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BACKGROUND

AUTODIN (Automatic Digital Informati on Network ) is the major nontactical
communication s system of all the armed services. Worldwide, it monthly  processes in
excess of 10 million messages over a variety of wire-line, microwave , and satellite circuits.
AUTODIN subscribers are serviced on terminals ranging from 75-baud te letype to 2400-baud ,
magnetic-tape units. Routine traffic is generally delivered anywhere worldwide wi th in  30
minutes ; higher precedence traff ic even more quickly.  AUTODIN is a full-duplex circuit
employing ARQ (Automatic Request for Repeat ) for error control. AUTODIN data are
formatted into blocks of8O characters to which parity bit s and 4 contro l characters are
added. Each tran smitted block is acknowledged (A CK )o n  the return link it ’ it received cor-
rectly. If the block is received in error , a NACK is sent on the return l ink and the data block
is retransmitted.

To date the only portable/tact ical AUTODIN term inal is the Mobile AUTOD 1N
Terminal . AN/TYC-5A , constructed by Control Data Corporation for the US Marine Corps.
This uni t  has been used successful ly in Southeast Asia for 1 200/2400 baud connections to
AUTODIN when wire-line or good qua ’ity microwave radio links were availab le.

USMC operat ions will  l ikely occur in areas that are not wi th in  wire -line or microwave
distance of an AU TODIN access line. This document looks at facets of interfaci ng and
oper ating an AUTODIN l ink  (expected error rates of IO ~~ to I 0~~ ) over a hf radio path

~&.her c typical error rates are l 0 —  to io~ .

l)ATA CO M \1 UN ICATION CONCEPTS

In order to c l a r i ty  certain term s not usually used in voice communication discussions.
the following def in i t io n s  are given to aid reader s new to the field of data communication.

1)Ai’A RAT IC

The data rate is the speed at wh ich the bits are tr ansmitte d over a communications
system and is expressed in terms of bits per second (bps) or baud.

1)ATA BLOCK

A group of bits which constitutes a basic unit  for transmission is called a data block.
Usu ii l lv .  when one or more bits in the block are in error , the entire block is rejected. The
AUTODIN block consists of 84 characters or 672 bits.

THROUGHPUT

The number  of data blocks which are received correctly over a set time frame. usually
one minu te , is called throughput. AUTODI N has an ul t imate  throughput of 105 blocks per
m i n u t e  at a data rate of 1 200 bps and 290 blocks per minute  at 2400 bps under 2-way.
erro r-free transmission conditions. If data are only being tran sferred one way, throug liputs of
107 blocks per minute at 1 200 bps and 214 blocks per minute  at 2400 bps are possible.

3
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MO[)EM (MODULATOR I)FMODULATOR)

- The modu lator portion of thi s  uni t  takes the dig ital  data (combinat ion of mark s and

‘~paccs ) and converts them into audio signals in order th a t  the data may be tra nsmitted over
telephone line s or radio transmit ters .  The de m odulator portion changes the received audio
signals into di gital  data  for processin g by the terminal  equ i pment .

1) IV E RSITY COMBINER

This is a device which takes two or more separate ly received si gnals ( ident ical  except
for phase shifts and ampl i tude  t iuctu at io ns)  and adds them in a coherent manner  such that  a
composit e add i t ive  signal is formed which hears a stronger likeness to the orig inal signal.
Al ternat ively ,  a switch on this  device may be used to select the better signal based upon in fo r-
mation concerning si gnal strength or signal-to-noise ratio although. by thi s m ethod , som e loss

relative to true diversity-combiner operati on is encountered.

AUTOD IN COM MUNICATION BASICS

A comp lete description of AUTODIN data -communicat ion specit ’icat ions may be

found in DCA Circular 370-1) 1 75- 1 . DCS AUTOD IN Int erface and Control Criteria. Portions
of these spec ifications salient to throug hput  discussions are included here for convenience.

DATA FORMAT

AUTODIN data blocks consist of 84 characters of 8 bits each for a total of 672 bits
(see fi gure I ) .  The first character is used for determ ining the beginning of a message and the
beginning of each subsequent data b lock. The second character is used for selecting the
desired output  device. The next 80 characters comprise the actual data . Each character is
composed of 7 data bits and a parit y bit (total  of 8 bits ) used to detect errors. Character
83 is either an end-of-block or an end-of-test character. The last characte r is a block-parit y
character used for detecting errors horizontal ly across the data block. The first 2 character s
are not included in the calculat ion of block pari ty.

ACKNO WLEDGES

When an AUTOD IN data block is received correctly at the remote receiver , it must
return to the sender an acknowledge answer consisting of two 8-bit A(’K characters. I f a

block is received incorrectly a 2-character not acknowledge (NACK ) is returned. ACK I and
ACK2 charac ter pairs arc alternated to aid the continuous-mode error determination.

BLOCK -BY-BLOCK MODE

The block-by-block mode is the simplest to understand.  The transmitting terminal
transmits  a sing le block and the n waits  for the acknowledge . II ’ the block is not acknowled ged

,4
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DEL 672 TOTAL BITS/AUTOD IN BLOCK ETX

Figure I .  AUTOD IN data-b lock format .

the transmitting terminal again tra nsmits the block and awaits an acknowledge un t i l  the block
is finally received correctly. Once a block is acknowledged. the next block in line can he
transmitted.

CONTINUOUS MODE

The continuous mode is a more complicated mode than the block-by-block mode. but
it has certain performance advantages. Two blocks are ini t ia l ly  t ransmitted and acknowledge s
are accepted for each at a certa in later time. If the acknowledge for the first block (ACK I
is received before the second block has been completely transmitted , the way is then clear to
transmit the third block while waiting for the second block ’s acknowled ge (ACK2 ) .  and so on.
alternating ACK I and ACK2. If a block is not acknowledged (NACK ) .  then both the
erroneous block and the block in progress of being transmitted are next t ransmit ted .  In this
way, block sequencing is kept correct although the second block is t ransmitted twic e .

HIGH-FREQUENCY BACKGRO UND

Hig h-frequency (hf )  radio waves by definit ion are in that  portion ot the radio spectrum
between 3 and 30 megahertz. However , since most hf radio uni ts  can operate as low as 2 mega-
hertz , the hI ’ range for purposes of this document will he considered to lie between 2 and 30
me gahertz.
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The h f hand is t h e  on ly frequency han d capabl e 1)1 F~~ L I t i t l e  coin II u n i c a t  iO ils he ond a
200-mile (320 k m )  range wi thou t  requi r ing  sa t e !t i t e  ~ r o ther  si gnal r ela x po in t .  Rel iable
com m un ica t ions  at ranges LI I ) to 2000 mi lc ~ ( 3200 km ) should he achiev ed it ’ proper I r equen c~
assign m ents  are made and corre ct t re qu en c ma ih igeu lent  is ~er tormed.  F requency manage-
ment  is the selection and co ordinat ion of assi gned t ’req ue n cm e s neces sary to keep t h e  c i rcui t
ope rat ing on the best as ai lab le f r e q uency .  l:reque ncy predict ions aid frequency mn an a g em ei l t
anJ  are c o i t i p u t e r  ca lcu la t ions  wh ich predict  o p t i m u m  frequencies  for each hour  of I he data
fo r the hf circui t  of concern.

GROIJ N DWAV 1/

Gro u n dw a v e  coverage at high ir equencies is ex t r eme ly  r c i i ah le  l’or short-range communi-
catio ns. (‘overage ca n ex tend  to about  200 miles (320 kin ) over a sea—water p a t h .  I loss e scr .
over land , circuits are l imi ted  to about SO miles (80 km ) I’or the ki lowatt-cla s s  t r a n s m i t t e r .
Ext remely  rugged terrain and dense forest or jung le can f u r t h e r  l imi t  groundw ave communic .i-
tions , to the l 0-to-25 mile ( l ô-to-40 kin ) range.

if use is made of groundw ave co inn iu nicat ions . t he fol lowing condi t ions  should he
observed:

( a )  Use a vert ical ly polarized an tenna  such as a 32-loot ( 10—metre ) s~ t ip .  Ho rmzon—
tal ly polarized waves are subject to considerable addi t ional  absorption.

h )  The an tenna  should be sited as hi gh as possib le in the local te r ra in .  A locat ion
havi ng no nearby major obstructions between the two communica t ions  areas
should he selected.

(c ) The lowest assigned frequency (preferably between 2 and 4 megah er tz )  shoi:ld — -

he used since greater a t t e n ua t ion  over a groundwave path is experienced with
higher frequencies.

If these condit ions are met. groundwave ranges for  reliable communicat ion s should he
achieved wi thout  d i f f i cu l t y .

SKYWAV 1-1

Skywave propagation is the fami l ia r  mode for hf radio waves. Electromagnetic waves
leaving the earth are refl ected hack to earth by a region of the upper atmosphere called the
ionosphere. At a l t i tudes  from 70 to 280 miles ( 1 1 3  to 450 kmii ), the atmosphere is elec t rica ll y
charged (ionized ) by the ul traviolet  radiat ion from the sun: the ionized atmosphere reflects
radio waves in the hi ’ reg ion .

Certain hi gh frequencies wil l  t ht ms propagate over long distances af ter  one or more
reflections from the ionosphere. Figure 2 shows an examp le of h f ionospheric propagation.
At the t ransmit ter  site (range = 0 kiii ), v. :mves a re shown leaving at elevation ang les of 3 degrees
and hig her in 3-degree steps . rh c  radio waves are re flected trom the  ionosphere at al t i tudes
rang ing from 140 km to 2 10 km and are ret t mr t med to earth at ranges from 1 250 km to 2300 km.
The range from 0 to 1 250 km is called the “sk ip ” ra nge since all of the sign al has “skipped”
over this  range. No skywave cot iuillu nic ation is possible in t h is range at the frequency shown.
Lowering the transmission frequency can make tile skip dis tance as small as necessary . Rais-
ing the frequency can make skip distances as long as 4000 km.
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Figure 2 . I high- f reque n cy  ionosph eric propagation.

The I—hop co ’.erage. as ment ione d .  was from 1250 to 2300 ki ii .  These ss .i’ . s can
reflect  off the ear t h ~s surface , re tu rn  to the ionosp here . a nd again he refl ected to  ground.
r u e  second re turn  to ear t h .  in the examp le of I’igure 2. occurs at range s f r o m  25 50 kin to
ove r 4500 km. These signal s lia ’. e been rct lectc d twice b y t h e loilosp here and.  con sequent ly .
the  process is cal led 2—hop propagat ion.  Three—hop prop agation can he seen to occur ii
ranges beyond 4050 kin . At 4O~ O km ai~si beyond. b oth 2-hop and 3—hop s’. a’. Cs can he seen
cOifl i ilg to earth at the  same spots. The 2 d i f f e r en t  paths  can in t e r fe re  w i t i l  each o the r .
r e s im l t i i i g  in a Process called m u l t i p a t h  i n t e r f e r e nce .  ‘ru e mu 1t ip ~ith  m t  ~I crence  is ses c r c  only
if ’ the two arrivin g signals are of nearly equal s t rength .  M u l t i p a t h  m n t e r f ’erence is o f t e n  character-
ized by su bs tant ia l  re ceived si gnal s t reng th but also by dis tor t ion on ‘.oic e or te h e t ~ pe ( I \ I

comm i icat ions . As in the case of skip  distance , the  m u l t i p a t h  in t e r i e r e n c c  problem can be
red u ced by ch angi n g tre quemlcies which wil l  lead to changes in the  re la t i ve  co n t r ibu t ions  of
the propagat ion p ath s.

Normal h oLm r-b y- h our  propagation changes m ake up one of the factors which make the
h f regiom i d i f f icul t  to use rel iably.  An exce llent  exam p le of such diurnal  propa gation varmat  ions
is shown j il  f igure  3. Observed pr opagation hetweeml Norfolk and a location near San l ) iego

Posta ) is shown I or a typ ica l  day.  The data  consist of I 0—minu te  averages ~ rece ve st
si gnal s t r eng th  made oil ~O t requenc ies  by a sounder sy s te m . On the i’igurc. t i~c hei gi lt of t i le

~‘spik es  represe nt s  t i le  re l at iv e si gnal s t rength .  For examp le, at 0100 ( M 1 .  the range from
I 3 to I S  M i i i  shows the s t ronge st  s ign a ls :  however , frequencies down to aho ti t  ~~~~~ M h z  are
present a mid  pro b ably are umsah i e b y the  communicator .  At about  0700 ( \1 I . the  max i m u m
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us abl e t r equenc y ( M UF ) begins to (1101) and f ina l l y r eaciiL ’s the  nig h t t i me ln in imun )  around
1100 (;M ’l ’ . Note that  ahoL mt this  t ime ,  only a small range of t requei i c ies  is being received
wi th  a i lV a m o u n t  of s ignif ica nt  si gnal s t rength .  Unless a t ’req um ency is a vam l ab le  il l the 7—t o — 8
Ml i i  range . com m unicat ions may he d i t ’t iet mlt at th is  t i m e. At  abo ut t 1 500 ( ;MT (corre spond—
im i g to sunrise ott the  circui t  between Nor fo lk  and (‘a l i t o r n i a )  the  M U F  begins to increa se
rapidly .  By 1 800 GMT, the M U F  is over 16 Ml i i  aild the 8—MHz t ran s m issions are iio longe r
p rese n t. Th rougho u t the balance of ’ the day . the strongest signals are foun d m n t ime l~S-to-22
M h z  ramlge. Iii figure 3. note the presence of ’ a “val ley ” at aho u mt 17 Ml i i  from 1°0() t o

2200 GMT. This probably represent s the f ’re quency associated w i t h l  the sk ip  area of ’ t i le
previous ti gu mre. Thus , depe n di n g u mpon the c i r c u i t , there may not  a lways  he a co n t im i uou s
range of ’ usable frequencies hum t . ra ther ,  several rai lges w i t h  gaps between them.

The general propagation characte ristics exh ib i t ed  in fi gu re 3 wi l l  hold I~~r a h i i i o s t  aii\
hi ’ c i rcui t .  Depending pri m ari ly umpon th e c i rcu i t  i em i g th .  the size of the observed range
propagating frequencies and tile absolute value  of the  i’r equencies wil l  change . I i gure 3 is

t’or a path  length of ’ 2200 mlli l es (3540 k i l l ) :  fo r  lomi ger c i rcu i t s , the spread of f r equenc i es
prop agat iilg at any one tun e becomes smaller. For very long ranges . tile spread m ay  go to
zero : no frequencies wil l  be propagatii lg between tIle 2 points  at som e timiles of the  day.  For
shorter  p ath s . the M U F  d iu rna l  range decreases. For ex amp le. over a 600-mile ( 9 6 5 — k i l l )
c i r c u i t  d u r i n g  the day, the MUF ill~~ be fro m 8 to 10 M u ,, and , at nigh t , 3 to 4 M I-I,.. Regard-
less of r :milge. tile same gener al clay ni gh t  pat ter n remains.  Nig h t t i me t ’req uencies are about
1 3 to i :~ the value of ’ day t ime  fre quencies . and the NI t . J F changes are most rap id at t i i l le s
near sunrise and sunset Oil t i le  path.

l)ata from soun ders a n d com munica t ions  c i r c u i t s  i l av e been accumulated t’or decades.
From these data . the fol lowing can he concluded f ’or an h f system wi th  1 —kw t r ansmi t t e r s  an d
32-foot ( I  0-metre ) vertical am itennas over an l lf c i rcui t  less than 2000 illileS (3200 kn i )  in
length :

( a )  The a b i l i t y  to cO m ll n lumlicat e  wi l l  be present between 98 and 99 percent of the
t im e

(h)  Between 2 and 6 fre qu em i cy changes per day wi l l  he necessary.

The hi gh-frequency co inmum u ica t ions  problem is thus seen to he f requ mency- m an age m ent
related and not propagation related. A propagation path exis ts  nearly all of ’ the t ime  l’or a
circu i i t  2000 miles (3200 kill ) or shorter. The prob lem is to find t u e  spread of propagat ing
frequencies at any given tim uie and then  to Plan to ensure t h a t  the authorized frequmency-
assi gnment  l ist  covers the correct frequency range and has s u f f i c i e n t  frequencies to cover any
spread and the possibility of assigned t’r equ encie s h aving in te r fe re n ce  present. The HF
AUTODIN l im i k require s d u p lex 12 llf f’r cquencie s s im u m lt an c ous ly  ) operat ion and . hence. is
comp licated by having  to find 2 f ’requencies whicil  m eet tile foregoing req umire m ent s .

HIGH-FREQUENCY COMMUNICATION TECHNIQUES

To reduce the hit -error rate, variou m s techniques  ilave been umsed which  si gn i f i can t l y
improve the  average signal-to-noise level and/ or  redumce the  number  and du ra t i on  of ’ fades.
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SPACED -ANTENNA DIVER SITY

Spaced -antem l i la  d ivers i ty  is e f f ec t ive  in red imcing hit-error rate at h f and at microwa ve
frequencies .  At h f ,  the combin ing  of ou tpu m t  f rom separate am lt em l i l as , th rough  indiv idua l
receivers . cail be acc Om llp li Sh ed in the MX — 5 13 data mode m . (‘o m n b m n i n g  is dom m e separately Oil

each tone in the mnul t i to i l e  package. ‘Ibis method is necessary because fading is o f t e n  f re-
quency select ive at h t ’. At microwave f’req imeiicies . the  f a d i n g  is f iat  aci’oss a 3— k Hz band-

width  and an t en na  divers i ty  combin ing  is done ahead of the modem by switching to the

o umtput  of the a m i t eml i la  hav im i g the stronger sigm ia l.
At l i t ’, it  is d i f f ic um l t  to predic t  qua n t i t a t i ve ly  the bit —error reduictiom i due to an tenna

u l ivers i ty  bec aumse of ’ the va r i ab i l i t y  of ’ t’actors contr ol l imig channel—error rates. Expe r imen ta l

data taken wi th  high—speed data  modems Oil h f c ircuits  5110w a bit —error reduct ion f ac to r  of

about  5 f ’or dual- anfeni l a  diversi ty re la t i ve to a m l o n— d iv erSi ty  c ircui t .  A space —diversity

a nt emlmla  syste m shoum l d have the 2 an tennas  separated as far apart as f’easihle , a m i m i i m u m m

dis tance of about 200 t ’eet ( 6 1  m etres) being required.  However , closer distances can he uised.

espec ial l y i t ’ t he antei ui la s have dif ’ferent polariza tions. If ’ 2 dipoles . b u g  wires , or inver ted -L

au lt et l i l a s  are used, they sho um lul he p laceu l at ri ght  ang les to each other to take advantage of

tile ind ep cnu l en t  f a d i n g  of ’ p olar izat ion .  The an tennas  shou ml d he s i tuated such that  the  path

dir ect ion lies between t Ime  two ante nna  direct ions .

HI GH -GAIN ANTENNA FOR HI GH FRE QUENCIES

I) irectiona l amu teni l as can he ef f ’ective in re ducing hit -error rate on an hf circuit  in

3 w ays:  ( I )  by increasing effecti ve radiated power in proportion to the ail tei lna gain:  ( 2 )  by

emphasiz ing the do i l l in an t  pr opagatiom i mode and deemp hasizing higher order modes , thus

reducing mu lt ip at l l  dis tort ion :  and (3)  by suppressing off ~ax i s  noise or n ian—inade in te r f ’erence . 
—

An a m u te nn a  wilic ll has power gau l by vir tu me of a narrow beam in azimu i th only. raises

th e cff ’ect ive ra diated power as a t r a i i smn i t t e r  and redutces interfer ing si gnals as a recei ver. Such

an am iten t la  w i l l  reuluce error rate only i f ext r a sen si ti v i ty  is n eeded to ove rri de at mosphe r ic

noise or to reject in ter ference .  When the circuit has adequate sensit ivity and mul t ipa th  dis-

tortion is cont ro l l im ig  error rate. th is  an tenna  may have l i t t le  el’f’ect in reducing errors . If the
directional ante m ina has a narrow lobe in the vertical plane which can be matched to the propa-

gat ioi i pat h to emp hasize the domina n t  mode, it can be effective in reducing error rate.

M u i t i p a t h  di s tor t ion often controls hit-error rate on circuits using modern hi gh-speed data

modems.
Since all the conditions wilic il aff ’ect error rate are variable , it is not possible to

predict wi th  accuracy the bene fi t of a di re c t ional  an tenna .  Directional  an tennas  should be

used on all hf  data ci rcumit s  when they are f ’easihle and economical from the s tandpoint  of ’

por tab i l i ty  when tactica l dep loym ent  is req umired.

FREQUENC Y DIVERSITY/I N-BAND I)IVERSITY

Channel  space can be used toward ui llpr oVifl g t h e  qu ma l i ty  of data  trans illisSion by

clum p luc a t ing  f i l e  i n f ’ormn atio n on several d i f ’f’erent frequencies. Sidebam id diversity is the name
given to t l la t  opera t ion where tile sam e inform at ion  is t r ansmi t t ed  on both upper and lower

sidl ehatl ds and each received sideband is separate ly demodulated.  The MX- 5 13 modem has

10 
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the capabi l i ty  of sidebuml d/ frequ e~1cy-diver sity combination.  In-h and divers ity is tile combi-
nation of two or m ore channe ls which are wi th in  a sing le sideband. The MX— 5 13 milodenl
uses 16 phase-shif ’t-keyed tones to reach a data rate of ’ 2400 baud. The modem provides the
option of diversity combining the 1St and 9th,  t h e  2nd and I 0th tones , etc , to prov i de on e
order of in-band diversity. The resul t ing data are then I 200 baud rather than 2400. Hi gher
orders of diversi ty are available , wi th  resum lting improve m ent in di gital-data error rates amid
reduction in in format ion  data  rates. The MX-5 13 can operate at 150 , 300. 600, and 1200
hautd wi th  16 . 8, 4 , anu l 2 orders of ’ d iversi ty,  respective l y.

AUTO DJ N CIRCUIT PLANNING

Use of’ HF AUTODIN requmire s circuit  p lanning and coordination with various
govern mne ul t  depa rt m e n ts . This circuit  p lanning and coordination must be accomplished
caref ’u Il y and com i mp l e te ly  since the HF AUTODIN Mode I procedure is a new techniqu e to
the m i l i tary services and the I)(’S. All participants must  be aware of the n a t u mre  of the HF
AUTOD IN terminat ion so that  they can contr ibute  more fu l ly  to circuit  operation. ( ‘ircuit
operation can proceed with greater ease if each of the watch sections at the Naval Communi -
catiom i s Station (NAV COMMSTA ) and at the AUTOD IN f’a c i l i t v  have been brief ’ed oil ci rcuit
objectives and procedumres.

TE LECOMNI U NICATIONS SERVICE REQUEST

The IX’fense Communications Agency ( DCA) has operational control of AUTODIN
and, to obtain access to AUTODIN . a Telecommunications Service Req umest (TSR ) mumst be
submitted to J)( ’A. The TSR must be submitted by a Telecommunications Cert i f icat ion
Off ice  (‘om m nu mni ca t ions  Validation Office ((‘VO) which, for Navy and USM ( ’ requirements.
is NAV TF L CO\IM.

The ref ~ reui cc for  tills section is I)CA Circular 3 10-130- I . I ’roce ssing of Te lecounmuni-
catio ns Service Requests . D(’A requires 30 ulays lead ti m e if the service is in the cont inenta l
US ( (‘ONUS) and 60 days if elsewllere. Th m .m s t h e CVO mu st have any n ecessa ry in f’ormation
for tile TSR prior to this l ead-t ime requirement.

(‘lose coordination between the AUTODIN user , the (‘VO. and I)CA is essential during
the fo rmul at i on  stage of ’ tile r equirement s .  The ei’f’orts illade at t ilis t ime to develop the exact
nature of the requ i rement  can oftem i e t f ’ect si gnif icant  savim igs in t ime ,  facilities , and money.
in th is stage of coordination ,  it should be made known that  a portion of the circuit  involves
an hf radio link , and the hf data modems for both ends of the l ink are to be supplied by t h e
USMC subscriber. Tile thmta-m ode nl in te r i ’aces will  be fu m hl y compatible wi th  l)CA AUTODIN.

The request wil l  specif y data rates and type of AUTO I)IN service. For the 1 200/
2400-baud oper ation using tile AN/TYC-5A, AUTODIN Mode I is selected. Ei ther  the
block-b y-block or cont inuo u ms mode can he selected: this selection and the choice of data
rates wil l  come from user requirements  as outlined in the section of thi s document  on circui t
p iam ining.

Other infor m ation required on the TSR im i cl us le s : a c t i v a t i o n  date.  de. ~ivatio ui date ,
contact personnel by name amid telep hone nu imber , se rv ice— po ii l t b eat Oil imlc ludi ui g buildin g
number  if r e levant. u~cr equip m ent (DCA certified Mode 1 AUTOD IN Terminal , AN/TYC-5A~.
estimated volume of tra f ’f’ic , d i s t r ibut ion  of traffic ,  a l t e rnate  subscribers ( f ’or t raff i c of higher
precedence than au thor ized or for  periods of ’ out ages) .  and securi ty  classification.

I I
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It is not necessary that  any of the operatiom i p er som im iel he t ’ami l ia r  w i th  any aspect of
a im Eu: ,\U ’i ’Oi) IN t e rmina t ion  in order to tile a Telecommuniu ’atio ns Service Requ est (TSR) .
l i m e  TSR wil l  require in t ’orm at io n  provided by circuit  pl anning.  Such inform l l a t iom l  comprises

ci rcuit  kngtii  and boc atio n , circui t  da ta —r a f c  re quirem n ents , cmrcu i t  ava i l ab i l i ty ,  predict ions
aild ass ig i lm n eil t  of f requencies  at hf , and antenna selection. This cf ’fort is in add i t ion  to the
tis u tu l p la ml u l i n g for obta in ing radios , generators , keying m aterials , persoi luiel . and the l ike.

CIRCUIT LENGTH AN t )  LOCAT ION

The achievable perfor m ance on a circumif  depemids upon range and location. Short-
range c i rcu i t s . less than about 400 miles (640 km) ,  suft ’er from mumi t ipa t i l  propagation ,
h igh m i ig h t t i m ne noise levels , amid l imi ted  spreads of propagating fre qumencies.  R am ige s greater
t ii a m l about  I 600 m iles 2600 kill ) beg in to sut ff ’er from marginal  signal strengths and , to a
lesser e x t e n t . f ’ro mn n l u lt ipa t h l  transmission and! restricted spreads of propagating t’requmerlcie s .
Genera l ly  best propagation ph enomena  exi s t  between 400 and 1 600 miles (640 and 2600 kn l )
amid d ata - throum ghput  rates can average higher  t l lan at  ot l lcr  ranges. Also , hig her data through—
puts  wil l  occur when one end of t h e  hf  circumit  utilizes the extensive hf facili t ies of a
NAV( ’OMM STA as opposed t o tactica l hf f ’aci h i t ies .

These factors are considered in tables I and 2 wh ich provide recommended param-
eters for h F  AUTO DIN service. Addi t io n a l  gumidance is given in Appendix B. The appendix
esti mates system performa nce I’or a number  of l imi i i t ing cases in range . sumnspot number .
season, a nd local time of day. An estimate of ’ performance for any case can he made by
extrapolat ion between the values given in Appendix B. Tile last table in the set gives v al u m e s
t’or intermediate values of ’ range and the lik e . The sumnspot number  as of ’ .ianu iary 1977 was
10 and it is expected to increase to 150 by 1982.

CIRCUIT DATA-RATE REQUIREMENT S

Maxin l u m m n recon imileilded data rates are give il iii tables I and 2 t’or operation over
various ranges. Lo wer data rates may be selected if traffic loading is expect ed to be li ght .
The h f ’ mn ode m , MX -5l 3A ,  is capable of operation at 150 . 300. 600, 1 200 , amid 2400 baud.
Operation at ISO baud is not recomm ’ncnded as diversity improvement  over 300 baud is
m i n ima l  and ull essage-tr ailSil l iSSi oli t imes become lengthy.  Operat ion at 300 baud should occur
om ’tiy when t u e  ci rc u mit  is expected to have a light load or higher pr i or i ty  t r a i ’tic. l m l general . the
lower data rates sliout ld only he selected when circuit ava i l ab i l i t y  has high er  p r io r i ty  t h a n  data-
throug h put rates.

HF AUTO DEN operation between 2 AN/TY C-5A un i t s  is f lexibl e v ’ i t i i  resoect to data
rate. Data rates can be changed easi ly as traffic loading , priorities , and propagation com idit ions
change. Tile duplex hf chanmiel betweemi the AN/TYC -5A uni ts  can m ake use of ’ data rates
opt imized for propagation cond it ions oui each frequency and for tra ft ’ic load in each directiom i .

En t ry  imito h F  AUTODIN via a NAVCOMMSTA does have flexible data-rate changes.
The ori gi n al TSR must contain separate informat ion  f ’or each requested data  rate and a
separate rou t t im i g indica tor  will  he provide d for each data rate. Changim ig f’rom one data rate
to am lo ther  will  re qum ire a m i n i m u m  of several ho umrs even if properl y coordinated. Thus. it is
recommended tha t  a TSR reque st service at only omie data rate:  tile recommended data rate
is avail abl e in tabl e 2.
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CIRCUIT AVAILABILITY

The n um m ber  of ’ hours per day service will  he available depends largely upon f requenc y
aSsig nmll ent S and the abi l i ty  of ’ t ile operators to change f ’req ume m icies to m eet diurnal propaga-
tion chamiges. For each end of the c ircumit , the assigned transmit  frequencies should he spread
eve ry I to 2 M h z  throug hout tile spectrum.

Circum it availabil i ty can also be improved by u s i n g  diversity receivers . i micreased trans-
ni i t t i u ig power . or mult i ple transmitters , in-hand diversity is achieved by going to lower data
rates and th is  leads to circuit  improvememi t wi th  resulting hig l ler  avai labi l i ty .  If the availabil-
i ty  is required only a few hours per day. f’requency assignm ents sho um l d be made in accordance
wi th  frequency predictions which yield tile opt imum time of day f’or circu j i t  operation.

FREQUENCY PREDICTIONS AN!) ASSIGNMENTS

The key to sumccess of HF AUTODIN service depends upon having a large selection of
available frequem icies amid operators who know whemi amid wh ere to ch ange frequencies .  Each
end of the circuit sh ould have available transmit  frequmencies spaced by abou i t 1 MHz at the
low end of the hf ra n ge to about 2 MHz at the upper end of ’ the range. This n im m nb er  of
frequemicies is about t h e  m i n i m u m u  necessary to accommodate variable propagation comidi t ions
amid the presence of other users on assi giied frequencies. Generall y, the NAV COM\I STA will
have available an extensive list of frequencies which can be made available by niessage request
to the appropriate Navy Communications Area Master Statiom i ( CAMS ) .  This procedure
umsua l ly requires 2 days to imn p lem emit.  HF AUTODIN from or near a USMC base m ay be able
to operate on assigned base frequencies. If the base assign m ents do not miieet t h e  recommended
frequency spacings , additio nal frequencies should be requested. This request will  he f ’orwa rded
via the local CVO to the Naval Frequency Management Oftice (NFMO ) and cart take tip to
60 days to process.

The range of frequencies suitable for the circuit  can be predicted beforehand. High-
frequency propagatiom i predictions are rout imiely perfo rmed by ECAC or tile Naval Ocean
Systems Center (NOSC ) . These predictions yield niax in ll mm usable f’requencies ( M U F )  and
optimun l frequencies ( FOT) t’or cacti I - o r  2-hour interval  throughout  the day. Amly request
f’or f requency assignments should be based upomi these circuit predictions: the highest
predicted daytinie MUF to about one’-h la lf t h e  lowest MUF predicted at m’m ight.

The preceding d i scu ssion is app licable to 3-kHz bandwidth frequt ency assi gnments.
Assignments  ot ’ 6-kHz are desirable hut  may be di f f i cum l t  to come by. The ô-kHz assignmemit
would provide t iexibi l i ty  to operate on either sideband as necessary to avoid in te r fe r ing
si gnals. Likewise, both sidebands in a 6-kHz assi gnmi ient could be umsed sim ’nu ltaneous ly as a
f ’r equency-diversity pair t’or reception , For circuits with adiequate signal levels the 6-kHz
diversi ty is preferred since it requires only one receiver and one receive anten i ia. Generally,
both the 6-kHz assignment and sufficiem it  transmit power will  be available only at
NAVCOMMSTAS. This is one of the recommended options in table 2. Available 6-kHz
assignmeil ts from NAVCOMMSTAS are issued for NTDS use and generally can he requested
on a not-to-interfere basis. Each individua l umse of a 6-ku ,. assignment must be cleared by the
Navy operator througii NAVCAMS.
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ANTENNA S

(‘hoice of anteminas is impor tant  for  opt i mfl i iL i uig  pert orman ce on the HF AUTO DIN

circuit. Tile choice will  depend upon circ u mit  length.  avai h a h i l i t y  of ’ antenna s , and the real -

estate required t’or ins ta l la t ion .  Tahhes I amid 2 show the recommended an tenmia types f’or

each circuit  length. Tile whi p is tile 32-t ’oot (9 . 7 5-metre ) type typ ical of ’ the AN/TS(’- l 5  or

AN/MRC -83 installat ion .  The rotatable . log-periodic antenna (RLPA ) is the Hy-Gain

1 1 1  2-M and the AS-225 9 is a hi gh_ ta k eo ft~ang le antenna desi gned for shi ort-ramige circuit s.

Details of the Sbop ing-Vee antenna  desigmi are given in Appenu l ix A.

INSTALLAT ION AND INTERFACES

Two type s of im i s ta h i a t io ns  are ulescr ihed: an AUTOD IN base insta llation arid an

AN/TYC -SA remote in stallation. Each instal la t ion is capable of ’ exchang i ng data w i t h I ts

own or other types of in stal lat ion.

[AUTODIN ~~~~~~~~~j~~~~~
Z___ .. AUTOD IN

BASE BASE

tat

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

LAN
~

Yc
~
5AJ 

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

H.~~ A1

Figure 4 . lm ista ll at ion types .

The AUTO DIN base station is rtO more t ilan all h f  facil i ty which has direct access to a dedi-

cated Mode I AUTO DIN line. For USMC te rminations . the base station is likely to be a

NAVCOMM STA whic h iias a leased line into tile nearest AUTODIN switching center. Tile

base stati on could alt ernatively be a USMC hf f ’aci l ity wi t h  AUTODIN line access. The

AN/ TYC-5A remote station consists of ’ the AN/TYC-5A mobile AUTODIN terminal , the

MX- 5 13 h f  muoc iem, and associated hf radio equipment. The radio equipment used success-

t’u lly to pass the high-speed d igit a l  data f’rom has been the AN/TSC- 15 with separate R- 105 I

receivers or the ANITSC-9S which comif ains  thre e R- 1051 receivers and two AN/UR T-23

tramismit te r .s.
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~ 
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REMOTE AN/TYC- SA INSTALLATION

The basic block diagrai ll for the tactical AN/TYC- SA insta l la t ion is sh ’mown in figure 5.
The actual ph ysical layout depends upon the individua i insta l l at ion and the availabil i ty of
space. The lIt modem , MX- 5I 3A , can be located wherever space is available ; in previous tests
it has been located in the AN/TYC -SA van , in the radio van, or in an aux i l i a r y  van. It is most
convenient , but ru ot necessary , to locate the hf receivers amid the modem at the same location.

The m odem clock provides t iming for both the entire rece ive an d t ransmit  portions
of the system. The transmit clock (from the mode m ) determine s the rate at which digital
data is clocked omit of the AN/ TYC-5A and into the m odem f ’or transmission. Tile digital-data
stream going into the modem is then phase-shift modulated onto 16 audio tones. The 16-tone
package is sent to the hf t ransmitter  for transmission on one or hot 11 sideh ands of an assigned
hf frequency.

OIl reception , the system functions as follows: the voice-hand audio ou m tput  from the
hf receiver (s) is sent to the modem. Two receivers may he used to provide diversity improve-
ill ent as illustrated in figure 5. The audio signal to the modem is again 16 audio tones, each
spaced 110 Hz. The modern deniodulates the audio amid produces the digital-data stream at
the appropriate data rate. Receive t iming and clock are determined by the modem based upon
the received data pattern. The clock and data are then passed to the AN/TYC-SA where the
data are outputted. The clock rate , as established by the modem , is used to determine the
timing of the TYC-5A and its crypto.

ORD ER WIRE

D IG ITAL 
4j 

— 
~4 AUDIO II

TRANSMIT DATA .
TRAN SMIT J ~17 RECEIVE

TRANSMIT CLOCK ANTENNA
ANITYC-5A 

MX .513A TRANSMITTER
MOBILE RECEIVE DATA MODEM RECEIVE ‘A’ HF RADIO

TERMINAL ~~~~~~~~~~~~~~~~~~ RECEIVER(S ) 
RECEIVE

RECEIVE CLOCK ‘A’ I
RECEIVE ’B’ J

COMMON RECEIVE
‘B’

STANDARD 26 PR CABLES CAN BE USED FOR CONNECTIONS BETWEEN UNITS

RECEIVE ‘B’ IS OPTIONAL DIVERSITY RECEIVE SETUP

Figure 5. Tactical location , equi pment block diagram.

PHYSICAL LAYOUT

The layout between the various vans , generators , and antennas will depend umpon
available space. Two layouts which have been successfully used are shown in figures 6 amid 7.
The layout in figure 7 is for the case of’ diversity receivers and antennas and the layout of
figure 6 depicts the case of a sing le receiver and antenna.  Tile sing le most important  require-
ment  for layout is to maxim iz e the physical separation betweem i the transmit  amid receive
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600

AN /TYC -5A ROTATABLE LPA 
(1 80 METRES)

_________________________________ HY— GAIN 1112-M

80-FOOT (24.METREf - —

SLOPING VEE ANTENNA POLE (ANT. AT
ITRANSM IT ) 60 FEET) (18 METRES)

AND B A L U N

RG-8
75 FEET (20 METRES)

TSC-15 
400-Hz

T R A N S M I T  A U D I O G E N E R A T OR

Figure 6. Example of ph ysical layout.  siml g le receive system .

32-FOOT (10.METREI
WHIP

I 60’HZ
G E N E R A T O R  I GYRAT OR

_______ 
] ilO vac

400’Hz 175 F EET
POW E R  (50 METRES)

A U X I L I A R Y

R.1051(2) AN/TYC-5A 
RG-58

RG-58 M ODEM 125 F E E T
225 FEET (40 METRES)

(69 METRES)

125 FEET (40 METRES) FIELD WIRE (AUDIO )

ANr s~~~~~~~~~~~~~~~~~

/ j \  GROUND RG’8 RLPA A N T E N N A
MOUNTED 400 FEET (TRANSMIT )

,
,
,
....~~

_“ 32’FOOT t1 O4vI ETRE) (120 METRES) HY-GAIN 1112-M

Figure 7. Example of physical layout, diversity receive system.
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amltennas. Separati on of 200 feet (61 metres ) should be considered min imum and 400 to
500 feet (1  20 to 1 50 metres) is desirable (or reducing local imiterference between the trans-
mi t  ami d receive. Also to be taken into account are tra nsmissiomi losses which can amount  to
about 1 tIB per 100 f’eet (30 metres ) of ’ cable. Thus, space permitting, the layoum t of f igure 6
is preferred where a long transmit  audio line is used to reach the t ransmit ter  which is located
at near l y th e base o f’ the t ransmit  an tenna .  The receive antennas are then placed in the
opposite direction of ti le equ ipment  vans for  a total separation of about 600 feet ( I S O
m im etre s ) .  The an tennas  shown in figure 6 are miot necessarily tIle ones required. Til e transmit
am’ mtenna coum l d a l ternat ively  he tI le I l l  2 -M RLPA or even possibly t h e  roof- m ounted ~_ rt i ca l
of’ the AN/TS(’-h 5. Likewise the receive antennas  could be a RLP A or a Sfoping-Vee. I f the
32-foot (9 . 75-metre ) whips are used, it is recommended that they be used as a diversity pair
along with  two R- 10 51 receivers , and separated by a m i mi i mn u mn dista m ’mce of 200 I’eet (60
metres ) . Details of Sloping-V ce antenmia constructiom i are given in Appendix A.

INTERFACE OF AN/ TYC -5 A TO THE MX -513A MODEM

(‘lock amid data u i igita l  sigm ia ls niust be passed between the AN/ TY( ’-5A and the
MX- S 13A hf modem. Table 3 gives the connections tha t  must be m ade.

TABLE 3. CLOCK ANI) DIGITAL CONNECT IONS

Functio n Modem Connection AN/TYC .SA (‘onmie ction ( at the (‘AU )

Transmit Clock As marked on cable provided T138 Pin 14

Transmi t Data As marked on cable provided TB8 Pin 16

Receive Clock As marked on cable provided TB8 Pin 17

Receive Data As marked on cable provided TBS Pin 18

Common /Ground As marked on cable provided TB8 Pin 13

In addition ,  the synch inhib i t  in the (‘AU must be accomplish ed. This is performed by
placing a connection between Al  — i l l  and Al  — J8. If the digi t al  modem cable is not pro-
vided . the pin connections t’or the di gita l data on connector J I are as follows:

Transmit (lock Pin 9
Transmit Data Pin I
Receive Clock Pin 33
(‘omui lon/Ground Pins 2 . 4, 6, and 8
Receive Data Pin 25

Other necessary pin connectiom is are the —6 volts on pin 42 to he j ummpered to pin 52. This
insures that the modem wil l  operate in the data-trans m it mode and not in the cont inuous
preamble mode. Also the modem transmit  chock is not in te rna l ly  connected ; the connection
must be supp lied by placing a jumper  between pi u s 9 and 1 7.
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‘This proce dure remov es t h e  M I )—7 0 I mn ode m n iui ter n a l  to the AN ‘l Y( -5A and
rep l aces it w i t h  the ex t e r mi a l l y—supp h ic d MX— 5 i 3A hf I l l odem il . The clocking and t iming  of
the AN I Y (  ‘- SA wh ich  v, as prov mu le d b y the  wi re h ine  I ll odem i l are ulow provid ed b y the
MX- 5  I 3A. For the  AU ’FOI )IN app h ica t io mi  of the  MX- 5 I 3A. tI m e m ode m t r a n s m i t t e r  wi l l
he on c oml t inu lous l y .  T h e  l’tu s hi — t o— T: mhk ( Pi”l’ f ’eat ure of the  Ill odem il is h o t  ruqumired amid, to
pul t  the  Inud enl  in com i t in u m o us  t r a n sm l lu t , a j umper  is p laced b etween p im i s 41 and 43 omi
con nector  J I .  ‘( ‘h is co i lm iecti ou l  lut is t  he ull ade hef ’ore t h e  Un i t  ca n t r a m l s mi t  da ta  am id may
a lr c~mul y he pr ovid ed in t he cable su pp lied or may he provided as a togg le swi tch a t t ac h ed to
the cable.

r he AN 1’Y(’ -~ A amiul the MX- 5 I 3A d igital  input  amid o u m t p u t  levels are MIL-STD-
I ~~ ( ‘ how-leve l , bi polar . ~6 volts.

It is reco uui mem luheu l  t h at the di gi ta l-data  leads between tI le AN l Y ( ’ -5A aild the
illOdelil  he kept  as short as possib l e to avoi d rf ’ amid ac p ickump.

INTERF .\ ( ’E OF NI X- S 13A TO RADIO EQUIPMENT

Audio im i p tmts  and oumtputs  of ’ time MX— 5 I 3A mll odem are 600 ohms. The aumdio o u mtput
le~el is ad jus table  b etween —22  dBm i i amid +2 dBm ,  am i d it shotm i d he a ihj um sted to provide  the
proper input  to tile f r am i sm l l i t t e r .  The receiver accepts audio i n p u t  levels from —33 dI3 m to
+7 hBn l .  Op t im umm modem perf ’orml iami ce is ob ta ined  whem i t i le average audio i n p u t  to the
illodelll is auf ju st ed im i the range — 5 dBm to 0 dBm .

R E C E I V E R  AI ) JUSTM ENTS

The a im d io o u m t p u t  levels of ’ the R— 1051 receivers are easi l~ adj tmsted to provide the
ui o mi i i nzm l j u l pu l t  level hetweem i —5 to 0 dB ni requtir ed by the NIX - S 13A modem. On the
R- 105 I B receiver , the  level is adjumst ed by the meter  amid (he h i m ie—l e v e l  control  oil t i le  f r o n t
panel.  Omi tile R- 105 I I )  receiver , t ile au ul io — o tm tpu m t ad jus tment  requires tha t  the f ’ro n t pa n el
be opened a n d the le~ el adj u sted by a screwdriver on the control  j t mst  behind the front panel .

TRANSMITTER ADJUSTMENTS

Because of a dju m st m ents  am i d ag i n g of ’ t h e  va rioums hf ’ t ram i sul l i t te rs th at may be um sed. the
au md io i npu t  level  to  the t ramis m i t te r  to u lrive if to the proper power output  m iitm st be adj umst ed in
each app iicat io u i .  For the AN/TR( ’-75 TSC- l 5 . t h e  powe r ou m tput  must he adj u msted so that  it
does riot csceed 300 w aI t s .  For the AN/URT -23 t ransmi t te r  in the AN/ TR C-95 . the power
ou i tp u mt siiou ld u lot  exceed 500 to 600 watts ,  Power outputs  beyond t h ese levels wi l l  lead to
excessm ’~e c i i p p i m l g  ot tile sm g ui a i  and resul tant  imicrease iii the digi ta l  hit—error rate. For trans-
ill  i t t c r s  ~ it  h o i mt  d U t o i l h l t i c  ioaul controls or constant—level  amp lifiers , t u e  audio inp um t must  he
ad jus ted  u m i l i l  t h e  desired r I power o t m t p t m t  is ohtaimied.  The t ransmit  audio level coming froni
tile tllOdetll to i i i ’ ’ i r a n s m u i t t e r  is adj usted at t h e  modem. This adjustm ne nt is made by umi—
scr L ’vs I 1~L (he f ron t  panel of t I le  Ni N - S 13 mouiem and locating ci rcui t  card A 2 , which is the
seco miul card from n the  r ight  . .\ l t ime rear of circuit  card A2 are 2 smiia il adjustable potentiome—
t~ rs . one f u r  each the  modem s audio oumtpu t  circuits.  Adjumst t h e  potentiometer with a
small scrc~~dr i ’~er u n t i l  the u lesired t ransmit  power is achieved. T u e  modem is adjuistab le
hetw eemi + 2 d I3Iuu  and — 2 2  u h B m :  tile AN , IJRT- 3 will probably requmire —13  dBm , which is
ahoum t ill id—range  of ’ t i le adjust Illelit.
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AN S(’- l 5  TRAN SMI ’F

VON amp li f iers amid con s ta m it— l eve h am np h i l ’ie rs cami he bypassed by m n s e r t m m ’mg t h e  signal

at t ime operat or s jack f i e ld  r at l ler  t h an at the ex te r io r  c om m nect io n s o f  t i le AN I S( -I  5.
Receive and t ram i s mu i t  a~ii l ios  a re avaml ahie  omi the 4th row of ’ jacks: USB NM IT and LSB
X MI T are on i i  S and J 17 . respective ly. (JS B receive au ld LSB re ceIve are on J 16 au ld i i  ~~ .

respectively.  I m i pu t  ou t p t m t  level s  omi t h ese jacks are —l to  —4 d l lmr m if time un i t  is performing
p roperly. Im llpe da n ces of f t ime j a ck t ’i~’ld aru ’ ( f ) ( )  ohms and match the NIX— S I 3A modem.

If the AN I S(’- I S  ex t e rmia l  a udio port s are uscd . I l l i l ke certaim i the  t r a n s m i t t e r  is riot
ulr iven beyond an o u m tpu m t  po~s cr of ah oumt 300 watts .  If o v e r d r m v m n g  is observed. adjustmi’ men t s

to th e ~o n s t amm t —Ie veh  a mm ip l i l l e r s  ~ il l  i i a ~ c to he made. 1 I l e me are 4 stmc ii amplifiers . u m nmts
3A 13A7 thro u mgh SA l  3:\ 10. all  located on the  console accessory panel t mm i i t  3A I 3A. A dj t mst —
able gai n control s pro vide time n lea lls of adjus t ing t ime  o u t p u t of ’ these amp l i tiers u n t i l  the
prope r transmit  level is obtained.

BASE STATION INSTALLATION

Two candidate  comi fi gurat ions exis t  f ’or the AUTODI N base s ta t ion.  The first p laces
the imista h hat iom i  amid operation of the ill modem at a NAV (’OMMSTA. This is i l lus t ra ted  in
fi gurre 8. The second con f ’iguratiom l r u t s  t h e  uliodem li umm i der  com itro l of the AUTOD IN
technical  controller at the AUTOD IN Switching Cemiter  (ASC) .  This confi guration is showm i
imi f igure 9.

~~~~~~~~~~~~~~~~~~MSTA MX ~513A 26c oR

Figure 8. Base station configuration (NAVCO MMSTA )

cf 
M~~~~~~~~~~~~~~~~~~~~~ MX ~51 3A 

0101 TA L

AUTO VON
COORDI NATION 

ASC

F ig u re 9 . Base station con figuration (AS(
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Figure  8 shows ti le  h i ’ m i io d em NI N-S I 3A located at the  N A V (  ( )\1 NI S I A. I IT t es t

Pu r poses. t h e  N AV ( ’0N 1 N I S I  A !ocat ion s. a~. p re fe rab l e  because both t r a m m s m l l i l  and rcc e i s  c
i’adio c i r c u mi t s  could be mu om l i tored and adjumsted direct l y. ‘l i m e  d m s a d vam m ta ge  of a N \V ( ( )M Ni-
STA locatiom i is th a t  t i l e system reu l umires  au add i t iona l  modem for  da ta  t r a mlsu n l s s i u m l  oser  tIme
l ine fromi l t i le  NAV(’OMMS’I ’A to t i le  AS( ’. The ss i r e - h u e  modemm i um sed i m ~ t ime t e s t  per iod was

the NI D— 70 I ( L e m i k u r t  26(’ ) am i d was s t m pp lied as part of ’ the  Teleco mnm um i ica t i on s  Ser ~ icc

Request ( ‘1’SR). NAV COMMS ’I ’A perso m i umel are not l’a mmi i l i a r  w i t h  e m t i m e r  t i l e  NI l ) -70 I or t i le
NIX- S I SA . Operat iona l l y, the  second s i t O m a t m o n  shown ii i  f igu re  9 appears to he preferab le .
T u e  mm i oulemmm is located w i t h  t i le tech con t ro l l e r s  at t ime  AU ’FODI N Sss i tc h ing (‘en te r .  N o
u d d i t i o m m a l  w i r e — h u e  mu odems or wire - l ine  i m l t e r f  aces are r eq u lm r e d.  Thims p r e f e r r ed  l a y o u t  fo r
l IE  AUTODI N may not hold t rue  if ’ l’u m t u r e  er s io i i s  of t ime  hf  m no denm c o n t a i n  order s~ ~rc
I’ l ’m c apab i l i t i e s . Time operat ional  procedure t’or e i t i m e r  of ti le i n s t a l l a t i o n s  is g l s c i i  in ( I R( 

~~
‘ i i

O P E R A F I O N  AN1 )  ( ‘I IECK OU l ’ .
A f h i r u h possible a l t e rna t i ve  c\ i st s . a l thou m gh t u e  c i rc t mi t  is ye t  to ) he tested.  Time connec-

tiomi is to t u e  N a s a l  (‘0111111 Processing amid R ou m t i mi g  Sy s te m NAV (’ OMP ARS ) colocated .11 a
NA V ( ’ONI N1 STA . This a r ram i gement  would  ilot requmire  su h n i ussmon  u t  a TSR. m i or pro s i smo u is
( ‘or leased hi n es  or ss I m c—lI m le  m i i o dems . am i d wo t m i d require  only  m i l i m l m m l i a l  e oordmm iar  iou f o r  time
en t ry . I ) e ta i l s  of an AU ’I ’Ol)lN N A V (  ~ )N I P A R S  hf  e n t r y  t ec l mn i qu m e and test  wi l l  imopef ’u i l y  l)e
avai lable  50011.

PHYS I CAL LAYOUT OF , .~UTO DI N BASE STATION

NAV (UNINI STA LOCA l ION

The m il a i n  re qui i re ui i en t  f o r  a speci f ic locat ion iii a NA V (’ ON INI STA is t ime a v a i l a b i l i t y  of
t h e  au mdio  l ines froni t h e  t r ansmi t  and receive radio si tes  amid for the p hom ie l ines to) t h e
AUTO I ) IN Swi tc h mim i g  (‘enter .  Space f ’or tile h f n lodem rm and t h e  wire- l im i e modeni is also
required.  Genera l ly .  t u e  required space amid the aum m. Iio lines wi l l  he avai lable  in t u e  Technical
(‘on t ro l  fac i l i ty  ot ’ the NAVCOM N I S I A .  The OK ’ ot ’ the area wil l  desi gnate  a s i t e  for equlip-
mi i en t  i mi st ai l : .~.t ion.

~lJTODIN swlT ( ’HIN (; ( ‘ l - . N F l - ,R LO(’A l ION

Space a v a i l a b i l i t y  for t ime modem iu is ta i la t i ou i .  amid sec tmrity clearam ices fo r  a ’cess to t h e
AUTOD IN Technical  (‘on tro i  i’zmci i i y simoum l d he arranged before t u e  an t ic i pated operat ion.
If both are not  obta in ed.  the  mo demmi svi l l  lm:i s e to he located outside the comp lex and the
necessary ul ig i t a l  and au m dio h u e s  mus t  be o h t a i m ’m ed. Aud io  i m n e  levels are generally — 1 3  dBm
imi t h e  AS(’ area : t i me op t i i l iuuml i  miiode lll i npu t  is 0 to —5 dBm ’n. Spare l imi e amp lif iers  are in-
stalled and can he patched in t o  the ci rcumit  easi l :, h request to bring the  signal up to t u e
req tmire o l level.
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BASE STATION INTERCONNECT I ON OF UNITS

N A V A L  (‘OMMUNICATIO N S S’1’AT ION

The audiu si gnal from time hf receiver site will  he available at a patch panel wi th  a
lev e l  of — 1 3  dBn i . It is r eco ml iml me n ded that  a line -level ami ip h i t ’ier be used to bring time signa l
level u mp to ahoumt —5 dB un to 0 dBmmm. TIme l ine an i h ) l i f i e r  ca l m generall y he patched in to  the
circui t  in a miia t ter  of In in u mtes  by NAV ( OMMSTA persomimiel .

The umio d em will  comm l e wi t h  an audio cable wired (‘or two receive l ines and two tran s-
u n i t  lines. The m ’node mmi will  also come supplied wi th  a second cable for tIme dig i ta l—data
signals. The marked wires omi this  cable wil l  be for the wire -line mllo deill supp lied u m n der
contract  as a result of t h e  Te h ecom n m nu mm i ica t ions  Service Request (TSR ) .  Thu s wire-line modem
sh ou m l d imave cable connections mmia rke d I’or Receive Data , Receive (‘lock , Tra mismit Data.  Tr amis -
lI mit  (‘hock , and a Common Ground. These wires can th emi be conmiected di rec t ly  to t lmose
f ’rom n the  dig ita l data cable. Figu ire 10 shows tile fu lterco nnee ti on between time wire—line and
hf mode ms.

The 2 ori gi nal MX -5 IS A modem iis acquired by t h e  USMC require m u odif ic a t iom i  before
t h ey can be umsed iu i conjum ict ion wi th  a direct AU TODIN termnimiat io n.  The mn odif ’ication
sho um ld have been made bet ’ore delivery of the mnodem. Tu e  t i io dificatioui involves  t rami s mi t
t imim i g  and ciocki u ig ; generall y,  the hf mn o de m i i wi l l  provide t i m u i m i g  t’or a data c o m i l r nu m nica t io m’ ms
sy ste umi . However . the AUTODIN system standard ti m mlimig  m ’miu i st be t lSed : t I iuI s, f lue  t r ansmi t
timing must come from AUTOD IN rather than from the h f  niodem ii . The required m odi f i c a t io mi

FR OM RECEIVERS
& L I N E

AMPLIFIER S
(0 TO -S dBm(

R C VR  A :. 4 R x DATA
Fix DATA 0- —

R C V R B ”9  4 RxCL O CK ( t 6 V  INTO
R x C L O C K  0- 600 0hms) 

Lir~mES TO
ASC

HFMODEM 
, 

LENKURT 26C A x
TRANSMIT AU DIO MX-5 13’3 (MD-701) 4.—

(AOl OUTPUT

Tx A T x DATA 0— -Ø~- T x DATA Tx

T x B  4 TxCLOCK TxCLOCK K X X X X D ((exie rnaii
(see texit

Tx B- MIL-STO~188C
FOR USE WIll-I COMMSTA INTERFACE
TRANSMITTER IF AVAILABLE

l ’igurc h o .  l I E  nu oden m and wir e ’l inc rrmo demui NAV ( ’OMMSTA instal lat ion .
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permits  tI le n modem m m to derive its t i m i n g  t’rom n AU 1’Ol)IN and bypasses time in te rna l  clock amid
data hu m ff ’er in time muio ) u l euu i . It was f ound  t h at the 2 clocks di f ’t’ered b y suf ’f ic ien t l y large
a ummounts  su c lm tiuat  bit in tegr i ty  was o f t e n  lost. Tile in te rna l  wi r ing  ch anges are:

Card A2 .  Pin A l 9  to Card A 14 . P in A29 (wire  added. hackph au i e )
Card A2. I ’iuu A l  5 to Card A 13 . P imu 1310 (wire  added . bac kplam i e )
Card A2 . Pin A l  5 to Card A2 , Pimi A27 (wire  rem nove ol . back p lane )
(‘ard A2 .  connection to Pin 4 of h( ’ U4 (renuoved

AUTOD IN SWITC H ING cI ’ NT ER

Then the ui uode m Is located at au AS(’. t u e  umnit  cominectio u is will  he much like t l me
NAV ( ’OMM STA ins ta l l a t ion  ex cept  th a t  the wire-line modems . l . -en kurt  Ml )— 70 I . s o u l  mio he
required. The AUTODIN trans nu i t  clock and data wil l  go di rectly to t h e  t ra m ismit  data  hi umes
of t h e  MN -S 13 niodeull ami d the m m u odenm receive data and chock wil l  go di rectly to the
AUTOD IN u ’eceive d ig i ta l -data  lines. As i mi the  case of t u e  NAVCOMMSTA ins t a h la t iouu .  u l u e
modeni nu ust  h ave the tiniim i g m ’n odi imcatio i i . ASC imista h lat iom i s  um suua ll y imichude the wi re - l i n e
mm i o d emmu and , thus , a remim i der to ins ta l la t ion personnel may he required to bypass the  wire-
line nuodem iu since t h e  supp lied n i o u lemmu. MX -5 I 3A . wi ll be providing di g ita l  data at the
co rrect interface val u mes.

Audio interfaces are the same as in other instal lat ions:  im ico m ing ph one— line signals
are ge n era l l y at a — 1 3 dBni level wh ereas the optim ui um modem perforiiiance occurs at imip u mt
lev e ls  of ’ 0 to — 5 dBm . It ’ possible. statiomi perso uinel sh ould be requested to patch a l ine
am i up h i f i e r  Im ito tIme receive au m dio c i rcui t  0)1’ t u e  MX-5 I 3A niodeuu i .

~~~~~~~ ON

Euusure t h at a good electrical ground is provided to the nuodeni
amid to all un i t s  and test equ m ip m ent  at tached to it .  Ground—loop
pickup at 50 to 60 Hz can damn age t h e  digital-data input  circuitry .

CIRCUIT CHECKOUT

Tiue im i et h uou l s of pe r t ’orn u imig equipment checkoumt . sy stem checkout , amid system
op cr a t i oml  are described in this section. Preliminary to any operatiom i . the individual
equ ipm ents  and the i r  interfaces to other equi pmmie n ts mnust he checked out and proper oper-
at i om l  ver i f ied.

Table 4 outlines a series of tests to he perfo rmed prior to HF AUTODIN operation.
The tes ts  should he pert ’ormed im i t ime order given , since each must  be co imupheted suiccessfu hiy
before tile nex t  can he perf ’ormed . The AN/ TYC- 5 operation should be checked out in t u e
self-test miuode prior to beginning the systems check in table 4. Details of each of the tests in
tab l e 4 f ’ollow the table.
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TABLE 4 . CHECKOUT TESTS

Operate Mode Switch
Test Purpose Position

I .  MX-5 i3 Modem hoop back Check modern operation in all Loop back 2
m odes

2. Loop back throug h TY(’-S Con f ir imus correct interfaces Loopback I
and MX -5 13 modem between modem and TYC.5

3. Loopback through TYC-5 , Confirms proper operation of Operate
MX-5 13 modem , and lit ’ radio equipment and interfaces
radio equipments to radio

4. Loopback with above over hf Confirms performance with hf Operate
path to NAVCOM MSTA circu its included , including an
a. Audio hoop back at remote eval uation of time hf frequencies

end selected

b. Digital loop back with hf Checks second modem operation
mod em at remote end

MODEM OPERATION

Operation of the MX-5 I 3A modem necessary to perform system checkout amid
operation will now be discussed. Additional informiiatiomi on t h e  model is available im i the
technical manual , “Operation and Maintenance lnstr itcti om is , Dig ital Data Modem MX-5 13A . ”
Publication Number 2740-3018-i , General Atronics Corporation. March 1976. The follow-
ing is a discussion of the functions of the various controls and indicators on the front panel
of the modem as shown in figure 11 .

POWER ON/OFF

This control is a combi n at iomi indicator,  ci rcu it b reake r , and ON/OFF switc h .

POWER SUPPLIES INDICATORS

This group consists of 8 li ght indicators , one for each voltage used in the model.
When power is applied to the uni t ,  all these indicators must light. If they do not . a power
supply problem is indicated.
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Figure h i .  Controls and indicators.

OPERATE MODE

This is a rotary-switch control having the following positions:

NORMAL which connects t u e  modem for normal operatiomi :
LOOPBACK I whic h connects the transmit ter  audio output  to the receiver
audio input ,  permitt ing operation of the modem via the local digital equi p-
ment. In this mode , the audio lines are disconnected from the rear-panel
analog connector ;
LOOPBACK 2 which connects the modem t’or self-testing. The same back-
to-back at mdio conr mection as in LOOPBACK I is made. in addition , a
I S-bit random sequence is app lied to port I (onl y )  and the received data
are checked for errors. The LOOPBACK 2 test indicator indicates successfu l
exec imtion of the LOOPBACK 2 test. If this light should go dark during the
test, a problem is indicated. Should the li ght  go dark , repeat the test several
times only after  a l lowing t u e  switc h to remain in the LOOPBACK I position
for several seconds.

RECEIVER SIGNAL PR I - S i - . NC1 - lN I ) ICATORS A ANI) B

These lights indicate t h e  presence of a valid h)PSK signal at the receiver inputs.
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CORRECTION A

Th is control enables or disables the receiver trequ i ency corrector f ’or receiver A.

CORRECTION B

This com itrol em u abhes or disables the rece iver f ’r e qu u emmcy corrector (‘or receiver B.

INPUT OFFSET

This is a 2-di git amid sign disp lay wiu ici i shows t i :  amoumi t of f ’requency offset omu the
incoming signals. it can show pl tms or n u irmus off ’sets up to 79 hertz.

SELECT

This is a 2-position toggle switch which selects the disp la y ot’ t h e  A receiver frequency
offset or the B receiver frequency error.

RECEIVER INPUT

This is a 3-position rotary switch which.  iii position “A” . conmuects both modeni
receiver input  channe ls to the receiver A audio outpu ut . in position “B” , conn ects bot h m ode m
receiver input channe ls to the receiver B audio output , and in position “A + B” . connects the
A and B channels of the modem to their respect ive inputs.

RECEIVER SYNC

This isa 4-pos itiomi rotary switch with the following posit ions: FAST (not used for
AUTOD IN operation ), SLOW which allows only the shot synchronization to operate ( t h e
receiver time base is corrected by 12.5 microseconds each franie with the correction dis-
tributed over the fra mne ; switch must be in SLOW position for AUTOD IN operation ). FAST
AND SLOW (not used for AUTODIN operatiomi ), INHIBIT which permits mieither fast nor
show synchronization . This m ode is useful in the prevention of sync janiming when the
modem is used with an ultra stable 100 kHz reference.

CODING MODE SELECTO RS

These selectors consist of 2 rotary 3-position switches , one for the t ransmi t te r  and
one for the receiver. Each has positions UNCODED ( for normal AUTODIN data ) .  CODED
(not connected), and INTERLEAVED (not connected).
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DATA-RATE R SELECTORS

These are a pair ot rotary switches utsed to independently select t h e  data rates f’or the
t ransmit ter  and receiver. Data rates of’ 150 , 300. 600. I 200. and 2400 baud can be selected .

M U X / D E M U X  RA ’FF SELECTORS

1’luese are a pair of rotary switches uused to independent l y  select the rate at whicii
imuput  port will  accept data to t i m e t ran smit ter  and the rate at wiu ich each receiver will  output
data from t u e  4 outpu m t  ports. Both switches are placed at “R” f ’or AUTODIN use.

MUX INITIALIZE / ALARM INDICATORS

These indicators are riot connected and amiy disp lay should he disregarded.

I I EADPHON E S

This is a jack for con r mectim u g headphones or a loudspeaker to monitor the input  or
ou m tpum t tones of the mn odem: impedance is 8 ohms.

SELECTOR

This is a 4-position rotary switch used in conjunction with the headphones jack to
choose whicii of the 2 receiver inp u ts  or which of the 2 transmitter  outputs will be monitored.

VOLUME

This is a rotary control for adjusting the volume of the headphones or speaker.

TEST AND CHECKOUT PROCEDURE

The purpose of this test is to determine if the nmodem is operating correctl y. Place the
power switch to the ON position and observ e if the 8 power-supply indicators are lighted , if any
one of the 8 indicators fails to light , a fault in t h e  power supply is indicated and re ference should
be made to the modem tech nical manual .

Allow a few minutes for t h e  modem to warm up and stabilize. While waiting, set con-
trols as shown in table 5.
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TABLE 5. MODEM CONTROL SETT IN( .;S

Control Setting

CODING MODE UNCODED (Transmitter and Receiver )

DATA RATE R 2400 (Transmitter and Receiver)

MUX/D E MUX RATE R (Transmitter and Receiver)

OPERATE MODE NORMAL

RECEIVER INPUT A + B

RECEIVER SYNC SLOW

RECEIVER FRE QUENCY CORRECTION A & B ON

Momiientari ly place t h e  OPERATE MODE switch in the LOOPBACK I pos ition ami d
t h en to the LOOPBACK 2 position. Note that a short ( I  or 2 secomids) pautse may be required
whe n switc h i ng from LOOPBACK I to LOOPBACK 2 to allow the receiver to sync hu rom uize
with the tr ansm rmitter.

Imi the LOOPBACK 2 position, the modem is disconnected froni the radio set amid
t’romiu the local dig ital equipment.  Internal test circumit s generate and monitor test data. For as
long as the mnodem is in the LOOPBACK 2 mode, both signal presence indicators amid the
LOOPBACK 2 test indicator should be lighted. If any indicator fails to remain lighted , a
problem is indicated and t h e  self-test should be repeated after setting bot h data-rate switc h es
to 1 200.

TEST I MX- 51 3 MODEM CHECKOUT

Purpose : Determines if mnodem is operatim i g correctly

1-I TURN-ON Operate power switch to the ON position and observe
that  the ei g h t  power supply indicators come on immediately.  If
any one does not , a fault of the power suppl y is imidicated and refer
to modem technical manual.

1-2 WARM-UP Allow a few minutes for the modem to warm up and
stabilize before proceeding. Whil e waiting , preset the controls as
follows:

a. TRANSMITTER and RECEIVER
( I )  CODING mode to UNCODED
( 2 )  DATA RATE R to 2400
(3 ) M UX /DEMUX RATES to R
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b. OPERA ’FF MODE to NORMAL

c. RECEI VER INPUT to A + B

d. RECEI VER SYNC to SLOW

e. RECEI VER FREQUENC Y CORRECTION A&B to ON

1-3 MODEM SELF-TEST P lace the OPERATE MODE switch bri efly im i
the LOOPBACK I position amid t h en switc lm to time LOOPBACK 2
position.

Note that a shmort ( I -  or 2-second ) pause may he required when
switching from LOO PBACK I to LOOPB ACK 2 to allow the receiver
to symichroniz e to the trat u smitter.  lii the LOOPB ACK 2 position , t h e
modem is disconnected fromii t h e  radio set and t’rotuu the local digital
eq uipment .  It iterm ial test circuits generate amid iu iom u itor test data . As
long as the niodem is in this m ode , both signal presence indicat ors
ami d the LOOPBA(’K 2 test li ght  should he hit .

TEST 2 LO OPBACK TH ROUGH TYC-5 AND MX- 51 3 MODE M

Purpose: Establishes correct interfaces to TYC-5 from MX-5 13

Establishes correct operation of TYC-5

i-I PRELIM iNARY Complete Test I that determines that  MX-5 13
modem is performing correctly.

1-2 TYC-5 Self-test of the TYC-5 to imusure tha t unit  can loop back

message traf fic to itself .

1-3 Set the MX-5 13 muiodem contro ls as in Test 1:

a. TRANSM ITTER and RE(’I IVER
( I )  CODING muiode to UNCODED
( 2 )  DATA RATE R 10 2400
(3) MUX /D EMUX RATE S to R

b. OPERAT E MODE to NOR MAL

c. RECEI VER INPUT TO A+B

d. RECEIVER SYNC to SLO W

e. RECE IVER FRE QUENCY CORRECTION A&B to ON

1-4 MODEM & TYC-5 LOOPBACK SELF-TEST

Set the OPE RATE MODE switch to position LOOPB ACK 1. In this
mode, the modem is discominected from the radio set and the local
TYC-5 is used to generate amid monitor test data. TYC-5 generated
digital signals input  to the modem trat ismitter are looped-back
throumg h the modem and appear as digita l data at the modem receiver
output. The signal presence lights should be on and steady.
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1-5 TEST At th is point the TYC-5 shou mh d be able to hoop messages
back to itself throug h the modem wi thou t  error s or block rejections.

TEST 3 LOOPBACK THROUGH TYC-5 , MODEM , AND HF RADIO

Purpose: l)etermines if ’ local hf radio receiver amid t ransm it ter  are
capab le of ’ passing AUTODIN digital data.

I- i  PRELIMINARY Completion of ’ TESTS I and 2 successful ly.

1-2 MODEM CONT ROLS - Set the mnodem comitro l s as in table 5.

a. TRANSMITTER and RECEIVER
( 1)  CODING mode to UNCODEL )
(2 )  DATA RATE R to 2400
(3) MUX / DEMUX RATES to R

b. OPERATE MODE to NORMAL
c. RECEIVE R INPUT to A+B
d. RECEIVE R SYNC to SLOW
e. RECEIVER FR EQUENCY CORRECTION A and B to ON

1-3 f -IF RADIO (‘ONTROLS - The local I mf ’ receiver (s) will  he used to
receive the locally transmitted signal.

a. P lace transmitte r and receiver (s) on same frequency.

b. Adjust transmitter for mimiimn u m uu tramisnii t  power. For TRC-75/
TSC- IS place power switch in LOW . Key the t ram u smit ter  omi .

c. Receivers. Tune R- 105 I receivers and pumt iii same mode as
transn u i t ter , USB, LSB, or JSB . USB is preferred mode of
operation. For the R- l 05  lB  place the AGC position in SLO W.
Adjust the audio output ot’ the receiver to read between — 5 dBmn
and 0 dBm when a signal is beimig received. For the R- 105 lB
the audio lu vel adjustment is on the front pam m el ;  for  the R- 105 ID
the adjustnuc1 require s opening the front panel of the receiver.
R - l O S I D  has no switch for AGC position.

1-4 LOOPBACK TEST - - - The TYC-5 , the modem receiver sigmual presence
lights , the modem input offset disp lay. and the headphones will all he
used to determine performance of t h e  local equmi pment .

a. If only one recei ver is being used , insure th at this receiver is
connected to audio itiput A on the modem. Place ti m e RECEIVER
INPUT switch to A. and the RECEIVER FREQU ENCY SELEC T
switch to A. If a correct signal is being received , the receiver
SIGNAL PRESENCE li ghts will  both be on steady. Oft li ghts  u i

blinking lights indicate a problem : most l ikely problem. ; ..re over-
driven transmitter , overloaded receiver , or frequemicy ot ’fset be-
tween t ransmit ter  and receiver. If a problem is imi dicated. see t est
step 1-4 d.
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h. If both SIGNAL h’R E SEN ( I - . I i gh m ts are um i amid remmuai m u on wi tho ut
h a s hing , loop hack a mimessag e t r om n t h e  TYC— 5 to de t erm m i in e  tha t
t h e  local equ m i p mu uem l t  is f ’u m u c t i o n i t i , correct ly .

c. Check ti m e INPUT OFF SET disp lay. I time hut t r a m is mmi i t t e r s  amid
receivers are properl y cal ibrated . t h e  OFFSI 1 disp lay should
read 3 Hi. or less. If tIme disp lay is 3 Hi or less , swit c h the
CORR E ( l ION A switc h to OFF amid ascertain th at t ime SIGNAL
PRESENCE li ghts remain o m m.

d. Troum hhes h iooting . Failure of t h e  loop hack thurou i g hi t ime luf radios
can l ikely be corrected by readjustmmue n ts.  I f a p rob lem u u is indica-
ted , time first step is to mmuo m mitor  t ime data signals um sing headphones .
Place t h e  HI AI )P HON L S SEL L (‘TOR switch iii XMTR A and
liste n to t h e  t ransmit ted signal as it soutn ds whemu leaving the
modem. The receive signal from the R- 105 I . as receive d locally.
siuou ld soutud idem u tical amid cam u be h eard by placim ig t h e  HEAD-
Ph ONES SELECTOR in RCVR A or RCVR B depemuding om-i
which receiver is being used. If no si gnal is hear d, t h e n t h ere is
a t ransmit ter  keying or frequ m ency problem , or a receive frequency
miot tumtued properl y.
Other problems are :
( I I  Overloaded recei ver. Time si gnal is heard in t u e  h ead phones

bumt is distorted. Disconnect antenmia and listen; if the
prob lem was recei v er ove rl oad , the signal muow should sound
“clean ” amid the S1GNAL PRESENCE lights should conic on
st eady.

(2) Overdr iven transniitter.  It mu uay be necessary to lower the
audio output  01’ t h e  modem to keep from overdri vim ug the hf
transti l it ter.  Overdrivi mig will result in distortion amid c lipp i m u g
of ti me sigtma l . To adjust t u e  au mdio output.  open the modem
cahim iet by releasing the thumbscrews and fim id circuit card A2.
The card has two small variable resistors . omu e for transn u it ter
A (XMTR A) and one t’or transmit chaminel B. Adjust variable
resistor while watching SIGNAL PRESENCE lig h t  and momu i-
toring headphones. Adjumst aumdio output  for maximiium ui value
before tIme occurrence of di stort iomu.

(3) Frequency ot ’t ’set between transmitter  amid receiver. Time
frequency corrector im i the modem will correct l’or offset up
to 75 Hz when the CORREC TION switch is ON. If the
offset is greater th an th is value , the INPUT OFFSET disp lay
will he blamik or fl as hu imig random muum u ibe rs and the SIGNAL
PRESENCE lights will he off or blinking. If frequency offset
is suspected , listen to the transn iit and receive signal imi t h e
headphones : it’ a difference in tone is obvious , a t’req u emicy
correction must be made. Correct by adjustimig the frequency
of the R- l 051 .  The outer ring of ti me CPS switch 1 m m the upper
left corner is placed imi ti me V (VERNIER )  position. With ti me
CPS switch at the VERNIE R position , the VERNIER control
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mn ay he used to vary t h e  oper a timig fre qumcncy fr o~mu 0 to 1000
Hz above t h e  operatin g t req im ency selected with the M(’S and
KCS contr ols omu the rece iver. The V E R N I E R  m s adjusted to
caumse the INPUT OFFSET disp lay on t h e m ode m to read

0 Hz,  at whic h time the SIGNAL PRESEN CE lights should
be omi steady amid the TYC-5 should be able to loop data
through the local system.

e. Second recei ver. Whemi a secomud rece iver is umsed t’or diversit y.
receptio n proced ur es a. thr ough d. sh uou m Id be repeated. Place the
RECEIVER INPUT switch to B and the SELECT switch to B and
repeat a , b , c. a nd d.

f. Diversity per formance. When Iwo receivers are used, check t h e
local d ivers i t y perf ’or m amuce by p lacing the RECEI VER INPUT
switch to A+B . Botii SIGNAL PRESEN CE ligh ts shou ld remaimi
omi . Correct diversit y pert ’ormiiamuce can be checked by of f- tu miing
one of the receivers . noting that its SIGNAL PRES ENCE lig h t
goes off, a mid verify ing that TYC-5 data can still be passed th uro u mgh
the radios and modem .

g. The in-band diversit y combining can be checked by placing ti m e
TRANSM ITTER and RE CEIVER DATA RATE R to 1 200 amid
repeating step a.

TEST 4 LOOPBACK OVER RF CIR CUIT

Purpose : Confirms performance of h f  radios at both ends of circuit .

Checks performamice of mu iode mu is at both ends of circuit.

Evaluates the duplex h f  frequencies selected .

I - I PRELIMINA RY Successfu l comn p letio mi of TEST 3.

1-2 MODEM CONTROLS - - Set the mui ou he mmu controls as follows:

a. TRANSMITTER and RECEI VER
( I )  CODING mode to UNCODED

( 2 )  DATA RATE to 1 200

(3) MUX / DEMUX RATES TO R

b. OPERATE MODE to N ORMAL

c. RECEI VER INPUT to A+B if two re ceivers are used : to A mf on l y

one receiver is being used and m s connected to A imipumt .

d. RECEIVER SYNC to SLOW

e. RECEIVER FREQUEN (’Y CORRECTION A & B to ON
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1—3 i lF ( ‘hR ( ’U I i  E - s t a b h is l m a dup lex hf l imuk betwee n the two c o mm u mmuumm ui —
cati omis po ints . Have t Im e re m ote emu d of the l i nk  pa tch  thuemr  rece ive
si gnal hack to their  t r ansmi t t e r  and retra iusm n it  t i m e si gnal hack omu the
ret u mrmi part ot ’ t he du m p lex l ink.  Moni tor  time returned smgn al u smmug
hiead p huom ue s amid v e r i f y  the si gna l is heim u g received. Time si gnal should
sti l l  soumnd l ike the transmm u it ted si gna l hut  miow may have  noise and
I’au li ng presemit . The SIGNAL PRESEN (’F . lig h t  on time modern w i l l
indica te  ti m e general qua l i ty  of the recei ve s igm u al.  It  t i m e li ght is on 2 3
of ’ the t ime or more , umsable data siuoul d he able t o he ex ch iam ige d over
the circuit.  (‘heck time INPUT OFFSE J and insure the disp lay is

readimig 75 I-hz or less. lulea ll y t h e  offset  sh oum l d he 3 lIz or less. it t im e
ot ’t’set is greater thami 3 Hz. mm u ake su mre the FR E QU E\ ( Y ( ORREC-
TION A and B is ON.

1-4 HF LOOPBACK Verit ’y that  t h e  crypto KG-36 camu sync h ronize.
Synchronization times mnay be longer than nor i mua l ly  expected due to
ci rcumit  delays and fading. See n ext section for sonic measured
syn ch romiizatiomi t imnes.  It m a y  be necessary to at temmupt  svnc hroniza-
tio m m severa l times if the hi circuit is of marg i nal qua l i ty .

At ’ter synchro mu izatio m i , muiessage transm uu ission on t h e  Ioopba ck
ci r cu mit  m um ay be attem u ipted. The Ioop back circumit  will  sh ow the
a c cu mum u ml ate  effect of fadimig amid noise resu l t imu g fromm i the signal goim ig
bot h ways  omi ti m e dup lex h im i k.  The loopback thus  will  imidicate
“worst-case ” condi t ions  omi the l ink at thie ti m e, amid actual operation
shoum l d proceed with  less d i f f icu l ty .

CIRCUIT OPERATION

Sumccessf u l comp letio n ol ’ t Ime 4 loopback tests means that  the circuit  is ready f o r  data
tramis iu iissiomi . It , at t h is t imm me .  t i m e KG- h 3 crypto sets have not been included iii ti m e loopback
test p roced umre s . Ioopback test 4 sho um l d be pert ’ormed with  t h e  crypto sets imi thie circuit
Syncu ironization times will  us u mah ly he on t h e  order of a few seconds for a normal h mf circuit .
Somu ietinies. however , h f  propagation conditions are such that several at tenipts at synchromii-
zation miiay he required. - 

-

The AN ’TYC-5A contains a selectable t ramis mn issio m i line-delay switc h wh ich permits
synchronizat io m u to be achieved even thoug h lengthy transmission delay tin ues may he p resemit
on the circuit path. Sumc iu delays would generally he present whemi the modems were operated
imi t I .e coded position or over satellite circuits. The line-delay switc h is variable am i d can be
set for delays (seconds ) or 0.1 . 0.6. 1. 1 . 1.6. 2 . 1 . and 2.6. Synchronization t imes wit h  t h i s
line-delay switch in the circuit and w i th  operatiomi iii arm rf loop are sliowmi in table 6.

At no time could synch r oniza t io m i he achieved in hoopback wit h m the h u e - d e l a y  switch
set in the 0. 1-second position . amid at no t ime sh ould ti m e umiit he operated wit h  t h e  switc h imi
this position. The long syn chroniz at io m i timiies at the lower data  rates imi thue half-rate coded
positiomi are another reasomi w h y  t h e  low data rates are mi ot recommended rate s in tables I
and 2. Any loss of crypto synchromiization due to interference or fading woum h d nu e am i muc h
t ime wo u m hd be lost iii the res ymic h ur on i zim tion procedure .
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TABLE o. SYNCHRONIZATION TIMES IN RF LOOPI3ACK OPERAT I ON .

Synchr oiuiz ation Tim e Wit h Mim m imu mn Line -Delay Switch
KG-13 in MODE 32 i’osi t io m m That Sync Will Occur

\lud ~m n Data Rate (Seconds) (Seconds)

2400 Coded hO 0 .6

1200 Coded 10 0.6

600 Coded 15 0.6

300 Coded 2$ 0.6

150 Coded 55 I n

75 Coded 100 1.6

The A\  TYC-5A and the AUTOD IN Switching (‘enters  (ASC ) are equipped wi th
( r y p t o  Am mci lh ia ry  Uni t s  ( ( ‘AU ) which are desi gmied into the AUTODIN procedumre to provide
3 m tmt o ma t i c  a t t e m pts at resymucii ronization of a circuit  that  hias lost sync l ironi za tiomi .  If the
terminat ion involves ami ASC at one end of the circumit .  3 failures at rcsvm u chroni ta t ion wi l l
au i toniaticah lv take the  data umser oft ’-l im ic. If the sync h ironizatiomi fa i lure  occurs durim m g mes-
sage t rami s f e r . an alarm will  soumnd iii the ASC and the ASC t e chnical  controller will  imui t i a t e
action to bring up tIme c i rcui t .  if time loss of synchronization occurs at any other t ime.  t h e
ASC technical controller will not niake an eft ’ort to re-establis h t h e  circuit u m nti l  e i ther  a
miiessage comes throug h AUTODIN to he sent to the remote AN/ TYC-SA or umit i l  the comi-
tro lher is informed by ti m e re m ote AN TY(’-SA operator t h at t h e  c i rcui t  is to he restarted.

CIRCUIT ORDERW I RE CON fROL

Orderwire control 01’ the AUTOE )IN circuit  over hi’ is essential. The orderwire is used
to coord inate start-o f- service , frequency changes . and other comitrois needed f ’or AUTOI )IN
op era t iomm.  It is essential t’or locat imug problem areas in time AUTOD IN link amid for  isolat-
ing at wh iic im ends of time l im i k any probhemi i s occur. I- ’requem u cy chamiges cannot be coordi-
n ated q u mick l y and accurately wi t l mo t mt  a reliable ord erwire capabi l i ty .  AUTOVON. it ’
available , is the best method for providi m mg ord erw i re circ u mit control amid coordination.

If mio w i r e - h u e  coordination chamimiels are available , then radio-c lmanm u e l coordination
must be establis h ed. Radio circ u mit orderwire can be tin ie- .shared wit h time AUTOD IN data
channel , be on t Im e opposite sideband of the data channel ,  or umse im i depe n dent  radios and li t ’
freq t mcmicie s .

TIME-SHARED ORDERW I RE

\los t c l ma mm ne l  comitrol is needed at times when no AUTODIN traff ic  is being passed.
and con sequent ly  timm i e- sharing of the data chanmie l niay he acceptable procedure. T lmi s pro-
eedumre will  he umseul in time absence of ’ AUTOVON , 6-kI-I z assi gm i memuts . or wi -men l imi ted
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a u muoumits  of h f  radio equi p m um e mi t are available. To m m u m t m a t e  servic e 2 ay l im i k wo u ld he
estab lished omi om m e of time a ;si gmm ed t r e q ue m ic ie ~. T lmis h i m m k  would most l ikel y v -nc e ,  al—
though TTY coutl d he used. Af ’ter t i m e  l ink h a s  been .‘ s tzmht i s h med ..nJ u t l i ~c assm gmied
tre h u emicieS have been checked as be ing re as otmabl y clear of imi t c r fe re u mce.  omue c u d  of the
l ink  t h mem m ch m a m i ge s t requem u cy to time A t requ em m cy amid a f u l l — d u p lex vo ice is a t t emmupted .  h i
successful , t Ime c ima n nel  cami be chiamiged over to AUTO I ) lN service If m i ot.  then an addi t iona l
frequmemicy chu am u ge mmm u st  he at temmu p ted . p robabl y coordinated hv m m m eetmmig back om u the original
fr e qu emi c~ -

NOTE

1mm c imec k ing f ’req um emicies wi th  ti -me R-h 05 1 recei~ ers tor occu lpanc v
p rior to umse. kee l) in mm i i mu d t h at time AG(’ in time receiver wi l l  bring
u m p ti me level  of weak si gnals to produce a com i stami t level aumdio
ou t p u t .  Oft em i . espec ially omi s i m orter  hi ’ ci rcuits , ti me desired signal

~ il l  override almost  am - my o ther  signals ti -mat can he h e a rd on ti m e
frequemmcy .  Timuis , if it appears t h at a t’req u ency is occup ied. it is
st i l l  o f t e n  Possible to umse tha t  frequency.

OPPOSITE SIDEBAND

If ’ 6- k h h i  fr equenc y assig m im m ients are available , it ms possible to u s e  th ~ n omi -data side-
hamid t’or orde rw~ie com u mmm m um u icat iomis .  Oftemi , for a 6-kHz double s i u hehammd.  one of the
sidebamids will  h ave sommie level of int erfere mice . The data l ink should he pui  on time cleare st
sideband and t h e  other used t’or the orderwire com u m iu n ic atio rms . Thus , poo r orderwire copy
wouihd not necessarily ti -mean that  ti -me data conm niunicatiom m s l ink was poor. Radio operatio ns
should check with  ti -me data users on the AN TY( -5 A before r c qu mestimig frequency changes .
to dete rmmii m ie if propagation problem s or interference problemmis represent time source of poo r
comm u m nun ications.

INDEPENDENT RADIOS AND FR E QU E N ( ’IES

If sufficient  hf radios are available ,  t I me oruher w ir e can he m miainta imied on t’req u mem i ci es
apart from time d a t a  h imik .  TIme orderwire t’req u me r mc y wo u m h d also provide a backup to t h e
AUTODIN data l ink:  if probleni s were enc ou mntered on ti -me data circui t .  t h is circuit  could he
c hanged over to use the orderwire frequency wim il e  time orderwire operator searched for a new
frequency.

DATA OPERATION

After  commmp het ion  of hoopback tests amid ver i i m cat iomi  th at crypto sym m c l mromi iza t i o t i  can
be established , data operation can begim m . Thue AN/ TY ( -5 will he operated in time sammie rn am m ner
as in tIme normal wire-line circuit .  In most cases , the operator will  note t im a t  the circuit  se~’ii~
to be of qual i ty  poorer t h an t h at experien ced in time wire-line case. Poorer qual i ty  will  o t t en
be indicated by the SYNC lig ht  omi time receiver portion of the A I U panel of’ ti -me &N TY( -5A .
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this l igh u t provi des t ime AN F~~( - 5 A operator w i th  a good indicat ion of ci rc u mit  qual i ty .
N o m i n a l l  tIme l i g l mt will  he st eaul ~ du m r in g ~ ire — h imme  op er ~mti u m m . h ut  sonic occa siorma l f l as h es of ’
time lig h t ss il l  he em m cou i ntered esen o~ a cOOLl q u a l m t y  u i  ci rcumi t .  Increased h ash ing of ’ the
h i g hmt i nd ica te s  de te r i or a t i mmg q u m a i m t ~ i the  mece i s  cmi s m g mmah. If tIme SYNC ligh t ms omi less t hi ami
SC) p erc e m i t  of time t ime. p r uhah i l ~ \ I - 101)1 N t r a f f i c  ca nmmot  he passed. If t h mis is t ime case.
t Im e hi  rece iver .im mul the r c cL ’i s e po rt iOm m 1 the M X-5 13 modem sh moum l d he checked fo r  pro~er
tu i m u im i g  amid. i t  t u m i i m ug is f o u n d  I~ he pro per . a new t ra nsm u mi t  frequme ri cy must  be f’oumid f o r  t ime
remote  em u d of t ime c i r c i m i t .

It  i i i a ~ he t’oumuu l t i ma t  no ulat a tr a mu sf c r is tak ing  p lace even though the SYNC hi gh u t
i m m d i c a t c s  a good qua l i ty  r ece i se  c i rcu i t .  Time proble m is t h en l ikely to be on the tran sm mmit
po t t i o m m  of t i m e  dum p he x  h immk the remote emu d of t h e  l ink  is not properly recemvi ng ti m e local
tran s m i mit  si~ m m , i l .  (in ti me -\ IU p um mel ,  t h is s i tu ma t ion  would he indicated by a large miu m mmber of
N ( ) 

-~~ ~s ”i or R A t )  ANS l i g h t s  on time t r am m sn mit t e r  p ortiomi of time A I U .
Op erat ion os en ai m lit h immk imi mmo way aft ’ects the selected lamm guiage mm - media format ( LM F) .

Data t ra mm sl  er will  occumr at a rate dependent  upon ti - me quma h i ty  of time iii cha m inel amid not upon
tIme i n p u t , o u t p u t  peripherals.  One w a rm m ing ,  h owever, concermm s ti m e l e m mgt i i  of m essages. Time
hi ch u ammm i el  noise will . omi occasiomi , produce a m m oise buirs t wh ic h time A N - l Y C - S A  will imiterpret
as time Reject Message ( RM ) symmibol. Thus. a message in the process of tran smn issio m m will  be
rejected and will  have to be sent again. For n essages lon ger t h an about 100 or 200 line blocks
amiul noisy chan miel condi t ion s , t ime RM beconmes an am m n oy an mc e amid can reduce th mro u g h u p u mts
For this reason , mui essage lemigt hs longer t h an about 200 him - me blocks are miot recom u im uuended on
HF AUTODIN.
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APPENDIX A

SLOPING-VEE ANTENNA

Time Slop immg -Ve e is an excel lent antenna for tactical usc. I t  is relativel y si mp le to
tram i spo rt and imistai l .  Omm l y omue mm u ast is required, a m -m d it mieeds om i ly to be strom m g eno umg lu to
sumpport ti -me 2 legs of t im e a m item u na.  The antenna—coup ler sys t e imm oh th e AN lS ( ‘- I  S ca n
eft ’ec t ive ly m m m a tc l i  t imis antemi mia at any t’reu~uency greater t lu am 4 MI li.

rime a ntenmma camm he con figured iu m 2 ways. One conhi g u m ra t io i m , i l lustrate d in figure A I
uses coaxial transmission h imie amid a halun.  The ba lu mn ,  ami rf transt ’or mmm er f o r  nm a tc iu im i g t ime
600—o hui m i iu miped a m me e of ’ ti -me antemi mia to time 50—o h imm i tr an smmiis sion line , is mm - mounted on tIme mast
at 60 ~3 feet ( 18  ~ 0.9 mi -metres )  above the groumid . RG-8U coaxial cable or equivalemi t  is used
amid shuou lu l he su ff icient ly lo n g to reach between time halumi and tIme AN TS( -n(J FS( ’- I S .

Ti-me ammtem i na proper comisists oh’ 600 feet ( 183 mm m etres) of n u mmm u her 10 copper clad or ,
pre ferably. 3-stram id , mi u m m u iher 16 or larger copper-clad wire. Insulators sumf f i c ient  to hmo l d ti - me
ant enna would probably l)e one m cli (2 .54 cm) by 4 inches ( 10 . 16  c mii )  in size.

P aram u meters of time antenna are shown in table Al
Time second conbi gur atio im of time antemina is shuown in figure A2. Th is c o m m t i gu m r a t iomi

uses 600- ohm mm open transmission l ine and 370-ohm ternmi m iat ing resistors , If it is possihhe to
obtain the terminating resistors , their use will improve time gain of time am mte m mna by about 2 dB
and i mm mp rove l oad im g cha rac teri stics sli gh tl y. The open t’eed lim ie is ami aht .~m m iat iv e : it wi l h  per m miit
t Im e hal u mmi to be p laced am mywhere .

TABLE A l .  SLOPIN (;-VEE ANTENNA PARAMETERS

Pat h Length Leg Lengt h Ang le a Optimum
(Miles ) (Metres ) (Degrees) Freq Range

400—750 80 25 4-20 Nlihi

750-1000 100 25 4-2 5 MI -hz

1000—1 500 80 25 5—3 O N I II i

— 1 500-2000 100 20 5- 30 Mh z

2000 100 20 n -3 0M11 ,

All Range
compromise 100 20

Nome: h eight of all of above is 60 feet.
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________ I I 50-OHM INSULATOR 12 FT TO 10 FT ABOVE GROUND)
COAXIAL CABLE

________ (RG-B U OR EQUIVALENT )

TO TSC~6O/TSC-15/TRC-95

Figure A l .  Coaxia l-fed Sloping-Ve e antenna.
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Figure A2. Geometry of shoping-Vee antenna.
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APPEN DIX B

SYSTEM PERFORMANCE PREDICTIONS

Tables in this appendix contain predicted efficiencies for an HF AUTODIN circuit
operated under a wide raiige of conditions. Interpolation between months , sunspot numbers .
and local ti m mme on amiy table or between tables , will give an estitnate of ’ ti -me predicted MUF
and most reliable frequency.

Signal-to-twise levels and predicted system et ’Iiciencies are also available from the
tables or by interpolation between tables. Efficiencies of less ti -man 90 percent indicate
condit ions under whic im particular care will have to be taken with frequency management and
circuit installation amid operat ion.

TABLE B I .  SYSTEM PERFORMANCE PREDICTIONS
(SHORT PATH . TROPICS 2 15 miles , dipole antennas , 0.3 kW transmit power)

Sunspot Local S/N at Most Reliable Predicted
Month Number Tim e M UF MUF Frequency S/N Efficiency

March 10 1200 7.8 65 6 MHz 75 .95
0000 7.5 56 6 55 .30

June hO 1200 7.4 67 6 75 .95
0000 4 .5 53 4 54 .30

Sept. 10 1200 7 .4 64 6 73 .95
0000 6.2 56 4 53 .15

Dec. 10 1200 7 .7 69 6 80 .95
0000 4 .5 62 3 62 .70

March 150 1200 12.5 56 6 ,7 72 .95
0000 12.2 61 10 60 .60

June 150 1200 12.0 61 6,7,8 72 .95
0000 10,4 62 8 60 .60

Sept. 150 1200 12.8 55 6,7 71 .95
0000 12.4 65 10 63 .75

Dec. 150 1200 12.8 59 7 78 .95
0000 9 .9 67 7 65 .80

F
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TABLE B2. SYSTEM PERFORMANCE PREDICTION
(LONG PATH . TROPICS . 2650 miles r imombic / shop ing-vee amitem m na .

0.3 kW trans m mmit  power )

Su nspot Local S/N at Most Reliable Predicted
Month Numm i ber Time MUF MU F Frequency S/N Efficiency

March 10 1 200 24.0 ~2 18 80 .95
0000 15.5 80 12 71 .90

June 10 1 200 2 1.0 81 15 81 .95
0000 1 1 . 6 72 8 60 .60

Sept. 10 1200 23.7 81 15 72 .95
0000 11 .2 73 8 60 .60

Dec. 10 1200 24.9 80 15 75 .95
0000 10.7 78 8 67 .85

Marc h 150 1200 34 .2 74 22 82 .95
0000 35.9 78 18 87 .95

June 150 1 200 31.3 85 18 80 .95
0000 29 .4 79 15 85 .95

Sept. 150 1 200 35.4 66 22 82 .95
0000 36.9 79 18 90 .95

Dec. 150 1 200 35.0 62 22 86 .95
0000 29.6 73 18 92 .95

• TABLE B3. SYSTEM PERFORMANCE PREDICTION
(SHORT PATH . TEMPERATE , 230 miles dipole antennas , 0.3 kW transmit  power)

Sunspot Local S/N at Most Rel iable Predicted
Month Number Time MUF MUF Frequency S/N Efficiency

March 10 1200 9.5 75 6.7 82 .95
0000 4.6 59 3 61 .65

J une hO 1200 6.7 73 4 72 .95
0000 6.2 58 4 58 .50

Sept. 10 1 200 7.6 75 6 80 .95
0000 4.7 60 3 61 .65

Dec. 10 1 200 8.4 77 6 83 .95
0000 2.9 62 3 62 .70

March 150 1 200 1 5.4 72 7,8 79 .95
0000 10.1 66 7 64 .80

June ISO 1 200 10.7 69 8 75 .95
0000 10.3 63 8 62 .70

Sept. 150 1 200 13.5 70 8 77 .95
0000 9.9 67 7 65 .80

Dec. 150 1 200 13 .8 70 6 80 .95
0000 5 .8 62 4 64 .80
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TABLE B4. SYSTEM PERFORMANCE PREDICT ION
LONG PATH , TEMPERATE , 2900 mimiles rhombic/ sloping-vee antenna ,

0.3 kW transmit power)

Sunspot Local S/N at Most Reliable Predicted
Month Number Time MUF MUF Frequency S/N Efficiency $

March 10 1200 26.2 88 18 84 .95
0000 10.2 74 8 64 .80

June 10 1200 21 .2 86 15 77 .95
0000 11.8 76 10 70 .90

Sept. 10 1200 20.5 87 15 80 .95
0000 9.7 74 8 66 .85

Dec. 10 1200 22.9 90 18 82 .95
0000 8.4 70 7 64 .80

March 150 1200 45.7 54 26 88 .95
0000 22.7 86 12 80 .95

June 150 1200 31.4 80 18 80 ,95
0000 23.5 81 15 87 .95

Sept. 150 1200 40.3 72 26 88 .95
0000 22.7 86 12 82 .95

Dec. 150 1200 39.9 64 26 90 .95
0000 17.1 93 10 77 .95

TABLE B5. SYSTEM PERFORMANCE PREDICTION
(INTERMED iATE PATH , 1300 miles , rhombic/sloping-vee antenna ,

0.3 kW transmit power)

Sunspot Local S/N at Most Reliable Predicted
Month Nu mber Time MUF MUF Frequency S/N Efficiency

March 75 1 200 27.8 69 18 96 .95
0000 17.5 99 12 90 .95

June 75 1200 19,3 90 18 96 .95
0000 18.4 96 12 89 .95

Sept. 75 1200 23.6 84 18 96 .95
0000 16.4 100 12 89 .95

Dec. 75 1200 27.9 83 22 98 .95
0000 12.9 96 10 78 .95
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