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CHAPTER I

IHTRODIICTI OH

I n t r o d u c t io n * p r e v io u s  I n v e s t i g a t i o n s  have  sh o rn  

t h a t  th e  I l lu m in a t io n  o f  th e  n i g h t  sk y  i s  composed o f  l i g h t  

from  s e v e r a l  so u rc e s *  The z o d i a c a l  l i g h t  i s  a n  Im p o rta n t 

one o f  th e s e  l i g h t  s o u r c e s .  On e l< ea r m o o n less  n ig h t s  the 

z o d ia c a l  l i g h t  i s  s e e n  a s  a f a i n t  p y ram id  o f  r e d d i s h  y e llo w  

t o  v h l te  l i g h t  i n  th e  e v e n in g  w e s t e r n  s k y  o r  m orning e a s t ­

e r n  s k y . I t  I s  b e s t  o b se rv e d  I n  tlhe  lo w e r  o r  m id d le  l a t i ­

tu d e s .  The a x is  o f  th e  l i g h t  p y ra m id  v a r i e s  o n ly  s l i g h t l y  

from  th e  e c l i p t i c .  ^

S ta te m e n t o f  th e  P ro b lem . I t  was th e  p u rp o se  of 

t h i s  s tu d y ,  (1 ) t o  m easu re  th e  p o l a r i z a t i o n  o f  z o d ia c a l  

l i g h t ,  (2 ) t o  i n v e s t i g a t e  th e  o r i e n t a t i o n  o f  th e  p la n e  

o f  p o l a r i z a t i o n ,  and (3 ) t o  d e d u c e  from  r e s u l t s  o b ta in e d  

in fo rm a tio n  c o n c e rn in g  th e  o r i g i n  o f  z o d ia c a l  l i g h t .

I t  I s  a lm o s t c e r t a i n  t h a t  z o d i a c a l  l i g h t  i s  s o l a r  

r a d i a t i o n  t f i i c h  i s  e i t h e r  r e f l e c t e d  o r  s c a t t e r e d  from  & 

le n s  shaped  c lo u d  o f  p a r t i c l e s *  Two v ie w s ,  h o w e v e r, a re  

h e ld  as to  th e  l o c a t i o n  o f  t h i s  c l o u d ,  nam ely  th e  p la n e ta r y  1

1 S* K. M itra  The U pper A tm o sp h e re  (C a lc u t ta *  
The R oyal A s ia t i c  S o c ie ty  o r  g © n g a1 ,  1948) Page 454
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th e o ry  i n  w hich th e  su n  i s  a t  th e  e<em ter and th e  a tia o sp h o rie  

th e o ry  in  w hich th e  e a r t h  i s  a t  th e  (c e n te r*

W ith  th e  su n  a t  th e  c e n t e r  o f  t h e  c lo u d  a s  assum ed 

by th e  p la n e ta r y  t h e o r y ,  th e  p a r t i c  l© s  m ust be  v e ry  la r g e  

compared to  m o le c u la r  d im e n s io n , o r  fchey w ould he u l t i m t e l y  

draw n i n to  th e  aun by th e  P o y n t in g - R o b e r ts o n  E f fe c t*  th e  

fo llo w in g  i s  a  q u a l i t a t i v e  d i s c u s s !  om o f  t h e  th e o ry  o f  t h i s  

e ffec ts**

R a d ia n t e n e rg y  p o s s e s s e s  m ass  and  momentum* S in ce  
th e  sm a ll  body lo s e s  a s  much h e a % ~ e n e rg y  i n t o  sp a c e  a s  
i t  g a in s  from  th e  s u n , t h e r e  i s  mo n o t  change i n  i t s  
m s s *  th e  o u tg o in g  r a d i a t i o n ,  h o w e v e r , c a r r i e s  away 
n o t o n ly  m s s  b u t  a p r o p o r t i o n a l  f r a c t i o n  o f  t h e  momen­
tum o f  th e  moving body , w h ile  th ©  momentum o f  th e  i n c i ­
d e n t s o l a r  r a d i a t i o n  i s  d i r e c t e d  s t r a i g h t  away from  th e  
sun  and p ro d u ces r a d i a t i o n  p r e s s u r e ,  b u t  d oes n o t  con­
t r i b u t e  any a n g u la r  momentum ab-ornt th e  sun* The 
o r b i t a l  a n g u la r  momentum o f  th e  toody t h e r e f o r e  s t e a d i l y  
d im in is h e s ,  and th e  sem i-param o  t o r  o f  th e  o r b i t  a lo n g  
w ith  i t *

I f  such  l a r g e  p a r t i c l e s  make up  t h e  szo& laeal c lo u d ,  th e n  th e  

p o l a r i z a t i o n  o b se rv ed  i n  th e  z o d ia c a l ,  l i g h t  w ould have  t o  

o c c u r  d u r in g  th e  r e f l e c t i o n  p r o c e s s  o n  th e s e  p a r t i c l e s .

S in c e  th e  p a r t i c l e s  m ust c e r t a i n l y  b© o r i e n t e d  i n  sp ace  i n  

a  c o m p le te ly  random  m anner, ono w o u ld  e x p e c t  a t  m ost o rJy  

a  v e ry  sm a ll p e rc e n ta g e  o f  p o l a r i z a t i o n *  2

2 H. H. R u s s e l l ,  R* S . D u g an , an d  J .  Q. S te w a r t  
Astronom y (B ostons Ginn and Com pany, 1945) page  560
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I f  th e  e a r t h  la  a t  t£ie c e n t e r  o f  t h e  c lo u d ,  a s  I s  

assum ed I n  th e  a tm o sp h e r ic  t h e o r y ,  t in e  p a r t i c l e s  need  

n o t be l a r g e .  E u lfeu rt5 and Y egard3 4" ^assumed th e  o u t e r  

r e g io n  o f  th e  a tm o sp h ere  to  be  th e  s c o n t to r in g  c lo u d  and 

th e  p a r t i c l e s  t o  be m o le c u le s .  I f  tin e  s i z e  o f  th e  s c a t t e r ­

in g  p a r t i c l e s  I s  co m p arab le  to  t h e  s l iz e  o f  m o le c u le s ,  one 

would e x p e c t th e  s c a t t e r e d  l i g h t  t o  e x h i b i t  a n  i n t e n s i t y  

d i s t r i b u t i o n  g iv e n  b y  R a y le ig h 's  la w .. A c o n s id e r a b le  

amount o f p o l a r i s a t i o n  w ould be  e x p e d ite d  w i th  t h e  maximum 

p e rc e n ta g e  o f  p o l a r i z a t i o n  o c c u r r in g  when t h e  a n g le  a t  th e  

s c a t t e r i n g  p a r t i c l e  be tw een  th e  l i n e  o f  p ro p a g a t io n  o f  th e  

i r r a & ie n t  l i g h t  and th e  l i n e  o f  v i e w in g  I s  n in e ty  d e g re e s .

SuEtmary o f P re v io u s  cY ork.  IX itfay^ made m easurem ents

o f  th e  p o l a r i z a t i o n  o f th e  n ig h t  slcy l i g h t  w i th  s p e c i a l  

r e f e r e n c e  t o  t h e  r e g io n  o f th e  z o d ia c c a l  p y ra m id . He has 

made a g rap h  o f  h i s  r e a d in g s  sh o w in g  th e  p e rc e n ta g e  o f  

p o l a r i z a t i o n  a s  a f u n c t io n  o f a n g u la r*  d i s t a n c e  from  th e  

s u n . One c u rv e  on th e  g ra p h  was draw m  f o r  t h e  n ig h t  sky 

l i g h t  from  th e  z o d ia c a l  c o n e ,  a n o th e r*  f o r  th e  nlghfc sky

3 B . 0 .  H u lb u r t ,  Pfays. R e v . ,  3 5 ,  (1930) page 1093

4 S* L  M it r e ,  c o m p i le r ,  The hip p e r  Atmos p h e re  
( C a lc u t t a i  The R oyal A s i a t i c  S o c Y ^ y  o f  B e n g a l, 1948) 
page 463

5 I b i d . ,  page 489
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l i g h t  In  t h e  d a r k e r  r e g io n s  o f  t h e  alky* The g ra p h  showed 

t h a t  th e  n ig h t  sk y  l i g h t  I n  t h e  ro g lc o n  o f  th e  z o d ia c a l  

pyram id  was a lw ay s m ere s t r o n g l y  p o l ia r ia a d  t h a n  t h e  n i t'h t  

sky  l i g h t  from  o th e r  r e g io n s  of th e  ?sky* The d i f f e r e n c e  

we® found t o  besom® ev en  m ere prem emm eed a s  th e  a n g u la r  

d i s ta n c e  from  t h e  su n  d e c re a s e d *  Fear exam ple ,  one o f  th e  

c u rv e s  on th e  g rap h  showed t h a t  ligh tfc  from  t h e  r e g io n  o f  

th e  z o d ia c a l  cone was t h r e e  p e r  c e n t  p o l a r i z e d  when th e  

sun  was a n  a n g u la r  d i s t a n c e  o f n in e t jy  d e g re e s  fro ®  th e  

p o in t  cfcserved a n d  tw e n ty  p e r  c e n t  p c o la riise d  when t h e  angu­

l a r  d i s t a n c e  from  t h e  p o in t  o b se rv e d  t o  fclie su n  was f i f t y  

d e g r e e s . L Ig h t fro®  r e g io n s  f a r  rem o v e d  fro ®  th e  z o d ia c a l  

cone was shown by t h e  o th e r  c u rv e  o f  title same g ra p h  to  be 

o n ly  two p e r  c e n t and t h r e e  p e r  c e n t  p o la r is e d  r e s p e c t i v e l y  

f o r  th e s e  seme a n g u la r  d i s t a n c e s *  Tine p la n e  o f p o l a r i s a t i o n  

o f  th e  i d $ i t  sky l i g h t  was found  to  p a s s  c o n s i s t e n t l y  t; ro u g h  

th e  sun r e g a r d l e s s  o f t h e  p o s i t i o n  off t h e  i n v e s t i g a t e d  re g io n *

Ac a r e s u l t  o f  D ufay’s  work I t s  i s  g e n e r a l ly  concluded  

th a t th e  zed la  c a l  l i g h t  i s  th e  o n ly  p o l a r i s e d  component o f  

th e  n igh t sk y  l ig h t *

A lthough Dufay m eaeired  th e  p o l a r i s a t i o n  o f  th e  l i g h t  

from th e  z o d ia c a l pyram id, I t  sh o u ld  b e  p o in ted  out th a t he  

ap p aren tly  d id  not measure th e  p o l a r i s a t i o n  o f  z o d ia c a l  l i g h t .  

To measure th e  p ercen tage  o f  polarlssiaatian  o f  z o d ia c a l  l ig h t

4
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a lone one would have to  have some m eth o d  o f  d eterm in in g  

what part o f  a g iv en  l l # i t  i n t e n s i f y  w as due to  z o d ia c a l  

l ig h t  and w hat p a r t  was due to  t h e  otfcher s o u rc e s  o f  th e  

n ig h t sky l i g h t *  In  o th er  words t h e  b ack g ro u n d  11 g h t In ­

t e n s i t y ,  t h a t  I n te n s i ty  due t o  th e  m ig h t l i g h t  w h ich  i s  n o t 

z o d ia c a l l i g h t ,  would have to  bo d e t e r m i n e d .  In  t h i s  t h e s i s  

a  method o f  d eterm in in g  b a ck g ro u n d  l  i g h t  i n t e n s i t y  and hence  

th e  p o l a r i z a t i o n  of z o d ia c a l  l i g h t  w l t l l  be  p re s e n te d *

5





CHAPTER I I

DESCRIPTION OP APPARATUS

F or d e t a i l s  o f  tb s  a p p a r a tu s  n o t  d e s c r ib e d  in  t h i s
&t h e s i s  r e f e r e n c e  i s  m d e  to  t h e  w ork o f  A l la n  F .  Beck and

7Jam es Dm L in d say  •

D e s c r ip t io n  o f  T e le s c o p e .  A w a r - s u r p lu s  G e n e ra l 

E l e c t r i c  a n t i - a i r c r a f t  s e a r c h l i g h t  was m o d if ie d  f o r  u se  

a s  a te le s c o p e  in  t i l l s  sorts: .  The c a r b o n  a r c  was rem oved 

and i t s  m ounting  was c o n v e r te d  f o r  u se  a s  th e  p h o to m u lti­

p l i e r  tu b e  m o u n tin g . The g la s s  c o v e r i n g  and i t s  su p p o r ts  

a s  w e l l  a s  a l l  o th e r  u n n e c e ssa ry  p a r t s  w ere  rem oved f ro »  

th e  s e a rc h  l i g h t .

M ounting o f  T e le s c o p e # The t e l e s c o p e  w as g iv e n  

an  e q u a t o r i a l  m ounting* See F ig u re  One# The a z im u th  and 

e l e v a t i o n  c o n t r o l s  o f  th e  s e a r c h l i g h t  t h e n  became th e  

h o u r  a n g le  an d  d e c l i n a t i o n  c o n t r o l s  o f  th e  t e l e s c o p e .

The rem oval o f  some o f  th e  p a r t s  an d  t t i e  e q u a t o r i a l  m ounting

6 A lla n  F .  B eck , "The I n t e n s i t y  o f  Z o d ia c a l  Light® 
(u n p u b lis h e d  F a s t e r 1® t h e s i s ,  The U n i v e r s i t y  o f  Hew M exico, 
A lb u q u e rq u e , 1951)

7 James D . L in d s a y , nA Hew A uio isaatic  R e c o rd in g  Method 
f o r  M easuring  th e  Shape an d  P o s i t i o n  of* Z o d ia c a l  L ig h t*  
(u n p u b lis h e d  M a s t e r ^  t h e s i s ,  The U n i v e r s i t y  o f  Hew M exico,
A lb u q u e rq u e , 1951)
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TELESCOPE WITHOUT POLAROID 

FIGURE 1





8

4 - C

TELESCOPE WITH POLAROID

FIGURE 2
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made i t  n e c e s s  axrjy to  r e - b a l a n c e  th e  t e l e s c o p e .

Pow er f  o i r  O p e r a t io n  o f  t&3 T e le s c o p e .  The powr o r  

th e  re m o te ly  c to m t tr o l l ie d  m o tio n  o f  th e  t e l e s c o p e  was m i  ghee® 

by s i x  tw e lv e - 'v c o U t b a t t e r i e s  end a g a s o l in e  powered e rra fc o r . 

The g e n e r a t o r  wean* u s e d  a s  th e  so u rc e  of 110 v o l t s  a . ,  nd

in  a d d i t i o n  tht© £g a a e r a t o r  m o to r was u sed  to  t u r n  an l i t y -  

v o l t  d . c .  gertan ’s a t to r  w h ic h  was u se d  t o  c h a rg e  t h e  b a t e i e s .

Automa t ; lc c  Remote C o n t r o l . When t h e  t e l  e sc  ope m  o p e r­

a te d  by th e  a u t t c o n a t l e  c o n t r o l  i t  tu rn e d  i n  th e  d i r e e i t  o f  

in c r e a s in g  h o u ir  wangle s t a r t i n g  from  s o u th  u n t i l  180 a* 

g ro e s  l a t e r  bbue c d e c l l n a t l o n  a u to m a t i c a l ly  in c re a s e d  hi© 

d e g re e s  and fchte ih o u r  a n g le  sw eep was re p e a te d *  Tho .oust 

d e c l i n a t i o n  p o s s e  11 b le  was m inus f i f t e e n  d e g re e s  and be 

h i g h e s t ,  s e v e n  tjy * -tw o  d e g r e e s .  A f te r  c o m p le tin g  560 e e e s  

o f  h o u r  a n g le  ; a t t  th e  s e v e n ty  two d e g re e  d e c l i n a t i o n ,  t i  

d e c l i n a t i o n  a m tc o m a a t ic a l ly  r e tu r n e d  to  m inus f i f t e e n  e*ees 

t o  s t a r t  a  new i sw e e p  o f  th e  sky .®

M anual IRtemaote C o n t r o l . When th e  s e a r c h l ig h t  ©̂ o p e r ­

a te d  by  th e  m aim iutal c o n t r o l  t h e  h o u r a n g le  and dec  l i n t  m  o f  

th e  t e l e s c o p a  wocnuld c o r r e s p o n d  t o  th e  d i a l  r e a d in g s  m

8 Jam es ID ,. L in d s a y ,  "A New A u tom atic  R ecordin ; ith o d  
f o r  M easuring ; tih a e  S h ap e  and  P o s i t i o n  o f  Z o d ia c a l  L ip t  
(u n p u b l is h e d  h i a t s i t e r , s  t h e s i s ,  The U n iv e r s i ty  o f  New se ;c o ,  
A lb u q u e rq u e , li9 $ 5 jl)
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th e  manual c o n t r o l  p e n a l*  See F ig a ro  P o o r*

Exp l a  n o t Ion o f  th e  B lock  d iag ra m * ^h© b lo c k  diagram  

o f  th e  e l e c t r o n i c  e q u ip m en t I s  shown in  F i g u r e  Thro© . Tie 

u n i t s  s e t  o f f  by th e  d o t t e d  l i n e s  w are zacnunted on th e  t e l e ­

s c o p e . A l l  o th e r  u n i t s  w i th  th e  e x c e p t io n  o f  th e  v o ltag e  

r e g u l a to r  w ere m ounted in  two m e ta l  c&binte&s a s  shown I r  

F ig u re s  F our and F i v e .  The p h o t o m u l t i p l i e r  tu b e  w hich  wia 

m ounted a t  th e  fo c u s  o f  th e  m ir r o r  r e c e i v e d  th e  l i g h t  fcimt 

t h e  m ir ro r  had g a th e r e d  and changed  i t  i n t o  an e l e c t r i c  

s ig n a l  vfcich v a r ie d  w i t h  th e  i n t e n s i t y  o f  t h e  l i g h t .  This 

s i g n a l  was a m p lif ie d  b y  a d e s i r e d  amount a n d  th e  r e s u l t  i ig  

s i g n a l  was re a d  on t h e  m e te r l a b e le d  S ig n a l  V o l ta g e ,  shorn 

i n  F ig u re  F o u r . The r e a d in g  o f  t h i s  a s t e r  was th u s  a  

m easure o f  th e  i n t e n s i t y  o f  l i g h t  r e c e iv e d  b y  th e  t e le s c o p e .

The s ig n a l  was in v e r te d  by  th e  v o l t a g e  i n v e r t e r  aid 

p a sse d  t o  th e  d i s c r im in a to r *  The d i s c r i r a i n a t o r  changed  i 

c o n tin u o u s ly  v a ry in g  s i g n a l  in to  a s ig n a l  t h a t  v a r i e d  by 

s te p s *  T h is  s i g n a l  w as  th e n  p a s s e d  to  th<© num ber one gr.d  

o f  th e  c a th o d e - ra y  tu b e *  The i n t e n s i t y  o f  th e  lu m in o u s ip o t 

on th e  c a th o d e - r a y  t u b e  was t h e r e f o r e  sad© t o  v a ry  In  s trp s  

a s  th e  l i g h t  r e c e iv e d  by th e  te le s c o p e  v a r i e d  co n tln u o u s .y *  

The h o r i z o n t a l  d r i v e r  was c o n n e c te d  t o  t h e  a u to m a tic  c o m ro l 

o f  th e  s e a r c h l i g h t  s o  t h a t  th e  s p o t  on th e  c a th o d e - r a y  tib e  

would move from  r i g h t  t o  l e f t  a s  th e  s e a r c h l i g h t  tu rn e d  *rom
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FIGURE 4
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n o r th  th ro u g h  o a s t ,  s o u th ,  w e s t ,  a n d  bcacok t o  n o r th  The 

v e r t i c a l  d r i v e r  was c o n n e c te d  t o  the* la iu tto m a tlc  c o n r i l  so  

t h a t  th e  s p o t  w ould change i t s  p o s i t i o n !  isp o r  dowi 01 th e  

s c r e e n  a s  th e  d e c l i n a t i o n  o f  th e  to le ^ c c c o p e  changes A 

p h o to g ra p h  o f th e  c a th a d e - r s y  tu b e  s c r s e e e n  ta k e n  f<r >ne 

c o m p le te  sweep o f  th e  sk y  w ould t h u s  slhoow h o r lz c n h l  l i n e s  

whose i n t e n s i t y  w ould be a m ea su re  o f  I th ie  in te n s i ty  i f  

th e  l i g h t  i n  t h e  c o r r e s p o n d in g  r e g i o n  coif t h e  sk y . Tie p la c e s  

w here  th e  i n t e n s i t y  o f  th e  l i n e s  chanjgeadi fro®  a  gfrei v a lu e  

t o  a n o th e r  w ould i n d i c a t e  p o s i t i o n s  I n  fcthe sk y  o f sq ia l 

l u m in o s i ty .  A l i n e  c o n n e c t in g  t h e s e  p lU u c e s  w ould :hm  

be a n  i s o p h o te .  Thus a  r e p r e s e n t a t i o n  oof t h e  EodjBCil l i g h t  

c o u ld  be o b ta in e d  i n  th e  fo rm  o f  I s o p ih c o tte s .

The Main Power S u p p ly . A s c h e m a t t l c  d la g ra i  o* t h i s  

pow er su p p ly  i s  shown I n  F ig u re  S i x .  TFhie £00-270 voifc o u t­

l e t ,  « h ic h  goes to  g r id  Ho. 2 o f  t h e  tc e a tth o d e -ra y  tib*, was 

u se d  a s  a  se c o n d a ry  c o n t r o l  o f  th e  I n  te e m s i t y  o f  th* sp o t.

As shown by th e  d ia g ra m  a l l  t h e  pow er tts a k e n  froB  the power 

s u p p ly  was v o l t a g e - r e g u l a t e d .

The V o lta g e  I n v e r t e r .  F ig u r e  JSeawen shows i ss h em a tic  

d ia g ra m  o f  th e  v o l ta g e  i n v e r t e r .  T he i f u m e t io n  o f  t h s  u n i t

i s  t o  i n v e r t  th e  s i g n a l  v o l t a g e  and  aZLsaai t o  am plify  >r 

a t t e n u a t e  i t  by  c e r t a i n  d e s i r e d  amountfcsa*. I t  i s  a c t u l l v  a

14
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tw o - s ta g e  a m p l i f i e r  w h ich  i s  made t o  i n v e r t  by th e  vise o f  a  

c a th o d e - f o l lo w e r  in p u t  t o  th e  secoorad s ta g e *  P o s i t i v e  fe e d ­

b a ck  i s  a p p l ie d  i n  th e  second  s tag^e i by  means o f  r e s i s t i v e  

c o u p lin g  b e tw een  th e  f i r s t  p l a t e  air*d th e  seco n d  g r id  cf th e

f i r s t  6SL7 t u b e .

T hera  i s  a n e g a t iv e  f e e d b a c k  lo o p  from  th e  o u t p it  

o f  th e  u n i t  t o  th e  i n p u t .  The r a t ; i o  o f  th e  r e s i s t a n c e  In  

th e  fe e d b a c k  lo o p  t o  th e  r e s i s t a n c e  i n  th e  in p u t  lo o p  i s  

th e  m easure o f  th e  a m p l i f i c a t i o n  oor a t t o n u a t io n  o f  th e  u n i t .  

The d iag ra m  o f  F ig u re  Seven  at owe t h e  g a in  s w itc h  in  t ie  

c o r r e c t  p o s i t i o n  f o r  a g a in  o f  o n e i .  The o th e r  p o s s ib le  g a in s  

a r e  shown to  be tw o , f o u r ,  and e l g g h t • A s w itc h  was placed 

i n  th e  c i r c u i t  w h ich  i s  n o t  shown on  th e  d ia g ra m . Thia 

s w itc h  made i t  p o s s ib l e  to  g e t  a t t c e n u a t io n s  o f  o n e -h a lf ,  

o n e - f o u r th ,  o r  o n e -e ig h th  b y  e x c h a n g in g  th e  same r o s l ^ e r s  

t h a t  w ere u sed  f o r  th e  g a in .

D e s c r ip t io n  o f  th e  P o l a r o id i . The p o la r o id  used  f o r  

t h i s  work c o n s i s t e d  o f  t h r e e  s t r i p  >s e a c h  f i f t y - e i g h t  l ic h e e  

lo n g ,  tw e n ty  in c h e s  w ide and o n e - s s ix te a n th  o f  a n  in c h  t h i c k .

The C o u n tin g  o f  th e  P o la r  o l i d .  When p o l a r i z a t i o i  r e a d ­

in g s  a r e  ta k e n  i t  i s  n e c e s s a r y  to  make c e r t a i n  t h a t  a l l  th e  

l i g h t  o b se rv e d  p a s s e s  th ro u g h  th e  a n a ly z in g  p o l a r o i d .  To 

a c c o m p lish  t h i s ,  th e  t h r e e  p o l a r o i td  s t r i p s  w ere m ountel
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t o g e t h e r  t o  fo rm  a r e c t a n g l e  f I f t y - e i | # i t  in c h e s  by  s ix iy  

in c h e s*  H a l f - in c h  alum inum  a n g le  s t r i p s  w ere u so d  t o  ssace 

t h i s  f ra m e , w hich  was th e n  f a s t e n e d  t o  aru  alum inum  r l n ? ,  

whose d ia m e te r  coxir e s  ponded t o  t h a t  o f  th ie  t e l e s c o p e  oaox- 

i n g .  The open p la c e s  a lo n g  th e  s id e  o f  fcihe P o la r o id  wer» 

c o v e red  w ith  t h i n  alum inum  s h e e t s  w h ic h  w*er© p a in te d  w lti  

lamp b la c k  t o  p re v e n t  r e f l e c t i o n .  I n  o r d le r  t o  make spuca 

f o r  th e  p h o to  tu b e  » o u n t ,  e ig h t  s e v e n te e n !  in c h  s ta n d o f f s  

w are u se d  to  mount f o u r  s t e e l  r o l l e r s  on w hich th e  r in g  

c o u ld  t u r n .  F ig u re  Two si ows th e  s e a r c h l i i g h t  w ith  th e  

m ounted p o la r  o l d .  F ig u re  F ig h t  show s th e )  m anner in  willed 

th e  r i n g  was h e ld  i n  p la c e  by th e  r o l l e r s ; .  Two o f  th e  r o l l ­

e r s  wore s p r in g  lo a d e d  to  f a c i l i t a t e  th e  rem oval and r e ­

p lac em en t o f  th e  p o l a i o l d .  The p o l a r o i d  was r o t a t e d  by la n d .

A long th e  p e r ip h e r y  o f  th e  Movable* r i n g ,  m arkers 

wore sp a c e d  te n  d e g re e s  a p a r t .  A s t a t i o n a r y  p o i n t e r  was 

p la c e d  b a e id e  th e  r i n g  to  r e a d  i n  d e g re e s )  th e  o r i e n t a t i o n  

o f  th e  p la n e  o f  p o l a r i z a t i o n  o f th e  p o la r* o id .  F o r a re a d in g  

o f  z e ro  th e  p la n e  was p e r p e n d ic u la r  t o  th ie  c e l e s t i a l  e q u a to r  

o r p a r a l l e l  t o  th e  h o u r  c i r c l e  w hich p a s s e d  th ro u g h  th e  

p o in t  u n d e r  o b s e r v a t io n .  T h e r e f o r e ,  t h e  r e a d in g  f o r  any 

p o s i t i o n  gave d i r e c t l y  th e  a n g le  b e tw e e n  th e  h o u r  c i r c l e  

o f  th e  o b se rv e d  p o in t  and th e  p ia n o  o f  p o > ls r iz a t io n  o f  

th e  p o l e r o i d .
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FIG. 8





C H A P T E R  r i : x

pro c ed u r e ;

P o s i t i o n s  o f  R e a d in g  ♦ The? j p o s i t  Io n s  o r  p o in t  i In  

th e  sky  a t  w hich  th e  p o l a r i z a t i o n  o>f z o d ia c a l  l i g h t  wjs 

m easured, were c a l c u l a t e d  ro u g h ly  h>e f o r e  th e  r e a d in g s  fore 

a c t u a l l y  t a k e n .  T h is  was done i n  o ird e r  to  o b ta in  rea d in g s  

n e a r  th e  e c l i p t i c  w here th e  z o d ia c  a l l  l i g h t  i s  b r i g h t e s t ,  t o  

have r e a d in g s  n e a r  th e  edge o f  the; tp y ram id , and t o  ha-® o th e r  

r e a d in g s  f a r  rem oved from  th e  v i s i b  le  z o d ia c a l  c o n e . ^ I s o ,  

th e  p o in t s  t o  ba  o b se rv e d  w are p ia k c e d  a s  n e a r l y  a s  p o s s ib le  

a t  p o s i t i o n s  o f  e q u a l  d i s t a n c e  above© th e  h o r iz o n .  This was 

done t o  make th e  c o r r e c t i o n  d u e  to* tfche change i n  th e  i tn o s -  

p b e r lc  b ackg round  l i g h t  and e x t i n c t i o n  a s  s m a ll  a s  p o s s ib le .  

P i c tu r e s  o f th e  z o d ia c a l  l i g h t  i n t e n s i t y  w ere ta k e n  b efo re  

and a f t e r  p o l a r i z a t i o n  r e a d in g s *  T lheso a r e  u se d  belov  t o  

i n d i c a t e  th e  p o s i t i o n s  o f  th e  p o l a r i z a t i o n  re a d in g s  or th e  

c e l e s t i a l  s p h e r e .

Time and P la c e  o f  H e a d in g s .  The r e a d 5ngs were* ta k e n  

i n  th e  e a r l y  m orn in g s o f  Decem ber 113 and 1 9 , 1950 , a t  th e  

h ig h  a l t i t u d e  o b s e rv a to ry  o f  th e  D e p a r tm e n t  o f  P h y s ic s , 

U n iv e r s i ty  o f  Hew M exico , on CapiXl<o P eak  (9 ,2 0 0  f t . )  in  

T o rra n c e  C o u n ty , Hew M ex ico . The m<oon made i t  im p o ss ib le  

t o  o b se rv e  th e  z o d ia c a l  l i g h t  on bh*e e v e n in g s  o f  December 

17 and  13 ; h e n c e , th e  r e a d in g s  had ito  b e  ta k e n  d u r in g  th e
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e a r l y  h o u rs  o f  th e  f o l lo w in g  m o rn in g s . S in c e  th e  posit!>n©  

o f  th e  s u n ,  t h e  h o r i z o n ,  and th e  © d i p t  i c  a s  w e l l  a ?  th e  

h o u r  a n g le  a n !  th e  d e c l i n a t i o n  r e l a t i v e  t o  th e  observed  

p o in ts  had t o  be fo u n d , i t  was n e ce ss& iry  t o  know and reco rd  

th e  l o c a l  s i d e r e a l  tim e th ro u g h o u t th e  p r o c e s s  o f  ta k in g  

re a d in g s *  To a s s u r e  t h a t  one p o in t  o f  t h e  sk y  was b e in g  

i n v e s t i g a t e d ,  th e  h o u r  a n g le  had t o  be I n c r e a s e d  a t  th e  rat©  

o f  on© d e g re e  f o r  e&oh f o u r  m in u te s  o f  e la p s e d  s i d e r e a l  tim e* 

T h is  was don© by  th e  m anual rem o te  e o n t : r o l s  and by  th e  use 

o f  a c lo c k  w h ich  had  been  s e t  t o  ret^d l o c a l  s i d e r e a l  t 'n e .

C o r re c t  Iona  f o r  B ackground L ig h t  • S in c e  z o d ia c a l  

l i g h t  i s  n o t th e  o n ly  c o n t r i b u t i n g  f a c t  o r  t o  t h e  l i g h t  of 

t h e  n ig h t  sk y  and any a t t e s t e d  m aasurofm ont o f  z o d ia c a l  

l i g h t  w ould in c lu d e  th e  su p e rim p o sed  b a c k g ro u n d  l i g h t ,  

c o r r e c t i o n s  were made f o r  t h i s  b a c k g ro u n d *  C o r re c t io n s  

w ere a l s o  made f o r  th e  f a c t  t h a t  t h e  b a c k g ro u n d  l i g h t  

v a r i e s  i n  i n t e n s i t y  w ith  change i n  © la o ra tio n  above th e  

h o r iz o n .

C a l c u l a t i o n s * I>u© t o  th e  f a c t  fcihat th e  s t a r t i n g  

tim e  f o r  read ing®  and th e  amount o f  tlxm© n e c e s s a ry  t o  

co m p le te  r e a d in g s  a t  any one p o i n t  c o u ld  n o t  b© a c c u r a te ly  

p r e d i c t e d ,  th e  p o s it!c a n s  o f  th e  s x m p h o r i z o n ,  and e c l i p t i c  

r e l a t i v e  to  t h e  p o i n t  i n v e s t i g a t e d  had t o  be c a l c u l a t e d  a f t e r  

th e  r e a d in g s  had b e e n  t a k e n .
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Meth ad o f  T ak in g  R eadl iyra . A t l e a s  t  two person* 

w ere needed  to  o b ta in  th e  p o l a r i z a t i o n  r e a d i n g s .  One ?es 

s t a t i o n e d  o u ts id e  t o  r o t a t e  th e  p o l a r o i d  a n d  t o  r e l a y  »he 

P o la r o id  o r i e n t a t i o n  re a d in g s  to  a n o th e r  s t a t i o n e d  in s id e  

th e  o b s e r v a to r y  b u i ld in g  a t  th e  p a n e l  show n  i n  F ig u re  ? o u r . 

I t  was th e  t a s k  o f  th e  p e rs o n  in s id e  t o  k e e p  th e  same o o in t 

i n  th e  sky  i n  v iew  by  means o f  th e  m a n u a l 'c o n t r o l ,  and a l s o  

t o  r e c o r d  th e  d a t a .  T e lep h o n e  c o n a m m ic a tio n  was e s t a b l i s h e d  

be tw een  in s id e  and  o u ts id e  o b s e rv e r s  t o  c o o r d i n a t e  th e  r e a d ­

in g s .

T ak in g  th e  D a ta . The z o d ia c a l  l i & h t  i n t e n s i t y  

r e a d in g s  w are t a k e n  from  th e  m e te r  l a b e l e d  “s i g n a l  v o l ta g e ” 

i n  F ig u re  F o u r . The i n t e n s i t y  o f  th e  l i& h t  was n o te d  fo r  

tw e lv e  d i f f e r e n t  o r i e n t a t i o n s  o f  th e  p o l a r o i d  w h ile  th» 

t e le s c o p e  was h e ld  on one p o s i t i o n  i n  t h a  s k y .  The o r ie n ­

t a t i o n s  o f th e  p o la r o id  were sp aced  t h i r t y  d e g re e s  a p a r t .

The h o u r a n g le  and  l o c a l  s i d e r e a l  t im e  weir© re c o rd e d  f a r  

e ac h  o f  th e  tw e lv e  r e a d i n g s .  The d e c l i n a t i o n  o f  th e  p o in t  

w hich  was i n v e s t i g a t e d  was re c o rd e d  o n ly  o n c e , s in c e  no 

change i n  i t  was need ed  t o  h o ld  a  g iv e n  p o i n t  i n  view  due 

t o  th e  e q u a t o r i a l  m ounting  o f  th e  t e l e s c o p e .  The p h o to ­

tu b e  s c r e e n  a p e r t u r e  n u s b e r  and  a np I l f  l o r  g a in  w ere a ls o  

r e c o r d e d .  T hese tw o s e t t i n g s  d id  n o t  c h a n g e  th ro u g h o u t 

th e  r e a d in g .
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P e rc e n ta g e  o f  P o l a r i z a t i o n * I f  tfcie l i g h t  o f  th i  

n i ^ i t  sky  i s  a llo w e d  to  p a s s  th ro u g h  a n  a m a ly z in g  p o la ro id  

a s  th e  p o la r o id  i s  b e in g  r o t a t e d  th r o u g h  180 d e g re e s  t i e r e  

w i l l  be a n  o b se rv e d  change i n  t h e  i n t e n s i t y  o f  th e  t r a i s -  

f i t t e d  l i g h t *  I f  If i s  th e  maximum In te m s s l ty  o b se rv e d  and 

H i s  th e  minimum i n t e n s i t y  o b s e rv e d , th o rn  th e  p e rc e n ta g e  o f  

p o l a r i z a t i o n ,  p ,  o f  th e  i n c i d e n t  n ig h t  skty l i g h t  i s  d e f in e d  

b y :

p s  U -R . 100
* o*)

As h a s  b e e n  p r e v io u s ly  s t a t e d ,  I t  i s  g e n e r a l l y  ag reed  

t h a t  th e  z o d ia c a l  l i g h t  i s  th e  o n ly  p o l a r i z e d  component o f  

th e  n ig h t  sk y  l i g h t *  One c o u ld  t h e r e f o r e  assum e th e  p e r­

c e n ta g e  o f p o l a r i z a t i o n  o f  z o d ia c a l  l i g h t ; ,  ps ,  t o  b e :

p -  M -  H * 1 0 0  %
z U + H -  2x (2 )

w here x  i s  th e  com bined i n t e n s i t y  o f a l l  th e  u n p o la r iz s d  

c o n t r i b u to r s  t o  t h e  n ig h t  sk y  o r  1th© back g ro u n d

li$ if c  i n t e n s i t y .

D e te rm in a t io n  o f  B ackground L i g h t * I n  t h i s  t h e s i s  

two d i f f e r e n t  m ethods w ere u se d  t o  d e te r m in e  th e  background  

l i g h t  i n t e n s i t y *  I n  one method th e  I n t e n s i t y  r e a d in g s  ta k e n  

from  p o in t s  f a r  rem oved from  th e  z o d i a c a l  pyram id  w ere 

assum ed to  be b ack g ro u n d  l i g h t  i n t e n s i t y  r e a d i n g s .  In
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o th e r  w o rd s ,  i t  was assum ed t h a t  o n ly  a  s m a l l  p e rc e n ta g e  

o f  th e  t o t a l  i n t e n s i t y  o b se rv e d  f ro ®  t h e s e  p o in ts  was 

due t o  z o d ia c a l  l i g h t  % t h e r e f o r e ,  a n y  e r r o r  in v o lv e d  

w ould  be s n a i l  enough  to  be  n e g le c t e d .  I n  th e  o th e r  method 

two p o in t s  w ere ch o sen  w hich had th e  s e t®  a n g u la r  d is ta n c e  

from  th e  su n  and  th e  same e l e v a t i o n  a b o v e  t h e  h o r i z o n ,  b u t  

d i f f e r e n t  v a lu e s  o f  M and H. The pereenifcage o f  p o l a r i s a t i o n  

o f  th e  z o d ia c a l  l i g h t  a t  th e  tw o p o i n t s  c o u ld  th e n  be 

assum ed t o  b e  th e  sam e, and  th e  b a c k g ro u n d , x ,  c o u ld  bs 

found  b y i

*1  -  h  = -  » g  (S )

Hx+ Nx -  2x Mg+ Hg -  fix 
w here th e  s u b s c r i p t s  1 and 2 d e n o te  v a lu e s  o f  H and H

f o r  th e  two d i f f e r e n t  p o i n t s .
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CHAiPTKR IV

MEASUREMENTS &ffl» ANALYSIS OF DATA

December 1 8 ,  1950# F llg-ure Nine allows a p h o to ­

g ra p h  o f  th e  n ig h t  sk y  l i g h t  t a k e n  a t  1 0 :0 7  l o c a l  s i d e r e a l  

tim e  December 1 8 , 1950# The num bers show th e  p o s i t io n s  

o f  th e  r e a d in g s  ta k e n *  The to la c k  l in e s  a re  I s o p h o te s  w hich 

a re  draw n in  t o  show th e  a p p ro x im a te  p o s i t i o n  o f th e  z o d ia ­

c a l  pyram id* As shown in  t h e  p h o to g ra p h , p o in t  No. 1 was 

n e a r  th e  c e n te r  o f  th e  z o d l a e a l  p y ram id , p o in t  No* 2 was 

n e a r  th e  e d g e , and No* 3 was a  c o n s id e r a b le  d i s t a n c e  from  

th e  i n te n s e  z o d ia c a l  cone* D a ta  f o r  p o in t s  No* 1 , 2 ,  and 

3 w i l l  be shown in  T a b le s  I ,  I I ,  and I I I  r e s p e c t i v e l y .

Decem ber 1 9 , 1950 . Im  th e  e a r ly  m orning  h o u rs  o f  

Decem ber 1 9 , 1950 r e a d in g s  wesre ta k e n  a t  p o in t s  No* 4 ,  5 ,  

and 6* S in c e  c lo u d s  obscurecd  th e  sky up to  a n  e l e v a t io n  o f  

a b o u t tw e n ty  d e g re e s  above tin e  h o r iz o n ,  th e  e l e v a t io n s  o f  

th e  p o in t s  w ere r e l a t i v e l y  h lig jh . No p h o to g ra p h  c o u ld  be 

ta k e n  on t h i s  d a te  due t o  th ©  c lo u d s .  P o in t  No. 4 was 

th e  o n ly  p o in t  o f  th e  th r e e  tz h a t  was n e a r  t h e  e c l i p t i c .  

T a b le s  IV , V, and VI show th©  d a ta  f o r  t h e  p o in t s  No. 4 ,

5 ,  and 6•

F l t t  in g  th e  D ata  to  T h e o r e t i c a l  C u rv e s . The above
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TABLE I

POINT NO* 1

D a te  ................................................................... ♦ .  .  Decem ber 1 8 , 1950

E le v a t io n  above h o r iz o n  ( a v e r a g e ) .  . . . . . . . .  15°

A n g u la r d i s t a n c e  from  th e  su n  38° 3 0 1

D a te  ................................................................... ♦ .  .  Decem ber 1 8 , 1950

E le v a t io n  above h o r iz o n  ( a v e r a g e ) .  . . . . . . . .  13°

A n g u la r d i s t a n c e  from  th e  su n  38° 3 0 1

The o r i e n t a t i o n  o f  th e p la n e  o f  p o l a r i z a t i o n o f

th e  p o la r o id  when th e p la n e  o f  p o l a r i z a t i o n

p a s s e d  th ro u g h  th e  su n <•„>•  • * •

L o c a l
Hour S id e r e a l
A ngle  De c l i  na t  io n T in e % ... - X .............

e e s .5 °  -x o ° 10*43 6 0 ° 2 .8  v o l te
2 9 3 .5 30 2 .6
2 9 3 .5 0 2 .4
2 9 3 .7 5 10*44 530 2 .4
2 9 3 .7 5 5 0 0 2 .5
2 9 4 .0 10*45 270 2 .7
2 9 4 .2 5 1 0 :4 8 240 2 .8
2 9 4 .5 0 10*47 2 10 2 .6
2 9 4 .7 5 10*48 180 2 .4
2 9 4 .7 5 150 2 .4
2 9 4 .7 5 120 2 .5
£ 9 5 .0 10*49 90 2 .7

9 m The a n g le  o f  o r i e n t a t i o n  o f  th e p l a n e  o f  p o l a r i z a t i o n
o f  th e  p o l a r o i d .

y  r  L ig h t  i n t e n s i t y .

A B D M N c ®m

2 .5 6  v .  - 1 . 5  v . .14  v .  2 .7 6 v .  2 .3 6  v. .8 0 5  v .  68°

9o -  ~  4 °





-

TABLE I I  

P o in t  Ho# 2

D ate  * . Bocm sbar IB , 1950

E le v a t io n  above h o r iz o n  (a v e ra g e )  . . • • • « • •  14°

A n g u la r d ie  ta n c e  from  th e  sun  • • • .  • ....................37°

The o r i e n t a t i o n  o f  th e  p la n e  o f p o l a r i z a t i o n  o f

th e  p o la r o id  vihen th e  p la n e  o f p o l a r i z a t i o n

p a sse d  th r o u g h  th e  su n  ($ 0 ) . . . . . . . . . . .  49°

L o ca l
Hour S id e r e a l  
A ngle D e c l in a t io n  T la ft % 7 ........... .

2 3 7 .S° 0 ° 1 0 :5 0 6 0 ° 2 .1 v o l t s
.5 30 2 .2
.7 5 1 0 :5 1 0 2 .0
#75 530 2 .0

2 8 8 .0 1 0 :5 2 300 2 .0
.0 270 2 .2
#25 1 0 :5 3 240 2 .2
#25 210 2 .2
.2 5 180 2 .1
.5 1 0 :5 4 150 2 .0
.5 120 2 .0

2 8 8 .5 90 2 .1

B s  The a n g le  o f  o r i e n t a t i o n  o f  th e  p ia n o  o f  p o l a r i s a t i o n  
o f  th e  p o l a r o id .

y -  L ig h t I n t e n s i t y .

A B B M H C

2 .1  v - . 0 3  v .1 0  v 2 .2 3  v 1 .9 7  .  .1 2 8  v  53°

o
^  = -  4m
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TABLE I I I  

? OUST HO. 3

D&t© • • • • • * * • • * * • • • • • * *  December 13, 1950
E le v a t io n  above h o r iz o n  ( a v e r a g e ) • 12° 3 0 ?

A n g u la r d ie ta r ie s  from  th e  su n  • • • • • . » • • •  50°

The o r i e n t a t i o n  o f  th e  p la n e  o f  p o l a r i z a t i o n  o f

th e  P o la r o id  when th e  p la n e  o f  p o l a r i s a t i o n

p a sse d  th ro u g h  th e  su n  (6 0 ) • • • • • . . . . . .  11°

Hour
A ngle D e c l in a t io n

L ocal
S i d e r e a l
Time e y - ~  - -

2 6 7 .5 °  26° 10 s 56 6 0 ° 1 .6 5  v o l t s
.5 30 1 .7
.5 0 1 .7
.5 10 s 57 330 1 .6 5

2 6 8 .0 10 s 58 300 1 .6
.0 270 1 .6
.0 240 1 .6 5

2 6 8 .2 5 1 0 159 210 1 .7
.2 5 130 1 .7 5
.2 5 150 1 .7
.2 5 120 1 .6 5

2 6 8 .2 5 90 1 .6 5

e  •  The a n g le  o f  o r i e n t a t i o n  o f  th e p l a n e  o f  p o l a r i z a t i o n
o f  th e  p o l a r o id .

y s  L ig h t  i n t e n s i t y .

A B D M H C #ja

1 .6 7  v .0 5  v .0 1  v 1 .7 2  v  1 .6 2  v  .0 5  v  6 °

«o  *  = 5°
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TABLE IY 

POIKT UO. 4

B a te  D ecem ber 1 9 , 1950

E le v a t io n  above t h e  h o r iz o n  (a v e ra g e )  * . . ♦ * .  38° 3 0 1

A n g u la r d i s t a n c e  from  th e  su n  • • • • » • • » • •  63°

The o r i e n t a t i o n  o f  th e  p la n e  o f  p o l a r i s a t i o n  o f

th e  p o la r o id  when th e  p la n e  o f  p o l a r i z a t i o n

p a sse d  th ro u g h  th e  su n  (0 O) • • • • • • • • • • •  67°

Hour
A ngle D e c l in a t io n

L o c a l
S i d e r e a l
Time 6 ____________3L-...—

3 P 5 .0 °  - 6 ° 1 1 :1 3 0 ° 4 .8  v o l t s
.0 530 4 .8
.2 5 1 1 :1 4 5 0 0 5 .2
.2 5 270 5 .8
.50 U i  15 240 5 .9
.5 0 2 1 0 5 .5
.7 5 1 1 :1 6 180 4 .9
.7 5 150 4 .8

3 2 6 .0 111 17 120 5 .2
.0 90 5 .7
.0 60 5 .8

3 2 6 .0 30 5 .4

% « The a n g le  o f  o r i e n t a t i o n  o f  th e p l a n e o f  p o l a r i s a t i o n
o f  th e  p o l a r o i d •

y s  L ig h t i n t e n s i t y .

A B D M * G •m

5 .3 1  v - .4 4  v .375  v 5 .8 9  v 4 .7 5  v .5 8  v

oo

«o *  * - 3°
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TABLE V 

POINT NO, 5

D ata  * » • • » • • • • • • • • • » • • • •  Decem ber 1 9 ,  1950

E le v a t io n  above h o r iz o n  (a v e ra g e )  • • • • • • • « •  45°

A n g u la r d i s t a n c e  from  t h e  su n  • 104° 3 0 f

The o r i e n t a t i o n  o f t h e  p la n e  o f  p o l a r i z a t i o n  o f

th e  p o la r o id  when th e  p la n e  o f  p o l a r i z a t i o n

p a sse d  th ro u g h  th e  sun  ( £ ) • • • » •  . . . . . . .  43°

Hour
A ngle D e c l in a t io n

-------E o c il--------
S id e r e a l
Tima # 2 . ____

5X 0.0° --a o o 111 19 0 ° 2 .6 v o l t s
.0 330 2 .6
.2 5 11? 20 300 2 .4
.2 5 270 2 .6
.50 11*21 240 2 .6
.50 210 2 .6
.5 0 180 2 .6
.5 0 150 2 .5
.7 5 11*22 120 2 .4
.75 90 2 .6
.7 5 60 2 .8

3 1 1 .0 11*23 30 2 .8

% -  The a n g le  o f  o r i e n t a t i o n  o f  th e  p la n e  o f  
o f  th e  p o l a r o i d .

y s  L ig h t  I n t e n s i t y .

p o l a r i z a t i o n

A B D K N C

2 .6  v - .0 6  v .1 0  v 2 .7 1  v 2 .4 9  v  .1 1  v 60°

1 7 °
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TABLE VI 

PQIBT HO* 6

D ate  • • ........................ ..... Decem ber 1 9 ,  1950

E le v a t io n  above h o r iz o n  ( a v e r a g e ) .  • • • • • • •  16°

Hour
A ngle D e c l in a t io n

L o ca l----------
S id e r e a l
Time 6 - JS

2 6 0 .0 ° 4 0 ° 11*25 0 ° 3 .1  v o l t s
.0 350 3 .1
.0 3 0 0 3 .1
.0 270 2 .7
.0 2 4 0 2 .5
.2 5 11*26 210 2 .2
.25 180 2 .3
.2 5 1 5 0 2 .5
.50 11s 27 120 2 .5
.5 0 90 2 .4
.5 0 60 2 .8

2 6 0 .5 0 30 3 .5

% z  The a n g le  o f  o r ie n ta t io n  o f  t h e  p la n e  o f  p o l a r i z a t i o n  
o f  th e  P o la r o id .

y  u L igh t in t e n s i t y
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m en tio n ed  d a ta  w ere u se d  to  p l o t  c u r v e s  o f  l i $ i t  I n t e n s i t y  

a s  a f u n c t io n  o f  th e  o r i e n t a t i o n  o f  t h e  plane o f  p o l a r ­

i z a t i o n  o f  th e  P o l a r o id .  An i n t e n s i t y  r e a d in g  was ta k e n  

f o r  e a c h  t h i r t y  d e g re e  I n t e r v a l  i a t h e  Polaroid was r o t a t e d  

th ro u g h  560 d e g re e s  as  shown b y  th e  T a b le s  and by  th e  c u rv e s  

on F ig u re s  T en , E le v e n , and T w elv e .

The p h y s i c a l  c h a r a c t e r i s t i c s  o f  th e  m ethod le a d  

on© t o  e x p e c t th e  fo l lo w in g  ty p e  o f c u rv e  f o r  th e  l i g h t  

i n t e n s i t y  a s  a  f u n c t io n  o f th e  o r i e n t a t i o n  a n g le  o f  th e  

P o la ro id  s c re e n s

w here y i s  th e  l i g h t  i n t e n s i t y  o b s e rv e d  a t  th e  o r i e n t a t i o n  

o f  th e  p la n e  o f p o l a r i z a t i o n  o f  th e  p o l a r o l d ,  3* To g e t  

th e  b e s t  c u rv e  of t h e  above ty p e  t o  f i t  t h e  tw e lv e  e x ­

p e r im e n ta l  r e a d in g s  a t  each  o f  th e  o b s e rv e d  p o in ts  In  th e  

s k y ,  th 8  v a lu e  o f  A, B , and D h ad  t o  b o  found  f o r  e ac h  

c u rv e  d raw n .

The m ethod o f  l e a s t  s q u a re s  was u se d  f o r  t h i s  p u r­

p o se  and th e  v a lu e s  o f  A, B , and  D t h a t  w ere t o  be ob­

t a in e d  a r e :

y  a  A + B  c o s  23 + D s i n  23 , <4)

(5 )

12
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( 6)

^  7xi s i n  9M
(7 )

The a m p l i tu d e ,  C, can  th e n  be o b ta in e d  b y :

( 8)

The v a lu e  o f  th e  maximuni r e a d in g ,  M, and  th e  minimum 

r e a d in g ,  N, f o r  any  g iv e n  p o in t  i s  o b ta in e d  from

The 0 w hich  gave a  iMaxtmum i n t e n s i t y  r e a d i n g ,  0rn# i s  found 

by  s e t t i n g  th e  d e r i v a t i v e  o f  y w i th  r e s p e c t  t o  0 e q u a l  

t o  z e r o .  The v a lu e s  o f  th e s e  c o n s t a n t s  f o r  e ac h  p o in t  a r e

shown in  T a b le s  I  th ro u g h  V I.

The c u rv e s  and p o s i t jo n a  o f  e x p e r im e n ta l  r e a d in g s

f o r  p o in ts  No. 1 , 2 ,  and 3 a r e  shown i n  F ig u r e  T en . The 

c u rv e s  f o r  p o in t s  No. 4 and 5 a r e  show n i n  F ig u re s  F le v e n  

and tw e lv e  r e s p e c t i v e l y .

Mm  A + C (9)

A -  C . ( 10)

E le v a t io n  C o r r e c t io n s .  In  th e  m o rn in g  o f  Decem ber
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FIG. 10
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FIG. I I
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1 8 , 1 9 5 0 , d a ta  w are o b ta in e d  f o r  "bacacground* I n t e n s i t y
Q

a s  a f u n c t io n  o f  e l e v a t i o n  above th e  h o r i z o n .  T h ese  d a t a ,  

s e e  F ig u re  T h i r t e e n ,  w ere ta k e n  b e f o r e  and a f t e r  th e  r e a d in g s  

a t  p o in t s  Ho* 1 , 2 ,  and  3 ; t h e r e f o r e ,  a  c u rv e  f o r  th e  tim e  

o f  th e s e  re a d in g s  c o u ld  be e s t im a te d *  The r e a d in g s  f o r  th e s e  

c u rv e s  wei'e ta k e n  w ith o u t  th e  P o l a r o id  c o v e r  on  t h e  te le s c o p e *  

To c o r r e c t  f o r  th e  a b se n c e  o f  th e  P o la r o id  th e  maximum re a d ­

in g  M, a t  p o in t  No* 3 was com pared t o  t h e  i n t e n s i t y  r e a d in g  

a t  th e  same e l e v a t i o n  on th e  e s t in m te d  c u rv e *  I t  was found 

t h a t  M a t  No; 3 was t h i r t y - t h r e e  p e r  c e n t  o f  t h i s  re a d in g *  

T h i r t y - th r e e  p e r  c e n t  o f  t h e  i n t e n s i t y  r e a d in g  a t  some o th e r  

e l e v a t i o n  was th e n  t a k e n  to  o b ta in  a n o th e r  p o i n t .  U sin g  U 

a t  Ho; 3 and th e  o th e r  p o in t  t h e  c o r r e c t e d  c u rv e  was d raw n . 

The background  a t  p o in t s  Ho* 1 ,  2 ,  a n d  3 I s  shewn by  t h i s  

g ra p h , F ig u re  T h i r t e e n ,  t o  be so  n e a r l y  th e  same t h a t  no 

c o r r e c t i o n  f o r  e l e v a t i o n  was n e c e s s a r y .

An e le v a t io n  c o r r e c t i o n  c u rv e  :£or b a ck g ro u n d  was 

draw n f o r  p o in ts  No. 4 ,  5 , and 6 by u s i n g  th e  v a lu e  o f  

A f o r  p o in ts  5 and 6 p l o t t e d  a g a i n s t  th e  c o r re s p o n d in g

e l e v a t i o n  above th e  h o r i z o n .  T h is  c u rv e  i s  shown i n

9 A llan  F .  B eck , "The I n t e n s i t y  o f  Z o d ia c a l  Light®
(u n p u b lis h e d  M aste r* s t h e s i s .  The U n i v e r s i t y  o f  New 
M exico , A lb u q u e rq u e , 1951)



a -go  * y W-fe? #  $ 4

,  > , ,  . . .

'■ -



39

DATE -  DEC.  18,  1 9 5 0

B A C K G R O U N D  C U R V E

FIG. 13





F ig u re  F o u r te e n .

D e te rm in a t io n  o f th e  P e rc e n ta g e  o f  P o l a r i z a t i o n  

o f  Z o d ia c a l  L ig h t  by th e  F i r s t  M ethod . I n  t h i s  m ethod 

i t  was assum ed t h a t  a t  t h e  p o in ts  w hich a r e  f a r  removed 

from  th e  z o d ia c a l  pyram id  z o d ia c a l  l i g h t  a c c o u n te d  f o r  su c h  

a sm a ll p e rc e n ta g e  o f  th e  t o t a l  l i g h t  i n t e n s i t y  o b se rv ed  

t h a t  a l l  t h e  i n t e n s i t y  c o u ld  be c o n s id e r e d  due t o  b ack ­

g round  l i g h t  •

The p e rc e n ta g e  o f  p o l a r i z a t i o n  w as c a l c u l a t e d  a t  

p o in t s  Ho. 1 and Ho. £ b y  th e  u se  o f  e q u a t io n  ( 2 ) ,  where 

A o f  p o in t  No. 3 was u se d  a s  b ack g ro u n d  i n t e n s i t y . The 

r e s u l t i n g  p e rc e n ta g e s  w e re :

For p o in t  ITo.l -  23$

F o r  p o in t  N o .2 -  30$

The p e rc e n ta g e  o f  p o l a r i z a t i o n  was; fo u n d  by  t h i s  

m ethod f o r  p o in t  No. 4 by t a k in g  th e  b a c k g ro u n d  v a lu e  

from  th e  cu rv e  in  F ig u re  F o u r te e n .

F o r p o in t  No.4  -  22$

D e te rm in a t io n  o f  th e  P e rc e n ta g e  o f  P o l a r i z a t i o n  

o f  Z o d ia c a l  L ig h t  by th e  Second M ethod . P o in t s  No. 1 

and 2 a re  shown i n  T a b le s  I  and  I I  t o  h a v e  a p p ro x im a te ly  

th e  same a n g u la r  d i s t a n c e  from  th e  su n  arud th e  same e l e ­

v a t io n  above th e  h c srizo n . One w ould  e x p e c t  th e  z o d ia c a l

40
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l i g h t  a t  th e s e  p o in t s  t o  have  t h e  same p e rc e n ta g e  o f  

p o l a r i z a t i o n  t o  th e  f i r s t  a p p ro x im a tio n *  T h u s, e q u a t io n  

(3 ) was u se d  t o  d e te rm in e  th e  b a c k g ro u n d  a t  p o in t s  1 and 2 .  

U s in g  t h i s  v a lu e  o f  th e  b a c k g ro u n d , e q u a t io n  (2) was u sed  

t o  f in d  th e  p e rc e n ta g e  o f p o l a r i z a t i o n  o f  th e  z o d ia c a l  l i g h t  

a t  th e s e  p o i n t s .

S in c e  p o in t  Ho. 5 had  tih o  same e le v a t io n  above th e  

h o r iz o n  a s  Ho. 1 and Ho. 2 ,  t h e  same backg round  c o u ld  be 

u se d  t o  f in d  th e  p e rc e n ta g e  o f  p o l a r i z a t i o n  o f th e  z o d ia c a l  

l i g h t  a t  p o in t  Ho. 3 .  The p e r c e n ta g e s  o b ta in e d  by t h i s  

m ethod w e re :

F o r p o in t  N o . l  -  15$

F o r  p o in t  H o.2  -  15$

F o r p o i n t  H o.3  -  13$

S in c e  p o in t  No. 3 h a s  a  g r e a t e r  a n g u la r  d i s t a n c e  from  th e  

sun  th a n  p o in t s  1 and 2 , one w o u ld  c o n c lu d e  from  t h e  above 

r e s u l t s  t h a t  p o i n t s  1 and  2 a r e  c l o s e r  to  t h e  a n g u la r  d i s ­

ta n c e  from  t h e  s u n  w h ich  g iv e s  maximum p o l a r i z a t i o n .  Un­

f o r t u n a t e l y ,  h o w ev er, th e  i n t e n s i t y  r e a d in g s  a t  p o in t  No. 3 

w ere s u b j e c t  t o  a n  a p p r e c ia b le  e r r o r  b e c a u se  th e y  were to o  

low t o  be re a d  a c c u r a t e l y  on t h e  s i g n a l  v o l ta g e  m e te r .

Of th e  t h r e e  p o in t s  i n v e s t i g a t e d  on Decem ber 1 9 , 1950 

o n ly  th e  r e a d in g s  o f  p o in ts  No*. 4 and No. 5 c o u ld  be f i t t e d  

t o  c u r v e s .  S in c e  p o in t s  No. 4 and 5 w ero n o t th e  same
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a n g u la r  d i s t a n c e  from  t h e  s u n ,  t h i s  M ethod o f  d e te rm in in g  

th e  p e r c e n ta g e  o f  p o l a r i z a t i o n  c o u ld  n o t be s t r i c t l y  a p p l i e d .

H ow ever, e q u a t io n  (3 ) was u se d  to  f in d  th e  W ickground w hich  

gave a n  " a v e ra g e "  p e r c e n t  o f  p o l a r i s a t i o n  f o r  th e s e  p o in ts *

F o r  p o in t  H o.4 -  18$

F o r  p o in t  H o .5 -  18$

S in c e  p o in t s  Ho. 4 and 5 w ere b o th  a  g r e a t e r  a n g u la r  d i s ­

ta n c e  from  t h e  su n  th a n  Ho. 1 and 2 a n  In c r e a s e  i n  p e r c e n t ­

age o f  p o l a r i z a t i o n  w i th  in c r e a s e d  a n g u la r  d i s t a n c e  from  

th e  a im  I s  i n d i c a t e d .

D i r e c t i o n  o f  t h e  P la n e  o f  P o l a r i s a t i o n .  When a n a ly ­

z in g  p la n e  p o l a r i z e d  l i g h t ,  th e  Bead mam t r a n s m is s io n  o f 

l i g h t  o e c u re s  when th e  p la n e  o f  p o l a r i z a t i o n  o f  t h e  l i g h t  

and  th e  p lan ®  o f  p o l a r i z a t i o n  o f  th e  a n a ly s e r  a r e  p a r a l l e l .  

As shown by t h e  T a b le s  o f  th e  p o in t s  i n v e s t i g a t e d ,  th e  

maxS-rsum o f  t h e  b e s t  f i t t e d  c u rv e  a lw ay s  o c c u r re d  a t  an  

a n g le ,  3ra, w h ic h  was v e ry  n e a r  t o  t h e  a n g le  a t  w h ich  th e  

p la n e  o f  p o l a r i z a t i o n  of th e  p o le r o ld  p a s s e d  th ro u g h  th e  

s u n , ©o« T he d i f f e r e n c e  b e tw ee n  80 end ^  i s  shown In  th e  

T a b le s .  F l u c t u a t i o n s  i n  th e  n ig h t  sk y  11 gh t i n t e n s i t y  t h a t  

to o k  p la c e  d u r i n g  th e  p o l a r i z a t i o n  m easu rem en ts c o u ld  

a c c o u n t f o r  a  s h i f t  o f  t h e  maximum p o in t  on th e  c u rv e  w h ich  

w ould e x p la in  t h e  d i f f e r e n c e  b e tw een  and 3 ^ .  W ith  th e  

e x c e p t io n  o f  t h i s  d i f f e r e n c e  w hich  was s m a ll  i n  a lm o s t



' t  *M f.



Q vory  c a s e ,  t h e  p la n e  o f  p o l a r i z a t i o n  o f z o d ia c a l  l i g h t  

was found t o  p a s s  th ro u g h  t h e  s u n .





CHAPTER V 

C0HCLU5I0KS

P e r c e n ta g e  o f  P o l a r i z a t i o n . The b ackg round  o f  1*25 

v o l t s  u se d  I n  t h e  seco n d  m ethod to  sak e  th e  p e rc e n ta g e  o f  

p o l a r i z a t i o n  a t  p o i n t s  Ho. 1 an d  2 e q u a l  I n d i c a t e s  t h a t  

ev en  a t  p o i n t  So* 3 w hich  was w e l l  o u t s id e  th e  c l e a r l y  

v i s i b l e  z o d i a c a l  c o n e ,  z o d ia c a l  l i g h t  makes up  o v e r  tw e n ty -  

e ig h t  p e r  c e n t  o f  th e  n ig h t  sk y  l i g h t .  T h is  I n d i c a te s  t h a t  

o f  th e  tw o  m eth o d s u se d  t o  d e te rm in e  th e  p e rc e n ta g e  o f  

p o l a r i z a t i o n  f ro m  t h e  c o l l e c t e d  d a t a ,  t h e  second  m ethod i s  

p r e f e r a b l e .

M ature  o f  th e  P a r t i c l e s . The p e rc e n ta g e  o f  p o la r ­

i z a t i o n  w ould seem  t o  b e  to o  h ig h  t o  be  c au se d  by  r e f l e c ­

t i o n  from  t h e  s u r f a c e  o f  l a r g e  p la n e ta r y  d u s t  p a r t i c l e s  

o r  b o d ie s .  I t  c a n  be assum ed th e n  t h a t  t h e  p o l a r i s a t i o n

o b se rv e d  I s  a r e s u l t  o f  H a y le lg h  s c a t t e r i n g  and  t h a t  th e  

s c a t t e r i n g  p a r t i c l e s  a r e  o f  m o le c u la r  d im e n s io n s . I t  

sh o u ld  be p o s s i b l e  t o  g a in  im p o r ta n t  in f o r m a t io n  c o n c e rn ­

in g  th e  n a tu r e  and p o s i t i o n  o f  th e  z o d ia c a l  c lo u d  by  f u r t h e r  

i n v e s t i g a t i o n s  o f  th e  v a r i a t i o n s  o f th e  p e rc e n ta g e  o f  p o l a r ­

i z a t i o n  o f  z o d i a c a l  l i g h t  e s  a  f u n c t io n  o f  a n g u la r  d i s t a n c e  

from  th e  s u n .





CHAPTER VI

STJMHARY

Sumrniarv.  A l a r g e  P o la r o id  s t r i p  was p la c e d  o v e r  

th e  o p e n in g  o f  th e  t e l e s c o p e  on a m o u n tin g  w h ich  e n a b le d  

I t  t o  be r o t a t e d .  A p h o t o m u l t ip l i e r  tu b e  w hich  was mounted 

a t  th e  f o c u s  o f  th e  m ir r o r  o f  th e  t e l e s c o p e  c o n v e r te d  th e  

l i g h t  i n t e n s i t y  i n t o  a n  e l e c t r i c a l  s i g n a l  w hich  c o u ld  be 

m ea su re d . When th e  t e l e s c o p e  was d i r e c t e d  a t  a g iv e n  p o in t  

i n  t h e  n i g h t  sky# th e  l i $ i t  i n t e n s i t y  was re a d  f o r  known 

o r i e n t a t i o n s  o f  th e  p la n e  o f  p o l a r i s a t i o n  o f  th e  P o la r o id .  

The p e r c e n ta g e  o f  p o l a r i z a t i o n  a s  w e l l  a s  t h e  o r i e n t a t i o n  

o f  th e  p l a n e  o f  p o l a r i z a t i o n  o f  z o d ia c a l  l i g h t  was c a l ­

c u la te d  f ro m  t h e  d a t a  o b ta in e d .

I t  wfas found  t h a t  th e  p e rc e n ta g e  o f  p o l a r i z a t i o n  

o f  z o d ia c a l  l i g h t  was f i f t e e n ,  t h i r t e e n ,  and  e ig h te e n  p e r  

c e n t  f o r  a n g u la r  d i s t a n c e s  from  th e  su n  o f  t h i r t y - s e v e n ,  

f i f t y ,  and  s e v e n ty - tw o  d e g r e e s ,  r e s p e c t i v e l y .  The p la n e  

o f  p o l a r i s a t i o n  o f  z o d ia c a l  l i g h t  was found  t o  p a s s  v e ry  

n e a r ly  t h r o u g h  t h e  s u n ,  th e  d e v ia t io n s  b e in g  m inus f o u r ,  

m inus f o u r ,  and p lu s  f i v e  d e g r e e s .
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