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STUDY OF THE FEASIBILITY AND DESIGN OF 

AN ULTRAVIOLET DENSITY SENSOR CALIBRATION FIXTURF. 

1.0 INTRODUCTION 

This repor t  presents the  r e s u l t s  of a study conducted a t  Beckman Instruments, 

Inc. f o r  the  National Aeronautics and Space Administration F l ight  Research 

Center f o r  the purpose of mathematically inves t iga t ing  the design parameters 

of a ca l ib ra t ion  f i x t u r e  f o r  t he  u l t r a v i o l e t  densi ty  sensor. This study 

was conducted under National Aeronautics and Space Administration cont rac t  

number NAS44855. 

The study includes an ana lys i s  of the u l t r a v i o l e t  densi ty  ' sensor 's  op t i ca l  

paths and i t s  de tec tab le  energy leve ls  from Rayleigh sca t t e r ing  over an 

a l t i t u d e  range of 10 t o  100 km. The optimum pos i t ions  of aper ture  s tops 

and l i g h t  t raps  i n  the ca l ibra t ion  f i x t u r e  as  w e l l  as  the required number 

of aper ture  s tops a r e  determined f o r  a signal-to-noise r a t i o  of 100. 

mathematical ana lys i s  of Fresnel and Fraunhofer d i f f r a c t i o n  of the aper ture  

A 

s tops  and multiple r e f l e c t i o n s  i n  the l i g h t  t raps  i s  a l s o  presented. A 

s ca l e  drawing has been made of the  density sensor 's  op t ica l  path which shows 

the  locat ion of the aperture  s t o p s ,  l i g h t  t r aps  and sca t t e r ing  volume r e l a -  

t i v e  t o  the  u l t r a v i o l e t  densi ty  sensor 's  instrument package. 
.t 
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a 
2.0 THE ULTRAVIOLET DENSITY SENSOR 

The u l t r a v i o l e t  densi ty  sensor measures the  atmospheric a i r  densi ty  i n  an 

a l t i t u d e  range of 10 t o  100 km by monitoring the Rayleigh backscatter of an 

i l luminated volume of the atmosphere. 

0 

2.0.1 Optical  Design of the System 

The op t i ca l  components of the instrument a r e  i l l u s t r a t e d  i n  Figure 1. 

argon a r c  source i s  coll imated by a parabol ic  col l imat ing mirror and d i r ec t ed  

through the aperture  s top As,2 and out of the  instrument package. 

cen te r l ines  of the source 's  coll imated l i g h t  beam and the de tec tor  mono- 

chromator's f i e l d  of view (FOV) i n t e r s e c t  200 cm from the aper ture  s tops 

As,2 and  AD,^ a s  shown i n  Figure 11. 

source 's  beam and the detector  monochromator's FOV defines  the sca t t e r ing  

volume. 

toward the foca l  mirror of the detector  system passes through the aper ture  

s top AD,2 and i s  focused on the  entrance s l i t ,  Sp, of the Fery p r i s m  mono- 

chromator. The photocathode of a photomultiplier tube D, i n t e rcep t s  the 

l i g h t  i n  the wavelength band of 1800 t o  2800 A a s  passed by the monochromator. 

An 

The 

The volume t h a t  i s  common t o  the 

Light backscattered from t h e  sca t t e r ing  volume t h a t  i s  d i rec ted  

2.0.2 Source I n t e n s i t y  

The argon a r c  source d i s s ipa t e s  the  energy s tored i n  a .25 uf capac i tor  bank 

t h a t  i s  charged t o  a po ten t i a l  of 10,000 v o l t s  i n  1 u sec. a t  a frequency of 

2 cps. The r e s u l t i n g  peak energy of each pulse i s  10 megawatts. The amount 
* 

of energy an argon a r c  r ad ia t e s  i n  the  bandwidth Alwhich extends from 1800 

t o  2800 A i s  approximately 9% of i t s  t o t a l  rad ia ted  energy over the bandwidth 

1700 A t o  1.4 microns. (l) Assuming a t  l e a s t  50% of the energy del ivered t o  
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the  lamp i s  diss ipated spec t ra l ly  by the  argon arc  of rad ius  a ,  the source's  

i n t e n s i t y  B, over a u n i t  sphere i s  given by 

The bandwidth (Ax) from 1800 t o  2800 A i s  0.1 micron and the  radius of t he  

source 0.1 c m ,  therefore;  

watts B = 1.14 x 107 
s t er 0-p - c m z  

I 

2.1 Total Energy Rayleigh Scattered 

The energy density E t h a t  i s  incident upon the center  of the  s c a t t e r i n g  

volume (Z-Z)  where i t s  cross sec t iona l  a rea  i s  a maximum i s  given by 

I1 

where , 

28 = median angle subtended by the  source ' s  coll imating mirror.* 

m = magnification of t he  source a t  the sca t t e r ing  zone ( Z - Z ' ) .  

For  a parabolic r e f l e c t o r ,  the  magnification m of a n  objec t  a distance d 

from the r e f l e c t o r  i s  approximately &d, where 1 i s  the image distance. 

I n  the UV densi ty  sensor, d and ,d are the  dis tances  from the coll imating 

mirror t o  t h e  source and t o  the sca t t e r ing  zone (Z-Z) respectively.  Hence, 

equa t ion , I I  may be wr i t t en  a s  

* The source's  coll imating m i r r o r  i s  rectangular,  therefore ;  8 was de ter -  

mined f o r  a c i r c u l a r  mirror of equal area.  
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I11 2 E = B sin2@ (AX) d2/J2 watts/cm . 
The t o t a l  amount of energy t h a t  w i l l  be sca t te red  ET by Rayleigh s c a t t e r i n g  

i n  a volume V having a p a r t i c l e  density N i s  given by 

ET = E N V ~ R  wat ts  

where, 

c~ i s  the  Rayleigh scat ter ing cross section. 

I V  

2.1.1 Scat ter ing Volume 

The sca t te r ing  volume cons is t s  of two pyramids of approximately equal height 

h which have a common square base of length b. The sca t te r ing  volume i s ,  

therefore;  j u s t  twice the volume of a s ingle  pyramid or 

V = 2/3 b2 h cm3. 

The densi ty  sensors pyramidal volume has a 7.94 cm base length b and an  

a l t i t u d e  h of 71  cm. These values y ie ld  a sca t te r ing  volume of 2.98 X 10 cm . 3 3  

2.1.2 Rayleigh's Scat ter ing Cross Section 

Rayleigh's sca t te r ing  cross  section f o r  anisotropic  p a r t i c l e s  tha t  a r e  small 

compared with the wavelength of the l i g h t  being sca t te red  i s  given by 

where, 

o( = 

f n  = 

p o l a r i z a b i l i t y  of the sca t te r ing  medium 

depolarization f a c t o r  of the molecular s c a t t e r e r s .  

The depolarization fac tor  i s  due t o  the anisotropy of the p o l a r i z a b i l i t y  of 
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the molecules. The median depolar izat ion f ac to r  f o r  ni t rogen a s  computed 

from severa l  experimental values(3) i s  .0324. 

atmosphere(4) a t  2400 A i s  approximately 1.93 X 

range of 10 t o  100 km. Subst i tut ing these values i n t o  V gives a Rayleigh 

The p o l a r i z a b i l i t y  of a model 

cm3 f o r  the a l t i t u d e  

c ross  sec t ion  of 

1 (1.93 X 10-24)2 (*0324) 
7 (.0324) 

The t o t a l  amount of energy t h a t  is  sca t t e red  from the sca t t e r ing  volume a s  

a funct ion of p a r t i c l e  density i s  given from I11 and I V  a s  

ET(') = ffB sin2Q (AX) (d2/12) N V q .  V I  

2.2 

Rayleigh sca t t e r ing  from a s ingle  s c a t t e r e r  has an i n t e n s i t y  d i s t r i b u t i o n  

i n  the  plane of incidence which can be represented by the funct ion 

F (p )  = 1 / 2  (1  + c o s 2 e )  w h e r e , l i s  the sca t t e r ing  angle measured from 

the  incident  beam a f t e r  i t  passes through the sca t t e r ing  center  a s  i l l u s t r a t e d  

i n  Figure 111. This function limits the  l i g h t  i n t e n s i t y  t h a t  i s  sca t t e red  

a t  @= v/2 t o  one ha l f  the l i g h t  i n t e n s i t y  t h a t  i s  sca t te red  a t  p= 0 or  E 
The energy E, of of a l i g h t  beam of i n t e n s i t y  I t h a t  i s  uniformly d i s t r ibu ted  

over an axea A may be expressed a s  

In t ens i ty  Distr ibut ion Function f o r  Rayleigh Sca t t e r ing  

E, = I&. 

2'2 dlffcrc~tinl ezlergy dE, of a source of constant i n t e n s i t y  i s  

dEc = IOU. 
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For Rayleigh sca t te r ing ,  the i n t e n s i t y  d i s t r i b u t i o n  takes on the form 

I F(  fj ), therefore;  

dEc = I - 1 / 2 ( 1  + c0s2g)dA. V I  I 

2.3 Fract ional  Energy Rayleigh Scattered i n t o  the Monochromator System 

The energy E, t h a t  i s  Rayleigh scat tered over a sphere of radius R and i n t o  

a c o n e p = w +  - 0 which f i l l s  the focal mirror of the monochromator, i s  given 

by in tegra t ing  the d i f f e r e n t i a l  energy dEc over the area of the sphere t h a t  

l ies ins ide  the cone, The in tegra l  of V I 1  with l i m i t s  of r a n d  r+ 1 i s  

w+9 
E, = / I = l / Z ( l  + cos2f3)2??'R2 s i n  f @  d . 

7r 

The t o t a l  energy tha t  i s  scat tered over the sphere of radius  R i s  given by 

in tegra t ing  dEc over the surface area of the sphere 

ET = F - 1 / 2 ( 1  + cos2p )2VR2 s i n g d t  . 
0 

The f r a c t i o n a l  amount of the t o t a l  energy Rayleigh sca t te red  t h a t  i s  received 

by the monochromator system i s  given by a r a t i o  of EC ET(') , therefore;  
I w+9 ET(s) 

I I VR2I L(1 + cos2!) s i n  8 d(3 

l ' i i R 2 1  (1 + cos2?) s i n f d  

E, = 
-)r 

0 In tegra t ing  gives 

n 
(cos g+ 1/3 cos3f)\ 

0 

Evaluating E, a t  the given i i m i i s ,  

2 -5 



a 

E, = 3/8(cos f + 1/3 cos3 f - 4/3) ET(') 

s ince , 

cos (V+ 1) = -cos 6.  

cos + - 1 - r2/2 

s i n  p * 1, 

For small values of f 

and 

therefore;  

2.4 

Since the coll imating mirrors and foca l  mirrors have the same foca l  length 

and a r e  equid is tan t  from the sca t te r ing  zone, .d/d s i n  4 = s i n  8 or (.@/d)# ,N s i n  8 

f o r  small values of 

Total Energy Rayleigh Scattered i n t o  the Monochromator System 

. The energy sca t te red  i n t o  the de tec tor  monochromator's 9 
FOV f o r  9 small i s  

V I 1 1  

Subs t i tu t ing  expression V I  f o r  the t o t a l  energy sca t te red  ET(') i n t o  V I 1 1  

y i e lds  

E, = 3/8%'B sin48 (A>) d 4 4  /1 N V 5 watts.  I X  

The energy t h a t  i s  incident  upon the  photocathode of the photomultiplier 

tube ED w i l l  be some f r ac t ion  of the  t o t a l  energy Rayleigh sca t te red  i n t o  

the  monochromator's FOV E, due t o  absorption by the foca l  mirror and Fery 

prism. 

Q i s  a r a t i o  of the amount of energy incident  upon i t s  e x i t  s l i t  t o  t h a t  

on i t s  entrance s l i t ,  ED may be expressed a s  

Assuming an opt ica l  eff ic iency Q o t  the  monochromator s y s t c ~ u  vhzrs 



Evaluating X fo r  an estimated monochromator e f f ic iency  of 60% i n  the 1800 

t o  2800 A bandwidth ye i ld s  

ED = 2.5 X N watts 

where, 

2 B = 1.14 X lo7 watts/ster-u-cm 

8 = 0.433 radians 

Ah= 0.1 p 
d = 5.55 cm 

1 = 216 cm 

V = 2.98 X lo3 cm3 

R = 7.75 x 10-26 cm2 

Q = 0.6 

XI 

2.5 Extreme Values of Energy Incident Upon the Photocathode ED 

The u l t r a v i o l e t  densi ty  sensor is designed t o  measure the p a r t i c l e  densi ty  

of the  atmosphere i n  an a l t i t u d e  range of 10 t o  100 km. 

dens i ty  N of the  atmosphere i s  d i r e c t l y  proportional t o  the a l t i t u d e ,  the 

range of ED w i l l  be evaluated with representa t ive  values of N(5) a t  the 

a l t i t u d e  extremes of 10 and 100 km. A t  10 km and 100 km, the p a r t i c l e  

densi ty  i s  8.6 X 1 O I 8  and 7.8 X lox2 particle/cm3 respect ively.  

ED a t  these extreme a l t i t u d e s  gives 

Since the p a r t i c l e  

Evaluating 

= 2.15 X watts a t  10 km 

and 

ED = 1.95 X watts a t  100 km. 
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The energy E of a quanta having a wavelength of 2400 A i s  8.25 X 1O-l’ wat t -  
P 

sec.  Incidence rates  of quanta on the photomultiplier tubes photocathode i s  

given by 

ED/Eq. 

Using the values of E,, given in XII, the extreme rates are 

2.6 X quanta/sec. a t  10 km 

and 

2.36 X lo7 quanta/sec. a t  100 km. 

a 
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3.0 CALIBRATION FIXTURE FOR THE ULTRAVIOLET DENSITY SENSOR 

The u l t r a v i o l e t  densi ty  sensor must be ca l ibra ted  i n  a vacuum chamber which 

simulates the atmosphere over an a l t i t u d e  r a t en  of 10 t o  100 km. Detection 

of the  energy Rayleigh sca t te red  i n t o  the monochromator system of the  density 

sensor with a s igna l  t o  noise  r a t i o  S, places a l imi t ing  requirement on the  

energy level of the unwanted s t ray  l i g h t  t h a t  may en ter  t h e  monochromator. 

Assuming a l l  s t r a y  l i g h t  or iginates  from sca t t e r ing  on the  surface of the  

densi ty  sensor’s  coll imating mirror and fused s i l i c a  window, the vacuum 

chamber must be designed such tha t  a given S i s  s a t i s f i e d  Over the  10 t o  

100 km a l t i t u d e  range. 

3 .1  Signal t o  Noise Requirements 

The energy Rayleigh sca t te red  i n t o  the monochromator system i s  a minimum 

a t  an a l t i t u d e  of 100 km. 

t he  densi ty  sensors photomultiplier tube a t  t h i s  a l t i t u d e  i s  given by 

The energy incident  upon the  photocathode of 

evaluated a t  100 km or 

ED(lOO km) = 3/8n’B sin4@ ( A X )  (d4/J4) C ~ R  VQN(100 km) X I 1 1  

where, 

N(100 km) = p a r t i c l e  density of the atmosphere a t  an a l t i t u d e  

of 100 km. 

I f  the  s igna l  t o  noise r a t i o  i s  S, the  maximum amount of energy which f a l l s  

on the de tec tor  E, due t o  s t r a y  light i s  

X I V  
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It i s  required t h a t  Em be smaller than ED and the  value of S be subs t an t i a l ly  

la rger  than one. 

3.2 Energy Levels of Reflected Stray Light 

Consider the energy level of l i gh t  sca t te red  from the  surface of the c o l l i -  

mating mirror a f t e r  n r e f l ec t ions  from i surfaces  each having re f lec tance  

R i .  

where, 

I f  the source 's  beam t rave ls  a dis tance Li between r e f l e c t i n g  surfaces  

Lo = distance from the coll imating mirror t o  the f i r s t  surface 

L 1  = distance from the f i r s t  t o  the second surface 

L2 = distance from the second t o  the t h i r d  surface 

L, = dis tance  from the nth surface t o  the foca l  mirror 

the  energy densi ty  of r e f l ec t ed  l i g h t  Er,n 

incident  upon the  foca l  mirror a f t e r  n r e f l ec t ions  i s  given by 

i n  the  bandwidth Ax t h a t  i s  

where, 

A. = t o t a l  s o l i d  angle subtended by the l i g h t  r e f l ec t ed  from 1 

the  ith surface* 

so l id  angle the i+l surface subtends from the  ith surface -.a = i+l 

Q' = f r a c t i o n a l  source energy sca t te red  by the  coll imating mirror. 

The r e f l ec t ed  energy E R ~  

monochromator's photomultiplier tube i s  given by 

t h a t  is  incident  upon the photocathode of the 

eL 
* If the i"' surface is a plane, the r e f l ec t ed  l i g h t  would have a hemi- 

spher ica l  d i s t r i b u t i o n  and-& would equal 2n. 
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Q p t n  %,n - 'r,n - 

where, 

Am = area of the focal mirror 

Q = optical efficiency of the monochromator system. 

Combining XV and XVI gives 

n - Q Q' &*TTB sin20 (A1)R: (d2/L2) * - i+l 
i 'R,n - i=l XVII 

where, 

L = total pathlength of the stray light = Lo + 
i=1 

But Q,n 

ments. 

m s t  be less than or equal to to satisfy the noise require- 

This may be expressed mathematically by 

ER,n 6 'me XVIII 

Combining XIII and XIV, XVIII may be expressed as 

Q Q' &nB sin20 ( Ah)Ry(d2/L2) % - Ri+1 
i=l ai 

4 L 2 Sl'B sin4Q ( Ah) (d4/1 4, rR V Q N (100 km) . 
S 8  

Cancel ling terms, 

XIX 

3.2.1 A Single Reflection of Stray Light 

For a single reflection from a region on a planar surface that is equi- 

distant from &t: ~ ~ 1 1 i i i i i t i n g  zzc! fxi! .  mirrors, 
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where, 

L / 2  

nl = t o t a l  s o l i d  angle subtended by the r e f l e c t e d  l i g h t  

A2 s o l i d  angle subtended by the foca l  mirror from the r e f l e c t i n g  

surface. 

= distance from the r e f l e c t i n g  surface t o  the foca l  mirror 

= 

n 2  may be expressed a s  

and 

- 2 v ,  
1 -  

therefore ,  

The t o t a l  path length t h a t  i s  required t o  reduce the energy of the s t r a y  

l i g h t  t o  an acceptable noise level  i s  given by 

2 4  
Q '  &It R 1  

sin2Q d2 r~ N(100 km) xx 

where, the s t r a y  l i g h t  has undergone a s ing le  re f lec t ion .  Evaluating XX 

f o r  a 5 c m  square foca l  mirror and a ref lectance of .05 gives 

4 L 1 1.3 X 10 meters 

where, 

s = 100 

Q '  = 0 . 2 5  
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Am = 25 cm2 

1 = 216 c m  

R 1  = .05 

0 = 0.433 radians 

d = 5.55 cm 

tR = 7.75 x 10-26 cm2 

N(100 km) = 7.8 X 10l2 cm-3 

This prohib i t ive ly  la rge  value of L requi res  t h a t  the  extended energy of the 

source be trapped i n  a region t h a t  l i e s  out of the FOV of t he  monochromator 

a s  i l l u s t r a t e d  i n  Figure I V .  

3.2.2 Trapping Reflected Stray Light 

Since the col l imat ing and foca l  mirrors  a r e  po ten t i a l  s c a t t e r e r s  with F O V ' s  

which include and a r e  grea te r  than the source ' s  and monochromator's FOV's 

respec t ive ly  (see Figure IV), t h e  source 's  l i g h t  t r a p  Ts must include a l l  of 

t h e  col l imat ing mir ror ' s  FOV and s t i l l  be i so l a t ed  from the  FOV of the  foca l  

mirror .  To be c e r t a i n  t h a t  the FOV of the foca l  mirror i s  op t i ca l ly  black, 

a l i g h t  t r a p  TD must terminate it a l so .  

I s o l a t i o n  of the col l imat ing and foca l  mi r ro r ' s  F O V ' s  a s  i l l u s t r a t e d  i n  

Figure I V  would obviously occur a t  some prohib i t ive  dis tance from the  aper- 

t u r e  As,2 and AD,2 which would a l s o  r e s u l t  i n  a prohib i t ive ly  la rge  value 

of L. and AD,k where k = 1,2 

and a s t r a i g h t  edge As,O and  AD,^ along the FOV of the source and mono- 

chromator r e speGt iveb  2 s  i l l ' lq t ra ted  i n  Figure I V ,  reduces the F O V ' s  of 

the col l imat ing and foca l  m i r r o r s  t o  a minimum without i n t e r f e r ing  with the 

sca t t e r ing  volume. 

The placement of rectangular aper tures  A 
s ,k 
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Figure V (a folded drawing) i s  a sca le  drawing of the  op t i ca l  paths of the 

UV densi ty  sensor. The coll imating mir ror ' s  FOV i s  r e s t r i c t e d  by the aper- 

t u re  s tops As,o, As,1 and As,2. 

f o c a l  mirrors FOV. These two FOV's a r e  i so l a t ed  from each other a t  the  

point  P. 

280 cm. 

and (Z-Z)P'  i s  approximately 316 cm.  

TD a r e  placed a t  P' such t h a t  they have a common edge as shown. 

Likewise, AD,o,  AD,^ and AD,2 def ine the 

The dis tance from P t o  the sca t t e r ing  region (2-2) i s  approximately 

P '  i s  located a t  a point where the  FOV's a r e  separated by 1.25 c m  

The opening of the l i g h t  t raps  Ts and 

The f r a c t i o n a l  source energy tha t  w i l l  be sca t te red .by  the fused s i l i c a  

window w i l l  be less than 10% of t h a t  which i s  sca t te red  by the  coll imating 

mirror,  therefore;  i t s  contr ibut ion t o  the  unwanted s t r a y  l i g h t  i s  assumed 

t o  be negl igible .  

3.2.3 Multiple Reflections of Stray Light 

Assuming t h a t  a l i g h t  beam entering Ts t r ave l s  a dis tance of 100 c m  while 

encountering n r e f l ec t ions ,  the  t o t a l  pathlength L would, therefore ;  be 

L = 2 (532) + 100 = 1164 cm. 

The minimum number of r e f l ec t ions  t h a t  a r e  required i n  Ts t o  reduce the 

r e f l e c t e d  energy E R , ~  

given by 

t o  some value t h a t  i s  less than or equal t o  Em i s  

2 
XIX 

sin2e r~ V % ) N (100 km) FLg S h Q '  i=l G 

evaluated with L equal t o  1164 c m .  

Assuming a l l  of the l i g h t  t h a t  i s  r e f l ec t ed  i n  Ts remains i n  Ts u n t i l  the  

f i n a l  or nth reflection 
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i=l Ai+l Irn+l 
where, 

= s o l i d  angle subtended by the  l i g h t  r e f l ec t ed  from the nth 

surface 

-Rn+1 = s o l i d  angle subtended by the  foca l  mirror from the nth surface.  

For a uniform ref lec tance  of .05 i n  Ts and assuming the  nth surface i s  planar 

and located a dis tance L/2 from the f o c a l  mirror ,  X I X  may be wr i t t en  a s  

L4 N(100 km). 3 s in% dZ (.05)n - - a S Q '  't R'Z XXI 

Evaluating XXI y ie lds  

( .05)"L 1 X 

therefore ,  

n L 9 .  

Thus, nine or more r e f l ec t ions  of the s t r ay  l i g h t  sca t te red  from the c o l l i -  

mating mirror w i l l  a t tenuate  i t s  energy t o  the acceptable noise  l eve l  i n  

the  case where the beam t r ave l s  a t o t a l  dis tance of 100 c m  while ins ide  Ts. 

Attenuation of the source 's  collimated l i g h t  beam would requi re  ten or  more 

r e f l ec t ions .  This may be found by s e t t i n g  Q '  equal t o  one i n  XXI. 

The energy of a l l  l i g h t  a t  the edge of the  l i g h t  t r ap  Ts which i s  common t o  

both Ts and TD must a l s o  be investigated.  

3.3  Fresnel  Di f f rac t ion  

There i s  associated with each aperture s top some Fresnel d i f f r a c t i o n  of 

t he  s t r a y  l i g h t  leaving the  surface of the col l imat ing mirror,  s ince each 

s i d e  of the rectangular  s top i s  analagous t o  a s t r a i g h t  edge. Figure V I  

3-7 



i l l u s t r a t e s  a l i g h t  beam of in t ens i ty  Io and wavelength1  tha t  i s  incident  

upon a s t r a i g h t  edge which l i e s  a dis tance f from a point  source. The r e l a -  

tive i n t e n s i t y  of the  l i g h t  I/Io f a l l i n g  on the  screen a dis tance h from the  

s t r a i g h t  edge i s  a function of i t s  v e r t i c a l  dis tance S above or  below the 

s t r a i g h t  edge and i s  given i n  Figure V I 1 1  by the  Cornu s p i r a l .  (6) 

t i o n  which y i e lds  the  distance v t o  be measured along the  s p i r a l  is 

The func- 

where, S is the a r c  dis tance of the l i g h t  beam above the s t r a i g h t  edge. 

For SLO, the  r e l a t i v e  in t ens i ty  I/Io is d i r e c t l y  proportional t o  V. 

y LL f + h, v may be expressed a s  

I f  

v =  "/F' f +h 
XXII 

The r e l a t i v e  in t ens i ty  along the edge of the  coll imated beam where y = o 

( therefore ,  v = o a l so)  i s  0.25 I/Io independent of the dis tance f and h 

and the  wavelength of the l i g h t  being d i f f r ac t ed .  

3.4 Energy Levels of Fresnel Diffracted Stray Light Reflected from the  

Common Edge of T, - and TD 

The source l i g h t  beam i s  collimated by three aperture  stops As,O, As,1 

and As,2 a s  i l l u s t r a t e d  i n  Figure V. 

r e s t r i c t e d  by the aperture  stops As,o and As,l. 

i n t e n s i t y  of d i f f r ac t ed  s t r a y  l i gh t  a t  the  edge t h a t  i s  common t o  Ts and TD 

for a given dis tance yo. The dis tance y i n  requi res  computing (I/I ) 

t h i s  case i s  the dis tance from the edge of the  coll imating mir ror ' s  wv co 

t he  common edge of Ts and TD. As,O i s  located 194 c m  from the coll imating 

But, the coll imating mir ror ' s  FOV i s  

To determine the  r e l a t i v e  

0 O As,o 



mirror and 338 cm from the edge tha t  i s  common t o  the l i g h t  t r aps  Ts and 'Q. 

Evaluating XXII  f o r  f o  = 192 c m ,  ho = 340 cm and a maximum wavelength of 2800 A 

a t  y gives 
0 

v = - ( 8 . 7 5 )  yo. XXII I 

This value of v, when applied t o  the Cornu s p i r a l  w i l l  y i e l d  a r e l a t i v e  

i n t e n s i t y  a t  the common edge of T, and TD due t o  the d i f f r a c t i o n  e f f e c t s  

The ne t  r e l a t i v e  i n t e n s i t y  of the source beam a t  the common edge of T, and 

TD due t o  Fresnel d i f f r a c t i o n  i s ,  therefore ;  

XXIV 

The general  expression of the energy E, of the source 's  beam which may be 

inc ident  upon the photomultiplier tube photocathode a f t e r  a s ing le  r e f l ec -  

t i o n  from the common edge of Ts and TD i s  given by the product of X V I I  and 

XXIV a s ,  

3.5  Reducing the Energy Levels of Fresnel  Diffracted Stray Light Reflected 

from the Common Edge of T and TD 

The energy l eve l  of d i f f r ac t ed  l i g h t  t h a t  i s  incident  upon the photocathode 

of the photomultiplier tube must be l e s s  than or  equal t o  the  maximum allow- 

ab le  energy l eve l  of incident  s t ray  l i g h t .  

E, r Em, 
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theref ore;  

Cancelling terms and solving for  the r e l a t i v e  a t tenuat ion  due t o  Fresnel 

d i f f r a c t i o n  y i e lds  

3 d2 (J-R V N( 100 km) L 2 - n 1 .  
xxv (ID ) L - - 

O As,o 8 S ky Am R Q '  a 2  

The so l id  angle the foca l  m i r r o r  subtends n2 from the comon edge of Ts 

and TD is Am/(L/2) ,  therefore ,  XXV may be s implif ied t o  

Evaluating XXV gives 

(I/Io)AS, & 1.5 X L4 

where, 

A, = 2 ' T  steradians 

R = .05 

d = 5.55 cm 

le = 216 c m  

N(100 km) = 7.8 X 10l2 cm'3 

0 = .446 radians 

2 Am = 25 c m  

R = 

v = 3.9n I 153 CUI3 

7.75 x 10-26 cm2 

s = 100 

3- 10 
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Examining the case where the aperture of Ts i s  located a dis tance of 532 cm 

from the plane of the mirrors,  ( I / I o ) ~  must be l e s s  than or equal t o  
s , o  

1.9 x 10-8. 

For t h i s  case, yo must be less than o r  equal t o  -1.77 c m  which i s  the t o t a l  

separation of the FOV of the two mirrors a t  P ' .  

of yo i n t o  XXIII yie lds  a value for  the a r c  length on the Cornu s p i r a l  of 

Inser t ing  the maximum value 

v = -15.5. 

The r e l a t i v e  at tenuat ion of the Fresnel d i f f r a c t e d  s t r a y  l i g h t  a t  the common 

edge of T, and TD which i s  coincident with the edge of the foca l  mir ror ' s  

FOV a t  yo = -1.77 i s  

The at tenuat ion of the d i f f rac ted  l i g h t  i s  therefore inadequate a t  

Yo - - -1.27 cm. 

The energy of d i f f rac ted  s t r a y  l i g h t  r e f l e c t e d  from the common edge of Ts 

and TD may be reduced by increasing the dis tance from the aperture  of Ts 

and TD and the plane of the mirrors L/2. 

inner edges of the FOV of the  two mirrors beyond t h e i r  i n t e r s e c t i o n  point P 

(see Figure V) i s  1/70. 

the mirrors such t h a t  L i s  3150 c m ,  the value of yo must now be, 

The slope of the divergence of the 

Increasing the dis tance between the l i g h t  t raps  and 

yo 4 (3150/2 - 35) 1/70 = 22 cm 

since,  the distance from P t o  P '  i s  35 cm. Inser t ing the maximum value of 

yo i n t o  XXIII gives an a r c  length on the Cornu s p i r a l  of 

v = 192. 
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The r e l a t i v e  a t tenuat ion  of the  d i f f r ac t ed  s t r ay  l i g h t  i s  now 

( I / I o ) A ~ , ~ *  1.37 x 

Inse r t ing  the new value of L i n to  XXVI y ie lds  

Thus, the ca l ib ra t ion  f i x t u r e  must be housed i n  a 15.75 m long vacuum 

chamber (excluding the l i g h t  t raps  Ts and TD). 

i f  the cornon edge of T, and TD i s  extremely sharp and TD s u f f i c i e n t l y  

a t tenuates  a l l  d i f f r ac t ed  s t r a y  l i g h t  which en ters  i t s  aperture.  

The chamber may be shortened 

3.6 

The r e l a t i v e  at tenuat ion of A s y l  i s  dependent upon y 

and hl from A s , l  t o  the coll imating mirror and t o  Ts respect ively.  

i t  i s  des i rab le  t o  keep the  aperture  of Ts a s  small as  possible,  the posi-  

Optimizing the  Posi t ion of A s , l  

and the dis tance f l  

Since 

1 

t i o n  of A must be chosen such t h a t  the  required dis tance from the outer 

edges of the col l imat ing mirrors FOV t o  i t s  respect ive outer edge of Ts i s  

S Y l  

a minimum. An examination of XXII f o r  the  three cases f L . h ,  f = h and 

f>b h shows t h a t  v w i l l  be a maximum when f*> h. 

The optimum posi t ion of A s , l  would, therefore ,  be a s  near t o  the  sca t t e r ing  

zone a s  i s  physical ly  possible.  

between the sources and the detectors  coll imated beams i s  ,635 c m  y i e lds  

values of f l  and hl of 138 c m  and 394 c m  respect ively.  

Posi t ioning A s , l  where the dis tance 
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outer edges of Ts may be t rea ted  i n  the same manner a s  was the edge common 

t o  Ts and TD. 

has been establ ished i n  Section 3.5, the required dis tance y of the outer  

edges of Ts from t h e i r  respect ive edges of the coll imating mir ror ' s  FOV 

must be determined. XXVI evaluated a t  

Since the dis tance from the mirrors t o  the outer edges of Ts 

L = 3150 cm. 

gives 

This r e l a t i v e  in t ens i ty  requires  an a r c  length on the Cornu s p i r a l  of 

v = 185. 

A s , l  i s  located 138 cm from t h e  coll imating mirror and 1437 cm from the 

aper ture  of Ts. Evaluating XXII and solving fo r  y gives 

y = 83.5 c m  

where 

f = 138 cm 

h = 1437 cm 

v = 18 

A =  2800 A. 

3.8 Attenuating the  Energy Levels of Fresnel Diffracted Light Incident  Upon 

ADyo 

The sources beam i s  coll imated by the aperture  stops A s , l  and As,2 before 

en ter ing  the sca t t e r ing  volume (see Figure V). The coll imated beam w i l l  be 

d i f f r a c t e d  onto aperture  stop  AD,^ by A s , l .  

of the  d i f f r ac t ed  l i g h t  t h a t  i s  incident upon the surface of AD,o and 

The required r e l a t i v e  i n t e n s i t y  
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r e f l ec t ed  i n t o  the foca l  mirror 's  FOV i s  given by XXVI generalized fo r  n 

aper ture  s tops i n  the source's  beam 

The d i f f r a c t i o n  term may be separated i n t o  two terms 

XXVIII 

XXIX 

s ince ,  A,,k, where k = 2,3, ..., n col l imates  the beam and y i e lds  a r e l a t i v e  

i n t e n s i t y  of the source beam of 0.25 along y = 0 .  A s , l  d i f f r a c t s  the energy 

inc ident  upon i t  onto A D, 0 

with a r e l a t i v e  in t ens i ty  tha t  may be found from the  Cornu s p i r a l .  

a dis tance y from the edge of the source 's  beam 

Evaluating the a rc  length from 

v =  Yl f l  
f l  + h l  J 

+ hl) 

where , 

y1 = -2.22 cm 

f l  = 138 cm 

h l  = 53.8 cm 

1 = 2800 A 

v = -69. 

Theref ore ,  

XXII 

I n s e r t i n g  t h i s  i n t o  XXIX along with the a t tenuat ion  of the n-1 aperture  s tops 

located along the source 's  beam between A and As;:, and including As,: s i v ~ s  s , l  
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xxx ( 0 . 2 5 ) " ~  3 x 10-5 

where , 

L = 2 (f l+hl)  = 383.6 cm. 

Evaluating XXX, 

n k  8. 

Thus, seven aper ture  s tops a r e  needed between A and A (as i l l u s t r a t e d  

i n  Figure V) t o  reduce the in t ens i ty  of t he  Fresnel  d i f f r ac t ed  s t r a y  l i g h t  

r e f l ec t ed  from the inner  edge of ADYO t o  the minimum acceptable noise  leve l  

a t  the  phot oca thode . 

S ¶ l  S Y 2  

3.9 Select ing a Chamber Length 

The 15.75 meter long chamber i s  required i f  the  Fresnel d i f f r ac t ed  s t r a y  

l i g h t  undergoes a s ing le  r e f l ec t ion  from the common edge of Ts and TD i n  

i t s  t o t a l  path between the coll imating and foca l  mirrors. 

Examining the  5.32 meter chamber i l l u s t r a t e d  i n  Figure V shows t h a t  the  

common edge of Ts and TD i s  out of the  foca l  m i r r o r ' s  FOV, therefore ,  s t r a y  

l i g h t  r e f l ec t ed  from i t  must undergo more than one r e f l e c t i o n  t o  f a l l  upon 

the  foca l  mirror. Evaluating X X V  f o r  the  case of n r e f l ec t ions  

4 1.5 X L4 
( .05In XXXI 

('/'o)AS 

The r e l a t i v e  at tenuat ion of Fresnel d i f f r ac t ed  s t r ay  l i g h t  by As,O a t  the  

common edge of Ts and TD i s  2.1 X a s  given by XXVII. 

Evaluating XXXI fo r  the 5.32 meter chamber and solving f o r  the required 

number of r e f l ec t ions  gives 
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(.05)n_L .915 X 

theref ore;  

n k 4 .  

Thus, a t o t a l  of four r e f l ec t ions  of the Fresnel d i f f r ac t ed  s t r a y  l i g h t  

which f a l l s  upon the common edge of Ts and TI) w i l l  a t tenuate  i t  t o  the 

acceptable noise leve l .  To insure mult iple  r e f l e c t i o n s  of s t r a y  l i g h t  

en ter ing  the foca l  mir ror ' s  FOV, aper ture  s tops should be provided between 

AD,1 and AD,2 a s  shown on Figure V. 

w i l l  depend on the cross sect ional  area of the  chamber and must be de te r -  

mined experimentally. 

The exact number of required s tops 

Fresnel  d i f f r ac t ed  s t r a y  l i g h t  w i l l  a l s o  en ter  t h e  aper ture  of the foca l  

mir ror ' s  l i g h t  t rap  TD i n  the 5.32 meter chamber. I f  the  geometric con- 

f igu ra t ion  of the l i g h t  t r ap  i s  such t h a t  the angle of incidence of s t r ay  

l i g h t  f a l l i n g  upon i t  i s  low, the t r a p  should remain s u f f i c i e n t l y  black. 

3.10 Location of the Outer Edges of T, i n  the  5.32 Meter Chamber 

The locat ion of the  outer edges of Ts is  so le ly  dependent upon the maximum 

allowable energy l e v e l  E, of Fresnel d i f f r ac t ed  s t r a y  l i g h t  t ha t  may be 

r e f l ec t ed  from it. 

Eo i s  dependent upon the  distance y 

mir ro r ' s  FOV t o  t h e i r  respect ive edge of the l i g h t  t r a p  Ts. 

on any value,  i t  must be found from the inequal i ty  

The energy level  t h a t  i s  r e f l ec t ed  from the outer  edges 

from the outer  edges of the  coll imating 
1 

Since y may take 
1 

For a 5.32 meter chamber 
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s ince  , 

L = 1064 cm. 

This r e l a t i v e  i n t e n s i t y  requi res  an a r c  length on the  Cornu s p i r a l  of 

v z 2 0 0 .  

This would requi re  a separat ion between the outer edges of the coll imating 

mi r ro r ' s  FOV and t h e i r  respect ive edges of Ts of 

y >36 cm. 

The outer edges of the source's  l i g h t  t r ap  T, i s  out  of the FOV of the foca l  

mirror,  therefore ,  the assumption t h a t  a s ing le  r e f l e c t i o n  of the  Fresnel 

d i f f r a c t e d  s t r a y  l i g h t  from i t s  edge w i l l  cause it t o  f a l l  upon the foca l  

mirror i s  f a l s e .  

being r e f l ec t ed  from the  outer  edge may be determined from XXXI 

The required number of r e f l ec t ions  of the s t r ay  l i g h t  a f t e r  

4 
(I /Io)~s,l& (1.5 X (.O5)n 

I n  t h i s  case,  however, t h e  optimum dis tance between the outer  edges of Ts 

and the coll imating mir ror ' s  FOV must be used t o  evaluate  the  r e l a t i v e  

a t tenuat ion  of the  Fresnel d i f f rac ted  s t r a y  energy a t  t he  edges. Also, L 

would have the  value of 1064 c m  for  the 5.32 meter chamber. Hence 

3.11 

Because of the symmetry of the foca l  and col l imat ing mir ror ' s  FOV, the foca l  

Stopping and Trapping the  FOV of the Focal Mirror and Detector 

~ ~ r r o ~ ' c  FF! zz< the  zcn~chr22?Ztcr1s E? m_2y he t re2te1 i" t h e  czme "nner 

a s  the  sources. The apertures  AD where q = 0, 1, ..., 9 a r e  primarily f o r  39 
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the  r e s t r i c t i o n  of the foca l  m i r r o r ' s  FOV. 

other aper tures  as and a. along the FOV of the  two mirrors a s  i l l u s t r a t e d  i n  

Figure V t o  prevent the  generation of s t r a y  l i g h t  along the wa l l s  of the 

ca l ib ra t ion  f i x t u r e  by r e f l ec t ion ,  

the coll imation of the FOV's or  a t tenuat ion of d i f f r ac t ed  l i g h t .  The aper- 

t u re s  as t r ap  the s t r a y  l i g h t  which may o r ig ina t e  from the  s c a t t e r i n g  i n  

the source 's  envelope or housing. 

aper tures  A 

the  FOV of the foca l  mirror w i l l  l ikewise be at tenuated by aD. 

and spacing i s  dependent upon the c a l i b r a t i o n  f i x t u r e s  physical  s i z e  a s  was 

mentioned i n  Section 3.9. 

It i s  a l s o  necessary t o  place 

These aper tures  need not cont r ibu te  t o  

Stray l i g h t  enter ing the  de tec tors  leading 

or AD,4 a t  angles other  than those which a r e  coincident with D , 3  

Their number 

3.12 Design of t he  Light Traps T and TD 

The Rayleigh horn i s  recomended f o r  the l i g h t  t raps  Ts and TD. Figure I V  

i l l u s t r a t e s  the op t i ca l  paths of the  c a l i b r a t i o n  f i x t u r e  with the Rayleigh 

horn l i g h t  t raps .  The i n t e r i o r  surface of t he  horn must be smooth. Also, 

Ts must be f r e e  of any macroscopic d i s f igu ra t ions  which may s c a t t e r  s t r a y  

3 

l i g h t  i n t o  the  system. 

3.13 Fraunhofer Diffract ion 

The aperture  nearest  the coll imating mirror,  A s , 2  a l s o  d i f f r a c t s  the  source 's  

coll imated beam by Fraunhofer d i f f rac t ion .  

Fraunhofer d i f f r a c t i o n  i s  given by 

The i n t e n s i t y  d i s t r i b u t i o n  of 
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where, 

b = length of one s ide  of t he  square aperture  As,2 

?+ = wavelength of the  source's  beam 

o(= angle subtended from the  center  of the  aperture  t o  a point  on a 

screen where the c e n t r a l  r a y ' s  i n t e n s i t y  i s  I. 

The angle subtended from the  cen t r a l  maxima t o  the  f i r s t  minima of the 

Fraunhofer d i f f r a c t i o n  pa t te rn  i s  given by 

theref ore , 
-1 x 
b* d. = s i n  

Evaluating the maximum value of 4 f o r  an extreme wavelength of the densi ty  

sesnor ' s  bandwidth gives 

o< = 5.6 X radians 

where , 

A =  2800 A 
b = 5 cm. 

The length w of the  cen t r a l  maxima a t  the entrance t o  Ts i s  given by 

w = 2 M (a/2) = O( a 

where, a/2 i s  the dis tance from the  coll imating mirror t o  the entrance of Ts. 

Evaluating w fo r  the 5.32 m chamber; 

w = 2.9 X cm 

where , 

a = 532 cm. 

The width of the aper ture  of Ts i s  g rea t e r  than 18 cm, therefore ,  Fraunhofer 

3-19 



d i f f r a c t i o n  e f f e c t s  a r e  negl ig ib le  i n  the 5.32 m ca l ib ra t ion  f ix tu re .  

3.14 Cal ibrat ion Fixture  I n t e r i o r  

It i s  important t h a t  the edges of a l l  aper tures  and espec ia l ly  the  common 

edge of Ts and TD be a s  sharp a s  i s  possible.  

the ca l ib ra t ion  f i x t u r e  including i t s  l i g h t  t raps  and apertures  must be 

coated with an o p t i c a l l y  black pa in t  t ha t  w i l l  insure  a re f lec tance  t h a t  

i s  less than o r  equal t o  .05 i n  the 1800 t o  2800 A bandwidth. 

Also, the  t o t a l  i n t e r i o r  of 

3.15 Optical  Paint  

A paint  recommended f o r  the ca l ibra t ion  chamber i s  the Minnesota Manufac- 

tu r ing  and Mining Company's "velvet coating." 

which ranges from .01 t o  .OS a t  angles up t o  70' from the coated sur face ' s  

normal. I t s  maximum ref lec tance  a t  grazing incidence i s  0.17. Calcula- 

t ions  i n  t h i s  repor t  a r e  based on a re f lec tance  of .05, which i s  a generous 

f igu re  s ince the incident  angles of a l l  l i g h t  i n  the  coll imating mirrors 

FOV excluding Ts i s  near zero. 

paint  i n  the wavelength range of 2500 t o  3600 A where the angle of incidence 

i s  SO. 

This paint  has a re f lec tance  

Figure V I 1  shows the re f lec tance  of t h i s  

The ca l ib ra t ion  f i x t u r e  must be evacuated t o  t o r r  t o  simulate conditions 

a t  100 km. Velvet coating w i l l  e a s i ly  s a t i s f y  these vacuum requirements. 

I t s  manufacturer repor t s  a 1% weight l o s s  f o r  ve lve t  coating a f t e r  7 days 

i n  a vacuum of 4.5 x 10-8 t o r r  a t  room temperature. 
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4.0 CONCLUSION 

The required length L/2 of the ca l ib ra t ion  f i x t u r e ' s  vacuum chamber f o r  

adequate a t tenuat ion  of s t r ay  l i gh t  sca t te red  from the surface of the c o l l i -  

mating mirror and the  fused s i l i c a  e x i t  window i s  dependent pr imari ly  upon 

the sca t t e r ing  coe f f i c i en t  Q '  of the  col l imat ing mirror assuming the e x i t  

window's contr ibut ion i s  negl igible ,  t he  number of r e f e l c t i o n s  n of the  

s t r a y  l i g h t  from surfaces  within the f i x t u r e  having a re f lec tance  R and the  

r e l a t i v e  a t tenuat ion  of the  s t ray  l i g h t  Fresnel d i f f r ac t ed  by As,O (I/I,)A~,~ 

onto the  common edge of the source's  and de tec to r ' s  l i g h t  t raps  Ts and TD 

respect ively.  The r e l a t ionsh ip  between these f ac to r s  i s  shown by evaluating 

XXV i n  terms of Q ' ,  n, R and (I/Io)~~yo f o r  the general  case of n r e f l ec t ions  

20 X 10 ) Q '  Rn 

If the  sca t t e r ing  coe f f i c i en t  of the  coll imating mirror i s  zero, the only 

requirement of the ca l ib ra t ion  f i x t u r e  would be t o  t r ap  the source 's  c o l l i -  

mated beam and i t s  length would be defined by the dis tance t o  the  point  of 

separat ion of the FOV of the two mirrors.  Also, since R L 1 ,  a large number 

of r e f l e c t i o n s  w i l l  r e l ax  the requirements of L. But (I/I ) i s  inversely 

proportional t o  L, therefore ,  a compromise must be made between the number 

of r e f l e c t i o n s  the s t r a y  l i g h t  sca t te red  from the  coll imating mirror of given 

Q '  must encounter before f a l l i n g  upon the foca l  mirror and the length L/2 

of the  ca l ib ra t ion  f i x t u r e ' s  vacuum chamber. 

O As,o 

A s ingle  r e f l e c t i o n  of the  s t ray  l i g h t  from the common edge of Ts and TD 

requi res  a chamber iengil uf 15.75 metern. 

t i o n s  t o  a t o t a l  of four  allows a reduction i n  the  chamber's length t o  

Increasing the number of r e f l ec -  
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5.32 meters. It i s  recommended tha t  the 5.32 meter chamber a s  i l l u s t r a t e d  

i n  Figure V be fabr ica ted ,  s ince a l l  r e f l e c t i n g  surfaces  l i e  out of the  

monochromator's FOV with the exception of the l i g h t  t r a p  TD. 

enter ing the  Rayleigh horn t r a p  TD w i l l  be incident  upon i t s  surface a t  near 

grazing incidence and therefore  be at tenuated by mult iple  r e f l e c t i o n s  i n  

i t s  t i p .  

S t ray  l i g h t  

The energy level of s t r a y  l i g h t  produced by the  u l t r a v i o l e t  densi ty  sensor 

can be at tenuated i n  the  5.32 meter ca l ib ra t ion  f i x t u r e  t o  a noise  l eve l  t h a t  

i s  

densi ty  sensor ' s  monochromator system a t  100 km by the  following technique. 

t i m e s  the  energy of t h e  l i g h t  t h a t  i s  Rayleigh sca t te red  i n t o  the 

1. Minimizing the  f i e l d s  of view (FOV) of the  coll imating and foca l  

mirrors using the  a p e r t u r e  s tops As,l, As,2, A D , 1  and AD,2 and 

the s t r a i g h t  edges A and A a s  shown i n  Figure V. 
s,o D,o 

2. Trapping the  FOV of the  coll imating and foca l  mirrors a t  some point  

beyond t h e i r  point  of separation i n  separate  Rayleigh horns a s  

i l l u s t r a t e d  i n  Figures I V  and V. 

3. Stopping the  source's  collimated beam with a t o t a l  of nine aper ture  

s tops  t o  reduce the leve l  of energy d i f f r ac t ed  onto AD,o and the 

generation of s t r a y  l i g h t  by d i f f r a c t i o n  from A s , l  and As,2  and 

r e f l e c t i o n  from the  walls of the f ix tu re .  

4. Placing aperture  s tops  AD,^, AD,4 ,  ..., AD,g i n  the foca l  mir ror ' s  

IUV LO aELenuace ihe eririgy l eve l  "E I ~ T G . ~ ;  light ~;;t:rl~:g Az,i ~ f f  

a x i s  t o  the  FOV of the  focal  mirror by mult iple  r e f l ec t ions  between 

the aper ture  stops.  
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5. Supplementing the  aperture s top As,k and AD,q where k = 1, 2, 

..., 9 and q = 1, 2, ..., 9 with s tops as and aD tha t  serve a s  

addi t iona l  r e f l ec t ing  surfaces t o  a s s i s t  i n  the  a t tenuat ion  of 

s t r a y  l i gh t .  Figure V shows the general  locat ion of these stops.  

Their number and spacing must be determined experimentally i n  

the ca l ib ra t ion  f ix tu re .  

6. Separate the  sourcds aperture  s tops  A 

AD,q and aD by a p a r t i t i o n  extending from the in t e r f ace  of the  

ca l ib ra t ion  f i x t u r e  t o  the point  of i n t e r sec t ion  of A s , l  and AD,1 .  

and as from the de t ec to r ' s  
s ,k 

7. Sharpen the edges of the aper ture  s tops As,k and  AD,^ where, 

k = 0, 1, 2, ..., 9 and q = 0, 1, 2, ..., 9 and the cornon edge of 

the l i g h t  t r aps  Ts and TD. 

8. Coat the  i n t e r i o r  of the f i x t u r e  and a l l  i t s  components with a 

pa in t  having a ref lectance tha t  i s  not grea te r  than 0.05 i n  the 

wavelength region of 1800 t o  2800 A and a vapor pressure lower than 

to r r .  

The assumption t h a t  the  sca t te r ing  of unwanted s t r a y  l i g h t  by the  fused 

s i l i c a  e x i t  window i s  negl igible  i s  reasonably va l id  since i t s  contr ibut ion 

i s  less than 10% of the  coll imating mirrors. I n  the event t h a t  the op t i ca l  

qua l i t y  of the  e x i t  window renders i t  a l a rge r  contr ibutpr ,  the energy level 

of i t s  s t r a y  l i g h t  w i l l  be a t tenuated by m u l t i p l e  r e f l ec t ions  i n  the Rayleigh 

horn l i g h t  t r aps  and the i n t e r i o r  of the f i x t u r e ,  however, the apertures  of 

t he  l i g h t  t raps  may have t o  be enlarged t o  include the ~ u v  of the windfix vhi& 

i s  s l i g h t l y  la rger  than the coll imating mirrors a s  can be seen i n  Figure V. 
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5 . 0  APPENDIX I 

Figure VI1 i s  an i l l u s t r a t i o n  of the Cornu s p i r a l ,  which can be constructed 

from the Fresnel  i n t eg ra l s  

and 

V 
X =  COS(^ 4 2  t ) d t  

0 

A - I  

7 r 2  
V 

Y =jo s i n ( T  t 1 d t  

X and Y a r e  the coordinates of a point located on the s p i r a l  an a r c  dis tance 

v from the  o r ig in  where, v is pos i t ive  i f  measured from the  o r ig in  along t h a t  

port ion of the  s p i r a l  which l ies  i n  the t h i r d  quadrant. A complete discussion 

of t he  in t eg ra l s  A - I  a r e  contained i n  several  references.  (' 
.. 

7, Evaluating 

them f o r  la rge  values of v requires  evaluating the  i n t e g r a l s  of the cos 

and the  sin@ t2) expanded i n  a power series. 

For large values of v, the in t eg ra l s  may be evaluated from the following 

se r i e s (7 )  which i s  i n  inverse powers of v;  

X = - 1 - 2 [P (v) cos& v') - Q (v) sic v')] 
2 9-v 

and 

where, 

A - 1 1 .  

A - 1 1 1 .  
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The relative intensity of a point on a screen where v was evaluated 

using XXII 

f+h v -  
X X I I  

is given by 

(I/Io) = 1/2 [ (1/2 + XI2 + (112 + YI’] 

for positive values of V. 

Table I gives values of Q(v), P(v), x, y and I/Io for arc lengths v from 

6 to 200 in eight significant figures. 
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Cornu S p i r a l  
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