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1. Introduct ion

The CRLS-229 experiment  on the USA F Space Test Program P78-i satel l i te  is a

comp lex collection of solar X-ray iust ruments .  Each of the two Aerosp ace Corporation

SOLEX spectrometer/spectroheliograph ins t ruments  is equi pped wi th  a mul t i grid colli-

mator to confine the field of view to 60 arc seconds in one case and 20 arc seconds in the

other. The Naval Research Laboratory MA GI\ l A l ’  magnesium line mapp ing experiment  -

also uses the 60 second SOLLX col l imator .  The satelli te is equi pped w i t h  a solar

rastering and pointing assembly to point these and other experiments at selected solar

observation targets. This point ing system is controlled and the point i ng coordinates are

read out by sensors mounted on the outside of the CRLS -229  experiment  and coal igned

with  the collimators. Sm all, simp le sun sensors were mounted on the CRLS—229  20 arc

second col l imator  to provide independent ver i f ica t ion  of the point ing system perfor-

mance and of the continued al i gnment  of the SOLEX experi m ent wi th  the poin t ing

system sensors on orbit.  The a l ignment  of the CRLS-229 sun sensors is the subject of

this report.

The CR LS- 2 2 9  “boresight ” sensors chosen were Rcfractosyns *, manufactured by

H. H. Controls Co., Inc. These devices combine s impl ic i ty  and accuracy of operation

wi th  small size ( 1.3 cm d iamete r  by 2.2 cm high , 5 gm) and are ideal for our app lication.

Figure 1 is a s implif ied drawin t ~ of the detector and wil l  be referred to in the following

discussion of the Refractosvn operation. The prism is an isosceles tr iangle wi th  base

angles equal to O~, the c r i t i ca l  angle for total internal  ref lect ion for radiat ion to which

the photodetectors are sensitive. Thus radiat ion incident along a certain direction ,

called the detector mill axis , s t r ikes  each side of the tr iangle at the cri t ical  angle , and

‘ U U. C on t r o ls Co. , Inc. , U . S. Patent  No.  3 , 137 , 794. 
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no radiation is detected. Note tha t  even if the base angles d i f f e r  from 0 the device

wil l  s t i l l  have a null detection axis as long as the apex angle is 180 0_ 2 0 Since the sun

has a f in i t e  extent  (32 arc m m )  solar radiat ion will  be incident in a range of angles. The

sensitivities of the detectors are balanced so that  the system stI l l  has a nul l  axis.

Radiation off-axis but in the plane of the figure wil l  give a net positive or negative

current. If the sun is out of the plane of the figure a nul l  wi l l  occur and will broaden as

the source ’s angular distance from the plane increases.

In the CRLS-229 experi m ent , two Refractosyns , set at right angles to one

another , are used to locate the center of the sun. Each detector has associated circuitry

that operates as a current discriminator.  A single te lemetry bit reads out a one when

the absolute value of the net current is below a threshold value and a zero when the

current exceeds the threshold. Thus the two boresight bits are both ones only when the

collimator is pointed wi th in  about one arc minute  of sun center , or when the sun is not

within the field of view.
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II. Ali gn m ent

Al ignmen t  of the bores i ght eyes (Refr acto sy ns) w i t h  the SOLEX col l im ator  axis

presents a problem. In its assembly, each coll imator is provided with  a reference mirror

which is adjusted so that  its normal  coincides wi th  the col l imator  X-ray axis. The

bor esigh t detectors were coal igned by comp ar i ng the i r no rmals to the normal to the 20

arc second collimator mirror , using a tw o-axis  measuring autocollimator. As we have

noted above , the Refractosyn normal  need not correspond to i ts  null axis , so the

relat ionship between the axis and the f ront  surface normal  must  be discovered. The

major part of the a l ignment  procedure is aimed at finding tk’s relation ship.

In order to describe the a l ignment  me a surement  we need to specify a coordinate

system. Since the measurement  is mn a de using an equatorial  mount  we wi l l  use this

system as the basis for the coordinate sy stem. Thus the z axis  is p ar a l lel  to the E ar th !s

rota t ion axis and +z is north.  The y axis is perpendicular to the z axis and e~~~an~.r ‘..‘ ith

the vector f rom the center of the Earth to the sun. The +y axis points a w a y  f rom the

Earth. The x-axis is defined to complete a right handed coordinate s\ ’stcm. Thus at

local noon +x is west.

Figure 2 shows the mounting fixture for the test. A large bracket  holds an optical

flat in place using nylon screws. The detector under test is clamped into its f i x t u r e  and

retained by tightening the clamping mechanism. Two slotted screws, locked by n’it~ as

shown , bear on the optical f la t .  Thus the angle of the test detector w i t h  respect to the

reference detector , also shown , may be adjusted by tu rn ing  e i ther  of t h e  s l o t t e d

adjustment  screws. The en t i re  assembl y is clamped to a shaf t  tha t formns the x axis of an

equatorial  mount , and a large screw is t igh tened  to clamp the assembly to the shaft.

7
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The measurement is made by first  connecting each detector s leads and a load

resistor across the input terminals  of one channel of a two-channel strip chart  recorder.

Thus when a detector ’s axis is pointed off sun center (but near the sun) a current  f lows

and a voltage appears across the chart recorder input te rminals .  The assembly is rotated

about the z axis of the equatorial  mount unti l  the detector axes are both just “ahead” of

the sun. The sun then t ransi ts , and the delay, t A~ 
between the null for the test detector

and that  for the reference detector is measured. It is easy to set the equatorial  mount

so that this measurement can be accomplished in about one minute .  The test detector

f ixture  is then removed , rotated end to end , and replaced on the flat , and the

measurement is repeated to find a second delay, t B~ 
If t A equals t B the test is

terminated;  if not , one of the slotted screws is adjusted and another pair of measure-

ments is made. When t A equals t B the test detector null  axis is parallel  to the optica l

flat normal. This procedure, resulting in the coalignment of the test detector null axis

and the optical flat normal  to an accuracy of a few arc seconds, takes l”s~ than  half  an

hour. The relat ionship between the detector ’s front surface n o r m a l  and i ts  m ill  axis may

then be found by comparing the front surface normal to the optical flat n o r m a l .

The adjustment  process can be simp l i f ied  by an easy ca l cu la t ion  of the am o u n t  by

which the adjus tment  screw must be turned to reduce t D = (t A
_ t

l i/2 to ier o . \ \c  def ine

as the x component of the angular velocity of the sun in its apparent  mot ion across

the sky:

= c2 cos ~~ ( 1)

— 9 —
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where ~‘l is the angu lar  velocity of the Earth’ s ro ta t ion  amid is the decl inath ~n of the

sun. The deviat ion of the detector axis fro m the optical f la t  normal , projected on the xy

plane is Wxt D~ 
If the separation of the screws is D then one screw must be moved in or

out by an amount , where

= D
~

l t Dcos ô S . (2)

Since the p itch of the screw is known , the ang le , ~, through which the screw mu st be

turned can be quickl y calc~ ) at .~d. In part icular , for the 1/4 x 28 screws we used we have

the simp le relationship

ø(degrees) 10 4 D~ 2 t DcoS o~

if D is measured in inches , t D in seconds, and fi in radians per second.

As we mentioned above , the result of the foregoing measurement  process is tha t

the deviation between the Refractosyn axis and the optical flat norma l , when projected

on the xy plane , is zero. To find the xy p lane projection of the deviation of the

detector ’s axis from its front surface normal we use a measuring autocol l i rnator  wi th  the

test assembl y mounted on a precision rotating table which is also adjustable in elevation.

Because of the small size of the Refractosyn , its glass front surface does not reflect

enough li ght for it to be detectable by the autocollimator. Therefor~ the entire detector

fixture must be carefully removed and put into a vacuum chamber where a luminum is

deposited on the front surface of the detector. The f ixture is then carefull y rep laced on

the optical flat and the autocollimator measurement made. The return image from the

- 10-
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detector is centered on the au t c e o l l im a t o r  cross I m i r ~. t h en  th e  ta’ees~ar y  adjustr~icats in

elevation and az imu th  are made to center the optical f la t ’ s re tu rn  image . A z i m u t h a l

adjustments of both the table and the autocollimnator are maOe, arid the xy projection of

the difference between the detector norma l  and its null axis (the flat’s norma l )  is the

algebra ic sum of the table arid autocollimator adjustments. (2are :iiust be taken to note

the detector or ien ta t ion  and the d i rec t ion  of the axis-f ront  i i o r m n ul  dev ia t ion . We carried

out the foregoing measurem ent  process on four detectors and found deviations of 722 ’.

8’56”, 3’lfi”, and 3’46”.

— 1 1—



Ill , lest l~esu lts

Using the results of the  for egoing tests , we ali gned the Ref r a ct cs r  a nul l  ax e s  to

the 20 are second col l imator  referen ce Ji i i r r or  w i th  an au to c o l l inu i to r .  A f t e r  the

coll imator was in st alle d in the  in . t r u m n e t i t  ui id the  a l i g i i r a e i i t  r e chuck ee , the a l u r i i i i t u r n  on

the f ront  surface of the R e f r i t c t o sy n ~ was remo v ed  w i t h  a solu t ion of N ’i () I I .  The

C R L S — 2 2 9  exper iment  was th ou ii  st a  i i i  i i i  t i e  spacecra ft and the spacecra ft solar c~ es

ali gn ed wi th the co l l ima to r  reference m ir r or s .

The P78—i sa t e l l i t e  was operated in the Ilall Aerospace Systems l.iiv ison clean

room/solarium to test the spacecraft’s solar pointing and rastering functions. As p n r t  of

this test the U R L S — 2 2 ~ hu r ’ ’~ i~ 1 it  ia t e e t o r  bi ts  were read out wh i l e  the mtc l

instrument assemi ,lv w as rastered ~ver the  sun. As expected , both ( :( U ’c t ( r ., r ( ~o cm

ones on ly  wh i l e  the ;i~se rn b ly  v s  ~) ( nr ~ted to a sna I l reg ion n ea r  the  cen t e r  of t i ~ : u n .

This eg ion as offset f r om ~u rt ~~ i t ~ r l v about  00 are  ~eeonds ~ii 010 czrcet ion anc  I) :

less than or equal aoa t  2 1) ar e  eo i i ~~ ta t~ i e t i , ’ r .  I he oec~s by which  t :.o m~si ght

detectors are a IgrR’d to t~ . , ‘ e ’  e r i  f t  a n t  ru I is ec mp l icuted and IUVO lv ( ’ . ; a nu r iber

of st ep ,s and ~j tie ,’l  t r a ~ ~ ‘i’~~. t .~ 
‘ n ‘ r i  ¶ ‘ t ~ a’e ~e e a n I a s  is une xp ect ec ly  l ’~r~ e. and p~

at present  unc~ p I m e d . ‘ie .s~ f~ i t n ~i r~ ~n t  acoust ic  te st ing between the pay load

installa t i on  and a I i~:n n on , n i t  .~ sun t~ ‘~t ~~, aim it is possible that the detector shifted

at this  t i me. ‘t h i s  m nn:o t  o . ek~ a w i t h  an auto col  I i mator  because of the sma l l  size

and low r e f I e e t i v i t v  of t H  !-~ l r e b  n v’ at  ‘m r f a c e . N o other  measurable  co :npo ni .’at

of the U R L S — 2 2 9  p : v le e i j i a~~r o~ i t  a s h i f t  ( 1  n to rc  th an  a few arc seconds in acoustic

testing. The other error of L tha n  or equal  20 arc seconds is niot unexpected and is

en t i re l y accepta~ lc , i i . ~ t he  orig inal  a im  ~~~~~ to von fv the po in t ing  to an accuracy of

ar~ u ni d one arc m i n t: t o .

— 1  ~, —
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IV. Conclusions

The CRLS—229 instrument requires a simp le menu s of ver i f y ing the accuracy of

the l’78— 1 spacecraft sun pointing . s y s t e l I m  and the SOLEX and ~. l A ( ~~~A P  experiments ’

continued ali gnment  w i t h  the spaceonn  ft’s p o i n t i n g  sen SorS on orbit. A system of two

crossed Refr actosyn sun detectors satisfies this requirement with m i n i m a l  size , wei ght ,

and te lemetry  demands. A ground—based al i gnment  techni que i:sin g solar r~ d in t i or i  has

been developed for these detectors .  An accuracy of a few arc seconds can be achieved.

Tests with the experiment imi the spacecraft show tha t  one of t h e flight  sensors

mainta ined its a l ignment  to 20 arc seconds or bet ter  through spacecraft  test j ug and that

the other ’s ali gnment  is cu r ren t l y off  by about 90 seconds of are. The or ig in : of the error

in the second case is cur ren t ly  unknown .

- 15-
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I ii~ V . \ t \  A .  G E T t I N G  [ . A B O I I A T O R I E S

i t  . r  , t , , r i  (‘)perut ons ‘ i t  l ie .A, r snat C o r po r a t i o n  i s  c onducting

~~~ ri li n t  .iI m d  ¶~~e ,,r,, i t  a! n’. i’ O ga t ions  nem e s s a r y  for t he evaluat ion and

t n t ’ !~~ .0 ,00  ‘ i t  s c i , ’ n n n i f i m  adv an , i ’s I f le~’. , in i lita r ~ m o nce pts and s y s t e m s .  V e r —

. 0  l i l y  ,.. n,l ! ‘ ~~i l n l I T y  a~~,’ l i e n  ( l ev i ’ l i i p e d  t i  a high degree by t he labora to ry

: or , i , i n . - l in i ha l i n g  w i th  the  many ‘r ’ I , l i’ ,n s ciii m i u n t e r e d  in the nation 1 s rapidly

i i .  - n i p t~~~ nipam e an d n i i s s i l , ’  S y s t e ms . Exp i ’ r t i  5,’ in the l a t es t  s c i e n t i f i c  deve l—

v i t a l to the  accon i p l i shn i nt of t a s k s  r e l a ted  to thes e problems. The

l a b o r a t o r i e s  that  i mint r ibut e to  th is  r e s e a r c h  a rc :

Aer o p h y s i c s  La bora to ry :  Lau nch and r e e n t r y  aerod yna mics , heat trans-
fe r , reen t ry  ph y s i c s , chem i ca l  k i n e t i c s , s t ruc tu ra l mechani c s , flig ht dynamics ,
atmos pheric pollution , and hi g h-power  gas l ase rs .

Chemis t r y  and Ph ys i c s  Lab o r ato :~~~ At m os p her ic  reac t ions  and atmos-
pheric op t i c s , c hemi c al reac t i ons  in polluted atmosp heres , chemical reac t ions
o f ex c i t e d  sp ec ies  in rocke t  p lumes , c hemical  thermodynamics , plasma and
lase r - i nduced  reac t ions , laser  c h e m i s t r y ,  propuls ion chemis t r y ,  sp ace vacuum
an d rad ia t ion e f f e c t s  on m a t e r i a l s , lubr icat ion and sur face  phenomena , photo-
s e n s i t i v e  m a t e r i a l s  and s e n s o r s , high p rec i s ion  laser ranging, and the app li-
ca t i on  of p h y s i c s  and c h e m i s t r y  t i  p rob lems of law enforcement  and biomedicine.

E lec t ron i cs  R e s e a r c h  I.ahorat:~~~~ E lec t romagnet ic  theory ,  dev ices , and
propagat ion phenomena , inc luding p lasma e l e c t r o m a g n e t i c s ;  quantum elect ronic s ,
l a s e r s , an d e l e c t r o - o p t i c s :  commun icat ion s c i e n c e s , app lied e lec t ron ics , semi-
con duc t ing ,  su perconduc t ing ,  and c r y s t a l  dev ice  phys i cs , opt ical  and acous t i ca l
imaging: atmosp heric po ll ut ion; mi l l imeter ~ ave and far - in f rared technology.

Ma te r i a l s  Sc iences  Labora to ry :  Development of new mater ia ls :  metal
matrix composites and new forms of carbon: tes t  and evaluat ion of grap hite
and c e r a m i c s  in reen t ry ;  s p a c e c r a f t  mater ia ls  and e lec t ron ic  component s in
nuclear weapons environment : appl icat ion of f racture mechanics  to s t r e s s  cor-
rosion and fa t igue- induced f rac tu res  in s t ruc tu ra l  me ta l s .

Sciences Laboratory : Atn iosp he r ic  and ionosp her ic ph ys i c s , radia-
t ion from the atmo s p here , density and composit ion of the atmosphere . aurorae
and ai rg l ow;  magneto s pher ic  p h y s i c s , cos mi c rays , gene rat ion and propagation
of plasma w a v e s  in the magnetosp here;  solar ph y s i c s , stud ies  of .ola. magnetic
f ie lds ;  apace as t ronomy,  x - r a y  astronomy: the e f f e c t s  of nuclear explo s ion. ,
magnetic s to rm s , and solar ac t i v i t y  on the ear th ’ s atmo s phere , io nos p here , and
magnetosphere ;  the ef f e c t s  it optical , elect romagnet ic , and particulate radia-
tio ns in apace on apace sys tem . .
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