—R ( T e s t ) .  
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ANTENNA FOCUSING , B E A M W I D T H . A N D  SIDE LOBE PAGE OF PAGES

I CCR 702-1-3 )

DATA S H E E T  
_____________________

LINK NO TERMINAL ID DATE (DAY . MONTH . YEAR)

AZ LOOK ANGLE dog ELLOOK ANGLE dog

FEED TYPE PEA K INDICATION db

BEACON FREQUENCY MH~ C/kT

CLOCKWISE COUNTERCLOCKWISE UP DOWN

DEVIATION DEVIATION DEVIATION DEVIATION

db ANGLE db ANGLE db ANGLE db ANGLE

—1 .0 —1.0 — 1 _ 0  —1. 0

— 2 .0 —2.0 —2.0 —2.0

—3.0 —3.0 —3.0 —3.0

—4 ~0 —4.0 —4.0 —4.0

—5.0 —5.0 —5.0 —5.0

—6 .0 —6.0 —6.0 —6.0

SIDE

LOBE

1db)

COMMENTS

TYPED NAM E. G R A D E , AND TITLE TE ST ENGR SIGNATURE

USACC PORN 4l2—R (TEST)
1 MAY 77

Figure 7—2. Antenna focusing, beamwidth , and side lobe data sheet.
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CHAPTER 8

EARTH TERMINAL FIGURE—OF—MERIT (ST—3)

8—1. GENERAL .

a. The purpose of these procedures is to measure the figure—of—
merit (G/T ) of a satel l i te  earth terminal. These procedures are applic-
able to the AN/FSC—78, AN/FSC—79, AN/MSC—60, AN/MSC—46, AN/FSC—9 , and
AN / TSC—54.

b. Those terminals having a G/T of less than 30 db will emp loy
the sun as a known source of celestial energy . Terminals having a
f igure—of—mer i t  greater  than 30 db will use the supernova remnant ,
Cassiopeia—A , as a calibrated source of celestial energy .

c. The procedures require that  the antenna be pointed ON and OFF
the signal source in order to obtain the Y—factor which is used to cal-
culate the actual figure—of—merit.

d. An alternate method is to transfer the G/T from a calibrated
terminal to an uncalibrated terminal involving the satellite as
described for  the AN / TSC — 54 .

e. Terminology used in these procedures are :

(1) ON—STAR .-— where the antenna is pointed at the celestial object
used for  the noise source.

(2) OFF—STAR —— any antenna or ientat ion , except that which is on
the radio star. Cassiopeia—A is considered off—star .

(3) QUIET ZONE —— at the opera tional freq uencies of the terminal ,
the entire sky, except regions of certain radio stars , is a quiet zone
and can be used for measuremen t of sky noise. The movement of the
an tenna of approxima tely 1 degree off—s tar, Cassiopeia—A , is adequa te
to achieve the quiet zone.

f. These tests must be performed under ambient conditions of
pr essure , tempera ture , and humidity. The sky should be clear and the
radome dry .

g. Personnel performing these tests must exercise normal precautions
in connecting and using electrical test equipment .

h. A selected amount of tutorial data has been included in these
procedures to aid in accomp lishing the data collection and review .

8— 1
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8—2. SPECIFI [nV! lt)NS .

a. The test data obtained during these tests shall be compared to
the performance limits delineated in appendix B. The appropriate
manufacturer ’s literature and the technical manual should al c-o be con-
sulted when comparing the test data to the specifications.

b. Paragraph 3.2.1.3a of SC—SS—100I defines the min~~.. - terminal
C/T figure—of—merit for the AN/FSC—78, AN/FSC—79 , and AN/MSC—6O as:

C/T = 39 db + 20 log -.i—~
_

7.25 GHz

where :
F is the  t e s t  f r e q u e n c y  in GHz

8—3. jEST EQUIPMENT REQUIRED .

a. SNT meter  and d r i v e r .

b .  DC power supply.

c. Smoothing filter.

d. Strip chart recorder.

e. SNT meter  HP--344A (BITE) as app l icable.

f. SNT meter HP—340A (BITE) as applicable .

8—4 . G/T MEASUREMENTS FOR THE AN/FSC—78 , AN /FSC—79 ,  AND AN/MSC— Ô O .

a. This test will be performed following alignment of the equipment
lAW the alignment instructions contained itt the instruction manual . In
particular , the para—amp performance s~ ou~ d be optimized prior to con-
ducting this test. This measurement will be performed at previously
tuned f requenc ies  on ex i s t ing  subsys tem u n i t s.

b. The noise temperature monitor will be used to accomp lish this
t~ gt . Disconnect the cable at the back of the console at 14A22J]fl.
Connect the output of the down converter at the IF patch panel to this
jack.

c. The variable attenuators in the noise t e m p e r a t u r e  monitor  un i t
must be calibrated. This calibration data w 11 be noted for reference
purposes .

d. The normally accepted method of obtaining C/T includes deter—
mining the NF by attenuator substitution which in this test provides a
measurement resolution of approximatel y 0.1 db . Since the change in

8 2
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noise level i n i w n -e t i  c i t — a t - - l u -  a nd  o f t  — S i  a r  measurements is tuporoximatelv

1 dh , the measurement t i - a c i U t i o n  needs  to  he expanded to  m t -reuse the
maasurement accuracy . By cal i~ r a t  l ug  l o t-  st ep a t t e n u e u t n n r s , the measure-
ment resolution call he int erpolated t a  0 . 0 2  d h .

c .  [oltwrie r i s  d a t a  is r o u t  i red f o r  Ca t s  i o p e i a— A , the t e s t data , and
the coord intu. : cc of the ant en n a  location , this data cat be obtained
fro tt t the n \ i r  i c - r c e  Sa t e l l ite Control h - a c u i t y , Sunnyvale , C a l i f o r n i a .

f .  Itt ~lur t -  t h a t  bo th  t~c c c i v e  t~a r t i ~ tit- 1ps are properl y alIgned before
heginnin [ the test. Select the receive para—aml .n (IFLA) and down con-
verter series to be tested and switch the antenna to the para—amp input.

g.  Place t h t -  t n  I n n - n  in th e  randos mode (no t b v r a s s )

h .  Select  an up c c t t l v c r u n J - r , tui d place the  t r a n s m i t t e r s  in the com-
b ined  mode.  The l r a n s wi  t t e rs  v - i l l  r a d i a te  -i t  +~u i  i m~~ - -e r  w i t h  a s ing le
carrier dur ag this test .

~ . n\ltoi-: the equipment to warm ut- at least 30 minutes.

j. Check the  o n— l i n e  r ece ive  s u bs y s t e m  on the sp t c t r t n t  disp lay to
verify that no ext raneous  i t - t o r i  ~ r i n g  carriers are pro ont  within the
40—MEz passband at the test frequencies. It may be necessary to change
the test  f r equency  to avoid  such i n t e r f e r i n g  c a r r i e r s .

k. The [ (IV EL/REFL DR ‘Pill L i i i  SW mus t be j umper ed  to p e r f o r m  t h i s
test (SV—F—715415)

1. The following steps are used i-ar determining the ~—f actor.

(1) Configure the test equipment as illustrated in figure 8—1.
Tune the down converter to 7.275 0Hz.

(2)  Tune t i p  converter qtl to 8150 MBz and switch tu au--l jflQ . With
both transmitters operating at rn~ ed power , select the -s ombined mode
and switch the output to the antenna .

(3) The mode switch on the u t o i u n  temperature monitor should be in

~‘Iu’-iLAL OFF . W it the antenna pointing away front the star in a quiet
zone , a d j u s t  the  noise temper-a L ure monitor meter sensit i v i t v  so t ha t  a
~_ d t  increase in system noise d e f l e c t  the mi - ter neediL at least 15
percent of full scale. A dj u s t  the attenuator or tine SLvL:RENCE ADJUST
on the ntr~ so t e lt n i )e r at i jr O monitor meter to position the needle so that
the def lo t i o n  I ai  s into tIc area of the meter as dep ic t ed  below by
the sit ade ni region . Insure that i l t i t  noise temperature m~n1tor has at
least 1.5 db of attenuation in use. Record this attenuation on figure
8—2 ; USACC ber:it 413-° (Test).

8—3
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100 90 80

L EV EL~ —

NOISE TEMPERAT URE 0K

NOISE TEMPERATURE MONITOR METER

(4) Manually adjust the antenna to the radio star and mark the
maximum meter reading on the face of the meter using a felt tip pen ,
and record the maximum value for use in the next step .

(5) Move the antenna off the star to a quiet zone. Immediately
decrease the attenuation in the noise temperature monitor until the
reading on the meter obtained from the on—star  measurement is equaled

NOTE : This measurement , paragraphs 8—4k~ (4) and (5), mus t
be made wi thin 1 minute to elim inate meter drif t
and gain fluctuations .

Most likely the measurement will fall between two 0.l—db steps of the
precision attenuator . Should this occur , take the high and low readings
that bracket  the on—star measurement and quickly mark them on the face
of the meter .  Est imate  the percent of the bracket  that the a t tenuat ion
subs t i tu t ion  should have been . Record these values on the data sheet.
Using the data on the precision attenuators , interpolate the Y—factor
in db as accurately as possible. Accuracy to the nearest 0.02 db should
be possible .

(6) Repeat this procedure five times to average out the effects of
system gain fluctuations . Average the Y—factors in db and , using table
8—1 , record the CIT on figure 8—2 ; USACC Form 4l3—R (Test) and figure
6—4 ; USACC Form 351—R (Test).

8—4



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~~~~~~

-

~~~~

--
~~~~~ 

-

~~~~~~~~~~~~~

-—- - ---- ---

~~~~

- - - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

CCP 702 — 2

Table 8—1. CIT Normalized to 7.250 GHz

- FREQUENCY
- 

(0Hz) 
______ ______________

Y_FACTOR - I
(db) 7.275 7.325 7.400 7.5 7.550 7.625 7.725~ 7.750

0.80 38.67 38.75 38.88 39.04 39.12 39.24 39.40 
- 
39.43

- 

0.85 38.96 39.04 39.17 39.33 39.40 39.53 39.68 39.72

0.90 39.24 39.32 39.45 39.60 39.68 39.8l~ 39.96 40.00

0.95 39.50 39.58 39.7 1 39.86 39.94 40.07 4 0 . 2 2  40.26

1.00 39.75 39.83 39.95 40.11 40.19 40.31 40.47 40.51

1.05 39.98 40.06 40.19 40.35 40.43 40.55 40.71 40.74

1.10 40.21 40.29 40 .42  40.58 40 .65  40.78 , 4 0.93 40.97

1.15 40.43 40.51 40.64 40.80 40.87 41.00 41.15 1 41.19

1.20 40.64 4 0 . 7 2  40.85 41.01 41.00 41.21 41.36 41.40

(7) To determine the system noise between the noise of the quiet
zone at the elevation angle of the rad io star and the qu iet zone at an
elevation angle of 7.5 degrees , lower the antenna to 7.5 degrees and ,
using the azimuth dr ive , traverse 360 degrees to find the quietest
zone. Record this value and the azimuth reading for future use in this
test .

(8) Elevate the antenna to a quiet  zone near the s tar  elevation
without changing the azimuth angle. Reduce attenuation in the noise
temperature monitor as before and match the reading obtained at 7.5
degrees elevation .

NOTE: These paragraphs 8—4e (7) and (8), must also be done within
1 minute. Interpolate a db value for system noise by
using the calibration data in the same manner as in
paragraph 8—4-~(5). Enter the value on figure 8—2 ;
USACC Form 413—R (Test) and figure 6—4; USACC Form
351—R (Test). Subtract system noise from the CIT
measurement as indicated on figure 6—4; USACC Form
351—R (Test).

(9) Repeat paragraphs 8—4~ (5) through (8) with the down converter
tuned to 7.5 GHz.

8—5 
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(10) Switch the down c o n v e r t e r  and rn - p t - a t  p a r a g rap h s d — / ~~ (5~
t lu r o ugh  (8) wi t i t  t he  down c o i t - ! n - rt e r  t u n e d  to 7.725 0Hz.

(ii) Swi t n i t  para—amps , I F L A ‘s, arid d t t w t ~ converters n t t d  r~~ p ea r  r h o
test.

(12) Disc nt n rt t he  I n S  n~~~~~t i p n t r t t t  and r e t u r n  t i e  e q u i pt e n t  t u  a

normal operating )tt ii t lOfl.

T tln 1 8— 2  . lien h e l s  - ) J~~~e r Pat i o

Y- - F~ CT () t < Y— F ;t C i U k  I

1o I ;m : ~ RATIO ~Ih 1 POP I t  <IT 0)1 _
~

— _-_ _
1- — 

- 
L1885 - 1.05 1.2735

p 3 )  l .2 0~~3 I . 03 . 2 8 2 1

l . 2 1 o  1. 10 1 . ; l P 3 2

0 0 0  l . 2 ? ’ 6  1. 1 . 2 94 2

o ~°t I 
- 1 . r~~ . 3032

- 1 - 1  - 3 1 .  3 1 2 )

0 . 35  - l .2 ’t /oS i , 2 1) 
I
I 1. 3183

1 - -

. 7 3  

i n  I , )f1~~ 
-t 3[) 1. 3/ 5 0

Th e fu l  l o w i ng  I urmula t r o t .  e a t t ~ l o  
~~~n e r a n - ~ , 

- n’~.-e  I - i - 3— t r h  I i  P
r a y  0t- ti red t e -  n l r u l n  L t  ( - , L ~t r  J o n  s art - ~ ~‘ 1.-ri l o t - s not i t t  t i n -
t a b l e .

C/T = 40 + 10 log 10.06868* ~~2 (Y 4 o) 1 3.21 f o — 7.25 GHz 1 *r
— L 7.25 0Hz a

* This number was t rue  at the b e g i n n i n g  of the year 1975. The num [-~ r
increases !~v approximate ly 1.1 p e r t - o ut  per  s -c ur .  See t~-nh1e 8—3 for
correction fa t-or informat [ci .

** This c o r r e c t i o n  f a c t o r  f o r  freoucim v corresponds to the 0.o44 I d b/

100 [‘fllz as per table 8—3.

8- -b
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w h e r e :
is the measurement fr -quency in ( 1Hz

Ni)T1- : In t - I t i s  equa t ion , Y is a p o wer  r a t i o  (no t  i t i  d b )  -

I so t I n t S  table as an h i l t - i  l t I ) l n J t j O f l  ~ t t j d~- t o

t r ans l a t e  Y in  db to Y po wer t r r i o .

m . An example of dat a reduction for a typical set  of measu remen t s
for = 7.275 0Hz follows . Itt paragraphs 8—4k (4) t h t a t t g t r  ( 6 ) ,  l ive
runs of on—sta r  and o f t  — s t a  r r e - a s i u r e m e n t s  are mt-Ce and rn ‘ n L n n d .  

- -—— - - - — -  - - f l

A I I I I N  F l -  0)

R EiN N O .  S l i P  I COO

3 . 3  2.1 - - - 

-

(F
2 . 2  - -  -

2 3 . 3  2 . 2  -

2 . 3

2 . 2  90’

l i n e  two readings and the 
~~ 

r c en  VO t i e  i t t  [i c -  ~~N J I  c m l  ~~~~ n - esen I ho
p er c e n t  of the bracket  r eadir ismt as per p ar  r OtOp in S - ~n ( ( 5 )

NOTE: The attenuation suhst  i t u t  h o t  i n n  t i n  ~ error n i the

r i— star measurement

Using t[10 test data supp l ied , t h e  m o a s ut  cntl-ntt. sit no u - n o - t t - d  per  t h e
attenuator callbratl.on vn i i t  A portion of the calibration d~ t a f t
serial number 179 is shown below for inferinati n and as a neans of
illustration only.

ATTENU ATOR 0-10 ATTENUATOR 0—1.0
DIAL SET ATTEN DIAL SET ATTEN

—~~~~ (db) Jdb)

1 1.00 0.1 0.11

2 1.99 0 .2  0 .22

3 2.99 0. 1 0 .30

8—7
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in run  1:

2.2 corresponds to 2.21 calibrated
2.1 corresponds to 2.10 calibrated

difference = 0.11

80% o the difference 0.088 rounded off to 0.09
2.10 + 80% of d i f f e r e n c e  = 2.10 + 0.09 = 2.19

Runs 2 through 5 are similarl y done

ATTEN PA TION PER
R U N ATTENUATION MEASUREMENT CALIBRATION I

NO. START ENI ) STAR T END -

1 3 .3  2.1 - - 3 .29  2.19
2 . 2  80/

2 3.3  2 . 2  3 .29  2 .2 3
2.3 

30%

3 3.3 2 . 2  3 .29 2 .21

4 3 .3  2 . 2  3 .29  2 . 2 2
2 3 10%

5 3.3 2.1 3 .29  2 .20
2 . 2  90%

To find Y—factor in db , subtract these calibrated values and enter on
figure 8—2 ; USACC Form 4l3—R (Test). Average these values and enter
this information on figure 8—2 ; USACC Form 4l3—R (Test).

ATTENUATION PER -

CALIBRATION Y—FACTOR
STAR T END (db)

3.29 2.19 1.10

3.29 2.23 1.06

3.29 2 . 2 1  1.08

3.29 2.22 1.07

3.29 2 . 2 0  1.09

AVERAPE Y-FACTOR 1 .08

8—8
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Table 8—1 is now used to determine the C/T for this frequency .

FREQUENCY
IY—FACTOR ________(GHz)
l (db) 7.250 7.325

1.05 39.95 40.06

1.10 40.17 40.29

At the test frequency of 7.275 GHz , interpolation is necessary to use
table 8—1. The 7.275 test frequency is one— third of the interval from
7.250 to 7.325. The new values from this interpolation :

Y—FACTOR FREQUENCY
(db) (CHz)

1.05 39.98

1.10 40.21

The Y—factor 1.08 is 60 percent of the interval from 1.05 to 1.10.
This results in a CIT for this frequency of 40.12. This value is
entered on figure 8—2; USACC Form 413—R (Test) and on figure 6—4;
USACC Form 351—R (Test).

In paragraphs 8—4k (7) and (8), the 7.5—degree elevation sky no ise is
calculated . The method is the same as that previously utilized.

ATTENUATION PER
ATTENUATION MEASUREMENT CALIBRATION Y-FACTOR

START END START END (db)

3.3 2.5 50% 3.29 2.55 0.74
2 . 6  _________________ __________

From the da ta for  the attenuators :

0.5 corresponds to 0.50
0.6 corresponds to 0.62

difference = 0.12

50% of difference = 0.06
2.5 + 50% of difference = 2.49 + 0.06 2.55

Subtract these calibrated values to arrive at the system noise. Enter
this information on figure 6—4 ; USACC Form 351—R (Test). The final

8—9
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~v~ rage G/T at 7.5 degrees is found by subtracting the increased system
r~oise ~it 7.5 degree elevation from the average G/T. Enter this number
on j ig u r e  6—4 ; USACC Form 35l—R (Test).

Average GIT 40.12 db
System noise — 0.74 db
Average G/T 7.5° 39.38 db

Due to the low Y—factor and correspondingly degraded measurement accuracy
it is necessary to take the average of repeated Y—factor measurements.
The number of values required (n) is such that cy = 0.02 db which is the

• s~~~ 4ar! deviation of Y from the mean . This will result in a Y—factor

~:e!a~ ed random error in C/T on the order of 0.1 db rms. Table 8—3 out-
lines the value and the basis for each factor.

For measurements taken in years other than 1976, the correction fac tor
K4 must be determined from:

• K4 (1 — 0.ll)~~ (1)

= 1
{1 — (0.Oll)P’

where : n is the number of years since 1968

Measurements at frequencies other than 7.25 GHz may be accommodated by
using equation (4) and correcting the resulting C/T value by 0.0443 db
per 100 MHz offset for small offsets from 7.25 CHz. This corrects for
the fall in Cassiopeia—A flux density at increasing frequencies and
gives a value which is referred to 7.2c GHz.

EXAMPLE: Measurement at 7.75 GHZ

C/T according to equation (4) = 38.75 db
Actual G/T = 38.75 + 0.221

= 38.97 db
from which:

C/T = L.(y — 1 )  (2)Fii

The value to be used for ~ is given by:

c2 ... 3 x 1 0 8 ,.7.16 x l0~
3

p 
4~ 2 4 f 0

2 109 f0
2

where :
f0 is the test frequency in GHz

The value to be used for F is given by:

8—10
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F F
— 

K1K2K 3K4 (3)

where :
F0 = 0.683 x 10—23 W/m2/Hz for Cassiopeia_A* at

7.25 GFiz

K1 = 1.013 correct ing for  atmospheric a t t e n u a t i o n

K 2 = 2 .0  cor rec t ing  for  recept ion of randoml y
polarized celestial noise by a circularl y (or
linearily) polar ized  antenna

K3 = 1.10 cor rec t ing  for  the bandwid th  of the  Ht
antenna which Is comparab le to the angu la r
diameter of Cassiopeia_A *

K4 = 1.092 correct ing at the beginning of the year
1976 , for  the approximate ly 1.1 percent  per
year decline in flux densi ty  of Cass iope ia—A .
Where F0 is based on a January 1968 datum

Consequently , F 2 .807 x iO —24 W/xrt 2 /Hz at 7 . 2 5  GHz and

C/ T = 10 log 10 [6.868 x 10 2 f o
2 (Y— l) ~~dh

G/T 40 + 10 log10 [0.06868 f 02 (Y— 1) 1 db (4)

• Correspondingly ,  for  C/T ’s in the range of 39 to 40 db/ ° K the Y— f ac to r
to be ant ic ipated will  be:

Y = 0.89 to 1.09 db (5)

Assuming the measurement error equal to a power factor of I , the r~ax imur r
error wou ld then be ± 1.187. This r e sult~ In a mea~.uremenr  P r r n r  ~ f:

E
~ 1 = ± 0 . 7 5  db

n. G/T is determined directly from a Y—fac tor measurement (star
noise plus background noise versus background noise alone) obtained by
centering the antenna beam on the celestial source and swinging off a
fraction of a degree. The resulting noise powers referred to the
para—aflip input are:

*ICSC/T—23—l6E W/l/68 and figures 8—9 and 8—10 of this pamphlet.

8— 11
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P1 =~~~~+ KTS (6)
• 471

P0 =KTB (7)

where:
F = flux density of celestial source , corrected for

polarization, secular variation , beamwidth, and
atmospheric attenuation (in watts/m2/Hz)

C = antenna gain from aperture to para—amp Input

B = RF measurement noise bandwidth

p 4~— = effective aperture of an isotropic radiator
“

~~ wavelength (A in meters)

• where:

f

where :
F is the test frequency

k Boltzmann ’s constant (1.38047 x io_23 Joules/
deg)

T system noise temperature referenced to para—amp
input

thus
• y~~~!i .! .~~~

1 
(8)P0 KT

If the interpolation method is not used, the information can be calcu~-
lated using the same data in table 8—2, an average Y—factor (db) of
1.08 equals 1.2823 Y—factor (power ratio). Inserting these values into
the equation yields:

Average G/T = 40 + 10 log [0.06868 (7.275)2 (1.2823—1)]

+ 3.21 [_ 7 .275 _ 7.25 ] (9)

= 4012 db

The data reduction is then continued by the method listed above.

8—12
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o. The primary error sources are uncertainties in corrected star
flux and the accuracy of the precision attenuator. System gain
fluctuations are also a potentially serious error source; however,
this error source may be minimized by obtaining a sufficient number of
readings and deriving an average value. The flux density uncertainty
is on the order of ±12.5 percent and the Y—factor error is approximately
0.05 db (1.2 percent). Assuming a nominal Y—factor of 0.95 db (1.24
power factor), the probable measurement error, EdT , is found to be:

EG/T = ±Eflux + 
~ ~ 

Ey_f~~~~ 1~.

(10)
= ±0.125 + j

~ 2~ (0.012)

= ±0.187 power factor error

p. The following figures and tables are included in this procedure
to aid in determining the figure—of—merit for the satellite earth
terminals.

(1) Figure 8—3 , Figure—of—merit alternate test configuration.

(2) Figure 8—4, Sample SNT meter calibration .

(3) Figure 8—5, Sample antenna gain histogram.

(4) Figure 8—6 , Sample Gaussian beam shape (also refer to fig. 8—10) .

(5) Table 8—3, Radio Star C/T Measurement Considerations .

(6) Table 8—4, Antenna Beam Shape Correction Factors.

(7) Table 8—5 , Atmospheric Absorption Loss Correction Factor (also
refer to fig. 8—9).

8—5. C/T MEASUREMENT FOR THE AN/TSC—54 MID EQUIVALENT TERMINALS.

a. The receiver subsystem will be turned on at least 30 minutes
prior to performing the measurement.

b. This measurement will be performed at a minimum sun elevation
angle of 30 degrees and preferably greater than 60 degrees.

c. Plot the flux density on figure 8—7; USACC Form 396—R (Test)
for a 3—day period . Date each curve during the test period to demon—
strate the daily variations in flux density from nearby parallel lines
with the variations of other days. This plot serves two functions:

8—13
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(1) To d e m o n s t r a t e  a qu ie t  sun condi t ion exis ts  at the t ime of
measu remen t .

( 2 )  l’o g i v e  credence to the f r e q u e n c y — o f — i n t e r e s t  i n t e r p o l a t i o n
from the 4995— and 8800—MHz r e fe rences .

d.  The f l u x  dens i t y  r equ i r ed  f o r  th i s  test  can be obta ined  f rom :

E n v i r o n m e n t a l  Science Servi ~~c A d m i n i s t r a t i o n  (ESSA)
Space D i s tu rbance  Forecas t C e n t e r
Boulder , Colorado 80303
P h oj i c :  (303) 499—1000 Ext . 3204

e.  The fo l l owing  steps are requi red  to obtain the terminal f igure—
o f — m e r i t .

(1) Con iL~ure  the tes t equipment  as i l l u s t r a t e d  in f igu re  8— 8 and
allow f o r  a 30—minute warmup and s t a b i l i z a t i o n  period .

(2 )  Tune a down conve r t e r  to one of the  fol low ing listed f requenc ies:

7250 MHz
7500 MHz
7750 MHz

(3) Set p r e c i s i o n  a t t e n u a t o r  on the  p rec i s ion  receiver fo r  zero db
and adj us t the manual gain control  for  a convenient  meter indicat ion.

(4) Manu~i1l y rotate the antenna onto the sun until a peak indica-
tion is noted on the receiver power meter , and adjus t the precis ion
attenuator until the reference level established in paragraph 8—5e(l)
above is r e a t t a i n e d .  Record the attenuator setting on figure 8—2 ;
USACC Form 4 13—R ( Te s t) .

(5) Manuall y rotate the an tenna of f  the sun by a t leas t thr ee
-widths in the elevation direction and return the precision attenuator
zero db. Continue to rotate the antenna in this general vicinity

~.hile observing the power meter to insure that this area is a quiet
location.

(6) Readjust the manual gain control on the precision receiver to
attain the reference level established in paragraph 8—5e(l) above .

(7) Rotate the antenna onto the sun until a peak indication is
attained , and adjust the precision attenuator until the established
reference level is indicated on the power meter.

NOTE : The difference between the attenuator setting
on—sun and off—sun is equal to the Y—factor in
dh. Record the attenuator setting and eleva-
tion lool angles on figure 8—2; USACC Form
413—R (Test).

• 8—14
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(8) Repeat paragraphs 8—5e (3) through (7) five more times .

(9) If app licable, manually position the antenna onto the sun .
Turn the scanner off. Record the increase in the precision attenuator
setting on figure 6—4; USACC Form 351—R (Test). The difference her~;c eii
the scanner on Y—factor and scanner off Y—factor is equal to the modu-
lation loss caused by the scanner and should be considered when calr~u-
lating the G/T ratio.

(10) Repeat paragraphs 8—5e (3) through (9) at 7500 and 7750 MHz.

(11) Record the G/T on figure 8—2 ; USACC Form 413—R (Testi. The
CIT ratio is calculated as follows:

871K~ h
C/T = —- (Y — 1) + — + (Y - Y 3)

SA 2 sin0

where :
b is the atmospheric attenuation in db for a one—way

transmission at an elevation ang le of 90 degrees

b/sin8 is the elevation correction and is valid only above
30 degrees elevation angle. See figure 8—9 for b
at the frequency—of—interest

£ is the correc tion fac tor f or the ratio of the source
diameter (sun) (O d) to the antenna half—power beam—
width (OH)

This correction factor has been plotted for different ratios and is
shown in figure 8—10. Whereas the ratio of Od/OH is equal to one or
less, 1. may be calculated from:

(Od\2
£ = 1 + 0.38 ~— )  with less than 2% error

\0H /

A wavelength at the frequency of measurement
in meters

k = Boltzmann ’s constant (1.38 x lO
_23 

Joules/°K)

Y — average numeric Y—factor measured on the sun

= Y—factor in db with scanner off (if applicabl e)

= Y—factor in db with scanner on (if app licable)

8-15
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Obtain the ilux density reading for the day of Y—factor measurements
and calculate the flux density for the freq uency of in teres t from the
equation .

Flog ~~
F / SF

Log S (F~
) 1 

(Log —.~~. + Log SF1
log F2 \

\ 
SF1

F1

where:
S = fl ux dens ity at the freq uency of interest , F~ , in

W/m 2 and is solved from the repor ted densi ty at
Fl, 4995 MHz and F2 at 8800 MHz at the time of
measuremen t

(12) Once the test data is obtained , the C/T value may then be cal-
culated using the program as shown in figure 8—11 provid ing an HP 9100
calculator or an equivalent is available. If no calculator is available,
CIT value may be calculated using a slide r”le or mathematical tables .

8-6 C/T MEASUREMENT FOR AN/MsC—46, AN/FSC—9~ AND EQUIVALENT TERMINALS .

a. Subparagraphs (1) through (13) below shall be used to determine
the CITE from Cassiopeia—A.

(1) Prepare an active smoothing filter as shown In figure 8—3 and
connect to the SNT meter , power supply ,  and strip chart as shown in
figure 8—1.

(2) The sky should be clear, the radome dry , all test equipment
calibrated and thoroughly stabilized and Cassiopeia—A as close to
zenith as possible when this test Is conducted . Predicted pointing
angles , for each terminal using Cassiopeia—A for CIT5 measuremen t, are
required and can be obtained from the US Army Satellite Communications
Agency , For t Monmou th , New Jersey 07703.

(3) The terminal under test will acquire Cassiopeia—A. Insure
that the transmitter is switched off.

(4) Make R1 as large a resistance as possible without affecting
the accuracy of the SNT meter. Vary R2 and C for a range of in tegra tion
time constants from 2 to 8 seconds while allowing Cassiopeia—A to drift
through the main lobe of the earth terminal antenna pattern to determine
which values of R2 and C yield optimal smoothing.

(5) Connect the floating power supply In set ies polarity opposition
so that its voltage will offset the direct current (DC) voltage , leaving
the voltage variations to be recorded . Adjust the strip chart recorder
gain setting for maximum deflection on peaks. Record the bias voltage

8—16
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and strip chart recorder gain so that the deflection can be calculated
in millivolts (my). This value will then be conver ted to L~T in degrees
Kelvin (K) by use of the calibration curve . Figure 8—4 Is a samp le
curve of the SNT calibration . The calibration consists of feeding a DC
voltage into the meter from point C with R1 disconnec ted and no ting the
voltage at point C and the meter reading in T degrees K. Repeat with
the resistor R1 (a low value) connected. Read the voltage at C and the
meter reading , and make sure that the meter reading has not changed for
the same voltage . Read the voltages at A and D, and make sure that
these are equal by adjusting the gain of the operational amplifier.
Draw the curve of the noise meter readings in degrees K versus my at A.

(6) Record the off—star background sky and sys tem noise deflec tion
at the elevation of Cassiopeia—A for about 2 minutes on figure 8—12;
USACC Form 4l4-R (Test).

(7) Make a statistical estimate of G (fig. 8—5) by we igh ting each
result by the number of times maximum deflection is reached in each
measurement.

(8) The correction factor to be added to C based upon the beamwidth
and beam shape of the particular antenna being tested Is obtained from
figure 8—6 and table 8—4 . The measurement on Cassiopeia—A utilizes the
Gaussian beam shape corrections as shown in figure 8—6 .

(9) To correct for the variation in atmospheric losses due to air
humidIty and path length , C must also be corrected by the appropriate
value from table 8—5.

(10) Table 8—1 is a sample of a gain versus sys tem noise tempera ture
increase for the year 1976 as a func t ion of receive freq uency from the
radio star. Antenna receive gain (C), as shown on figure 8—2 ; USACC
Form 4l3—R (Test), equals the appropriate gain value from figure 8—5 plus
the t~T, in db , value from figure 8—2 ; USACC Form 4l3—R (Test).

(11) C/T Is determined by subtracting the measured value of T at a
particular elevatIon angle from the C obtained from Cassiopeia—A
(statistical mean value plus correction factors from paragraphs 8—6a (8)
and (9) above).

(12) Continue to measure the on—star and off—star temperatures
until approxima tely pairs of readings are obtained at each test
frequency . Check repeatability of the results by running the test on
successive days If possible. Determine noise temperature on and off
Cassiopeia—A from the deflection in my and the calibration curve.

(13) Enter the calculated values on figure 8—2 ; USACC Form 4l3—R
(Test), calculate the statistical mean , and enter the mean on the top
of this data sheet.

8— 17
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b. To iuca~~~ i the  C/ T t N i u I t ~~ -.~~~n - -~r t  ive ~,aiellite , use the follow-
ing procedure.

(1) Us iu~ a terminal calibrated i ron radio star measurements , have
the calibrated Lerminal and all Ctaer tert~ i I 1 a lS  to be ca l ib ra ted  acqu i re
the same satellite beacon . ~lie beacon utilized should be from a
satellit carrying no operat lcii~~1 traffic as the beacon is suppressed by
varying amounts depending upon t h e  amount  of signal power being received
from earth terminals.

(2) Req uest all stations nc~-1~~.re c’~d record the  receiver  output
carrier level. Simultaneous reoU~ ngs are required .

(3) E a c h  station will then swing off the satellite by 5 degrees and
the i d l e  sk y iec~ Iver noise output- and receiver SNT will be measured .

(4) ~epeac paragraphs  8—6h (2~ and (3) once per minute  fo r  30
minutes . tecord  all data on figure 8-12; USACC Form 4l4—R (Test).

(5) Make statistical estimate of the uncalibrated terminal ’s G/T.
The C/kT of the  calibrated terminal is determined by the relat ionship

C/k T 5 G/ T s + Q

where Q Inc ludes  Bo ltzmann ’s constant , spacecraf t  e f f e c t i v e  radiated
power (erp) , path a t tenuat ion , a tmospher ic  losses , and radome losses
(if a n y ) ,  C and T5,  and the previously determined and recorded values.
The C/T 5 of the other terminals are determined by the relat ionship

G/T 5 = C/kT 5 — Q

whe re C/k T 5 is determined statistically f ro m the recorded measuremen ts
of the beacon , and Q is obtained from the calibrated terminal . The
CIT5 thus deter~nined is relative to the calibrated terminal . An
independent G/Ts f igure  for  each terminal  is de te rmined  by using cor-
rection fac tors  fo r  each particular terminal using table 8—5 as a guide .

c. Restore all terminal equipment to normal operation and summarize
the test rc~- i 1t s  on f igure  6— 4 ; U SA CC Form 35 l—R ( T e s t ) .

8— 18
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r IFL DOWN
L~~~—~~~~-1 PARA-AMP h~~1 AMPLIFIE R r—~iCONVERTER

SNT 
IF

METER PATCH
DRIVER

SNT

AMETER B
+

I R1

I R2

I I

— I
STRIP CHART DC

RECORDER POWER SUPPLV

Figure 8—1. Y—factor test configuration .
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TERMINAL RECEIVE G/T RATIO PAGE OF PAGES
(CCR 702-1.3) DATE (DAY . MONTH . YEAR )

DATA SHEET 
__________________________

TERMINAL ID 1REL HUMIDITY % AIR TEMP deg

CLOUD COVER WIND VELOCI TY RADOME CONDITION rEST CONDITION

KNOTS I
CASSIOPEIA-A LOOK ANGLES

START T IME Z AZIMUTH deg ELEVATION deg

STOP TIME Z ~ZIMUTH deg ELEVATION deg

TEST RUN SKY TEMP SKY + STAR DIFFERENCE
NO. READIN G ( ° K )  ( O K )  ( 0 K )

COMMENTS

TYPED NAME , GRADE . AND TITLE TEST ENGR SIGNATURE

TJSACC FORM 4 13—R (TEST)
1 MAY 77

Figure 8—2. Terminal receive C/T ratio data sheet.
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Tab le 8—3. Radio Star CIT Measurement Considerat ions

ITEM ASSUNED VALUE BASIS

Flux distribution 1.10 Derived from ICSC data
correction fac to r

Secular variat ion 1.079 7 Value for  1975.0. Based on
correction fac to r  widely accepted 1.1 percent

year decline from 1968.0
epoch

Atmospheric 1.013 0.063 db at 45° elevation
absorption based on average of Haroules
correction factor  and Brown , Muinford and Hogg,

and ICSC data

Polarization 2.0 Standard correction for  any
correction factor  polarization

Flux density 0.683 x 10— 2 3  W/m 2/Hz At 7 .25  GHz for  1968.0
epoch

Flux density 0.280 7 x l0 23  W/m 2/Hz 0.0683 x (1.10) x (1.092) x
value (1.013) x (2.0)

Eleva tion angle 40° to 450 ~ Optimum for midday measure-
men t wi th minimum 0 at
1975.0

Spectral index —0.74 Commonly used value .
(Value not cr i t ical  once a
value is assumed for  f lux
at 7 .25  CHz)

Measurement Use above value and correct
basis all readings by 0.0443 db/

100 MHz to refer value back
to 7 .25  CHz
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Figure 8—4 . Sample SNT meter  ca 1ihr ar~~on .
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Figure 8—5. Sample antenna gain histogram.
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FOR 0H = 0.15°

1FSC-9
‘\ MSC - 46m

~ 
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4
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Figure 8—6. Sample Caussian beam shape.
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Tab le  8—4 . Antenna  Beam Shape Correc t ion  Factors

3— db 
-- 

CUASS IAN BESSELIA N INTE RMEDIATE
- I BEANWIDTH BEAN SHAPE BEAN SHAPE BEAN SHAPE

0.10 0 .75  db 0.91 db 0.83 db

0.1]. 0 .62  0.68 0.63

• 0. 12 0 .53  0.53 0.53

0.45  0 .42  0 .43

0.14 0.39 0.33 0.36

0.15 0.34 0 .27  0.30

0.16 0.30 0.22 0.26

0.17 0 .27  0.19 0 .23

0.18 0 .24  0.16 0.20

0.19 0.21 0.14 0.17

0.20 0.19 0.12 0.15

0 .21  0. 17 0.10 0.13

0 . 2 2  0.16 0.09 0.12

0 . 2 3  0.15 0.08 0.11

~~~~ 0 . i • 3 0 .07  0.10

0. 12 0.06 0.09

0 . 2 6  0.11 0.05 0.08

0 .27  0.10 0.05 0.07

0.28 0.10 0.04 0.07

0.29 0.09 0.04 0.06

0.30 0.09 0.03 0.06
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Table 8—5. Atmospheric Absorption Loss Correction Factors

CORRECTION TO BE ADDED
ELEVATION ANCLE TO STAR 

__________ 
(db) 

______

I (DECREES OF ARC) VERY DRY AVERAGE HUMID

10 0.24 0.29 0.50

20 0.12 0.15 0.26

30 0.08 0.10 0.20

40 0.07 0.08 0.16

50 0.06 0.07 0.14

60 0.05 0.06 0.12

70 0.04 0.05 0.11

80 0.04 0.05 0.10

90 0.04 0.05 0.09
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AG E NUMBER NUMBER OF PAGES

GENERAL PURPOSE GRAPH PAPER
(CCR 702-1-3) 

_____________________________

DATE (DAY . MONTH . YEA R)

)ATA SHEET 
_____________________ ______________________________

LINK NO. STATION UNDER TEST DISTANT STATION 
— 

TEST ENGR SIGNATURE

~ITL E OF PERFORMANCE PLOTTED TEST NO.

~~~~~ ~~~ ~~: :~~; ~ ~~~~~~— _ — -~~ — ‘ —I—. 4•~ ~ ~-.-. 
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USACC Form 396—R (Test)
1 April 1977

Fig u re 8— 7.  General purpose graph paper data sheet.
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_ _ _

- _ _

rINPUT WG1 r WG
SWITCH ] L

\ I

- —

) - FREQUENCY 1

/ 
I - COUNTER MIC :- VAVF DIV IDCH

_ _  

4~~~ 
il k[ DC [ DC LDC]

S I G N A L  I T - .

I GENERATORJ I 1 70 MHz
I ______________ _ I -- —— — —

— - - — 1 ir PATGH PANEL I 
~~~~~~~~~~~~ .. .— 

1~~~~ 

—-

~[~
I~/ ER

_1! ___

::~i:zz1~
I PRECISION ; I NOISE
I 30 MHz I
I ATTENUATO R , ~~~ RECEIVER
I I I
I __ . . .__ . . . I 

_____________________

Figure 8—8. Test configurat ion for  AN/ MSC — 4 6 and AN /F SC—9 .
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l u  • u 5r~im the lip 9100 f or  the  CIT equation , perform the following steps:

1. l urn HP 9100 to ON

2. T u r n  PRINTER UN — Select Y pr int

3. Set PROGRAN—RUN to RUN

4.  Set FLOAT ING—FIXED to FLOATING

5. Key the follow ing:

CLEAR

GO TO

0

O

t . Set PROGRAM-RUN to PROGRAM

7. Key the following:

I. CLEAR 11. STOP “fx ” 21. STOP “Sf 1”

STOP “ f 2 ” 12. 4- 22.  x -
~ 
( )

-5- 13. f 23. e

~. ~-~1Ul ~ “f l ” 14. 24.

5. X - ( ) 15. 4 25 . +

6. f 16. Logs 26. Log~

7.  17. R~LL 27 .  1~

8. 18. 28. R~LL

9. Log 
~ 

19. STOP “SF2 ” 29. X (mul t i)

10. t 20. + 30. e

Figure 8—11. CIT equation coniputer program.
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31. log,~ 56. CHG SIGN

32. + 57. 2

33. 1 58. 2

34. eX 59. X (Multi)

35. Log~ 60. f

36. 61.

37. + 62.  STOP ‘ S i ”

38. e~C 63. X ( M u l t i )

39. -1’ 64. +

40. STOP “ A ” 65. Log y

41. 1’ 66. +

42.  X (Multi)  67. 1

43. R9LL 68. 0

44. X 69.  X (Mult i )

45. Y ÷( ) 70. STOP “Y 2 —

46. f 71. +

47. STOP “Y ” 72.  Y -~( )

48. 1~ 73. f

49. 1 74. STOP

50. — 75. +

51. 3 76. STOP “u’

52. 4 77. Sin x

53. 6 78.

54. 7 79. f

55. ENT EXP 80. +

81. PRINT

82. END

Figure 8—11. CIT equation computer program . (continued)
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The program is now entered . To enter the variables perform the follow-
ing steps .

a. Set PROGRAM—RUN to RUN

Key : CO TO

0

0

Continue

b .  Program is now stopped at F2.  Enter  F2. (An example of how F2
is entered is: Let F2 = 8800 MHz (8.8 x lO s ) .)

Key 8

Key 8

ENTER EXP

Key 9

c. Key CONTINU E

d. Program is now stopped at Fl . Enter Fl. (An example of how Fl
is entered is: Let Fl — 4995 NEz (4 .995 x 1O~ ) . )

Key 4

Key 9

Key 9

Key 5

ENTER EXP

Key 9

e. Key CONTINU E

f. Program is now stopped at Fx. Enter Fx. (An example is: Let
Fx = 500 MHz (7.5 x lOs).)

Key 7

Key 5

ENTER EXP

Figure 8—11. GIT equation computer program. (continued)
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Key 9

g. Key CONTINUE

H. Program is now stopped at SF2. Enter SF2. (An example is: Let
SF2 = 7.5 x

Key 7

Key 5

ENTER EXP

CHG SICN

Key 1

Key 9

i. Key CONTINUE

j .  Program is now stopped at SF1. Enter SF1. (An example is: Let
8.0 x lO 20 .)

k . Key CONTINU E

1. Program is now stopped at A Enter A. (An example os how A is
entered is: Let A = 0.04 meters.)

Key DECIMAL POINT

Key 0

Key 4

m. Key CONTINUE

n. Program is now stopped at Y. Enter Y. (An example of how Y is
entered is: Let Y 15.8 numeric.)

Key 1

Key 5

Key DECIMAL POINT

Key 8

o. Key CONTINUE

Figure 8—11. C/T equation computer program. (continued)
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p. Program is now s topped at L.  I n t e r  L. (Ex anip le  L = 1 .85 . )

q.  Key CO N T I N C E

r. Program is now stopped at Y2 — Y3. Enter Y2 — Y3 p r o d u c t .
(Examp l~ Y2 — Y 3  = (0 .1) .)

s. Key C O N T I N I ~E

t. Program is now stopped at “b. ’ Ent er “b. ’ ( l : :-:ur ~p 1e . 053 . )

u . Key C ON T JN I JE

v. Program is now stopped at “0.” Enter “0. (Example 850.)

w . Key CONT INUE

Answer for CIT is p r i n t e d  out on t a p e .

If the ~xam~ ies given above -~ r~ used th~ prin tout should read :

1.187 01

This gives a ‘~/ F  of 11.87 db

Figure 8—11. G/l equation computer program. (continued)
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CHAPTER 9

SYSTEM NOISE TEMPERATU RE VERSUS ANTENNA ELEVATION ANGLE (ST— 4)

9—1. GENE RAL .

a. The purpose of this tes t is to measure the earth terminal ’s SNT
vs antenna elevation angle.

b. This is normally an out—of—service test and requires an AO.

9—2. SPECIFICATIONS. The test data obtained during this test shall be
compa red to the performance limits delineated in appendix B.

9—3. TEST EQUIPMENT REQU IRED . The SNT meter is in mos t cases par t of
the terminal built—in test equipment (BITE). In cases where either the
BITE is not installed or its performance level is suspected of being
substandard , the listed test equipment will be used.

a. GR adapter.

b. Amplifier.

c. Noise generator.

d. VHF signal generator.

e. Mixer.

f .  Receiver.

g. WG adapter.

h. Frequency counter.

9—4. TEST PROCEDURES.

a. This procedure will be used on those earth terminals in which
BITE is not installed or its accuracy is suspect.

(1) Configure the test equipment and earth terminal as illustrated
in figure 9—1.

(2) Energize test equipment and allow for a 30—minute warmup and
stabilization period.

(3) Tune the selected down converter to 7.25 GHz and connect the
cold termination of the generator to the input para—amp WG switch.
Select the para—amp to be tested.

9—1
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(4) Adjus t  the precision variable a t t enua to r  for  a convenient on—
scale meter indication on the receiver and record both the attenuator
set t ing and meter indication on figure 9—2 ; USACC Form 415—R (Test).

(5) Transfer the input of the WG switch to the hot terminat ion on
the noise generator. The meter indication should increase. Increase
the variable attenuator setting until the meter indicates the reference
level established in paragraph 9—4a(4) above and record the new setting .
The difference between the two attenuator settings is equal to the Y—
factor which will be used to calculate the SNT.

(6) Repeat paragraphs 9—4a (3) through (5) two more times.

(7) Tune the down converter to 7500 and 7750 MHz and repeat para-
graphs 9—4a (3) through (6).

(8) The subsystem noise temperature can be calculated by using the
following formula :

T — 
THc — (

~~R~ 
(T cc)

R

where :
THe = effective hot standard temperature corrected for loss

Tcc = e f fec t ive  cold standard temperature corrected for  loss

= Y—factor of receive system (numeric)

(9) The following information is provided to f ac i l i t a t e  the
deviations of the effective hot and cold temperatures.

T = 
TH + 

(L—l) (TL)
Hc L

where :
THc effective hot standard temperature corrected for loss

TH 
= hot temperature corrected for frequency and RF loss

per AlL referen ce manual

TL = ambient temperature of coax and coax to WG cable
(295°K assumed)

L = measured loss of interconnecting WG to coax adapter
and coax cable converter to numeric

9—2
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T = 
T~ + 

(L—l) (T L )
c L L

where :
Tcc = effective cold standard temperature correct for loss

Tc = cold temperature corrected for frequency an~ RF loss
per AlL reference manual

TL = ambient temperature of coax and coax to •WC cable
1~ )t~ 0~~~ K assumed)

L = measured loss of interconnecting WG to coax adapter
and coax cable converted to numeric

(10) Record the calculated noise temperatures on figure 9—2 ; USACC
Form 4l5—R (Test).

b . This procedure is applicable to the AN/MSC—46 and ANIFSC—9
earth terminals.

(1) Prior to conducting this test , insure that the an tenna is no t
pointing in the direc tion of any satellite, kn own signal sources
(microwave and/or VHF towers), the sun or other celestial noise sources .

(2) Calibrate the BITE SNT meter lAW manufacturer ’s manual.

(3) Energize the SNT test set and allow for a 5—minute warmup and
stabilization period (fig. 9—3). Adjust the performance monitor
freq uency selector switch, located on the power distribution panel, for
a dial indication of 080.5.

(4) Adj ust the elevation angle of the antenna until 50 degrees is
attained and calibrate the SNT meter in the INF and ZERO positions.
Turn the control switch to the SNT position.

(5) Record the SNT on figure 9—2 ; USACC Form 4l5—R (Test).

(6) Switch to the standby para—amp and repeat paragraphs 9—4b (4)
and (5).

(7) Decrease the elevation angle in 10-degree steps and repeat
paragraphs 9—4b (3) through (6) until an elevation angle of 10 degrees
is attained .

(8) Restore the system to the normal operating condition and
summarize the test results on figure 6—4; USACC Form 35l—R (Test).

-. -5- 
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c. This procedure is applicable to AN/FSC—78 earth terminals  and
will be performed using the BITE .

(1) Energize the noise temperature monitor and allow for a 30—minute
warmup and s t a b i l i z a t i o n  period.

(2) Set the mode selector switch to LEVEL and verify that the noise
temperature reads in the LEVEL zone .

(3) Set the alarm threshold selector switch to 350 degrees K and
ncde selector switch to MANUAL OFF.

(4)  At the RF plate , set the variable attenuator AT—l in the cold
position by pulling the attenuator ADJUST straight out .

(5) On the noise temperature monitor, set the two IF attenuators to
zero db of attenuation.

(6) Select the o f f — l i n e  Para—amp by ac t ivat ing the para—amp ~ndi—
ca tor  switch at the noise temperature indicator for  an o f f — l i n e  indication .

(7) Set the reference adjust control for a midscale reading on the
noise temperature degrees K meter (approximately 100 degrees K on the
upper scale of the meter).

(8) At the RF plate, set the variable attenuator AT—l for 30 db
(hot load) by pushing the attenuation ADJUST straight in.

(9) Adj ust the a t tenuators  on the noise temperature degrees K
meter until the meter indicates the reference level established in
paragraph 9— 4 c ( 7 )  above . Record the attenuator setting on figure 9—2 ;
U SACC Form 4 15—R (Test) .

(10) Repeat paragraphs 9—4c (2) through (9) two more times.
Switch para-amps and repeat the test procedure on the other para—amp .

(11) The attenuator setting or Y—factor between the hot load and
cold load is related to noise temperature as follows :

Y—FACTOR (db) SNT (°K) Y—FACTOR (db) SNT (°ic)
2. 0 425 3.8 178

2.1 400 3.9 171

2 . 2  377 4.0 165

2.3 356 4.1 158

9—4
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Y—FACTO R (db) SNT (°K) Y—FACTOR (db) SNT (°K)

2 .4  337 4 . 2  152

2.5 319 4.3 157

2.6 303 4.4 142

2.7 288 4.5 137

2.8 274 4.6 132

2.9 262 4.7 127

3.0 250 4.8 123

3.1 239 4.9 i 19

3.2 228 5.0 115

3.3 218 5.1 lii

3.4 209 5 .2  108

3.5 201 5.3 104

3.6 193 5.4 101

3.7 185 5.5 97

5.6 94 6.6 /0

5.7  91 6 .7  58

5.8 89 6 .8  66

5.9 86 6.°

6.0 83 7.0 62

6.1 81 7.1 60

6.2 78 7.2 58

6.3 76 7.3 57

6.4 74 7.4 55

6.5 72 7.5 54

9—5
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(12) Restore the system to the normal operating condition and
summarize the test results on figure 6—4 ; USACC Form 35l—R (Test).
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_ _ _  

PARA~AMP

SW ITCH

PARA.AMP I FLA 

h

[~~~PUT WG WG~~~~

L~~~J T~~~~~~ 

(HOT/COLD)

WG COAX • I
ADAPTER T _____________

c - _ j  MICROWAVE DIVIDER 

____________ 
DC DC DC

VHF SIGNAL j FREQUENCY 70 MHzI GENERATOR COUNTER
IFPATCH PANEL

100 MHz 

ft ~~~~:_ - 

JL 70 MHZ ! 
1
:L ATTENUATOR U 

~~1

PRECISION
ATTENUATOR , 30 MHz NOISE

R E C E I V E R

Figure 9—1 . SNT vs antenna elevation angle (non—BITE) test configuration .

9—7

- . _L~~.,. ,  - - - 
_ . 

~~~~~~~~— - - — -S  --- -  — —5-- — ---5 - —5—- -~~ . . — - 5 - .



-- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ TJ~~_.

CCP 702—2

SN T VS ANT ENNA ELEV ATION A N G L E
(CCR 702- 1-3)

DATA SHEET PAGE OF PAGES

T E R M I N A L  ID 
- 

DATE (DAY , MONTH , YEAR )

OPERATING EL ANGLE dig AZ LOOK AN G LE dig

PARA—AMP NO . 1 PARA-AMP NO. 2

EL ANGLE SNT EL ANGLE SNT
(0)  (°K) (0)  

- (°K)

COMMENTS

TYPED NA ME , GRADE . A N D  TITLE TEST ENGR S I G N A T U R E

USACC FORII 415—R (TEST)
1 MAY 77

Figure 9—2. SNT vs antenna elevation angle data sheet.
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I)

1-.1 F~J~1ISE SOURCE

I 

[ 
PARA -AMP 

H AMPUFIERJ 
~~

CONV
~~~

ER1 
~~~~~~~~~~

LERFORMANCE
_I

— L  METE R

Figure 9—3. SNT vs antenna elevation angle (BITE) test configuration .
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CHAPTER 10

WAVEGUIDE RETURN LOSS OR VSWR (ST—5)

10—1. GENERAL .

a. The purpose of this test is to measure the return loss of the
transmit and receive WC. This test should be performed after completion
of test number ST—6 in order to determine the effect that line loss may
have on the final test results.

b. This is an out—of—service test and requires an AO.

c. This procedure applies primar ily to the manually swept frequency
technique; however, the automa tic swep t freq uency techn ique may be used
as an alternate test method .

10—2. SPECIFICATIONS . The test data obtained during this test shall be
compared to the performance limits delineated in appendix B.

10-3. TEST EQUIPMENT REQUIRED .

a. Frequency counter .

b. SHF generator.

c. Power meter.

d. Directional coupler.

e. WG to coaxial adapters .

10—4. TEST PROCEDURES .

a. Configure the test equipment as illustrated in figure 10—1.

b. Energize the test equipment and allow for a 30—minute warmup
and stabilization period .

c. This test will normally be performed with the far—end of the
WG run s terminated into the normal load (feed assembly or IFLA ’s).
For diagnostic purposes , it may be necessary to terminate the far—end
of the WG with a precis ion WG termination.

d. Tun e the SHF signal generator to 8150 MHz at an output power
level of zero dbm.

e. Me..;ire and record (on figure 10—2 ; tJSACC Form 416—R (Test))
the forward and reverse power levels as indicated on the power meter
connected to the respective coup ling por t .

10—1
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f .  The difference between the forward and reverse power levels in
dbm is equal to the return loss in db.

g. Repeat paragraphs 10—4 c and d above at the following listed
fr t ~quencies :

FREQUENCY (MHz)

7900 8200

7950 8250

8000 8300

8050 8400

8100

h. Connect the test equipment to the receive WG and repeat para-
graphs 10—4 b through g at the following listed test frequencies~

FREQUENCY (MHz)

7250 7550

7300 7600

7350 7650

7400 7700

7450 7750

7500

i. Res tore  the system to the normal operat ing condition and
summarize the test results on figure 6—4; USACC Form 35l—R (Test).

j .  This por t ion of the  test refers  to the return loss from ou tpu t
of the PA looking toward the antenna feed assembly. In some cases
(transmit WG only), due to physical construction of the earth terminal ,
it will be d if f i c u l t  to connect the test equipment to the WG. In such
instances , the transmitter will be put on—line and the forward and reverse
power levels will be read at the forward and reverse ports of the PA’s
output directional coupler .

10—2
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CONNECTED TO N O R M A L

1c~I1IE~~~j~I~!!III I LOAD

~[:~.: ii

I FREQUENCY COUNTER
SHF SIGNAL GENERATOR

Figure 10—1. WG return loss or VSW’R test configuration.
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WG RETURN LOSS (MANUAL )
(CCR 702-1-3)

DATA SHEET PAGE OF PAGES

T ERMINAL ID SPECIFICATION

DEVICE UNDER TEST DATE (DAY . MONTH , YEAR)

OPERATING FREQUENCY MHZ CENTER FREQUENCY (Fc ( MHZ

TRA NSMI T WAV E G U I D E
FREQUENCY RETURN LOSS

(MHz) (db )

RECEIVE WAVEGUIDE
FREQUENCY RETURN LOSS

(MHz) (db(

COMMENTS

TYPED NAME . GRADE . AN D TITLE TEST E N G R  S I G N A T U R E

USACC FORM 416—R (TEST)
1 MAY 77

Figure 10—2. WG return loss (manual) data sheet.
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CHAPTER 11

WAVEGUIDE INSERTION LOSS (ST—6)

11-1. GENERAL .

a. The purpose of this test is to measure the RF power losses of
the receive and transm it WG ’s. The test data obtained should be com-
pared to the results of ST—5 in order to determine if excessive line
losses have obscured the test data of ST—5 .

b . This is normally an out—of—service test and requires an AO.

11—2. SPECIFICATIONS . The test data obtained during this test shall be
compared to the performance limits delineated in appendix B.

11-3. TEST EQUIPMENT REQUIRED.

a. Sweep generator.

b. Plug—in (8 to 12.4 G H z ) .

c. Plug—in (4 to 8 GHz) .

d. Power meter.

e. Thermistor mount.

f .  WG adapter.

g. Frequency counter.

h. Directional coupler.

11—4. TEST PROCEDURES.

a. Configure the test equipment as illustrated in figure 11—1 and
allow for a 30—minute warmup and stabilization period.

b. Tune the signal generator to the lowest frequency in the frequency
band of interest. Record the input and output power meter readings on
figure 11—2 ; 1JSACC Form 417—R (Test). The RF insertion loss can be
determined by subtracting the output power from the input power. Consid-
eration should be given to all cable, adapter, and coupler losses utilized
in the test configuration .

c. Repeat paragraph ll—4b in 50—MHz steps across the frequency band
of interest (normally 7.25 to 7.75 GHz receive and 7.9 to 8.4 GHz transmit).

d. This test will be performed on both the transmit and receive WIG
lines.

11—],
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e. Restore the system to the normal operating condition and
summarize the test results on figure 6—4 ; USACC Form 35l—R (Test).

11—2

- —- - - -—-.
~

-——
~ ~-‘ __ i-

,
__ -

~~~~~~~
-
~ 

.
—

,
~~
. - -.i: _~~_~_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ 

- 4



- — - —- 5-- - - - - 5 -

CCP 702—2

-_ _ _  _ _

~~~ i i ~~~~;iI I
I I

w Z ~~~~~I I a;

~~~
(
~~w I  I O ~~

wZ~~.

11—3

- ~~~~~
.. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ 
-
~~~~~~~ 

~~~~
,. 

.5114 -_ ~~~ - --~~~~~~~~~~~~~~~~~~~~~ ----~~~~~~~~~~~~~~~~~-- -



~~~— — — - — - -~~~~~~~~~~~~~- ---

CCP 702—2

WG I NSE RTIO N LOSS
(CCR 702.1-3)

DATA SHEET PAG E OF PAGES

TIME Z DATE (DAY . M O N T H , YEAR)

TYPE WG F~ INSERTI ON LOSS db

LENGTH TERMINAL ID

FREQUENCY INPUT POWER OUTPUT POWER INSERTION LOSS
(MHz) (dbm ) (dbm ( (db (

COM MENTS

TYP ED NAME . GRA DE . AND TITLE TEST E N G R  S I GN A T U R E

USACC FORM 417—R (TEST)
1 MAY 77

Figure 11—2. WG insertion loss data sheet.

11—4

~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ‘



CC? 702—2

CHAPTER 12

PARA—AMP FREQUENCY RESPONSE AND GAIN (ST-7)

12—1. GENERAL .

a. The purpose of this test is to measure the frequency response and
gain of the para—amps.

b. This is normally an inservice test and requires no communications
outage time provided the standby para—amp is operational. The standby
para—amp under test must be removed from service. This test will be
performed in either the manual or automatic sweep mode.

c. Unless otherwise specified, the half-power bandwidth is under-
stood to be between frequencies where the gain drops 3 db below the center

frequency 
~~~~~~~ 

gain and is within the required RF spectrum bandwidth .
The bandwidth will also be measured at the ±1.0 db power points.

d. When applicable, insure that power losses in test cables and
WG sections are taken into consideration.

e. This test will be performed on each amplifier.

12—2. SPECIFICATIONS . The test data obtained during this test shall
be compared to the performance limits delineated in appendix B.

12-3. TEST EQUIPMENT REQUIRED .

a. WG attenuator.

b. Crystal detector.

c. Sweep generator.

d. Counter.

e. Oscilloscope.

f .  Power meter.

g. Thermistor mount.

h . Plug-in .

i. Directional coupler.

j. Camera oscilloscope.

k. WG adapter.

12—1
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, PROCEDURES.

1 . P~ir a-amp Gain and Bandwidth , Manual Mode .

(1) Configure the t e St  equipment  as i l lus t ra ted  in f igure  12—1
(referenc e connection) and allow for a 30—minute warmup and stabilization

~
-
~- t  ~oJ .

(2) Adjust the signal generator to the center frequency of the
notaiii.~~ passband , and to a level of —40 dbm at the output of the variable
at LPflti :ltOr.

N (r]fl: The maximum or minimum power levels to para—amps
are shown in the equipment maintenance manuals.

(3) Configure the test equipment as illustrated in figure 12—1
(test connection). Measure and record the output of the para—amp on
f~~~1 re 12—2 ; USACC Form 418—R (Test).

(4) Vary the f requency in 50—MHz steps above and below the center
f r€ quency until the specified passband (500 MHz) has been tested.

(5) Record the test results on figure 12—2 ; USACC Form 4l8—R (Test)
nn plot a frequency versus gain or frequency response curve as applicable

on figure 8—7; USACC Form 396—R (Test). This data should be compared to
t h e  manufacturer ’s specifications and/or the equipment maintenance

Para—amp Gain and Bandwidth , Automatic Mode.

(1) Configure the test equipment as illustrated in figure 12—3

~reference connection). Set the sweep generator to obtain a —10 dbm
- ltput and the variable attenuator to zero db of attenuation .

(2) Adjust the sweep signal genera tor and oscilloscope to ob tain a
n ien t indication as illustrated in figure 12—4 .

3) Configure the test equipment as illustrated in figure 12—3
N ‘;t ~onnectfon) . Insure that the sweep generator output level remains
- t  -l~) cihm . S’~t the variable attenuator to obtain 30 db of attenuation .

(4) Photograph the display and note all frequencies within the
specified bandpass that are not within gain response or ripple tolerances .

(5) Mount the photographs on figure 12—5; USACC Form 397—R (Test).
- - ‘ -

~~~~ ‘ ~~~ system to the normal operating condition and summarize the
- ,  

~~ ts on figure 6—4 ; tJSA( ( Form 351—R (Test).
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[ OUTPUt
INPUT WG 

_____ _____ 
PARA-AMP 

_____ _____ WG
SWITCH 3A2 

1 
UNDER TEST 

1 

SWITCH 3A3

3 

- - - - 

~~~~~~~RT 3 

— ————————
~ I ~~~~~~ 

VARIABLE rd!1 
____

ATTENUATOR hlj.—J POWER METER

________________ 
I __________ 

-
,

I 
I 

— — t

I I I
SIGNAL FREQUENCY

Figure 12—1. Para—ainp frequency response and gain
(manual mode) test configuration .
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PARA-A Mp GAIN AND BANDWIDTH PAGE OF PAG ES
)CCR 702-14)

DATA SHE ET 
______________________ _________________________________

T ER MINA L ID DATE (DAY . MONTH. Y EAR) Fc
GHz

—ldb (MHz) +AF — O.5db(MHz)

PARA.AM PNO. 
—A F —ldb (MHz) —4 F —O.Sdb (MHz)

GAI N db 8W —3db( MH~) SW —O.5db(MHz)

INPUT SIGNAL LEVEL dbm REFERENCE LEVEL dbm

FREQUENCY AMPLITUDE FREQUENCY AMPLITUDE
(MHz) (d bm) (MHz) Idbin )

COMMENTS

TYPED NAME. GRADE . AND TITLE TEST ENGR SIGNATURE

USACC FORM 4l8—R (TEST)
1 MAY 77

Figure 12—2. Para—amp gain and bandwidth data sheet.
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INPUT WG PARA-AMP OUTPUT WG

SWITCH 3A2 U N D E R  TEST SW ITCH 3A3

PORT 3 TEST CONNE CTION PORT 3

~ 
R E F E R E N C E  CONNECTION

“ N” TY PE CONNECTORS 

-~

I CRYSTAL
V A R I A B L E  I DETECTOR

• ATTENUATOR I 
__________ 

p
S I__ ._ — I

j I N P U T  

----
I FREQUENCY I I • SCOPE

METER POWER METER I
I 
____________  I I p

~~~~~~~~~~~~~~~~~~ ~~~~~~~ E X TERNAL
LJ—’l — 

CONNECTION T R I G G E R[ INPUT

I I

I SWEEP OSCILLATOR
“ BNC” TYP E CONNECTORS

I 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

I 
ISWEEP

OUTPUT

Figure 12—3. Para—amp frequency response and gain
(automatic mode) test configuration .
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UPPER R E FE RENCE
305 db — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~. 30 db

— —- _ ___... — 29 db

28.5 db :i—-------———-—- - 
_

~~~ 

LOWER R E F E R ENCE

- . z -, AMPUFIER RE SPONSE

I CURVE

~~~~~~~~~~~~~~~~~ REQUIRED BANDWIDTH

(TRACING OF OSCILLOSCOPE DISPLAY )

TYPICAL GA IN-BANDWIDTH RESPONSE

— —~~~~~~~~~~~ _ . 
_ _

~~~~~~~~~~~~~ ~~~~. N,_~ UPPE R R E F E R E NCE

2 db

RESPONSE CURVE 

~~~~~ LOWE R  R E F E R E N C E

7.25 - 7.75 0Hz

(TRACING OF OSCILLOSCOPE DISPLAY)

Figure 12—4. Out—of—tolerance gain bandwidth response.
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CHAPTER 13

PAPA—AMP NOISE TEMPERATU RE (ST— 8)

13—1. GENERAL .

a. The purpose of this test is to measure the noise temperature of
the parametric or low noise amplifiers.

b.  This is an inservice test and normally will not require a
communications outage ; however , the standby amplif ier will have to b e
removed from service.

c. Techniques for measuring the noise temperature of the para—amp
by employing the Y—factor may be found in chapter 54.

13—2. SPECIFICATIONS . The test data obtained during this test shall
be compared to the performance limits delineated in appendix B.

13—3. TEST EQUIPMENT REQUIRED .

a. GR adapter.

b. Amplifier.

c. Noise generator.

d. Signal generator.

e. Mixer.

f. Receiver.

g. WG adapter.

h. Frequency counter.

13—4. TEST PROCEDURES.

a. Configure the test equipment as illustrated in figure 13—1 and
allow for a 30—minute warmup ~and stabilization period.

b. Before conducting this test , insure tha t the componen ts and
controls of the amplifier are all operational and that the vacuum
vessel ’s normal operating pressure is correct , as specified b y the
manufacturer. Verify tha t the opera ting tempera ture of the cooled
stage is correc t and wi thin the parameters specif ied by the manufacturer~~~ ----~~~~

c. Fill the noise generator ’s thermos con tainer w t~~J.~i T ~i~Ttrogen .

~~~~~~

4

1 

d Select a test frequency (F~~~~that~~~~~r6~~ ted in the center of



~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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the passband (72 50 , 7500 , and 7750 ~fl -{z) .  Adj us t the RF s ignal  gene ra to r
N) a fr e qw  c v  30 ~~W z below the test frequency and adjust the powe r
level for 0.5 ma of crystal current as indicated on the recei-•er.

e. Set t~~II~ r ece ive r  a t t e n u a t o r  to 10 dh and record the  meter m di—
dt I V J I .

t .  Ch~.cge t I e  CR a d a p t e r  connect ion  f r o m  the  cold to the hot  t e rminal
of rhe n O I S e  g e n e rat o r .

~~. Incr - 1~~- the receiver attenuation to obtain the same meter m di—
-ation recorded in paragraph 13—4e. ThI difference in the two attenuator
settings is equal to the Y—factor.

h.  The I isses between the GR adapter  and WG adapter  at the input to
the WC sw i t U l  should be measured and then sub t rac ted  f rom the Y — f a c t o r .
The adap ter  loss cor rec t ion  plot is shown in f i g u r e  13—2.

I .  To i1i ~~re ise the accuracy of the measurement , repeat paragraphs
13—4 b through h five times and take an average of the five readings
(fIg. 13—2 and 13—3 for noise temperature to Y—factor conversion
.nd noise temperature corrected versus noise temperature uncorrected) .
Record the test results on figure 13—4; USACC Form 4l9—R (Test).

~~
. Restore the system to the normal operating condition and

summarize the t e s t  results on figure 6—4 ; USACC Form 35 l—R (Test).

13—2
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Figure 13—2. Adapter loss noise temperature correction plot.
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Figure 13—3. Para—amp Y—factor vs noise temperature.
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PARA—AMP NOISE TEMPERATURE
(CCR 702-1-3)

DATA SH E E T  PAGE OF PA GES
T E R M I NAL I D DATE (DAY , MONTH , YEAR)

VACUUM PR ESSURE 
— 

ADAPTER LOSSES db

OPERATING TEMP d g  K AMPLIFIER NO.

CRY STAL C U R R E N T  
— 

SPECIFICATION d.g K

CO LD HOT V T
STARTS (db ) (db ) (db ) (OK)

_________________________________ ______________________ ___________________ ___________________________ _______________________________

2

3

4

5
COMMENTS

TYPED NA ME , G R A D E , AND TITLE TEST ENGR SIGNATURE

IJSACC FORM 4l9—R (TEST)
1 MAY 77

Figure 13—4. Para—amp noise temperature data sheet.
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CHAPTER 14

PARA—AMP DYNAMIC RANGE (O . 5—db COMP RESSION POINT) (ST— 9)

14-1. GENERAL.

a. The purpose of this test is to measure the dynamic range and
amp lif ication threshold of the para— amp .

b.  This is an inservice test and does no t requ ire a communica tions
outage ; however , the standby para—amp will have to be removed from ser-
vice.

c. This test will be conducted using three different frequencies
of the passband frequency spectrum as listed below .

(1) F~ 7500 MHz

(2) F 1 7750 MHz

(3) F2 7250 MHz

14—2. SPECIFICATIONS . The test data obtained during th is  test shall be
compared to the performance limits delineated in appendix B.

14—3. TEST EQUIPMENT REQUIRED.

a. Signal generator.

b. Counter.

c. Power meter.

d. Thermistor mount.

e. Frequency counter.

14—4. TEST PROCEDURES.

a. Configure the test equipment as illustrated in figure 14—1 and
allow for a 30—minute warmup period.

b.  Adj us t the output attenuator located on the SHF signal generator
to maximum attenuation .

c. Tun e the SHF signal generator to a frequency of 7500 MHz at an
output power level of —30 dbm . Connect the power meter to the output
WG switch.

d. Measure the output power level and compute the gain difference
between the measured output and the input levels. Decrease the input

¶ 14—1
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signal level in 2—db steps until a level of —50 dbm is reached. Measure
the inpu t and output power levels and compute the gain at each step .

e. Repeat paragraphs 14—4 c and d at 7250 MHz and 7750 MHz ,
respectively. Plot a gain versus input signal level curve on figure 8—7;
USACC Form 396—R (Test). The amplifier gain should be plotted in db on
the vertical axis of the form while the input level in dbm is plotted on
the horizontal axis.

f .  Record the test results on f igure  14—2 ; USACC Form 420—R (Test) .

g. Restore the system to the normal operating condition and
summarize the test results on f igure 6—4 ; USACC Form 35l—R (Tes t ) .

— 
1 ~—2 

— - - - - - - -- — - -

L~. -__ -
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_____  _____  

~
.rPARA.AMP 

~ 

OUTPUT WG

I I I
I I II SHF SIGNAL POWER

GENERATOR METER
I :.... _ _1L

~
_
;iiii~IiIii1 -

;

I FREQUENCY I

COUNTER

I 
_ _ _ _ _ _ _ _ _ _  _ _ J

Figure 14—1. Para—amp dynamic range test configuration.
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PAR A —A MP DYNAMIC RANGE
(0.5 db COMPRESSION POINT)

A l A  SHEET (CCR 702 -1-3 ) PAGE OF PAGES

- 1~~HMINAt It) 
-— 

DATE (DAY . MONTH . YEAR )

-~~~~~ ‘ --~,MP IL) SPECIFICATION db

FREQUENCY 7500 MHi FREQUENCY 7250 MHz FREQUENCY 7750 MHz

~FU T  OUTPUT GAIN INPUT OUTPUT GAIN INPUT OUTPUT GAIN

- 
Ib I )  (.lbm) (dti~ (dbm ) )dbm ) 1db) (dbm) )~~n~) 1db )

F-- - - - -  
_ ___  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _

- — 3 0  — 3 0

-~ — 3 2  — 3 2

- - - 4  — 3 4  — 3-1

- 3 6  
_ _

-- 38 — 3 8

40 — 40 — 40

_ 1~ — 4 2  — 4 2

— 4 4  — 4 4  — 4 4  
- - - _ _ _  _ _ _  _ _ _

__-- 

~~
:-- -- -

_ _  

:: 
_ __ _

- — bO — 50 —50

T Y 1 E D  NAME . GRADE . AND TITLE TE ST ENGR SIGNATURE

U~~~ ACC FORM 420—H (TEST)
- -  - I ‘1;\ Y 77 

- - -

Figure 14-2. Para—anip dynamic range (0.5—db compression
pofnt ) data sheet.
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CHAPTER 15

PARA—AMP VSWR (ST—b )

15-1. GENERAL .

a. The purpose of this tes t is to measure the VSWT( at the  input  and
output ports of the para—amps . F

b .  Althc Bh all terminals are equipped with a redundant  p a r a m e t r i c
IFLA , the test will have to be performed out of service to prevent
exposure of personnel to radiation hazards. An AO is required .

c. This test will be conducted using 10 differen t f r q 1 c nc i e ~ eq~~ 1)v
distributed over the specified bandpass.

d. Techniques for performing both VSWR and return loss measurements
may be found in chapter 55.

15—2 . SPECIFICAT IONS . The test data obtained during this test shall he
compared to the performance limits delineated in appendix B.

15—3 . TEST EQUIPMENT REQUIRED .

a. Thermistor mount. - 
- - 

--

b. Power meter. 
- - - - 

- -

c. Counter. . -

d. WG attenuator. - -

e. VSWR indicator. - - 
-

f. Slotted line carriage.

g. Slotted line probe.

h. Slotted line.

i. Plug—in.

j. Sweep generator.

k. Directional coupler.

1. WC adapters .

15—1
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15—4. TEST PROCEDURES.

a. Configure the tts t equi pment as i l l u s t r a t e d  in figure 15—1
(para—amp input) and allow for a 30—minute warmup and stabilization
period .

b . Tune the RF sweep signal generator to a 1W f r e q u e n ~~~~o~ ---~5OD MH z
at an output power level of —10 dbm. Push the in~~ t s~ uare wave
switch to the IN position.

c. Adj ust the -ab t~ a t t enua to r  to a s e t t i n g  of 2 0—db a t t enua t ion .

the handcrank located on the  s l o t t e d  line car r iage  u n t i l
_~~~~--ai~aximum indication is obtained on the square law indicator.

e. Calibrate the square law Indicator to read on the 1—standing
wave ratio (SWR) meter range . Adjust the handcrarik located on the
slotted line carriage until a minimum indication is observed on the
square law indicator. Record the VSWR indication on figure 15—2 , USACC
Form 42 l —R (Tes t ) .

f. Repeat paragraphs 15—4 c through e at the following frequencies :

FREQUENCY
(MHz)

7250 7450 7650

7300 7500 (F c ) 7700

7350 7550 7750

7400 7600

Spec if ied Band pass: 500 MHz
Center Frequency : 7500 MHz

g. Configure the test equipment as illustrated in figure 15—3 and
measure the VSWR at the output port of the para—amp .

h. Record the test results on figure 15—2 ; USACC Form 42l—R (Test).
and summarize the test results on figure 6—4 ; USACC Form 351—R (Test).

I. Plot a frequency versus VSWR curve of the para—amp on figure 8—7;
USACC Form 396—R (Test).

15—2
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5-__
~ 
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1~

[
~~~DR ATOR 

I 

GENERATOR

* CHANGE IN TEST CONFIGURATION 
________

FOR PARAMETER TO BE MEASURED. I
POWER FREG

METER COUNTER

Figure 15—i. Para—amp input/output VSWR test configuration .
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PARA-AMP VSWR PAGE OF PAGES
(CCR 02 -1-3)

DATA S H E E T  
___________

T E R M I N A L  ID DATE (D A Y , MONTH , YEAR )

AMP U N D E R  TE ST 
-
~~~~~~~~~~ SPECIFICATION 

——______
OPERATIN G FREQUENCY MHz FREQUENCY CENTER (Fe ) MH z 

--~~~~~~~ —-— ---- - --~~~~~~~~~ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _

FREQUENCY RETURN LOSS F
_ _ _ _  _ _ _  

Id VSWR 

~~~~II~~
_I

~~
- - ---IitI___-------_ -~

--------—-- -
~~~

-- -4--- -

_ _ _ _  

---- -5- 

_

COMMENTS

L 

N A M E . G R A D E , AND TITLE ~~~~~ T E N G R  S I G N A T U R E

USACC FORM 421—R (TEST)
1 MAY 77

Figure 15—2. Para—amp WSWR data sheet.
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CHAPTER 16

PARA — AMP PUMP SOURCE POWER OUTPUT LEVEL AND FEE ~~~1- ’- .i ( S T — l i )

16-1. GENERAL .

a. The purpose of this test is to rn. a3ur e the pump oscill~ tor pci’~~r
output and frequency . This test should not be p e r fo r m e .~ u n l e s s  the  ~~ n d —
width and gain requirements do not meet specifications (nominall y,
30±0.5 db).

b. This is an inservice test and does not require a cominunicaEi ns
outage ; however , the standby para—amp will have to be removed f ton - - -r-
vice.

16—2 . SPECIFICATIONS. The test data obtained during this test sh.~ii l  ~~
compared to performance limits delineated in appendix B.

16—3. TEST EQUIPMENT REQUIRED .

a. Coupler.

b. Frequency meter.

c. Thermistor mount.

d. Power meter.

e. Termination.

16—4. TEST PROCEDURES.

a. Configure the test equipment as illustrated in fi~ urA l6—~ and
allow for 30—minute warmup and stabilization period .

b. Insure that all idditionai pump signal source outp uts ~re ~~ rr~~--
nated into the appropriate impedance.

c. Tune the frequency meter until a sharp null indic~ rion is
observed on the power bridge . The frequency meter should Indicai~
42.00±0.024 GHz , unless otherwise specified .

d. Observe the power meter for a minimum indication as spec1f~~~d.
Consider the 2O—db directional coup ler loss.

e. Record the test results on figure 16—2 ; USACC ~- rrn 422—R (le~~ t).

f. Restore the system to the normal operating conditl’~ and
summarize the test results on figure 6—4 ; USACC Form 351--R (Test).

16—1
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OPTIONAL

L 
PUMP SOURCE 

f
”___ __ 

— — —— TERMINATION

L~
db COU P L E R  T E R M I N A T I O N

db

FREQUENC~~~~~ U ~~
[5-

THERM~~TOR

MET ER 
[ 

POWE R BRIDGE

Figure 16—1. Para—amp pump source power output level
and frequency test configuration .
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OUTPUT

(ATA SHEET (CCR 702—1—3) PAGE OF PACES
fERNINAL ID )ATE (DAY ,MONTH ,YEAR)

SPECIFIED FREQ Mi-I: SPECIFIED POWER OUTPUT

LMPLIFIER NO. SPECIFIED FREQ TOLERANCE ±MHz

POWE R OUTPUT FRE QUENCY

REQU IRE D MEASURED ACCURACYSTAG E WATTS dbm (MHz) (MHz) (%)

COMMENTS

YPED NAME , GRADE , AND TITLE TEST ENGR SIGNATURE

USACC FORM 422—R (TEST)
1 MAY 71

Figure 16—2. Para—amp pump source power output level
and frequency data sheet.
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CHAPTER 17

IFLA NF (ST—l2) 
- 

- - -

17—1. GENERAL . 
- 

- - - -

a. ‘I’he purpose of this test is to measure the.-NF of the IFLA .

b. Although all terminals are equl pp~d with a redundant parametric
IFLA , the test will have to be performed out of service to prevent
exposure of personnel to radiation hazards. An AO is required.

c. This test will be conducted in the manual or automatic mode .

d. Techniques for measuring the noise temperature of the receive
IFLA by employ ing the Y—f actor may be found in chapter 54.

l7—2~ SPECIFICATIONS . The test data obtained during this test shall be
compared to the performance limits delineated in appendix B.

17-3. TEST EQUIPMENT REQUIRED.

a. Noise source.

b. Noise figure indicator.

c. SHF signal generator.

d. Power meter.

e. Thermistor mount.

f .  Frequency counter.

g. RF voltmeter.

h. Variable a t t enua tor .

I. Mixer.

j. Fixed attenuator.

l,—4 . TEST PROCEDURES .

a. Manual Mode.

(1) Configure the test equipment as illustrated in figure 17—1 and
allow for a 30—minute warmup and stabilization period .

17—1
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(2)  Terminate the input to the IFLA with a 50—ohm termination plug .

(3) Adjust the SHF signal generator for an output power level of
zero dbm at a frequency of 7500 MHz.

(4) Adjust the variable attenuator to obtain a convenient indication
on the RF voltmeter. Record the RF voltmeter reading and the attenuator
setting .

(5) Adjust the noise source for an indication of 200 ma or a current
indication that relates to the appropriate noise source discharge
temperature (typical 10, 100 degrees K).

(6) Adjust the variable precision attenuator to obtain the original
reading as in paragraph 17—4a(4), and record the new attenuator setting.
The difference between the original attenuator setting and the new
setting is equal to the Y—factor in db.

(7) The arithmetical difference between the Y—f actor and 15.28 db
is equal to the NF. Record the NF on figure 17—2 ; USACC Form 423—R
(Test).

(8) Subtract 10 db plus any cable loss from the NF and record the
corrected NF.

(9) Repeat paragraphs l7—4a (5) through (8) five more times and
compute an arithmetical average NF.

(10) Restore the system to normal operating condition.

b. Automatic Mode.

(1) Configure the test equipment as illustrated in figure 17—3 and
allow for a 30—minute warmup and stabilization period .

(2) Tune the signal generator to 7500 MHz at an HF output power
level of zero dbm .

(3) Calibrate the noise source and the NF indicator as specified
in the operating instructions.

(4) Place the mode switch in the automatic position and record
the NF.

(5) Subtract 10 db and any cable loss (in db) from the NF m di—
cation. Repeat paragraphs 17—4a (2) through (5) five more times and
compute the arithmetical average NF. Record the test results on
figure 17—2; USACC Form 423—R (Test).

17—2 
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(6) Restore the system to the normal operating condition and

summarize the test results on figure 6—4; USACC Form 35l—R (Test).

17—3
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PRECISION1O-d b VARIABLEATTENUATOR ATTENUATOR

NOISE SOURCE SHF
___________  - 

GENERATOR M I X E R

POWER SUPPLY

POWER METER 1
I FREQUENCY RE
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~

‘
~ 

COUNTER VOLTMETER

Figure 17—1. IFLA NP (manual m ode) te8t configuration.
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IFLA NF PAGE OF PAGES
(CCR 702-1-3)

DATA SHEET ___________________________________

T ERMINAL ID DATE (DAY , MONTH , YEAR)

A V E R A G E NF ~ABL E LOSS db

SOURCE CU R R ENT SP E C I F I C A T I ON

ORIGINAL METER INDICATION
MODE 0 MAN UA L 0 AUTO

ATTEN UATOR SETTIN GS V-FACTOR NOISE FIGURE
1db ) 1d b)

STARTS COLD HOT

2 
__________________ _________________ _____________________________ _____________________________

3 
________________ _______________ ___________________________ ___________________________

4 
________________ _______________ ___________________________ ___________________________

S __________________ _________________ _____________________________ _____________________________

6 
_________________ _______________ ___________________________ ___________________________

7 
__________________ _________________ _____________________________ ______________________________

COMMENTS

TYPED NAME , GRADE , AND TITLE TEST ENGR SIGNATURE

USACC FORM 423—R (TEST)
1 MAY 77

Figure 17—2. IFLA NF data sheet.
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~~~~~~~~~~~~~~~~ 

INDICATOR

SHF I POWER METER
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~~~~~~1~
FREQUENCY

COUNTER

Figure 17—3. IFLA NF (automatic mode) test configuration.
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CHAPTER 18

IFLA FREQUENCY RESPONSE AND CAIN (ST—l3)

18—1. GENERAL .

a. The purpose of this test is to measure the IFLA traveling wave —
tube amplifier (TWTA) signal gain at a finite and specified bandwidth .

b. This is normally an inservice test and does not require a commu-
nications outage; however, the ampl i f ie r  under test must be removed from
service.

c. This test will be performed in the manual sweep mode .

d. The input and output test points are the appropriate ports on
the input and output WC switches or, in cases where a switch—redundant
IFLA is installed , the input and output ports of the amplifier.

e. This test is performed once per amp l i f ier  and on each amplifier.

18—2. SPECIFICATIONS. The test data obtained during this test shall
be compared to the performance limits delineated in appendix B.

18—3. TEST EQUIPMENT REQUIRED .

a. Sweep generator.

b. Plug—in .

c. Power meter.

d. Thermistor mount.

e. WG attenuator.

f. Fixed attenuator.

g. Directional coupler.

h. WG adapters.

1. Frequency counter.

18—4. TEST PROCEDURES.

a. Configure the test equipment as illustrated in figure 18—1 and
allow for a 30—minute warmup and stabilization period.

b . Adjust the variable WG attenuator to a setting of zero db.
Tune the sweep signal generator to a CW frequency of 7500 MHz at an out-
put power level of —10 dbm as indicated on the power meter.

18—1 
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c. Adjust the variable WC attenuator to a setting of 30 db. Con-
figure the test equipment as illustrated in figure 18—2. Set WG switches ,
located on the back of the IFLA panel , in the respective positions for
the amplifier to be tested .

I
d. The power meter should indicate a minimum of —10 db. Compute

and record the gain on figure 18—3; VSACC Form 424—R (Test).

e. Repea t pa ragraphs 18—4 c and d above , at the following listed
freq uencies :

FREQUENCY
(MH z)

7200 7400 7650

7250 7450 7700

7300 7500 (Fe) 7750

7350 7550 7800

7600 -:

f .  Plot a gain versus frequency curve on f i gu re  8—7;  USACC Form
396—R (Test). The gain (db/ref gain at Fc ) sh ould be en tered on the
vertical axis of the form and the frequency in MHz on the horizontal
axis.

g. Restore the system to the normal operating condition and
summarize the . test results on figure 6—4 ; USACC Form 351—R (Test).

I
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Figure 18—1. IFLA frequency response and gain (WG
attenuator at zero db) test configuration .
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DIRECTIONAL J I ~~1 -30 dbm
COUPLER WG AMPLIFIER

ATTENUATOR P A N E L

- 

~~~~ — O dbm

~~~~~-. 10 db

~~ - l0 dbm

SIGNAL ( POWER METER

GENERATOR I - - - &
MOUNT

Figure 18—2. IFLA frequency response and gain (WG
attenuator at 30 db) test configuration .
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IF LA FREQUENCY RESPONSE
AND GAIN

DATA SHEET (CCR 702-1-3) PAGE OF PAGES

T E R M I N A L  ID DATE (DAY . MONTH . YEAR )

TWTA NO. S P E C I F I C A T I O N  db

INPUT LEVEL OUTPUT LEVEL REFERENCE FREQ (Fe) MHz
dbm dbm

FREQUENCY GAIN (~~) IN REF (Fe)
(MHz)

COMMENTS

TYPED . N A M E . G R A D E , AND TITL E TEST ENGR SIGNATURE

USACC FORM 424—R (TEST)
1 MAY 77

Figure 18—3. IFLA frequency response and gain data sheet.
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CHAPTER 19

IFLA VSWR (sT—1 4)

19—1. GENERAL .

a. The purpose of this tes t  is to measure  the  Input  and o u t p u t  ,‘SWI ~
of the IFLA ’s.

b. Th is is normally an inservice test for the transmi t IFLA ;
however , the standby a m p l i f i e r  w i l l  be removed from service. Although
all terminals are equipped with a redundant para—amp IFLA , the test
may have to be performed out of service to prevent exposure of personilL- .
to radiation hazards. In wh ich cas e, an AO is required.

c. Techniques fo r  pe r fo rming  both  V SWR and retu rn loss m ea sur e I~e~~t s
may be found in chapter 55.

19—2. SPECIFICATIONS . The test  data obta ined d u r i n g  th i s  tes t  shal l  be
compared to the performance limits delineated in appendix B.

19—3. TEST EQUIPMENT REQUIRED .

a. Slotted line carriage .

b. Slotted line probe.

c. Slotted line.

d. Power meter.

e. Frequency counter.

f. VSWR indicator.

g. WG attenuator.

h. Thermistor mount.

i. WC adapters .

j. Sweep generator.

k. Plug-in .

1. Directional coup ler.

19—1 
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19— 4. TEST PROCEDURES.

a. Configure the test equipment as Il lustrated in f igure  19— 1 and
allow f or a 30- - tinute warmup and s tabi l izat ion period.

b. Tune the RF sweep signal generator to a CW frequency of 7500
MHz at an output  power level of zero dbm. Push the internal square
wave switch to the IN position .

c. Adj ust the variab le WG at tenuator to a setting of 20 db.

d. Adjust  the handc rank located on the slotted line carriage unt i l
a maximum indication is obtained on the square law Indicator of the SWR
meter.  Calibrate the square law Indicator for  an indication of 1 on the
SWR meter.

e. Adjust the handcrank on the slotted line unti l  a minimum indi-
cation is obtained . Record the SWR indication on f igure  19—2 ; USACC
Form 425—R (Test) .

f .  Tune the sweep signal generator to the following frequencies
and repeat paragraphs 19—4 d and e.

FREQUENCY
(MHz )

7200 7450 7700

72 50 75 00 7750

7300 7550 8000

7350 7600

7400 7650

g. Plot a VSWR versus frequency curve on figure 8—7; USACC Form
396—R (Test).

h. Terminate the input of TWTA under test and connect the test
equipment to the output test jack cf the amplifier under test.

I. Repeat paragraphs 19—4 d through g.

j. Restore the system to the normal operat ing condi t ion and
summarize the test results on figure 6—4; USACC Form 35l—R (Test).

19—2
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IFL AMPL IFIER PANEL

I I IN (TEST JACKS) OUT 
I 

50t~
~
p., 0 0 0 0 0 Q.  

• TERM
I 1 4

SLOTTED __________ VSWR
LINE INDICATOR

L~~~~~J 

_ _  

_ _

GENERATOR POWER METER

0 o -—--h MOUNT

DIREC1~ONA7]~~ FREQUENCY 

1

Figure 19—1. IFLA input/output VSWR test configuration .
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IFLA VSW R PAGE OF PAGES
(CCR 702-1-3)

DATA SHEET 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

TERMINAL ID DATE (DAY . MONTH , YEAR)

DEVICE U N D E R  TEST SPECIFICATION

OPERATING FRE QUENCY MHz CENTER FREQUENCY (Fe ) MHz

FREQUENCY E E R E T U R N  LOSS VSWR
(MHZ) max in ~ (db) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

COMMENTS

TYPED NAME , GRADE , AND TITLE TEST ENGR SIGNATURE

USACC FORM 425—R (TEST)
1 MAY 77

Figure 19—2. IFLA VSWR data sheet.
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CHAPTER 20

DOWN CONVERTER VSWR (ST—15)

20—1. GENERAL .

a. The purpose of this test is to measure the input VSWR of the
down converter.

b . This is an inservice test and does not require an AO; however ,
the down converter must be removed from service .

c. Techni ques for  performing both VSWR and r e t u r n  loss measurements
may be found in chapter 55.

20—2 . SPECIFICATIONS. The test data obtained during this test shall
be compared to the performance limits delineated in appendix B.

20—3. TEST EQUIPMENT REQUIRED .

a. Slotted line carriage.

b . Slot ted line probe.

c. Slotted line.

d. Sweep generator.

e. Plug—in.

f. Frequency counter.

g. VSWR indicator.

h. WG adapters .

1.. WG attenuator.

j .  Direc tional coup ler.

k. Power meter .

1. Thermistor mount.

20—1
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20—4. TEST PROCEDURES.

a. Configure the test equipment as illustrated in figure 20—1.
Remove the coaxial cable from the input of the down converter. (Turn
off the AC power to the down converter under test.)

b. Tune the RF sweep signal generator for a frequency output of
7500 MHz at an output power level of zero dbm. Push the internal square
wave switch to the IN position and set the variable attenuator to 20—db
attenuation.

c. Adjust the slotted line to obtain a maximum deflection (Emax) and
calibrate the SWR meter on the l—SWR range .

d. Adjust the slotted line to obtain a minimum indication (Emin ) on
the SWR indicator. Record the VSWR indication on figure 20—2 ; USACC
Form 426—R (Test).

e. Repeat paragraphs 20—4 b through d using the following f req uencies:

FREQUENCY
(MHz)

7200 7400 7650

7250 7450 7700

7300 7500 7750

7350 7550 7800

7600

f. Plot a frequency versus VSWR curve on figure 8—7; USACC Form
396—R (Test).

g. Restore the system to the normal operating condition and
summarize the test results on figure 6—4; USACC Form 35l—R (Test).

20—2
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DOWN C O N V E R T E R  VSWR PAGE OF PAGES
702.1-3)

DATA SHEET 
____ _________ _____________________

TERMINAL ID )ATE (DAY , M O N T H . YE A R )

DEVICE UNDER TE ST ~PE CI F I CA T I O N

OPERATING FREQUENCY MHz DOWN CONVERTER ID

FREQUENCY RETURN LOSS
(MHz) Em~~ 

E~~,n 1db ) 
VSWR

COMMENTS

TYPED NAME . GRADE . AND TITLE TEST ENGR SIGNATURE

USACC FORM 426—R (TEST)
1 MAY 77

Figure 20—2 . Down converter VSWR data sheet.
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CHAPTER 21

DOWN CONVERTER SPURIOUS UI TFU ’I (ST— 16)

~l-- l .  GENERAL .

a. The purpose of this test is to measure the spurious output
radiations of the down converter and to determine what effect the
spurious signals would have on the quality of communications .

b. This is normally an inservice test for those earth terminals
that are equipped with one or more standby down converters . However,
th is is an out—of—service test for those terminals that are not equipped
with a standby down converter. An At:) is required .

c. This test will be conducted in either the manual or automatic
swept frequency mode.

21—2 . SPECiFiCATIONS. The test data outained during this test shall he
compared to the performance limits delineated in appendix B.

21—3. TEST EQUIPMENT REQUIRED.

a. Spectrum analyzer.

b. SHF signal genera tor .

C.  4 0—d b f ixed a t tenuator .

d . 20 — d b L I X E - d  a t t  ( . T 1 t - ~ ta r .

e . I- ( e q u 9 T t c ~y count: ’:-

f. Power ut- t o ) .

g. rhermlstor mOtl i

h. l-- db step attenuator .

i. 1O—db step attenuator.

j. Fixed attenuator.

k. Oscilloscope camera.

21—4. TEST PROCEDURES.

a. Configure the test equipment as illustrated in figure 21—1 and
allow for a 30—minute warmup and stabilization period .

b. Tune the RF signal generator to the normal operating channel

21—1.
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frequency of the down converter under test at an output power level of
zero dbm. The power meter will indicate —20 dbm .

c. Decrease the output power by 23 db by increasing the signal
generator ’s output level attenuator 23 db.

d. Configure the test equipment as illustrated in figure 21—2 and
adjus t the variable attenua tors of the RF sigu al generator to zero db
of attenuation . Adjust the spectrum analyzer to obtain a ~-onvenient
display .

a. Tune the spectrum analyzer 25 MHz shove and below the 70 MHz
intermediate frequency and observe the display on the spectrum analyzer.
Measure and record the amplitude and frequency of any spurious radiations
that are displayed on the oscilloscope . The amp l itude is measured by
increasing the variable attenuation until Lhe amp l itude of the carr ier
is equal to that of the spurious signal. Tht~ amplitude of the radiation
in reference to the carrier will be equal to the total variable attenu-
ation settings.

f. Photograph the display and mount the photograph on figure 12—5;
USACC Form 397—R (Tes t). Record the test results on figure 21—3; USACC
Form 427—R (Test).

g. Restore the system to the normal operating condition and
summarize the test results on figure 6—4; USACC Form 351—R (Test).

21—2
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GENERATOR
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~~
EoU

~~~~~~~~~~~~~~!

Figure 21—1. Equipment calibration test configuration .

ADJ I ADJ
DOWN CONVERTER _______
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1’ Ii
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[
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Figure 21—2. Down converter spurious output test configuration.
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DOWN CONVERTE R SPURIOUS RADIATIONS PAGE OF PAGE S
ICCR 702-1-3)

DATA S H E E T  
____ ______________ _________________________________

TE F~MINA L ID DATE (DAY . MONTH , Y E A R )

DOWN CONVERTER ID SPECIFICATION

- 
FREQUENCY

_____ 
(MHz) AMPLITUDE IN REFERENCE TO C A R R IER

~ OM MENTS

TYPED NAME , GRADE , AND TITLE TEST ENGR SIGNATURE

USACC FORM 427—R (TEST)
1 MAY 77

t l gure 21—3. Down converter spurious radiation data sheet.
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CHAPTER 22

DOWN CONVERTER FREQUENCY RESPONSE AND GAIN (ST-l7)

22-1. GENERAL .

a. The purpose of this test is to measure the down converter frequency
response and gain. The bandwidth will be defined at the ±0.5 and ±1.0
db power points .

b. Th is is normally an inservice test for those earth terminals
with redundant capabilities. However , it is an out—of—service test for
terminals not equipped with a standby down converter and will require
an AO.

c. This test will be conducted in either the manual or automatic
swept frequency mode .

d. Techniques for measuring relative/actual amplitudes and frequen-
cies of spurious or extraneous emissions by means of attenuator subsritutioi-~
may be found in chapter 53.

22—2. SPECIFICATIONS. The test data obtained during this test shall
be compared to the performance limits delineated in appendix B.

22-3. - TEST EQUIPMENT REQUIRED .

a. WG attenuator.

b . Fixed attenuator.

c. SHF sweep generator.

d. Plug—in .

e. Frequency counter.

f. Power meter.

g. Thermistor mount.

h. lO—db directional coupler.

i. 3—db directional coupler.

j. Adapter.

k . RF detector.

1. X-Y recorder.

m. Power divider.

22—1
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- - -~~. lES t: PROCEDURES.

a. Manual  Mode.

( I)  E n e r g i z e  the test equi pment and al low f o r  a 3 0 — m i n u t e  warmup
and s t a b i l i z a t i o n  p e r i o d .

( 2 )  If required , tune the  selected down converter to the normal
ope ra t i ng  channel (7500 t’fflz w i l l  be used for discussion and illustration
purposes).

(3) Tune the SHF signal generator to 7500 MHz and a d j u s t  the o u t p u t
power revel to zero dbm . Insure that external coaxial cable losses are
considered when establishing the reference output power levels .

(4)  Adjust the microwave attenuator to 43 db and configure the test
equipment  as i l l u s t r a t e d  in figure 22—1.

(5) Record the power meter  indication on figure 2 2 — 2 ;  USACC Form
428—R (Test). The power meter  should ind ica te  zero dbm ± 0 . 5  db unless
otherwise specified in the equipment maintenance manual.

(6) Increase and decrease the SHF signal generator frequency in
1—MHz steps until 5 MHz above and below the  selected channel frequency
is a t t a ined . Record t es t  r e su l t s  on f i gu re  2 2 — 2 ;  USACC Form 428—R ( T e s t ) .

NOTE : At each tes t  f requency , insure  tha t  the input level
to the down converter is maintained at —43 dbm.

(7)  Increase and decrease the  SHF s ignal  gene ra to r  f r equency  in
5—MHz increments until 25 MH z above and below the selected channel
f requency is a t t a i n e d  while maintain ing a constant input level of —43
dbm at input to the down converter. Record the test results on figure
22—2 ; USACC Form 428—R ( T e s t ) .

(8) Continue to vary the output frequency of the SHF signal generator
whi le  ma in ta in ing  a constant  inpu t  level  to the down converter until the
±0.5 and ±1.0 db power points have been identified. Record the ±0.5
and ±1.0 db bandwidths on figure 22—2 ; t SAC C Form 428—R (Test).

NOTE : The ±0.5 and ±1.0 db power points are relative to
the down converter output power level at the
selected channel frequency .

(9) Restore the system to the normal oper ting condition and
summarize the test results on figure 6—4; U S A T C  Form 351—R (‘test).

b. Automatic Mode.

(1) Conf igure the test equipn1L-~ t as il lustrated in fi gure 22—1 and

2 2 — 2
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- 
- - tune the sweep signal generator to 7500 MHz (CW) . 11w i n p u t  to  the

microwave attenuator should be zero dbm.

(2)  If required , tune the down converter to the normal operating
-
~~~~ frequency (7500 MHz will be used for discussion and illustratioo pur—

poses ) .  Energ ize the test equipment and allow for a 30—minur’- warmup
and stabilization period .

(3) Measure and record the down converter )utput level on figur-
22—2; USACC Form 428—R (Test). The power meter should 1nd icat~- zero
± 0 . 5  db.

(4) Configure the test equipment as illustrated in fi U l r e 22—3 and
adjust the test instrumentation as follows :

Sweep Signal Generator:

4 Start Frequency : 7470 MHz

4 Stop Fr equency: 7530 MHz

Output Power Level at
Input to Microwave :

A t t e n u a t o r :  zero dbm

Sweep Mode : manual

Manual Frequency : to read 7500 MHz on frequency
coun te r

Microwave Attenuator: —3 db

(5) Manually (manual frequency adjust) -a h ibrate the X—i recorder
for a suitable display on the X—axis for a 1 iivtwith of ~0 

‘
~llz . Adjust

the X—axis direct current (DC) gain control as r e q u i r e d  on the  X— Y
recorder to ob ta in  a s ui t a b l e  d isp lay . Insur e  t ha t  the ~- - -°p g e n e r a t o r
is operating at the slowest sweep speed.

(6) Adjust the X—Y recorder DC gain controls as required to obtain
an upper 3/4—scale resolution on the Y—axis as disp layed on the grap h
paper.

NOTE : Use figure 8—7; USACC Form 396—R (Test) for the X—Y
recorder with the gain (db ref at F~

) on the vertical
ax is and the f requen cy in MHz on the horizontal axis.

(7) Adjust the microwave attenuator to —2.5 db and press ~he Y-Y
recorder pen to establish contact with the graph paper. Set the swt’t -

generator node switch to trigger and the X—Y r& - r d er  pen t o  d w ’ - .

22—3
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CCP 702 — 2

(8) Push the trigger switch in and release when the recorder begins
to sweep.

(9) Adjust the microwave attenuator to the following settings and
repeat paragraphs 22—4 b (6) and (7) above.

ATTENUATOR SETTING
(db)

1.0 (2.0)  3.5 (—0.5)

1.5 (1.5) 4.0 (—1.0)

2.0 (1.0) 4.5 (—1.5)

2.5 (0.5) 5.0 (—2.0)

3.0 ( 0 ) 6.0 (—3.0)

(10) Raise the X—Y recorder pen , switch sweep generator mode to
manual, and adjust the manual frequency control, if required, to read
7500 MHz on the frequency counter.

(11) Configure the test equipment as illustrated in figure 22—4 and
adjust the microwaVe attenuator until —3 dbm is observed on the power
meter. The pen on the X—Y recorder should be centered on the zero db
(—3.0) reference line established in paragraph 22—4b(9) above.

(12) Set the sweep generator mode switch to trigger, the X—Y
recorder pen to down, and press the trigger switch.

(13) Restore the system to the normal operating condition and
summarize the test results on USACC FORM 351—R (Test).

22—4 
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GENERAT ORI CW ~~~~~~~~ GON~~~RTER

I Odbm
70 MHz ±0.5db

FREQUENCY 
___________  

~~~POWERMETE j
COUNTER

Figure 22—1. Down converter frequency response and gain
(manual mode) test configuration.

22—5

— J ~~~~~~~~~
- .

~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - .~ . . .



-~ . -—--,--— .~~~~~- --- — .—----- .-— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

--- - 
-‘U”

CCP 702—2

DOWN CONVERTER FREQUENCY RESPONSE AND GAIN
(cCR 702-1-3)

DATA SHEET PAGE OF PAGES

TERMINAL ID DATE (DAY ,MONTH . YEAR) Fc GHz

DOWN CONVERTER ID i-ÔF (MHz) -3db +~~ F (MHz) -0.5 db

SUBASSEMBLY -~~ F (MHz) -3db —o F (MHz) -05 db

GAI N db BW (MHz) -3db BW (MHz) -0.5 db

INPUT SIG LEVEL dbm OUTPUT SIG LEVEL dbm REF LEVEL db

FREQUENCY AMPLITUDE FREQUENCY AMPLITUDE
(MHz) (db) (MHz) (db )

COMMENTS -

TYPED NAME . GRADE . AND TITLE TEST ENGR SIGNATURE

USACC FORM 428—R (TEST)
1 MAY 77

Figure 22—2. Down converter frequency response and gain data sheet.
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SWEEP 7 I I
SIGNA L I POWER

~ ENE ATOR 
7500 MHz 

UIL1
POWER DIVIDER 

~
‘j 

DIVIDER 
O cJb m

7S MHz

ALC 
-JDETECT~~~~~ JII4 

.1 ~ 3db

X X-Y FREQUENCY POWER

RECORDER COUNTER METER 

f

~~~~dbm

Figure 22—3. Down converter equipment calibration (automatic
mode) test configuration.
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GENERATO R 

__________  H 

DWIDER

__H 
coNVERTER

ALC f DETECT~~~]N4 
___________ 

___________

_____________ 
FREQUENCY ____________

1. COUNTER
Ix x-v I 

POWER

[
4

RECORDERJ METER

Figure 22—4. Down converter frequency response and gain
(automatic mode) test configuration.
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CHAPTER 23

DOWN CONVERTER NOISE FIGURE (ST-l8)

23—1. GENERAL .

a. The purpose of this test is to measure the NF of the down
converters.

* b. This test will be performed in the automatic or manual mode
depending on the availability of equipment. The signal generator method
will not be employed due to the high probability of error unless no
other means of performing the NF measurement is available.

c. This is normally an inservi,ce test for those earth terminals
that are equipped with one or more standby down converters.

23—2. SPECIFICATIONS. The test date obtained during this test shall
be compared to the performance limits delineated in appendix B.

23—2. TEST EQUIPMENT REQUIRED.

a. Noise source.

b. NF test set.

c. l—db attenuator.

d. 1O—db attenuator.

23—4. TEST PROCEDURES.

a. Aute -f c Mode.

• (1) ( ce the test equipment as illustrated in figure 23—1.

(2) Energize the test equipment and allow for a 30—minute warmup
and stabilization period.

(3) Set the AUTO—MANUAL switch located on the rear of the NF indi-
cator to AUTO.

(4) Set the meter function switch to the 4—ma position. Adjust
the gas tube current control until the NF indicator reads 200 ma.

(5) Set the meter function switch to zero and adjust the potentio—
meter until the NP meter indicates zero.

23—1
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(6) Turn the meter function switch to INF and adjust the potentio-
meter until the NF indicator reads INF. Insure that the NF indicator
input IF selector is set to 70 MHz. (If the NP indicator does not cali-
brate on INF, this measurement cannot be performed in the automatic mode.)

(7) Set the meter function switch to the NOISE FIGURE position and
read the down converter NP indicated .

(8) Measure the power loss of any coaxial cable that is located
between the noise source aid item under test. Subtract the cable loss
in db from the NF and record the required information on figure 23—2 ;
USACC Form 429—R (Test).

(9) Analyze the test results and restore the system to its normal
operating condition.

b. Manual Mode.

(1) Configure the test equipment as illustrated in figure 23—3.

(2) Energize the test equipment and allow for a 30—minute warmup
and stabilization period .

(3) Set the IF input switch to 70 MHz.

(4) Set the meter function switch to 4 ma and the noise source
switch to ma x 100. Adjust the gas tube current control until 200 ma
is indicated on the NF meter.

(5) Turn the noise source switch to OFF and the meter function
switch to NOISE FIGURE.

(6) Set the variable attenuators for a convenient current scale
reading on the lower one—quarter of the meter scale (Imin)~

(7) Set the noise source switch to the GAS TUBE position and read
the current scale (Imax).

(8) Insure that any cable losses between the noise source and test
device have been considered .

I
NOTE: Noise figure — 15.2 db — 10 log [( - max 

- 

~
j _  

~tiain

(9) SummarIze the test results on figure 6—4; USACC Form 35l—R
(Test).

23—2
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DOWN CONVERTER IF OUTPUT

S

NOISE FIGURE
NOISE I INDICATOR
SOURCE

50

I

S

Figure 23—1. Down converter NP (automatic mode) test configuration.
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DOWN CONVERTER NOISE FIGURE
(CCR 702-1-3)

DATA SHEET PAGE OF PAGES
TERMINAL ID DATE (DAY , MONTH, Y EAR)

ADAPTER LOSS db CABLE LOSS db

NOISE SOURCE CURRENT SPECIFICATION

CURRENT READING Y-FACTOR NOISE FACTOR
(ma) (d b) (db)

STARTS ‘mm ‘max

2

3 
___— ________ _________ _ _ _ _ _ _ _ _ _

4

5

COMMENT S

TYPED NAME , GRADE , AND TITLE TEST ENGR SIGNATURE

USACC FORM 429—R (TEST)
1 MAY 77

Figure 23—2. Down converter NP data sheet.
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0 ERTER IF OUTPUT (70 MHz)DOWN C NV 

A~~~ N

1 NOSIE FIGURE

150 I INDICATOR 355D

LaJ ATTEN

I
Figure 23—3. Down converter NF (manual mode) test configuration.
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CHAPTER 24

UP CONVERTER/EXCITER FREQUENCY
RESPONSE AND POWER OUTPUT (ST—l9)

24—1. GENERAL .

a. The purpose of this test is to measure the frequency response
and the power output of the up converter/exciter. The frequency re-
sponse will be determined at the ±0.5, ±1.0, and the —3.0 db power
points.

b. This is an inservice test for earth terminals equipped with one
or more standby up converters/exciters . However, this is an out—of—
service test for those terminals that are not equipped with the dtandby
converters/exciters .

c. This test may be conducced in either the automatic or manual
sweep mode , centered on the assigned channel frequency of the partic-
ular up converter/exciter under test.

24—2 . SPECIFICATIONS . The test data obtained during this test shall
be compared to the performance limits delineated in appendix B.

24-3. TEST EQUIPMENT REQUIRED .

a. Power meter.

b. Thermistor mount .

c. Frequency counter.

d. Signal generator.

e. Plug—in .

f. Power divider.

g. lO—db attenuator.

h. Crystal detector.

i. Oscilloscope .

j .  Oscilloscope camera.

24-4. TEST PROCEDURES.

a. Manual Mode.

(1) Configure the test equipment as illustrated in figure 24—1 and
allow a 15—minute warmup and stabilization period. Place the up con—
verter to be tested off—line and set the input attenuators in zero db.

24—1
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(j ;) T ine ‘ h~’ PF s~”e~’p ~~~~~~~ ge 1 o -r ~i t  i t o  a FW fro~~ie ncv ~f 71) ‘~k~~
ar ~in ou ~ ‘t ~r r~v~~l ~ f ;~o r r ,  ( I t - rn .

( 3 )  (~op f ~~~ j i r~~ t he ‘o r  t e q r ; 1p 1 7 ( n t  as l J lr’c t rated in  f lpiti 24—2 .
.‘djrio t the ~~~~~~~

• . . I o t t  er , i i p ~~’ r , located on :he up c o nv e r t e r , i n t l  1
the c Or  n c  t~r I n d i c a t e s  —3 dh m .  Record t h e  r e f e r r - r ~ e I ’~ve1 at }i

~~ 7()

~U-Iz (F . , ~~~~ j O O r ( . 2/ ~— l ; ~
-
~p 4 3 0 — P  (Te~~t ) .

(4) Tune the RF su - op sigr f generator to a CW f r equency  of 41 M h z
:~t a power ou tpu t l e v e l of zero  dl .o . F e o o r 3  t h e  up c o n v e r te r  o u t p u t
. u ~ er levei in rr  r € - n ~~- to t h  F0 70 ?‘fliz.

5) Repeat  Lo{ol.’rrl I 2 4 — 4 a ( 4 )  in 1- ’lIfz incre oenr s ot  f r  e cuenc ie s  42
MHz ttrou;oh 56 M H z .  or . I in 2 M t - .- i ci- ernErts at f r p ~1 ion c i.es - P MHz t~ !r c u r 1
96 ~~~~

(6) Plot an ariplitude versus freq erc y r e s p o n s e  curve  on f ig u r e  8—7;
USACC Form 39 6—R (Tes t ) , onI ornotate the —1 and —3 db power points on
the curve . The gain in db in reference to F~ will he p lotted on t1~e
. o t l  c a l . ~ is and t J e  f r e q u e n cy  (‘~~h,) on t h e  h or i z o n t a l  axis .

b .  . , ‘r t .omatic  M ode .

(1) Cc~~f~~~r, v the t o t  cqui. r~’o i t  as i l l u s t r a t e d  in f ig u r e  24—4
oni l  allo~ for  a l5—-rJnute w acrnop  r~d s ta t-  i l iz a t io n  p e r i o d .

(2) od’just thy IF coeet- signal generator for a sweep w i d t h  of 40 ME~
i~en t er e d on 70 MJ1~ and ad j us t the o u t pu t  po or level co n t r ( 1 unt  1 t h e
p(yz l r iete~ u d i car e s  ~~~ n ,  n b a  -

( 2 )  .cdj u s t  the osc 11 ) o s c o p o  as necesso r ~
- to ob tath  a su i t ab le

display . it-se ‘y e  the c i l i o~~c - ’ p~ display f o r  1 m i n u t e  ari d record al l
i t o d a  var at ions ~~oit . ix r~ ed dh at  () MHz bandwid th  or ± 0 . 5  dt-

~~~ to ~.qj i~~ 1~~ r~ iai2th (reference at 7U M1i~ )

(4) Photogroph the oecilloorope d~ splay and c ou n t  the p h o r c p r 1u-
price 12—5 ; 17P ~\ i (  Form 201-—F ( ost) -

r . ti~~i i i r~ /Au toma~ Mode. ~~~~ ore t i ’  s ’c t e m  to  the iIo r ’oi , )pr’~~! i’ g
c- l i ti i i  and su m r n a r i r r  t h e  t e o t  r c o o i  t~ Oil f i gure  ~~

- 4~ I ~AL( 1 eric 351 - P.
(Te~~ 

)

24-2
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~~G E N E R A T O R  —~--—-H1I } POT ME hR 1

~~~~~REQUENCY
COUNTER

Figure 24—1. Up converter/exciter equipment calibration .

~~L
J
~

dbr
~
LTiiIIIHjcoNvER:R

~~

~~~~~7O MHz ~~~~~~~~ SIGNAL 1 [
GENE RATOF hL~~J L~n1i

70 MHz

Figure 24—2. Up converter/exciter frequency respont..t and power
output (manual mode) test configuration.
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UP C O N V E R T E R / E X C I T E R  F R E Q U E N C Y  RESPONSE PAGE 01 PAGES

AND POWER OUTPU T
t i ArA SHEEI (CCR 702- 1-3)  

______________________

T E R M I N A L  ID — 1  db BW MHz A Fc MHz—i db

UP C O N V E R T E R  ID — 3 d b  BW MHz — A F c MHz- - ld b

DATE (DAY .MONTH . Y E A R )  PWR OUTPUT dbm Fc MHZ

FREQUENCY INPUT AMPLITUDE FREQUENCY INPUT AMPLITUDE
)MHz) (±. rib) t MHz) )± rib)

41 72

42 74

43 76 
____________________

78

45 80

46 82

48 84

50 86

52

54 90

56 92

58 94

60 95

62 96

64 97

66 
_________________________ 

98 
_____________________

68 99

70 100

COMMENTS

TYPED NAM E . G R A D E . AND TIT LE TE ST E N G R  S I GN A T U R E  
-

USACC FORN 430—R (TEST) 
-

1 MAY 77
Figure 24—3. Pp converter/exciter frequency response and power

output data sheet.
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CHAPTER 25

UP CONVERTER SPURIOUS OUTPUT (ST—20)

25—1. GENERAL .

a. The purpose of this test is to measure the spurious output
radiations of the up converter and to determine the effects the spurious
signals would have on the quality of communications .

b. The nominal output level of the up converter is —l dbm . This
test will be conducted with the spectrum analyzer input connected to
the test jack through a 40—db attenuator.

c. This is normally an inservice test for those earth terminals
that are equipped with one or more standby up converters ; however , this
is an out—of—service test for earth terminals not equipped with a standby
up converter , in which case an AO is required.

d. Techniques for measuring relative/actual amplitudes and frequen-
cies of spurious or extraneous emissions by neans cf attenuator
substitution may be found in chapter 52 .

25—2. SPECIFICATIONS . The test data obtained during this test shall
be compared to the performance limits delineated in appendix B.

25—3. TEST EQUIPMENT REQUIRED .

a. Spectrum analyzer.

b. Fixed attenuator.

c. Step attenuator.

d. Oscilloscope camera.

25—4. TEST PROCEDIJRES.

a. Configure the test equipment as illustrated in figure 25—1.
Set all the variable attenuators to zero db attenuation , and allow fur
a 30—minute warmup and stabilization period.

b. Tune the up converter to one of the frequencies stipulated in
paragraph 25—4d . Tune the spectrum analyzer until the up converter
output frequency appears on the analyzer . Adjust the spectrum analyzer
frequency control 50 MHz above and below the carrier frequency while
looking for any spurious emissions. Measure and record the amplitude
of any spurious signals.

25—1
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c. The relative amplitude of any spurious signal can be measured
by increasing the variable attenuation until the amplitude of the carrier
is equal to that of the spurious signal. The attenuation setting of the
variable attenuator will be equal to the amplitude of the spurious signal
in relation to the main carrier. Record the test results on figure 25—2 ;
USACC Form 431—R (Test).

d. Repeat paragraphs 25—4 b and c for all of the following
frequencies :

FREQUENCY
(MH z)

7925 8075 8275

7975 8125 8325

8025 8175 8375

8225

e. Photograph the spectrum analyzer display and mount the photograph
on figure 12—5; USACC Form 397—R (Test).

f. Restore the system to the normal operating condition and
summarize the test results on figure 6—4 ; USACC Form 351—R (Test) .

25—2
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UP CONV U - H ’  t . F~- E~~~~)T t H  o F  Sp~aflC; L’ - - RAf l I ATR ) NS (PAGE OF PAGES
ICCF~ 702- 1 31

A lA SHEET 
________

(TERM INAL ID , t )MFt  )DA~~, MO NTH , - ‘EAR )

_ _   -k -- - - —— - - - -

JUP CONVERTER 1) S r E C )  C A l  ION
_ _ _ _ _ _  —— ---- 4---—- -- -- - - - - - -- - -— - - -  ---- 

SP UR IOUS

FREQUFNC\ L E V E L  FREQIJ ENCV LEVEL
(M H z )   - 

(dbm ) ~RHz) 
- -  

1db RE! 
~~~~~~
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C O M M E N T S

TYPED NAME , G R A D E , AND TITLE TEST ENGR SIGNATURE

USACC FORM 431—R (TEST)
1 MAY 77

F i g r i t o  2 5 — 2 .  i p converte~ spurious radiations dat i sheet.
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CHAPTER 26

UPLINK IFLA AND IPA FREQUENCY RESPONSE AND GAIN (ST—21)

26—1. GENERAL.

a. The purpose of this test is to measure the gain and frequency
response of the uplink IFLA ’s or IPA ’s as required.

b. This is normally an inservice test for those earth terminals
that are equipped with standby IFLA ’s. However, it is an out—of—service
test for terminals that do not have redundant capabilities and requires
an AO.

26—2. SPECIFICATIONS. The test data obtained during this test shall
be compared to the performance limits delineated in appendix B.

26—3. TEST EQUIPMENT REQUIRED .

a. SHF signal generator.

b. Power mete r.

c. Frequency counter.

d . Attenuator set.

26—4 . TEST PROCEDUP5~S.

a. Configure the test equipment as illustrated in figure 26—1 or 26—2
to conform to the type of earth terminal under test.

b. Energize the test equipment and allow for a 30—minute warmup
and stabilization period.

c. Tune the SHF signal generator to 8150 MHz and adjus t the output
power level to zero dbm .

d. Adj ust the IPA d rive attenuator for maximum attenuation .

e. Decrease the input drive attenuation until a peak indication
is observed on the power meter . Record this indication on figure 26—3;
USACC Fo rm 432 —R (Test).

NOTE : The IPA gain is determined by calculat ing the arithmetic
d i f f e r ence in dbm between the peak power level (dbm) and
the signal generator output level (zero dbni) , also any
coupling, a t tenu ator , etc , power loss must be taken into
consideration in the calculation .

26—1 
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f .  Dec rease the input drive attenuation unti l  a dip in power is
observed on the powe r meter (IPA sa tura t ion) .

f .  Increase the input drive attenuation unti l  the power meter
indicates at least 3 db below the saturation level.

g. Tune the signal generator to 8200 MHz and adj us t the output
power level as required to zero dbm. Record the IPA output power level
on fig ure 26—3; USACC Form 432—R (Test) .  Repeat paragraph 26’-4g at the
following listed test f requencies :

FREQUENCY
(MHz)

7900 8050 8250

7950 8100 8300

8000 8150 8350

8200 8400

h. Switch IPA ’ s and repeat this test if app licable .

i. Plot a frequency versus relative amp litude response curve , rela-
tive to 8150 MHz , on figure 8—7; USACC Form 396—R (Test). The IPA gain
should be p lotted in db referenced to 8150 MHZ (Fe) on the vertical axis
and the frequency in MHz on the horizontal axis of the data sheet.

j .  Restore the system to the normal opera ting cond ition and
sununarize the test results on f igure 6—4 ; USACC Form 351-R (Test) .

26—2-
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UPLINK IFL A AND IPA FRE(1UENCV RESPONSE AND GAIN
(CCR 702-1-3)

DATA SHEET PAGE OF PAGES
TER MINAL ID DATE (DAY , MONTH , Y EAR )

AMPLIFIER ID OPERATING FREQUENCY MHz

INPUT LEVEL dh,,, OUTPUT LEVEL ~Ibrr, GAIN

FREQUE NCY AMPLITUDE FREQUENCY AMPLITUDE
(MHz) (± db ) )MHz( (±~ db (

7900 8200

7950 8250

8000 8300

8050 8350

8100 8400

8150

COMMENTS

T Y P E D  NAME , G R A D E , AND TITLE TEST ENGR SIGNATURE

USACC FORM 432—R (TEST)
1 MAY 77

Figu re 26—3. Uplink IFLA and IPA frequency response and gain
data sheet.
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CHAPTER 27

IPA VSWR (ST—22)

27-1. GENERAL.

a. The purpose of this test is to measure the input and output VSWR
of the IPA.

b. This is an inservice test and does not require an AO; however ,
the standby IPA must be removed from service.

c. Techniques for  performing both VSWR and re turn loss measurements
may be found in chapter 55.

27—2. SPECIFICATIONS. The test data obtained during this test shall
be compared to the performance limits delineated in appendix B.

27—3 . TEST EQUIPMENT REQUIRED .

a. Power meter.

b. Thermistor mount.

c. Slotted line carriage.

d. Slotted line probe.

e. Slotted line.

f. Sweep signal generator.

g. Plug—in .

h. VSWR indicator.

i. WG adapter .

j. Variable attenuator.

k. Frequency counter.

1. Directional coupler.

27—4 . TEST PROCEDURES.

a. Configure the test equipment as il lustrated In f igure  27 —1 and
allow for a 30—minute warmup and stabilization period .

b . Adjust the RF sweep signal generator for an output power level
of zero dbni at the nominal operating CW frequency of the particular

27— 1
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n~~ t N  t ~‘ri .~n~il under  t e s t .  F~ ’n u v e  the AC power f r o m  the  1PA t h a t  is
to , I os t ~~~~ . Pus h lie i i  f - r l I a i  s q u a r e  wav c  s;-.- i t :1 to the  I ~4 pos i t ion

c. i . d j u s t t he  s l o t t e d  l i ne  u n t i l  a rnaxi .num -udk iiith cat ion  (E max) ~~
. b . t -:eu -n t i n  ‘~~~w i i~~- law ir i d i  a t o r .  ( , i l j b r a t e  the  f~~ -.l ’ in d i a t o r  on

— ~~ ,z - ’ r wge .

d. ~d ju- t the slotted line to obtain a minimum indication (Er~~
).

-~ rd t I c  \HI2R in d ica t ion  on f I g u r e  2 7 — 2 ;  ~SALC Form 433—R ( ‘ Je s t )  -

~et. eL1 t para graph s  27—4 c and d a t  the f r equenc i e s  l I s t e d  below ,
-n ’d p ic i  f -en i~— n e y  ve r~~’is VSUR cur .~~~ - f ig u r e  8 — 7 ;  T~~’ A C  F u n n 3 9C— R

FREQUENCY

7900 8200

7950 8250

8000 8300

8050 8350

8100 8400

8150

~~. C o n f i g u r e  the test equipment as i l l u s t r a t ed  in f i gu re  2 7 -3 ;  and
~~~~~~ n n r a gr a p h s  27—4 b through e fo r  an IPA ou tpu t  VSWR measurement .

g. Res tore  the system to the normal opera t ing  condi t ion  and
- i.... i r i z e  t h e  tes t  resul ts  on f igu re  6— 4 ; USACC Form 35 l—R ( T e s t ) .

27- 2
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SLOTTED L I N E  IPA

ATTENUATOR 
C A R R I A G E  

A C A W N E T

F F R E QU E N C Y  ________ I
I COUNTER _____ 

DIREC-1
I TIONAL[ COUPLER

_ _ _ _ _  _ _ _  _ _ _  
I 

_ _ _ _ _

I ~1
SWEEP I I POWER M E T E R

SIGNAL I SWR L &
GENERATOR INDICATOR - 

MOUNT

Figure 27—1. IPA input VSWR test configuration.
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IPA I N P U T  AND OUT PUT VSWR PAGE OF PAGES
(CCR 702- 1-3)

DATA SHEET -________________ ____________________________________

TERMINAL ID DATE (DAY , MONTH , YEAR)

A M P L I F I E R  ID OPERATING FRE QUENCY MHz

VSW R ( DUMMY LOAD) SPECIFICATION

VSW R (ANTENNA) ANTENNA TYPE

F R E Q U E N C Y  VSWR FRE QUENCY VSWR
JMHz ) INPUT (MHz) OUTPUT

COMMENTS

FYPED NAME , GRADE . AND TITLE TEST ENGR SIGNATURE

USACC FORM 433—R (TE ST)
1 MAY 77

Figure 27—2. IPA input/output VSWR data sheet.
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V A R I A B L E  fl..,, C A R R I A G E  - f lIJT

ATTENUATO R ~~ & PROBE

________ IPA CABINET
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_
LOUPLERF.f COUNTER

~
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~~~~~~
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Figure 27—3. IPA output VSWR test configuration .
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CHAPTER 28

POWER OUTPUT , VSWR , AND REFLECTOMETER
CALIBRATION ; AND PA FREQUENCY RESPONSE (ST—23)

28-1. GENERAL .

a. The purpose of this test is to calibrate the PA (low power
amplifier (LPA) and high power amplifier (EPA) , if applicable) power
output , VSWR , and reflectometer; and to measure the amplitude versus
frequency response.

b . This is an inservice test for terminals that have redundan t PA
chains. However , this is an out—of—service test for terminals with parallel
ThT PA ’s.

c. The tests must be coordinated with the satellite communications
(SATCOM) controller since switchover between PA ’s causes short trans-
mission interruptions .

28—2. SPECIFICATIONS . The test data obtained during this test shall
be compared to the performance limits delineated in appendix B.

28—3. TEST EQUIPMENT REQUIRED.

a. Power meter .

b. Thermistor mount.

c. Attenuator set.

d. 1-’requency counter.

e. Sweep signal generator.

f. Plug—in .

g. Directional coupler.

h. WG attenuator.

28—4. TEST PROCEDURES.

a. Power Output Measurement and BITE Forward and Reverse Power
Meter Calibrat ion.

(1) Insure that the PA under test is in the dummy load pos i t ion .
Conf ig ure the test equipment as i l lus t ra ted  in f igure  28—1 , and allow
fo r a 30—minute warmup and s tabi l izat ion period.

28—1
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(2) Tune the SEF sweep signal generator to a CW frequency in the
center of the passband or klystron channel. Set the signal generator
output to zero dbm as dete rmined on the power meter .

( 3) Adjust the input attenuator , located on the IPA , for  the maximum
attenuation .

(4) Decrease the IPA at tenuator  in 3—db steps , and record the power
meter readings at the IPA input and the PA output  forward and reverse
power ports until maximum power has been reached . Record this da ta on
figu re 28—2 ; USACC Form 434—R (Test) .

(5) Repeat paragraphs 28—4a (3) and (4) with the BITE meters
connected. Readjust the BITE meter sensitivity if necessary and record
the BITE meter readings af t e r  readj ustment.  Change the BITE scale
where required and adjust individual scales as may be necessary .

b.  Power Output to Antenna Calibration .

(1) Conf igure  the terminal and test equipment as shown in f igure
28— 3.

(2) Adjus t the up link power to the normal operating level for  the
terminal being evaluated .

(3) Measure the forward and reverse power with the test power meter.

(4) Measure the forward and reverse power with the BITE power meter.

(5) Record the data on figure 28—2 ; USACC Form 434—R (Test) .

c. Amplitude Versus Vrequency Response.

(1) ‘( 1119 test will be performed on the LPA , EPA , and the parallel
NT ’s if so equipped . The last confI guration is an out—of—service test.
The steps described appl y to each nin figur ation .

(2) Configure the terminal and test equipmen t as shown in figure 28—1.

(3) Tune the SHF signal generator to the frequencies listed below .
Measure and record the amplitude of each radio frequency in reference
to 8150 MHZ (Fc).

NOTE : TWT only. The forward and reverse power can be
obtained at DC—4 in the LPA cabinet.

28-2
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TEST FREQUENCY I

(MHz) (TWT ONLY)

7900 8200

7950 8250

8000 8300

8050 8350

8100 8400

8150

(4) Tun e the HPA to the operating channel frequency and measure the
powe r output  level in 10—MHz steps unt i l  a bandwidth of 160 MHz has been
measured , that is , 80 and —80 MHz in reference to the F~ .

(5) Record the results on f igure 28—4; USACC Form 435—R (Test) .
Plot a f requency versus amplitude curve on figure 6—4; USACC Form 396 — R
(Test) and annotate the —1 and —3 db points. Plo t the ou tpu t power
relative to the measured power at F~ 

(db) on the vertical axis and the
frequency on the horizontal axis.

(6) Restore the system to the normal operating condition and
summarize the test results on figure 6—4 ; USACC Form 351—R (Test).

28— 3
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PA POWER MET ER CA L IBRATION PAGE OF PAGES
(CCR 702-1.3 )

DATA SHEET 
___________________________________

TERMINAL ID DATE (DAY . MONTH. YEAR)

A MPLIFIER ID OP FREQ (ANTENNA) MHz

GAIN db TEST FREQ (DUMMY LOAD) MHz

INPUT POW ER 
— 

CALIBR ATION METER BITE METE R

(dbm ) FWD (dbi~i) RVSE (dbm) FWD (dbm ) RV SE (dbm )

COMMENTS

TYPED NAME. GRADE, AND TITLE TEST ENGR SIGNATURE

USACC FORM 434—R (TEST)
1 MAY 77
Figure 28—2. PA power meter calibration data sheet.
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PA F R E Q U E N C Y  RESPONSE
C H A R A C T E R I S T I C S

DATA SHEET (CCR 702-1-3) PAGE OF PAGES

TERMINAL ID DATE ( D A Y , MONTH , Y E A R )

AMPLIFIER NO. 
- 

CENTER FREQUENCY )F
~ ) MHz

IPA NO. 8W -3d b MHz

OUTPUT POWER W SPECIFf ED SANOPASS MHz

OUTPUT V S W R REFLECTED POWER W

DIR COUPLER LOSS db ATTENUATION db

FREQUENCY AMPLITUDE FREQUENCY AMPLITUDE

(MHz) ( tdb ) (MHz) (t d b )

COMMENTS

BEAM VOLTS _________________________________

BEAM CURRENT ________________________________

BODY CURRENT __________________________________

RF INPUT POWER ______________________________

RF OUTPUT POWER _________________________________

TYPED NAME, G RADE , AND TITLE TEST ENGR SIGNATURE

USAC C FORM 435—R (TEST)
1 MAY 77

Figure 28—4 . PA f requency response character is t ics  data sheet.
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CHAPTER 29

PA INT ERN ODULAT ION , SPURIOUS RADIATION , AND HI’M MODULATION (ST—24)

29—1. GENERAL .

a. The purpose of this test is to measure the intermodulation
products caused by multiple carriers, spurious radiation , and hum
modulation .

b. This is an inservice test for those earth terminals that are
equi pped with one or more standb y PA ’s. However , for those terminals
not equipped wi th a standby PA , an AO will be required. The PA under
test must be removed from service .

c. Since the signal generator output is limited to zero dbm , the
tests will be performed on the PA and IPA combined in order to provide
sufficient drive level to the PA.

29—2. SPECIFICATIONS . The test data obtained during this test shall
be compared to the performance limits delineated in appendix B.

29-3. TEST EQUIPMENT REQUIRED.

a. SEF signal generator.

b. Frequency counter.

c. Power meter.

d. Thermistor mount .

e. ~‘YG attenuator.

f. Spectrum analyzer.

g. F’ower combiner.

h. I)etector crystal .

i. Oscilloscope .

j. Step attenuator.

k. WG adapter.

29—4. TEST PROCEDURES .

a. Measurement of Intermodulation Distortion and Spurious Radiation .

29—1 
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(1) Conf igure the test equipment as shown in figure 29—1 and allow
for a 30—minute warmup and stabilization period.

(2)  Connect the power meter to the ou tpu t  of the power comb iner.

(3) Tune the SHF signal generator ~l to 8.14 CHz and genera tor  1fr2
to 8.16 GHz. Set both ou tpu t  attenuators to minimum output.

(4) Increase the output  level from SHF generator  ~1 un t i l  the
power meter reads —3 dbm . Record the attenuator ’s setting and return
to minimum o u t p u t .

(5) Repeat paragraph 29—4a(4) for SHF generator #2.

(6) Return both SFIF generator outputs to the recorded settings of
paragraph 2 9 — 4 a ( 4 ) .

(7) Set the variable WG attenuator to maximum attenuation .

(8) Connect the output of the power comb iner to the input of the
a t t enua to r .

(9) Decrease the WG attenuator setting until the PA reaches rated
power.

(10) Observe the spectrum analyzer for intermodulation and spurious
signals.

(11) Increase the WG attenuator by 3 db and observe the spectrum
analyzer for intermodulation and spurious signals .

(12) Reduce the output level from SHF generator ~l to minimum.

(13) Decrease the WG attenuator by 3 db.

(14) Repeat paragraphs 29—4a (10) through (12).

(15) Photograph any displays that show spurious and/or intermodu—
lation products and mount the scope photographs on figure 12—5; USACC
Form 397 — R (Tes t ) .

(16) Record the test results on figure 29—2 ; USACC Form 436—R (Test).

(17) Summarize the test results on figure 6—4; USACC Form 35l—R
(Test).

b. Measurement of Hum Modulation .

(1) Reconfigure the test equipment as shown in figure 29—3.

(2)  Tune the SHF generator  to 8150 M H z.

29—2
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(3) Connect the power meter  to the  o u t p u t  o t  t i l e -  di I i -c t j o n a l  coup ler.

(4) Adjust the level to —3 dhm with t h e SHF geoI~- u ~~t~~r ~~~~ l i t  c ou t  N I
and WC a t t e n u a t o r  sot  to zero db .

(5) Increase the WC a t t e n u a t o r  to maXimum .

( 6) Connect the WG a t t e n u a t o r  o u t p u t  to the  IPA input .

(7)  Decrease the  WG a t t e n u a t o r  u n t i l  t he  PA r e ~~- hc- - r a t e d  

(8) Adjust the time base of the oscilloscope to o \‘dlue that per-
mits the display of at least two full cycles of a 3hL~-L~ fre tic-n cy .

(9) Switch the input of the oscilloscope to DC.

(10) Adjust the gain and RF attenuator to r a near Itl i - - sc a lo
deflection. The oscilloscope gain control should be at iea~ t 50 dh he-low
maximum gain .

(11) Record the l)C de llection as disp lav&-d on the- 13,cillos ( ) j ) c ~~.

(12) Switch the input ot the oscillos~ opo to AC.

(13) Adjust the gain tü obtain a nearl y ful1—~ calo e- fho:tjon and
record the peak—to—peak deflection of the hum wave i rm .

(14) Compute the hum modulation as follows :

log 
2 

AC deflection 
— Cai n ~~ . .~ i i ge - (clh)

(15) Record all  s e t t i ngs  and r ead ings  on f ( p u r e  2 1  - 4; [SACC Form
437—R (Tes t )  and mount scope p h o t o g r a p h s  on f i ~~ur t -  1 2— 5 ;  ~ACC For i~
397—R (Tes t ) .

3 
(16) Restore  the normal o p e r a t i n g  c o n d i t i o n  o t  tho teri~ tnal and

summarize the results on figure 6—A ; USAC ( Form 351—R (lost).

I
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PA I N T E R M O D U L A T I O N  AND SPU R IOUS

RADIATION
DATA SHEET 

(CCR 702-1-3) PAGE Of 1-~~uES

TERMINAL ID DATE (DAY , MONTH , Y E A R )

LINK NO. PA ID 
—________

POWER OUTPUT W NO. OF C A R R I E R S

DUMMY LOAD

FREQUENCY AM PLI ruOF
(MHz) (

~ dli) 
____________________

F E E D  ASSEMBLY

F R E Q U E N C Y  A M P L I T U D E

— 
(MHz) 1± dL

_ ~~~~~~~~-

COMMENTS 
- -

TYPED NAME , G RADE , AND TITLE TEST ENGR SIGNATURE

USACC FORM 436—R (TEST)
1 MAY 77

Figure 29—2. PA intermodulation and spurious radiation data sheet.
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PA HUM MODULATION
(CCR 702 - 1-3)

DATA SHEET PA G E  or
T E R M I N A L  ID T IME 7 IIA1 E l A Y  I ’ - I I ) 1J1H y r P I ( ~

AMPLIFIER ID IPA ID s F ’ E c I r I ( -A T I O N

DIR COUPLER A T T E N U A T O R  R OW ER  DE IL E C TI ON  1) F FL E ( T I I )E  GA I N  l (’M
A T T E N U A T I O N  V A L U E  (H PT PU1 (V I)r  (V A r)  I I  F ‘ 0  M’ I III i l I ON

(dli) (d li) (V’J ( ‘II ) II ,)

________ _______ _____________ - - - ‘~1

_ _ _  _

_ _ _ _  ~~~~~-- -- - - - - - - - -- - ~~~~~~~ - -- - - H

_ _ _  H - H H
COMMENTS

TYPED NAME . GRA DE,AND TIT LE TEST ENGR SIGNATURE

USACC FORM 4 3 7 — R  (TEST )
1 MAY 77

Figure 29—4 . PA hum modulation data sheet.
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CHAPTER 30

TERMINAL MULTIPLE U P L I N K  C A R R I E R
OPERATION , CONTROL , AN)) STAB iLITY (ST — 25)

30-1. GENERAL .

a. The purpose of this test is to determine the interaction of
individual FM carrier power level ad l ustments in the nodal terminals.
The stability and adjustability of the power will also be monitur~ d ~~~
recorded.

b. Prior to commencing this test , insure that the power ou Lp- ~t
stability and intermodulation products of the exciters , up convortt-r ’- ,
and /o r  IPA ’s are within the manufacturer ’s specifications .

c. This is an inservice test for terminals with redundant Po ’S ~~~~~

an out—of—service test for terminals with a single PA.

30—2 . SPECIFICATIONS . The test data obtained during this t oot shall
be compared to tile performance limits delineated in appendix B.

30—3. TEST EQUIPMENT REQUIRED.

a. Power meter.

b. Thermistor mount.

c. Directional coupler.

d. Spectrum analyzer.

e. Attenuator.

30—4. TEST PROCEDURES.

a. Configure the test equipment as illustrated in fipuc~- 30—1 a~ d
allow for a 15—minute warmup and stabilization period .

b. The PA must be adjusted for its nominal output power rating
with three input carriers of equal level. The carriers will tOt-ti bt-
varied with respect to each other and the levels recorded on figure
30—2; USACC Form 438—R (Test). Power adjustability and level stah1l’:t~
will be observed and recorded several times throughout the testing
period .

c. Terminate the earth terminal transmitter into a dummy load .
Choose the three carrier frequencies to be tested from the tabulation
below depending upon the earth terminal ’s normal operating range.

30—1
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FREQUENCY RANGE 
— 

C A R R I E R  F REQ L ENCY

—~~~~~ (MHz) (MHz)

7895 — 8065 7976 , 7985, 8023

8065 — 8235 8095, 8150 , 8200

8235 — 8405 8260, 8339, 8396

7900 — 8400 8002, 7925, 8299

d. After choosing three frequencies from the above tabulation ,
bring the three carriers up until maximum amplifier power is obtained .
Use the spectrum analyzer to balance the three carriers . Record the
attenuator settings , power output , and the relative power levels of the
carriers on figure 30—2; USACC Form 438—R (Test). Any intermodulation
products observed on the spectrum analyzer d isplay should be noted and
recorded.

e. Increase the lowest frequency carrier attenuator 1 db and record
the power output , attenuator settings , and relative power levels as
observed on the spectrum analyzer.

f. Repeat paragraph 30—4e for levels 2, 3, 5, 10, 20, 25 , and 30
db below the initial level as set in paragraph 30—4d.

g. Return the attenuator to the position determined in paragraph
30—/4d , then repeat paragraphs 30--4 e and f for carriers 2 and 3.

ii. Reduce carrier ill by 20 dl- .

i~. Increase carrier #2 ontli the power output is the same as in
pa r— ig rap h 30—4’~. Record the att oil ator settings , power output , and
r~’ 1 ,- i t  1 vo power I ‘~~~ ‘ - )  - of t h o  t O  t - -

~~~
- a r r oc c~ on figure 30—2; USACC Form

~ l ’ c ~ t )

Peduc . - -  ~ — r ~~ by  I -U- :n r l record  t ho’ sncnc data as in para—
(-( I apil 01 - 4)

k. Repeat paragraph 30—43 for 2, 3, 5, 10, and 20 db more attenuation
of carrier #3.

1. Record all data taken in paragraphs 30—4 d through k on figure
30—2 ; USACC Form 438—R (Test).

m . Establish initial test conditions to check for system drift.
Set the three carriers as in paragraph 30—4d and observe for a period of
15 minutes to check the level stability . Note any variation or drift.

30—2 
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n.  Lower the three car rie rs  b y 10 db each (from maximum power) and

balance the carr ier  power levels as observed on the  s p e c t r u m  anal y z e r .
Record the data and the time required to set the carrier levels.

o. Restore the system to the normal operating condition and
summarize the test results on figure 6—4 ; USACC Form 351—R (Test).

30— 3

‘i
,
. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- -  ~~~~~~~~~~~~~~~~
- -- 

-

~~~~~~~~~~~~~~ ~~~~~~
- -

~~~~~~~~~~ -~~~~~~

CCP 702—2

1p
~

_ _ _ _ _ _

~~~~~~~~~~
j - k~

[ 
fl~

_ _ _ _ _  

~i ~r ~
-i 

~

Li~i _ _ _  _ _

_ _ _

_ _ _  I _HI~f.s r-

~~
1

~~

H ~ 
_ 

~~~~~~~~~~~~~~~~ r~~~~~

30—4

‘

~

L

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ,~~~~~~~
:‘, 

~i’~~r~~
-. 

—~~ —-------- —---- ---- — - -—



CCP 702—2

PA TRANSFER CHARACTERISTICS PAGE OF PAGES
(CC R 702-1-3 )

DATA SHEET
TER MINAL ID - DATE (DAY , MONTH , YEAR) TIME Z

TUBE TERMINAL TYPE F1 F2 F3
db db db

F1 GHz F2 GHz F3 GHZ

TOTAL POWEROUTPUT ATTEN LEVEL ATTEN LEVEL ATTEN LEVEL

(w ) F1 (dbm ) F ,~ (dbm) F3 (dbm )

COMMENTS

TYPED NAME, GRA DE. AND TIT LE TEST ENGR SIGNATURE

USACC FORM 438—R (TEST)
1 MAY 77

Figure 30—2. PA transfer characteristics data sheet.

30—5
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CHAP-rER 31

PA POWE R OUTPUT CONTROL , STABILITY , AN! ) Nul SI-~ ( 1 T — 2 ( ~)

31—1. GENERAL .

a. The purpose of this test is to establish tht- ch~ ractoristics of
each type of PA used in the DSCS earth terminals with tht’ oxception of
the nonnodal terminals.

b. This is an out—of—service test and requires a communications
outage for terminals that do not have redundant uplink chains.

31—2. SPECIFICATIONS. The test data obtained duri ll( 4 this test shall
be compared to the performance limits delineated in ap i- ooh ix B.

31—3. TEST EQUIPMENT REQUiRED .

a. VHF signal generator.

b . Frequency counter.

c. Power meter.

d. Strip chart recorder.

e. Variable WC attenuator.

f. Thermistor mount.

31—4. TEST PROCEDURES .

a. Configure the test equipment as shown in figure 31—1 and allow
15 minutes warmup time . Insure that the power meters ate ta librated
before each reading and annotate the terminal type , date , tim e , and
terminal number on the strip chart paper for later ident~~ti cat ion and
data analysis.

b . Testing one HPA and LPA at each terminal , determine the sett 1hn ~
time for levels 1, 2, 3, 5, 10, 20, 25 , 30, and 40 dh below maximum
power output and the power stability at 3, 5, 10, 20 , and 25 dh b e low
maximum power output.

c. Terminate the PA output into a dummy load and st- t the test
frequency to the center of the amplifier ’s passband . This test will be
performed using both base and local generator power on those ea’th
terminals equipped with motor/generator sets.

d. Adjust for nominal PA output and record tile power readings of
both the external power meter and the operations contro l van (OCV) power
meter.

31—1
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e. Reduce the power output by 1 db on t h e  G ( V  power mete r  and
record time required for the power to settle. Record the reading
obta ined on the o xt e r n a l  RF power me te r  at  this power level.

f. Repeat paragraphs 31— 4 d through £ for power levels 2, 3, 5, 10 ,
20 , 25 , and 30 dl below rated t ower output. Record all data on figure
31—2; USACC Form 439—R (Test).

g. Repeat paragraphs 31—4 d and e at least twice.

h. Calibrate the strip chart by running the chart for 2 or 3 inches
at the power levels of paragraph 31—4f. Raise the level by I db and
run the chart for an additional 3 inches . Lower the level to 1 dh below
the power level for the test t provide a scale for later data evaluation .

i. Adjus t the power output to 3 db below maximum and record the
level on the strip chart for a period of 4 hours . After 4 hours , repeat
the calibration procedures in paragraph 31—4h.

j .  Repeat paragraphs 31—4 ii and i for 5, 10 , 20, and 25 db below
maximum power o i t p u t .

k. Repeat paragraphs 31—4 h through 3 for each type of PA at the
terminal.

1. Adjust the power output to 50 watts. Record the RF power meter
reading and the RF attenuator setting. Decrease the drive to the PA to
a minimum .

m. Remove all attenuation on the RF attenuator. Record the power
meter reading on the lowest readable scale with the minimum attenuator
setting. If necessary , bypass the RF attenuator to get an adequate
deflection on the power meter.

n. Remove the drive to the PA entirely by turning off the modulator
to measure the noise output.

o. Repeat paragraphs 31—4 m and n.

p. Repeat paragraphs 31-4 -e through o with the output power adjusted
to 20 watts .

q. Record all test data on figure 31—2 ; USACC Form 439—R (Test).

r. Restore the system to normal operating condition and summarize
the test resul ’- on figure 6--4 ; USACC Form 35l—R (Test).

31—2 - 
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PA POWER OUTPUT CONTROL, STABILITY , AND NOISE
(CCR 702-1-3)

DATA SHEET PAGE OF PAGES
T E R M I N A L  ID TIME Z DATE ( D A Y , MONTH , Y E A R ?

A M P L I F I E R  T Y P E  F R E Q U E NC Y  S T A T I O N  POWER

POWER LEVEL POWER LEVEL POWER LEVEL TIME TO SET TIME TO TIME TO TIME TO
(d L~) (d bw ) (ocv ) (dbw ) RF 1 (sac) SET SET SET

__________________ _________________ _________________ 
2 (sec t 3 (sect avy (sec t

MAX

2

3

4

5

10

20

25

30

COMMENTS 
— _________ ____________ ____________ ________ ________ _______

50 watts 20 watts

NOISE WO DRIVE

NOISE OUT WITH MIN DRIVE

TYPED NAME , GRADE , AND TITLE TEST ENGR SI GNATURE

USACC FORM 439—R (TEST)
1 MAY 77

Figure 31—2. PA power output control , stab ility, and noise data sheet.
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Ch APTER 32

I’RACK RECEIVER AUG VOi TAOI- \‘ERSIS C/kT (s 1 2 1 )

32—1. GENERAL .

a. The purpose of this test is to calibt ite the t L * k  receiver A~C
voltage versus the C/k’l’ and to determine thi~ C/kT ratio at which the
t rack receiver w i l l  not m a i n t a i n  lock.

b. This is an inservice test and does riot require a communications
outage ; however , the tracking receiver under test must he tal-&’ii out of
service.

c. Techniques for measuring receive C/kr ratio may be found in
chapter  56.

32 — 2 .  SPECIFICATIONS . The tes t  da t a  ob ta ined  d u r i n g  t i~ is  tes t  s h a l l
be compared to the performance limits delineated in app~ nd ix B.

32—3. TEST EQUIPMENT REQUIRED .

a. VHF signal generator.

b. Amp l i f i e r .

c. Frequency selective vo l tme te r .

d. Mixer.

e. Frequency counter.

f. Power meter.

g. Attenuator.

h. Thermistor mount.

i. Direct ional  coup le r .

32—4. TEST PROCEDURES .

a. Configure the system for an RF loopback , and configure the test
equipment as illustrated in figure 32—1.

b . Energize the test equipment and allow for a lh- -~~h ii ~it~ wa rmup
and stabilization period .

Adjust the PA output power level until a C/k’I’ 0? 70 dli is ubta in d .
Record the C/kT ratio and the Ac,C voltage of both track receiv’r’~ as
disp layed on the operations control panel (fig. 32—2 ; I’SACC -o i n :  440—R
(Test)).

i 2 — 1
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d. Repeat paragraph 32—4c above in 3—dh steps until a C/kr of 35 db
Is obtained . No te the i/k! ratio at which each track receive r fails to
maint ain [e k. ~ecord on figure 32— ~~; [SACU Form 440—R (Test).

e. Plot an AU G vol tage  verona C/kT curve on figure 8—7; USACC Form
39(~~( ’  (Test) and a n n o t at e  the point  at wh i ch each t r ack  rece iver  loses
lock on the rye. Tue AUG voltage should be plotted on the vertical
a~~I~ and the (/kI (db Hz )  on the  horizontal axis.

f. Restore the system to t ie normal operating condition and summarize
t h e  Les t r e s u l t s  on f i g u r e  6— 4 ; YS~[U. Form 35l—R ( T e s t ) .

32—2
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Figure 32—2. track receiver AUG volt a)~e vs (/~~1 l i t  a s1 - -et.
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CHAPTER 33

TRACK l UG!-1 I hER IF ANPLI F I ER DYNA~ I C RANGE (S’r—28)

33-1. GENERAL .

a. T he purpose  of  t h i s  tes t  is to measure  t he  d ynamic  range of t h e
t r a c k i ng  r e c e i v e r  IF  amp l i f i e r .

b .  Ihis is an i n ser v ic e  t e s t  and does not  requi re  a c o m m u n i c a t i o n s
ou t a ge ; u -o v e r , the t r a c k i n g  r ece ive r  under  t e s t  mus t  be t aken  out  of

• se rvice .

33 -2. Si - i FlGAT1 ’~S.  t h e  tes t  da t a  o b ta i n e d  d u r i n g  th i s  t es t  shall
N e -c-~ pa r -~ : to the  1 -  f o rmance  l i m i t s  d e l i n e a t e d  in appendix  B .

33-3 .  TE ST OCT I C ?  C R C  I1 : l - ~P .

a. t I ~~ I I E O I ( y Lou

S Ur al / ir e ator.

c . F - r 1:s- I — 1

d. 1(~ - - : i s t o r  I: u n t .

e. A (t ’-nuator.

33 4.  TES t FVOC R i l E  S

a .  C o n f l U i r e  t i  o s t  ‘ - ~~u 1 i - m c - n t  as illustrated in figur .- 33— 1.
1-ni r g i ze  tb ’: t a t  eqn h int and ail j~- for i~ / 0 -—r in it e  w o r ’s i~ and st il i1~
i :  t ion  pe r T -  -

b. Tune the S - ‘ in  generator to 70 ~ f r ~ at an ou t p u t  p u r e r  l ev e l  of
• 7 - t (  db’-: . Al lu s t  tii~ s ig n a l  gen ’-  n t o r  o u t p r t  level  1tten o~t at  to a

s e t t i n g  o f k~ di’

c. Con ic t t hr t r~ t e q u i p m e n t  t o  the i n p u t  I I  t he  desi red t r a c k
re r ’iver as c ’ cw i i i i  f i g u r e  3- - i anti record  th e  t r ack  rer - i - e r  i npu t
level  and the  IF a m p l i f i e r  o u t p u t  level on f i g u r e  33—2 ; USACC Form
4 4 l — R  ( T e s t ) .

d .  Increase the RF power input level in 5—db steps and repeat
paragraph 33—4 : u n t i l  a level of —21 dbn has been obta ined .

e. Set the signal generator output level attenuator to 86 dh and
r E - s I re the IF amp lifier to its normal operating configuration . Monitor
and record the AUC voltage as d i s p l a y e d  on the  opera t ions  c o n t r o l p a n e l .

f. Increase the output power level of the signal generator in 5—dh
steps and repeat paragraphs 33—4 c and d. Return the track receiver to

33-1
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the normal configuration and repeat paragraphs 33—4 a through d on all
standby track receivers .

g. Record the IF input , RF output , and AGC voltage obtained during
each step on f igure 33—2 ; USACC Form 44l—R (Test).

h. Restore the system to the normal operating condition and summarize
the test results on figure 6—4 ; USACC Form 351—R (Test).

33—2
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‘I’RACK PE(’l- IVER if- AMPLIFIER DYNAMIC RANGE PAGE OF PAGE~

(CCR 702-1-3)

DATA SHEET

1 ERMINAL ID TIME Z DATE (DAY . MONTHS YEAR )

rEM II) LINK NO. IF AMPL OUTPUT dbm
REFERENCE db

IF INPUT IF OUT F” i I  AGe IF INPUT IF OUTPUT AGC IF INPUT IF OUTPUT AGC
(dbrn l ( ±  dh( (V I  (dbn~( (~~ db) IV) (dbm ) ( ± db ) IV)

-
1-

- - ‘  
-- - _ _ 

— — — —  ——

i; ‘i -i - I

TYPED NAME , GRADE AND TIT LE TEST ENGR SIGNATURE

I~SACC FORM 441—R (TEST)
1 MAY 77

FIgure 33—2. ‘Ira ck receiver IF amp lif ier dynamic range data sheet.

33—4

- ~~~~~~-~~~~ —- ~~~~~~~~~~ ~~ 
_
~~~-- . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~  -



- - - . -

CCP 702 — 2 
-

CHAPTER 34

TRACK RECEIVER IF FILTER NOISE BANDPASS (S T—29)

34—1. GENERAL .

a. The purpose of this test is to determine the IF filter noise
bandpass of the track receiver.

b. This is an inservice test and does not require a communications
outage. The track receiver under test must be taken out of service.

4

34—2. SPECIFICATIONS. The test data obtained during this te- t shall
be compared to the performance limits delineated in appendix B.

34—3. TEST EQUIPMENT REQUIRED .

a. Spec trum analyzer.

b. VHF signal generator.

c. Power meter.

d. Thermistor mount.

e. Frequency counter.

f . Oscilloscope camera.

g. Attenuator set.

34—4. TEST PROCEDURES.

a. Configure the test equipment as illustrated in figure 34—1 .
Energize the test equipment and allow for a 30—minute warmup and stabil-
ization period .

b. Tune the signal generator to 50 MHz at an output power level of
zero dbm . Adjust the signal genera tor ou tput power level atten uator
for a setting of —40 dbm .

c. Tune the spectrum analyzer for  a des irable dispers ion and meas ure
the track receiver noise band pass.

d. The signal should be centered on the noise bandpass as displayed
on the spectrum analyzer (fig. 34—2).

e. Photograph the spectrum anal yzer  d isplay and mount the photographs
on figure 12—5 ; USACC Form 397—R (Test).

34—1
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f. Restore the track receiver under test to the normal configuration
and repeat paragraphs 34—4 a through e on all t rack  receivers .

g. Restore the system to the normal operating condition and summarize
the test results on figure 6—4 ; USACC Form 35l—R (Test).

34—2
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CHAPTER 35

TRACK RE CEIVER VCO FREQUENCY ACCURACY AND POWER OUTPCT (ST—3 0)

35—1. GENERAL .

a.  The purpose of this test is to determine the track receiver VCO
f requency  accuracy and power o u t p u t  level .

b .  This is an inservice test and does not require a communications
outage . The tracking receiver being tested must be taken out of service
for the duration of the test.

35—2. SPECIFICATIONS. The test data obtained during this test shall be
compared to the performance limits delineated in appendix B.

35-3. TEST EQUIPMENT REQUIRED .

a. Frequency counter.

b . Power meter.

c. Thermistor mount.

d. Digital printer.

35—4. TEST PROCEDURES.

a. Configure the test equipment as shown in figure 35—1 and allow
for a 15—minute warmup and stabilization period . Remove the plugs from
the VCO input and output jacks . Connect the frequency counter to the
VCO output jack and observe the output frequency as read on the frequency
counter .  Record the o u t p u t  frequency on figure 35—2 ; CSACC Form 442—R
(Tes t ) .

b . Connect th~ power meter to the VCO output jack. Observe the
power meter reading and record the test results on figure 35—2 ; USACC
Form 442—R (Test). Connect the plug to the VCO input jack and observe
the frequency as disp layed on the frequency counter. Record the plus
and minus variations on figure 35—2; 1 SACC Form 442—R (Test).

c. If the test equipment is available , the preferred method would
be to connect the frequency counter output to a digital recorder and
record the freq uency for approximately 15 minutes .

d. Resiore the system to the normal operating condition and
summarize the test results on figure 6—4 ; USACC Form 351—R (Test).

35—1
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TRACK RECEIVER VCO FREQUENCY ACCURACY
AND POWER OUTPUT

DATA SHEET (CC R 7 0 2— 1 — 3 )  PAGE 01 PAGES
TERMINAL ID TIME Z DATE (DAY MONTH Y t - A A

TRACK RCVR ID VCO FREO MHz SWEEP RANGE
82--4kHz

ASSIGNED F R E Q U E N C Y  M E A S U R E D  F R E Q U E N C Y  A C C U R A C Y  P OW E R  OUTPUT

(MHz ) (MHz) 1%) (cth rn(

_ _ _ _ _ _  _ _-

~~~~~~~~~~~

---

~~~~~~~~~~~~~~

-

~~~~~~~~~~

_ _ _

_ _ _ _ _  - --~~~~~~~~~~-- -~~~~~~~~~~~~~~~~ - -

COMMENTS

TYPED NAME , GRADE , AND TITLE TEST ENGR SIGNATURE

USACC FORM 442-R (TEST) 
-

1 MAY 77

Figure 35—2. Track receiver VCO f requency  accuracy
and power output  data sheet .
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CHAPTER 36

F’M MODEM DEVIATION , DEV [Al iON LiNEARITY ,
DISPERSION , AND FREQUENCY DEVIATION RESPONSE (SI — li)

36-1. GENERAL .

a. The purpose of th is  test  is to measure the  f r eq u e n c y  d e v i a t i o n ,
devia t ion  l inear i ty , dispers ion , and f r e q u e n c y  response  of the T-M modern .

b. This is an inservice test for those earth ter m i na l s that are
equi pped with a standb y modem and an o u t — o f — s e r v i c e  test for earth
terminals not equipped with a standby modem .

36—2.  SPECIFICATIONS . The test  data obta ined  d u r i n g  t h i s  tes t  shal l
be compared to the performance limits delineated in a p p e n d i x  B.

36—3. TEST EQUIPMENT REQUIRED. - -

a. Test osc i l la tor .

b. RNS vo l tme te r .

c. Spec trum analyzer.

d. Frequency counter .

F e. Step attenuator.

36—4. TEST PROCEDURES .

a. This test will normally be conducted with the CC modulator con-
figured for the uormal operating channel capacities. The 12—channel
configuration is used in this procedure for illustration purposes only.

b. Configure the test equipment as illustrated in figure 36—1 and
allow for  a 30—minute  warmup and s t ab i l i z a t i on  period . ( Insure  that
emphasis circuitry has been activated.)

c. Tune the baseband oscillator to 65.8 kHz as observed on the
frequency counter. Adjust the vernier and coarse level controls on
the baseband oscillator for a minimum output level.

d. Tune the spectrum analyzer for a suitable disp lay at 70 ~fHz .

NOTE : If sidebands appear on the spectrum anal y z e i  disp lay ,
disconnect the output of the baseband oscillator
f rom the input  to the  d e v i a t o r  m o d u l e .  T h i s  Is to
determine if sidebands are being caused by e x t r an e o u s
baseband signals or the output level of the haseband
oscillator.

36—1
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- On the~ iinsehannd u se  I l a to r , a d j u s t  t i n e  , e r n i e r  and c o a r s e  o u t p u t
c n n t r - a li; lint N i i  r e t  - t r r t - r  nu ll is  o b s e r v e d  on t C e  pee  t r ur n

-~n~i ]  v~~ r .

f .  the r-- -~ v o l i : i i . - t  - - r - ~h u l d  i n d i c a t e  6 . 8  my . I f  t i is r e q u i r e m e n t
t o t  l e t  , i t  w i l l  he n’ i~ -e- ,ei rv ci i I ~~u s t  t h e  o u t p u t  l eve l  of the  base—

band aseil l i t - s  to ~ .8 my and ~d j u s t  r e s i s t o r  —2 f o r  a f i r s t  c a r r i e r
nni l I .  C t-neo rd t h e  I inal  r e s u l t s  on f i g u r e  l f i — 2  ; [54CC Form 4 4 3 — R  ( T e s t ) .

L e n I  g n i r e  tN  t . - s t  e qn ~( p ~i . n i t  n i d  t he  I’M m o d u l a t o r  as i l l u s t r a t e d
in figur e -W— 3 and I . :nc t i vate tine dispersal generator.

h . A M  ~~t t he  in tp it l e €  I of the  basebari d o sc i l l a to r  u n t i l  the
f i c s t  n u l l  o c cl r s as aheer - : ed  on the  spec t rum a n a l y z e r .  This should
occur at 19 nv as read - a n  t r u e  rrns v o l t met e r .  Record  the i n f o r m a —

ion en I i  ~;ni r e  36—2; CS-\ i C Cur ia  4 4 3 — R  ( T e s t )  -

I . i N n t H : - - to inc’- easr- t h e  o u t p u t  level of the  baseband o sc i l l a to r

~i:id obser v e  and record t ie level at wh ich each successive c a r r i e r  nu l l
oci- uns unt [l the fi r-t ten nu l l s  have been comple t ed .  The fo l lowing  is

n 11 t of p r e d ict i o n s  at  w h i c h  each ca r r ie r  nu l l  should occ ur :

MOD INP FT LEVEL
CA]~R l l - .R BESSEL

Ft N c t I O N  4FM (kH z)  m v  dbm - METER dbm

1 
- 

2 . 4  87 .552  19 — 2 3 . 2  — 3 2 . 2

2 5 . 5 2  201.369 43 — 1 6 . 0  — 2 5 . 3

3 8 .65  315.552 68 —12 .1  —21. 4

- 
11.79 430 .099 93 - 9 . 4  —18.7

5 14.93 5 4 4 . 6 4 117 — 7. 4 —16.7

18.08 659.658 142 — 5 . 7  —15 .0

7 2 1 . 2 1  7 l .740  167 - 4 . 3  — 1 3 . 6

24.35 888.288 19 1 — 3.1 — 1 2 . 4  -

9 2 7 . 4 9  - 11 1)2.835 216 — 2 . 7  — 1 1.3

IC 30.64 1117.747 240 1.1 - 8.2

NOTE : 1 i~~ n r e  16 - ~ is f -a l  of p r i d i  - t e d  c a r r i e r  d r op o u t
Jo r-ls for chanjial capacit I us o t h e r  t i t an  12.

~D’i- ;‘
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j. Summarize the test results on figure 6—4 ; USACC 1- ucr iil— T~ (Test)
and plot an FM deviat ion ve r s us modulator input level cu~ -ie on f igune C-i;
USACC Form 396—R (Test). The deviation ( 4 1  k H z )  should L- :~ 1c - t tid “ n ‘Jo
vertical axis and the input voltage (Vj my)  on th e h o r i z o n t a l  ~. xi s.

k. Repeat paragraphs 36—4 b through j , as app l i c a b le , f o r  t~ e nu- r : : i .
ope ra t ing chan ne l c a p a c i t y  of the terminal being evalual . Piv~-t
frequencies arnj levels applicable to the various -hannel unf ig unat iurie
are tabula ted  below .

PIVOT_FCF~~~~ (n ~~~~ ,~
CHANNEL CAPACITY ~~~~~ çIFIED ‘1~L C [L1J L C 

-~

3 13.000 - 1’4.5i~ 
-

3 (Tac) li.000 14.592

6 19.000 21.8 138

6 (Tac) 19.000 2 1 ,8 Ctt

9 i 2 5 000 2 9 . l 8~

9 (Tac) 25.000 29.lS~

12 36. 500 3~- .4 1 P

24 65. C60

36 94.850 94.~~~R

48 124.000 124 .0 22

1. Reduce the input level to the FM m odu laton un t i l  t i ne  t rue  ris -~
vo l tmete r  indicates  —29 .03 dbm , and confipore the t o t  eu n prI nt as
i l lus t ra ted  in f i g u r e  36—1

m . Adjust the basebamd amp lifier attenuator (FM dee - - io~ or) to
obtain a demodulator output level of —29.0 dbm .

n. Without adjusting the demodulator baseband output level , repeat
paragraph 36—4m above at the following listed test frequerl - Les:

12—Channel  C a p a c i ty :

Frequency ( k H z ) :  4 , 8 , 12 , 16 , 20 , 24 , 28 , 31 32 , 36, 40,
44 , 48 , 50 , 52 , 56, 60, 64 , ‘nd 68.

36—3
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The t u l lo w i ng  1 S t  f re-q nci1 i c C  are  to be used on t h o s e -  s y s t e m s  configured
for  othe r than 12 channel s .

~~__~~~~~N l -~~~çA P A C 1 T lE S  TEST ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

3 or I f ac  
- 

4 , 8 , 12 , 16 , 18 , 20 , 24 , 28 , 32

o or 6 lac 4 , 8 , 12 , 15 , 19 , 22 , 25 , 28 , 31 ,
33 , 36 , 40 , 44, Ob , 52

9 or 9 Tac : 4 , 8 , 12 , 16 , 20 , 24 , 28 , iO , 34 ,
38 , 40 , 44 , 48 , 52 , 5e , ~- , 64

24 4 , 8 , 12 , 16 , 2u , 24 , 28 , 10 , 32 ,
36 , 40 , 44 , 48 , 50 , 52 , 5h , ni ,

- 64 , 68 , 70 , 80 , 9 1 , 100 , 1( 4 ,
108 , 112 , iN , 1211

36 4 , 8 , 12 , N , 20 , 24 , 28 ,”— 3( l , 34 ,
38 , 40 , 44 , 48 , 50 , 54 , 58 , 6 ,
64 , 68 , 70 , 80 , 90 , 100 , 110 ,

I 120 , 125 , 130 , 140 , 150 , i i- ,
160 , 170

48 4 , 8 , 12 , 16 , 20 , 2 4 , 28 , 3z , 36 ,
40 , 44 , 48 , 52 , 56 , 60 , 64 , 68 ,
72 , 76 , 80 , 90 , 100 , 110 , 120 ,

- 125 , 130 , 140 , 150 , 160 , 170 ,
180 , 190 , 204 , 214 , 224 , 234

o. Plot a frequency versus relative amp litude c u r - i  in  r e f e r e n c e
to the pivot frequency level ( — 2 9 . 0 3  dbm) on f i g u r e  8— 7; t SACC Form
396 —R (Tes t ) .  Summarize the test results on figure —4 ; CSACC Form
35l— R (Test).

p. Connect a BNC “Tee” at the input to the deviator module and
configure the test equipment as illustrated in figure 36—1.

q. Tune the baseband oscillator to 36.5 khz and adjust the output
level to —29.0 dbm as Indicated on true rms voltmeter ~~

r. Observe and record on figure 6—4; I’SACC Form 351—R (Test) the
level indicated on true runs voltmeter #2 , then remove the test tome.
Activate the dispersal generator and record the level indicated on
true runs voltmeter #2. The level should be 3.32 db above the test tone
level.

s. Reinsert the test tone and gradually increase the output level
of the basebarid oscillator until a sharp meter movement is noted on
true runs voltmeter #2. Record this level on figure 6—4 ; FSACC Form
351—R (Test) .

36—4
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t .  Gradually decrease the output level of the baseband oscillator
until the dispersal generator automaticall y activates. Cecord the
level indicated on true runs voltmeter i~1 (the input level at which tin e
dispersal generator activated) on figure 6—4; I SACC F o r m  35l—R (Test).

u. Plot a frequency response curve on figure 8—7; USACC Form 396—P
(Test) and summarize the test results on figure 6—4 ; LSACC For-un 351—Fl
(Test).

36—5
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FM MODULATOR

I DEVIATOR
MODULE

L INPUT

65.8 kHz

~~
— 1

i 6.8 my ii rms
VOLTMETER

______- J

i i  AUDIO
I OSCILLATOR II I F

L_____________ 

I PATCH
L PANEL

___- 

70 MHz

FREQUENCY
COUNTE R I 1

I I ~
_ 

I I SPECTRUM I I
I ANALYZER 

ATFENUATOR

_ _ _ _ _

Figure 36—1. FM modem deviation (12 channel) tes t configurat ion.
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FM MODEM DEVIATION LINEARITY 
— 

PAGE OF 
-

~~~~~

(CC R 702-1-3)

DATA SHEET 
__________________________ ______________________

TERMINAL ID LOCATION DATE (DAY , MONTH YEAR )

MOD ID MOO SN SUBSYSTEM

SCCT LEVEL dbm TLP dbm PIVOT FREO 1 W

MOD INPUT L E V E L
CARRIER NULL BESSEL FUNCTION A FM ( kH z)

my dbm rnt, i n t - , - -

2

3

TIIII~~~TIIIj~~~~

-

_——- __ _ _ ~~~~~~~~~~~~~~~~~~~ - 

-

10 
____________ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

COMMENT S

BA SE BAND BW __________ TO ______________ k H z

CHAN CAPACITY _______________________________

SCCT rrni DEV ___________________________ 
k H z

TYPED N A M E , GR A D E . A N D  TITLE TE ST E N G R  S I G N A T U R E

USACC FORM 443— R (TEST )
1 MAY 77

Figure 36—2. FM modem deviation linearity data sheet.
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BASEBAND 36.5 FM 1 70 MHz IF
PATCH PANEL 

kHz 
MODULATOR 

1 
PATCH PANEL

36.5 kHz

_ _ _ _ _ _ _ _ _  rms I
I VOLTMETER 

I
L  

-
~~~~

A U D I O
OSCILLATOR

10—d b
ATTENUATOR

L _ _ _ _ I

FRE QUENCY 
1 70 MHz

COUNTER

I SPECTRUM

I ANALYZER

I 

Figure 36—3. FM modem deviation (12 channel without dispersal
generator) test configuration .
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FM MODEM D E V I A T I O N  L I N E A R I T Y  PAGF j OF L PAnES

(CCR 702- 1-3)

DATA SHEE T 
________________________ ________________________

T E R M I N A L  ID LOCATION DATE (DAY , M ON T H . Y E A R )

u ~ n:. -
~ 7.

MOO ID MOD SN SUBSYSTEM

~~i

SCCT L E V E L  — . ~ dbm TLP _ 
~) 

dbm PIVOT FREO 115 k I1~

MOO INPUT L EVEL
CARRIER NULL BESSEL FUNCTION A FM 1kHz)

my db rn mtrub m

1 ~~~~~ .12

2 S.S::m

3 . 2~ -’ . i -  
~~

- .15

4 11.en~;~ 5 - ° .
“-

~

5 1L,.~~~O9 J72.2 i 79. 245

6 1F.0 11 245i.~ ’7k~ ______ _____ ______

7 :111 ,2 11-1 5~~C.29O 
_______ ______ _______

8 2L . ’5 . 5 (~o .  ‘~~

g 2” .L~9.$5 6~7. 3 i - ~
10 ).E 4 ( ~ ~

‘ -15
~~~~~~~~~ _______ ______ _______

COMMENTS

BASE BAND 8W 12 TO __~ L_ k H z

Cl-IAN CAPACITY ___________________________________

SCCT v ms 0EV 51 kHz

-Thicu~ a~ ed -ivo~ frr~ou ric~-: 29.3 - 2. k1~:
p~c~ f~ ~d t-~vo~. fr2qc~ nc:-: 1 5  2:7-

TYPED NAME • GR A D E . AND TITLE TEST ENGR SIGNATURE

-
. 

~rr c~~ 
‘ - -

L - 
‘ - ‘‘ / 5 < ,  d~~~ -

USACC FORM 443-R (TEST) -‘

1 MAY 77 
F igure  36—4 . FM modem predicted ca r r i e r  dropout levels f o r

channel capacities other than 12.
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37-- I . . 1, -~~-i

a. ‘l ii -~ purpose of c h i ~ r e -s t  i~ to ~r eCs ,~~ t h o  IF bdlld pass ~it  -

—3 dh p o i n t s  unI~- - -~s otherwise specified.

b .  ih i s  i s  an ins~’~~- - ti-~~i i  fur ( 1,0CC E- t L t - C~~. ( H

t 0 u ipn:-tcd w i t h  two oc mo~~ e .  --n ~~i Ov  dc::~ -0 u i o : - , i -- .  s .  [~ I s 1 O i- , c ’

w i t h c n i l v  d i e: d e t n i u c u l a t c t  - 1  :s~~
- C1~n )0(. -0 1— 0 - ’  

- 
e test s ,1 (~~~ L - I

require an AO .

3 7 - 2 .  SPFA11I I C A U I O N S . Cc tc- ~~t J~ -~ i ’it ~~i ned -Jun o . - t i i N  ~ 
- -

be - ; -nspa :ou  t o t~ i i  ~s- c f ~ ins r~~ I ~o -~ - 1 ~~~~ - s  i t’d in -~~;~~~ -s ’ ‘3~~ ~~ P

31—3. 1~~ EnIJ IIC iENT RLQUii~o i ’  -

a. SHF s ignal  g e n e r a tor .

b . Plug—in.

c. Frequency counter.

d. Crystal detector.

e. Oscilloscope.

f. Power meter.

37—4. TEST PROCEDURES .

a.  Conf igure  the te I ~~~e equ ipment  as i l l u s t r a t e d  in figure 37—1.
Energize the test equipment and a i lo~ f o r  a 30--oi nute - -.s~ rnup sn~
stab ilization period .

b. Tune the VHF sweep s ignal  gene ra to r  to a CW tcuquenc\’ of 10
MHz and an output  power level of zero dbm.

c. Measure and record the ou tp ’I t  power -
‘ ac  the  JF  f i 1 ~~er .

d. Repeat paragraphs 37—1 b and u ~0c’;e in 50—kHz otep s for taLL :cal
conf igura t ions  and in l00— kHz steps fo r  a n o nt a , -t i ca l  ~- s ; ~~s n  : n n t i l  t he
—l and —3 db power points have been identified.

e. Record the test results on figure 37—2; 11 SACC i-nm 4 4 4 -R  (lest)
and plo t an amp litude versus frequency curve on figurC 8—7; . 54CC For’n
396—R (Test). The response curve will be in reference to 70 ~1iz for
24 channels and above , and 10 .7 MHz for 12 channels and beiWi .

31-1
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I C ~~~~~

‘u 1i~~u tI ,~ t en  I • ii I ~ i n t  as 1 I i n  is t r a I sri , f i - ‘ ‘ i -  11 . 
— 

‘-n o’

i l ’  fo l ios  I’ n’ t ‘ 1 - n i l  ( i  ( O j~ d j n i s t  t I c -  s t n i  t su n ] s’ oin f tc - , 1 v , - n rv ( ‘ ‘ l i t  I s
- i ]  - lu uu I’ ‘II 1 t n t  I ‘-~ I e(lu I t  - ‘~ t o  ‘i - ~ I !  r i ’  I II I  - 3 IC - ba,i’C- 1 dt Ii - - I I 1: c

I I -  I l i t - ’ . I i~~ - r -  17 1~ j~ ’ ,’ i . t s  ‘ V p i a l ‘~~r ’ ’’’~~ 
n ’ ’  ~5— ‘0 ‘ C s  ~- 1 .~~ ‘ - , -  U

¶ - (t in : - i i ’ ‘‘ 1n) - - , 1-  I l l  I ‘ I u l u n i  j i s ç s  i ‘n .

- - 

I3AN!C11 j f l j  I21 ’IHz - 
- - - —

- . ( ,s ~ J~~ I 1 ‘ C  A ’< f s ! j \~ c i \ ~ i~~~ 
- 

I ( ‘ ‘ i i — )

- 
- ( I  . ~~~~~ Ii - 

- C C lii . 1

- 0 ‘- i ’  ( 1 4 ’  1 0 (1- -

9 5 1 ) .  U. 500 fl . 4 14  1 El - 7

- 
: 

~~~~0 ’ l ( l  P j~ C( j (1 72 11 11 .7
- 

6 1 .o~~ i .i~ s o

9 - ~~ 1 .3 7 5  1. 1 25  1C .7

- 
I , ~~/ 

i .‘ 5 2  1. 18~
- 1 ’  

-

2” 2 .1 2 .~ ’O 5 1 Q 9 ~ 70

-
~ 3 . 1 < 5 2 . 7 ~~5 70

48 ~ .5O 3. ,7 5  ~ . 125 71’ 
-

g .  t ~~~~ s i y ’ n a ]  ~‘‘-‘n n i ’ 1. ’_ ’ -  s ‘i p s i t c l i  t o ( ( n e  s~ ,,E ~~-,r-i Ic r ’’ - ’ l -
]~~- 5 t t . j - ( ( 1 . ~d 0 ’”t  ~ ( - n r ~~~il n’-- -- - p .  :~ ; n ~~ s:’ o c n -:i’ ’ 1 s-’- - - ~ c s 0 ~~~~- t -  -( ( n i ’ 1

-t - ‘ i ? Is lp ~~~~~~~

I i .  0 ’m o  I he i t - I er- I o I ( , r -  I I c t r - ~ 1 p ‘ ‘ ‘ l ’ c ‘ i t  r’ the t c~ s

r 5 - n i N-~~ ,I c sst~~ 
l I 1 , , r , t i  s - i f f ( c ,r~ - ~~

- ‘ s t  ( I ,  ‘ ‘ I ~ l d’~f )  ‘ -  r i - - n  ‘f I ~~~~~~~ ‘ 1 1 I r c n n~ - t ,  “ i-f -,  i i ,

a S’I I  t i ] I s- ~~ I~~’s~ 1 — i’,- .

NOTE:  The phase  lo c k  d e t u - t o r  c ros sove r  chonid occur at
70 MHz and t h e  cu rve  s h o u l d  be l i n ea r  t t ir ’ ng i i n ’ u t

the -- - I dh b a n d w i d t h  of t he  I s t - c t  I I I. I f  i t  Is
t o n i n d  t h a t  t h e  IF a m p l if i e r  AOC c i r c u i t r y  obscures
the d fs p  1 n u v  , II: v i i  be n e c e s s a r y  t c - ‘‘iii ec- t lii—

o l i tp i ’t  of t h e  sweep g e ner a t o r  d i re ct  Iy to the
I np u t  of Ef i p  ph ase i ’, n ~k det ‘ ‘  ( o r .
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j .  P h o t o g r a p h  ~~~~ o f t h e  d i s p lays and mount the photographs on
f i g u r e  12—5;  LSA CC Form 397 — R ( T e s t ) .

k . R e s t o r e  the  s y s t e m  to  the  norma l ope ra t i ng  condi t ion  and
summarize the test results on figure 6—4 ; USACC Form 351—R (Test). -
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SHF FM DEMODULATOR

[ N A R  RJ

FREQUENCY 
[ 

POWER
COUNTER 

- 

METER

Figure 37—1. IF bandpass output power test configuration .
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(F BANDPASS CHARACTERISTICS 

- 
PAGE oF PAGES

)CCR 102-1-3)

DATA SHEET 
______________________ __________________

T E R M I N A L  113 G A I N  db Al  70 MH~

DEMOD ID OUTPUT L E V E L  (dbm )

BW—3db 
~~ +F BW--3db ~~~ — F  BW—3d b MHz

F R E Q U E N C Y  BANDWIDTH F R EQ UE N C Y  SANDWIDTI-t

(MHz) 
— 

I ± db) (MHz) I ± db)

_ _  _ _ _  _ _ _ _ _  _ _ _ _ _ _

I

_ _ _ _ _ _ _  - ~ -- - 

_ _ _ _ _ _ _ _  i-- .-— ---- -- - - . - . - 
COMMENTS

TYPED NAME . GRADE . AND T I T L E  
- 

TEST ENGR SIGNATURE 
-

USACC FORM 444-R (TEST)
1 MAY 77

Figure 37—2. IF bandpas-s characteristics dir sheet.
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FM DEMODULATOR

- IF FILTER

CRYSTAL DETECTOR

- p SWEkP V
— 

- 
SHF

- SIGNAL OSCILLOSCOPE
GENERATOR

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1

I Figure 37—3 IF bandpass 3—db bandwidth test configuration
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G E N E R A L  PURPOSE G R A P H  PAPER 
/ I

(CCR 702-1-3 ) 
________ 1
DATE (DAY . M O S t H  V E A SI

)ATA SHEET
LINK NO. STATION UNDER TEST DISTANT STATI ON TEST ENGR SIHNA~~(JPr

~
) -  , ( t —~ / -

.

TITL E OF PERFORMANcE PLOTTED 
- Ii~~ . c-n~5

I n - / C ,  /- 5 - - - - 
_  -

~~~~~ ‘~
-
~ 

_ _
~~~~ T~ F -~~~~ ~~ -. -
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~~~~~~~~~~~~~~~~~~~~~~ 4 i i
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-~— EET~ 
1’ -,’ I b W ‘~‘~~ fr I

I.
— 

I- - / I

USACC Form 396— ( (Tes t )
1 Apr~~ 1977

Fi 1~ure 37—4 . typical responsu curve of phasc II s t~~5e i t ’  ~ 
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FM DEMODULATOR

PHASE LOCK
IF FILTER DETECTOR

SWEEP 
x

SHF
SIGNAL

GENERATOR OSCILLOSCOPE

Figure  3r—5 . IF band pass 70—MHz crossover test  con f igu ra t i on .
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CHAPTER 38

DEM ODULATOR IF A M P L I F I E R  DYNAMIC RANGE (ST—33)

38—1. GENERAL.

a.  The purpose  of t h i s  t e s t  is to de te rmine  the dynamic range of
the d e m o d u l a t o r .

b .  This is an inservice tes t  for  t e rmina ls  wi th  spare modula tors
and demodulators .

38—2. SPECIFICATIONS. The t e s t  da ta  ob ta ined  du r ing  th is  tes t  shal l
be compared to the per formance  l imi ts  del ineated  in appendix B.

38—3. TEST EQUIPMENT REQUIRED .

a. Frequency  coun t e r .

b .  RF vo l tme te r .

c. i—db s tep  a t t e n u a t o r .

d. 1O—db s tep a t t e n ua t o r.

e. Coup le r .

g .  Signal gene ra to r .

h .  DC measur ing s e t .

38— 4 .  TEST PROCEDURES.

a. C o n f i g u r e  the tes t  equipment  as i l l u s t r a t e d  in f i g u r e  38—1 and
allow f o r  a 30—minute  warmup and s t ab i l i z a t i on  per iod.

b .  Adj us t the  a t t e n u a t o r s  to o b t a i n  a level of —5 dhm at the  patch
panel  FM demodu la to r  i n  the receiver jack .

c. Place a BNC “ Tee ’ connector  at the  o u t p u t  (J—l)  of the IF amp l i—
f i e r  and connect  the RF v o l t m e t e r .  Set the measur ing  set to —DC and
connect  to T P — l .  Note  and record the  a t t e n u a t o r  s e t t i n g  of AT—i.

d.  Record the da ta  on f i g u r e  38—2 ; U SACC Form 445—R ( T e s t ) .

e Increase a t t e n u a t i o n  in 5— db s teps , u n t i l  a level of —55 dhm has
been reached and record t h e  IF ou tpu t  level of each s tep .

f . Restore the system to the normal operating condition and
summarize the test results on figure 6—4 ; IJ SACC Form 35 l—R ( T e s t ) .
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DEMODULATO R
—5 TO —55 dbm PATCH 

70 MHz PATCH [
~~~~~~~ 1
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P A N E L  P A N E L  ~~~ F I E ~~

j
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AGC VOLTS

0 TO 12 A T—2 70 MHz
db 

- ______________________
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Figure 38—1. Demodulator dynamic range test configuration .
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DEMODULATOR IF AMPLIFIE R DYNAMIC RA NGE PAGE OF PAGES
(CCR 702- 1-3 1

D A T A  S H E E T

TERMINA L ID TIME Z DATE b A Y . MONTF1 Y E A F ~ 
-—

ITEM ID S P E C I F I C A T I O N  I F A M P L  INPUT 
- 

db n,

REFERENC E db

INPUT L E V E L  A T T E N U A T O R  I F  A M P L  OUTPUT AGC I DCI

)d brn) SE TTING )J— 1) IV rf ) ( TP— 1 )

- 5
-——.4

—10

—15

- 

~II1’~II I±~T~COMMENTS

T Y P E D  N A M E . G R A D E , AND TITLE TEST ENGR SIGNAT URE

USACC FORM 445—R (TEST)
1 MAY 77

Figure 38—2. Denodulitor IF anipi i f i r ’ r  dynamic  r~ ii i~~ - data -uli ’ I .
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CHAPTER 39

TTNR AND IDLE NPR VERSUS C/k 1’ RATIO (S’r—34)

39—1. GENERAL .

a. The purpose of t h i s  test  is to measure the TTNR and idle NPR
versus C/kT ratio.

b .  This is normal l y an o u t — o f — s e r v i c e  tes t  and r equ i r e s  an At ) ;
however , a c o m m u n i c a t i o n s  ou tage  w i l l  not he required on those ea r th
t e r m i n a l s  wi th  redundant capabilities , providing that the transmitted 

-
test  signal does not i n t e r f e r e  wi t h  the  satellite repeater operation .
Loopback and link tests employ ing the satellite repeater will he coor-
dinated with DSCS SATCOM controllers and distant—end earth terminal
personnel .

c. This test  wil l  provide an FM improvement curve , and the noise
loading levels wil l  be based on CCIR s tandards  —l +4 log N ( fo r 24 0
channels and l ess) .

d. Techniques for measuring receive C/kT ratio may be found in
chapter  56.

39—2.  SPECIFICATIONS . The test  data obta ined  as a resu l t  of th i s  t es t
shall be compared to the performance l imi t s  de l inea ted  in appendix B.

39—3. TEST EQUIPMENT REQUIRE D.

a .  RMS v o l t m e t e r .

b .  No ise loading t e s t  se t .

c. l—db attenuator.

d. lO—db a t t e n u ato r .

e. VHF amp l i f i e r .

f. LF amplifier , baseband 75 ohm.

g. Directional coupler.

In . Noise measuring Set.

i.  Coaxial attenuator set .

j .  Test oscillator.

k . V h F  signal genera to r .
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o Ficquon cy 1- C O l t  -

39—4. I 

Li . (~ -i’e r - i1

(1) P r i o r  to c/JiI u I ( - r l c i n g  t t ls t e s t  i n s u r e  t h a t  t e s t  ST— 3 1 has been
- o p  ~- t  s —d and th a t the  re— oi l ts ;nre  v i t h i n  t h e  p e r f o r m a n c e  s t a n d a r d s

OS o u t  l i n e d  in equi pmen t maintenan - e manuals.

(2) ot- le 39—1 lists the- porn et e r s  f o r  a l l  channel capac i t i e s .
The re ’1uired TTNR ’s for sys teni~

; at FM t h resho ld  are 25 db f o r  t a c t i c a l
end 30 cth f o r  n o n t act  ical configurations .

Table  39—1.  NPR P a r ame te r s  f o r  FM Modem

l OADING FILTERS NOICH h-ILTF:Rs BANDPASS FILTERS
(diANN1-I L L 1-XE LS HIGH LOW -

AI ’AC 1 1  (dboI ) )  PASS PASS LOW M I D h I Gh  LOW MID HIGH

3 I a -  
-~ 0.9 12 

- i 
24 14 22 14 

-
~ 22

- ( -  l a n  2.0 12 36 1.4 34 14 34

9 T-o .- 2 . 8  12 48~~ l4~ 40~ l4~ 40

3 0.~ 12 24 14 22 14 22

6 2 .0  12 36 14 34 14, 34

9 2.8  12 48 14 40 l9~ 40
- 

I

12 3 .3  12 60 14 34 66 l4 34~ 56

-
~ .5 12 108 14 5~ 105 14; 5L 105

36 5.2 12 .1 56 14 70 105 14 70 105

49 5 . 7  - 12 204 14 105 185 14~~if l5  185

( 1 )  F i g ~i res -Y~- - 1 ( D i n  ugh 3( _~ D€-p ic t  t\ I’ i - al NI ’R and ~I I~o-’ vi’r~~u~
C~~~l i - i t i o  pet iern -in ce curves for a s)a~ lb FM modern .
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~1) C s i ~ ! i gt i r e  t he  }- M mod -rn f o r  i to  IF J o O h dol - 1- - a- -- SI :t r i n  f i p i r e
39 - -u and li lieS- DI li 1 5 - — r n h n u t t s -  w a r mu p  ,~ id s l i t  jljzat jr ,i p . - i - i e d .  J u t  - i r -
t h at  t h e  h , u se ’ sen I i n p u t  and O u t p u t  ] t - v t - 1 ~ ar e  - i i  ~i ic r~~d I C  t t r e - - u  r ed
SC lev el at t I n  a p p r o p r ia t e  N’ - - t p o l n (  s .

N O F F :  i’1~~ 4-S -ch a nnel  c u n f i n ’ :r i t  ion - i ’ l  he used i - - us—
t i a t  ly e  p u rpose .

(2 )  A H j  ust the  v a r i a b l e  at t r u i a  I - i t s  in c o n j u n c t  ion u- ~ i t t h c-  n o i s e
a m p l i fi e r s  t o  ob ta in  i C/l~ l of 77 dl . Ins i r € -  t h a t  t h e  Pt - 1, level is of
s u f f i c i e n t  m a c i u i t u d e  to  p r o v i d e  f o r  norma l donc ]-tloru r per  -r ruian ce
(turn off the dispers al generat- -u) -

( 3) A d j u s t  Li t - noise  p ’it-:c r f - - s r  set  f i l t e r s  a— - r o n - u t  r ed u o  e s t u n b l i -;~-
a w h i t e  n o i s e  h a se i - a n d  f r -c . 12 N’ 21i4 khb - . Ad] ui- ; t t b -  ouu t 1 s ’t pns-:er it- -~-~
of the noise generator to  a t t a i n  a p uo- -- i r level  i - f  —23.38 d l - r  as i n d i c a t e d
by t r u e  rms v o l t m e t e r  9 1 .  T r u e  ru- s v o l tm e t e r  u ’2 slo ’iild a lso  i n d i c at i -
f l u e  s -use 1€-v ol

( 4 )  C a l i b r a t e  t h e  n o i s e  r e c e i  y r  to ob ta in a r& -f - - r - n’- e leve l in (OR-

14—k llz n o i s e  s l i t .  Push the 14—kHz notch filter switcb on the noise
generator to IN position and adjust the attenuators ot’ rue noi se r- - ’’ - CDt- r
to obtain the reference le-:el. h u e  a s ou n t  u f  a t t e n u a t i o n  r e u u i r ( d  to
attain the r e f e r e n c e  level i s  t i e  NPR . Lecc ’rd t ine N O t  L I .  ‘ i gure 39—10;
USAC C For uuu 4 4 6 — R  ( t e n t )

(5) Push t h e  l.4—k }hz s-u -- i  t ch  loca ted  on t h e  noise  gen e r a t o r  r e t c h
filter to the OUT p o s i t i o n  - Repeat p a r a Cr a p i l s  39 — 4b ( t )  -cu r l  (4 )  a~’ove ,
measurin4 the NPR ’ s in t I - - 105— and 185-1-117 noCD~ s1- ’t~~.

(6) Increase the output level u ’ f  LI - n o is e  g e u i t - r n i  or in 2--db s t e p -
above and b€- I uv —23 .33 dbm ( u -c o  ‘ - I  j ou r ~r u r e u t  l ev, -1 c~ —-2 9 . 3 3  t o  n :ax i ’n ’ uui
of — 1 7 . 3  dhm) and u e l l i Ot  p ;tr t~ rcij hs 39-49 (t) ~~- - -no’ (5) at  u - l u : }  s t - u - .
Re cord t i e  N - s t  r e s u l t s  on f , - u u r ~ 3~ - 10 ~S,-~t C Fur s 4 ! n~~R (Test) -

(7) u-  ease f l u - . r e -  i / S  C/ I 1 r-- ’ t i -  in  2—c ’b s ’ - - u - - an d r up e e ’ a~~u a —
graphs 1 -4’- (3 )  t h r ou gh  ( 5 )  et each at-o unti ] C-~~b re t  [r of 47 itt ’

hna e he~~u i ~~r Ni n f l

(8) Ta b-  I .e 3 i  -J ~ shows the I ii t ers I u h ’ isi - 1 I s  r a i. ch annel ca t - -sr t i e S
while table 30—2 depicts t h e r e q u i r u d  Ni ’ l t ’ s Ni t h e  h i C D  no ise  s lo t , in
respec t  to 1 7-1 t h r e sho ld .
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‘lable 39—2.  FM Modem Thresho ld  Pe r fo rmance

CHANNEL CAPACITY C /k T  RA TIO (dli) NOISE  SLOT (kH z ) NPR (dh) -

3 [ac 59.9 22 - 18.5

6 Tee 61 I 34 16 .7

3 
- 

64.4 22 32.5

6 65. 6 34 30 .5

12 6 6 . 7 7  105 29.1

24 68.5 105 26 .5

36 70.1 105 2 5 . 5

48 - 71 185 2 4 . 5

(9) Plot an NPR versus C/kT curve on f igu re  8—7 ; USACC Form 396—R
(Test)

c. TTNR Test.

(1) Disconnect the NPR test set and configure the modem and multi-
plex eq uipment as shown in 9igure 39—11. It may be necessary to per form
a multip lex equipment alignment to insure that the VF channel input and
ou tpu t  test tone levels are correct .

(2) Activate the dispersal generator and terminate the transmi t
side of channels 1, 24 , and 48 with 600—ohm te rminat ions.

(3) Adjuiz~t the receive C/kT ratio to 77 db and measure the TTNR
using a 3.1 kHz flat weighting network on channels 1, 24 , and 48. Dis-
ab le the d ispersal generator and remeasure the TTNR ’s. Record the test
results on figure 39—12; USACC Form 447—R (Test).

(4)  Con tinue to repeat paragraphs 39—4c (2) and (3) at the C/kT
ra tios o f :  75 , 73 , 71, 69 , and 67 db , then plot a TTNR (loaded) versus
C/kT curve on figure 8—7; USACC Form 396—R ( T e s t ) .

d. OBN Test.

(1) Configure the test equipment as illustrated in figure 39—13.
Tune the  FSVM to 208 kliz at a bandwidth of 3.1 kHz. Insure that the
input to the FSVM is set to the  75—ohm b r i d g i n g  posit ion .

(2)  Measure  the OBN at the basehand pa tch panel and the corresponding
DC my between TP—2 and TP—5 on the OBN module . Record both indications
on figure 39—14 ; USACC Form 448—R (Test).

3 9 4
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(3) Increase the C/kT ratio in 2—db steps until a C/lO T of 77 dl-’ is
attained (67 to 77 db) and repeat paragraphs 39—4d (1) and (2) for each
step. Plot an OBN and DC my versus C/kY curve on figure 8—7; I ’SACL I - u rn
396—R (Test).

(4)  Tabl e 39— 3 l i s t s  the 0BN f r e q u e n c y  s l o t s  to be emp loy ed  f o r
other channel c o n f i g u r a t i o n s . Fi gures  39—15 t h r o u g h 3 9 - 1 7  sluos: tIe-
OBN with respect to DC my at TP—5.

Table 39—3. OBN Frequency Slut s

CHANNEL CAPACITY NOISE SLOT (kHz.)

3 o r 3 Tac 38

6 o r 6 Tac 40

9 or 9 T a c  52 
-

12 64

24 112

36 160

48 208

(5) Restore the system to the normal operating condition and
sum marize the test results on figure 6—4; USACC Form 351—R (Test).

(6) Configure the test equipment for RF equi pment and satellite
loop as illustrated in figures 39—18 and 39—19 respectivel y , and repeat
paragraphs 39—4d (1), (2), (3), and (5) above . Insure that the downlink
down conver ter is tuned 725 MHz below the up link frequ enc y .

NOTE : The inherent noise of the system and equipment noise
will be used to establish KTB/Hz . Also the  t ransmit
RF carrier power level will be adjusted as necessary
in order to establish the desired C/kT ratios .

39—5
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Figure 39—9. NPR test configuration .
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Figure 39—10. NPR and BNR vs C/kT data sheet.
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Figure 39—11. IF loopback for TTNR test configuration .
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Figure 39—13 . OBN test configuration .
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Figure 39—14 . OBN vs C/kT data sheet.
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~~GE OR~~~~~~~~ 
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I PATCH 1 1  I 
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~
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_ _ _FREQUENCY I I i~~~I 1 STT I
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r~~~i 1 L
T~ IFLA
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IL ~ 
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Figure 39—18. RF equipment loop test configuration .
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~~~~~~~~~~~~~~~~~~~~~~~~~~ 

srrl I sri

IVOLTME~~~1 k H~L1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Figure 39—19. SatelHte loop test configuration .
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CHAPTER /~h

~ A 1~1L 1’tY OF OlI N V hP .~~LS TTNR ( S T — 3 5 )

40—1 . GENERAL .

a. The purpose of th~.s teot i-~ to det€’rni tie the ,~t at - i 1~~t~ of
0B~ versus the TTNR in a voice channel.

b. Test rc- edures for ST—~ 4 ~~u — ; t be pert orr ~.-rl  t I r  1 r 10 St ~ .i F t  in~
this test.

c. This is an i,~~ervi c- e Lest ~X~~ pt - or thc  t ime r~- c-u j Cd 1(~~ Lest
equi pment c a l i b r a t i o n .

40 — 2 . SPECIFICATIONS.  104- L o s t  dat-i obtained during LiJS t . t  s h al l
be compared to the p e r t or ~in ce l i m i t s  del th e - i t  in ap p en d l , -i B .

40— 3 . TEST LQ UIO:- I LNT SI - .5 1 02W .

a. True  m s  v o l t m e t e r .

b .  Th~ r t  r eco rde r .

c. 1 o ~; / l t h  / m p i l f i er .

d. Step a tr e l o s t o r .

e. I S\ N .

i .  D t ~~ir a . ] vo i :mi - t - t

g. Noise measur iro:  ~m-~

~~ t enu a t o r  s e t .

40 - 4 .  lOS t 000501 005 .

a. Con f J .~’:,r c ’ the t i -s t s q ’i i  p o e ’ ~ 1- 1st ot ed  in f t  u~~~.m- 40 --i
l i l t  /~ () / .

b . Energize test equipment and allow for a 30—minute warmup and
stabIlization period .

c. Request the local technical control to provide a VF channel ~~t
the high end of the baseband for connection of the rms voltmeter.

d. Coordinate with the SATCOM controller to take the hasehand cmit
of service during the time that the recorder is being calibrated ar in
paragraph 40-4e below .

40—1
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e. Tune the down converter to an unused frequency . Calib rate four
recorder channels by reading the three rms vol tmeters  and the OBN mete r .
Vary the noise by stepping the adjustable a t t enua to r  and mark the strip
chart fo r  all four  channels at each level. This cal ibrates the recorder
input for later analysis of the collected data .

f. Retune the down converter  to the operational t r a f f i c  frequency .
All multiplex (mux) VF channels remain in traffic during this test , with
the exception of the channel under test.

g. Operate the strip chart recorder for 88 hours using the lowest
chart speed and repeat paragraphs 40—4 e and f every 24 hours if bridging
the rms voltmeter across the input indicates a requirement for recali—
brating the chart recorder. At the end of the recording period , perform
a recalibration sequence to verif y the rec orded data and to aid in the
analysis process.

h. Summarize the test results on figure 6—4 ; USACC Form 35l—R (Test).
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H 
EITE

PA

PARA—AMP

REC IFLA UP/DOWN XMIT
TERMINAL TERMINAL

DO~~ cONy

FM MOD

VOLTMETER B FM DEMOD

BASEBAND BASEBAND

PATCH PANEL PATCH PANEL

FSVM
DEMULTIPLEXER
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PATCH PANEL

600 U TERM

Figure 4 0— 2. TTNR and OBN over—the—link test configuration.
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CHAPTER 41

NPR V E R S U S  BASE BAN D LOAD IN G ( S i — 3 t ~~

41—1. GENERAL .

a. The purpose of this test is to measure the i n t t - r mu d u l a t i o n  n o i s e
contribution to the total basebar~d fb i —c  u~; a funct ion uf ‘0 (ie- ’lat i )1)

with the modulator in a ioopback configuration ot . IF and F’ . Th fs test
is to be performed on satellite earth terminals ‘it f1izi n ~ 3 , E~, und ~
channel capacities (para 41—4a) and for 12 or m orc  ~h u,oi .-1~ (pa ra  41- -40 i .

b. This is an inservice t e s t  f o r  t er r i n o l  s ~- t  t i  sin, ~- o  ,n’~1aiei- ~nd
demodulators . In order to mi i i i r ize co mmu r i !L a t  iron, outor - t 1 0 4 -  • t h e  to S!

should be performed at the normal o p er o t  t r i g  ch u i i i ~~-l o j . . it\ of
system being evaluated.

c. This test should be performed as close to the c i r r i i t  -~ d lin e
segment as possible to Insure that all VS channe l  c i r i t  cond ~~t i n  tog
equipment is included within the test loop.

d. Prior to commencing this test , insure that t~~- - t ST -- ~~I li - i - - t e r n
completed and that the test results nrc within sgecificut I r i s .

e. Loading levels .~-i11 be based on CCIR standards (-- 1 +‘ log N
dbmO for 240 channels and less).

f. Coordinate sate’.lite loopback tests with the SA1’( ’ ( I r l  c o n t r o l i i i .

41—2 . SPECIFICATIONS . The test data obtoined during this test - l s J l
be compared to the performance limits delineateJ in appooiix B.

41 3. TEST EQUIPMENT R E Q U I R E D .

a. RNS voltmeter.

b. Noise loading test set.

c. Frequency count y r  -

d. VF noise loading test set.

e. l—db attenuator.

f. lO—db attenuator.

g. VHF amplifier.

h. LF amplifier.

i. Directional coupler.

41—1
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j .  Noise measuring set.

k. Coaxial attenuator set.

1. Test oscillator.

m. VHF signal generator.

n. Mixer.

o. Selective voltmeter.

41—4. TEST PROCEDURES.

a. Terminal Operating with Less Than 12 Channels .

(1) Configure the test equipment as indicated in figure 41—1 (3, 6,
or 9 channel).

(2) Inject a l—kHz test tone (transmit multiplex channel) at a
level of —10 dbmO at the point of testing, on each channel under test.
Measure and record the receive demultip lex test tone level in reference
to the TLP . Remove the test tone and insert a 600—ohm , nonreactive
termination plug into the jack.

(3) Adjust the attenuators located at the output of the modulator
and the noise injection set to establish the reference C/kT (table 41—1).
Insure that the power output from the modulator is sufficient to lock
the demodulator so that it functions properly.

Table 41—1. Parameters for (Philco) Stage lb Modem

COMPOSITE
C/kT CHANNEL NOISE LOAD BASEBAND NPR SLOTS (kHz)
(db—Hz) CAPACITY (dbmO) (kHz) LOW MID HIGH

59.9 3 Tac 0.9 12—24 14 22

61.3 6 Tac 2.0 12—36 14 34

62.1 9 Tac 2.8 12—48 14 40

64.4 3 0.9 12—24 14 22

65.6 6 2.0 12—36 14 34

66.4 9 2 .8  12—48 14 40

66.7 12 3.3 12—60 14 34 56

41—2
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Table 41—1. Parameters for (Philco) Stage lb Modem (continued)

COMPOSITE
C/kT CHANNEL NOISE LOAD BASEBAND NPR SLOTS (kHz)
(db—Hz) CAPACITY (dbmO) (kHz) LOW MID HIGH

68.9 24 4.5 12—108 14 56 105

70.1 36 5.2 12—156 14 56 105

71.0 48 5.7 12—204 14 105 185

72.5 72 6.4 12—300 14 185 270

NOTE: The TTNR ’s (flat) for abov C/kT ’s are: (1) 39 db
for nontactical and (2) 2~ db for tactical.

(4) Measure and record the TTNR indicated on the transmission test
set. Use a 3—kHz flat weighting network for line weighting. Make the
necessary correc t ions for the TLP , test tone , and TTNR readings. Measure
and record the OBN reading. Repeat paragraphs 4l—4a (2) and (4) on all
other channels under test.

(5) Connect the required number of channels of the 12—channel noise
generator to the multiplex IN jacks of the channels under test. Monitor
and adjust the input to each channel for the composite loading at base—
band input as listed in table 41—1 .

(6) Remove the patch cord from channel 1 and insert a 600—ohm
nonreactive termination plug into the transmit side of the channel.

(7) Measure and record the composite loading level on the true rms
voltmeter at the input of the modulator. (Disable all pilots and
dispersal generators.)

(8) Measure and record the noise power level on the receive output
jack of cha.inel 1.

(9) Connect the noise generator to channel 1 and repeat paragraphs
41—4a (4) through (8) for the remaining channels .

(10) Increase the loading level by adjusting the external input
attenuators in 2—db steps , from a —10 dbmO to 10 dbmO . Repeat para-
graphs 4l—4a (4) through (9).

(11) Configure the test equipment as indicated in figure 41—2 and
repeat paragraphs 41—4a (2) through (10) minus step (3) for RF STT- or
satellite loopback.

41—3
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NOTE : Adj ust the power out at the up converter or power
a m p l i f i e r  inpu t  drive to obtain the required C/kT
ratio , and tune the down converter for the
appropriate down translation frequency .

(12) Record the test results on figure 41—3; USACC Form 450—R (Test)
and plot the test results on figure 8—7; USACC Form 396—R (Test).

(13) Restore the system to the normal operating condition and
summarize the t’ st results on figure 6—4 ; USACC Form 35l-R (Test).

b .  Termina l Operating with 12 Channels or More .

(1) Configure the test equipment as illustrated in figure 41—4 for
an IF loophack.

(2) Adjust the output noise generator to the appropriate loading
level and bandwidth (12, 24 , 36 , and 48 channel capacities) as indicated on
the true rms voltmeter. Insure that corrections have been made for all
impedance mismatches .

(3) Adjust the attenuators on the output of the modulator in con-
junction with the attenuators on the output of noise amplifiers to obtain
the reference C/kT ratio (table 41—1). Insure that an adequate amount
of signal power is available from the modulator to lock the demodulator
ON so that it functions properly.

(4)  Termina te  the receive baseband ou tpu t  in ~he appropr ia te  ou tpu t
impedance , and -~on i t o r  the  receive noise loading level to insure that
the receive loading level is co r rec t .

(5)  Remove the t e rmina t ion  from the receive baseband under tes t,
and connect the  receiver output  to the noise receiver input. Connect
the rms v o l t m e t e r  to the T—connector  on the output  of the noise genera to r ,
and mi. n i t o r  thy noise loading level.

(6) Measure and record the BNR and the NPR in the  low , mid , and
high 3. 1—k }Iz bandwid th  slots (tab le 41— 1) and the OBN .

( 7 )  ‘n i j u s t  Ih e  o u t p u t  of the noise genera tor  fo r  an o u t p u t  level
of —10 ~1hin u. Repeat  paragrap hs 4 1—4b (4) th rough  (6) in 2—db steps

a lr JO1 of 10 dhnO has been obta ined .

0 ) 15: M o - i s u r e  the  BNR at the no rma l loading level onl y.

(8) Dur ing  RF loopback test  (STT or s a t e l l i t e ) ,  conf igure  the
equipment as indicated in figure 41—5 and adjust the up converter or
exciter for the reference C/kT ratio (table 41—1). Repeat paragraphs
41—4b (2) and (4) through (7).

41—4
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(9) Record the tes t  resul ts  on f i g u r e  4 1 -o ;  U S\ S C  rn ‘~5 1 —I ~l - o t )
and g r a p h i c a l l y p lot the tes t  r e s u l t s  on figure 8—7 :  LSA ( C torn 3 14 - -

(Test).

(10) Res tore  the s y s t e m  to the norma l ~)~) e L 0 1t i f l g  cuii di~~ion and
summarize the test results on figure 6—4 ; USACC Form 35 1—R (T e s t ) .
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NOISE VS BASEBAND LOADING (BELOW 12 CHANNELS)
(CCR 702-1-3) I

DATA SHEET 
_________________ ________________ 

[P AG E  OF PAGES

TERM INAL ID 
— 

NOMINAL C/ kT 
- 

T E S T  LOOP 

J

~~~~ ECIF ICATIO N

CHANNEL CAP 
- 

MODULATOR TLP DAT E( DA Y MONTH . Y E A R )

CHANNEL RECEIVE DRIVE C/kT CORK TTNR CORR TTNR OBN
NO. TEST TONE L E V E L  1db) NOISE LOADED IDLE dD rnO)

_______________ 
(dbmO) LEVEL (dbm ) 

_______ 
)db ) 1db )

COMMENTS

TYPED NAME . GRADE . AND T I T L E  TEST ENGR SIGNATURE

USACC FORM 450—R (TEST) 
- _________________

1 MAY 77
Figure  4 1 — 3 .  NoIse vs baseband l o a d in g  (below 12 channels)

data  sheet .
4 1—8
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NOISE VS BASEBAN D LOAD ING
DATA SHEET 

(12 CHANNELS OR MORE) 
PAGE OF PAGE S

LINK NO. TERMINAL ID DATE (DAY . MONTH , YEAR )

MOD ID MOD MODE C/ kT AGC V

R E C T LP XM IT  TLP TEST MODE

NOISE SLOT FREO kHz SLOT FRED kHz SLOT FRED kHz
LEVEL 

___________ __________ __________ __________ ___________ _________ —
)dbmC ) OBNBNR NPR BNR NPR BNR NPR

— 10

— 8

— L ~

— 2

0

2

6

_ _ _  _ _ _ _ _ _ _ _ _  —

COMMENTS

TYPED NAME . GRADE . AND TITLE TEST ENG R SIGNATURE

USACC FORN 45l—R (TEST)
1 MAY 77

Figure 41—6. Noise vs baseband loading (12 channels or more)
data sheet .

41—11

- . - ~~~~~~~~~~~ ~~~~ ~~~~~~
- - - .

~ ~~~~~~~ ~~~ ~~~~~~~~~~~~~~~~~ — ——~~~~~.——-——---_----- - - ~44



~~cedz#~ ~c~e ~~~~~
CCP 7 (2—2

CHAP T E R 4 2

FM ~Ch1 L 1\T()I< POWER 01. T}’L i AN~ -PLOT UNSY AUNT PAL~’ (ST— 37)

42- 1.  GENERAL .

a.  The purpose of thL~ I c - s t  is t o  measure  the  o u t p u t  poi-e r level
and to determine the frequency accurac y of the FM modulator.

b . This is an it et Cvic:- - test for thoi-~e ea r t h  t e r m i n a l s  c - q t i i~~i-ed
w i t h  one or rare st- ndb y 1_i udit i - -tar. h oweve r , f o r  Lhose t.-r n a l i  riot

equipped w i t h  a st_ iridb y med i at o r , t h i s  w i l l  be -in o u t — o f — : - c i - j l t:eot
and s- i ll  r e L u i r e  art AO.

c. The power ou t p u t  level w 1_ I  ho  r -  - o r  -~ t wiNk USe di o p c - r o n

~eoerator  I N and O U T .  if the m o d u l a t o r  d o e -  no t  h ive a u i s p e r - a l
generator , in se r t  a i—kllz I e r-i L tone (zero  clbtni )) on cl ;a ~ i~e1 6 of any a— US
groi ~ ) . A i :t o r  comp le t ing  the  m ea sacor~~o L w~ ti_i U- l—kllz t i - --t  toni i n jc : t o d ,
d i sc o n n e c t  the mult  i p ] e~-~ equipa€ -ri L input ~orei n k - a s l l r e  t i r e  pouE- r

- e c or d  both measurem- n r a .

4 2 -2 .  SPEC IF ICATI OIU -. - The test  da ta  obt  ained d rr r ing i_ H t e o t  r-r ha ]

~o-e compared to the . r t o r r o n r ~~ l i r _ i l to del r o t H  ~n ;wpen l x P.

- NUN ! T O J .PUEN ; U!Q’ TN!-;U .

a .  Tes t o - o  i l l at o r .

b . Sour r or t or

c. Thermistor --aunt .

d. °.:~~r -1c v counter .

i r .  F -ad at L o n r i o t o r .

II. i)igI~ ri . i_ O i O t o r .

4 ;— . ‘ILN I  I N  ETNRES

a. Configure the test equipment as illustrated in $ig ure 42—la.
Adjust AT—l to 3 dli and allow for a 10—minute warmup and stabilization
period.

b. Turn the dispersal generator on and measure the power output.
Record the power output level on figure 42—2 ; USACC Form 452--R (Test).

c. Turn the dispersal generator off and disconnect any muir~ p ieo
or modulation from the input to the modulator. Measure and i e c o r d  t i r e
power leve l on figure 42—2; USACC Form 452—R (Test).

6 2 — 1
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d. Configure the test equipment as illustrated in figure 42—lb and
allow for a 10—minute warmup period .

e. Measure and record the frequency as indicated on the frequency
coun te r .  Compute the frequency accuracy and record this data on figure
42—2; USACC Form 452—R (Test).

f. Restore the system to the normal operating condition and
summarize the test results on figure 6— 4 ; USACC Form 35l—R (Test).

42—2
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F IF [ 1  I POWER
MODULATOR

a. POWE R OUTPUT .

T FM IF FREQUENCY DIGITAL
MODULATOR PAT

~
II
L 

10 db COUNTER PRINTER

b. FREQUENCY ACCURACY .

Figure 42— 1 . FM modulator power output  and frequency
accuracy test configuration .

42—3
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FM M O D U L A TOR POWER OU TPUT A N D
F R E Q U E N C Y  A C C U R A C Y

D AT A  S H E E T  (CCR 702-1-3) PAGE OF PA GES

TERMINAL ID DATE (DAY . MONTH , Y E A R )

MODULATOR ID SPECIFICATION

POWER OUTPUT ASSIGNED FREQUENCY MEASURED D E V I A T I O N

(dhm ) (MHz) FREQUENCY PERCENTAGE
(MHZ)

- 
COMMENTS

TY PE D N A M E . G R A D E , AND TITLE TE ST ENGR SIGNATURE

U SA CU 1-NJRM 4 5 2 — R  (TEST)
1 MAY 77

F i . ur e  4 2 — 2 .  FM modulator power output and frequency accuracy data sheet.

4 2—4
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CHAPTER 43

WIDEBAN D oD L: TTA L ) I”ODEM (s ’F—38)

43— 1. GENERAL .

a. The purpose of t h i s  test  is to measure  the pe r fo rmance  ol the
wideband modem in terms of BER versus Eli /N o .

b. This is an out—of—service test for all terminals not equipped
with a redundant dig i t al  modem.

4 3 — 2 .  SPECIFIcAU ONS . The test data obtained during this test shall
be compared to the- performance l i m i t s  del ineated in appendix  B.

4 3 — 3 .  1 H f  E dt I P ’ IL NT REQU I RE )) .

a. BER t i - s r  s i - F .

b .  Amp l i f i e r .

c. Filter.

d. l—db attenuator.

e. l0— db a t t e n u a t o r .

f .  Coup ler .

g. RF v o l t m e t e r .

h .  D i g i t a l  printer.

43—4. TEST PROCEDURES.

a. Configure the modem and test equipment as shown in figure 43-1
and allow for a 15—minute warmup and stabilization period .

b. Set the modem to the highest operational data rate for this
terminal and no coding.

c. Set the attenuators at the modem output to zero and the attenua-
tors at the noise amplifier ’s output to maximum (132 db).

d. Measure the modem output with the RF voltmeter.

e. Set the attenuators at the noise amplifier ’s output to zero and
the attenuators at the modem output to maximum (132 db).

f. Measure the noise output. The noise density is determined by
subtracting 10 log B from the measured noise power where B I -, the noise
bandwidth of the filter in MHz.

43—1

- ~~~~~~~~~~ 
--..- — -. _ ?L

~~~~~ L ’ ’ ~~ i 1r -~ -~~~~-~~~~~~~~~~~~~ “T~~- ~~t - . .~~~



—- — -— - - -~~- --- - --- —— -~~~~~~_ - - 

_ _ _ _ _

CCP 702—2

g. Set the C/N density ratio (C/kT) for a value resulting in Eb /N o =

10 db.

C/ k T = 10 log R + Eb /N O

where :
R = b i t  ra te  in bps

The carr ier  C should be set fo r  a value in the middle of the  dynamic
range of the demodulator. The noise attenuators are then set to the
value required for  the calculated C/kT .

h.  Read the BER on the BER tes t  set and adjus t the  modula to r  o u t p u t
a t t enua to r s  to obta in  a BER l0 6 .

i. Take f ive  error  ra te  samp les and record C/kT , Eb /N 0 , and BER on
f igure  43— 2 ; USACC Form 453 — R ( T e s t ) .

j .  Repeat paragraph 43—3i for a reduced C/kT in s teps of 1 db u n t i l
the modem breaks lock.

k. Repeat paragraphs 43— 1 i and j w i th  the in te rna l  er ror  cor rec t ion
coder.

1. Repeat  paragraphs 43 — 4 i and j w i t h  the external error  cor rec t ion
coder.

m. Plot  the BER versus Eb /N O curves on f i g u r e  43—2 ; U SACC Form 4 53— R 
4

( T e s t ) .

n. Repeat paragraphs 43—4 h through m for 100 kbps da ta  r a t e .

o. Repeat paragraphs 43—4 h through m for 4 Mbps data rate.

p. Restore the system to the normal operating condition and
summarize the test results on figure 6—4 ; USACC Form 35 1—R (Tes t ) .

43—2
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WIDEBAND (DIGITAL) MODEM PAGE OF PAGES

(CCR 702-1-3)

DATA SHEET 
-

TERMINAL ID TERMINAL TYPE DATE (DAY , MONTH , YEAR)

MODEM ID DATA RATE baud SPECIFICATION

LINK NO. TRUNK NO. NORMAL OP C/kT cib

C/kT E b/No BER AVERAGE BER(db ) (db)

COMMENTS

TYPED NAME S G R A D E , AND TITLE TEST E N G R  SI G N A T U R E

IJSACC FORM 453—R (TEST) PAGE 1
1 MAY 77
Figure 43—2.  Wideband (digital)  modem data shee t .

43—5
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DIGITAL MODEM BER VS Eb/NO PAGE OF PAGES

10_ i 
—

io—2

—

Ui --

b — 4

ur 5 —

j
io—6 

-

0 2 4 6 8 10 12
Eb/NO (d b)

USACC FORM 453—R (TEST) PAGE 2

1 MAY 77
Figure 43—2.  Wideband (d igi tal)  modem data sheet .  (cont inued)

43—6
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CHAPTER 44

SPREAI) SPECTRUM t’Iol Ett (ST — 39)

44— 1. GENERAL .

a. The purpose of this test is to determine the performance of the
spread spec t rum modem in terms of acquisition time , TTNR , and BER per-
formance .

b. All test results revealing the performance of the modem are
classified SECRET and must be treated JAW the security regulations
governing the handling, storage , transmittal , and reproduction of classi-
fied information .

c. Personnel tasked with testing of the spread spectrum modem must
have the appropriate clearances required for access to the modem.

d. This test procedure is UNCLASSIFIED including the blank data
sheets . The data sheets become classified SECRET ~c the time the test
data is being entered .

44—2. SPECIFICATIONS. These specifications are classified SECRET; refer
to the modem manuals .

44—3.  TEST EQUIPMENT REQUIRED .

a. BER test set.

b .  Ampl i f i e r .

c. F i l te r .

d. l—db a t t enua to r .

e. lO— db at t enuator .

f .  Coup ler .

g. RF vol tmeter .

h .  Test osc i l la tor .

i. Distor t ion analyzer .

j .  LF selective vol tmeter .

k. SHF voltmeter.

1. Frequency counter.

44—1-
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m. Wav e analyzer.

i i .  Signa l  generator.

1-lix r -r .

p . N o i s e  t e st  ri~~t .

q . Digi ta l p rinter.

H—4. ‘LEST PN )CEDI tRES .

a. Hn~ rLl . The spread spectrum modem Is an antijam modulator/
demodula to r t ha t  ob ta ins  i t s  j amming r e s i s t a n c e  by spreading the signal
over a band- -irt th larger than required for data transmission . The spread
baiids:t dth Is referred t o  as ASW . The ra ti o o f j amme r power , 1, to the
signal pc’e-o r S , is J/S. The rela tionship b et- eon J/S and C/kT Is 1/S
= W :C/kT for a noise jamnier. Or , in db , JIS db = W dh—C/kT db. In these
tests , thermal noise will be used as a noise jammer and in the satellite
test the conv-rsiori from the measured C/kT to J/S must be made to com-
pare per tormance against the specified requirements.

b. Synchronization Test.

(1) Configure the modem and test equi pment aS sh~ wn in figure 44—1
and allow for a 30—minute warmup and stabilization period .

(2) A d j u s t  ire transmitter and both receiver PN—codes to a test
code (sec code 1 , - ak)

(3) SeL the modea for 4,800 bps daL a on the transmitter and both
receivers and djust the BER test set for 4,800 bps. DiaI in a 45—km
range .

(4)  Se t L h -  a t t e n u a t o r s  at  t he  noise amp l i f i e r a  to zero and tNt -
a t t e n u a t o r s  it  the  modem o u t p u t  to maximum ( 132 db)  . Meas ure and reco rd
E d o  noise power output.

(5) Set the attenuators at the noise amp lifiers to ma> ,iarim (132 dh)
and the a t t e r r j a t o r s  at the ra don o u t p u t  to z e r o  - Measure  and record
the signal power output.

(6 Use the filter bandwidth to calculate k1 (noise deiii- i t y )  and
- -; to calculate S0 ( the  sp read s i g n a l  d e n s i t y)  and set up fo r J / S  = zer-
db at a suitable jevel of S at the demodulator input .

(7) \ ary J/S by vary ing the noise attenuators .

(8) Acq uire loop s y n c h r o n i z a t i o n  on bo th  r s. d yer— at a low v a l u e
of J/S In the reset mode.

44—2
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(9) increase  the J/S in l—db steps until tir e data ligh t on one
receiver goes out and record the 3/S on f i g u r e  4~ -2; I 1 ~A dC Form 454—R
(Test).

(10) Continue to increase 3/S until both data lipUt’ - -‘nid both sync
lights are out and record the J/S at which cacti l i gh t  wen t  out on figure
4 4 — 2 ;  USACC Form 454—R (Test).

(11) Repeat paragraphs  44—4b (8) t h r o u g h  (10) t w i c e .

(12) Adjus t the J /S  to the  value s p e c i f i e d  for thi~ ope ra t i ng  mode .

(13) Actuate the reset start and measure the time f o r  each  of the
sync and data lights to come on. Record these tines on figure 44—2 ;
USACC Form 4 54—R (Tes t ) .

(14) Repeat paragraph 44—4b(l3) four more t i m e s .

c. VP Channel TTNR Test.

(1) Configure the  modem and test equipment as shown in figure 44—1
and allow for a 30—minute warmup and stabilization per lc (i .

(2) Adjust the transmitter and both receiver PN--codes to a test
code (see code book).

(3) Set the modem for l—V F channel operation at deviation factor 2.
Adjust the test oscillator to 1 kHz at the spec i f i ed  level .  Dial in a
45—km range .

(4) Set the attenuators at the noise ampl i f i e r s  to zero and the
attenuators at the modem output to maximum (132 db) . Measure and
record the noise power o u t p u t .

(5) Set the a t t enua to r s  at the noise amplifiers to maximum (132 db)
and the attenuators at the modem output to zero . Meas ce and record
the signal power output.

(6) Use the f i l t e r  bandwid th  to ca lcu la te  kT ( n o i se  d e n s i t y )  and W
to calculate S0 (the spread signal density) and set up for J/ S = zero db
at a suitable level of S at the demodulator input.

(7) Vary J/S by varying the noise attenuators .

(8) Acquire loop synchronization on both receivers it a low value
of 3/S in the reset mode .

(9) Tune the d i s t o r t i o n  analyzer to minimum defle ction and the
selective voltmeter to maximum deflection . The TTNR is read as the
difference in the dbm readings of both meters . Correct for the band-
width of the LF selective voltmeter if required.

4 4 — 3  
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NOTE : If th is bandwidth is 30 Hz or less , no connection
is required.

(10) Decrease the J/S from a resulting value of TTNR 10 db until
the TTNR does not increase anymore.

(11) Plot the data on figure 8—7; USACC Form 396—R (Test). The
TTNR in db should be plotted on the vertical axis and 3/S In db on the
horizontal axis.

(12) Repeat paragraphs 44—4c (10) and (11) in the 4—VF channel mode
(channel 4).

(13) Record the data on figure 44—3 ; USACC For: ~55—R (Test).

d. Digital Channel Test.

(1) Configure the modem and test equipment as shown in figure 44—1
and allow for a 30—minute warmup and stabilization peciod .

(2) Adjust the transmitter and both receiver PN—codes to a test
code (see code book).

(3) Set the modem for 4,800 bps data on transmitter and both receivers
and adjust the BER test set for 4,800 bps. Dial in a 45—km range .

(4) Set the attenuators at the noise amplifiers to zero and the
attenuators at the modem output to maximum (132 db). Measure and record
the noise power output.

(5) Set the attenuators at the noise amplifiers to maximum (132 db)
and the attenuators at the modem output to zero . Measure and record the
signal power output.

(6) Use the filter bandwidth to calculate kT (noise density) and V
to calculate S0 (the spread signal density) and set up for 3/S = zero db
at a suitable level of S at the demodulator input.

(7) Vary 3/S by vary ing the noise attenuators .

(8) Acqu ire loop synchronization on both receivers at a low value
of J/S in the reset mode.

(9) Record the J/S and BER on figure 44—4; USACC Form 456—R (Test).

(10) Increase 3/S in 1—db steps until the data light goes off and
record 3/S and BER on figure 44—4; USACC Form 456—R (Test) for each 3/S
setting.

(11) Plot the data on figure 44—4; USACC Form 456—R (Test).
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(12) Repeat paragraphs 44—4d (9)  t h rough  (11) fo r  75 bps .

(13) Repeat paragraphs 44—4d (9) t h rough  (11) fo r  1,200 bps .

e. Satellite Loop Tests.

(1) Configure the modem and test equipment as shown in figure 44—5
and allow for a 30—minute warmup and stabilization period .

(2) Adjust the transmit power to the normal transmit power for this
terminal and modem .

(3) Adjust the terminal up and down converters to the normal
operating frequencies .

(4) Adjust the range to the satellite ephemeris range.

(5) Reduce the uplink power by 10 db.

(6) Set the noise amplifier attenuators to maximum.

(7) Switch the modem to CW and measure C/kT with the selective
vol tmeter .

(8) Decrease the noise amplifier attenuators until the 3/S derived
from the meas ured C/kT by using W reaches the specif ied  value for
acquisition at 4,800 bps .

(9) Switch the modem to spread and 4,800 bps .

(10) Increase the up link power by 10 db (normal setting).

(11) Dial in a test code in the transmitter and both receivers .

(12) Actuate reset start and determine the time for each of the
sync and data lights to come on. Record the data on figure 44—2; USACC
Form 454—R (Test) and repeat twice.

(13) Adjust the C/kT until the BER is approximately l0~~ and take
f ive samples at this setting.

(14) Adjust the C/kT 1 db up and 1 db down and take five BER samp les
at each reading.

(15) Enter the data from paragraphs 44—4e (13) and (14) on figure
44—4; USACC Form 456—R (Test).

(16) Repeat paragraphs 44—4e (13) through (15) for 75 bps .

(17) Repeat paragraphs 44—4e (13) through (15) for 1,200 bps.

44.-S
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(18) Restore the modem and terminal to their normal operating
condi t ion .

j 

f. Radio Set AN/URC—6l Tests.

NOTE : This is an alternate test procedure and should be
emp loyed on AN/URC—6 1 radio sets when BER test sets
are not ava i l ab l e .

(1) Configure the radio set and lMDE as illustrated in figure 44—6
and allow for a 15-uin ute warmup ~nd stabilizat ion period .

(2) Tune tire wave analyzer to 18.6 MHz and measure the  receive C/kT
ra t io .

(3) The AN/UR C—6 1 should be configured for data operation , narrow—
band mode with a space injected.

(4) Adjust the attenuators on the noise amp lifier to attain the
desired C/kT ratio (J/S) for 4,800 bps (see app licable technical manuals).

(5) Measure the BER and the time required to reset the radio set
as follows :

(a) Connect the test equipment as illustrated in figure 4 4 — 7 .

(b) Adjust the frequency counter as fo1losa~:

1. Set the time base switch to EXT .

2. Set the sensitivity switch to 9.1 volt.

3. Set the f u n c t i o n  s w i t c h— t o — s w i t c h  to lOOK under  period average .

4. Adjust sample rate to HOLD .

5. Push the reset switch to start the t i - y t .

6. Multip ly the  number of errors by Z.

(c) Repeat paragraphs 44—4 a through d at data rates of 2,400, 1,200 ,
600 , 300 , 150, and 75.

(d) Perform this test at the specified data rates 1 db above and
below the specified jamming ratios .

(6) Record and plot the data on figures 44—2 through 44—4 ; USACC
Forms 452—R (Test), 453—R (Test), and 454—R (Test).

(7 )  Restore the system to the norma l opera t ing  condi t ion  and
summarize the test  resul ts  on f igure  6—4 ; USACC Form 35l— R (Tes t ) .

44—6

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _ __ _ _ _ _ _



-
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ 
- - - - —

~~~~~~~~~~~~~
-
~~~~~~~~~~

CCP 702—2

o. uJ I

4

LU
I-

a. w C
.24

2 
_ _ _

v~~~~~~ —I 
~~

>
~~
- I4 LA. _j~~_ 0 . -

2 I >~~~

d l —  o
>~~- E L )

4 I 41

--~
L

~
tJ
I 0. rL -

2 I
~~~ LU -o
4~~~- I
>P-

LII 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

[ñ 
_ _ _

44—7

~~ —
~~~~~ :~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _ _ _ _ _ _



--~~~~~ - - - ~~~--—--~~~~~~ --- -- — -- -- - - - - - -

~~~

- - - -

~~~~~~~

-

SECRET
CCP 702— 2

SPREAD SPECTRUM MODEM
(S YN C H R O N I Z A T I O N )

(CCR 702-1•3)
DATA SHEET PAGE OF PAGES

TERMINAL ID TERMINAL TYPE DATE (DAY , MONTH , Y EAR(

MODEM ID DATA RATE baud NORMAL OP C/kT db

LINK NO. TRUNK NO. D IF LOOP

_______________ ___________________________ 
C SATELLITE LOOP

J/S(db ) LOSS OF DATA SYNC LOSS OF CODE SYNC

RCVR 1 RCVR 2 RCVR 1 RCVR 2

J/S(db) CODE ACQUISITION TIME (SEC) DATA ACQUISITION TIME (SEC)

RCVR 1 RCVR 2 RCVR 1 RCVR 2

COMMENTS

TYPED NAME , GRADE , AND TITLE TEST ENGR SIGNATURE

USACC FORM 454—R (TEST)
1 MAY 77 SEC RET

(CLASSIFIED WHEN FILLED IN)

Figure 44—2. Spread spectrur - iiodem (synchronization) data sheet.
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SECRET
SPREAD SPECTRUM MODEM (VF TTNR )

(CCR 702-1-3 )

DATA SHEET PAGE OF PAGES
TERMINAL ID TERMINAL TYPE DATE (DAY , MONTH , YEAR)

MODEM ID DEVIATI ON FACTOR NORMAL OP C/k r db

LINK NO. TRUNK NO. 
DIE LOOP

C SATELLITE LOOP

J/S(db ) TTNR )db) TTNR (db)
SIGNAL VF CHANNEL 4 VF CHANNELS in CHANNEL 4

COMMENTS 
—

TYPED NAME . GRADE , AND TITLE TE ST ENGR SIGNATURE

USACC FORM 455—R (TEST)
1 MAY 77

(CLASSIFIED WHEN FILLED iN)
Figure 44—3. Spread spectrum mode (VF TTNR) data sheet.
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SECRET 
_ _ _ _ _ _ _ _ _ _

S P R E A D  SPECTRUM MODEM (B E R )
(CCR 702-1-3)

DATA SHEET PAGE OF PAGE S
TERMINAL ID SPECIFICATION DATE (DAY , MONTH . Y EA P~

MODEM ID DATA RATE baud NORMAL OP C/k T db

LINK NO. TRUNK NO. IF LOOP

DS A T EL L IT E  LOOP

C/kT JIS Eb/N0 BER AVERAGE BER
klb) 1db) 1db)

- -

COMME NTS

TYPED NAME , GRADE , AND TITLE TEST ENGR SIGNATURE

USACC FORM 456—R (TEST) PAGE 1

1 MAY 77 SEC RET
(CLASSIFIED WHEN FILLED IN)

Figure 44—4 . Spread spectrum modem (BER) data sheet.
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______

L1~~~~ VS t b/No ( PAGE 0)- . ‘

io 2~~~~~~

—

-A —

i~~
—

~~ ___ 1

10_s 
—

0 2 4 8 10 12

~~~~~ 
1db)

USACC FORM 456—R (TEST)
1 MAY 77 SE CRE T

(CLASS IFIED WHEN FILL Et) IN)
Figure 44—4. Spread spectrum modem (BER) data sheet. (continued)
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FAMPLIFIERFP..
~ FILTERJH 

AMPLI- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~

BER 
~~ d 

3—db
TEST I C DEMODU- 

~ COUPLER
SET r 1 LATOR

_ _ _ _  

~~NERT~ ~~ MIXER 
~
SELEcTj

Figure 44—5. Spread spectrum modem (satellite loop) test configuration .
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TRANSMITTER

_ _ _  

_  

I — 

_ _  

_ _ _

NOISE TEST RCV R I NO . 1 
_______  WAV ESET A ANALY Z E R

_ _  I _ _ _

RCVR NO. 2 I

I - - - - -.  - —

Figure 44—6. Spread spec trum modem BER vs C/kT (equipmen t
calibration) alternate test configuration .
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70 MHz TRANSMITTER

*
_ t\_... .._ .. .DATA IN

NOISE RECEIVER TP—12 FREQUENCY COUNTER
TEST 

~ NO. 1
SET 4 EXT TIME

— 
BAS E (IN)

~~~~~~~~~~~ 

DRAWER 1A6 

* 

SQ WAVE CLOCK

RECEIV ER
____ 

NO.2

DRAWER 1A6

• 1 X PROBE

Figure 44—7. Spread spectrum modem BER vs C/kT
alternate test configuration.
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CHAPTER 45

1-’RE QUENC Y SYNTHESIZER INTERNA l .  FR E QI ’ENCY STAN hA , ( ST—4 0 )

45-1. GENERAL .

a. The purpose of this test is to measure the accuracy of the
internal frequency standard of the frequency synthesizers .

b. Under conditions where the station frequere-’v standard fails , the
internal synthesizer standard automaticall y activates and must be
sufficiently accurate. The synthesizer multip lication accuracy is tested
in ST—41.

c. This is an inservice test.

45—2 . SPECIFICATIONS . The test data obtained during this test shall
be compared to the performance limits delineated in appendix B.

45-3. TEST EQUIPMENT REQUIRED .

a. Frequency counter.

b. RF voltmeter. -

c. Amplifier.

d. Adjustab le attenuator.

e, Doubler.

f. Mixer.

45—4. TEST PROCEDURES.

a. Configure the test equipment as illustrated in figure 45—1.

b. Set the internal 1.0—MHz standard switch located on the rear of
the frequency counter to EXT.

c. Adjust the amplifier gain to 20 db and the variable attenuator
until a level of between 0.5 and 1 volt is indicated on the RF voltmeter.

d. Connect the amplifier output to the 1.0—MHz external standard
terminal on the frequency counter,

e. Conf igure the test equipment as illustrated in figure 45—2 and
measure the four synthesizer frequency outputs. Record the data on
figure 6—4; USACC Form 351—R (Test).

45—1
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NOTE : Th e samp le out (J—5) frequency x 50 + 700 MHz should
equal the cor responding up/down conve r t e r  ohannel
frequency .

f. Connect the frequency counter to the samp le out (J—5) terminal
on the synthesizer under test. Set the corresponding up/down converter
channel selector to the channels listed in table 45—1 .

g. Record the results on figure 6—4; SAIL Form 351—R (Test) and
calculate the frequency accuracy .

h. Repeat paragraphs 45—4 c through g on all synthesizers .

i. Restore the system to the normal operating condition and
summarize the test results on figure 6—4 ; USACC Form 351—R (Test).

Table 45—1 . Up/Down Converter Channel and Synthesizer Frequencies

DOWN CONVERTER UP CONVERTER
CHANNEL SYNTHESIZER SAMPLE CHANNEL SYNTHESIZER SAMPLE
FREQUENCY OUT (J—5) REQUIRED FREQUENCY OUT (J—5) REQUIRED
(MHz) FREQUENCY (MHz) - (MHz) FREQUENCY (MHz)

— 
7250 - 131 7900 144

7300 132 - 7950 145

7350 133 - 8000 146

7400 134 8050 147

7450 135 8100 148

7500 136 8150 149

I 7550 137 8200 150

7600 138 8250 151

7650 139 8300 152

7700 140 8350 153

7750 141 8400 154

45—2
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FREQUENCY COUNTER

1.0-MHz EXTERNAL STANDARD

AMPLIFIER RF

___________  

VOLTMETER ~

ADJ
ATTEN

DOUBLER CESIUM
OR I Ifl I STANDARD

MIXER L
Figure 45—1. Frequency synthesizer equipment

calibration test configuration .
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FREQUENCY SYNTHESIZER

* J 8  (10 MHz)
A

5 M Hz 1 MHz SAMPLE

I I I I
I I I

L - — —

10—db 1
ATTE!~IJ

EXT E R N A L  T R I G G E R

FREQU ENCY COUNTER

* READING TAKEN FROM CABLE CONNECTED TO J—8 IN REAR OF UP/DOWN
CONVERTER.

Figure 45 — 2.  Frequency synthesizer  test configuration .
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CHAPTER 46

LO M U L T I P L I C A r I O N  CHECK AND POWER OUTPUT ( S T — 4 l )

46—1. GENERAL .

a. The purpose of this test is to check the output frequency of the
LO ’s r e f e renced  to the  f r e q u e n c y  s tandard and the  power output leve l of
the LU ’s.

b . The LO frequencies are derived from the station cesium beam
frequency standard . There is no easy way to measure the accuracy and
s tab i l i ty  of this standard , bu t f ailures normally res ult in gross errors
or greatly reduced output. Both failure modes are immediately apparent
during normal operation of the station . The actual LO frequencies are
phase locked to the synthesizer ’s 10 MHz and synthes ized  o u t p u t . The
most probable failure mode of the synthesizer is either no output or a
decade error. The most probable failure mode of the phase lock multip liers
is loss—of—lock which results in a gross frequency error and instability.
This test therefore measures the LO frequencies against the cesium beam
frequency . The readings will either have a zero error , with equal
occurrence probability of a 1—count error on the least significant digit
displayed or a gross error that requires corrective maintenance .

c. This is an inservice test for terminals with redundan t up and
down converters and IF converters , and for converters that allow power
measurement ins ervice .

46—2. SPECIFICATIONS . The test data obtained during this test shall
be compared to the performance limits delineated in appendix B.

46—3. TEST EQUIPMENT REQU IRED .

a. Power meter.

b . Thermistor mount.

c. Fixed a t t e n u a t o r .

d. Frequency counter.

e. RF voltmeter.

f. Amplifier.

g. Variable attenuator.

h. Doubler.

i. Mixer.

46—1
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46—4 . TEST PROCEDURES.

a. Conf igure  the test  equipment as shown in f i g u r e  46—1.

b. Adjust the amplifier gain to 20 db and the variable attenuator
unt i l  the input voltage on the back of the counter (external time base)
reads between 0.5 and 1 volt rms .

c. Set the counter to external time base.

d. Measure the frequency of the LO sample and record data on figure
46—2; USACC Form 457—R (Test).

e. Measure the power level of the LO input to the converter with
the power meter and record on f igure  46—2 ; USACC Form 457—R (Test).

f .  Repeat paragraphs 46—4 d and e for  all up and down conver ters .

g. Restore  the system to the normal opera t ing condition and
summarize the test results on figure 6—4 ; USACC Form 35l—R (Test).
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LO M U L T I P L I C A T I O N  CHECK AND POWER OUTPUT PAGE OF PAGES

(CCR 702-1-3 I
DATA S H E E T

TERMINAL ID DATE (DAY , MONTH . YEAR)
SPECIFICATION (POWER OUTPUT) SPECI FICATION (FREQUENCY ACCURACY)

C O N V E R T E R  ID ASSIGNED FREQUENCY MEASURED FREQUENCY ACCURACY POWER OUTPU
(MHz) (MHz) (%) (dbm)

COMME NTS

TYPED NAME , GRADE , AND T I T L E  TEST ENGR SI G N A T U R E

USACC FORM 457 —R (TEST)
1 MAY 77

Figure 46—2. LO multip lication check and power output data sheet.
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CHAPTER 47

TRANSMIT—TO—RECEIVE ISOLATION (ST—42)

47—1.  GENERAL .

a. The purpose of this test is to measure the RF i sola t ion between
the receive and transmit links of the satellite earth terminal.

b. This is an out—of—service test and requires an i~O.

c. Terminals , for which the transmit—to—receive isolation has
been specified in terms of noise temperature , must be measured lAW
test ST—4 with the power amplifier on and off. This test app lies to
terminals for which the isolation is specified in db.

47—2 . SPECIFICATIONS . The test data obtained during this test shall
be compared to the performance limits delineated in appendix B.

47—3. TEST EQUIPMENT REQUIRED .

a. Step attenuator.

b. Spectrum analyzer.

c. Oscilloscope camera.

47-4. TEST PROCEDURES.

a. Configure the test equipment as illustrated in figure 47—1.
Point the antenna away from the satellite.

b . Adjust the output of the power amplifier to the rated output
power level.

c. Adjust the variable attenuator for maximum attenuation and tune
the spec trum analyzer to the desired frequency .

d. Calibrate the vertical deflection of the spec trum anal yzer
disp lay for a suitab le reference .

e. Disconnect the spectrum analyzer from the 40—db directional
coupler and configure the test equipment as illustrated in figure 47—2,

f .  Decrease the variable a t tenuat ion on the spectrum analyzer  and
attenuator until the amplitude of the transmit signal is equal to that
of paragraph 47—4d .

g. Accoun t for the gain of the para—amp as measured in ST—7 and
record the transmit—to—receive isolation on figure 47—3; USACC Form
458—R (Test).

47—1

- - ~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~



CCP 702—2

h. Apply modulation to the system and repeat paragraphs 47—4 b
through h.

1. Restore the system to the normal operating condition and
summarize the test results on figure 6—4 ; LT SACC Form 35l—R ( T e s t ) .

47—2
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EARTH TERMINAL XMIT-TO-REC ISOLATION PAGE OF PAGES
(CCR 702-1-3)

DATA SHEET 
_____________________

T E R M I N A L ID T I M E  Z DATE (DAY . MONTH , YEAR)

LINK NO. FREQUENC Y MHz POLARIZATION
XM I T R E C

• DIRECTIONAL INITIAL FINAL ISOLATION
EQUIPMENT COUPLER VALUE VAL UE

__________________ 
ATTEN db ATTEN db ATTEN (db l

MOD ON MOD OFF MOD O N MOD OFF MOD ON MOD OFF MOD ON MOD O F F

HPA

LPA

OTHER 
______ _____ _______

RECEIVER

________ ___ ___ ___ _ _ _I -— 

COMMENTS

I

TYPED NAME , GRADE . AND TITLE TEST ENGR SIGNATURE

USACC FORM 458—R (TEST)
1 MAY 77

Figure 47—3. Earth terminal xmit—to—rec isolation data sheet.
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CHAPTER 48

CROSSOVER INTERM IJDULAl ION (ST—43)

4 8— 1. GENERAL .

a. The purpose of this test is to measure the  level of i nt e rmod i i l a -
tion products between multip le up link carriers that fall in the re e iv e
band . This t e s t  does not app ly to terminals configured for a sing le
up link carrier,

b. This is an out—of—service test that requires the tennInai ~ antenna
to be pointed away from the satellite. An AO is required.

c. This test is performed at maximum up link power, as ‘..ell as et
authorized up link power. It is performed at carefull y sel -c~~ d and
listed frequencies , as well as at DSCS assigned operating frequencies .

48—2 . SPECIFICATLONS . The test data obtained during this test ~ .a1l
be compared to the performance limits delineated in appendix B.

48—3. TEST EQUIPMENT REQU IRED . Spectrum analyzer.

48—4 . TEST PROCEDURES .

a. C o n f i g u r e  the test equipment and terminal as shown in figure
48—1.

b. Connect two up converters in the uplink chain .

c. Terminate the input to two modulators in their characteristics
impedance.

d. Point the antenna to a quiet spot in the sky.

e. Measure the SNT.

f. Tune the up converters to a set of frequencies given In the
following tabulation .

TRANSMIT TRANSMIT RECEI\’E
F1 (MHz) }~~ (MHz) (MHz)

7950 8050 7 .750

8243.2 8343.2 7743.2

7900 8000 7700

48—1
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g. Tune the down converter to the corri-sponding frequencies given
in the above tabulation .

h. Tune the spectrum analyzer to 70 MHz and 1 MHz/cm dispersion .

i. Bring up the power amp l i f i e r  to maximum power , equal level per
carrier.

j. Measure the SNT and measure intermodulation products on the
spectrum analyzer in terms of C/kT and frequency.

k. Scan the receive 500 MHz with the spectrum analyzer tuned to
70 MHz and 5 MHz/cm dispersion by tuning the down converter in 40—MHz
steps from 7260 to 7740 MHz.

1. Record all measured data on figure 48—2 ; USACC Form 459—R (Test).

m. Repeat paragraphs 48—4 e through -C for the next set of frequencies
in the t abu la t ion  un t i l  all  three  set~ have been measured;  then t u r n  the
t ransmit  power down .

n.  Tune all operat ional  up converters  to the  o p e r a t i o na l  f r e q u e n c i e s .

o. Bring up the power amplifier to maximum power.

p. Repeat paragraphs 48—4 j through ~ and record the data on figure
48—2; USACC Form 459—R (Test).

q. Reduce the transmit pc~~er to the operational transmit power per
ca r r i e r .

r. Measure the i n t e rmodu la tion  p roduc t  leve l at the frequencies
found under the conditions specified in paragraph 48—4o.

s. Measure the SNT.

t .  Restore  the system to the normal operating condition and
sununarize the test resLits on figure 6—4; USACC Form 35l—R (Test).

48—2

~~~~~~~ t f -  _

~~~~~~~~~~~ 

- 
.- -

-

~~~~
, -



- ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~

CC? 702—2

MODU LATOR 
CON V E R T E R

LIJ
2

T R ANSM IT

MODU LATOR CONVERTER ~ EQUIPMENT

SPECTRU M RE CEIVE
A N A L Y Z E R 

CONVERTER ~ EQUIPMENT

Figure 48—1. Crossover intermodulation test configuration .
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C R O S S O V E R  I1~JTERM OD ULATI O N
(CCR 702-1-3)

DATA SHEET PAGE OF PAGES

T E R M I N A L  ID NO. UPLINK C A R R I E R S  DATE ( D A Y . MONTH . Y E A R )

LINK NO. ASGD ‘JPLINK PWR W SPEC I FICATION

XMIT F 1 XMIT F 2 P TOTAL  REC F REC S N T P O  SNT P-W ~~ SNT
(MHz ) (MHz) (W I (MHz) LEVEL (°K ( (°K) ( ° K )

C/kT (db (

COMMENTS

~~~YP ED NAME . GRADE AND TITLE TEST ENGR SIGNATURE

U SACC FORM 459—R (TEST)
1 MAY 77

Figure 48—2. Crossover intermodulation data sheet.
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CHAPTER 49

~
‘
~S’I L~-1 PHASE LINEARITY (ST—44)

49—1. GENERAL .

a. The purpose of this test is to measure the phase linearity of
the satellite earth terminal.

b. This is an out—of—service test and requires an AO .

49—2. SPECIFICATIONS. The test data obtained during this test shall
be compared to the performance limits delineated in appendix B.

49—3. TEST EQUIPMENT REQUIRED .

a. X—Y recorder.

b . Vec tor voltmeter.

c. Sweep signal genera tor .

d. Plug—in .

e. Variable attenuator.

f. Coaxial attenuator set.

g. Power meter.

h. Directional coup ler.

1. Frequency counter.

49—4. TEST PROCEDURES .

a , Configure the test equipment as illustrated in figure 49—1.
Energize the test equipment and allow for a 30—minute warmup and stabili-
zation period .

b. Tune the sweep generator for an F~ 
of 70 MHz at an o u t p u t  level

of zero dbm. Set the variable attenuator to 10 db of a t t e n u a t i o n .

e. Set the vector voltmeter frequency range control to the 50— to
90—MHz position and calibrate the X—Y recorder sweep wid th  for 4 MHz
per inch on the X—axis.

d . Ca l ib ra te  the X—axi s  by zeroing the phase reading on the vector
voltmeter and then by setting the recorder pen to the bottom of the Y—
axis . Then increment the meter offset switch on the vector voltmeter
by 180 degrees and adjust the Y—axis for a 5—inch deflection . Label

49— 1
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the Y—axis of the graph paper starting with zero at the bottom on a
scale of 36 degrees per inch . Label the X—axis starting with 50 MHz

~lt the left on a scale of 4.0 MHz per inch .

e. Configure the terminal for an STT loopback and arrange the
test equi pme nt as i l l u s t r a t ed  in f i gu re  49—2 .

f .  Adjus t the variable a t t enua to r  so that channels A and B read
within 10 db of each other on the vector voltmeter.

g. With the pen of the X—Y recorder lifted , trigger the sweep
signal generator. Adjust the start position of i~ e pen so that the
lowest point in the curve traced by the pen is just above the baseline .
Lower the pen and trigger the sweep signal generator to plot phase shift
versus frequency on figure 8—7; USACC Form 396—R (Test).

h. Draw a straight line through the plot to determine the phase
linearity .

i. Repeat paragraphs 49—4 f through k with the up and down converter
frequency dial set to other selected frequencies for a total of three
frequencies .

j. Restore the system to the normal operating condition and
summarize the test resul ts  on f igure  6—4 ; USACC Form 35 l—R (Tes t ) .

49—2
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CHAPTER 50

SYSTEM PHASE NOISE ( S T — 4 5 )

50—1. GENERAL .

a. The purpose of this test is to determine the spurious pha se
noise content of the LO ’s in the up and down converters .

b . This is an out—of—service test and requires an A0.

c. The LO phase noise is added to the signal carrier , and thus
degrades the performance of phase modulated transmissions.

d. This test requires the use of an extremel y low phase noise
signal source. The measurement does not recognize the source of the
no ise and , consequently, it may result in the measurement of the noise
on the signal source rather than the measurement of the noise added by
the terminal.

NOTE : Do not substitute the required signal generator with
one having excessive or unknown phase noise since the
test results would be invalid.

e. Extreme care must be taken to avoid ground loops between the
signal generator , the term inal , and the spectrum analyzer. Connecting
the equipment solely through the outer conductor of the coaxial cables
may render the test results invalid . Make certain that the terminal
pr ime power supp ly and the test equipment prime power supply ~re connec ted
to the same distribution transformer secondaries . This will prov ide
common moding cancellation of the supply frequency components .

f. Do not use a spectrum analyzer that does not have a resolution
of -~-l0 Hz.

50—2. SPECIFICATIONS. The test data obtained during this test shall
be compared to the performance limits delineated in appendix B.

50—3. TEST EQUIPMENT REQUIRED .

a. Spectrum analyzer.

b. Signal generator.

50—4. TEST PROCEDURES.

a. Configure the terminal and test equipment as shown in figure
50— 1.

50—1
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SPECTRUM1 SIGNAL1
ANALYZE R 1 GENERATOR 1

I Ic) IF  PATCH PA NE L

TERMINAL IN
STT MODE

Figure 50—1. System phase noise test configuration .

b . Allow the signal generator and spectrum analyzer at least a 4—
hour warmup and stabilization period before performing the test.

c. Tune the uplink and dowmlink converter to a convenient frequency
to establish an STT loop . (Normal operating frequencies can be used.)

d. Adjust the uplink power for the highest C/kT achievable without
causing danger to the para—amp . Saturation of the para—amp is acceptable
for the purpose of this test.

e. Tune bo th the signal genera tor and the spec trum anal yzer  to 70
MHz.

f. Adjust the spectrum analyzer bandwid th (resolution) to 10 Hz
(or less).

g. Adjust the spe’trum analyzer scanwidth (dispersion) to 50 kHz/
division.

h. Measure and record the noise level indication on the analyzer
rela tive to the carrier level at freq uencies d isp laced from the carrier
by 0.05, 0.1, 0.5, 1, 5, 10, 50 , and 100 kHz. Increase the analyzer
bandwith to 100 Hz when it becomes necessary in order to determine the
freq uency displacement.

1. Measure and record single frequency signals on figure 50—2;
USACC Form 460—R (Test).

50—2
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j. Plot the recorded data on figure 8—7; USACC Form 396—R (Test)

• with the frequency on the horizontal axis referenced to 70 MHz. The db
below carr ie r level sho u ld be plotted on the vertical axis.

k. Repeat paragraphs 50—4 h through j for different combinations
of up and down converters if more than one of each are available.

50—3
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SYSTEM PHASE NOISE PAGE OF PAGES

(CCR 702-1-3)
D A T A  SHEET

TERMINAL  ID ADJUSTED CJkT db DATE ( DAY . M O N T H . YEAR)

LINK NO. TERMINA L TYPE SPECIFICATION

— —  

NOISE E N V E L O P E  R E L A T I V E  TO C A R R I E R  SINGLE F R E O  R E L

UP DOWN IN (c lb) OFFSET kHz TO CARRIER
C O N V E R T E R  CONVERTER — _______ _______

NO. NO. 0.05 0_ i  0.5 1 5 10 50 100 ( kHz( )db (

C O M M E N T S  
—

7
)

‘ Y P I  ()  NAME GRADE . AND T I T L E  TEST ENGR SIGNATURE

~ - C(; FUL~ 4~ 0—R (TEST)
I ~A Y 77

F igure 50—2. System phase noise data sheet.
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51—1 . 1-Ni l AL

a.  The p u r p o s ’~ c t  ~ i~ t e s t  i s to - h - r ~ - r m i  ne the op~ r~~ ~ng range
ind the threshold level ~,t which ~h&- disper sion p (-r (-r~1to r ~-n~;.~~ -s

b . This is normally an ins&.-rvlce test for t I u ~~- ear th terminals
thcit dre equipped with a standby modulator. This is an ce t—of — sL- rv iLl-
t e s t  fo r  e a r t h  t e r m i n a l s  not equ ipped  w i t h  a s t~ir cdl ; ’: m o d u l a t o r  and an
~~0 is required .

51—2. SPECIFICAT IJ~NS . The test data obtcii ned during th i s test ec~~11
be compared to the pertormance u nits delineated in appendix B.

51—3. TEST E~UIPMENT 1-:LQ! 1RED .

a. F~ S voltmeter.

b . Selective vol tmeter.

c. Test oscillator.

d. Test set  noise l o a d i r c p .

e. Frequency count er.

51—4. TEST PROCEDURES .

a. Configure the test equipment as Illustrated in figure 51~-l and
allow for a 30—minute warmup and stab i1iz~~ ion period.

b .  Set the input dbm — vol t  a t t e n u a t o r  t CAL and t~’e ~np- it  h - p . e l n
swi tch  to CAL — 75—ohm on the FSVM . Set the sell -cti vit \ - s~-~ tch to narrow
and the function main tuning mode selector in the 1 - e l’ position . Fine
ad jus t  the main t un ing  megacycles c o n t r o l  u n t i l  the  locked ~nr--
i l l umina tes  at 1 MHz . A d j u s t  the  I n c r e m e nt a l  kHz d1~- i!  f o r  .i ~~- ai - ~ n et ;er

indication . It may be necessary t o  a d j u s t  the cursors  u n t i l  the  hair -
line ind ica tors  are cen te red  on the  respectL ’— e  1 Mhz and zero  kHz dial
graticules .

c. Adjust the audio oscillator for a l—kHz test tone output and
inject the test tone into the input of a VF channel that lIe ~ in the cen ter
of the transmit baseband frequency spectrum . The inpt~t test tone leve l
should be equal to the recommended manufacturer ’s engineered level .

d. Measure and record the test tone level with the nSV’-’ connect ed
to the input of the modulator on figure 51—2; LSAC ( Form -~6l—R (lest)
Record the test  tone level measured at TP—1 on t h e  deviator mo~ uie and
configure the test equipment as illustrated in f ic ~u re 51—3 .

51—1
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e. A d j u s t  t he no i se  g e n e r a t o r  o u tp u t  level to  o b t a i n  a level  10 dh
h i g h e r  than the  test tone l e ve l  measured  a t  T P—1 on the  d e v i a t o r  modu le
(consider all impedance irregularitie s).

f . a ecr ea se  t h e  o u t p u t  of the  noise  g e n e r a t o r  in 2—dh steos by
a d j u s t i ng  the o u t p u t  s t ep  a t t e n u a t o r s  and wa i t  10 seconds prior to
r e c or d i ng  the  level indicated on t he  t r u e  rms v o l t m e t e r  c o n n e c t e d  to
TP—l on the  d e v i a t o r  module  ( f i g .  5 1—2;  CSACC Form 4 6 l — R  ( T e s t ) .

g.  C o n t i n u e  to decrease the  noise  gene ra to r  o u t p u t  level in 2— db
steps until the noise generator output is equal to that of the test
t one measured in paragraph 5l—4d above .

h. The loading level at the input to the deviator module should
remain constant ±0.5 db iii respect to recommended CCIR loading levels below .
(Input loading levels that exceed those stated below are not of interest
during this measurement.)

CHANNEL CAPACITY L OAD IN (  LEVEL (dbmO)

12 3.3

24 4 . 5

36 5 . 2

48 5 . 7

72 6 . 4

i. Restore the system to the normal operating condition and
summarize the test results on figure 6— 4 ; CSACC Form 351—R (Test).
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DISPERSION G E N EO  ( f l f l  RANGE ANt  ~~H h t S H  ~~~~~~L Lc / E L

fC t ;  0 702 1-3 )

DATA SHEET ~-f ~GL OF PAGE S

TE I1MINAL ID 
~ 

c - ) DC M  ;D 1 C H ~~NN E L C A P  UATE [ )AY . M O N T H . Y E A R)

TT IN CHAN NO. 1 SPECI F ICATION
El IN dbm - 1 0- - - P -i

dbrr

NOISE GEN OUT T P— 1 NOISE GEN OUT TP - 1
(dbm) (dbrn ) (II,fl~~J

- - - -

~~~~~~~~~~~~~~~~~~~~~~~ -
COMMENTS

TYPED N A M E . GRADE . A N )  T ITL E 1TEST t r ~J GE S I G N A T U R E  

t_ _ __ _ _ 
-- -- - - - —~~~~~~---- -—~~~~

( A )  0F~ -1 ~~~ - —R (~i I - .~~r)
1 ‘lAY 77

Figure 51— 2. D i s c  - - : s i o n  ~e n c - r c t  c r  rang e tue threshold level d It a sheet.
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CHAPTER 52

UPLINK AND DOWNLINK EQUIPMENT NET FREQUENCY RESPONSE (ST—47)

52—1. GENERAL .

a. The purpose of this test is to measure the up link and downlink
equipment net frequency response.

b . On an active system , this is an out—of—service test requiring 2
to 4 hours of AC) depending on system configuration .

52—2. SPECIFICATIONS . The test data obtained during this test shall
be compared to the performance limits delineated in appendix B.

52—3. TEST EQUIPMENT REQUIRED .

a. Sweep generator.

b.  Plug— in (0.4 to 110 Mhz).

c. Plug—in (4 to 8 GHz).

d. Frequency counter.

e. Power meter.

52—4 . TEST PROCEDURES .

a. Configure the test equipment as illustrated in figure 52—1.
Energize the equipment and allow for a 30—minute warmup and stabilization
period.

b . Adjust the sweep generator output power for zero dbm at a
frequency of 70 MHz as read on the power meter with the output terminated
into a resistor equal to the input impedance of the IF patch . The
external attenuator , as shown in figure 52—1 , should b e adjusted to
zero db attenuation during calibration . Manually adju-t the sweep
frequency of the generator between 50 and 90 MHz while observing the
power meter to insure that the generator output level is flat over t h e
50— to 90—Mhz range. Once t he  calibration has been verified , disconnect
the load resistor and connect the sweep generator output through the
attenuator to the IF patch/up converter input .

c. Tune the sweep generator to 70 MHz and the up converter to
7920 MHz. Record the power level as read on the power meter connected
at the output of the PA.

d. Without changing the power level , adjust the sweep generator
frequency in 4—Mhz steps until the entire 50— to 90—Mhz bandpass has
been tested.

52—1
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e .  l une the  up e o nv e r t cr  to t h e  f r e q u e n c ie s  l isted  h e le n  and r ep e a t
paragraph 52—Let t or each t requenc:y listed.

FR EQ) EN CY

~~~~~~~~~~~~~~z )

79~h~ 8060 8200 8360

7960 8100 h24 0 8400

8000 8120 8280

8020 8160 8320

I .  C o n f i g u r e  the L e s t  e q u i p m e n t  as i l l u s t r a t e d  in  f i g u r e  52—2 .
Switch RF p l u g — i n  u n i t s  on the  sweep g e n e r a t o r  and  t u n e  t h e  g e n e r a t o r
for a manual swept output frequency of 7270 MHz at a power leve l of zero
dbm .

g. Adjus t  the WG a t t e n u a t o r  to 50 db and record t h e  level i nd ica t ion
on the power meter at the output of t he  seL~c :ted down conver te r .

h .  Repeat  pa ragraph  52—4 f and g in 4—Mh z steps until a bandwidth of
40 MHz has been tes ted (20 ~t1lz above and below the center frequency).

1. Repeat paragraphs 52—4 f through h at the frequencies listed
below .

FREQL:ENCY

~~~~~~~~~~LQ~±

- 7310 7530 7650 7750

7350 75/ 0 7690 7770

739 1 )  7 6t h  773 (

j. In the event that trunk jacks are available , the net frec uencv
response may be tested by emp loying the automatic swept l r e e e e nu v
techni que. This method will redu -e the amount of AU time required to
comp l e t e  this test.

k. Record the- data colle. t ed on figure 6—4; USACC Form 351—R (Test).

1. Plot a curve on figure 8— 7; IJSACC Form 396—R ( I t - s i ) .

m . Sunmia r i z e  the tes t  r e s u l t s  on f I g u r e  6 — 4 ;  [SA CC Form 35 1—R (Tes t )
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CHAPTER 53

RELATIVE/ACTUAL AMPLITUDES AND FREQUENCIES OF S P U R I O U S  EMISSIONS

53—1. GENERAL .

a. The purpose of this test is to provide the techniques for
measuring the relative/actual amp litudes and frequencies of spurious or
extraneous emissions by means of attenuator substitution .

b. This procedure is applicab le to ST— l6 and ST—20 and should  be
per formed  w i t h i n  the  f r e q u e n c y  bandwid th  of the  device  under  t e s t .  U p
and down conve r t e r s  —— assigned channels ±20 and ± 6 2 . 5  MHz .

c. Normally this is an inservice test. However , an AO will be
required for those earth terminals in which redundan t or standby cap-
abilities are not available.

53—2. SPECIFICATIONS . The test data obtained during this test shall
be compared to the performance limits delineated in appendix B.

53—3. TEST EQUIPMENT REQUIRED .

a. Power meter.

b. Frequency counter.

c. SI-IF signal generator.

d. VHF signal generator.

e. Spectrum analyzer.

53-4. TEST PROCEDURES.

a. Configure the test equipment as illustrated in figure 53—1 and
allow for a 30—minute warmup and stabilization period. Insure that the
IF attenuators on the spectrum analyzer are set to the IN position.

b. An up converter operating at 8150 MHz (PC) emp loying a 4fl_’thz

baridpass will be used as an example.

c. Insure that the up converter to be tested is off—line. Tune
the VHF genera to r  to 70 MHz and adjust the output power level to zero
dbin .

53—1
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d . Cotil i pctrt- the t e — t  equipment as illustrated in figure 53— 2 and
tune the r I - eq c 0 0 0 V  o et  i - I  en t h -  apt-c t rcit:. anal vzer until t i e -  8l5~c— ”Nz
signal is c t - c i t e r eu  on the analyzer disp la ’.- scope. Adjust the gain and

~it  t enuat IOfl c o ut  rol s cis l t - ) u I  red t o  oht — t in a suitable re f e t e - n o t -  l e v t -  1

[ 1 ) ] ) - . The 5) - c t rim anal vzer should be set up I o r  a dispos I t ion
of rio t less t-han 6)) [l iz  (6 ~-~ Iz per  cm) and operate-d in
t h e  logarithm ic L I e

e. Adj ust the frequency dIa l 30 [liz a b o v e  and below 8150 MHz
several t P c i - s  wh ile n b- ce - i - - m o  the 5 ) 1 0  t rum f l u  05cr disp lay  for spuri ous

emis s i ons . Because of  th e ) r r - t ti .’el y low levels , it may be neces sary
to emov e at cr10 a t  0- ’ 1 1 ! ; ) f oi I -

f. If a spuri ous signal is seen , re-me-V t- t i i t  IF attenuation until
the spurious signal. i- - equal to the amp litude of the reference level
established in riaragraph 53—4c1 above . The arit hmetic difference bet s-oct .
the original and 110W IF attenuation setting in db is ectial to the ratio
of s p u r i o u s  s i gn a l  to referenc e- carr ier It- -ce -I

g. An alt e r i c - - t  e m e t l c ” J  of m e a s u r i n g  t h e  r e l a t i o n s h i p  oi~ r e f e r e n c e
- - : i r r ! t - r to s p u r i o u s  S I g n - I !  00l~~l i t c ’  I -  is as follows :

(1) Tune t h e -  SHF signal gecc e-r otor t o  8150 MI-h z at an output power
level o f zero dbtn . Insure t i c i t  the RF att~~n -i c i tor is calibrated for
zero db at t c-ic u a t ion wh ile th e OUt  11’] 1 pO ;- .’Pi  1 ~-vr - I is zero dbm.

(2) Adj is t r h o  spectrum analyzer dispersion control to present b ’ct~
t ’-~~ ~c p l c r i c c i s  and re~~-re n-- e si gna 1 t h e -  scope (fig. 53—3).

(3) Murk the amp i i tude of each si grial on the scope disp lay with a
greas e pencil. ( n a f i g e - r e -  the- t i - S t  equipment us illustrated in figure
5 3 - 4 .

(4) Adjus t the SUF si anal 1ze-nerator attenuator until the signal
amp litude is e-~u a l  to that of t. 1~e refe’- ’-nre - : a i  n c r  and record the
a t t e n u a t o r  s e t t i n g .

(5)  I t  may P .’ necess- ir ’ :  t o  r u l  ib rut ’-- th e SHF signal generator ’s
on put at L i - t i c t a t  c r  and power b i t -  1

(6) The frequency counter will Indicate she frequency of the
spurious signal . The - i rith n ’ -t ic differen ce between the SHF signal
generator atten ;1t (-r se t t inc In  p a r a g ’r . i pic 5 3 — l u p ( 4 )  above and the new

~~t - t  ting refit’- t the - rd - t  i - ‘c ’ st  r r  !igt n i  the 5jui thus signal to the
ai rier in db

(7) In orta in Ins t am - e s , I t nov i - c  ii s - , e - a S d r v  I express
extraneous signal levels in (ibm. This Is . i - c -or cplished Dv not ing the
SIIF s i g na l  ‘- n t - r o t o r  O t t e n c i a t o t  s t ring and a] - . 1 rai ral l v  s t i l t r o o t i n g
the ~~- t  t ing from zero Ibm . For -x imp ly

5 3 — 2

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~- ~~~~~ 
-

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —



CU P 7 1) 2 - 2

-t, t t e n ’ i c i t  cr  ~et  n t  35 dh

O r h h l I : c  — 35 db = —35 dbm — (40) db = —75 dbm

411 dh is value of ex ternal attenuator

NPIE : In some cases , the 40—dh attenuator may have to be

rep laced with a lower value in - rder to obtain a

suitable disp lay.

h .  Pho tog rap h the dic-c pl -r ’ and mount t h e  photu gruj’I-s c.r I tru r -- 12—5;

US \( C F o r : c  39 7—R (1 ’ s t )

I .  Restore the sy s t em  to t h e  no rma l upe r a t i n g  c on g  it l ul l and

s u m mar i z e  the t e s t  r e s u l t s  on f i s ’ t r e  6 — 4 :  1 SACC Form 3 5 1 —R  ( T e s t ) .

53— 3
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Vt- I F POWER

SIGNAL 70 11Hz METER
GENERATOR 0 dbm

—
~~

FRE Q UENC Y
COU N TER

Figure 53—1. VHF signal generator output calibration.
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1.5

_
~~~~~~~~ UP CONVERTER ±1.5 db 

8150 MHz (IF ATTENUAT01~~)

0 0 ~ _____ - ______ 
SPECTRUM

RF 40 db 
ANALYZER

SAMPLE

10 clb

Vt-IF
SIGN AL I

GENERATOR 
-

FREQUEN~~ 

— 

I — — — POWER
COUNTER Y”TER j

Figure 53—2. Spurious emissions amplitude test configurat ion .
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r eferen ce level

81 50 MHz

a. REFERENCE CARRIER

-a-

—~~~~~~~ - - —4 -

8150 MHz
500 KH~ Dispersion

b . REFERENCE CARRIER PLUS SPURIOUS

F i gure 53—3. l yp ical scope disp lays  of referen ce
carrier to spurious signal amplitude,
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GENERATOR Th~r~VV~W~
__-____J

_ _ 1 ]
FREQUENCY I I

COUNTER SPECTRUM ANALY ZER

POWER I

METER

Figure 53—4. Relative/actual amplitudes and frequencies of spurious
emissions equipment calibration.
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CHAPTER 5/4

EARTH TERMINAL EQUIPMENT NOISE TEMPERATURE

54—1. GENERAL .

a. The purpose of this test is to provide a technique for measuring
the noise temperature of the para—ainp and receive IFLA by employing the
Y—factor technique .

b. This procedure is app licable to ST—8 and ST—12. Normally this
is an inservice test. However, an AO will be requ ired fo r  those ear th
terminals that do not have redundant capabilities .

54—2. SPECIFICATIONS . The test data obtained during this test shall
be compared to the performance limits delineated in appendix B.

54-3. TEST EQUIPMENT REQUIRED.

a. Mixer.

b . Adapter.

c. Amp lifier.

d. Noise generator.

e. Receiver.

f. Signal generator.

g. Power meter.

h. Frequency counter.

54-4. TEST PROCEDURES .

a. Energize the test equipment and allow for a 30—minute warmup
and stabilization period .

NOTE: Use extreme caution when handling liquid nitrogen .
Severe injuries will result if liquid nitrogen
contacts the skin .

b. Af ter the oven temperature on the noise generator has stabilized ,
f i l l  the f lask with l iquid n i t rogen . In i t i a l ly violent boil ing will
occur , but will  diminish as the f lask  wall temperature apprc’aches the
l iquid n i t rogen  temperature .

54—1
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c. Ref ill the flask after the nitrogen settles and allow for a 15
minute tt~mpe rature stabilization of the cold load .

d. Tune the SHF generator to 7470 MHz and an output power level of
- 

- zero dbm.

e. Configure the test equipment as illustrated in figure 54—1.
Readjust the output power level of the signal generator until 0.5 ma
is observed on the receiver crystal current meter.

f. Set the receiver ’s variable attenuator to 10 db. Note and
record the crystal current meter indication on the appropriate test data
sheet.

g. Disconnect the test cable and GR adapter from cold load and
reconnect it to the hot load .

h. On the noise receiver, increase the attenuation to attain the
same crystal  current  reading as outlined in paragraph 54—4 f above. The
difference between the attenuator setting in paragraph 54— 4f  above and
the new setting is equal to the Y—factor in db . The Y—factor may be used
to calculate the actual noise temperature in degrees K.

1. Repeat paragraphs 54-4 f through h three more times. Tune the
SHF signal generator to 7220 and 7730 MHz and repeat paragraphs 54—4 d
through 1.

j. Measure the power losses on the cables and adapters that are
connected between the input of the test device and the output of the
noise source. This information will be used as correction factors .
The cable losses in db should be subtracted from the NF in order to
obtain accurate test results.

k. The NF may be calculated as follows :

T2

NF = 
T0 — 

Y T0
Y— 1

where : T
2 

373.2°K

= 7 7 .3 °K

290°K

Y = Y—factor expressed as power ratio
or T , T1y

NF (db) 10 log ( )
290 (Y—1)

54—2
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1. In some cases it will be necessary to express measured results
in terms of effective input noise temperature . The effective noise
temperature , Te, may be expressed as follows :

Te

where :
T2 = 373.2°K

— 77.3°K

Y = Y—factor (power ratio)

m. Table 54—1 shows a few calculated NF ’s and noise tempera tures
respective to measured Y—factors . This table may be used by test team
personnel when analyzing and summarizing the test results. The table
assumes that the temperatures of the cold and hot loads are 77.3 degrees
K and 373.2 degrees K, respectively.

n. Figure 54—2 shows the RF correction fac to r  fo r  losses between
the actual terminations and the front panel connections caused by the
conductivity of the transmission system between the two points. Figure
54—3 dep icts error in NF as a f unc tion of error in the hot and cold
temperatures. The worst case error should be used to calculate the
actual NF or noise temperatures .

o. Restore the system to the normal operating condition and
sununarize the test results on figure 6—4; USACC Form 351-R (Test).

54—3
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Table 54 1. RF Correction Factor

Y—FACTOR NOISE FIGURE NOISE TEMPERATURE
(db) (db) (OK)

10 0.7220 44.42

9 0.5532 34.68

8 0.3357 21.56

2 0.0531 3.52

6 0.3170 21.96

5 0.8131 59.55

4 1.4880 118.4

3 2.4520 220.0

2 3.9440 429.25

1 6.7090 1069.3

0.9 7.134 1622.6

0.8 7.161 1387.4

0.7 8.171 1622.8

0.6 8.823 1921.9

0.5 9.588 2348.0

0.4 10.554 3004.6

54—5
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Figure 54—2. Corrections in hot and cold termination 
temperatures

due to internal RF losses.
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Figure 54—3. Determining error in NF as a function of error in
hot and cold temperatures .
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CHAPTER 55

VSWR AND RETURN LOSS

55—1. GENERAL .

a. The pu rpose of this test is to provide techniques for performing
both VSWR and return loss measurements.

b . This procedure is applicable to ST—b , ST—l 4 , ST—15 , and ST—22.

c. Consideration should be given to the adaptability of test
equipment to those listed in paragraph 55—3. In those cases where WG
adapters are used between the test equipmen t and the devi ces under test ,
the manual or automatic return loss techn iques should be employed in
lieu of the slotted line technique .

55—2. SPECIFICATIONS. The test data obtained during this test shall be
compared to the performance limits delineated in appendix B.

55—3. TEST EQUIPMENT REQUIRED.

a. Slotted line .

b. Slotted line carriage .

c. Probe .

d. VSWR indicator.

e. SHF s1c~ al generator.

f. Di.. ii coupler.

g. WG tc.~ coaxial adapters .

h. Sweep signal generator.

i. Mic rowave WG attenuator .

j. Microwave amplifier.

k. Detectors .

1. X—Y recorder.

m. Power meter .

n. WG short.

o. Frequency counter.

55—1
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55-4. TEST PROCEDURES.

a. Automatic Mode.

(1) Configure the test equipment as illustrated in f igure 55 -1 and
adjust the microwave attenuator to 30 db.

(2~ Energize the test equipment and allow for a 30—minute warmup
and stabilization period.

NOTE : It may be necessary to amp lif y the reflected signal
by connecting the microwave amp l i f i er in the test
loop.

(3) Set up the sweep signal generator for the applicable frequency
range shown below and adjust  the output power level to zero dbm.

(a) Receive WG: 7 .25  to 7.75 GHz.

(b) Para—amp ’s: 7.25 to 7.75 GHz.

(c) IFLA ’s: 7.25 to 7.75 GHz .

(d) Down converters : Any 40 or 125 MHz portion of 7.25 to 7.75 GHz .

(e) IPA’s: 7.9 to 8.4 GHz.

(f) Antenna feed assembly: 7.9 to S. 1~ Gliz.

(4) Manually adjust the sweep generator and X—Y recorder as required
to display the selected frequency range on the X—axis . Divide the
frequency range by ten and identify each tenth of the bandwidth on the
X-axis.

NOTE: The down converter will be tested at 40 or 125 MHz
bandwidths respective to the assigned or normal
operating channel.

(5) Adjust the RF attenuator to 25 db and the DC gain controls on
the X—Y recorder to obtain a suitable deflection on the Y—axia .

(6) Adjust the sweep spread to 0.01 milliseconds and trigger the
sweep generator.

NOTE: The pen should be in the down position.

(7) Adjust the microwave attenuator in 5—db steps and repeat para-
graph 55—4a(6) until a setting of zero db is reached on the sweep signal
generator (excluding adjust of the DC gain controls). Insure that the
attenuator remains at zero db during the actual measurement.

55—2
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(8) Disconnect the WG short and connect the test equipment to the
device under test as illustrated in figure 55—2 .

(9) Trigger the sweep signal generator. The test results obtained
should be compared with the performance standards that are established
in appendix B.

(10) In some instances the specifications are stated in VSWR.
Therefore, it will be necessary to convert the return loss measurements
to VSWR. The conversion can be accomplished by application of the
following formulae

1+ Lr 
bog~~

20
VSWR

1— Lr log 1

where: 20

VSWR = voltage standing wave ratio and Lr stands for return
loss in db

b. Manual Mode.

(1) The downlink frequency bandwidth will be used for illustrative
purposes.

(2) Configure the test equipment as illustrated in figure 55—3a
for input measurements or 55—3b for output measurements and allow for
a 30—minute warmup and stabilization period .

(3) Tune the SHF signal generator to 7500 MHz and adjust the output
power level to —10 dbm as indicated on the power meter. The power meter
should be connected to the coupling port of the forward power directional
cqupler.

(4) Connect the power meter to the coupling port of the reverse
power directional coupler and record the power meter indication on the
appropriate data sheet. The arithmetic difference in db between the
forward and reverse power levels is equal to the return loss.

(5) Repeat paragraphs 55—4b (3) through (5) in 50—MHz steps until
the bandpass of 7.25 through 7.75 GHz has been tested .

(6) Restore the system to the normal operating condition and
summarize the test results on figure 6—4; USACC Form 35l—R (Test). The
VSWR may be computed as illustrated in paragraph 55—4a(lO).

NOTE: The applicable bandwidth and intervals pertaining
to specific C—E components are listed in para—
graph 55—4a(4) above.

55—3 
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(7) Plot a frequency versus return loss curve on figure 8—7; USACC
Form 396—R (Test).

c. Slotted Line Mode .

(1) Insure that a power level of zero dbm throughout the frequency
range of 7.25 to 8.4 GHz will not damage the device under test. Infor-
mation related to the maximum input levels is normally found in the
applicable maintenance manuals.

(2) Configure the test equipment as illustrated in figure 55—4 and
calibrate the test equipment lAW the respective operator ’s manual.

(3) A test frequency of 7500 MHz will be used as an example. After
the test equipment has stabilized, tune the SHF signal generator to
7500 MHz at an output power level of zero dbm. Adj ust the pulse rate
controls for 1000 Hz and set the function switch to pulse. Insure that
the function switch is in the square wave position .

(4) Adjust the slotted line handcrank until a peak (antinode)
indication is noted on the SWR indicator. Calibrate the SWR indicator
to read on the l—SWR meter range.

(5) Adjust the slotted line handcrank until a null (node) is observed
on the SWR meter. Record the measured VSWR as indicated on the SWR meter
on the appropriate data sheet.

(6) Repeat paragraphs 55—4c (4) and (5) as applicable for bandwidth
at the test frequency steps listed below.

BANDWIDTH STEPS

— 
(MHz) (MHz)

500 50.0

125 12.5

50 5.0

40 5.0

(7) Plot a return loss or VSWR versus frequency curve on figure
8—7; USACC Form 396—R (Test) and summarize the test results on figure
6—4; USACC Form 35l—R (Test). Once the VSWR of a device has been deter-
mined, the return loss in db can be calculated by:

RL 2O log l+VSWR
l-VSWR

55—4
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WG TO COAX
ADAPTER

Liii 
_ _ _  

_ _  

~~~~~ RTJ

DETECTOR MICROWAVE
ATTENUATOR
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I _ _
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~ ~~
X

~~~ ER 

L~~

— - POWER METER

Figure 55—1. Automatic return loss equipment calibration.
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WAVEGUIDE/ COAX
ADAPTE R MAY BE REQUIRED

~JJ FdD RVSE ~ 
[
~~DEVICE UNDER TEST

DETECTOI~[J ~ WG
I IATTENUATO R
L .Jo db

ALC

_ _  

EXT ALC

[

DIV 

~ 

GENERATOR 
____ 

___________

FREQUENCY 
x RECORDER

COUNTER

POWER METER

Figure 55—2. Automatic return loss test configuration .
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~ DEVICE UNDER TEST

p ~~~0WER METERJ

— — 
{ 

TERMINATION
_ __ _ i

L41~T~~III~1
FRE QUENCY 

________________

COUNTER

SIGNA L 
-.1

I
a. INPUT

Figure 55—3. Return loss (input/output) test configuration .

55—7

--~~~~~~~~~~
/
-- _ 

- - -~~~~~~~~~
. 

-



CC? 702 —2

soc~TERM POWER ~~TER

‘
DC~1~~~~~~ 

I

________________ I FREQUENCY
COUNTER

SIGNAL
GENERATOR

b. OUTPUT

Figure 55—3. Return loss (input/output)
test configuration . (continued )
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UNDER TEST 
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Figure 55—4. VSWR test configuration.
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CHAPTER 56

RECEIVE C/kT RATIO

56-1. GENE RAL .

a. The purpose of this test is to provide a technique for measuring
C/kT ratio. The accuracy of this technique is ±1.0 db.

b. This procedure is applicable to ST—27 and ST—34. All modulation
must be removed to obtain accurate results. The wideband digital phase
shift keying and spread spectrum modems should be transmitting a space
and be configure for narrowband operation.

c. In order to measure a communications signal C/kT ratio , an AO
is required since modulation must be removed .

56—2. SPECIFICATIONS. The test data obtained during this test shall
be compared to the performance limits delineated in appendix B.

56—3. TEST EQUIPMENT REQUIRED.

a. VHF signal generator.

b. FSVM .

c. Frequency counter.

d. Power meter.

e. UHF mixer.

56—4 TEST PROCEDURES.

a. Configure the test equipment as illustrated in figure 56—1.
Insure that the down converter is tuned to the frequency of the selected
carrier to be measured.

b. Energize the test equipment and allow for a 30—minute warmup
and stabilization period .

c. Calibrate the VHF generator for an output power level of zero
dbm at 70 MHz.

d. Tune the FSVM or wave analyzer (WA) to 1 MHz and set to he
appropriate bandwidth (FSVN: 3.1 kllz, wave analyzer: 3.0 kllz ” Set
the input impedance to 600—ohms termination.

e. Fine tune the frequency control of the FSVM or WA to obtain a
peak indication at 1 MHz. Record the indication on the appropriate
data sheet.

56—1
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f. Tune the FSVM to 1.5 MHz and record the meter indication . The
difference between the readings in paragraphs 56—4 e and f in db plus
36.77 db (wave analyzer) or 36.91 db (FSVM) is equal to the receive
C/kT ratio defined in db /Hz.

g. The information shown below concerns the deviation of the 36.77
db correction factor.

Bandwidth of the WA 3000 Hz
(10 log BWHZ = 10 log 3000 = 34.77 db)

where :
average to rms conversion factor is —1.0 db

mixer fold—over conversion factor is 3.0 db

total = 36.77 db

NOTE: 3.1 Idiz BW should be used for calculations when
employing the FSVM .
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Figure 56—1 . Receive C/kT ratio test configuration .
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CHAPTER 57

INSERVICE CUSTOMER LEVELS (T.-3)

57—1. GENERAL. The purpose of this test is to measure and evaluate
the voice channel traffic signal levels of customer—provided voice ,
voice frequency carrier terminal (VFCT), data , and other types of
message signals. This test must be performed using bridging (monitoring)
measuring techniques to preclude affecting customer s€ vice .

57—2 . SPECIFICATIONS. The test data obtained during this test shall
be compared to the performance limits specified in ‘IIL-.STD--188/lO0 .

57-3. TEST EQUIPMENT REQUIRED.

a. AC voltmeter.

b. Balanced/unbalanced transformer.

c. FSVM .

d. Spectrum disp lay un i t .

e. Transmission measuring set.

57-4. TEST PROCEDURES.

a. Configure the test equipment as illustrated in figure 57—1.

b. Record the applicable data at the top of figure 57—2 ; USACC
Form 462—R (Test). Record the design impedance at each test point,
balanced or unbalanced condition , and the equipment design referenced
test tone power level. Also, list the correct signal level, relative
to the reference test tone power level, and the absolute power at each
test point .

c. In sequence, connect the voltmeter through the transformer (if
required) to the monitor jacks on ——

(1) Primary patch bay : TP—1 (xmit), TP—l2 (rec) .

(2) Circuit equal level patch bay : TP—2 (xmit), TP—ll (rec).

(3) Baseband high frequency distribution frame : TP—6 (xinit), TP—7
(rec).

Measure the circuit signal level and record it on figure 57—2; USACC
Form 462—R (Test). Compute the deviation between the correct circuit
level and the measured circuit level. Record the results on figure
57—2 ; USACC Form 462—R (Test).

57— 1
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d. Connect the FSVM , (in bridging mode) to TP— 6 and TP — 7 as shown
in f igure  57—1. Set the impedance switch at the same value as the tes t
point impedance . Set the FSVM in the wide (3—kHz bandwidth) position,
insuring the entire 3—kllz channel is included . Record the measured
circuit levels on figure 57—2 ; USACC Form 462—R (Test).

e. Using the spectrum display unit , monitor the frequency spectrum
both across the baseband signal spectrum and adjacent to the signal at
TP—6 and TP—7 . Note any excessively high signal levels and notify
site personnel to take immediate corrective action . Record any
remaining high signal levels on f igure  57—2 ; USACC Form 462—R (Test)
and mount photographs on f igure  12—5 ; USACC Form 397—R (Tes t ) .

f .  Report all measured level deviations of 2 db or more in excess
of the specified correct signal level to site personnel. Summarize test
results on figure 6—4 ; USACC Form 351—R (Test).

57—2
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Figure 57—1. Inservice customer level test configuration .
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CHAPTER 58

l—kHz TEST TONE SIGNAL LEVELS (T—4)

58-1. GENERAL .

a. The purpose of this test is to measure , evaluate , and adjus t the
VF channel test tone signal power level at selected points throughout
the station . This includes the primary patch bay, the circuit equal
level patch bay , the VF/multiplex patch bay , the C? and SC test points ,
and the baseband test point , to the extent that these points are avail—
able.

b. On a per radio link basis and with test personnel at each end
of the radio link, this test can be performed in both directions simul-
taneously. Furthermore, where a sufficient number of voice channels
are available, this test can be conducted under operating conditions ;
however, because of impedance variations at some of the multiplex test
points , the test tone power measurements may be inaccurate. To obtain
more accurate measurements of test ~~‘e power levels, it may be
necessary to remove the multiplex from service. At each of the test
points, the circuit must then be disconnected and properly terminated
with a resistance load before making the measurements and adjusting
the test tone power levels. This technique is outlined in some multiplex
manuals. For links which do not have voice channel breakouts at one or
both ends, the tests can be modified accordingly by inserting the test
tone signal from the transmission measuring set at the available
multiplex input points of the transmit end of the radio link. However,
this technique requires the removal of at least one multiplex group at
a time from service.

c. If this test is being performed as part of a complete audio
series, the voice channel test tone signal power levels must be within
±1 db of the relative test signal power of —10 dbmO before proceeding
with subsequent tests.

d. It is recommended that a minimum of three voice channels per
group be measured , preferably channels 2, 6, and 11, if available.

58—2. SPECIFICATIONS. The test data obtained during this test shall
be compare’l to the performance limits specified in MIL—STD—l88/lOO.

58-3. TEST EQUIPMENT REQUIRED.

a. AC voltmeter.

b. Balanced/unbalanced transformer (2 ea).

c. Audio oscillator.

58—1
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d. FSVN .

e. Spectrum display u n i t .

f. Transmission measuring set.

58—4. TEST PROCEDURES.

a. Conf igure  test equi pment as i l lus t ra ted in f igure  58— 1.

b.  On f igure  58—2, USACC Form 463—R (Tes t ) ,  record the equipment
des ign reference tes t tone signal power levels , the correc t signal
levels relative to the reference test tone signal power level , and the
absolute power levels of the tone signal for  each test point indica ted
on f igure 58—1 (except those test points which are not avaIlable or no t
app licable to the particular situation). Record the SC , C? , and voice
channel (V CH) as applicable to properl y identif y the channels tested .

c. To measure the audio levels at the patch panels , use the
transmission measuring set , alternately connect a high impedance AC
voltmeter to a balanced/unbalanced transformer and use the two together
as the level meter. For the multiplex test points , use the FSVM and
the spectrum display unit as appropriate for the equipment under test.
Connect the bridging mode and set the impedance load switch according
to the impedance of the line at that point.

d. Assuming the voice channel impedance is 600 ohms, establish a
standard —10 dbmO reference level either from the transmission measuring
set output or from an oscillator tuned to 1000 Hz. Measure the —10 dbmO
level at the precision load . Do not readjust the transmission measuring
set output , or the oscillator frequency or ampli tude , in the subsequen t
procedures .

e. Remove the 600—ohm precision load and connect the transmission
measur ing set outpu t or the transformer ou tpu t to the des ired channel
at TP—l. Referring to figure 58—1, measure the level at TP—l and
record this as the input level. The input level may differ from —10
dbmO due to the fact that the channel impedance is not exactly 600
ohms. (Tests T—5 and T—6 are designed to investigate impedance variation
in further detail.)

f. Measure the test tone signal levels at all remaining test
points applicable , referring to figure 58-1 for guidance. Record
the dbm readings and the deviation from the correct value (computed)
on figure 58—2 ; USACC Form 463—R (Test). Observe the tone frequency
spectrum . Add comments as needed on figure 6—4; USACC Form 35l—R (Test).
Note that the test tone signal power levels made at all test points ,
except TP—l2 , are made using a bridging (high impedance) connection ;
while the measurements made at TP—l2 are made using the terminate or
600—ohm loading connection .

58—2 
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g. All level deviations in excess of ±1 db should be reported to
site personnel. Corrective action should be taken with the assistance
of the operating personnel. No adjustments should be made until the
source of the level problem has been identified .

h. Summarize test_ data on figure 6—4; USACC Form 35l—R (Test).
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CHAPTER 59

VOICE CHANNEL IMPEDANCE (AUTOMATIC SWEEP) (T—5)

59--l. GENERAL . The purpose of this test is to determine by means of
automatic sweep measurements the input and output impedance of ‘IF
channels or other audio equipment with a design impedance of approxi-
mately 600 ohms. The test recognizes that when a load of other than 600
ohms is connected to a 600—ohm source , the voltage across the load
changes in proportion to the change of the load impedance from 600 ohms .
This voltage change can be conveniently read on a db scale calibrated
for 600 ohms and correlated to an impedance value. The voice channel
impedance measurements , and also the 600—ohm terminations, are made at
the patch bays, both at the transmit and receive ends of the voice
channel.

59—2 . SPECIFICATIONS. The test data obtained during this test shall be
compared to the performance limits specified in MIL—STD—l88/lOO .

59—3 . TEST EQUIPMENT REQUIRED.

a. AC voltmeter.

b. Balanced/unbalanced transformer.

c. Delay measuring set.

d. Log/lin preamplifier .

e. X—Y recorder.

f .  600—ohm , 1—percent termination.

59-4. TEST PROCEDURES.

a. Configure the test equipment as illustrated in figure 59—1. Use
an external 600—ohm, 1—percent termination (not the internal 600—ohm
termination on the bridging transformer). Set the output of the delay
measuring set to 1000 Hz, —10 dbmO . For example, if the test is to be
conducted at the circuit equal level patch bay and the reference test
tone level is zero dbm , then the output of the delay measuring set (into
the 600—ohm load) would be set at 10 db below zero dbm , that is, —10 dbm .
If the test is to be conducted at the VF patch bay and the reference
test tone level at this point is —16 dbm , then the output of the delay
measuring set would be set 10 db below —16 dbm , that is, —26 dbin. Load
the X—Y recorder with the appropriate graph paper (fig. 8—7; USACC Form
396—R (Test)) and calibrate the horizontal (X) axis by varying the
output frequency of the delay measuring set between 100 Hz and 4000 Hz.
Adjust the recorder as needed . Return the delay measuring set to a
1000—Hz output . Calibrate the vertical (Y) axis of the recorder by
varying the output level of the delay measuring set between 1.5 db and

59—1
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--1 .5 db f rom the  —10 dbmO r e f e r e n c e  leve l .  R o l e r  to the m a n u f d c t u r e r ’s
O L t L u l  on t i le X -Y Lucorder if di~ ficu1 ty is encountered in calibration.

~eL’ rn the o~ tp ut level to --10 lh ni~
). Set the delay measuring set

t e c - i I c v  to  t i io low end of tIio range and pe rt orm a sweep with the 600—
- - i t a , l- --pe r c&-iit termnination connected. The recorder level should not
van- io~-~ than 0.15 db throughout the sweep , or at least between 50 Hz

~n i  36db i1Z . A v i - ~~o r ion g rea t e r  than 10.15 dh ind ica tes  an equipment
m~lfun-:t: ion and the manual sweep mode (test T—8) will have to be used .

b. This t e s t  should be conducted pref e rabl y at the circuit equal
~~- - - -It p3 tch fo-iy TP—2 or iP--il to Include the maximum number of circuit
- u t ~~)O~~- ? f l t~~ . Hii ’~— ove r , it conditioning or signaling equipment is present
‘-“-tween the ci;-: uit equal level pa tch  h aj  3nd the VF pa tch  bay , the  tes t
-h uu~ d -iiso ~c ~nn f r o m  the  \ F  patch bay , T P — 3  or TP —10 .  T h i s  t es t  may
~t J - ~~ be conducted at o the r  600—oh m voice channe l  po in t s  f or  t r o u b l e —
oh-;- og purposes ; -

~ th t he  o u t p u t  o~i t he  delay  measur ing  set appro—
p r i t e i y cd us t I~ as desc r ibed  in ~:aeagrap h 59--4a , above .

C.  e t o c o l l I l e ct  r -~e e\ternal 600-ohm termination and connect  the out-
p ut  of t he  delay measuring set to TP—2 at the input (transmit end) of
the voice hanoel ‘r ing tested ; the eI. - eive end of tile voice channel
. - h e - i ~~d be te:c .~ uced in a 600—ohm load at TP—ll. Do not readjust the
0 J 0 V  eo~~ rin~ set to the —10 dbmb level , in the subsequent procedures.

- S~ cop t h e  dc 1 ay tce~ surlng set across tne tre;oUtlc~J band and
r~~co t d  the  in pu t  teed on the X—Y recorder. The seeep rate will have to
::~u s o w  enough so th a t  ii ab rupt changes in l~ v~ 1 will he p lotted
- l c : c I : L a t C -/ by the X—Y recorder.

e .  t. o~ u a t  - a ~-r a ph s  59—4 c - jid d for the  inpu ts  of the other voice
:rA c n r c45 to  be L € - ’i t c - i .

f .  l ep o a t  the e n t i C e  t 0 , t  p ;~ ce-jo e icr  tb~- outputs (receive end)
of each voL : i;~~nr i~~l tested ah~ v~~. in I hi s case , the tone will be

~ti c e i t e c  h a c kw 3 ; ~~IOt  I; , into l i C  output ~f L1i ~ :ba~,l el with the
di-it - -~nt end ter ico ’pd . 1015 revers -il should have vc- rv 1~~It1e effe ct on
the ra~ uics n f  the t e s t .  As a p r e ca u t i o na ry  measu re , the Idle channel
cutpu t should ~e checked  to insure that no other signals , including
cros~it olk , -ire present in the channel which mi ght interfere with
read Ir ds being taken dot ing this test. If the test Is conducted at
cthnr tha~ the ci - c - i t  equal level patch bay , be sure to appropriatel y
~~~~~~ h j~~~t the tI:- r:c ~e\ei output of the delay measuring set as described

~ p~ ca~ raph 9 - -~o .

~ . It is r- - . :or”tu eiideti tha t  -i t r inimum of L i l t LU voice channels per
croup he r io — is -e y ed., prefer ably - haunel s 2, 6, and 11 , if avai lable .

h. Summarize t e ot  data on figure 6—4 ; h SAC ( . Form 35 l—R (Tes t ) .
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Figure 59—1. Voice channel impedance (automatic
sweep) test configuration.
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CHAPTER 60

— VOICE CHANNEL IMPEDANCE (MANUAL SWEEP) (T-6)

60—1 . GENERAL. The purpose of this test is to determine by means of
manual sweep measurements the input and output impedance of VP channels
or other audio equipment with a design impedance of approximately 600
ohms. The test recognizes that when a load of other than 600 ohms is
connected to a 600—ohm source, the voltage across the load changes in
proportion to the change of the load impedance from 600 ohms . This
voltage change can be conveniently read on a db scale calib rated for
600 ohms and correlated to an impedance value. The voice channel
impedance measurements and also the 600—ohm terminations are made at
the patch bays , both at the transmit and receive ends of the voice
channels.

60—2 . SPECIFICATIONS. The test data obtained during this test shall
be compared to the performance limits specified in MIL—STD—l88/lOO.

60—3. TEST EQUIPMENT REQUIRED .

a. AC voltmeter.

b. Audio oscillator.

c. Balanced/unbalanced transformer.

d. 600—ohm, 1—percent termination.

60—4. TEST PROCEDURES.

a. Configure the test equipment as illustrated in ~~~ re 60—1 , with
the oscillator feeding into an external 600—ohm, 1—percent Lc r rn - ation.
Do not use the 600—ohm switch position of the line matching transformer
since this may yield inaccurate test results . Calibrate t3e Input
signal to the 600—ohm load by adjusting to 1000 Hz at —10 dbm0 . For
example, if the test is to be conducted at the circuit equal level
patch bay , and the reference test tone level is zero dbm , t~~cn t i - - -
output power of the oscillator, would be set 10 db below zero dbn , that
is, —10 dbm. If the test is to be conducted at the VF p ;-:ch ha~- . and
the reference test tone level at this point is —16 dbm , th e n  the o u t p u t
of the oscillator into the 600—ohm load would be set 10 dh be~ oe’ — 16 dbm ,
that is —26 dbm .

b. This test should be conducted preferab ly at Ll:e cc. eit equal
level patch bay , TP—2 or TP—ll. However, if conditioninp or signaling
equipment is present between the circuit equal level patch bay and the
‘IF patch bay , TP—3 or TP—lO , the test should also be run from the VF
patch bay. This test may also be conducted at 600—ohm voice ch-snn 1

points for troubleshooting purposes, with the o u t p u t  of t h e  o s c i l i - L o r
adjusted as described in paragraph 60—4a.

60— 1
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c. Disconnect the external 600—ohm termination and connect the output
of the balanced/unbalanced transformer to the test point input of the
voice channel being tested (fig. 60—1). The receive end of the voice
channel should be terminated in a 600—ohm load at TP—ll. Do not readjust
the oscillator to the —10 dbmO level, in the subsequent procedures.

d. Vary the oscillator frequency in steps as listed on figure 60—2;
USACC Form 464—R (Test) and record the test signal power level from the AC
voltmeter , on the data sheet. Calculate the test tone variance from the
600—ohm loaded value. Sufficient frequencies must be used in order to
obtain points for  a smooth curve on f igure  8—7;  USACC Form 396—R (Test) .
Ext reme accuracy is important . Take all readings to 0.1 db accuracy or
better. (Except for exactly 600—ohm channels, these readings will not
be true power, but for purposes of this test we will refer to them as
dbm .)

e. Plot the tone variance in db versus frequency on figure 8—7;
USACC Form 396—R (Test). Connect the points with a smooth curve. Be
careful not to obliterate the data points .

f. Repeat the entire test procedure for the inputs of the other
voice channels to be tested .

g. Repeat the entire test procedure for  the outputs (receive end)
of each voice channel tested above. In this case, the tone will be
inserted backward; that is, into the output of the channel with the
distant end terminated . This reversal should have very little effect
on the results of the test. As a precautionary measure, the idle
channel output should be checked to insure that no other signals,
including crosstalk, are present in the channel which might interfere
with readings being taken during this test. If the test is conducted
at other than the circuit equal level patch bay, be sure to appropriately
readjust the tone level output of the oscillator as described in para-
graph 60—4a.

h. It is recommended that a minimum of three voice channels per
group be measured , preferably channels 2, 6, and 11, if available.

i. Summarize test results on figure 6—4 ; USACC Form 35l—R (Test) .

60—2 
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.
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Figure 60—1. Voice channel impedance (manual
sweep) test configuration .
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CHANNEL IMPEDANCE _ ~~~~~~___ PAGES

(Manua l Sweep) DATE (DAY . MONTH. YEAR )
DATA SHEET (CCR 702-1-3) 

___________________ ___________________________________

POINT 

TE ST EN GR SI G N A T U R E

FREO 
______ 

TEST SIGNAL LEVEL . dbm; AND_VARIANCE . db . FROM _600—ohm LOADED V A L U E
IHi) dbm d b dbm db dbm db dbm db ~tm  I db

50 
_______ _______ ________________

100

200

300

_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  — _ _ _ _ _ _

1200

1400 
_ _ —

~~~~~~~~ 
_ _  _  _  _  _ _ _

1600

1800

2000

2400

2600

2800

3000

3200 
_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _

3400

2000

USACC FORM 464—R (TEST)
1 MAY 77

Figure 60—2 . Channel impedance (manual sweep) data sheet.
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CHAPTER 61

VOICE CHANNEL LONGITUDINAL BALANCE (T— 7)

61—1. GENERAL . The purpose of this  test is to determine the amoun t of —

inbalance exist ing on the VF channels or other VF equi pment using
balanced circuits . Normally, speech or carrier signals are carried on
a balanced transmission line consisting of two conductors at the same
electrical potential above ground . Normal signal current flows in

a opposite directions In the two conductors , but unequal leakage impedances
from the lines to ground and electromagnetic or capacitive voltages
induced in the line produce longitudinal currents which create a voltage
between the electrical center of the line and ground . This unbalanced
voltage causes interference with the desired signals in the line and
adds to the ICN. Different methods used for measuring longitudinal
balance will produce different values and , therefore , no attempt should
be made to compare results unless the same procedures were used to —

obtain them .

61—2 . SPECIFICATIONS . The test data obtained during this  test shall
be compared to the performance limits specified in MIL—STD— 188/lOO .

61—3 . TEST EQUIPMENT REQUIRED .

a. Audio oscillator.

b. AC voltmeter.

c. 600—ohm t ransformer.

d. FSVM .

e. Balanced/unbalanced transformer.

f. 600—ohm , 1—percent termination .

g. 300—ohm , 0.25—percent resistor (2 ea).

h. 150—ohm, 0.5—percent resistor.

i. Transmission measuring set.

j. Headphones.

61-4 . TEST PROCEDURES .

a. To measure the input (transmitting) longitudinal balance,
configure the test equipment as illustrated in figure 61—1 , with the
channel properly terminated at the selected patch bay station B, receiving.
Adjust the signal generator frequency to 600 Hz at -10 dbmO with the
signal generator connected through transformer D, across the center—tapped

61—1
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resistors R1 and R 2 , and into  the input ( t ransmi t  end) of the voice
channel or equipment under t es t , tha t  is , at the se lec ted  patch bay .

b. Connect the FSVM (br id ging) to measure the  voltage across the
RL/4 (150 ohm) resistor R 3, and tune the FSVM to the 600—Hz signal ,
using the narrow bandwidth position . The use of an FSVM is necessary
because the wide bandwidth of the AC vol tmeter  may pick up signals o t h e r
than the low level 600—Hz imbalance signal . As a precautionary measure ,
disconnect the signal generator (A) ; then measure the voltage across R 3
to de termine if other signals , inc ludi ng cross talk , are presen t in the
channel. Also , headphones should be used to identify extraneous signals.

c. Reconnect the signal generator (A) and measure the voltage (V2)
across the resistor R 3. Record this measured value on f igure  6 1—2;
USACC Form 465—R (Tes t) .  Note and record the voltage V1 measured across
the line on the data sheet. Voltmeter (C) is connec ted across the line
through the MON jack at the selected patch bay .

d. Calculate the longitudinal balance of the input circuit from:

(V 1)
Longitudinal balance = 20 log 10 = db

(V2)

e. Since the voltage V1 is measured across the line , wi th  a normal
impedance (R L ) of 600 ohms , while the voltage V 2 is measured across R 3,
having an impedance of (R L /4 )  150 ohms , the above d&~f in it i on  and measure-
ment of the longitudinal balance is in relative terms , and should not
be considered as an absolute power ratio measurement.

f. Repeat paragraphs 61—4 a through d for 1000 Hz and 2400 Hz.

g. Repeat paragraphs 61—4 a through d fo r  the inputs of o ther
channels or equipment to be tested . It is recommended that a minimum
of thr ee vo ice channels in each group be measured , preferab ly channels
2, 6, and 11, if available .

h .  To measure the output  (receiving) longi tudinal  balance , con f igu re
the test equipment as shown in figure 61—3, with the output channel
terminated by (accurate , ±0.25—percent) resistors R1 and R2 connected
in series as shown . Adj ust the signal generator (A) frequency at the
transmitting end to 600 Hz and set the output level at —10 dbmO .

i. Repeat paragraphs 61—4 b through f and g, inclus ive , for the
output (receiving) longitudinal balance measurements (as outlined above
for the input longitudinal balance measurements). Record the data on
figure 61—2 ; USACC Form 465—R (Test).

j. Summar ize test results on f igure  6— 4 ; USACC Form 35l—R (Test).

61—2
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VOICE CHANNEL LONGITUDINAL BALANCE 
Of PAGES

(CCR 702~i-3) DA TE (DAY . MONTH . Y E A R )

DATA SHEET ________________ __________________
I. INI ~ NO. 

- 
U TRANSMIT TEST POINT TE ST ENGR SIGNATU RE

[J RECEIVE TP-

REFERENC E TEST TEST SIG POWER REL AB SOLUTE PO WE R OF
TONE SIG POWER d~ rn TO REF TEST TONE . clhmQ TEST SIGNAL . d bm

TRANSMIT

R E C E I V E

FRE QU ENCY 600 Ha 1000 Ha 2400 Ha 
—

SO GP CII LINE UNBAL vi ~ LINE UNBAL vi ~ LINE UNBAL vi ‘—
VOLTS VOLTS ~ .~~~~ VOLTS VOLTS ~~~ VO LTS VOLTS w ~Vi V2 w -  Vi V3 ~~~~~ Vt V2

0 0 0
0 0  00  0 0
O o  O e  0 0

- - - - --- —~~~~~~~~~- — --- --~~~~~~~~---- --

IJSACC FORM 465—R (TEST)
1 MAY 77

Figure 61—2 . Voice channel longitudinal balance data sheet.
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ChAP TER 62

IDLE CHANNEL NOISE (F- 8)

62— 1. tE NE RAL .

~t .  The purpose of this test is to measure and eva l uaie tLc ICN~
ICe T (N should he measured both with C—message and 3—kHz flat c-~~~~~~t it C

w i t h  a 3—db response at 3 kHz. Both types of weighting si -ou ld e used
since the C—message weighting attenuates the 60--Hz noise umpr nonts
wh i ch may mask the noise measurement if power line hum is a prHH em on
the channel.

b .  In this test procedure , noise measurements are obtai~*d from a~
Indicating meter reading . Since in general the noise h-vol fluctuat~ ---
with time , the meter reading represents at best only a spot mearur -nent
over a comparatively short period of time ; furthermore , the jiLl 1~~t meter
is subject to the inaccuracy of visually estimating the average value
of the oscillating meter pointer. As a result , this channel noise
measurement is not accurate nor does it indicate the important t ime
vary ing characteristics of the channel noise.

c. The measurement of the median received RF signal (RSL) s~ c-uid
be obtained from a strip chart recording of the RSL , over t~ ie per i d
of time required to make each voice channel noise measurement.

d. It is preferred that the channel noise measurements be made
between the transmit circuit equal leve l patch bay TP—2 and t h e  receive
circuit equal level patch bay TP—11; however , if there are indicatin- ,
of noise being generated in other parts of the system , add it nnal
measurements should be made at other test points in order to isolate
the source of this noise.

e. It Is recommended that the ICN be measured ~~tt at least tli r se ~‘oic~
ch annels of each gr oup , p re fe rab ly  chan nels 2 , 6, and 11, If av~~tl abl e .

f. I)ue to the low level of signals involved , the accurate r~ asnre-
ment of noise entails care and attention to detail. Particular :aro
should be given to provid ing good gro unds , effective shic id in g, con e’
terminations , and avoiding ground loops.

62—2 . SPECIFICATIONS . The test data obtained during tiH~ - ~~; t  sh all
be compared to the performance limits specified in ?-~IL - -S TT)-188/l0O.

62—3 . TEST EQUIPMENT REQIJIRED .

a. Audio oscillator - - test measuring set.

b. AC voltmeter.

c .  Balanced/unbalanced transformer (2 e,i).

62—1
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d. 600—ohm termination plug .

e .  ?eise measurement set (idle channel).

62—4.  TEST P R OCE D LRES.

~~. C o n f i g u r e  the  t es t  equi pment  as i l l u s t r a t e d  in figure F2-1.

P b. On figure 62-2 ; USACC Form 466—R (Test) record the equipment
reference test tone power level and the SC , GP , and VCH numbers .
Also record the distant station termination point and the receive end
measure point.

c. For each VF channel to be evaluated , transmit a standard —10 dbmO ,
l—kHz test tone to the receiving station , prior to the noise measurement.
At the channel receiving end , record the measured tome level (Sm) to
insure the validity of the subsequent noise level measurements. Do not
adjust the tone level unless it deviates more than 3 db from standard .

d. At the transmit end , terminate the VF channel unde r test with
a 600—ohm termination at the circuit equal level pat h bay, TP—2.

e. Adjus t the set according to the operating manual supp l ied and
connect the Instrument to the receive end of the channel under test at
TP—ll. Connect Lh~s inst ~non t in the 600—or~n~ c :ri car. - mode .

f. Set the ICN meter for 3—kIIz flat -~:eight. ic~,, ~nd r . o a s i r e  t h e  1 (N
on the dbm and the dbrn meter scales . Record the data in the 3—kHz
flat columns on figure 62—2 ; USACC Form 466—R (Test).

g. Change the weighting network of the instrument to C—message and
repeat the above. Record the data in the C—message columns of figure
62—2; USACC Form 466—R (Test).

h. Calculate values for dbrnO , dbr nCO , and the reference test tone
signal power to the channel noise power ratio , S

e
/N , and re ~rd the

results on figure 62—2; USACC Form 466—R (Test).

j. If the difference between 3—kHz flat and C—message weighted
noise is significantly greater than 1.5 db , listen to the noise spectrum
with an earphone and attempt to identify any abnormalities such as tones ,
powerline h um , und istributed noise, and crosstalk. Inve~ tigate the
noise spectrum by using an FSVM . Look for carrier leaks , extraneous
tones , powerline hum, and out—of—band orderwire signal feedover. ‘~ake
appropriate comments on figure 6—4 ; USACC Form 35l—R (Test).

j .  If  excessive noise (10 db or more above theoretical - r  standard
noise)  is noted , repeat the test at VF voice channel mu l t i p lex patch
bay TP—1O in an attempt to isolate , and if poss ible , eliminate the
excessive noise. Also , have the distant station move the 600—ohm
te rminat ion point  to VF voice channel mu l t i p lex pa t ch  bay T P — 3 .

k. Summarize test results on figure 6—4 ; USACC Form 351—R (Test).

~2—2
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IDLE CHANNEL NOISE
DATA S~~~ ET (CCR 702-1-3) PAG E OF PAGES
LJNK NO TERMINAL RADIO EQUIPMENTfl~~3T TIME PERIOO DATE ( DAY ,MOHTH ,YEAR )

I _______ ______ J_

START 
J
STOP -

r€sr POINTS -
DI ST Ar4 CE STAT ION (X M I T  ~LOCAL (EEC ) TEST ~~GR SIGNATURE

IDLE VOICE CHANNEL NOISE

V ES 
VISUALLY—AVERAGED NOISE PWR (N)

NO NO POWER 
_______ 

W~~I6HT ING 
_______ 

W~~ GH1~ NG 
_______

dbm dbrn dbrnO dbm dbrnC dbrnO0

_____________ — _____________ _____________

_ _-  - ~~~~~~~~~~~~~~~~~ _ _ - _ _ _

- - -~~~ — - _ _ _ _  ___  _ _ _ _  _ _ _ _ _  _ _ _ _ _

4- --~~~ - - - i — --- - -—— - - - - ----_— ___— ____ ____

I - -
~~- - - _______ ______

_ _  -- --~~~~~~~_ ~~~~~—-- -~~~~~~~- -~~~~~~~~~~~~~~~__

__ ___ __-— - ___ _ _ _ _

_ _ _  _ _ _ _  ____ --____ ____- _____

USACC FO~~ 466—R (TEST)
1 MAY 77

Figure 62-2. Idle channel noise data sheet.
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C1IAPT EI~ 63

IDLE CHANNEL 1~ }~ LSi~ NOISE ( 1— 9 )

63—1 . GENERAL . The purpose  of th i s  tes t  in ‘o measure and evaluate uc
number and levels of VF channel impulse noise bursts. The impu lse no~ - e
measurement will be in terms of the number of hits per unit time ahr,-!e
particular preset noise power Iev~ ls. In general , the channel inuise
noise measurements will be made between the ur ansrrit circuit ~cual level
patch bay TP—2 and the receive circuit equal level patch lay [P—li.
However , if there are indications of noise being generated in other
par t s  of the  sys tem , a d d i t i o n a l  measur eme&~ts should t e  made at o L t ~e r
test points in order to isolate the source of this noise. The idle
channel impulse noise should be measured in at least three vc ne ~i a r n r . l s
of each group prefe rab ly channels 2 , 6 , and 11, if avai lable .

63—2. ~°ECIF1CATIONS . The test data obtained during this test s:all
be compared to the performance limits specified in ~IL—STD—l88/ lnh , or
DCAC 300—175—9.

63—3. TEST EQUIPMENT REQUIRED .

a. Audio oscillator or test measuring set.

b .  AC voltmeter.

c. Balanced/unbalanced transfor~ier ( ‘  ea).

d. ‘i30—ohm termination plug.

e . Impulse noise measuring set.

63—4. rEST PROCEDURES .

a. Configure the test equipment as Illustrated on fIgure ~- 3—l .

b .  For each test point indicated on figure r — 3 — 2 ;  USACC Fo 
( T e s t ) ,  record the equipment reference level and the Su , GP , and ~CC
numbers to be measured as rpp lIcaLle . Also record t h e  distant station
termination point and the receive end measurement point. For each VF
channel to be eveluated , transv it a standard — i~ dbmO , l- kHz Lest t c I~ e

to the receiving station . At the channel receiving end , record the t -  - -n

level in J~cn -~i ; i - ~ uomp-J te and rer ord the error in db . This i s  to i n su r e
the validir. - ~ ~~e subsequent noise l evel measurements. cc to the
icr- ’ level ~ c~~ I als involved , the accurate measurement of noise en~~a iis
y t r e  and - er r t ion  tc. ie -ra I l. Particular care should be given t
v12!ng ~occ~ grounds , effect ive sh ielding , correct terminations , and
cv- .’ : - n 4; ground loops .

c. -~ t the transmit end , terminate ‘ho “F channel under r . e - t  w i t h
a 601J - -oh’r termination at the  c i r c u i t  equa l level pa tch  bay TP—2.
Adjust ~n e  impulse noise counter lAs t h e  op e r at in g  manu a l and ron:~e~ t

63—1
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the instrument to the receive end at the circuit equal level patch bay
TP—11. Connect the instrument in the 600—ohm termination mode , 3—kHz
flat weighting. If 3—kHz flat weighting is not available , indicate the
type weighting used on the data sheet.

d. Initially, set the noise counters as close as possible to 52,
62 , and 72 dbrnCO . Adjust the counters to correspond to the equipment
reference level at which the measurement is being made. Record the dbrn
counter settings on figure 63—2; USACC Form 467—R (Test). If the highest
level counter  (72 dbrnO) runs cont inuously ,  adjus t all counter  levels
in steps until the highest level counter runs only occa sionally (one
counter per minute or less), and a separation of 10 db occurs between
the other two lower levels . If new level se t t ings  are required fo r
d i f f e r e n t  channels , separate data sheets may have to be used for
d i f f e r e n t  level set t ings .

e. Record the impulse noise fo r  a minimum of 15 minutes per channel.
Record the low , mid , and high impulse noise counts. After comp leting
the initial 15—minute impulse noise counts per channel , establish a long—
term impulse noise measurement on three channels selected from those
previously tested . These three channels should repres ent the wors t , best ,
and average noise burst performance channels . The long—term counts should
be 8 hours or more , and should be conducted during periods of heavy , or
at leas t normal , traffic so that the effects of traffic on the link can
be seen. Once each hour, record the number of total couots on the strip
chart recordings (if these are being done). Do not reset the counters
to zero each hour, but be sure that no counter passes its maximum count
and recycles wi thout  being detected .

f .  Since the low level (52 dbrno) counter has the most sensitivity ,
it should normally register more counts than the other two counters . If
this Is not the case , investigate thoroughly and explain in the comments
section of figure 6—4; USACC Form 3S1—R (Test).

g. Summarize test results on figure 6—4 ; L’SACC Form 35l—R (Test).

63—2

_ _  - -~~~~~~~~~

. - .

- -. ~~~~~~~~~~~ -. ~ __ -4_ -~- . -  .~~~~~~~~~~~~~~ . —- .. ~~~~~-—-‘ -



_________________________________ —.

CCP 702—2

/ 111
0
0

0
0

D o
o 0000

/1
/1 ~. g 1 o

L 1
L g

ii
0 0  g

1

/

I 

I

I

(~J~~~~~ Q)~~~

0 ~~5Z— *z U
I.,w

I-

U)z
4

I- —W
~I?--—

63—3

~~~~~~ 
~ -..c . ‘~ a-~- - -~~~~ - t - ~ ‘.v - - .~~~L 5 —--~~ - 

- - --—-—-—-- -- .-—— —— ——— . -— -—.—--.--—--- —- —.——- -—----- .—‘ — 
~~~~~~~~~~~~~~~~~~~ ~~~~~~~ - —



F — ---- -

~~~~~~~~~

-- - -  -

~~ 

— —

~~~~~~~~~

. —- —

CCP 702 — 2

IDLE CHANNEL IMPULSE NOISE S,GPdAT UH
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CHAPTER 64

\ULCE CHANNEL FREQUENCY RESPONSE (:-LANPAL SWEEP) ( 1— 1 0 )

~.+—1. GENERAL . The purpose of th i s  test  is to determine , by point—b y—
point  measurements , the ampl i tude  versus frequency response character—
istics of i n d i v i d u a l  4—kHz VF channe l or o ther  VF equ ipment .  In general ,
the voice channel amplitude , frequency response measurements w i ll b e mad e
between the transmit circuit equal level patch bay TP—2 , and the receive
circuit equal level patch b~~ IF—l i . However , if there are Indications
that  the measured response between these two test points does not meet
the app licable s tandards , add i t iona l  measurements should be made between
other  comb inations of test  pothts  in order to i n ~o lat e  t h e  source of the
problem .

64—2.  SPECIFICATIONS . The test data ob ta ined  d u r i n g  th i s  t es t  shall
be compared to the performance limits specified in ~iIL—STD—l88 /lflO.

64—3 . TEST EQUIPMENT REQUIRED .

a. Audio oscillator.

b- . AC voltmeter.

c. Balanced/unbalanced transformer (2  ea).

d. 600—ohm precision load .

e. Frequency counter.

1. Transmission measur ing  se t .

64-4. TEST PROCEDURES .

a. Configure the test equipment as illustrated iii figure 64—1 .

b. At the transmit end , calibrate the audio os illator t u r  — 10
dbmO at 1000 Hz using an external precision 600-ohm termination. For
example, if the test tone signal is to be [userced at the circuit
equal level patch bay , where the reference test tone signal level is
zero dbm . then the audio oscillator output would be set at —10 dhm ,
as measured by the AC voltmeter. Manuall y sweep the oscillator from
50 Hz to 3400 Hz and observe the meter for variations in output level.

c. If the output level is constant throughout the spectrum of
interest (tolerance ±0.15 db), then set the balanced/unbalanced
transformer to the HIGH IMPEDANCE position and connect the transformer
output to the channel to be tested at TP—2 .

d. If the oscillator output level is not constan t w i t h  changes in
frequency , it will be necessary ~o reset the amplitude to —10 dhmO

64-
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(with a 600—ohm precision load) fo r  each f requency  s e t t i n g  d u r i n g  the
test before connecting it to the channel under test.

e. At the receive end , connect the AC voltmeter and the frequency
counter to T P — l l .  Measure the received signal output level and the
f r equency of the rece ived tes t signal in the channel under test , and
record the readings on figure 64—2; USACC Form 468—R (Test). With a
—10 dbmO signal at 1000 Hz, the rece ive end should be w i th in  ± 1 db of
—10 dbmO or the channel levels are incorrect .

f. Record sufficient frequencies and received test signal levels
to obtain a smooth curve on figure 8—7; USACC Form 396—R (Test). The
upper and lower f requency l imits used should be at least to the —5 db
response points r e l a t ive  to the ampl i tude of the tone at 1000 Hz .

g. Record an amp l i tude  response scale in dbm , corresponding to the
range of RSL values on the data sheet , then plot a curve on figure 8—7;
USACC Form 396—R (Test).

h. Measure and record at least three channels per group , preferably
channels 2 , 6, and 11, if available.

i. Summarize test results on figure 6—4; USACC Form 35l—R (Test).

64—2
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CHAPT ER 65

\ (iI (). ~ h.-\~~N h i .  - R L - ) ~ EN I RRSPONSE (A~Tt t-~ATlL SWEEP) (‘[—11)

( I - ~~L P \ i . .  The purpose this test is to determine , by  means of an
a u t o m a t ic  s~ e - p . I L . - amplitude v er c u s  fr e q u e n c y  response c h a r a c t e r i s t i c s
of individual \T channels or other VF equipment. This test procedure
ut iJ i- es ~u ~e t uI!cJtic sweep derived from a delay n e as c ir i ng  se t  to m e a s u r e
the  f r equency  response across a 4—kH z ~‘F channel .  In general , the  voice
( - u i a n h l e l  amp l i t ude , fcequency response measurements will be made between
the transmit circuit equal  leve l patch bay TP—2 and the receive equal

~eve 1 patch bay TP—lI. 1-lowever. if there are indications that the measured
response between tL ;e two test points does not meet the applicable
standards , additional measurements should be made between other combina—
tions of test  p o i n t s  in o rder  to i so la te  the source of the problem .

65—2. SPECIFICATIONS . The test data obtained during this test shall be
compared to the performance limits specified in MIL—STD—188/lOO.

65-3. TEST i~UUIPMENT REQUIRED .

a. Delay measuring set.

b. X—Y recorder.

c. Audio oscillator.

d. Attenuator.

e. Log/lin preamplifier.

f. Balanced/unbalanced transforme r (3 ea).

g. 600—ohm precision load .

h .  AC voltmeter.

I .  Transmission measuring set.

65—4. TEST PROCEDURES .

a. A t the transmi t end , calibrate the delay measuring set by
connecting the 600—ohm output to a 600—ohm precision load and an AC
voltmeter , as shown in figure 65—1. Adjust the 600—ohm ou tpu t  of the
delay measuring set to —10 dbmO at 1000 Hz. Set the sweep to a range
of from 100 Hz to 4 kHz -and a sveep ‘ate of approximately 4 per minute.
Observe the AC v o l t m e t e r  as the  delay me— i -~uring set sweeps ac - ross t I e
band. If the test equipment is operating correctl y ,  t he meter reading
should not vary more thati ±0.15 db throughout the  sweep. Return the
delay m e a s u r i n g  set t~ the 1000—Hz point and connect the  delay -nea~~iring
set output to the Input of the vo i ce c han n e l  e qu i p m e n t  ac shown in
figure 65—1 .
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b . At the receive end , calibrate the delay measuring set and the
X — Y recorder as follows :

(1) Conn e ct the oscillator output through the step attenuator to
the balanced/unbalanced transformer , and terminate the secondary into
the delay measuring set , set at 600 ohms . Adjust the level to —10 dbm0,
as read on the AC voltmeter.

(2)  Connect  the  remainder of the equipment as illustrated in figure
65—1 , receive end calibration .

(3) Using the delay measuring set frequency counter , calibrate the
X— axis of the recorder between 50 Hz and 3400 Hz by vary ing the delay
measuring set carrier frequency and adjusting the recorder controls.

(4) Switch the delay measuring set to the RECEIVE position and
calibrate the Y—axis of the recorder between —15 and —7 dbmO by vary ing
the step attenuator and adjusting the controls of the log/lin preamp-
lifier and recorder accordingly.

(5) Always turn off the X—Y recorder servos whenever the pen
reaches the end of its travel. Never allow the servos to grind against
the stops.

c. Configure the receive equipment as illustrated in figure 65—2
with the input of the delay measuring set connected to the channel to be
tested at TP—ll.

d. At the transmit end (fig. 65—1), the AC voltmeter should read
—10 dbmo , unless the equipment input impedance is incorrect. Do not
readjust the delay measuring set to a —10 dbmO reading on the meter .

e. At the receive end (fig. 65—2) the AC voltmeter should indicate
a -10 dbmO level. Any deviation greater than ±3 db from —10 dbmO should
be investigated and corrected before proceeding.

f .  At the t ransmi t  end , reduce the f requency of the delay meas ur ing
set until the rece ive end recorder goes off  scale , or at least to the
—5 db point , relative to the signal level at 1000 Hz .

g. A t the receive end , lower the recorder pen onto figure 8—7;
USACC Form 396—R (Test).

h .  At the transmi t end , turn on the delay measuring set sweep .
For stable transmission pa ths , a fast sweep (approximately 4 sweeps 4
per minute)  will  normally be used . However , if the channel conta ins
abrupt discontinuities or if the transmission path is subject to rapid
frequency fades , a slow sweep should be used in order to allow the pen
to follow rapid changes , or for the effect of fades to be minimized.
Allow the sweep to continue until the pen goes off scale or at least
to the —5 db response point. Turn off the delay measuring set sweep
and ret urn the delay measuring set output to 1000 Hz.

65—2 
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i. At the receive end , raise the pen and turn off the X—Y recorder
servos .

j .  At leas t three channels within each group should be tested ,
preferab ly channels 2 , 6, and 11, if available.

k. Summarize test results on figure 6—4 ; USACC Form 351—R (Test).

..
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CHAPTER 66

VOICE CHANNEL ENVELOPE DELAY DISTORTION (MANUAL SWEEP) (T—l2)

66—1. GENERAL .

a. The purpose of this test is to evaluate the envelope delay
distortion characteristics of individual VF channels by using the delay
measuring set for manual sweep across the 4—kHz channel. Four sweep
modes are possible : end—to—end wi thout  reference , end—to—end wi th
return reference , end—to—end with forward reference , and instation
equipment tests. Each method has its own advantages under various
operating conditions . The primary difference between the manual sweep
technique , outlined in this test procedure , and the automatic sweep
technique , outlined in test procedure T—l3 , is that in the automatic
sweep met hod an X—Y recorder is used ; while in the manual sweep method
the frequencies are manually set and the data is recorded manually.

b. End—to—end without reference measurements require the line under
test to be measured in one direction only . In some situations , it may
be the only mode possible. However , the need to establish synchronization
between the modulating signal oscillators at both ends , plus time—
consuming adjustments requiring voice coordination , make it a less
desirable mode when other options exist.

c. End—to—end with return reference eliminates the necessity of
synchronizing the modulating signal oscillators . Modulation is detected
from the received amplitude modulated swept carrier at the receiving
station and applied to an unswept fixed frequency carrier for return
to the originating transmitting station . At which point its phase is
measured relative to the phase of the modulating signal . This mode
measures envelope delay in the transmit direction and is particularly
useful where measurements are made and recorded primarily at the
transmitting station . However , a separate reference return voice
channel is required .

d. End—to—end with forward reference also eliminates the necessity
of synchronizing the modulati~ig signal oscillators , but is not an option
available on all ~ie1ay measuring sets. In forward reference , a modu—
lating signal from the receiving station modulat ing signal generator
is transmitted over a fixed frequency carrier to the transmit end where
it modulates the transmitter. The receiving station operates in the
same manner as for return reference , except that the measurements are
made and recorded at the receiving station instead of the transmitting
station . However , a separate forward reference voice channel is
required .

66— 1
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i -n v e i e delay distortion measurements using one delay measuring
set ~ o1 be p e i :u r m e d  on i n s t a t i o n  equi pment such as line conditioners.
These rceasurec:~-nt s serve as a t roub leshoo t ing  tool and a q u a l i t y  cont ro l
checJ~ when they can be compared aga ins t  a known s t anda rd . They should
never to used :ui. n i ~~cu~~t tests.

f .  I n ~c - u e r a l , the voice channel envelope delay distortion measure—
ment~ w i l l  he made between the transmit circuit equal level patch bay

L P--~L and the i~~~eive c i r c u i t  equal level patch bay TP— 1l.  If there  are
i~idi c~ t ions th ,t the measured delay distortion between these two test
p o i nt s  does not meet the applicable standards , additional measurements
should be m.-i~ .-- hetwt-en other combinations of test points in order to
!solate the source ot the problem.

~~. It  is -cocioended that the envelope delay distortion be measured
-
~~~~ at  leas t th~~-e vc’fce channels per group , preferably channels 2 , 6,
md 11. i f  -~

~~ — 2 .  SPF. [’~1~~ATIONS . The test data obtained during this test shall
:~-~ c:-icpared to the erformance limits specified in MIL—STD—188/lOO.

t 6--3. TES T L(~~i~ T~ NT REQUIRED.  Delay measuring se t .

66—4 . i b ~ T PROCEDURES .

a. Lenerci J;elay Measuring Set.

(1) -\ilow the equipment to warm up before calibration and testing.
A!~~ -ct he deL~ measuring set input and output impedance switches to
600 ohms . For balanced operation , remove all short ing straps which
nc~ be placed between one side of the delay measuring set input line and
c~~ n !Od.  Switch the delay measuring set to 83—1/ 3 Hz modula t ion .

(2) Configure the test equipment as illustrated in figure 66—1. At
the transmit ord , set the delay measuring set to transmi t and connect
the output of the delay measuring set to the input of the line to be
te st ed ‘~ t TP—2. Adjust the delay measuring set to — 10 dbmO at 2000 Hz.

(3) At tth teceive end , connect the output of the l ine under test
at ih~~l1 to til e receiver input of the delay measuring set. Adjust the
delay measuring set to read the receive level .

(~~) Summarize the test data on figure 6—4 ; USACC Form 35l—R (Test).

b. End—to—End without Reference .

(1) Adjust the delay measuring controls as instructed in the
operat ing manual for  the end—to—end mode.

66— 2
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( 2 )  At  t h e  r e c e i v e -  - n d , ~ ke- ve t! - icr syncnroni~ at Ion u d i u s t n &  -~~s
to the modulat i~~n oscill ator to c i  op n -~- ~~t 1 f t  in  the J~ 1 ~~~.‘ rc- ,d

(3) Sot t h e delay ea~ crLng sot delay -~~~ a -
~~ -rence u t  lOCO cr~

seconds at 2000 H z .  u sofl e :~ dt- : s ~ f t h e  delay r r i e a su r i l g set , ! i i s
reference n o d  he a d j u s t e d  a t  the t r acs ; :i i t end .

(4) Adjust the delay measuring set at the transmit end to L(i Hz.
Record the delay at the receive end on fi gure b~ —2; LSA IA. Form ‘~h9 - ;
(Test).

(5) Increase the frequency at the transmit end Sl id - Id  c i  f l g ~~i .~
66—2 ; USACC Form 469—R (Tes t )  whi le  r e c or d i n g  the  d e l a y  r e a d i n gs  ir ~ th -

appropriate column .

(6) Plot a curve of envelope delay versus t r oc1 - i e r i c - , - or I i g u r e  5- - 7 ;
USA CC Form 396—R (Test).

(7) Summarize the test data on figure 6—4 ; SAC ’ . i - c m  35 1— R ~~l o - L).

c. End—to—End w i th  R e t u r n  R e f e r e n c e .

(1) Conf igu re  the t e s t  equipicent as i l l u s t r a t ed  in f i~;oc  r 6 — 3 .

(2) Specific Instructions for use of this node are inc k ude~i in 
-~rating manuals for various delay ce -Acu i i n g  set equ i p m e n t .  C c nt r c l s

~i;ould be set as per i n s t r uct i o n s  f o r  t r a n s m i t  and receive ccds

(3~ Set itie t r ansmi t  and rece ive  i e i a -~- measur ing  set  r0 20 ,0 h z
ano adjus t the delay reference fur a reading of 1000 micro~ e :unu-s at
the transmitting dclay measuring cot. In t h i s  mode , t h c  icdH~~i ir e ,
sJgnal l~ generated at thy t r a n s m it t i n g  st a L  ion and usec to amp l it  do
mod ulate a carrier whose treq-:oic v is ~cnt ~c I l ed an d s~- e ~)t ~t t~hc
transmitter.

(4)  ~d h i st  the  t r a n su l  I t i n g  do a- .- :ea~ uring set tc 200 H: ~cd
record the delay at the  receice delay i~~-as r l n g  set on ti ~n,re 6’~--2 ;
USACC Form 469—R (Test).

(5) Increase the reqcel cy at t i . - L r a n c  i t  Ling co lay i r tc j .~ ~i i n  s t - c

in the increments shown on ‘i.e data - -hoo t at the trunsmitt~~~ st~~ tin i ,

while recording the delay readii: .nc in  the a p p r o p r i a t e  colunm .

( C )  P in- f ~-‘ • -ny c of envelo, .-- de~~&.’ - - c -r s u a  frequ ec -I on figuro ~ — / ;

IiSACC r e n d  t h d — -~ ( I e d t )

(7) Suni~carize the test d ita on fI gure 6—4 ; USACC Form 3 5 7 — ~ (ie ~~t).
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d. End—to—End with Forward Reference.

(1) Configure the test equipment as illustrated in figure 66—4.

(2) S~-ecific instructions may not be included in operating manuals
for this mode. However, delay measuring sets having return reference
modes can be conf igured for forward reference by simply holding the
sweep generator to a single frequency at the receiving station and
manually sett ing the desired frequency at the transmitting station . In
this mode, the modulating signal is generated at the receiving station
where its phase is compared with the phase of the demodulated received
signal, and also transmitted to the transmit end over the return modulating
signal channel where it is used to modulate the delay measuring set
transmitter.

(3) Set the transmit and receive ends to 2000 Hz and adjust the
reference delay at the receive end to read 1000 microseconds .

(4)  Adjust the transmitting delay measuring set to 200 Hz and
record the delay at the receive delay measuring set on figure 66—2;
U3ACC Form 469 —R (Test) .

(5) Increase the frequency at the transmitting delay measuring set
in the increments shown on the data sheet at the transmitting station ,
while recording the delay readings in the appropriate column.

(6) Plot a curve of envelope delay versus frequency on figure 8—7;
USACC Form 396—R (Test).

(7) Summarize the test data on figure 6—4; USACC Form 35l—R (Test).

e. Instation Equipment.

(1) Measurements are made in the same manner as end—to—end measure-
ments with one delay measuring set acting as both the transmitter and
receiver.

(2) Connect the transmit and receive ends of the delay measuring
set to the test points between which the envelope delay distortion is
being investigated.

(3) Adjust the delay measuring set to 2000 Hz and 1000 microseconds
delay .

(4) Change the frequency to 200 Hz and record the delay on figure
66—2; USACC Form 469—R (Test).

66-4 
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(5) Increase the frequency in the increments shown on the data
sheet while recording delay readings in the appropriate column.

(6) Plot a curve of envelope delay versus frequency on f igure 8—7;
USACC Form 396—R (Test).

(7) Summarize the test data on figure 6—4; USACC Form 35l—R (Test).
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VOICE CHANN EL ~~VELOPE DELAY DISTORTION PAGE OF 
- 

PA GES 
- -

(MANuAL sw~~P) DATE (DAY . MONTH . V EA R(

DATA SHEET (CCR 702-1-3)
LINK NO. J TEST METHOD TEST ENGR SIGNATURE

TEST POINTS
DISTANT STATION IXM IT ) LOCAL STATION ( AEc)

~~~~~~~~~~~~~~ _ __ _  _ _

_ __ _  _ _  _ _  _ __ _  _ _  

H -i
FREO MEASURED RELATIVE DELAY (Msc,oucon d,)

—-

~

- --—--—- ---~~~~~~~~~~ -- - - - -———- -

300

400

500

600

800

1000

1200

1400
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USACC FORM 469—R (TEST)
1 MAY 77

Figure 66— 2. Voice channel envelope delay distortion
(manual ~.weep) data sheet.
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C HAPTER 67

VOICE CHANNEL ENVELOPE DELAY D~ 5TORT 1(JN (AUT OMATIC SWEEP) (T— l 3)

67— 1. GENERAL .

a. The purpose of this  test  is to eva lua te  the envelope delay dis-
tortion characteristics of individual VF channels by using the delay
measuring set for automatic sweep across the 4—kHz channel. Four
automatic sweep modes are possible~ end— to—end without reference , end—
to—end with return reference , end—to—end with forward reference , and
instation equipment tests. Each method has its own advantages under
-curious operating conditions. The primary difference between the auto-
matic sweep technique , outlined iii this test procedure , and the manual
sweep techn iqu e, outlined in test procedure T—l2 is that in the manual
sweep method the frequencies are set manually while in the automatic
sweep method the X—Y recorder is used.

b. End—to—end without reference measurements require the line
under test to be measured in one direction only. In some situations , it
ma.’ he ~i e  onl y mode possible . However , the need to establish
synchronization between the modulating signal oscillators at both ends ,
i-lus time—consuming adjustments requiring voice coordination , make it
a less desirable mode when other options exist.

c. End—to—end with return reference eliminates the necessity of
synchronizing the modulating signal oscillators . Modulation is detected
f rom the received amplitude modulated swept carrier at the receiving
station and applied to an uxiswept fixed frequency carrier for return
to the originating transmitting station , where i ts phase is measured
relative to the phase of the modulating signal. This mode measures
envelope delay in the transmit direction and is particularly usef ul
where measurements are made and recorded primarily at the transmitting
station . However, a separate reference return voice channel is required.

d. End—to—end with forward reference also eliminates the necessity
of synchronizing the modula ting signal oscilla tors , but is not an option
available on all delay measuring sets. In forward reference , a modu—
lating signal from the receiving station modulating signal generator
is transmitted over a fixed frequency carrier to the -transmit end where
it modulates the transmitter. The receiving station operates in the
same manner as for return reference , excep t tha t the meas uremen ts are
made and recorded at the receiving s ta t ion  instead of the transmitting
station . However , a separate forward reference voice channel is
required .

67— 1
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e. Envelope delay distortion measurements using one delay measuring
set can be performed on instation equipment such as line conditioners.
These measurements serve as a troubleshooting tool and a quality control
check when they can be compared against  a known standard . They should
never be used for  c ircuit  tes ts .

f. In general, the voice channel envelope delay distortion measure-
ments will be made between the transmit c i rcui t  equal level patch bay
TP—2 and the receive circuit  equal level patch bay TP—ll. If there are
indications that  the measured delay d i s to r t ion  between these two test
points does not meet the applicable standards , addi tional measuremen ts
should be made between other combinations of test points in order to
isolate the source of the problem.

g. It is recommended that the envelope delay d i s tor t ion  be measured
in at least three voice channels per group , preferab ly channels 2, 6,
and 11, if available.

67—2. SPECIFICATIONS . The test data obtained during this test shall
be compared to the performance limits specified in MIL—STD—l88/100.

67—3. TEST EQUIPMENT REQUIRED.

a. Delay measuring set.

b. X—Y recorder.

67—4. TEST PROCEDURES.

a. General Delay Measuring Set.

(1) Allow the equipment to warm up before calibration and tes t ing.
Adjust the delay measuring set input and output impedance switches to
600 ohms. For balanced operation , remove all shorting straps which may
be placed between one side of the delay measuring set inpu t line and
ground . Switch the delay measuring set to 83—1/3 Hz modulation .

(2) Configure the test equipment as illustrated in figure 67—1.
Calibra te the delay measur ing set and X—Y recorder at the receiving
station by looping back the output of the delay measuring set to the X
input .  Connect analog delay (0) output of the DMS to the Y input of
the X—Y recorder.  Connect analog frequency (F) output of the DMS to
the X—Y recorder. Set the delay measuring set for end—to—end ioop and
calibrate the X—axis of the recorder between zero and 4 kHz by varying
the delay measuring set frequency and adjusting the controls of the
recorder accordingly. Then calibrate the Y—axis of the recorder between
800 and 2400 microseconds by varying the delay measuring se t con trols
and adjusting the recorder accordingly . It may be necessary to inser t
advice with delay in the ioop such as a filter in order to get delay
readings from 800 to 2400 microseconds for calibration . Always turn
off the X—Y recorder servos whenever the pen reaches the end of its
travel. Never allow the servos to grind against the stops .

67—2
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(ii) \t the  t ruuisr ~ itting station , set the delay measuring set
to t r a n s m i t  and connect the output of the delay measuring sc-I to the
i n p u t  of thc - lin t .- to be tested at TP—2. ~~d j  u i s t  tile de lay  m e a s u r i n g  set
to —10 dbmO it 2000 Hz .

( 4) At  the r e c e i v i n g  s t a t i o n , connec t the o u t p u t  01 t he  l ine  unde r
test at TP—ll to the receiver input of t he  delay m e a s u r i n g  set and
ad jus t  the delay measur ing set to read the receive level.

(5) Summarize the tes t  da ta  on fi gure  6— 4 ; [SACC Form 35 l—R ( T e s t ) .

b .  End—to—End wi thou t  R e f e r e n c e .

(1) Adjust the delay measuring set control as instructed in the
operating manual for end-to-end mode .

(2) At the receive ejid make vernier synchronization adjustments
to the  modulation oscillator to stop any drift in the delay rea r i i j

~~~.

(3) Set the JeLiv  m t a su r i ng  set  at  a r e f e r e n c e  or 1000 microseconds
at 2000 Hz .  On some models of the  de lay  m e a s u r i n g  set this reference
must be ad jus t ed  at the t r a n s m i t  end.

(4) At the transmit end , set the  u p p e r  aj i d lower f r e q u e n c y  l i m i t s
on the delay measuring set to 200 Hz and 4000 Hz lA W -~p t . - r a t i n g  manual
i n st r u c t i c n s  and select the  sweep r a t e  des i r ed .

(5) Plot a curve on t i g u r e  8 — 7 ;  t SAI L Fu;i -n~ ~9h - ~~ ( l e s t )
as ou t l ined  in pa ragraph  6 7 — 4 f .

(6) Summarize the test  data on f i g u r e  6 — 4 ;  U S A~~ 1-orm 35 1—R ( t e s t ) .

c. End—to—End  w i t h  R e t u r n  R e f e r e n c e .

(1) Configure the test equipment as illustrated ~ ligure 67—2.

(2)  Specific instructions for use of this mode a u -  included in
operating manuals for various delay measuring set equi pment. Controls
should be set as per instructions for transmit and receive ends .

(3) Set the transmitting and receiving delay measuring set to
2000 Hz and adjust the delay reference for a reading of 1000 micro-
seconds at the transmitting delay measuring set. In this mode , the
modulating signal is generated at the transmitting station and used to
amplitude modulate a carrier whose frequency is controlled and swept
at the transmitter.

(4) At the transmitting station , set the upper and lower limits
on the sweep generator to 200 Hz and 4000 Hz using tht.- operating manual
instructions and select the sweep rate desired.

67—3 
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(5)  P lo t  a curve on f i g u r e  8 — 7 ;  ~SA-~C l- urm 39 6— R (lest) as o u t l i n e d
lu p a rag raph  6 ; — 4 ~~.

(~~ 
Suc~murize the test data on f i g u r e  6— 4 ;  t SACC Form 351—P ( T e s !) .

d .  L u u l - ~~o—En d w i t h  Forward R e f er e n c e .

(1) C o n f i g u r e  the test equipment as illustrated in figure 6 7 — 3 .

( 2 )  ~p e e i f i c  In s t r u c t i o n s  may not be included in operat ing manuals
fo r  t h i s  mode. H u w t iv e~ , uei ay measuring sets hav ing  r e tu rn  r e f e r e n c e
modes -~ n he con! Igured f o r  forward  reference by simp ly holding the
:;w~ e u generator to a s u g t e  f r equency  at t he  receiving s t a t i o n  and
~,elerting any desired sweep rate at the transmitting station . In this
mcd e, the modulating signu l Is generated at the receiving station where
i ts  phase is compared u’ltl t t h e  p has e ~ t the  dem odu la t ed  received s ignal ,
arid also t r ansmi t t ed  to thc -  t ransmit  end over the re turn  modulating
signal  channel where 1; is. used to nu d u la t e  the delay measur ing  set
t r a n sm i t t e r.

(3) Set the  t ransmi t and receive ends to 200 Hz and adjust
the reference delay at the receive end to read 1000 microseconds .

(4) At the t r a n s m i t  end , set the upper and lower limits on the
sweep ~c - : i er a t o r  to 200 Hz and 4000 u 1 z lAW ope ra t i ng  manua l i n s t r u c t i o n s
and so~ e-~t the  sweep r ot e  d e s i r e d .

(5) Plot  a curve on f l g u ’e  8 — 7 ;  LSA~ C Form 396 — R (Test )  as ou t l i ned
0 paragraph 6 7 — 4 f .

(6 )  Summarize the tes t  ~lu~~a on f i g u r e  6— 4 ; USACC Form 35 1—R ( T e s t ) .

e. I n s t a tl cn  E q u i p m e n t .

(1) Measurements  are made in t h e  same manner as end—to—end
measurements with one de1a’~ m es suring set a c t ln g  as bo th  the  t r a n s m i t t e r
and receiver.

(2) Connect the trausmft and receive ends of the delay measuring
set to the test points between v h i c h  the  envelope  delay d i s t o r t i on  is
he tug lnvestiga :ed.

(3) Plot a curve on figure 8—7; USACC Form 396—R (Test) as ou t l ined
in paragraph 67—4f.

(4)  Summarize the test Ja t~ on l l g u r e  6—4 ; USACC Form 35l—R (Test).

67—4
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f .  Recorder.

(1) For stable transmission paths , a fast sweep will norm Il y be
used. However, if the channel contains abrupt discontinuities or If
the transmission path is subject to frequent rapid fades , a slow sweep
should be used in order to allow the pen to follow rapid changes or for
the effect of fades to be minimized .

(2) Turn on the X—Y recorder servos and insure that th e  pen re -ads
1000 microseconds at 2000 Hz. Redu ce the frequency of the delay
measuring set until the recorder goes off scale or at least to the 2000
microsecond point. Then turn on the sweep . The delay will be recorded
on the local station X—Y recorder.

(3) Allow the sweep to continue until the pen goes off scale or at
least to the 2000 microsecond point. Raise the recorder pen , turn off
the recorder servos , turn of f the delay measuring set sweep, and return
the delay measuring set frequency to 2000 Hz. Check the delay distortion
curve at 2000 Hz. If the curve did not cross 1000 microseconds at that
point , the equipment has drifted and the test must be repeated.

(4) Summarize the test data on figurt~ 6—4 ; USACC Form 35l—R (Test).

67—5
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ChAPI I~P 68

VOICE CHANNEL HARhoNI.C I J I S T C R l  l u i l .  (‘f- 1~~,

68—1. GENERAL . Tue purpose of this t e s t i-i to ulC-us u u~ and eval -j~ t - -
the amount of harmonic d i s t o r t i on  ouu V u - - ( a n j i e l  r 01 cr ecUISI . -i. t L,

measu r ing t he level of harmon I c a l I~- r e la t e - h fr et. i -uu-n Ie~ p roduced Cl e !  a
sin gle—frequency signal is t r a n sm i t t e d  th roug h t h e  c’ a I u : o l .  I t
excessive dis tor t ion (e i ther  harmonic -r  nOi h a r u o l i c )  is det  c-i t e d ,
speci f i c  dis tor t ion component f r equencIe s  a re  t - u - a su r -d U~~1 14g e~~

t1 .r or

bot h an FSVM and a dis tor t ion anal yze r . In general , t h e  mea u r e a c f l t
is made between the transmit c i r cu i t  equal IC-:e l  pa t ch  1 a. FR 2 a u C .
receive circui t  equal level patch bay IP—il. However , If there are
indications that the distortions between th ese- points are ex-~e C— I -o ,
additional measurements between other combinations of test p o u n t s
should be made in order to isolate the source of t~ uc probiell . Sinc—
this test requires higher than standard (—10 dbmO) test tone po - - -~ r
levels, it should be conducted only on an out—of--service basis or
during monbusy hours to minimize possible service degradations to systeu
users.

68—2.  SPECIFICA TIONS . The test data obtained dur ing  this test s:ali
be cor ared to the performance u ni ts  s p e c i f i e d  in t~IL-Sih --l88/1 d).

68-3. TEST EQUIPMENT REQUIRED.

a. Distortion analyzer/voltmeter.

b .  FSVM .

c. B-lanced/unbalanced transformer (2 ea).

d. ~ ‘) - 2 — u i u u u  termination plug .

e. Audio oscillator or transmission measuring set.

t .  AC vo l t m e t e r .

68—4. ti~ST PROCEDURES.

a. Configure the Lest equ it uen t as illustrated in ti g u u u t  F ’ - - - ]

b. At the ‘ ran smit  end -r u c e e d  as fol lows :

(1) - i  o t  the audio oscillator and AC voltmeter to a ~~L , . I C~~~~~~~

terminate . bs jaui- - e-e/un~ alanced transformer.

Connect the d i s to r t ion  anal y z e r / v o l t m e t e r  inpu t  IC the o~~~~r
sics - u t  the balanced/unbalanced trans~ - ir-uCeT .

68—1
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(3) Adjus t the oscillator to 700 Hz and set at zero dbmo output
level. If the TLP is at the c i r cu i t  equal level patch bay TP—2 , t I c -
oscil lator  output  would be zero dbm as measured on t he  AC v o l t m e t e r .
At the VF patch bay TP— 3 , these power levels would be —1 6 dhm .

(4) Measure the distortion of the oscillator by setting a r e f e rence
level on the distortion analyzer/voltmeter , notching out the 700—Hz tone ,
arid reading the total harmonic distortion in db. To successfully con-
duct this test , the oscillator distortion must be at least 50 db (and
preferably 60 db) below the reference level. If the oscillator fails
this check, get another oscillator. If another oscillator is not
available , try a narrow bandpass filter on the output of the oscillator.
Adjust the oscillator to the center frequency of the band pass filter ,
but do not conduct this test with a center frequency of over 1000 Hz.

c. At the transmit emd connect the output of the oscillator through
the balanced/unbalanced transformer (high impedance posit~on) to the
channel input circuit equal level patch bay TP— 2 , and monitor the leve l
set at zero dbmO with the AC voltmeter connected to TP—2 as illustrated
in f igure  68—1 .

d. At the receive end proceed as follows :

(1) Connect the output of the channel (TP—ll) to the o~ 1anced
side of the 600—ohm terminated balanced/unbalan ced transformer.

(2) Connect the unbalanced side of the  t r a n s f o r m e r  to L I I - b r i d ged
inputs of the distortion analyzer/voltmeter and the  F S \ C 1 .

(3) The received 700—Hz tone should be within ±1 dh of zero dhmo
(para 68—4b(3)).

(4) Measure the channel distortion by setting a dh reference level
on the distortion analyzer/voltmeter , notching out the 700—Hz tone and
reading the total harmonic distortion in dh. Record the data on figure
68—2; USACC Form 470—R (Test).

(5) Compu te and record the corr~ spond t ’ur r per Cent distortion using
ffg ure 68 -2; (JSACC Form 470 -R (T~ gu

(6) if the in€-asured dis L I  f t  I c i i  I s  ~ r eater I F i n n  —40 dl (1 ~o - r  1- e l u F)
have the transmit end disconnect the input and insert a 600—ohm
termination plug . Without resetting the reference level , check for
residual noise on the channel which should be 10 db below the distortion
level.

68—2
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( 7 ) If  t h e measured distortion is sign ificant ]’ ~u r  - i t t  ‘ - r  t h ou ~i u l

db , exp lore the d i s t o r t i o n  components in more d e t a i l  w i t h  I t o -  I S - ~~ .
Also , look for  and record o ther  spur ious  f r e q u i - u i i i c s  (gu-col i ( I  - i i  -5t )

dbmo) such as leakage from r ing ing signals and pou-~- u line h-- u .

e. It is recommended that  a mini rium of three voice - hinu ro- Is - - r

group be measured , preferab ly channels 2, 6, and 11 , if av n l l abl e .

f .  Plot a curve of d is tor t ion  convers ion versus p C - r I - e r ? ge ‘0

f ig ure 8—7;  USACC Form 396— R ( T e s t ) .

g. Summarize test results on figure 6—4; LSA ( ( -
~~~~ -pi 3 ” )  1 (To-it)

68—3
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CHAPTER 69

VOICE CHANNEL FREQUENCY TRANSLATION (T—15 )

69—1. GENERAL . The purpose of this test  is to measure the frequency
t ransla t ion of a l— kHz test tone as transmitted through a VF channel.
Frequency translation is defined as a change in receive frequency as
compared to the transmit frequency . This change in frequency results
from the multip lex equipment inaccuracies in translating the input
frequency to the correct output frequency . This measurement is made
between the t ransmit  c i rcui t  equal level patch bay TP—2 and the receive
circuit  equal level patch bay TP— ll .

69—2 . SPECIFICATIONS . Th~ test data obtained during this test shall
be compared to the performance limits specified in MIL—STD — 188/lOO.

69—3. TEST EQUI PMENT REQUIRED .

a. Audio oscillator.

b. AC voltmeter (2 ea).

c. Balanced/unbalanced transformer (2 ea).

d. Audio frequency counter.

69—4. TEST PROCEDURES.

a. Configure the test equipment as illustrated in figure 69—1.
Turn on the osc illator and counter  at least 1 hour be fo r e  t e s t  is
scheduled , to provide sufficient warmup time for this equipment.

b .  At the t r ansmi t  end connect the audio oscillator , voltmeter ,
and audio frequency counter  to the balanced/unbalanced transformer.
Connect the ou tpu t  of the balanced/unbalanced transformer to the
selected voice channel at the circuit equal level patch bay TP—2 .
Set the oscillator at 1000 Hz and —10 dbmO .

c. Check to see if the audio f requency coun te r  has the proper
t r igger ing signal by ra is ing the t r igger  level until the counter will
not function . Then set the trigger level about 6 db lower to insure
proper operation of the frequency counter; the counter should read
approx ima tely 1000 Hz. Check the audio frequency counter reading
frequently to see if the osci l la tor  has d r i f t e d .  If d r i f t  is a problem ,
it will be necessary to check the frequency at both transmit and receive
ends simultaneously during the test. This can be done manuall y using
the orderwire for coordination . C

I
69—1
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d. At the receive end connect the output of the 600—ohm terminated
transformer to an AC voltmeter and the audio frequency counter. Connect
the input of the balanced/unbalanced transformer to the selected voice
channel ~t the circuit equal level patch bay TP—ll. Be sure that the
level reads close to — 10 dbmO . If not , investigate and correct before
proceeding .

e. Check to see it the audio frequency counter has the proper
triggering level is described in paragraph 69—4c.

1.. Record t h e transmit frequency (as reported over the orderwire)
nnd then count and record the receive frequency (simultaneously if
necessary) to ±0.1 Hz accuracy on figure 69—2 ; USACC Form 471—R (Test).
Calculate and record the translation by sub tracting the receive
f r equency from the transmit frequency.

g. It is recommende d that  a minimum of three voice channels per
group be measured , pre f e:ably channels 2 , 6, and 11, if available.

h .  Summarize test results on figure 6—4 ; USACC Form 35l—R (Tes t ).

69—2
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Figure 69 —2.  Voice channel f requency  t r a n s l a t i o n  da ta  sheet .
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(2) Repeat paragraphs 70—4a (1) through (7) w i t h  t l~e following
changes :

(a) The test tone may be inser ted  at any one of t i t e  des i red  tent
poin t s , TP-l through T P— 6;  and onl y in an idle channel .

(b) The f requency of the inser t ed  te s t  tone , at t he  I ran - lCd t end ,
must be such that  a 1000—Hz tone is recovered at the o u t p u t  of the SVM
(receive end).

(c)  Phase j i t t e r  and phase hit measurements nrc c - o c - n - , i . sin g  the FSVM ,
at TP—7 , TP— 8 , and TP— 9.

c. Instation Voice Channel Phase Jitter and Phase Hit. :hec-
measurements can be made by repeat i ng paragrap hs 70—4a (1) through
(7) and 70—4b (2) but with the following changes:

(1) At the t ransmit  end , insert the test tone signal at iF-- i  and
measure the phase jitter and phase hits at TP — 2 through TP —b . Othe r
combinations of test points may be used , if requ i red .

(2) At the receive end , insert the test tone signal at T P —7 and
measure the phase jitter and phase hits at TP—8 throu~iI TP—l2. Other
combinations of test points may be used , if r equ i red .

70— 3
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(M~rER ~~rHoD)DA TA SHEET (CCR 702-1-3)
c - S C,’,,) STATION uNOER TEST OISTM-i t S r4T I OM TEST LNGI( SIC,NATURE

C H A N N E L
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FIgure 70—2. Voice channel spurious pha8e jitter and phase hits
(meter method) data sheet.
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71—1 . I i i i 1~PJ\L

a. iN- p u r p o s e  of t h i c -  t e st  is to : e n , i t ~ I C . - spot l o i s  ~~~
a t ions  of i t  s in g l e — I  r e qu ency  ( t o t e ) a I pn a  I t ,i i sr: I t - - - I t i r o ’l ,C - a
channel .  Ch~ n c -  spur ious  C i a s e V i i  i a t j i r n i s  ~ t L i i i - l i l t  r i c- -C h i c-i a r e  ~

- , - - -~ i~~ d -~
as the signal is processed t h r o u gh  i c  r i m m u t i l -  c-~ I - - c-s -ivst c o .  S p e c- I f i  - c - l ” ,
the phase measr irenents  in th i s  t es t  r u n  I t . -  c - r e  tiestt C t ’  - - TO T O - c -  p1- u - i
itt u- r it the -p r iric iu s p ii as c- variat ions , 0-; r i -o t T  i - r i  t 1u t l c -  OSC Ii i~~~~~~ i n - i -

Phase jitter Is defined as ye S ic v a r l at i - t i s of the spur i- c - is p -ii cc lhI l  l y
associated w i t h  powe r supp ly hum.

b . In g-cn ierul , the -  O~1 1I ~ r j o i t l~ phasi- :ni ’ - i s - i c - - _ r~~- ,~ c. a r e  ic-nile h -  m O . ~~~~

the t ransmi t  c i rcu i t  equal level p a t c h  Cu - -’ TP—2 , i l l - I  T I le r~~c - c - -iic - circui t
equal level pa tch  bay TP—ll. However , i f Lit -re i t i -  i: i i c a t l c r c - -, t l - a t
the measured spurious phase n i et w ~~ein t i l t — s e  two test points does ot
meet the  app l icable  sto n-la r-is , addit n onal measu ic-mi--its should - - 

between other combinations of test  p int s , inc-I - I d : - ?  b - , - c - C - a n d  and multi-
p lex , in order to isolate the -- c u r l  a ~f lic -- p ni- 1 1 i- nc- .

c. This test is conducted  in an id i  cn ~~~i~~l w ith thc-- rsdio lii~ i
inservice.

d. The oscilloscope nium tl id of c_ rc --asur ing pdase litter Ni c Ur ’  t oc-

c - cc - surn~ n g than using a phase  j i t t e r  me te r ;  lio ~i:vc- r , it is not  C m -  ~~~~- ‘ ; _ r  - C
] i i i i r n :d as are c - -c -n e phase j i t t e r  meters . P r e c a u t i o n s  given i i i  n d i -

tes t ~‘r c-ee dur e mu -’t Ce -oirup cilu-c--d y observed , o t i u-~~~-ise Incorrect daIs
may be recorded . Therefore , th is  p rocedu re should be emp loyed  - n i  I f
the  phase j i t t e r  met ier  method T— 16 cannot be used b c -- c - a u s e  of l sc - k of
instr uc -entat ton .

71—2. SPECIFICATIONS. The test data obt~~tned d u r i n g  th is  tes t  s i c - i l
be compared to the per formance l imi ted  s p i - - c i f i e d  in M I T , — STD —1 88 /lO Ii .

71—3. TEST LQU I PMENT REQLC I

a .  F i lCh .

b. OscL , I -~ - - ‘ - - t i c - .

C. i-P — i ~ i’ - .is - i l l a i i - r .

( I . Ba l -;nc. -i i / c - n n r - a i~ 3n Ced t r n i n - t o n c - . c - .

\C voltmeter.

requency coun t e r .

7 1 — I  
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71—4. l E ST Piih (ll-Ill ICI- S

a .  Vu i c e  Channel Phasi- _I i t t  i-  r

(1) iii nn f iuz c n i i - t h e  t i - - i t e q u i j n - i c - i i t  c-is I l i c i s t  r - iT i - n t  i n  f l u - - u i -  7 1 — 1 .

(~~) Pri-set t h e  u sc - i l  l a tors  (A) and (B) a t  - u i - - I  s t a t i o n  to a N i -  - 1 ) 1 1 0

o u t p u t  at a f r e q u e n c y  of 1000 Hz and a l e v e l  of —i t )  dhmO at the  I n p u t to
the selected test point.

(3) At t he  t ‘ a i c u n t i l  t end * i:~~nnc-ct t I i -  ou t p u t  of t I i i ’  balanced/un lnal—
anced t r a n s f o r m er  ( i i  t he c i t  c u l t  e q - c a l  it- ,p  I p;c- t i - l i  i -c - c -v TP- 2 .

(4) At the u c - r l e i v e  end , connect t he  i n pu t  of t i - c -  b a l a n c e d / u n b a l a n c e d
t r ans fo rmer  to the c i r c u i t  equal leve t pa tch  hay l’P—1l ~.

(5) Connect the ve r t i ca l  input  of the o sc i ] l c — c --upi~ to the  o u t p u t
of the b al a n c e d/ I I I I - u i l o n i c - c - d  tr;~iisfn riii.— n , - uc - r - f u ~lI y a d j u s t  t he- f r c - - c - I m - T I c ’c-
of the oscillator at the receive end , and t he  sync  c o n t r o l s  on the
osc i l loscope  f o r  a 1—cycle disp lay which b c - - p i n s  at  the  0— degree  p o in t .
Set the ver t ica l  p o s i t i o n  and amp lit u de controls so that the 0— , 180— ,
and 360—degree po in t s  are e x a c t l y  - -in t h e  - -enter  gm a t  ic -u i  e.  The phase
j i t t e r  w i l ]  appear on the  o s c t l l r - s c r pe as a c-~ i-ar of the zero crossing
of the curve ; tine amount of the smear , in units of degrees on t I e
grat  i - - n i L e , is a u i - I n c-c of the p - - c - i - - I n -  - c - - k p d - i c - c -  j i t t e r .  The accuracy
and validity of f l u  I s  t e st  wi 1 I c l c p c - c - n r i  upon h ut -  i - i  I I  I ic -al t i : -  c r o s s o v e r
point of the  s in c t i - n e ida l  wave i s  1110!  r c t ~ I r e d  - in c 1-he c e n t  c - - r  c - r a T  i c - o l e  of
the oscilloscope. If this pu c i t  i s  all owed to nr c- -c- above  c r  below t u e
centerline , ampii I -- r i p variat tons w i ll appear a- pica-C e rl- -anges.

(6) Switch t h e  XlO horizontal ni- it  iplier to the 111 position . Peak—
to—peak phase l i t t e r  can now C c -  r ca - 1  - - i i  the center horizonta l line as
3. 6  degrees  1-er ti n ge Ii . Ls lo r r  - I n  I co - - v o r i t  a X I  - h i - - r i z o n t a l  m u l t i —
p i e r  is n ’  -c c-’~a j l n chle on tl- ~ i i i i ’ Cl ~l l -  u pe , c - i d j r i s t  t h e  ‘ i c - ru c l  ~

_ ineed i f

the osci 1 I i- c-to~np  t t :  a I I I  r ; ’ i c  r i - - c-- r h-i I - i ’ m  d I v i  -u i c c - -  l’hi a wi 1]. pr ovide
tin’.’ same dl —tt . I ~~ i w l c e i ,  i t .  I ‘ n i t  I I i ’  i 1( 1 cc l , -  I t l i i i  t i n  - -

(1) I ’ , -  I , , n —, V n c lc— u - s c - n i —  - u o i l  I - - - -  l t , T c i .  r i — , t I , ,- i T i  - ic -ak—to—
Itt - c’ , t~t - , -  V O l - ti I - c - i  -~~ - i  I I - - 4 c - l  I I - I - ~ ut - v  h - ~- I t i c -  d

N t u c - l .  I c , c -- i c c - i t  I - -  I h i i  t i  - i t t  ;~ l I - - S i  I t c 1 t i  ( i i  I i i , -  displa y
may move . ( ; o u  I , !  Ion to’ il is -_ h i - p c -  n c-i I b ; h u e 1 , ’  — — - I n - n i -  t i c  - - l i t  I -c-f
j i r  t c --r  can be u e - l I I I a t e i . y  i d - I  c - nam ed . n ; t , t  I i c - a l  b c - i t  I n t l  0~~ i h i Y 0 i C V  mac--
be c :hecked by g r i - r i t n d i n g  t h e  ver t  i c - a l  t r i p - i t  0 1  the  c han n e l  and a d j u s t i n g
the trace to c-cu ter line . The c-n -und r a In t i c - - r i  i~e re u nov i - -ul  and tire vertical
p o s i t i o n  of the t r u c e  adjusted to the b l u r t  r~ m in l rnn iTn - It ter. This
p o s i t i o n  th en i- - i t t  i ’ipnticis to  t i e I~1 - , 180- , tu rd ij~l I  ~~~~ i - - i -  p r - ci t  l i - c t -  - f
the w a v e f o r m .
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(8) Record the amount of peak—to—pea l- C ; I c - c -  j i t t e r  on f i gu r e  7 1 — 2 ;
1 SA (’C lc - i f l i  473 — R ( ‘ les t ) .

(9) It is recommended that a mininiuni I~~ three voice channels per
group be measured , p re fe rab ly chann els 2 , 6 , and 11 , if  u - u i i l a h l e .

(10) Summarize the test data on figure 6—4; l’SA ( I hi in 351—R (le— t).

b. loice Channel Phase Jitter Measurements in Baseband and Fitil t i j l r c -
Channels.

(1) These phase measurements are made by converting a selected
nominal 3.l—kI-iz voice channel section of the baseb and sig t iuc - l c- -i- -r n --n -
to a vu- ice  channel  signal . An FSVM is used to make t h is  c o n v e r s i o n  as
shown in f i g u r e  71—1. The input  c i r cu i t  u n d i s t o r t e d  d y n a m i c  range and C

the noise level of the audio section of the FSVM must be such as net to
interfere with or restrict the accuracy of the phase me asurc-nient c-.

(2) Repeat paragraphs 7 1—4a (1) t h rough  ( 10) ,  b u t  the the f—- ] lou- - i-r~y

changes : 
- - 

---- -

(a)  The test  tone may be ins- .- ’  — d a t  any u~iu o f t t ~e d — ~~- t~~~-P l est
poin ts , ‘CF— i through TP —6 ; and ool~ ~ tu ~‘ t n  i d l e  c h a t i r - - - I -

(b) The frequency of the inserted te’~ t t c - c - , at t h u  t te- :c -’ :i t c - i - I ,
must be such that  a 1000—Hz tone is recove t ed  .-~~~ t i - c - -  0 1 c - u  

~~~~~ 
~~1 c ~- -

(receive end).

(c) Phase jitter mean-jurements are made , us i n g  the FS~ - a t  ‘11 -

TP — 8 ,  011(1 TY--9 .

c. instatlon Phase Jitt e r. Instation vulic i- c - l i - : - - c - I  a .—  j i t  T O - I

measurements  can he made by u , ~~c - - r H u g  pa r a g r a p i i —  7 1 - - I c - a  i i )  - - - (~
and 7l—4b(2), except that the In--i -~ - r , .1 i- p 5t  t - - - u r -  I c -  r cr ’1 l~~- C i I -t
TP— 2 through ‘ l P — 6 .

71—3
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VOICE CHANNEL PHASE J ITTE R OF PAG c-S

(Oi.:illoscope Method i DATE ( DAY . MON IH . Y CAI1I

O ATA  SHEET (CCR 702 - 1 -3 )
L I N K  N O r STAT~

ON UND E R TEST 
-

- oiSrAu - r S TA TI ON l I ST in N(.F4 S c G N A T o f i t -

iNPU T OU T P U T  CHA NNEL 

-

TEST T E S T  H—— i-— _- - -
~~~~

—--_ —~PHASE JITTER
POINT NO POINT NO . SO NO OP NO V CH ‘

~
‘ (deg) 

_ _ __ _  -

~~

- - - - - - - - ----

~~~~
-1  

__

_ _ _ _  _ _  ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

USACC FORM 473-R (TEST)
1 MAY 77

Figure 7 1 — 2 .  Voice channel 1i l i ac--~ j i t t e r  (oscilloscope method) da ta sheet .
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7 2— 1. GEN E RA l - .

a .  The p u r po s e  u t  t h i s  t e s t  i s  to t n c - u i s u r e  i i i .  t o t  1 ernoun t of cross—
t o lL  w i t h i n  a Vi - ’ - ioiiiie l f r o m  all c a use s .  Cuus~~t ,it k sac - -  he ~~i i n - cc -d  by an
impedance i r r e g u l a r  t y  in the  c i r c u i t , or copaci t I and i n d u c t i c - - e  r - o c i ~,—
l in g  between the disturbing and d i s t u r b e d  c h a n n c c - l a .  The~ e c o n d i t i o n s  can
occur at any po in t  in a c o m m u n i c a t i o n s  sy s t e m , p a u t i c u l a r l y in t h e  dis-
t r i b u t i o n  frame w i n i n g  and cabl ing and in t h e  m u l t i p l e :.,. R e l i a b l e
measurements wi l l  be obta ined onl y if none of thc -  m div i d - n a l  ( o l u c - r a t  i ng )
voice channels are overloaded and since t h i s  t e st  i c - c - J u i c e s  h i , i h n- r than
standard (—10 dbinO) test tonc- power levels , it should he conduc ted on1-~-
on an out—of—service b asis  or du L- ing  nonbusy  hour s  to minimiz e pOSSil le
s e r v i c e  degradat ions  to system users . Du e to the low level of s i g n a l s
involved in the measurement  n i t  cr o s s t a l k , partic ul i i  - - a r c- should be
given to p r o v i d i n g  good grounds , e f f e c t  i c - s  sh iel~f in g s , ~nd cor rec t  t e r —
ininat ions . Ground loops must  also be e l i u n i n a t c - u i .

b. In general , the voice channel crosstalk measii. - .iiu it t s will be
made between the trunsmit circuit equal l evel pa tch  ha - ,- TP — 2 and the
receive c i r c u i t  equal level patch bay T P — l l .  Hon - - o v e r , i t  t h e r e  are
indica t ions  tha t  the  measured cr ic - sstdll — b e tw e e n  t he se  t e s t  p o i n t s  does
not meet the app licable standards , additional m e a s - i r c - i t 1 i i t s  s h o u l d  be
made b e t - , - . c-en other combinations of test points in order  to i so la te  the
source of the excessive crosstalk.

c. Because of the t ime  required to measure t I e  cnus5talk in the
very large number of possib le combinat ions  of d i s t u rh i g and d is tur l—ed
channels , these measurements should be limited to tli~ se channels which
have reported crosstalk conditions plus three pairs of adjoining
channels in each group such as:

Channel 2 , Transmit and Channel 2 , k~ i e i v ~- Near—end
Channel 6 , Transmit and Channel 6, Re c ei - e Crosstalk,
Channel 11, Transmit and Channe l 11 , Rec c-c- i e Ileasuirements

Channel 2 , Receive and Channel 3, R c - c c i n i e  Far—end
Channel 6, Receive and (- Itai nnel 7 , -‘-ecu .  i - - C C r c - n c - n c -t a lk
Ch annel 11, Receive and Channel  10 , lIe - c- i  - c -  M e a s u r e m e n t s

7 2 — 2 .  S P E C I F I C A T I O N S .  The tes t  d a t a  o b t a in e d  d u n i n g  - i s  t e s t  sh a l l
be compared to the performance limits specified iii Mu -STD 1881100.

‘ 72—1
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72—3. TEST EQU I PM ENT lIEl~~L [RED.

a. Aud io  o sc i l l a to r  or test measuring set.

b.  B a l a n c e d / u n b a l a n c e d  t r a n s f o r m e r (2 e a) .

c. PSVN .

d. Noise measur ing  se t .

e. 600—ohm t e r m i n a t i o n  p lug  (2 e a ) .

f .  Earphones .

g. Wave anal y z e r .

7 2 — 4 .  TEST PROCED U RES .

a. Near—End Cross t a lk .

(1) C o n f i g n r e the  test equ ipmen t  as i l l u s t ra t e d  in  f i g u r e  72— 1.
At the t r ansmi t  end , insert a J —kHz, zero—dbun 0 tone into the voice
channel which is to act as the disturbing channel . Inser t  t h i s  tes t
tone at the c i r c u i t  equal level pa tch  bay T P — 2 .

(2)  At the t e c -~ - ive  end terminate the selected d i s t u r b i n g
channel in 600 ohms at the c i r c u i t  equal  level pa t ch  bay T P — l l .  Measure
the level of this tone with the noise measuring set and insure that the
level is w i t h i n  specified tolerance (±1 db).

(3) At the receive end , terminate the transmit end input of the
channel to be tes ted  (d i s tu rbed  channel)  with a 600—ohm termination
p lug at the cl r n: n n n t equal  level p a t c h  bay T P — l l .

(4)  c-\t the  r e — :e i v e  end , te r r-iiu te the receive end of the channel
to be tested (disturbed c-! ann- - I )  w i  t i t  t he  noise measuring set at the
: ir c u i t  c - p u,) i c - - e l  p a t c h  bay T P — 2 .  Ad jus t t h e  c-ct to 3—khz flat

w e i g h t i n g  and me - n u i n n t -  the t i c i s e  in the  c h a n n e l .  Switch to ano the r  vo ice
weI~ !tt jilL (prel- - t : 1- I - C - - - f l .~ c - c - - I b I - )  to  i n s t i r i ’  tha n 60—li z componen ts  are
not masking ICN . P more than 3 db d i f f e t - c - t i c e  e x i s t s , proceed us ing
C—message wel.ghtiuig .

(5) The receive end will altermately disconnect and reconnect
the tone on the disturb ing channel. Record the noise 1evc-~ s with the
tone on/tone off on figure 72—2; US’iCC Form 476—R (Test). Calculate the
lif t ‘-r--nce b et w c - c -i n t i n c - tO n i . o n / t n u  ‘ o f f  l eve l s  — m d  recn’rd the  r p c - u u l  t s
on the  data sh e e t .

(6) i f the difference Is 2 db or greater , connect the FSVM (narrow
ba ndpass) tn place of the noise measuring set , and measure the frequencies
and leveJs c-f  the crosstalk signals. Record the frequencies and levels
on figure 72-2; USACC Form 474—R (Test).

72—2
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( _ ) N~airnta iniing the c cci-  di s t-ui - ing  c l i . i ; n i . n -  I , repeat psi agra 1n i s

i 2 — 4 a  (2) th ri -api ( ‘n )  f o r  o t h i - r  c h a n n e l s  in t t n ’  sa~’e g r o u p .

(8) i -j n e - ’a t p a r - i p r a ~ t s  72 — 4a  ( 1) thro ig i - (7) h r  other disturbing
Is as r e n c i l  c-<~ -

(9)  Summar iz e- -  t es t  r e s u l t s  on f i g u r e  6 —- ’- ;  U SAC C Form 35 1—R (Tes t )

h .  Fa r—End Cr c ’s st a l k .

(1) - un f i g ur e  the  tes t  c ’u ijirnren t as i l lu s t r a t e d  in f i g u r e  7 2 — 3 .
At  the  t r ansmi t  end , have a l—k Hz , c - Cc - r c - dbm (.i tone i n se r t ed  in t o  the
voice channel wf iij . is to act as ~‘ i c -  d i s t u r b i n g  channel  ( p r e f e r a b ly
the same channel used i i  t he  i — c - o r - c - m i d  c r o sst a l k  t e s t ) .  In s e r t  t h i s
tn- st tone at the c i r c u i t  e n j c u t  leve l patch hay ‘J l’ --2.

(2 ) At the  r ec e ive end , t e r n : - i n a t e  t i e  se l ec t ed  d i s t n n r ~~i ng  c h a n n e l
in E n U fl ohms a t  the c i r cu i t  equal  leve l p a t c h  l - a v  T P — l l .  N~ca s u r e  and
record on f i g u r e  7 2 — 2 ;  [SAU C Form 4 7 4 — R  ( T e s t )  t h e  leve l of th i s  tone
w i t h  the no ise  measur ing  set —~r -\C vo l r c s - n er and insure  t h a t  t h e  level
is w i t h i n  ± 1 db of t lu e  p rope r  l eve l .  Cal c -uI  a t e  and r e c ur - I  the tone

c-vo l c--r I ic  on the d a t a  sh ’-et .

(3) At the  t r a n s m i t  end , t e r m i n a t e  the b c - u t  of the channel  to
be tes ted  ( d i s t u r b e d  channe l )  , pre t e r a f -  l v  - - n o  c- f  t he  same n :hunnels u~~ed
ir- pa ragrap h 7 2 — 4 a , w i t h  a 61)1)- ohm teni- * - n ion plug . T e r m i n a t e  t i.i S

channel  ut the c i r c u i t  equal.  1° ’ie] p a t c h ha y TP- --2.

(4 )  At  the  receive end , t e r c - i n , u t e  t h e  r ece ive  end of the  c h a n n e l
to he tested ( d i s t nj rbed c h a n n e l )  w i t h  t he  no i se  me:-~~u r i n g  set  at  t T
- i r c u i t  equa l  level  pa tch  b ay I F - - l i .  -\c - J~~u st  the  set to 3— kHz f l a t
weighting uiui m e a s u r e  noise in t h e  c h a n n e l w i t h  t he  aud io  - - s c i u l a t -r
at the t~~anism i . t end di~~c-cn c-ni-’ct .—d. Switch to  anu ’t -e r  v o i c e  s- e i g ht i : s
(pm - f  or ~hiy C--message i to i n - - u u r ’ -  that t hm ’ - ~- D — H z  componen t s  a t e  not
masking ( m N . I f  more tha’- 3 c-lb d i f f e r i - - - - .  e :-~~- - u t s , proceed u s i n g
L — t n c s s - l g - -  web c-- i - I lug .

(5) At t he  t r a n s m i t  end , n l t e r n ; i  ‘- lv  d i s c o - i - n . - . and ni- co t t h e
tone on the d i s t u r b i n g  c~~a i i t n c - l .

(6) At the receive end , measure and record  the  no i se  levels  w i t h
t he tone on/tone off. Calculate the diff er .-ncc b-tween the tone on/tone
off noise levels and record on figure 72—2 ; USA C C Form 4 7 4 — R  (T e s t ) .

(7) If the difference is 2 db i - I  gre-u t er , connect t he F— -
~ ~~ arrlnnc -

band pass) In place of t h e noise rrm~~i~ - - rIng set , and measure t hi ’ frequenci es
and the ii- vc ’ j~~ of th e crosstalf signals . Record t h e levels on t i e  dat-a
sheet.

F 
- 72—3
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- - (8) I-I d j t 1 a li t lug the  same d i  stud ing channel , re lic -nit paragr ap hi s

- 
/ 2  - 

~nh (3) t h i  o - i g h n  (7 . (o i  th i -  r e m a i n i n g  d ianne I ( a )  t ea  ted

-
~ 

( 9 )  l I c- pe,.t  p aragropi n 7 2 -4 b  ( i )  f i r  o t h e r  d i s t u r b i n g  c han n e l - -, a-~
- iequir c-d.

~~. comb j u t e d  Nt - a r -  b u d  and I-ai- -Eu d Crosstalk. Lsing the pron .m dn ncn- s
- niuscrih ed iii paragrap hs /.~—4 a and b , thi n : test c-an be- coiuducted

sjntttltauie-otis l~ . h h i s c - c - v er , this pron e -dir e requires a high dc-puce ot

COO ! d i n a t i i i i u  ( i ~~ t c - c - e e u i  t i e teat Lea i ,c ,  . Note that the disturbing channel
t m i u i s L  not be otiergized in ~ct Ii direct -Ions at the same tine .

I
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CHAPTER 73

DATA ERRO R RAT E (T—l9)

73— 1. GENERAL .

a. The purpose of this test is to determine the high speed (2400
bits/sec) data transfer capabilities of a nominal VF channel. This test
will be conducted in time correlation with ST—39.

b. The average BER per run is defined as the number of bit errors
measured during the run interval, divided by the total number of bits
transmitted during the run. The average BER is related to the median
C/kT. In order to obtain a range of average BER’s to C/kT, the parameters
should be recorded on the strip chart. To enable analysis of BER
distributions, bursts of bit errors should be manually recorded on the
strip chart recordings at the time of their occurrence, together with
the total accumulated number of bit errors at the end of each run.

c. In general, the average BER measurements are made between the
transmit circuit equal level patch bay TP—2 and the receive circuit
equal level patch bay TP—ll. However, if the average BER is excessive,
additional measurements should be made between intermediate test points
in order to isolate the source of the excessive bit errors. As a
minimum, three voice channels should be evaluated, one at a time, during
the final 3 days of testing. These three channels should represent the
best, worst, and an average channel in terms of channel noise performance
previously determined . The performance of each channel tested should be
plotted separately.

73—2. SPECIFICATIONS. The test data obtained during this test shall
be compared to the performance limits specified in MIL—STD—188/lOO .

73—3. TEST EQUIPMENT REQUIRED.

a. Transmission measuring set.

b. Pattern generator.

c. Data transmission test set.

d. Counter.

e. Digital recorder.

f. Data modem.

g. Frequency stable oscillator.

h. Balanced/unbalanced transformer.

73.-i
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73—4. TEST PROCEDURES .

a. Prior to initiating the data error rate test , check and adjust
the levels in the voice channel, using a reference test tone signal at
a level of —10 dbmO . Insert this signal at the circuit equal level patch
bay TP—2 at the transmit end of the radio link.

S

b. Configure the test equipment as illustrated in figure 73—1 with
the modem transmit level at —13 dbmO. The modem output signal Is connected
at the circuit equal level patch bay TP—2 . The frequency stable
oscillators should have a frequency stability of one part in lO~. If
these oscillators are not available, the tested channel should be looped
at the receive end and the bit errors measured at the transmit end. The
voice channel signal should be looped (TP—ll to TP.-2 at the receive end).
Do not loop the data stream through the receive end modem.

c. Set the pattern generator and the data transmission test set to
operate at 2,400 baud or bits per second. Insure that both the pattern
generator and the data transmission test set are set at the beginning
of the test pattern sequence prior to starting the test.

d. If possible, set the counter for a 2— to 5.-second counting cycle
with automatic recycling immediately after printout of each cycle. Alter.-
nately, the printer may print the accumulated errors at the end of
each consecutive 2— to 5—second interval.

e. This test must be performed for the duration of each run. The
run duration must be precisely the same as for ST—39.

f. Record transmit and receive data signal levels (actual voltmeter
dbm reading), and compute and record the dbmO level on figure 73—2; USACC
Form 475—R (Test).

g. For each run, record number of bits transmitted , number of errors,
and calculate the BER. Also record the total number of bit errors on
the strip chart at the end of each run.

h. Plot the run average BER versus the (corresponding) obn on
figure 8—7; USACC Form 396—R ( T e s t ) .

i. Complete the stroke chart using figure 73—3; USACC Form 476—R
(Test).

j. To obtain the long—term cumulative distribution of the average
BER , plot the data In the right—hand column of figure 73—3; USACC Form
476—R (Test) on figure 73—4; USACC Form 449—R (Test).

k. Stimmarize the test results on figure 6—4; USACC Form 35l—R (Test).

73—2
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CUMULATIVE PROBABILITY DISTRIBUTION PAGE OP PAGES

STROKE CHART DATE (DAY . MONTH . YEAR )
DATA SHEET (CCR 702-1-3) 

____________________________________

LINK NO STATION UNDER TEST TEST ENGR SIGNATURE

DURATI ON OF NUNS SG OP VCH RUN NUM$EAS

MIN FROM. THRU:
S

NUMBER OF RUNS TOTAL PERCENT CUMULATIVE
R U N  EACH HAVING THE TIME OF PERCENT

AVERA GE INDICATED AVERA GE RUN AV G BER s TIME OF TIME
BIT BIT ERROR RAT E IAV G BERI WERE AT RUN AV G BEN, RUN AVG BEN.

ERROR THE WERE AT WERE AT
R A T E  IOTA INDICAT ED THE THE

INDIVIDUAL RUN NO. o~ 
VALUE INDICATED INDICATED

STROK ES STI~OKES ~MIN I VALUE VALUE

S

7.0

3.0

1.0

0.7

0.3

0,1

0.07

0.03

0.01

0.007

0003

00007

0 0003

00001
C. _______ _____________________ _________ _____ _________

0.00007

0 00003

0 00001

<000001

TOTAL NUMBEROP PUNS: TOTAL TIME: MIN LONG.TERM MEOIAN OF AV G 8CR PERCENT

USACC FORM 476—R (TEST)
1 MAY 77

Figure 73—3. CumulatIve probability distribution stroke chart data sheet.
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CHAPTER 14

VOICE CHANNEL IN ’L ERMODULA ’I [UN DISTORTION ( 1  2 1)

74-1. GENERAL .

a. The purpose of t h i s  t est  i~ to l~udsu re and e-d ~. j 1 .dte t I : O  t w o — t o n e
intermodulat ion d i s t o r t i o n  in \F . hanne l s .  It  is iecjriw~~t~ded t : I I a r  a
minimum of three voice channels  per  g roup  be measured , p x e f o r ~~b [ v
channels 2 , 6, and 11, if available.

b. In general , the measuremeut is i~.jde hetwe~ n tOo tian~ ’,.it circuit
equal level patch bay TP—2 , and the reoeive circuit equal level patch
bay TP—ll. However , if there are indications that the intermodulation
distortion between these test points i~; ~~cessive (above 2 percent)
additional measurements between intermediate test points should be ir~id~
in order to isolate the source of the problem . Since this t e st  require~
higher than standard (—10 dbmO ; test signal power levels , it should be
conducted only on and out—of—service basis or during nonbusy h’iurs t :
minimize possible service degradations to system users .

74—2. SPECIFICATIONS . The test data obtained during this test shall
be compared to the performance limits specified in MIL—STD—188/lflO.

74—3. TEST EQUIPMENT REQUIRED.

a. 200—ohm, 1—percent resistor (3 ea).

b. Audio oscillator (2 ea).

c. FSVM .

d. Balanced/unbalanced transformer.

• e. 600—ohm attenuator (2 ea).

f. 600—ohm, 1—percent termination .

74-4. TEST PROCEDURES.

a. Configure the test equipment as illustrated in ligure 74—1.

b. At the transmit end , connect the two oscillators , pads ,
resis tor ne twork , and transformer as shown , and adjust oscillator ~tl
to 1000 Hz and oscillator #2 to 1400 Hz.

74—1
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c. Connect point C to a 600—ohm precision termination and set the
level of the 1000—Hz and 1400—Hz tones using the bridged FSVM (through
a balanced/unbalanced transformer if necessary) to —6 dbmo each . Measure
the intermodula tion produc ts at each of the follow ing frequencies : 400,
600 , 800 , 1800, 2400 , and 3400 Hz. Each harmoni ” must be down at least
—50 dbmO and preferably —60 dbmO. If any harmonic exceeds —50 dhmO , use
a d i f f e ren t  set of oscillators.

d. A f t e r  the —50 dbm0 specification is met , disconnect the FSVM and
the 600—ohm termination , and insert the tones into the channel at the
circuit equal level patch bay TP—2.

e. At the receive end, connect the 600—ohm terminated FSVM to the
output of the channel under test at the circuit  equal level patch bay
TP—l l . Use a balanced/ unbalanced transformer if necessary .

f. Measure and record the levels of each tone on figure 74—2;
USAC C Form 477 — R (Tes t) .

g. Calculate and record on the data sheet the channel Intermodulation
distortion by one of the follow ing methods :

(1) Using each of the harmonic and test tone signal readings in my
in the following formula :

E2 +E 2 +E2 +E2 +E2 +E2 +E 2 +E 2
ID = -‘ / 400 600 800 1800 2400 1000 1400 3400 x 100 = percent

\j E2
1000E+2

1400

(2) Using each of the harmonic and test tone signal levels in dbm
as follows :

(a) Figure 74—3 is used for adding two powers expressed in dbm.
The db d i f ference  in the two power values is noted on the abscissa of
the figure, and the corresponding delta is found from the graph . The
delta value is then added to the larger of the two or iginal power
levels to obtain the sum. A list of powers c~n be summed , two at a
time , by this method.

(b) As shown in figure 74—4, add the powers in the 1000—Hz and
1400—Hz tones.

(c) Add the powers in the 400—Hz and 600—Hz tones. Then add this
sum to the power in the 800—Hz tone. Repeat this procedure unt i l  all
the distortion products have been added.

(d) Compute the db difference between the results of paragraphs
74—4g (b) and (c ) ,  then use f igure 74—2 to convert this value to
percent distortion .

h. Summarize all test results on figure 6—4; USACC Form 35l—R (Test)

74—2
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FREQ 1000 1400 400 600 800 1800 2400 3400 Hz
LEVEL —3 —2 —45 —39 —50 —39 —48 —40 dbm

1. P1000 + p1400

db difference = 1 db 4

delta = 2.5 db
— 2+2.5 = 0.S dbm

2. P400 + p600

db difference = 6 db
delta = 0.95 db = 1 db
—39 + 1 = —38 dbm 1 1’sum

~ 1’sum + p800

db difference = 0.38 — (—50) = 12 db
delta = 0.25 = 0.3
—38 + 0.3 = 37.7 dbm 1

~sum

4 
~sum + ~18OO

db difference —37.7 —(—39) = 13 db
delta = 2.4 db
—37.7 + 2.4 = _35.3 d b m = P sum

~ ~sum +

db difference —35.3 — (—48) = 12.7 db
delta = 0.3 db
—35.3 + 0.3 = —35 dbm 

~sum

6. 
~sum 

+ P3200

db difference = —35 —(—40) = 5 db
delt a = 1.2 db
—35 + 1.2 = —33.8 dbm

7. (—33.8 dbm) — (0.5 dbm) = —34,3 db
—34.3 db distortion = 1.9%

Figure 74—4. Sample calculation.
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CHAPTER 75

EARTH TERMINAL GROUND RESISTANCE (G— l)

75—1. GENERAL .

a. The purpose of this test is to determine by means of a null
balance earth tester the resistance of the station ground. An
adequate station ground and ground distribution system provides a common
electrical reference point for all equipment in an area and eliminates,
or reduces, differences in potential between pieces of equipment and
between the equipment and earth ground. Faulty or high impedance grounds
can cause intermodulation effects, noise voltage buildups with resultant
service interruptions, signal distortion , and possible equipment damage.

b. The test method described herein is the fall—of—potential earth
resistance test.

75—2 . SPECIF1CA~ ION. The acceptable standard for the satellite terminals
has not been defined; however, a ground of 5 ohms or less impedance to
earth should be adequate.

75—3 . TEST EQU IPMENT REQUIRED .

a. Earth tester with accessory kit.

b. Ground rods (nominally 6 feet in length).

c. Clamp—on ammeter.

d. Sledge hammer, wire, clips, and steel tape measure.

75—4 . TEST PROCEDURES .

a. The station ground resistance test will be performed at each
satellite terminal and at those locations where grounding is suspected
of causing noise problems.

NOTE : Do nct remove any ground connections .
I

b. With the aid of site drawings, the connection of the station
ground to the earth electrode will be located. After this electrode
has been located, the test instrument will be configured as illustrated
in figure 75—1. The null balance earth tester will be located
as close to the earth electrode as possible. Terminals P1 and Cl on the
test ina’rus’cnt will be connected to the earth electrode under test.
(This configuration removes the resistance of the test lead from the
measured value.) The f i rs t  reference rod C2 will be placed as far  from
the earth electrode as practicable, this distance will probably be
limi ted by the geography of the surroundings . The distance will be a
minimum of 100 feet from the earth electrode . The following is a useful
guide to P2 and C2 placement when a grid ground is to be tested.

75—1
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i)1A ~~ NA1 , )~ S lANCE DISTANCE
) t ~~E N c TON E—P2 E—C2

4 62 100
6 78 125
8 87 140

10 99 100
12 105 170
14 118 120
16 124 200
18 130 210
20 136 220
40 198 320
60 242 390
80 279 450

100 310 500
120 341 550
140 366 590
160 397 640
180 422 680
200 440 7 10

The po ten t ia l  reference  rod P2 will  be dr iven In at a point  on a
straight line between the earth electrode and C2 , and at a distance
from the earth electrode that is 62 percent of the distance from the
earth electrode to reference rod C2. On the instrument , the range
switch wtll be set to xO.01 and the digital readout of the balancing
resistor dials to 999. The generator crank will be turned slowly and
the galvanometer deflection noted. If the deflection is positive (+) ,
the range factor will be Incr~ ‘sed to xO .1 or higher until the deflection
becomes negative (—). When He deflection is (—), the value of the
balancing resl~~tor will be decreased , digit—by-digit , starting with
the left knob , then the center , and f inall y the r igh t knob , un til the
galvanoneter is nuiled . The generatnr will be cranked while all adjust-
ments on the balancing resistors are being made. The cranking speed of
the generator will be a minimum ‘)f 160 1pm fvr maximum sensitivity .
To avoid the effects of stray currents in the soil , it may he necessary
to increase the cranking speed to 200 rpm or more .

Resistance under test dial reading x range factor

c. Note any readings of more than 5 ohms resistance and if
possible iden tify the problem area . When feasible, correc tive action
should be taken while the team is onsite . If this is not possible ,
appropriate recommendations should he included in the final report .

d. S~’IIm1flT!Ze th’ test r~~~i~~ s on figure 75—2 ; USACC Form 300—R
(T~- ’~t).

75—2
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_ _ _ _ _ _ _ _ _ _ _ _  D
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~~~~

) 

\
\\\

P1 C2

EII
~~~~~~~~~~~~~~~~~ JGEN~~

IOR
C R A N K
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~~~~~~~~~~~~~ RANGE
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BALANCING RESISTOR CONTROLS -~~~

Figure 75—1. Ground resistance test configuration .
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STATION GROU~D PAGES(CCR 702—1—3) PAGE OF

DATA SHEET (Instr on back) 
DATE (DAY,MONTHPYEAR)

FACILITY STATION UNDER TEST TEST ENGR SIGNATURE

1.0 STATION GROUND

1.1 11.2 DISTANCE E-C2 1.3 DISTANCE E-P2
RE Il

1.4 GENERAL DESCRIPTION OF STATION GROUND

1.5 STATION GROUND COND .6 CHEMICAL TREATMENT

2.0 EXTERIOR GROUND DISTRIBUTION

2.1 GENERAL DESCRIPTION OF EXTERI OR GROUND DISTRIBUTION

2.2 EXTERIOR GROUND FEEDER COND 2 .3  EXTERIOR GROUND DISTRIBUTION COND

3.0 INTERIOR GROUND DISTRIBUTION

3.1 GENERAL DESCRI PTION OF INTERIOR GROUND DISTRIBUT ION

3.2 INTERIOR GROUND FEEDER COND 3.3 RACK GROUND FEEDER COND

USACC FORM 300—R (TEST) PAGE 1
1 MAY 77 EDITION OF 1 JUL 76 IS OBSOLETE.

Figure 75—2. Station ground data sheet.
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BLOCK ENTRIES

1.0 STATION GROUND

1.]. Enter the measured resistance of the earth electrode .

1.2 Enter the distance E—C2: indicate in meters .

1.3 Enter the distance E—P2: indicate in meters .

1.4 Descrfl e the station groun d , commenting on the soil type ,
soil condition , condition of the earth electrode assembly,
marking, type of connections , stat ion ground dis t r ibut ion
box , provision for watering, and/or any other factors that
may have an af fec t on the station ground.

1.5 Enter the size of the ground conductor (1000 MCM , 4/0 AWG ,
2 AWG , 3” x 1/4” plate, 2” x 10 GA Cu strap , or braid).

1.6 Enter the type of chemical treatment used (none, magnesium
sulphate, copper sulpha te , sodium ni trate , chloride , sodium
chloride , iron sulphate , potassium nitrate , ammonium
ni tra te , activated charcoal , and/o r coke).

2.0 EXTERIOR GROUND DISTRIBUTION

2. 1 Describe the exterior ground distribution commenting on
conditi on , marking , method of connection and bonding ,
and list of major items connected .

2 .2  Enter the size of the exterior ground feeder in the
app ropriate AWC .

3.0 INTER IOR GROUND DISTRIBUTION

3.1 Describe the interior ground distribution commenting on
condition , marking, insulation, connectors , branching ,
etc.

~.2 Er.t- the size of the interior ground feeder (750 MCM,
I~/ ~4G , or 2 AWG) .

3.3 Ente. ihe size of the rack ground feeder in the appropriate
AWG .

PAGE 2
USACC FORM 300—R (TLT)

1 MAY 77

Figure 75—2. Station ground data sheet. (continued)
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APPENDIX A. TEST , MEASUREMENT , AND DIAGNO~

TITLE

AND

NOMENCLATURE — —

1 2 3 4 5 6 7 8 9 1011  1~ 13- 14 1516 17 18 19 ~
AMPLIFIER C-CDR 4333C 

—
AMPLIFIER LOGIL IN HP 8808A 

— — — — — —

AMPLIFIER HP 461A

AMPLIFIER Al l 13630 1 1

ADAPTER A lL GR 900—QNP 1 1

ADAPTER WG HP J281A ~~
ADJUSTABLE SHORT HP J920A ~~
ANALYZER AUDIO HP 3580

ANALYZER DISTORTION HP 334A

ANALYZER SPECTRUM TEK 491A 1
ANA LYZE n HP 141T/8552B

‘S 
~ HP 141t’8553B

ATTENUATOR SET HP 11581A 1 1 1 1

ATTE NUATOR HP 354A 1 1

ATTENUATOR HP 355C 1 1 1

ATT ENUATOR HP 355D 1 1 1

ATTENUATOR WG HP J382A 1 1 1 1 1 1 
—

COUPLER 20 db SM—D —748724 1

COUPLER DIRECTIONAL NARDA 3035 
— — — —

COUPLER 3 db NARDA 3004—03 1

COUPLER DIRECTIONAL HP J281A

QUANTITY REQUIRED .
NOTE: THE NORMAL CONNECTORS , R ESISTORS, ATTENUATORS , AND HARDWARE (INCLUDED IN THE A

A-i

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  

-
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CCP 702—2

ST . MEASUREMENT , AND DIAGNOSTIC EQUIPMENT

RADIO TESTS

TEST NUMBER (SI)

~ 9 1011 1~ 3 14 15 16 17 18 1920 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 647

1* 1

— 

1 ~~~~~~~~ 1 1 1 1

1
- —  ____ — — -— —  AS REQUIRED - — — — - .  - -1~~

AS REQUIRED -— 

- -~~~ - - - -
~~~~~~

- ---- 1-
- 

1 1 1 1  1 1  1 1 1

1 1  1 1  1 1 1  1 1 1  1 1  1 1 1  1 1 1 1

1 1 1 1 1
— —  

1 1 1 1 1 1  1 1 1 1

1 1 1 1 1  1 1 1  1

1 1 1 1  1 1 1 1  1 
-

~~~~

1 L11 1 - III~~~~~~~~~~~~~~  

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

IARDWARE (INCLUDED IN THE AN/rSM— 125 PACKAGE ) ARE ALSO REQUIRED.

A—i

~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ :~~~~~ ~~~~~~~~~ ~~~~~~~~~~
“

~~~~~~~~
‘ _
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CCP 702—2

TITLE RADIO TESTS (COP

AND TEST NUMBER
NOMENCLATURE —

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~ ~~~~~~ ~~~~~~~~~~~~~~~~ I 2 ~~~~~ 1
COUPLER DIRECTIONAL NARDA 3004.10 1 1 1 1 1 1 2 1 1

CAMERA OSCILLOSCOPE TEK C30-AP 1 1 1 1 
-

DETECTOR XTAL HP 423A 1 1 1 
—

DOUBLER HP 10515A

FILTER TELONIC 70-10-50

FILTER SMOOTHING (FABRICATED ) 1

FREQUENCY SEL VOLTMETER SIERRA 129A 1

FREQUENCY METER TRG B55 1 1

FREQUENCY SEL VOLTMETER SIERRA 128A 1 
— — —

FREQUENCY SEL VOLTMETER HP 3591 1

FREQUENCY COUNTER HP 5340 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

GENERATOR SIGNAL AM/FM HP 8640 -

GENERATOR SIGNAL VHF HP 608C 1 1 1 1

GENERATOR SWEEP HP 8690B 1 1 1 1 1 1 1 1 1 1
PLUG—IN MODULE HP 8693A 1 1 1 1 1 1 1
PLUG— IN MODULE HP 8694A 1 1 1

PLUG—IN MODULE HP 8698A 1

GENERATOR NOISE AlL 07009 
— 

1 1

GENERATOR SIGNAL 51fF HP 620B 1 1 1 1 1 1 2

INDICATOR VSW R HP 415E 1 1 1 1

A- 2

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~~~~----~~ ‘ L  ~
-:
~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~ _.::__ 
~~~~~~~~~~~~~~~~~——- -- -~~~~
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RADIO TESTS (CONTINUED)

TEST NUMBER (ST)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1 1  2 1 1  1

1 1 1  1 1 

~~
- - - - -; -  

- - 

1 
- - I - - -

1 1 1 1 1

1 1 1 1  1 1 1 1 1  1 1 1 1 1  1 1 1  1 1 1  1 1

1

1 1 1 1  1 1  1 1

1 1  1 1 1 1  1 1 1

1 1  1 1

1 1

1 1 1 1

1 1 2

1 1  1

A- 2

- —~~~~~-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - - iII1ll~



- — - - - - - —  - - - -~~~ — —------- ~~~~ -~~ -— -—- ----~~~~- -— ~~----  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —-- ~- -- — -~ 
_____

TITLE RADIO TESTS ~
AND TF’~T NL1~

N O M E N C L A T U R E  
i 6 J ~~~~ 

; - - 1 — - - - — - -- — —,

MIXER HP 10514A 1 1 1
MIXER AlL 13506 1 

- 4 1 1

MEASURING SET HP 34750

MODULE HP 34702A

MODULE- HP 34703A

MODULE HP 34720A

PROBE HP 11096 A

CABLE HP 56A—16C

NOISE MEASURING SET HP 3555B

NOISE LOADING SET TM—7816A 
— — — —

NOISE SOURCE HP J347A 1 1

NOISE METER INDICATOR HP 342A 1 1

NOISE LOADING TEST SET W /FILTERS AN/GSM-161

SNT METER BITE 1

NOISE RECEIVER AlL 13610 1 1 
— — —

OSCILLATOR AUDIO HP 654 A

OSCILLOSCOPE TEK 475A 
— —

POWER SPLITTER HP 11667 AS REC

POWER DIVIDER MERRIMAC PD 20—50 
— 

2

POWER METER BOONTON 42B 1 1

A- 3



1 1 1

1 1 1

1 1 1

1 1 1

1 1 1

1 1 1

1 1 ~~)

1

1 1

1 1 1



CCP 702—2

RADIO TESTS (0
TITLE
AND TEST NUMBE

NOMENCLATURE 1 2 3 4 5 6 7 8 9 1011 12 13 14 ~5 16 17 18 1920 21 22 ~3 24 25

POWER SUPPLY HP 6206 1 1 1 
— —

POWER METER HP 432A 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1

THERMISTOR MOUNT HP 478A 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

PRINTER DIGITAL HP 5050
(OPT 001, 032, 051, 055)

RECORDER X—Y HP 7035 
- 

1

RECORDER STRIP CHART HP 7418A

SLOTTED LINE PROBE HP 444A 1 1 1 1

SLOTTED LINE HP J81OB 1 1 1 1

SLOTTED LINE CARRIAGE HP 809C 1 1 1 1

TEST SET BER HP 1645A
COVER FRONT PANEL HP 5060.8787

CABLE HP 10233A 
—

TERMINATION 50-ohm TEK 011-0049-01 ~~ AS REQUIRE

TERMINATION TRG 580 1 1

VOLTMETER rms HP 3400A
VOLTMETER RF BOONTON 916A 1 1

INDICATOR IP-1018

VOLTMETER VECTOR HP 8405A
ADAPTER CAMERA HP 10363 

— 

AS REQ UIRE

A-4

_14



- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— _____

/

RADIO TESTS (CONTINUED)

TEST NUMBER (SI)

m m  ~~~~~~~~~~~~~
38
~~~~~~~~~~~~~~

I5 46 I?

1 1 1 1  1 ~~~1 1 1  1 1 1  1 1 1  1 1 1 1 1

1 1 1 1  1 1 1 1  1 1 1  1 1 1  1 1 1 1 1

1 1 1 1

1 
— — 

1

1 1

1 1  1

~~ ~

- 

~~~

- —— - - —  — - - — —- - - - )
1 1

1 1

a 
1 1

AS REQUIRED —

1 2 2 2  1

1 1 1 1 1

1 1 1 1

1

AS REQUIRED

A-4

I
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TITLE 
RADIO TESTS

AND TEST NUM
NOMENCLATURE 1 2 3 4 5 6 7 8 9 1011 12 1 14 15 16 17 18 19 21 21 22 23 2

FREQUENCY COUNTER SET HP 5300 1 1
COUPLER DIRECTIONAL HP J752C 3

GENERATOR SWEEP HP 8620C 1

ETMS 1

CALCULATOR HP 9825 1

POWER METER HP 436A 1

POWER HEAD HP 8484A

A- 5

1~~~~~~~~~~~~ . 
-
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CCP 702—2

RADIO TESTS (CONTINUED)

TEST NUMBER (SI)

11 12 1: 14 15 16 17 18 19 2l 21 22 23 24 25 26 27~~829 30 31 32 33 3~ 35 36 37 38 39~ 04 1 4:~~344 4r se 47
1 1 1 1 1 1 1

A- 5
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A P P E N D I X  C

SAMPLE TEST REPO R I

C-i - GENERAL .

a. This appendix p rescrib cs  the o r g a n i z a t i o n , fc rnat , and content
of the technical evaluation reports submitted on satellite evaluations .
It  also provides guidance for  pre~ta rat 1o~1 of  the  f i n a J  r*±port .

b.  The report will  be divided in to  two volumes . Volume I w i l l  con-
tain the performance characteristics and tabulations of pertinent data
collected during the evaluation . Only representative portions of this
volume are included in the sample report. Volume II will contain the
raw test data collected by the test team arid used in pr~~ aring the
narrative of volume I.

C-2. REPORT FORMAT AND CONTENT .

a. (1,0) GENERAL . This paragraph will contain a short description
of the repor t con ten t , including such information as the test period ,
operation and maintenance (O&M) command operating and maintaining the
terminal test team composition , key personnel contacted , and selected
link and equipment parameters as shown in paragraph l.Ob of the sample
report.

b. (2.0) SUMMARY OF TEST RESULTS. A summary of the test results
will Include information on the tests conducted and the results of each
test. Any anomalies, discrepancies, or deviations from expected resu1 t~
(design standards or manufacturer ’s specifications) should be discussed.
Separa te subparagraphs will be used for each of the performance charac-
teristics discussed . The number of subparagraphs will depend on the
number of tests performed and te~ t results. With in specifications test
resul ts will req uire only a listing of the test title with a statement
to that effect.

c. (3.0) EQUIPMENT PERFORMANCE INDICATORS . The equipment perfor-
mance indicators will be graphical presentations of the performance
characteristics of the major equipment on each s.~tel1it.~ term inal . As
a minimum , the following will be included for each terminal tested.

(1) Receiver noise quieting characteristics .

(2) TTNR versus quieting characteristics.

(3) Out—of—band noise (OBN) versus C/kT.

d, (4 .0)  TRANSMISSION QUALiTY IND ICATORS . U,e transmission
quality Indicators will be graphical presentations of the transmission
quality of the satellite link subsystems under test. This will Include:

(1) Distribution of median Idle channel noise (ICN).

C-i
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(2) Distribution of median OBN .

(3) Distribution of loading when recorded.

(4) Test tone stability .

(5) Other graphical representations that may portray system per-
formance .

e. (5.0)  OMITTED AND/OR INCOMPLETE TESTS . All required tests
that are omitted , incomp lete , or tha t yield invalid resul ts will be
listed in tabular form (USACC Form 383—R (Test)). A concise explanation
will be provided for each test listed .

f. (6.0) CONCLUSIONS . Conclusions reached as a result of the
evaluation of the reduced data and test results will be provided. All
important satellite terminal link or system performance results , equip-
ment anomalous performance, and O&M deficiencies will be included .

g. (7.0) TECHNICAL RECOMMENDATIONS . All technical recommedations
for necessary corrective actions will be provided . Recommended correc-
tive actions will be those that could not be accomplished within the
timeframe or for which resources were not available to the test teams
or site maintenance personnel.

h. (8.0) DATA TABULATION.

(1) Tabulation of data for the technical evaluation data base will
be Included in each report. All elements will be listed and not applic-
able (NA) will be entered for elements not applicable. Where data is not
available , enter DNA . A separate subsection will be used for each sub-
system or equipment under test.

(2) station facility data will be included in this paragraph and
shoulv~ -nsists of such items as the pertormance worksheets , site lay-
out p~~~ l 4 , power dis tribu tion scheme , and equipment configuration
di agram

(3) The raw test data collected by the test teams will be included
in volume II. This data has not been included in the sample report in
an effort to reduce the size of the pamphlet without detracting from
its usefulness .

C—2
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FINAL TEST REPORT

(RCS : CC—OPS— )

VOLUME I

OPERATIONAL QUALITY ASSURANCE

SITE Y SATELLITE EARTH TERMINAL

TECHNICAL EVALUATION

Sample satellite report.
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1.0 GENERAL .

a. The per formance  of the AN / TSC—54 sa te l l i t e  ea r th  tLrminal ,
located at Site Y, was evaluated lAW DCAC 310—70—57 as supplemented by
CCP 702—2. The objectives of the evaluation were to:

(1) Optimize , characterize , and insure that the ear th terminal
was performing at the optimal or predicted noise performance levels.

(2) Provide a technical data base which could be used as a manage-
ment tool to assist the O&M commander and site personnel in es tabl ishing
an effective satellite earth terminal quality assurance program .

(3) Provide a listing of the remaining deficiencies and the appro-
priate recommended corrective actions for each .

b . The link and equipment parameters are shown in the following
tabulations . The evaluation is based on test data collected between
6 September and 15 October 1976 except as noted on USACC Form 383—R
(Tes t ) .

_________ 
LINK PARAMETERS
TRANSMITTER

STATION FREQUENCY TYPE
TESTED (MHz) TERMINAL

Site Y 7553.506 A N/ T S C — 5 4

_________ 
LINK EQUIPMENT TESTED

STATION RADIO OUTPUT MULTIPLEX ANTENNA TYPE
TESTED TYPE POWE R TYPE AND SIZE

Site Y AN/TSC—54 3.0 kw AN/ UCC—4 Four 10—ft
on low parabolics in
taps a cloverleaf

1.1 PERIOD OF EVALUATION . 6 September through 15 October 1976.

1.2 O&M AGENCY AND MAILING ADDRESS.

Commander
27 th Signal Command
Wo rms , Germany, APO New York 09999

Samp le satellite report. (continued)
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1.3 USACC TECHNICAL EVALUATION TEAM COMPOSITION .

NAME GRADE POSITION

JOHNS , Mary E. CW3 Team Chief

PETERS , J. W . GS—l2 Engineer

BOYD , Frank E7 Team NCO1C

GROSS , Edw ard E6 Technician

1.4 KEY PERSONNEL CONTACTED .

NAME GRADE POSITION

ROBERTS , Joseph C. COL CDR, 27 th Signal Command

HOWARD , William LTC Chief , DSC Operations ,
27t” Signal Command

RANDALL, Rober t E8 Site Station Chief

2.0 SUMMARY OF TEST RESULTS .

a. The earth terminal located at Site Y was evaluated using a 6
tactical channel configuration of the FM modems (emphasis Improvement
included) . A brief description of the test results is contained in
pa ragraphs 2. 1 and 2 ,2 .  The data elements are tabulated and compared
with manufactu rer ’s and military standards where appropriate in para-
graph 8.0.

b. The f i nal test data gathered on this terminal indicates the
system is operating at Its design capability ; however, a few deficiencies
were found as a result of testing. The most significant was the degraded
bandwidth of the power amplifier (PA) and the low gain of both parametric
amplifiers (para—amp) . Due to the frequency allocation of the transmit
carr iers , retuning of a preset power band of the rep lacement klystron
was required in order to meet mission requirements. A detailed descrip-
tion of the frequency interrelationships is contained in paragraph 2.2.5
below . Both para—amps were aligned to meet specifications following
modular replacement .

c. Another potential p roblem area was the tracking system of the
antenna. It was discovered that the receive C/kT dropped rapidly (up
to 6 db) when the tracking system was placed in the manual mode of
operation. This problem was identified and corrected by performing a
servo cabinet and azimuth synchro alignment per TM 11—5855—389—34/5 .

Sample satellite report. (continued) 
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d. A br~ e~ 1Id r~ ar ~~--t i ’ i  each ul tLe siCul ficant tests is cor~tained
ic t-aragra~-!is 2.1 ~ i~d ~~. z .  1 - : ~~ - w ~ ich i~et specilications aric provided
no Ignific~.~ L i t 1  1 Ii ~~tion cut system evaluation are not elaborated on
but - t e  ] i ~~t c~ i i i  p~~t a - ~ r~~j I :  2 .3.

2.1 t*~ 1P tL SiS.

2.1.1 1—k}i z fL~~ I ! ‘NE Si ;hAi LE VELS ( r — 4 )

a. Preliminary testing ~h .wed that tive of the six channels eval ua-
ted it  the H ~atch panel lafled te meet the ±1.0 db requirement as

-~1t- - ,i iieu in MI1.— STO—188/iOO . Those t~~1] log channels were suhs€-~ uent lv

~i ~us ted by te.~t t ~ oin per -scone i ‘ci neat the above requi rements.

b. It wa~ also noted during this ~~-~~t that the 420—kHz group carrier
did nOt .~~pear at the ot tput of ~he group carrier supp ly drawer. Further
checks by site personnel isolated the problem to a ~efective 420—kHz
filter module. The inoperative grcuip ca r r i e r  had no affect on the present
-Mmmunications since it was not being used f.cr normal system operation .

2.1.2 TJ- LE CHANNEL NOISE (T—8).

a. The r’clulrement to which the measurements are compared is based
an the periormance characteristics for a 6 tactical channel system.
lltc- noise level In the worst channel , ~r shown on the manufacturer ’s
ct~ara~ terization sheet , is —29.7 dbmO at the operating C/kT level of
6 7 . 3  d v .  lnd L-ations are that this was the worst possible case (emphasis

~~~~~~~~~~ n~ t con—idered). Since this system uses emphasis the noise
) p v ’c rtG , uAce cf the channels should h~ somewhat better. The ICN median
0f the six anneis tesr:ed at the VP patch board with the system looped
ct the antenna STT was —36.h ~~~~~~~~~~~

~U’lE: The above ICN value is shown at a C/kT level
of about 64 db instead of t h e  allocated level
of t 7 .3 db. However , even a t this lower C/kT
level , the noise level ot the channels was
st Ill better than ‘he e’~tahii—h c- i reqciirement.

b. Hourly It~ 4 ,neasnrements -~~~- r e  ~~so r il~er over the  s a t e l l i t e  l ink
tn clt.cin el 3. The median c~~lje an derived ‘ corn the  72—hour  per iod was
--40. d dbmO which is considerab i~ better than the established noise
perfnrrtancc level. Based on these measurements , it is apparen t that
t h e r ec e )v e  : /k r  w—~s higher tH -~n th e allocated level of 67.3 db.

2 1.3 iDL~-, ~JIANNEL l~-1F’bI~~ -: N ’tl~~l-. (i - - Y). rhe  impulse noise specification
as c t - m e d  ~u t ab le  IT of~ 1)CAC 320—175 -

~~~ states that the noise counts
t ;~,rni1 d — c t  exceed 15 counts per 15 minutes  above 72 dbrnO . Testing over
t : e  sarea ]lte l Ink ind ica ted  that  t h i s  requirement  was me t .  Subsequent
no ~e tc -  n c - c t S  v e i n  t ~ I WIt * ! ( n sys tem looped at the an tenna  STT .
I n  t h i s  ~~n t ’ -~v.k c o n f t g u r a t  ion , i t  sa~-; found t h a t  the  impulse  no i se
‘- oun r - -  - -t- ( ’. sr’- I ica t  l-oc-~ at all 7kI l e v e l - s  exceedIng 62.5 db.

Samp le satellite report. (continued)

C—8

- ~~~~~~ —~~~~~~--- -~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



IC 

- --- —~~~~~~~~~~~~ - - -  ~~~~ -_

CCP 702—2

2 . 2  RAD IO TESTS .

2 .2 . 1  ANTENNA TRACKING AND POINTING ACCURACY ( S T— i ) .

a. Several attempts were made to determine the track i-~p cab2hIlit~
of the antenna system; however , none were successful . W’-ct ever the
tracking system was switched to the manual mode , the receive C/kl l evel
rapidly de creased by as much as 6 db , indicating antenna r cv em e c  . How—
ever , no changes in the antenna look angles (azimuth and elevation) were
obse rved on the control panel .

b .  This p roblem was ident i f ied  and corrected b y performing an
alignmen t of the serv o cab inet and az imuth synchr o resolver lAW the
procedures described in TM 11—5855—389-34/5.

c. Subsequent testing indicated that the tracking syntem is capable
of autotracking the satellite.

2.2.2 ANTENNA FOCUSING , BEAJ4WIDTH , AND SIDE LOBE (ST—2). The antenna
beainwidth was within the tolerances (0.4 degree) that are shown in
figures 4—5 , 4—12 , and 4—13 of TM 1 1—5895—389—50/4 . The I irst side lobes
were —9.6 db In the clockwise direction ari d —8.6 in the UP direction
which did not meet the requirements of —10 db by 0.4 and 1.4 db
respectively.

2.2.3 WG RETURN LOSS OR VSWR (ST—5).

a. The slotted line technique was used to measure the VSWR ’s on
both the transmit and receive WG ’s located between the operati ons
control van (OCV) and antenna pedestal . With the transmit WG terminated
in the in termedia te power amp lifier (IPA) (normal configutation), ‘1~WR
measurements did not exceed 1.17:1 over the frequency banu of interest
(7.9 to 8.4 GHz). These results are considered acceptable based on
previous data gathered on the other AN/TSC—54 earth terir-ln ,cls .

b. Testing on the receive WG indicated ( : l - a t  VSWR ’s wer~ as high as
1.40:1 in the normal system configuration (microwave d lvi - u). Fut t i - - n

testing Indicated the probal- le cause to be ~h e f l ex ib l e  ~ n~ed to
connect the input to the microwave dividen . However, the - tg~-nci e s
over the frequency band are not of sufficient magnitude t -  nCvcrseiy
affect the noise or bit error performance of the terminal.

2.2.6 WG INSERTION LOSS (ST—6). The insertion loss on both the trans-
mi t and receive WG runs , as measured between the OCV and the antenna
pedestal , are considered acceptable for normal system operation . The
average power losses on the WG over the entire frequency range of
interest were 1.4 dh (transmit) and 1 .2 db (receive).

Sample satellite report. (continued)
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2. 2.5 PARA-AMP FREQUENCY RESPONSE AND GAIN (ST-7).

a. The specifications to which the test results were compared were
ext racted from the test and demonstration report (contract No. DAAB 07—
73—C—0077 ) which states :

Gain : 29.5±1.0 db from 7.25 to 7 .75  GHz

Ripp le: <0.5 db over any 40 MHz portion

b. Initial measurements on the para—amps showed that the gain was
degraded by 8 and 10 db on para—amps 1 and 2 respectively. The gain of
pa ra—amp 1 was brought to within specifications by modular r eplacement
of a defective Gunn oscillator in stage 2 and subsequent realignment.
Pa ra—amp 2 requIred only adjustments of the pump power and bias voltage
in order to meet the gain requirements; however , the ripple response of
this amplifier was out of tolerance in a portion of the required RF
bandpass (7.25 to 7.75 GHz). This deficiency is of little consequence
to the present system performance since the response characteristics
over the operating frequency spectrum are well within specifications .

2.2~6 IFLA FREQUENCY RESPONSE AND GAIN (ST—l3) . This test was performed
by injecting the test signals at directional coupler DC—3 and measuring
the output level at CP—8 on the WG switch . The manufacturer ’s specif I—
cations for tube type WJ—3l06 state the gain as 30 to 32 db and the
frequency response as 500 MHz at ±1.0 db points . Both amplifiers met
the frequency response requirement; however, the measured gain of IFLA
2 exceeded the maximum requirement by 1.0 db. This excessive gain is
of no consequence to system performance.

2.2.7 DOWN CONVERTER FREQUENCY RESPONSE AND GAIN (ST—l 7) .

a. Paragraphs 4 through 8 of DTM 11—5895—833—34/7 state the follow-
ing specifications for the down conver ter:

Frequency Response: ±0.5 db @ 10 MHz

±1.0 db @ 40 MHz

Gain: 43±0.5 db

b. Of the three down converters tested , only one down converter
( lA4 ) was found to be below the minimum gain requirement. The gain was
improved to specification by readjusting attenuator AT—S. The only uni t
failing to meet the frequency response requirement was down converter
1A2. Diagnositc testing isolated the problem to the 70 MHz IF amplifier
(AR—2) which was replaced. However, retesting of this converter still
indicated substandard results.

Sample satellite report . (continued)
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2.2 .8  UPLINK IFLA AND IPA FREQUENCY RESPONSE AND GAIN (ST—2l) . This
test ~as performed with the test signals injected at CP— 12 and the out-
put power level of the IPA measured at directional coupler DC—2 . The
measured gain of the IPA met the 50±3 db gain requirement over the
requi red bandpass (7.9  to 8.4 GHz) as stated in TM 11—5895—389—34/3.

2.2.9 POWER OUTPUT) VSWR , AND REFLECTOMETER CALIBRATION ; AND PA
FREQUENCY RESPONSE (ST—23).

a. Initial tes t results indicated that the PA was operating in a
degraded state. The measured —1.0 db ban dwidth response was only 12.5
MHz wide as opposed to the 50 MHz requirement as shown on page 5 of the
Va rian Test Performance Sheet VA—925S. The filament voltage was also
below the 7.0 volts minimum . This condition may have been a result of
altering the klystron ’s preset power bandpass for  operational purposes .
Shown below are the transmit f requencies in relation to the app licable
preset channel frequencies of the klystron and its associated 50 MHz—
bandwidth as stated by manufacturer.

CARRIERS

8040.357 8078.5

f
C

8055 : 8105

I 8080 PRESET
f I (CHAN 5) ‘ CHAN

I I

8015 8065

8040
(CHAN 4) I f

C

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
_ _ _ _

~~~ _ REQUIR.ED
8035 8085 REAI~JU STMENT

8060
NOTE : It is appa rent that bot h t ransmit carr iers are not

applicable to either preset mode (chan 4 or 5) of
operation. Consequently, readjustment of the
klystron was indicated in order to meet mission
requirements.

b. A replacement klystron was installed and retuned so that the
operating bandpass encompassed both transmit frequencies as shown in
the above diagram. Indications are that this kiystron is capable of
operating satisfactorily in a retuned condition .
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2.2.10 TRACK RECEIVER AGC VOLTAGE VS C/kT (ST—27). The threshold level
at which the receivers lost lock and regained lock on the simulated
beacon signal was measured in order to evaluate the track receiver ’s
overall performance. The tes t results below were obtained when the
phase lock indicato r registered these conditions :

C/kT~~(4~)
RECEIVER LOST LOCK REGAIN LOCK

1 45 46

2 43 44

Beacon * *

*Could not be de termined since the
beacon demodulator was inoperative .
This problem was traced to a miss-
ing 1.4—MHz voltage controlled
oscillator (VCO).

2 . 3  TEST THAT MET SPECIFICATIONS. The fo l lowing tests  were per formed and
the test results were considered to meet the applicable specifications .

a. Voice Channel Frequency Response (Manual Sweep) C T— b ) .

b. Voice Channel Envelope Delay Distortion (Manual Sweep) (T—12).

C. Voicc Channel F requency  Trans la t ion  (T —1 5) .

d . V o l e -  u anael  Spu r ious  Phase J i t t e r  and Hi t s  (Meter  M e t h o d )
(T-16).

e. F~~~3- ~~~p VSWR (SE-.lO).

f. VuWO ~ - n ’~er t er Noi~,e Figure (ST 18).

g. t p ’(;
~~

- - erter/Ex (~iteL Frequency Response and Power Output (ST—19).

h. Ti - -cI ~ E cceiver  AGC v~~i tage vs C/kT (ST—27).

i. t~1 Modem Deviation , Deviation Linear i ty ,  Dispersion , and
Frequency Response (ST—3l).

Sample satellite report. (continued)
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3.0 RF LQL I 1 MLN’ i 1-LR~- ( :RN ~~~~L hj-l (:p.I )-~~~ • i- :- ~w th~ L Lt- d~~-U ~~ c U d itd , i. .-
per to rmance  0 1 the  m a j o r  equ I - : e i t is~~ - t ~-~~ - n t e J  ~ts 1 e l i  ~~~c

DE’~CRIPTiI N

i S - \ h C  Fo i-r 396 —LI ( f t - c t )  R~ Lt- i ver  noise  q t i i € • t ~~~ t a r ar t L r l  ~ t i  cs~~ 1-~ -
at  I1 *~V ~

-, I -

USALC Form ~96—R (Test) keceI~~€-r - e i s ~ q’ 1et i i i ~- ~: ira eri - - t
at the jut. euna Si ~

USACC Form 396—R (lest) 1TNR vs Cjkj ( loop ed dt tLc OCV $11)

USACC Form 396—R (Test) LUlL vs C/I~ (loc[ d at t~ a r1~ -
~~~~ F ~~1)  .

USACC Form 396 —R (Test )  OBN vs C/h I’ Lo ped .t t I .— ‘Y /  SF r ) .

USACC Form , 9 6 — R  (Test)  OBN vs ~~~~~~ - i u o e e - i  at thu n t-e r- r u SI  i j

4 .0 .  LINK PERFoR ~1ANcI-: 1Nii (JJUR~~.

U EACC Form 449—R (Test) Distr1~~~~ ue rned~~ t of OBN .

5.0 OMITTED AND/ OR INC OMPL L~IE  ILk - il . F r  omitted a: ( i / o r  ~rj~~oi~~~~eL
tests , refer to USACC Form 383—R ~Iu St J .

6 .Ci C&NCLLSIONS . Based on the final test results , t I n S e-~r~ h t e r - a in a l
is ope t~~ting at its standard noise per: ormance lev.-~1 ~-tI :c- ~s m e et i r i ? thu
‘inissic- u requirements for which it was designed . It should be flu ted t h a t
i rL t i a l  measurements found the e a r t h  L c r r - L n a l  t o  bt- o p e r ar n ~~ in a
degrad er :  s t a t e  ( t r an s m i t , rt— ctr i ve , and sot :- t rack fw-1~:t~~u1s . TherLtc,e ,
it is ~ a ’ -

~ ri :a~ periodic maint-:-~~ n - n -  hon ~s be s~ r eduJe d and :~~r-
formed on both the stancI n~’-- and pe~~d t  lor~aI ~ - u~ prnent t~ pr e c L - d~r
p erformancc sl!~~~i x i g  to a Jeg d-~-j s t a te .

7.0 ‘IL /t~N1 CAL I- l-~~ I~ iENIIA I LL1N~

a.  The reco~~aended o-t - efl t~ vC ~t - t i  ns tabol~~ted h c 1j w  w~ ll i n r er ov e
the overall performance of t Ie nsx~ t - r : - I u i a  ; h~-we -.fl , t he de~ 1C~~~ri~
that are marked with an an~~t e t  e r  nrc r u t  a.-gru ole~ n h& s stn : t - :  tht
point of :ris turre r di juan is f-~e~ 1 - .i ~ini - ~ Inft- i ‘u l  ~~- ton t c  - 1  ~:e— d .
cost--effective t t n i c  t i ~~e

b . ku- u r - ~ I-t - - -~ e n n ~~ sh u n l d  n r n :~~ur t Loer - &~ n i u c o r ~~~cted Ci~~t i ci.~ti 1C~ t

~re - j u -~e c -ste ~~~ ~i~ ucot1sf~~n lou .

Samp le sni l el  i .- u ) r t  . (con t inued )
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Deficiencies and Reco iended Corrective Action

RECOMMENDED CORRECTIVE
DEFICIENCY PARA REF ACTION

*No 420—kHz output at the 2.1.1 Replace the defective
group carrier supply unit upon receipt of
drawer the requisitioned part

Out—of—tolerance 2.2.7 Install a good 70—MHz
frequency response on IF amplifier (AR—2) in
down converter lA2 this down Converter and

repeat the frequency
response test to insure
that the unit meets
applicable specifica-
tions

*Inoperative beacon 2.2.10 Install a 1.4—MHz VCO
demodulation in the receiver and

make appropriate checks
or alignments as
required to bring the
receiver within an
acceptable performance
level

*System is not degraded to the point of customer dissatisfaction;
remedial action is not considered cost—effective at this time.

Sample satellite report. (continued)
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8.0 SATELLITE EARTH TERMINAL DATA TABULATION .

a. Link No S—0000

b. Trunk No 444443

c. Trunk No 444444

d. O&M MILDEP US Army

e. e of Terminal AN/TSC — 54 (phase I I )

f. Systems Configurations
(Sites Y and x)  3 Tac (xmit)

6 Tac (rec)

g. Type of Multiplex Equipment AN/UCC-4

h. No. of Through Groups NA

i. Path Length —— Site Y
to Site X (km) 48 , 324

j. Path Attenuation (db @ MHz ) 202.67 @ 7304.599

k. Earth Terminal G/T Ratio (db)

(1) Theoretical 26

(2) Measured DNA

1. Earth Terminal SNT (°K)

(1) Specification 170 max

(2) Measured DNA

m. Antenna Gain (Rec)(db )

(1) Theoretical 51.2

(2) Measured DNA

n. Antenna Size (meters) 60

o. Antenna Type Cassegrain

p. Low Noise Preamp lifier Type Parametric

Sample satellite report. (continued)

C— 15

-__
—

~

-

~

-/h

~

.

~ 

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _



CCP 702-2

(1) Cain Specification (db) 29.5±1

( 2 )  Measured Gain (db )

(a) Para—amp 1 29.0

(b) Para—amp 2 28.8

q. Para—amp F requency Response

(±db @ MHz )

(1) Spec i f i ca t i on  < 0. 5 db of an~ 40 MH z
portion of specified
bandwid th

(2)  Measured

(a) Para-amp 1 581 .b 3

(b)  Pars—am p 2 DNA

r. r~~r a—amp Noise Tempe ra ture  (°K)

(1) Specification 135 max

(2) Measured DNA

s. Para— amp Input and Output VSWR

(1) Specitication <1 .3:1 fr ’i: 7.25 to
7 . 7 5  - . i i z

(2) ~Ic isrired (at 7500 GHz)

(a) Para—amp I

1. Input  1.04:1

2. O u t pu t  1.17:1

(b)  Par s—amp 2

i .  Input  1.04:1

2. Ou tpu t  1.06:1

Sample satellite report. (continued )
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t. WC R}’ Inser t ion  Loss pci 3048 cr~i ( J - : ee )  (db (~ GHz)

(1) Sp e c i f Ic a t i o n  1 db at L ( I L
2 . 4  -lL at 7 . 2  Ci i , :

( 2 )  1-knasured 1.2

u. WG Re tu rn  Loss (Lee)  (db )

(1) Specification -17.o9

(2) Measured 15.9

v. 1FLA

(1) IFLA - ;a ln  (db )

(a) Speci f icat ion 10 t u  32

(b) Measured

1. IFLA 1 30

2. IFLA 2 3

(2)  IF’LA Frequency Response (± db @ l’fflz )

(a~ Spec i f ica t ion  ±1 @ -

(b) Measured

1. IFLA 1 ~50O

2. IFLA 2 

w. Down Converter

(I) Down J i rv e i t e r  Ga in  (db )

(a) Specification 4i~Lu .5

(bi ~-1€ctsured

1. Down Converter  lA2 . /

2.  Down Converter 1A3 42 . 5

3. Dow n Converter 1A 4 

Samp le satellite report. (cont Inn :~~-.
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CCP 702—2

(2) Down Converter Frequency Response (±db @ MHz)

(a) Specification ±0.5 @ 10
±1 .0 40

(b) Measured

1. Down Converter lA2 27.0 @ 39.7

2. Down Converter lA3 43.0 @ 45.4

3. Down Converter 1A4 43.5 @ 46.0

(3) Down Converter Noise Figure (db)

(a) Specification 16.5 max

(b) Measured

1. Down Converter lA2 11.4

2. Down Converter lA3 13.0

3. Down Converter 1A4 14.1

x. FM Demodulator

(1) FM Demodulator IF Bandpass (MHz)

(a) Specification
MIN NOM MAX

1. 6 Tac Chan 0.280 0.320 0.352

2. 3 Tac Chan 0.387 0.432 0.473

(b) Measured

1. 6 Tac Chan 0.462 3

2. 3 Tac Chan 0.32 1

y. C/kT Ratio (Rec) —— Site X (db)

(1) Specification 67.3

(2) Measured DNA

z. ICN (High Chan ) —— Site X (6 Chan)

(1) Specification — 29.7

Sample satellite report .  (continued)
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(2) Measured —40.68 (chan 3)

aa. NPR (Hi gh Slot —— 6 Tac Chan)(db)  • 23.0 (calculated)

ab. Loading Level —— Site Y (dbmO)

(1) Specification 2.1126

(2) Measured

(a) Transmit 0.91

(b) Receive 2.11

ac. FM Modulator (SN083) —— Site Y

(1) FM Modulator Power Output (dbm)

(a) Specification —10 to 10

(b) Measured 19.5

(2) FM Modulator Frequency Output (MHz)

(a) Spec i f i ca t ion  70±700

(b) Measured 70

ad. Up Conver t e r

(1) Up Converter Power Output  (dbrr~

(a) Specification . . . Adjustable  from —1.5  to
—31.5

(b) Measured

1. Up Converter 8A2 9.5 max

2. Up Converter 8A3 9.5 max

3. Up Converter 8A4 11.0 max

(2) Up Converter Frequency Response (±db @ MHz)

(a) Specification ±1.0 @ ±20 of F
~

(b) Measured

1. Up Converter 2A2 46 .67

Sample sate l l i te report .  (continued)
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2. U p Conver ter  2A3 . 46.23

3. Up Conver te r  2A4 45 .98

ae. IPA

(1) IPA Freq uency Response (±db 0 Mh z)

(a) Specification ±3 from 7.9 to 8.4 GHz

(b) ~easured (IPA I) >500

(2) IPA Cain (db)

(a) Spec i f i ca t ion  50±3

(b) Measured (IPA 1) 48.6

a f .  Final PA

(1) Finai PA Power Output (HPA) (W)

(a) Specification 3 kw on low laps

(b) Measured 3162

(2) Final PA Frequency Response (HPA) ( I f I l z  — db)

(a) Specification 50 @ —l

(b) Me~.sured 54 @ — l

(3) Final PA Output VSWR (HPA)

(a) Specification 1.5:1

(b) Measured 1.134:1

i~~~~. WO RF Insertion Loss per 3048 cm (Xmit) (db @ GHz)

(1) SpecifIcation 1 db at 8 GHz
2.4 db at 7.2 GHz

(2) Heaeuren i 1.4

Samp Ju satellite report. (continued)
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APPENDIX D. ABBREVIATI ON S

A (~ alternating current
adj adjustable
AF audio frequency
AGC automatic gain control
ALC automatic load control
amp l amplifier
AIISF area maintenance supp ly facilit y
A0 authorized outage
asgd ass igned
atten attenuator
avg average
AWG American Wire Gage
AZ azimuth
bal balanced
BB baseband
BER b it err or ra te
BINR basic intrinsic noise ratio
BITE built—in test equipment
BN bandwid th no ise
BNR basic noise ra tio
brdg bridged
B/S b its per second
BW bandwidth
BWR bandwidth ratio
cal calibra te
cap capac ity
CCIR International Radio Consultive Committee
ccw counterclockwise
C—E communications—electronics
ch channel
cir circuit
C/N carrier—to—no ise
coax coaxial
comm commun ica tions

a cony converter
corr corrected
CW con tinuous wave
CPB circu it equal level pa tch bay
DA Department of the Army
DC direc t curren t
DCA Defense Communica tions Agen cy
DCS defense communications system
demod demodula tor
demux demultiplexer
dev deviation
d i f f  d i f f e r ence
dir di rec t ional
dist dist r ibution
dlv divider
DMS delay measur ing set
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CCP 702—2

DNA data not available
DS direct support
DSCS defense satellite communications system
dur duration
EHF extra high frequency
Eirp effect iva— isotropic radiated power
EL elevation
engr engineer
eq equal , equation
equip equipment
ERP effective radiated powe r
ext external
FDM f r e q u e n c y  d i v i s i o n  m u l t i p lex
FDMA frequency division multip le access
FM frequency modulated
f req freq uency
FSVM frequency selective voltmeter
fwd forward
GA gage
gen gen erator
gp group
GS gene ral suppor t
C/T gain--to—noise
HF h igh f r e qu e n c y
HI h i gh
HPA high power amp l i fi r
lAW in accordance w i t h
LCN idl e channel  noise
ID identification
IF intermediate frequency
IFLA in t er fa ci li ty  link a m p l i f i e r
IFLO intermediate  f r e q u e n c y  local  o s c i l l a t o r
IM intertiodulation
m t  internal
IPA intermedinte power amplifier
ll dg  load ing
LF low f r equency
LNA low noi se  amp i ~f1,~r

LO local o sc i l l a t o r
LPA low powe r am p l i f i e r
lvi level
max maximum
med medium
MILDEP military depar tmen t
mm minimum , minutes
mod modulator
MPB multi p l ex patch bay
mag message
mtr me ter
mux multt p lexet
NA not app licable
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NF noise figure
NLR noise loading rat io
norm norma l
NPR noise power ratio
0&M operations and maintenance
OBN out—of—band noise
OCV operations control van
op opera te , operated , operating , operational
osc oscil lator
PA power amp lifier
para—amp parametr ic  amp l i f i e r
PEP Performance Evalu~ t Ion Program
p/o part of
P08 position
PPB p r i m a r y / c a b l e  patch bay
PSK phase sh i f t  keying
Pt point
pwr power
rcvr rece iver
rec receive
ref reference
rel rela tive
ret return
RF radio frequency
RFLO rad io frequency local osc illator
rms root mean square
rpmn repa irman
RSL received signal level
rvse reverse
SATCOM sa tell ite communications
SATEP Satellite Technical Evaluation Program
SCCT single—channel c a r r i e r  tone
SCTT single—channel test tone
S/E s ignal—to—echo noise
sel selective
SG supergroup
SHF super high freq uency
sig signal
S/N signal—to-noise
SN serial number
SNT system noise temperatu re
SSN s ta t ion serial  number
sta stat ion
STT self— test translator
SW switch
SWR s tanding wave ra tio
TDY temporary duty
TED technical evaluation detachment

Technical Eval uation Program
te rminal

I LP  test level po!nt
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TMDE test , measurement , and diagnostic equipment
TNS transmiss ion meas ur ing se t
TP test point
TT test tone
TTNR test tone—to—noise
TWT traveling wave tube
TWTA traveling wave tube amplifier
UHF ultra high frequency
unbal unbalanced
uncorr uncorrected
USACC US Army Comm unications Command
VAC volts alternating current
var var iable
V CH vo ice channel
vCO voltage controlled oscillator
VDC volts direct current
vert  ve r tical
VF voice frequency
VFCT voice frequency carr ier terminal
VFPB voice frequency pa tch bay
VHF very high frequency
VM vol tmeter
VSWR vol tage stand ing wave ra tio
VTVM vacuum tube vol tmeter
WB wideb and
WG waveguide
wo wi thou t
WI/DC working voltage direct current
xfmr transformer
xmit transmit
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Co lo n u t , ( :s
4 Acting Cliji t a)! ai :11

L.A . REMI IN C , 11
Major , AGC
Adjutant General

DISTRIB tJ-i-ION :
4

20 — CC--UPS—OX
5 — CC—PA-- A~MI

37 — CDR , 5th Signal  Command , ATTN : (i t. ) P-- Q , ~1 )  - r-~~-.- i a i k  09056
36 — CDR , 6 th  Signal Command , A T T N :  CCI’ —OP — O , Al u San }-ran  i~~co 96558
15 — CDR , 7th Signal Command , ATTN : CCN—PO—QA , Ft Rf tchje , MD 11 719
30 — CDR , US Army C o m m u n i c a t i o n s— E le ct ru n i c s  E n g ii - -e iing Installation

A g e n c y ,  ATT N :  CCC—AD—RMO
5 — JCS (J—6), Wash ington , DC 20310
2 — CINCEUR , APO New York 09128
2 — CINCUSAREUR , APO New Y o r k  0940 3
2 — CINCP A C , FPO San Franc isco  96610
2 — CINCLAN T , Nor fo lk , VA 23 5U~
2 — CIN~ SAC , Uffutt AFB , NB 68L3
2 — CINCRED , MacD il l  AFB , FL 33608
2 — COMN AVTE LCOM , 4401 Massachusetts Ave NW , Wu - - !u~~L i , DC 2 1’39 0
6 — Director , Defense Communica tions Agency,  W - i - - f u ~~tuu , DC 20305
12 — Director , Defense Documentation Center , ATTN ; H :10,

Mr D.S. Selland , Cameron Station , A1exatidti~~ VA 22314
4 — Direc to r , Defense Communicat ions E n g i n e e r iu g  - unla - r , 1860 Wiehie

Avenue , Reston , VA 22090
2 — DCA—PAC , APO San Francisco 96515
2 — DCA—EUR , APO New York 09128
5 - HQDA (DAMO—ZA) , WASH DC 20310
2 — HQDA (DALO—ZA) , WASH DC 20310
5 — CDR , US Army Forces Command , Ft McPherson , I~~~~ 30 31)

5 — CDR , US Army T ra in ing  and Doctrine Command , F -  Mua rue , \ A  23651
5 — CDR , US Army Mater ie l  Development and Read i i a~ Canninand ,

5001 Eisenhower Aye , Alexandr ia , VA 22304
3 — CDR , US Army Intelligence and Security Comi i~ , A kli u gton , VA 22212
2 — CDR , US Army Elec tronics Command , Ft Monmouti , NJ 07703
3 — CDR , US Army Satellite Communications Agency, i - I  ~i - - n i i i a a u t h , NJ 07703
2 — CDR , US Army Military l)istrict of Washington , Ft 1 &-sl€y J. Mc N a i r ,

Washington , DC 20319
2 — CDR , US Army Support Command , API ) San Fran i s - u  9h557
1 — CDR , USACC Agency Whi te Sands , ATTN : SGT H i t h l ,h , Wh it e Sand s

M iss ile Range , NM 88002
IC or t jnued on next page)
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DISTRIBUTION: (cont)

5 — COMDT , US Army Ai r  D e f e n s e  School. , Ft  Bl iss , TX 7991E1
5 — COMDT , US Army Armor School , I t  Knox , K’~ 40121
5 — CONDT, US Arm y Aviation School , Ft Rucke r , AL 36360
5 — COMD T , US Army Command and Genera l  S t a f f  College , Ft Leavenworth ,

IS 66027
5 — COMDT, US Army Communications—Electronics School , Ft Monmouth ,

NJ 07703
5 — COMDT, US Army Field Ar ti l lery School , Ft Sill , OK 73503
5 — COMDT, US Army Infantry School , Ft Beaning, GA 31905
5 — COMDT, US Army Missile and Munitions School , Redstone Arsenal ,

AL 35809
5 — COMDT , US Army Ord nance Sch oo l Aberd een Proving Ground , MD 2 1005
5 — COMDT, US Army Quartermaster School , F t Lee , VA 23801
5 — COt-tOT , US Army Transpor ta t ion  School , F t  Eus tis , ‘ A 23604
2 — COMDT , US Military Academy , West Point , NJ 10996

28 — COt-tOT , US Army Signal School , ATTN : ATSN- DT—M , Ft Gordon , CA 31 905
2 — CNO , Navy Department , Wash ing ton , DC 20350
2 — Superintendent , Naval Acad emy ,  Annapolis , MD 21402
2 — Third Mobile Communications Group, Tinker AFB , OK 73 145
2 — HQ US Air Force , Washington , i)C 20330
2 — CDR , USAF School of App lied Aerospace Sciences , AITN: COL Cyr ,

Keesler AFB , MS 39534
2 — COR , AFCS , Richards Gebaur AFB , MO 64030
2 — COMDT, USAF Academy , CO 80840
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