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1. GENERAL

T h i s  report covers the design , development , and engineer-

ing activities of Coinstock & Wescott , Inc. in support of

a research program of the Air Force Geophysics Laboratory

(AFIiL). The work discusst~d in this report covers the de-

sign , de velopment , and fabrication of a double—deck normal

incidence grating spectrometer (RS—62).

The principal engineers on this contract were

Mr. John F. McGrath ,
Director of Mechanical Engineering, and

Mr.  Joseph P. Padur ,• Project Physicist.

Work in the field of electronics , including the fligh t elec—

tronics and ground support equipment (GSE), was subcontracted

to TRI—CON Associates , Inc. and was conducted under the

direction of Mr. Chester G. Kuczun and Mr. Robert S. Hills.

Other technical contributors to the contract were Messrs .

Charles W . Peterson , William F. Burke , and George ~~~~. Quay

of Comstock & Wescott , Inc . , and Messrs . Norbert F. Roberi~~e
and Timothy A. Doyle of TRI—CON Associates , 

Inc.1



-
~

-
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2. RELATED CONTRACTS

The following contracts have preceded the contract covered

by this report :

AF19(6014)—l097, 19514 to 1956.
p

Contract concerned with development of a soft X—ray

radiation source and an associated high vacuum

sys tem.

AF19(60’1)—1889, 1956 to 1959.

Measurements of EUV and soft X—rays.

AFI9 (6014)—5693, 1959 to 1961.
Investigation of extreme ultraviolet solar radiation

and clarification of role of photoelectron emission.

AF1 9 (6014)—71496, 1960 to 1963.

Development of a number of rocket and satellite mono—

chromators and retarding potential •detectors . Spe-

cific reference is made to the Final Report AFCRL—614—
773 of this contract.

An associated contract which ran concurrently with

AF19(60!!)—7 !!96 was AF19(628)—2975.
~~~~ L; was concerned with research into the photoernis—

C 

sion properties of materials and with the investigation
and development of various spectroscopic instruments.

AF19(628)—)43l7 was an extension of AF19(6024)—71496.

Contract AF19(628)—5l88 covered a further extension

of this work .

3 ~~~~~~~~~~~~~~~~~~~~~ .,“* .~.—• . -. -
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Con t r act  F19€28— 67—C— 0205 covered the design , develop—

mei~t and c o n s t r u c t i o n  of three f l igh t  qua l i t y  EUV
spc’ctrophot ometers for OGO—F Mission .

Contract F19628—6 8—C— 0239 covered an extension of the

work performe d under a former contract and preceded th~
w o r k  covered by this report .

Contract . ~19628_72_C_0014 8 covered a modification of a

DeuLle—D eck EUV Spectrophotometer.

Contract F19L28—72—C— 025 !! covered design , development ,

and fabrication of a double spectrophotometer consist—
in g  of one ~-ra~~i ng  incidence and one normal incidence
rrat i r~~ ~~cct rophotometer.

~,
C
~~~ 28 73_c n?53, 1973-1976.
Deveior~ .ent and fabrication of two solar extreme ultra—

violet double spectrometers for sounding rockets.

Fl96?8—7’4—C—0002 covered a Type II normal—incidence extreme
- • ulraviolet grating spectrometer.

P19628—76—C—00~4l covered the modification of Solar EUV
spectrometer RM—6 0.

F19628—7 6—c-0235 covered the refurbishment , testing and

• field services for an ultraviolet spectrometer and electronics C

for an electron spectrometer for a sounding rocket.

Fl9628—7 6—C—029!! cover the design , fabrication , integration
and preparation for launch of a double—deck solar EUV
spectrometer and auxiliary experiments for a sounding

• rocket payload .

• 
_ _ _



Other cortr act s carried out by Comstock & Wescott in the field

of space instrumentati on , but ~ot directly related to th is

r ( ~I 1 t r-act , are :

• AH .9(628)—253 — Research directed toward desit~n of

U ; J t r U ~~ O 1t a t i I M f o r  inves i igctiei of ~ C I~~cpace by

• rockel and satellite probe techniques.

AF19(628)—!!988 — Rocket and satellite probe techni~:ues.

F ’ l 9 6 2 8 — 6 8 — C — O 3 0 7  — Continuation of AF19(628)—14988.

H F19628-72-C-0027 — Continuation of Fl962E~-68-C-0307. 

_____ i
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3 . ROCKET SPECTROMETER RS—6 2

3.1 tIltr )duct ion

This  ins trum ent was a double—deck near—norma l—m ci—

• dence spectrometer of an Ebert— Fastie confi~ urat ion

capable of miteasuring the solar continuous s~ ectra1

intensity d~ u t r i b u t  ion in the wavelength ramu~ f ror~
1300~ to 3500~ with an instrumental bandwidth of 0.1

• Angs i rorns

3.2 Technical Description

The spectrometer consisted of two optical scstems

Integrated in a single housing. A bas ic ortical de—
stgn under a previous contract (Fl9628—72—C—0~ t~ ) was

chosen because of its proven optical performance and

adaptab ility to required payload envelope constraints.

Except for the housing, the optical sys~ ems had secarate

• mechanical , optical , and electronic components which
allowed them to be used separately . Each system had the

mechanical capability of continuous or single step

• coverage of the wavelength range from central image to
14000 Angstroms .

rlC ab l e  I lists the technical characteristics of this instru-
ment which will be referred to as RS— 62 t h r o u i T h ou t  t h i s
report . Figure 1 illustrates the sa lt asse:sbiv drawing
of this double spectrometer and Figure 2 , a reproduced
photograph .

7 ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ 
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3.2.1 Instrument Housing

The i n s t r u m e n t  h o u s i ng  was m a n u f a c t ur e d  f r o m

60 6 1— T 6 a l u m i n u m  a l loy . It was manufactured

in two halves for ease of internal machining

and joined by brazing at Brazonics Corporation

in Arnesbury , Mass. according to brazing speci—

ficrition MPS—l6l (see Appendix). This was

accomplished only after acceptance of two test

braze housings which were manufactured and

brazed to simulate the actual housing brazing

operation . The interior of the instrument was

etched to a fine matte finish and black ano-

dized for minimum scatter.

3.2.2 Entrance and Exit Aperture s

The entrance apertures of both spectrometers

consisted of bimetal electroformed slits assern—
bled in housings along with the exit slits

(also bimetal electroformed) to parallelism

tolerances of 10~~ radians or better. The

entrance slit for the top deck was .0015 inch

• (37  microns) wide by six millim eters high . The

bottom deck entrance slit dimension was .001
i n c h  ( 2 5 . 1 4  microns) wide by six mil limeters high.

The exit slits were matched in width to the respec-
tive entrance slits and were 6.14 mrs high for both
instruments. Verificati on of the actual dimen—
sions was made , recorded and supplied to AFGL for
use in solar flux calculations . The slit assembly
is illustrated in Figure 3.

8
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3.2.3 Aperture Stop

The e n t r a n c e  a p e rtu r e  for  b o t h  decks  I n c o r p n —

r at e d  a p er t u r e  st o ps  si ml b r  t o  th a i .  i n

F i gu r e  11. These stops  pr  mar- i ty served to

l i m i t  t he  amount  of r a d i a t i on f a l l i ng  or t he
g r a ti n g  to the central maximum of the diffrac-

tion pattern of the largest wavelength in the

spectral range covered by each spectrometer.

Another stop was located on the mirror side of

the exit slit which served as a baffle to all

radiation not directly focused by the mirror .

The immedia te  e f f e c t  of t h i s  b a f f l e  was to
assure that no radiation with less than two

appropriate mirror reflections could enter

the detector.

3.2 .14 Ebert Mirror

The collimating and focusing mirror was also

fabricated from 606l—T6 aluminum alloy and sub-

jected to stabilizing treatments. The blank was
machined to a spherical surface with a radius of
curvature of 67.23 inches. After final machining
the blank was electroless nickel coated , polished
and overcoated with aluminum plus magnesium fluo-
ride for maximum reflectivity and/or protection
in the applicable wavelength range . Reflectance
data were supplied for the two mirrors from l216~
t.o 35O0~ by Acton Research Corporation of Acton ,

~1ass.
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3 . 2 . 5  Or a t In g  Mount

Past experiences have disclosed an unaccepi.—
able  degree of d e v i a t i o n  of the g r a t i n g  r u l i ng s

from the perpendicular to one of the mounting

surfaces of the grating blank. To overcome this

~ief~ c i+ ’ncy, a new grating mount was designed t.o

a c c o m m o d a t e  a gr a t i n g/ f l a n g e  a s s e m b l y  t ha t  could
be m Ire cis ely assembled in the laboratory with

th e use of an additional assembly fixture . This

cI ’s l gn  a l so  e l i m i n a t e d  the  n e c e s s i t y  of mak ing  a

right and left hand grating lever arm . Figure 5
illustrates the design of the grating mount

assembly .

3.2.5.1 ~rating Spring Lead Assembly

Thi s  dev ice  e x e r t e d  a nom inal  two pound
load on the grating lever arm with a

constant force negator spring. Its

purpose was to assure repeatable angular

step Increments of the grating lever arm

by eliminating backlash in the various

Interconnecting components of the drive
train. This unit was mounted indepen-

dently of the drive unit. This indepen-
dent mounting fanilitiated the installa— • 

-

tion and removal of the drive assembly

during the optical alignment procedure .

This assembly is depicted in Figure 6.

18
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3.2.6 Gratings

l’hc- di tt ’rn~- t. i n n  grat i ~igs  supt l i d  ~ i t • h the

i n s t r u m e n t  were  s t a n da r d  p l ane  r e f l e c t  ly e

replicas from i3ausch and Lomb w i t h  3t00 l i n e s
per milli m eter. The blaze wavelengths w e r e

2 1400k  and l300~~, r e s p e c t i v e l y ,  fo r  t he  t o p  and
b o t t o m  spec t rome te r s . Both were aluminum and

m a g n e s i u m  f l u o r i d e  overcoated  fo r  i n c r e a s e d
r e f l e c t i v i t y  at the  shor t e r  w a v e l e ng th s  and

s u r f a c e  p r o t e c t i o n  at.  t he  longer  wave  lengt - h~~.
F i r s t  order  e f f i c ie n c y  m e a s u r e m e n t s  were  acco :: i—
p l i s h e d  for  b o t h  g ra t i ng s  at -  A c t  on F~- s€- ar ’ch
C o r p o r a t i o n  and t he  d a ta  were  s I rd l~ c-d to ~~~~
p e r s o n n e l .

A f t e r  d e l i v e r y  of’ t O e  crc ’ ,: l e t e i  1 n .  r I ~~~~. ’ : - m .  - o
AFGL , the  o r a t i n 1 - in  t h e  ~~~ deck  7 O D ,~~~~~i ,~)
was rep laced  w i t h  a h o l c n -r a ç h ic  + r a i n , - ( a l~~-~
3600 i i n e s  per ml  l 1 l -r -~~e r)  ~.y - hs - A F  ~~~ . S~~ i e O i S S

f o r  f u r t h e r  reds  r.  f ’ s - a ’  - cr- -- ~ L

• 3 . 2 . 7  D e t e c t o r s

I I ’  

~i + ’ i ect  • r - /  - ) : e ’ r m r r ~~~~~~~ 
•

s I n  1 4 -- I l  p l I l t o m u l t  i m l i  ‘~rs ~~
‘
~~~~‘ - . - —

• 00 m o d e .  An E~-iH c L 4  ] ) 7_  -
~ wn - •

fluoride wi r , d c w  a r I d  a Cs  S -

with m a x i m u m  s e t s- i ’  iv~ ty ~~~ - 
. 

.

utilized in the short. wri v ’-i en ” .s~ ‘ - . • • -

(lower deck) whi le an ~~~ 
(
~-.i~ — — - 

- 
~~~~~~

- - :
silica window and a cesi c ‘-11u r~ d ~~~t I I~~~ ~~~~~~~~ 

)t~~c-

was used for the region fm --: 172 c
(upper deck).

2t - -

-~~
•
~~

-‘
~~~~~~~~~

‘ - .,_-_5.~~~ __•.________ . --  ~~~~ . • —~~~~~. ~~~~ -‘ 
-

~~~~~~~~~~ ‘~~-° ---- —
~--—~ ---- -~~~~~~~~
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D u e l  m i s  p i e l i m m I nar :i a c cep t  anc e  t e s 1  in g  at. AF(J D

the EMR 6 1 4 1 F — 0 6 — 1 8  d e t e c t o r  was f o u n d  to be

los in 1 - s e n s lt i v i t .y  . L I .  was establi shed that a

1 i a l ~ h a l  de ’ieboped  in t h e  p h o t os u l  t ip l i  er “pi nch—

o f f”  s e a l .  A t t ~;-s~p t s  to  r ep lace  it  w i t h  a n o t her
i d e nt i c a l  d e t e c t o r  caused  a t em p o r a r y  snag  b e c au s e

t h e  m a n u f a c t u r e r  had changed  t l 1 t -  ou t  s i de  d iass - t  er

of t h i s  d e t e c t o r  fr-os 32 mm to 35 mm s i n c e  o thers

too were  h a v i n g  t r o u b l e  w i t h  the  r e l a t i v e l y  u rr-
p r n t e c t e d  “ p i n c h — o f f ”  seal. The l a rger  d i am e ~ er-
d e t e c t o r  s u p p l i e d  more p r ot e ct i o n  w i t h  a t h i c k e r
c o a t i ng  at the  most — v u l n e r a b l e  l o c a t i o n . In
o rde r  to a c c o m m o d a t e  t h i s  l a rser  d i a n : e r ~~-r d e t ” c —
tor , the detector—amplifier hou slu - wa s r- - r t a r~ m-
and t h en  v a c u u m  c h e c k e d  p r i o r  t , I5 retnstallatiom

on t he  i n s t r u m e nt  h o u s i ng .

3.2.8 Detector—Amplifier Housing Assemb ly

This assembly was a sealed vacuum tisht comport—
m o n t  h o u s i n g  the  p h o t o m u l t i pl i e r , p u l s e  ampli-
f i e r , and h igh  vo l t age  power s u p p l y . It a l so
served  the  added purpose  of m o u n t i n g  a solar
aspec t  sensor and p h o t o m e t e r  b a f f l e .  P r i o r  to
i n s t a l l a t i on  on t he  i n s t r u m e n t  h o u s i ng ,  b o t h
a s s e m b l i e s  were p a rt i a l l y  e v a c u a t e d , p r e s s u r ise d
w i t h  dry  n i t ro g e n , p laced  in a v a c u u m  chamber  at
lo

_ 6 
Torr fo r  several  hours  and t hen  p r e s s u r e

t e s t e d .  In bo th  i n s t a n c e s  the d e t e ct or  hous~~ng
m a i n t aI n e d  a p o s i t i v e  p re s su re . F igure  7 is
t h e  de s i g n  d r awing  of t h i s  d e te c t o r — a m p l i f i e r
h o u s i n g  a s s e mb l y .
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3 .2 .9 Drive Assembly

The drive assembly was designed to provide wave-

length scans incrementally proportional to

i ncr emen t :al  a n g u l a r  i n p u t s  f rom t h e  d r i ve  m o t o r .

It cons isted primarily of a main sup-port hous-

ing ,  a Singer permanent maFnet 145 0 s t e p p e r  w i t h
a gearhead , a drive screw , a nu t driven drag

link with socket for accepting the grating le~Jer

arm ball , mechan ical stops , and a Litton Indus—

tries ’ absolute position encoder. The Singer-

permanent m agnet stepper with gearhead replaced

the Mesur—Mat ic High response motor when the

latter was found incapable of providing uniform

si ngle  s tep increments , thereby making line
shape measurements impractical. Figure 8 illus—

• trates the drive assembly.

3.2.9.1 Drive Screw

rrhe drive screw was directly coupled to

the reduct ion gearhead and was manufac—

t ured from type 303 stainles steel. it

was accura tely ground , nltr ided , and
lapped to the dr ive nu~ - t had a thread

i t.ch of 0.5 mm which resulted in a linear

motion of the drive nut of 12.303 x 10— 6

inch per step of the motor .

*
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. 2 .  iO B a c k gr o u n d  F i lt e r  A s s e m b l y

LI T h i s  assoud. by wh i ch was moun t 0j  near  n
s l i t -  u t i l i z e d  r o t a r y  s o l e n o i d s  as t h e  a ct i—

vati mi g motors to a c c o m p l i s h  f i l t e r  1 m m s e ~c t i n

into the exi t h e a r :  Cc i  hack mn und rse a s u r~ -—
m e r i t  . Th~

-
~ so l e n o i ds  st-i- - - en g ir. t-t- r- - a P r ’  long

1 1 1 ’  wi th the use of hail lea rrr~s r ather r n

511- -ye 1 o r er ’ i n g s  to  enhance their rd 1 ~l - i  I try

: m  the 5 p e r ’a t i r r r l l e n v i r o r m s m e m r i . Th s assl-nol 5

is depi O t O d  in  Fl gure 9.

In  toe top deck a C o r n i n g  ~Jo .  7 O h r  CI -~m - ‘sos

I T I S I r  er  ed at . l860~ arl 2314~~~. e ~- t tom deck

ut  i i  i c ed  a s a p p h i r e  w i n d o w  with ros I n’ I ns a~
0 0

l 3 7 9 A  and 1759A. i n  P e t  assemblies he “. : or

WOO Li  s t o p  for  one second at t r i o sele rr l I r t  wa’J I ~~~

len 1-t h , a c c u m u l at e  t he  t a c ~~ rrc Lrm:J  c o u n t  s r - i

r t h e n  c o n t i n u e  s ca n n i ng  in  the sarrr-~ dIrect ion.

3.2.11 Ranse Chan1re Filter Assembly

An assembly was designed to Insert one or tw o
neutral density filt:ers in front of the entrance

slit of the bong wavelenRth scanning spt~ctr’urrre1 er

( t o p  deck) to attenuate t h e  i n c o m i n g  m a d i a i o n .

it U t i i i  wed a push t y p e  linear solenoid in

• o rder  to  decrease  the  m a s s  of t h e  a r m a t u r e  and
el imi nat e the extra link necessary w I t h  a n u l l
t y p e  s o l e n o i d .  The arms were s u p p o r te d  on
Bendix flex pivots that pemmitt~ d frictionless

o s c i l l a t o r y  m o t i o n  and p rov ided  for  t he  s p r i n g

return force to the de—en cr r-gi zed solenoid posi-

tion , See Figure 10.
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The Ci lter~- su l-P I led by Acton Research Corpc—

r a m - a t  h a - I  a tt - It inal transmission of ten percent.

Vror-t 17 0r •t~ to l 7 ) 9 ~ t h e  i n c o m i ng  r a d i a t i o n  was

u n at t . e r r u o ’ I ( l ; f rom i800~ to  2 1499k one of the

l i l t  ers was  in s e r t e d  in f r o n t  of t he  e n t r a n c e

n U t ;  f rom 2 h 0 Q~ to 3500~ the  second  f i ll er  w o w

i n s e r O ed b e h in d  the  f i r s t  one r e d u c i n g  t he  in c o m —

ins’ r a d i a t i o n  by a f a c t o r  of about  one h u n d r e d .

3 . 2 . 12  gol-or V i e w i n g  P h o t o m e t e r

T hi s  photometer was a g a s — f i l l e d  i on i z at  ion
• c h am b e r  o p e r a t e d  i n  a u nity ga i n  mode nu r c ha s e d

Croci A r t e c h  C o r p or a t i ;n  of Church  F a l l s , V i r g i n i a .
C i t • h ‘ h-’ use of a s ap p h i r e  w i n d o w  and p a r a — x :i l en e
gas I l  e n c o s rp a s st --d t he  w a v e l e ngt h  coverage  f rom

to  i~~00~ w I t h s p e a k  sp e c t r a l  r e s p o n s e  at
O tC u ’  l t 5h i ~ . A t iO t  i o n  c u r r e n t  v e r s u s  c o l —
l e ct  ion  v o l t a I r e  was  ob t a i n e d  at Com s tock  &
I i I S C O t . t a n d  s r 4 m :  lied to  t h e  AFGL s c i e n t i s t s .
Act or - i l c a l i P - r s l  ~~~‘t of he io n  chamber  was c a r r i e d
out  by A F i 1~ pu- r - r ’ -r r i n e i  a t  t h e i r  f a c i l i t y .

A do- ab l e  b a f f l e  w a s  p r o v i ded  in f r o n t  of the
p 15 t ome .er to  e l l m - r  n at e  secondary  r e f l e c t i o n s

C 
f r - n  t h e  nose c o n e .  Th i s  b a f f l e  a s s e mb ly  i s
i l l u s t r a t ed in h 1 ~~~~~ u r ,

.
~ 11. 

-

- 

- 

t

_ 

~~edz,v~’L ~~~~~~~~~ ~~—-~~~~~~~~~ - - - ~~~~•

37

• ~~~ : • . • . . .. tier ~~~~~~~~~~~~~~~~ •
.

.. . .i . . . . j . . • r .L .~
-i.~.. 11U--~~i .l



r~~ 
,—  —,

~~ 

— —~~~~~~~~~~-- , -
- 

-
~~~~~~~~~

¼ ~~~~~ ~ ~‘

. - - 
-~~ ~ 

I 
I ~ 

(I) ~ ~~ C) 
~~‘ / / ‘ I - I ~ W I ~~~~ IJ) a

2 - V -

~ :~ >2 ) -

- O Q  i (f) ~
~~~ O II - 0

- ,• . — - — — - — I

— 
~~~ J - .  I (J) 4 ~~~

~~~~~~~~~~~ t~~rn ~~~~ Lii 
~~ m

~ Co U) — — 
~ — ~~ q ft I

-~~ ~~~~~~~~~~~~~~~ O Otc c~~~~~’-’- N rIJ r S 4 N N  ~~~ t~~4 cII II ,
- :ro ~

_~~~~~~~~~~~~~~~~ ( 

~~~ ~~~

_ 
- I

~~~ 
-

- -
~ HH

~ TL ~ ~- 
-
~~-I~~P I C ~~~~~~~~~~ ~

(r-)~~~~_~~~~~~~~~ ~~~~~ ~ ~ ~ IL ~- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Ei2

- - - 

f 
_J ~~~~~~ 

~~I I f ~~~~~~~~~~~~ ~~~

- 

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

~~~~~~~
‘
:“~~~~~~~~~~~~~~

Jt
~~~~~~ ~~~~~~~~~~

_ _  2-

~L~~~~~~!L . 

-

- -
5 

~~~~

- 

S 

- ~~~~~~~~~~~~—--~~~~~~~~~~~~~ •- - —----- -~~~~~~~~~~~



- - - ---—--—--- -—~~~~~~ -- —- --— ~~~--  - - 5-  5- — - - -  ~~~~~ 0_ _ __
~~~~~~~

_ _ _ _ _
.

__ _ _ S_ _ _ _ _

___’__

__5_ _

L4~ ELECTRONIC SUBSYSTEMS

1 4 1  General

The i n s t r u m e n t  co n t a i n e d  two s i m i l a r  e l e c t r o n i c  sub-

systems , each being independent of the other , with its

I C W U  power ’  supply, detector assembly , electronics , and

telemetry interface.

The c u r r e n t  p u l s e s  from t h e  p h o t o m u l t i p l i e r  were ampli-

fied and counted and the count converted to a binary

coded decim al (BCD) number. The magnitude of the number

was a function of radiation intensity.

14 .? Physical Configuration

The electronic system was made up of three sections :

1. The pulse amplifiers and high voltage

supplies in the detector assemblies,

2. Twelve printed circuit card s located

in a card rack , integral with the

rear of the housing (five cards for

each deck plus photometer electronics

and commutator).

3. Five more larger circuit cards in

another card rack near the center of

the instrument (2½ cards for each deck).

A dual (+l14V , — i14V ) low voltage regulated power supply
w as mounted  on one card of each deck .  Hence , al l  e lec—
t~r on i cs  were  In t e rn a l  to the  h o u s i n g  and shielded from

~ 1 z#~
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receiving or producing external radio frequency inter-

ference. The card rack was also shielded from t h e

detect ors and vented directly to the outside of the

housing away from the instrument entrance aperture .

Each phe l - i u l t , i p 1 m I ~ r was c o n t a i n e d  in a p r e s su r i z e d
assembly along with its pulse amplifier , high volt,age

power supply and filter. Thus , the  in s t r u m e n t  could  be
operated at any ambient pressure .

.3 Wave lengt- h Drive Operation

The electronics controlled the stepping motor and

generated a BCD number representing the number of steps

that. the scan motor had taken since being reset to zero

at the short wavelength end of the scan . Since the motor

advanced 2 4 Q steps to move the scan one Angstrom , the

short wavelength (bottom) deck required 20,000 steps to

scan from l300~ to l800~ ; the top deck required 72 ,000
steps to scan from l700~ to 3500~~.

rphe PCM frame rate was the same as the scan stepping

rate and was synchronized with it , so that the scanner

moved to the next position at the beginning of the POF

f r a m e .

The bottom deck was scanned in wavelength at the rate of
100 steps per second or 2.5~ per second thus requiring

200 seconds to scan from l300~ to l8oO~~. The current -
pulses (each pulse representing one photoelectron leaving
the photomultiplier cathode) were counted for the step
duration of 0.01 seconds. Thus , the count rate ich

filled the 16 bit shift register (14 decimal di gits) was
100 times 9999 plus 1 or 1 MHz.

~12
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The to ll uec~ was scanned at ~h I- rat -~ ot’ 300 :rl -rs per

secon d or 7 .  I I~~~ pci’ second hun I ’C~ ; U 1  rirl - ?1I0 c’cono ’

to scumi t r o i t .  l’(O0~ to ~~00~i . The c - - a n t  r ’ r 1  0 w h i c h

l i i  led m he lo t- de h: sh1f~ r- ’gis tei- wa~ ~00 1 m w

~ lus  1 or -  ~

st ns lt i v i ’ ,y or ’ he inSt r - u r r t - r .t  ~~~~~~ 
in’ eri ’ 1o ct1 1 :.1 1 h:t ted

su c h  t t ’ i  f ’ [ i g h t .  - ra t a r ites din not e x c e l - I l  0.2 MHZ.

l ”t i I r h i  d at . a  W ’ r ”  random and the pulse ampl ifi er would

have co :r p r ’ — ssed the count  ra te excos siv€ — ly if a r-anu~~:- .

r -at e  above t h a t  value had been encountered; therefore ,

the register capacities were more than adequate. H o t h

decks could also be operated at a 5 step per second

scan ra te  for- calibration . In this mode the photon

count rate which filled the count register was 50 ,000

counts per- second . An extra factor of two was also

available from bit 12 of the PC~1 waveform if required.

An absolute encoder was incorporated into each scan

system and its output was processed by the electronics

to present a binary coded decimal number representing

the wavelength in Angstroms .

The end of scan wavelengths for each deck was sensed
f rom the r e s p e c tiv e  absolute encoder and the signal

used to activate the scan reversal c i r c u i t s .  L,i r ru i t

switches were installed on the scan drive assemblies as

a backup to prevent jamming the drive against the end

of travel if the encoders became inoperative .

The readout of the absolute encoder also act iva l o li a
solenoid which inserted a background filter i n  t h e  ni ~~ - i  ( - r i

beam when the instrument was scanning d o w n  on~~v a t

1$3
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and l7~~9~ on t h e  h o t  torn deck arid scanning up only at

186t>\ and ?3140~ art the top deck . The filter- st n o d

in t he beam tar approximately one second and during

this t i me , the scan was s t o p p e d .  Bit 9 of the P CM frame

chang ed f rom a 0 to 1 while the filter was i n ,rr - r tc d.

m op J -ck -l et I ctor’ a s s e m b l y  had two neutral density

11 l ter s  w h i c h  were  i n s e r t e d  in the beam to r e d u c e  the

i n s t r u m e n t ’ s i n p u t . The f i r s t  flit-er was inserted at

w a v e l e r t - r - } i s  above 1B00~ and a second f i l te r was also
i n s er t e d  at .  w a ve l e n g t h s  above 2500~~. The p o s i t i o n  of

th e filter’s was indicated by bits 10 and 11 of the PCF

frame. The range readout on the console indicated range 1

for no filt .~-’i’ inserted , range 2 for one filter and ran~’a 3
for both filters .

t~~~~~ PC M Da ta For mat

The PCi~ frame was made up of an eight—bit sync word ,

three bits for background and range filters , seventeen

n~~t s  for pho ton count , twenty bits for motor steps , and
f o u r t e e n  bi ts fo r  ab so lu te  encoder  readout , leaving two
non—cha r ging spare bits atr the end of the sixty—four bit

t rain . A timing diagram of the PCI’4 data format and logic

wave form is given in Figure 12. dot-e that- the first bit

of the PCM data was of greater amplitude than the remain—

log bits. This permitted the start of each f ro m-r e to be

detected by ampli tude discrimination , i n  lieu of d igit al

techn iques rI - -~~u i r in g  compar ison of 8 bits.

Thus , the ground support equipment was greatly simplified.

I t worked  rel iab ly on clear strong signals present in the
laboratory and prior to launch. The dI al tal sync word was

used by the computer for reducing actual flight data.

14 I i
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14. ’~ Fleet rom eter—A nipl ifier ’

The inst ruuu’n i d e c  t ronl cs also contained an t t l  I - C m  r -c rl r—

e l c i ’  am p i  I f i t - i ’  1.0 en er g i ze  t he  p h o t o r r e t ~- r d iod - i I I I I ~

p r o c e s s  it s output t o t  1 ’  l t - :n c l . r y .  Th e  diode case ;-J a~.:
( 0 1 1 0 0 C m  ted 1.0 gr ound and it - c , - en t e r  wI  r i  - to —h volt

r p h u w  , i o n s  wee ’ C o l l e c t e d  arid t he  au t p u t  v o l t . age of 1 .5€ -
i i : t p l i t ’ i er w e n t  m a r l . ’ n e g a t iv e  for  i n e r-e a s i na  ion  c u r r e n t .

‘~ ha sys t em h a d  fo ur l inear  r a n g t .--s wh ich had full scale
- . — 12 — 11 — 10s e n n r l iv l t i e s  of 5 10 , 5 x 10 , 5 x 10 , and

5 x l0~~~ r i m m l e r ’ e s  , r ’ ’ s n e c l .  I vely - l i I l l t .
~ correct range was

a u t om a t  r ca Ply selt- rted . The output 1.0 I el et r El t ry WIt S 5
v o l t s  for ’ no s ig n a l  and 0 v o l t s  for  full scale . Thus , a

r ead ing  oC ~.0 volts on the most s e n s i t i v e  range ind i -
c a t e d  r~ o a c i n - m r t .  of 2.0 x io

_12 
amperes. The r a ng e  used

was indicated by a separate signal of 0 volts for the

most  s e n s i t i v e  range , 1.7 volts for l0~~~ ampere range ,
3 . 1 4  v o l t s  fo r  the  10— 10 ampere  range , and 5 volts for
the ~~~~ ampere range .

14 .6 Comm utator

A ~6 seg rrl h iit. commutator was included in t h e  e l e c t  r o n i
s y s t e m .  It  had a h i g h  i m p e d a n c e  i n p u t  arid a low out nut

im p e d a n c e  to  d r i v e  t e le m e t r y  ari d m o n i t o r  m e t e r s .  The seg—
:nr -nt . s wore  a s s i g n e d  as fo l l o w s :

1,2 0 V
3 2.5 V

5.0 V
6 op H iV Mon.
7 B o t t o m  H i V  I~~fl
8 Temp . ( f o r w a r d )
9 Temp . (m idd le )

147 
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10 ‘ t emp . (r e a r )
11
1;? Battery
13 Elec. Opec. HiV Mon.
114
11 Pho t-o FTIV Mon .
In

t h e s e  wei-e thi’i- o 1. - -mmip e rat ur e monitors on the housing’

one at each end and one near the center. The thermistor

sensors were connected to three amplifiers on the comn rnu—

t a tor  car d .

14 . 1  Circuit Description

A b l o c k  d i av r a r n  01 ’ the instrument electronics is given

in Figure li~.

A detector amplifier was used to feed pulses to a photon

c o u n t e r  c o ns i s t i n g  of f o u r  decade c o u n t e r s .  The b i n a r y —

c o d e d — d e c i m a l  o u t p u t  f rom the  c o u n t e r s , r e p r e s e n t i ng  the

number of photons collected by the detector in 3 . 3  or 10

m illiseconds (one PCM frame time or step time of the wave—

leneth scanrr .-r) was t r a n s f e r r e d  to the  16 bit shift reels—

t er  r i nd  s h i f t e d  out  t o  t he  PCM o u t p u t  l i n e  d u r i ng  t h e

followin e frame . See Figures 114 and 15.

The wavelength—scanner posi tion was counted in five decade

counters on the motor logic readout cards , t r a n s f e r r ed to
a 20 bit. shift register , and shifted out aft-er the photon

data. See Figure 16.

The logic circuits for driving the four position stepping

motor were included with the step counting circuit on the

m otor ’ logic card . The motor drive circuits were on separ—

ate cards i i i  the  cen t e r  card rack . See Figure 17.
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‘i’he output.s of the absolute encoders (a “V” scan system

i nvolving 30 connectIons to each encoder) were processed

on the large encoder logic cards . See Figur-es 18 and 19.

The logi c to detect , the correct wavelengths to energize

t h e  filt er-s was also included on these cards. The filter

drive circuits for’ b o t h  decks wt-re on the same card in

the cent er - card rack.

The s y n c  word 10111000 was generated on the timer card

and was sh ifted out . at the beginning of the PCM frame .

See Fi gure 20 .

The power- supply/output card contained a DC to DC regu-

lated—converter to supply plus and minus 114 volts from

the 28 V f li-: ii t battery or console power supply . It also

had the telemetry interface buffer circuit and generated

the load , reset and inhibit pulses. The load and reset

signals occurred at 5 microseconds and 10 microseconds

after the beginning of each frame . The photon counter was

inhibited for 15 microseconds out of the total frame time .

Thus , the actual accumulate time was 3.318 milliseconds on

t h e  iop d e c k  and 9 .9 8 5  m i l l i seconds  on th e b o t t o m  d eck .

A t I --St car-d cont ained a 1 MI{w crystal osci ilat or’ wh ich was

used to provide a pulse to check the operat ion of’ the

p u l s e  a m p l i f i e r  and c o u n t e r s . The 1 M H z r a t e  was used
directly or- divided by 100 tc give a 10 K H z r~~t . e .  The rate
was selected by a c on s o l e  c o n t ro l  tot. was 1 tHu if the

console were not c o n n e c t e d  to the test connector.

‘I’he test card also contained a 19.2 KHs crystal oscillat or

wh ich was (-he ¶,im n €- base for tenerating , all t he  system
lu- - i c. t ’ h ’ii the card was used in the bot t o m  deck , the ’

— -

—__~— .--~-- - ~~~~~~~~~~
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frequency was divided by 3 to give the correct time

base. The frequency was also divided by an additional

factor of ?0 to provide a f rame ra te  of 5 frarnes/sertond

by moans ol’ a console control. The crystal oscillator-

was accurate to .01 percent in frequency.

r pp 10 imer c - a ru s  of bo th  decks  were simi lar , the bottom
deck card hav ing an extra divide by 3 circuit to provide

the slower clock rate for that deck. Both cards could
— be run at 5 frames per second for calibration as mentioned

a bove .

60

L .  ~~~~~~~~~~~~~~ .



- -5—-- - - - ---5—- ---- --5— - --=
-- ------ - - -  --- -------- -.-~ ----.-- —-5 —

~~
-----

~
- —~~~-

I ,. S
I I- :-~:

i i-
~~~~~~~1

1-I i
~~~~~~~ 

~~~~~~~ ~~i (~~

(~) .~L.LJiiI- —

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ I
~~~~ E.LJ I I L—

~ 
.-II’ .

- ~~~~~~~~~~~~~~ ri)

1! ;~~~~~~~~~
‘ :~~~~~~~

‘ 

-

- 
•
~~~~~~i~ -~~~~~~~~~~~~~~~ 

-UT-1 p

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

~J
® 

J’~) j ~ ) ’~Ii I L 1
~~I~~~~~~~ ~~(kiI(

A
~ I

-I-5-*~ ~~t~ftt~-~~~ r
1
~~~~*2 Lft~~~~~~~ J L~~~~~~~~~~J 

, i ‘
~~ I

-5.? _ * 

‘~3tMff~
( . 

® 
~~~~~~~ ~~~~~~~~ 

~ u1~~ -
~
-l
~

-5
~

>h IEJ1 Htt ~~~
’ 

~: ~~~~~~ 
8 — 

-
~ & ~

,.— .~~~~~ 
__~4~44p~p 

- 0 r- ’ h i  rar± 1 - ~rr (~1
(j) 

~~~~~~ 
j Lf \ _  ‘~~ ~ I~~~~~~ 

)
~~~t ~~ ‘ 11  ‘-o

I’ 1 (Tml I ITTfl 1 I’rrI I IrrH I I1i~I ‘-4---~-rm I I ‘1*4~t’ ‘1~4*Th~ ; I III o
r—~’-

- iiiir -’--~
- L L ~~p._ - I I - I _J LLJ .

-~~-8~ ~~1Et~P J j  I
‘~~ ~~~~~ i® *~’

_
~I - —c’- --L-4—--~..---- 4-4. — ‘C

~c-~ ~—1 ~Rif :1i I 
- I® dS S IIS

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
J~ iu~I E~L~~

~~~~~~ . ®
~ 

. 
_ _ _

I~~~~~~~~ -n—t1ii~~c~ ~~~~~~~ I 
‘

~
‘ I

~~~~~~~~~~~~ ----~~~i$P-J~(U .) .-.LJ 1IL.i—~ ~~I

~~~~~~~~~~~ ~~-~frj ~~-~ ~~~~~~
~ij ’~ ~~~~~~~~~~~~~~~~ C

~~~~~~~~

I :ii :ii~. ~~~ 
- I ’

61

. .  — ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ - — 5--- 5— -- -



r ~~~~~ n~~ m~~
-
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—-~~~~ -~~~~~~~~~~~~ - - . - - - - ~ ~~~~~~ -~~-_ ---- _- 
--

- 
- 

— — 
I5 

_J_~5~ - — — —

~C LI

— ~~~ I-
U i , t
0 U.)I 

~~~~~~~~~~
. — I

~~~~~~ 

‘ 

-

~~ 

I —
F—f l ’  l—J I ’ ~~~ ~~ 

Lil~~i ~

~ 

—

~ 
a

_________ - -~ .q

I 
~~ 

U —
~~~~

I~ ~. I ’
k -~.5- .- w

U (\J
I -.~~ — — — — —

r 1
~~

IQ ~~~~
- ‘ - 2 ~~~~~ ‘ 

_
Q c~ -~~90 L ~~ ~~~u i  t~~

~ 
8

; ~I~~~~>
-

~~

-i;
~
j-

~~
_ _ _ _ _  ~_____  -

-
~~~~

HI’ f—lHt

I I 

—

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

63 *j ~e Yit

— —~~~~-——~~~~~~—‘-~,-~~ ~~~~ ~~~~~ ~~~~ 
- ~~~~~~~~~‘l ~~~~~~ _______



U
•

-~~
(

_
p 

- c  ~F4 ~t~ ’° 2
_ ,~~/1

-
~

— II.

p 
~~~~ 4 L

/ P

~~~~~~~~~~~~~~~~~~~~~~ 
__________

___________ 

II- 
_________ 

(RI,

r~r~
I,.; 13j ~~ -

t:~

I

_ _ _ _  

I h!i-
~
1

’-

,
~ 

~~~~J~~~~~
’ - a

I

— ~~~edz4’~ ~ye 7�~ a61 -

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

- -  ---— - 



-,,~~~, -~~~ - -— —-,~~~-~---- ~~~ ~~~~~~~~~
. -

5. JHOUND TWO . t~’1 H-Wi t

5.1 ‘.~enei-al D I S C - u - u s  1 p m

tIP console was d~-s~~” i ,-d arid [a t  1t f i moo w ith r c’
J - i O — $ 2  i n s t  ‘ a n c - i c i  - It . ~~~~~~~~ - ,  --i Ic ’ o p - - s a m  - - ~~ ms- - U

5p-  C d  r - o r ,p e t  I ’ i ’ . C T U  fl~~~ -‘ e l m  t O l i  a- a~ .i - c , C V l i - o m , m - m C t a ]  t

s a l m h r a t r o p m , in t t - g r a m . t on , m l  ~m P r ’ -  f r ’ ~~~ r r i o r  1 0

lau nch. I tir conso] e ~as :~ I so used to i- -cn le PCO’t r om-a c,n

c o u n t  anC i  wave len gt h cia~ c from [ 01  h s - a l  t ar e rnrr s i - —
n a l s  a o l  flight rc ,u ”net i - t i r es ck loo-: data

r e d u c t i o n .

The -anel was in ~ I nvei-t~- c - t p r i r l ” onf  eu r a a  I o n  wh i C r C

allowed cable connectors to 1CO l oca l  ei  on t he  s- i mi ~ - 5 .
‘ihe r a i s e d  p an e l  mi ~ d room hel-n’,’ i i  ( c m ’  d e c 4 m - n ~ -s ’ arCh

l o w ~~r supp lies. Patch cat -le o wc- - r o a r -  r - i e d  i n s I d e  t h e
co v e r .  The case di men si on s wer e 33 cm by t46 cm t- ’:

18 cm h igh . The weight was 11.5 Ye .

Fear- power s u pp l  es were m o u n t e d  to the bottom or the

ease. One of ’  hose supp lied 2$—volt - power to the isrctru—

m’ rer g ‘- - i t h  o- t a r ’at e control of b o t h  ]om~: v o l t a- c  and h i - h

v olt. a -a  -

0 t~ 1 C~~/ I - p ’  h t ’ I-W in air throuc -:h the ho t tom of r - b p  case to
-- - -01 1 h-  p o w e r ’  s upp l i e s  a n d  electronics s ace The case

- Ii S : rI l rc t - - - l abecit 50 watts.

i i ’  el e ’ C t  p I C n i c s  were contained oi~ six pr inl oh cir-cui

- - r n Is i i  a card rack fastened to the under- site of t h e

r - mirv . - I
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- Readout S c’C m n t  r ’ a l s / O p e m a t i — - m c

IOn- 1 - -nch op t-m i t ion rrn d c a l i b r at i o n , t h i -  c - e r r - - ole  u-ar-

co’ciec ’ - ~I to t i m e ir is t i-u ” .cnt- by 1 n test h a : ’ m C e s s .  P .

u r s  cent : - 5 -dr - at le m p , p-r m-me r was  supmlied to the insar ,4 5- ,n t

I ’ m - r, the con so 1 ’  2$—volt sum -p ly , was 5 5 C 5 ’ p lIed s- ,, sh e

icr-: volt a,-te (LV ) and h i g h  v o l t ag e  ( H V )  s w i t c h e s , and
m onitored by t h e  (rent pane l  m e t e r s . ‘~be P f l t -  d a ta
1 5 c m  th e  i n st  r ’ u r r r e n t  were uecoded by the electronics I a

t h e  conso l e .

-he console C l e C U - l f l ( .l late fr-crc e l  t - h - r -  the top or h o t  oar

Jec~ as seleoti-ri by th e  D E C K  r~w I t c h  s O t  crh also p- e tch - -s

he cop irr —s- t t -~- clock t.o the ck frar-mo rate.

S i x t e e n  of I he se v e nt een  b i t s  of p m - -n . a o u - .t i at. a
were  decoded  ~ rrd d i s p l a y e d  cro L4 d e c ]m a l  di - i t s  t-rh r l - ---d

PCtI COUNt . the  p o s i t i o n  of the  r ’an ce c h a i r  h g  fiiter’:

was m d i  crated by a 1, 2, or 3 ap p e -cr in c - after th’r-

C O U N T .

T i t h  t he  w a v e l e ng t h  s w it c h  on OTEP , t h e  mo to r  s c e n  1-eta
of 20 H t —  w er e  decoded  and d i s p la y e d  as ~ d e c im a l
d ig i t s  -

J i t h  the  w a v e l e ng t h  s w J t ch r n  ~~~, t h e  ue ’C- - c - ] e r - , et. h i s

A n g s t r o m o  was d i s r r i ayed as ~C 4 decimal iI~~I s.

Tince the encoder is the bot m o m  -lee k of ’ t h e  i n s : r ’u : - e n t
rot ated to indicate decreas h ’l wave iemic - th wh e n  the

scanner was in c r e a s i ng  w a v e l e n - t : h , t h e  conso le  c i r c uI t s
correc ted I h e  decoded  dat a  to  g i v e  t h e  corr- em A n o - s t r o a r
r’eadi r io when the console was used w It h the bot tom d e ck
of the m nst r- r mr nt ..
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~~i t . h  the FRAME HATE switch on (LO-( rh - - in sl r I ir-l - r t

(and con sole) operated mt 5 i ame s per second SICd

drove  a ‘ r - : m t i k ]  i n  p r - i n t e r  as an aid in ~;p l  I b r a t i  on .

ti r, t h r e e  m i d S t -  I C ’,U i f I  c an t  d ig i t s  of t he  P CM c o u n t .

F 
w e r e  c o n ver t  CI to an analog v o l t a -tc- h e t w e e r - r 0 and 10

volts and this voltage was available at: the Blif con—

nectom so l a b e l e d .  The th ree  leas t  s i g n i f i c a n t  i ig it : r

were al so converted and the analog voltage s-as avail-
a bl e  at  t h e  o the r  BNC c o n n e c t o r .

The test oscillator of each deck was controlled ty i~~s

o r-z n c on s o l e  s w i t c h .  The A M P knob  co n t r o l l e d  t h e  a a r p l i —
t un e  C I bo t h  de c k s ’ pu l se s .

The monitor’ voltmeter read the console 28-volt power
- su m s p l y  when  on M CII ITOR position 1. Position 2 dis—

p layed the  co mm u tator ou tpu t . Pos it i on 3 d i s p l a y e d
the rocket  f l i m ’Iht b a t t e r y  v o l t a g e  ( ÷ 1 0) .  Position L 4

displayed the photometer output voltage and position 5

ind icat ed the  pho tome te r  r ange . The me te r  was b u f f e r e d
by api operational amplifier and did not load the cir—

cul t to which It was connected . Monitor voltages were

available at t h e  test jack above the I- iONI T~]R s w i t c h .

-In ar d or to sample  and decode the PCM s ignal , The con-

sole clock had to be synchron ized both i n  phase  and
frequency with the PCM frame . The sync control adjusted

the amplitude of the PC I-I da ta  s ign a l  to  mat ch t -he  f r ame—
sync det5ector threshold. Improper adjustment was m d i—

cated by the SYNC LOST lamp . When the lamp was off ,

the console clock was locked in phase  w i t h  the  PCI-I d a t a
frame at the start of each frame . The frequenc;c of the

-~ - -  - ——
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console clock was adjusted to match the PCI’i hi t

n-a te by I-he FREQUENCY control. Proper risij ust nent,

wa~m ac - it 1ev -U w h e n  t h e  An: - ’ t ri t C C C P L r e a d o ut  w a r ;  1 t ~~p 1~~’-~ i n 1 ’

a “clear- ” num ber , with all segments illuminated.

To assist in calib rat inn , the conso le  con ta ined a
6 — d i g i t  h-c d m  scaler which recorded the frequency of

t he squa re wave ou tpu t  of the  ins t rumen t . The cou n t
a c c umu l a t e d  in  e i t h e r  1 or 10 seconds , as selected by

the  TILt— IL BASE switch , was displayed on the readout.

l abe led  PHO’i’fl~t C CU N T . The lam p to  l i re  r i ch t  of t he
display indicated when the counter gatr -  was o r - en .  I h e
C l i s n l a y  t u n a w a r  two seconds  in b o t h  t he  1 second and
10 second  c e C u n t  m odes .

rp l~e S C A N  CC-NTROl switches on the c o n s o l e  pane l  cave

i n d i v i du a l  c o n t r o l  of the  w a v e l e ngt h  scan of each
d e c k .

The SQUARE WAVE BNC c o n n e c t o r  p r o v i d e d  a b u f f e r e d  out  p - a t

square  wave s i g n a l  t h a t  c o u l d  be counted by an external

F counter If desired. The t ime base for the  1 second - a n d
10 second counting intervals was derived from the c asole

c lock  wh ich w a s  st1r n c h r c n i z e d  w i t h  the  i n s t r u m e n t .  c rl ,’st al
clock and accura te to 1 .01 perce nt- .

5 .3  Teehnroal D e s c r ip t i o n

A block diacram of the console is given in Fi ure 21. A

t i m i r l i l  d i ar -ra i rm is  g i ve n  in F igu r e  2 2 .  The logic war- con-

tained on s Ix p r i n t e d  c i r c u i t  cards designated tImer ,

d a t a  decode p h o t o n , data decode wavelength , t ime base ,

and printer drive and -ang drive .

- —
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The t i m e r  card co n t a in c - d t he  c l o c k  o s ci l l a t o r  and

logic to gen c-r -rite t h e  sample pulses required by t he

data decoding cards. A schematic is given in F i cu r e

P 3.

The dat-a dec- hi nc cards  samnp led t h e  P CI-I  d a t - a  a r r i

stored the respective data word in rec-isters to oper-

ate the front panel displays , the i-rinter drive card ,

and the  d i g i t a l  to ana log  c o n v e r t e r .  S c h e m a t i c s  of

the cards are given in Figures 2~ and P5.

The t i m e  b ase card gene ra t ed  the  1—second  and 1 0 — s e c on d

t i m e  bases  f o r -  t he  7 — d i g i t  decade sca ler , also con—

tri l ned on t h e  car d . T h i s  i s  I l l u s t r a te d  i n  F igu r e  22.

The BCD infor-mat-ion used to drive be di ~rplrivr ; was con-

v e r t  ed ort t he pr - i m i t - e r  d r i v e  card f r o m  0 v o l t - s and +C-

volts fa rt ’  0 arid 1, r e s p e c tI v e ly ,  to 0 v o l ts  and  —6
v o l t s  r equired  by t h e  p r t n t~e r.  A schematic  is g i v e n  C

in  Figure P7.

The p h o t o n  coun t  BCD i n f o r m a t i o n  was c o n ver t e d  to an

ana log  v o l t a- c  b ’j an A n a l oc  Dev ices , I n c .  d i g i t aI  —t o—
analog c o n v e r t e r -  Model  D A C — 12 Q Z  l oca ted  on t h e  ‘t ans
d r i v e  car-d . T h r e e  BCD d i g i t s  were  conver ted  to a io—
v o l t -  f u l l  sca le  o u t p u t  w i t h  a l i n e a r i t y  e r ro r  of ± t h e
l eas t  s i g n i f i c a n t  b i t .  The ana log  o o t m C u t  was u s e f u l
f o r  p r o d u c m i rr g an in t e ns i t - v e r sus  wave lena- I h n - l o t  f re t
m a gn e t - i c  t ape of t he  f l igh t ,  d a t a .

- 
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__________

5i~ Per fo rmance

The console was used to operate the instrument dun—

Ing calibration . It was used at Ball Brothers Research

Corporation for the integration and performance tests.

At the launch site the i n s t r u m e n t  in the  tower  was ope—
rated and set in the proper’ mode for launch by the

console located in the blockhouse.

Irrimn ediat ely after launch , the console was used to pro-

duce qu ick—look data reduction at the site telemetry

stat ion .

-j
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2 . FIELD SUPP ORT h L R V i C E S

This  in s t r u m e n t  was l a u n c he d  on 9 Au~-u s t  1977 1 i ~~~r ’i ~.ti 1t i-

Sands M i s s i l e  R a n g e , New Mex ico. Comn L- let P m t  - -
, 

- 5  C

t h e  pay load  i n t e g r a t i o n  and l a u n c h  i s  con t a i n - - h  I n  a 1~ - c - n’

r ’ ep or -t .  in the  Append i x .

1
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REVISIONS

C 
1~~1 DESCRIPTION IDATE1 APPROVED

1.3 - l e n e x a l

1.1 i s  s p e c i l i  ea t ! en ec -r t r ol s  the n - - q i e n c e  a u - I  p r o e - - i m u -as t o  be
I t- x ed  I i i  t ij i’ b r a z i n g and sub s e q o --art  heat  t r e a t m e n t  a m -i

s t a b i l i z a t .  i on  of t h e  Plodel P 0 3 3  S i e c t r o : - r e t e r  H o u s I n g .

2.0 App I i c a m -  i C-C Do eura- ’trts

Li ~ - C l  I - I -S C , : ! c m -  1 i s  I l i  I r o: ! m ~g B e t a :  c l2~~8
— r-ii Prt Bait E39 8

H o u r - i s a- — L e t’ faif E~ 97
Pt a b ii  I x a t  ion Ppe - r .

. 0 - i n J  en a l _ n

Housing xi ~ L 606 1—T6 A l u m .  A l l o y
h o a sin g  A~ b y  A lcoa  #7 18

.0 r - - c e d u r - o

, . ] ~ A = n s ~— r : rb l e  housin~- as s h o w n  on D w -  - - . 12~~8 w~ t fl a 5 nil hrasi nc—
1 LIe r r i l i n g ]  n i-n seen -cii rIbs a nd  c C j r , t i a - T i c u s  su i t ace~- a t  t h e

—r i  i j ru i n  

P 11 L v .  h a -u s  ng w t t h  a l u m i n u m  p i n s  t h r c u gh  P ~les r ar w e d  “A ”  as
r r i nr- nr on t h e  dn a - g in a - . C l a m p  as n e c e s s a r y  to  a s su re  r-:ood

t n - a r e  j o i r r t s  at al l  t a t  i ng  su r fa c e s  w i t h  m ini m -or di s a-n
of f -ne  hour - I a s .

.3  P - a L t  i t . h  C l i p  b n - a z e  h o u sin g  at 1080 °— b o - 90 °F .  Keep b r a z e  ~ o i r .n
hot - i : :ontal 1.0 p r e v e n t  f i l l e r  a l l o y  f l c r - ~ Crc- n :c - in t .

~1~~4 Remo ve h o u s in g  fI ’om salt  ba th  and a l l o w  to s t i l l  a ir  cool t o
a p p m - i :-: r a t e i y  970 °F ± l0~~i” .

5 115 n - i a n ’ -~uench  fr -o n ,  970 °F w i t h  a s t r o ng  a i r  s ax’osnh a r c
t h r o u g h  ent  i r e  h o u s i n g .

: ; .6 Ar-t i :H c i a l l y  n~~e aso  t h e r m a l  c y cl e  n - e r  S e c t i o ns  3 .~~~~~~, 3 . ~~~~~~. am -i
~~~ of I ’ I P S— l 5 b .

COMSTOCK & WESCOTT,INC. P P E C T R P ’IFTFR H 2 ’ i I N C  t:F~~’~~’t
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3 1 r- I’or-cc - L ’ el I i ~’s i Cs Lab~ - r - a t o r y
1 ) - r a m - f  se n t  of tm a’ Air For-nc
iinins c mni A i r Force Base , M a s s .  01731

i t  t: ’t i t  i o n :  I - li - . Char l e s  W .  C h a r t n o n  ( L K O )
A e n o n o m n y  L a b o r a t or y

Let , t , : - m -  Repor t on Launch  of R o c k e t
Spectrometer So . 62 f r o m  W h i t e  Sandr
M i s s i le  Range , Sew M e x i c o  on 9 A u g u s t -  1977 .

H - m i t  l e r n e n :

The l a u n c h  :xnd C i i  tht of Rocket. Sn e c t r om e t or  So. 62
- -nero accomplished on 9 August 1977 in accordance wit. h AFSC
Management Report dated 23 June 1977.

~r i te x ’ation At  Bou lde r  Co lo rado

t ’ t i C :  Spect rom ete r - Instrument RS-— 62 was integrated with
i s s Solar P o i n t i n g  C o n t r o l  and Te l eme t ry  S y s t e m  d u r i n g
the  week of 25 July 1977 at Ball Brothers Research C o r n —
o r a t i o n  ( B B R C ) ,  Boulder , Colorado .

There  were no p rob l ems  w i t h  m e c h a n i c a l  fit. The
o v i - b b o c k  was m o u n t e d  w it h  a 0 . 0 2 0  i n c h  s h i m  under
one end to  cor rec t  for  i n t e r n a l  o p t ic a l  m i s a l i a -n m e n t .

The in s t r u m e n t  was nose heavy  and r e q u i r e d  about  15
pounds  of lead at t h e  rear  to  ach ieve  the  b a l a n c e
necessary for the elevation servo to function properly .
P o i n t i ng  checks were made to provide data for
p o s sib l e  chanses  in t he  servo time constants. A
aerformance c h e c k  was not  m ade at Bou lde r - .

After minor corrections were made to the  print ing
c o n t r o l  wiring, the  operation of the instrument was
satisfactory . The p h ot o m e t e r  1eakag ~~~c u rr e n t  was
s x io _ 11 

irrpar - a s instead of 5 x l0 ° amperes w h ic h
has been achieved at AF~i f . However , t he r e  ha d been
2 days of ra in in Boulder and the humidity was very
high .
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The t e l e m et r y  b i t  rat e of he op I C - O k  1 C M  sI -na l  w a n
19.2 kilob i i per second , almost t w i c e  as h l r h  as
h ad  p r e v i  ous l~/ been  used . A W i C ~~~

-’ t a n -h low p a r n s
— f i l t e r  fo r  t-he local t elernet i-~ a - r o u n d  stati - -n wa s ma - - ’

ava i l ab le  a -O the - t u n a b l e  d i s c r i m i n a t o r/ f i l t e r  nit
A F I L  was s h i p p e d  to Boulder ’  and arrived We dnesday
n - t m - n i n a - . T e l e m e t ry  c h e c k s  w e r e  t h e n  su e ~~ -- s r  full ’,,
1ert ’ i m : - . : -  1 .  The rena -ole was 5a- -- j t o ,  stni -n -ut dam n
fr-c m the r~unable C ii scr - i mn i ’nator/filter and qualitative
“al iveness ” checks  were m a d e .

The equipment , was readied f o r  s h i p m e n t  to  ]]SI-TB F r i d a y
mornins, loaded Friday afternoon , and was at ‘:121-lB on
Monday 1 A i i r u n n t -

I , a un c h tions at WSMR

The i n s tn ’u n o-nt. was c h e c k e d  Monday  1 A u g us t  and a m — c r a t e d
co rrectly includin g the photometer which read 2 x
ntrnoe res.

A preflight conference was held at 1230 hours 2 A n-u st .
L a u n c h  was  c o n f i r m ed  for  1000 hours  9 A u g u s t .

In th e a f t e r n o o n  ar att emp t was mad e to  evacua te
the nose cone (with instrument). Loose screws on the
inside of the vacuum hose fitting leaked badly. A
shear pi n sheared on the dog motor drive when the
motor was energized to raise the cone . It was dis-
covered that the dos—i mechan ism had over—traveled on
closure due to a malfunctioning limit switch. The over—
travel prevented releasing the dogs by the usual method
of apply in - pressure to the mechanism through a pi rn e
plu g hole in the cone rim. The cone was finally raised
by loosen in g the  screws hold ing the  dog guides to the
base plate. The failure of the limit switch was caused
by a drop of epoxy under the actuating lever. This
epoxy had dripped from the instrument umbilical connector’
when i t was po t t ed  at ~~u l d e r .

A performance check was run in buil din ,g 11200 Wednesday
morn inr- . The pointing control performed well , but
t h e  “Bottom Test On ” func tion at the console controlled
both motors.
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fbRtn found ln c- or- r- t- ct. w i r - i n g  in  the I ten t 1 urn and I was
- n r r e c t e d .  D u i l m i , ’ the check , counts W t ~~~

- bserveu on
he bottom deck telemetry n igm ia l dur-ir i - hi ~h volt age

“On ” t .  I 5Cc . the trouble could not be r-e prC - C du c -- - d aft -m - - f - h e
che ek.

Dr. Em elo and fl i S-i I r b a iu s  r a t  c a l i L r at ion -a-heck on
t b ’  O H - I - I ’  deck  us in g  the  Pen Ray I a n :: and n-rai : m r -  ‘~ i
d i  C C , ’ -

The H o r i z o n t a l  C h e c k  was run  at sh e  VA B at 1030 t e U - s
Thursday . Th e coun t s (2 000 per second ) a p p e a r - C l
again d u r i ng  t h e  run . It was  det  er ’m ined t h a t .  he
:moumr ts were present only with the pullaway out . t hc-
trouble had n o t , been  n o t i c e d  at Bou lde r  or AFGL b e —
~‘ause t h e  console  had a l w a y s  been  c o n n e c t e d .  She
only  way to opera te  w i t h o u t  e x t e r n a l  c onn e c t i o n s  was  on
b a t ter y  w h i l e  o b s e r v i n g  the t e l e m e t r y  s irn a l s .  T h i s
was  not  done u n t i l  t h e  performance arid horizontal
checks  in  the  f i e l d .

A capacitor (.01 PlED ) was added to the 28 volt i nput
to  the  b o t t o m  hi -h vo l t age  power  s u p p l y  at the  F
Gection terminal board . This reduced the coun t to

- n e r o .  The proper  o p e r a t i o n  was c o n f i r m e d  by f u r t he r
checks using telemetry on Friday morning.

On Monday m o m m a - , 8 A u g u s t , the  pay load  was r a i sed
1~o the  f o u r t h  level  of’ the  150 B t o w e r , the  r o c k e t
loaded and t he  p a y l o a d  lowered and m a t e d  to  the
rocke t .

Land l i n e s  were  checked  by BBRC and t h e  instrum ent
was energ~ wed f rom the  con so l e  in the b l o c k h o u s e .
Some a—c ripple was present w h i c h  m ade it d I f f i c u l t ,
but- no t  Ln:mr o ssible , to synchroni we the console
clock to t he  PH-i s ign a l .  In f u t u re  i n s t r u m e n t s
it may be a d v i s a b l e  to i nc r e a s e  the  difference b- ’—
tween  the  s y n c  p u l s e  a m p l i t u d e  and da ta  amp l i t u d e .

The V e r t i c a l  C h e c k  was run  at l~~00 hour s  Mon day .
Performance was sat isfactory . Photometer’ leakage
c u r r en t  read 5 x 10 L i  

a m p e r e s  w i t h  t he  p u l l a w a y  i r C
b u t  d ropped  to  ~ x io~ 3 amperes  w i t h  the  p u l l a w a v
out . The conso l e  was t a k e n  to  t he  tower  and c o n ne c t e d
directly to the instrument , and the low leakage of

x io~ 3 amperes  was conf i rme d .
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The “al iven ess ” of t he short  w a v e l e n g t h  deck was ch ecked
b~1 r em o v i n g  a cover -  and i n s e r t i n g  the  Pen Bay Lamp in
f r o n t of tb -a - e x i t  s l i t .

BB RC i n s t a l led  flight sq u i b s  and the  i n s t r u m e n t  was
c leaned  and b u t t o n e d  u p .  A s u c c e s s f u l  check  was made
w i t h  the  conso le  i n  t he  b l o ok h - ou s e .

On a t t e m p t i n g  to r o u sh  on t h e  cone a leak was d i s —
covered b e t w e e n  t h e  0 and F S e c t i o n s .  (A  vacuum inn the
cone a l so  produced  a vacuum in the F Section.) The
cone was raised and t h e  G and F S e c t i o n s  i n c l u d i n g  the
in s t r u m e n t -  were  laid on the  t h i r d  level  d e c k .  A
sc rew w h i c h  had been loosened  on the  p rev ious  Wednesday
to r a i s e  t h e  nose  cone a f t e r  the  shear p I n  had b roken
was  f o u n d  to be s t i l l  loose .  It was t i g h t e n e d , t he
pay load  r eas sembled , and a good r o ugh i n g  vacuum obtained .

L a u n c h  and R e s u l t s

The r o c k e t -  was l aunched  at 1010 hours  Tuesday 9 A u gu s t
i0~-’7 , a f t e r  a 10 m i n u t e  hold due to  p r e s s u r i z a t i o n
p r o b l em s . The console was carried from the  b l o c k h o u s e
to the  N 2 0 0  t e l e m e t r y  s t a t i o n  and was feeding good
data  to the  ana log  recorder  when s igna ls  began to be
r e t u r n e d  at h igh  vol tage  t u r n  on at about  plus 100
seconds .  Both  decks  appa ren t ly  opera ted  c o r r e c t l y
i n c l u d i n g  i n s e r t i o n  of background  and neu t ra l  d e n s i t y
f i l t e r s  at the  proper  t i m e s .

The p h o t o m e t e r  c u r r e n t  ( i o n ) increased  f rom 1 x 10
_ l U

amperes at nose cone “Up ” to 2 . 2  x l0~~~° am~~~res over
most  of the  f l i g h t , decreas ing  to 0 . 8  x l0~ amperes
for the last 30 seconds  b e f o r e  r e s tow .

The payload was picked up by helicopter and returned to
buildin g N200. It appeared undamaged so the nose cone
was raised and the instrument removed. It was energized
from the console and operated satisfactorily. I t was
returned to AFGL for future use.

Very truly yours ,

Robert S. Hills
Senior Engineer . -

Tn —Con Associates , Inc.
RSH:mrs (Subcontractor)
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