
A Program of Ground-Based S tud ie s  of the  Zodiacal Light" 

J.  L .  Weinberg 

Hawaii I n s t i t u t e  of Geophysics 
Haleakala Observatory 
Kula, Hawaii 

"paper pxesent-ed a t  t h e  International Symposium on the Zodiacal 
L igh t  and t h e  In-terplanetary Medium, Honolulu, January 30 - 
February 2 ,  1967. ,. 

https://ntrs.nasa.gov/search.jsp?R=19680016400 2020-03-12T10:53:59+00:00Zbrought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by NASA Technical Reports Server

https://core.ac.uk/display/85244621?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


1 

Rather than open t h e  Symposium on a negative note  by emphasizing the  

discordance of  zodiacal  l i g h t  r e s u l t s ,  I w i l l  ou t l i ne  some recen t  r e s u l t s  

from the  Haleakala program and cur ren t  s tud ie s  i n  severa l  c r i t i c a l  areas .  

The Haleakala Program 

Measurements of t h e  zodiacal  l i g h t  were begun a t  Haleakala i n  1961 

with a s ing le  co lo r  photoe lec t r ic  polarimeter (5300& Weinberg, 1964). 

Since March 1965, when the  program was adapted t o  a multicolor study i n  

t h e  v i s i b l e  and near  i n f r a red ,  we have obtained observations on 275 n ights .  

We expect t o  continue c e r t a i n  aspects  of both the  rout ine  and spec ia l  

observing programs through s o l a r  maximum. From t h i s  w e  hope t o  obtain 

information on both short-  and long-term f luc tua t ions  i n  the  nightglow 

and t o  provide a ground-based backup f o r  t he  numerous balloon, rocke t ,  and 

s a t e l l i t e  experiments now planned o r  i n  operat ion.  

The mul t ip l i e r  phototube now i n  regular  use is  a red-sensi t ive,  EMR 

S-20 (Table I) which w i l l  cover the  range from approximately 3500f i  t o  9000a 

without using pr ismatic  l i g h t  i n j ec t ion .  Tests a r e  being conducted with an 

S-1 mul t ip l i e r  phototube a s  a prelude t o  our construct ion of a near  in f ra red  

photoe lec t r ic  polarimeter.  

Wavelength discr iminat ion is provided by sequent ia l  observation with 

narrow-band in te r fe rence  f i l t e r s .  I n  p rac t i ce  t h e  c h a r a c t e r i s t i c s  of such 

f i l t e r s  (Table 11) w i l l  vary with temperature and over t h e  f i l t e r  surface,  

and it is necessary t o  measure the  c h a r a c t e r i s t i c s  i n  an o p t i c a l  configura- 

t i o n  s imi l a r  t o  t h a t  i n  which the f i l t e r s  a r e  t o  be used. 

f i l t e r s  one must beware of s h i f t s  with time of t h e  band posi t ion.  

For t h e  very narrow 

Additional 
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d e t a i l s  of t h e  instrument and programs w i l l  be described i n  an Observatory 

repor t  now i n  preparat ion.  

Recent R e s u l t s  

1. Non-zodiacal l i g h t  sources of po lar iza t ion  i n  the  nightglow. 

The nightglow can be spec i f ied  by the  t o t a l  o r  observed br ightness  (Bob,), 

t h e  br ightness  of the  polar ized component ( B +  ), t h e  o r i en ta t ion  of t he  

plane of po lar iza t ion  ( x ) ,  and the  t o t a l  degree of  po lar iza t ion  ( PtOf)  
These quan t i t i e s  a re  r e l a t ed  ii by 

.i 

o r  

1 (2)  
Ptot = (IL-1Jz; 1 1 (IL-L)i 

k L J  2L -I- c i (IL+I,J! 
where 1, and I,, a r e  orthogonal components of br ightness  having t h e i r  

e l e c t r i c  vec tors  perpendicular and p a r a l l e l ,  respec t ive ly ,  t o  the  plane 

through the  source, t h e  e a r t h ,  and t h e  observed point .  ZL and i r e f e r  

t o  the  zodiacal  l i g h t  and o ther  br ightness  components, respec t ive ly ,  and 

j = ZL + i . I n  s tud ie s  of the  nightglow continuum it is usua l ly  assumed 

i. 
ii. 

The e l l i p t i c i t y  i s  small  and is ignored i n  t h i s  treatment.  
This is given inco r rec t ly  i n  previous publ icat ions (Weinberg; 1963, 1964). 
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t h a t  a l l  o r  most of t h e  po la r i za t ion  a r i s e s  from zodiaca l  l i g h t .  

ingly,  z(IL- ",,>; =O , and the  problem is reduced t o  separa t ing  t h e  

components i n  t h e  denominator of equation (2) .  

Accord- 

L 

Recent s t u d i e s  a t  Haleakala ind ica t e  t h a t  t h e r e  a r e ,  however, non-zodiacal 

l i g h t  sources of appreciable po la r i za t ion  (both astronomical and atmospheric) 

i n  t h e  nightglow. 

with the  6300A and, e spec ia l ly ,  with t h e  5577A airglow l i n e  emissions. 

O f  p a r t i c u l a r  i n t e r e s t  i s  the  po la r i za t ion  associated 
0 CI 

The'  

airglow po la r i za t ion  monotonically increases  t o  a value of seve ra l  percent 

near  t he  horizon. I n  c o n t r a s t  t o  t h e  strong azimuth-dependence of  t h e  

astronomical sources of po la r i za t ion ,  t h e  airglow po la r i za t ion  i s  r e l a t i v e l y  

uniform i n  both o r i en ta t ion  and degree. 

Figure 1 gives  an ind ica t ion  of t h e  o r ig in  of t h i s  po lar iza t ion .  

va r i a t ion  of t h e  plane of po la r i za t ion  a t  5080A i s  pr imar i ly  associated with 

The d iu rna l  
0 

t h e  zodiacal l i g h t  and with t h e  changing pos i t i on  of t h e  sun with respect 

td t h e  observer and the  c e l e s t i a l  pole (see, a l s o ,  Weinberg, 1965). 

t h e  po la r i za t ion  a t  5577A i s  no t  solar-oriented. 

(Coulson and Weinberg, 1967) suggest t h a t  t h e  5577A po la r i za t ion  may be ex- 

Clearly,  
0 

Preliminary ca l cu la t ions  
0 

plained by tropospheric s c a t t e r i n g  of an unpolarized r ad ia t ion  inc ident  on 

t h e  s c a t t e r i n g  atmosphere &om t h e  E and/or F regions.  

Although t h e  degree of po la r i za t ion  i s  small, t h e  airglow l i n e s  a r e  

and t h e  i n t e n s i t y  of t h e  polarized component i s  comparable t o  t h a t  o f  t h e  

zodiacal l i g h t .  

t i o n  t h a t  

methods of separa t ing  t h e  terms i n  t h e  denominator of equation (2) .  

Broad-band de tec t ion  does n o t ,  t he re fo re ,  permft t h e  assump- - 
[IL-&)~ = 0 i n  equation (2)  In  t h e  following sec t ion  we d iscuss  

c 
There is 
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every ind ica t ion  t h a t  t h e  discordance of r e s u l t s  a r i s e s  from d i f f i c u l t i e s  

engendered by d i f f e r e n t  measuring techniques r a t h e r  than from r e a l  changes 

i n  t h e  zodiacal  l i g h t .  

2. The separat ion of zodiacal  l i g h t  from' s t a r l i g h t  and airglow. 

S t a r l i g h t .  We def ine  starlight a s  the sum total of br ightness  from in tegra ted  

s t a r l i g h t ,  g a l a c t i c  l i g h t ,  and o ther  sources no t  having t h e i r  o r ig in  i n  t h e  

atmosphere o r  i n  in t e rp l ane ta ry  space. An empir ical  technique f o r  der iving 

t h e  s t a r l i g h t  is  i l l u s t r a t e d  i n  Figure 2 where w e  have p lo t ted  the  observed 

br ightness  a t  5300A f o r  p a r t  of an almucantar including the  peak zodiacal  

l i g h t  and regions of both high (I) and low (11) g a l a c t i c  l a t i t u d e .  These 

regions a re  bounded by poin ts  a ,  b ,  c y  and d,  whose g a l a c t i c  coordinates  

( g,f) a re  a l s o  shown i n  Figure 2. 

used as a background f o r  region I1 above which the  d i f f e r e n t i a l  s t a r l i g h t  

( the  cross-hatched area) i s  measured, 

ed f o r  atmospheric extinction and aca t te r ing  and i s  then added to the in te -  

grated s t a r l i g h t ,  J ( V )  , corresponding t o  t h e  b , R' 
mirror po in ts  v i a  a cubic in t e rpo la t ion  i n  

based on s t a r  counts i n  the  Selected Areas. 

The smooth curve drawn i n  region I i s  

This  d i f f e r e n t i a l  s t a r l i g h t  is cor rec t -  

1 of t h e  background o r  

t a b l e s  (Roach and Megill,  1961) 

This sum is termed s t a r l i g h t .  

For b e s t  r e s u l t s  the  almucantar scan should be approximately centered on the  

peak zodiacal  l i g h t .  The c e n t r a l  value of azimuth, from which t h e  mirror  

regions a r e  reckoned, i s  chosen t o  approximately b i s e c t  t h e  br ightness  d i s t r i -  

but ion near  i t s  peak value.  The choice of boundaries is  governed by the  range 

of azimuth over which t h e  t o t a l  b r ightness  is  measured, by the  pos i t ion  o f  t he  

plane of t h e  galaxy with r e spec t  t o  t h e  peak zodiacal  l i g h t ,  and by how c lose  

t h e  mirror po in t s  a r e  i n  e c l i p t i c  l a t i t u d e  and elongation. To s a t i s f y  these  
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requirements and t o  assure  t h a t  d i f f e r e n t i a l  atmospheric s c a t t e r i n g  w i l l  be 

minimized, t h e  e c l i p t i c  must be within * 5  degrees of  t h e  v e r t i c a l .  

Inherent  i n  the  technique a re  t h e  assumptions t h a t  (1) t h e  zodiacal  l i g h t  

i s  approximately symmetric about i ts  ax i s ,  (2) t h e  airglow continuum is  

constant  over the  range o f  azimuth i n c l u  

s t a r l i g h t  is  constant.  

e n t  n ights  i nd ica t e s  t h a t  these  assumptions a r e  va l id .  

applied t o  s a t e l l i t e  observat ions made perpendicular t o  t h e  e c l i p t i c  appears 

t o  be e spec ia l ly  well-suited f o r  giving the  non-zodiacal l i g h t  component 

over a range of perhaps * 4 0  degrees of g a l a c t i c  l a t i t u d e .  

i n  the  measurement, and (3 )  the 

The rep rodue lb f l f ty  o f  results obtained on differ- 

This technique 

We observe small s ca l e  s t ruc tu re  which is not  found i n  t h e  smoothed s t a r  

count r e s u l t s ,  and while e x i s t i n g  s t a r  count r e s u l t s  cannot be used a s  a 

base f o r  separa t ing  components of t he  nightglow a t  low ga lac t i c  l a t i t u d e s ,  

t h e  use of t h e  t abu la r  values  does no t  introduce a s i g n i f i c a n t  e r r o r  a t  

high l a t i t u d e s  where the  s t a r l i g h t  i s  r e l a t i v e l y  f a i n t .  

being used t o  der ive a map of t h e  s t a r l i g h t  a t  low g a l a c t i c  l a t i t u d e s .  

This technique i s  

Ai~rglow. 

avoided. 

glow components is  t h e  airglow continuum. 

i ts  o r ig in ,  and it i s  qui te  possible  t h a t  it i s  not  t he re  ( a t  some wave- 

lengths) .  

By c a r e f u l  s e l ec t ion  of f i l t e r s  t h e  airglow l i n e  emission can be 

The p r inc ipa l  c u l p r i t  i n  making an accurate  separat ion of night-  

We know n e i t h e r  i ts  nature  nor 

The airglow l i n e  r ad ia t ions  a r e  no t  enhanced i n  t h e  zodiacal  l i g h t ;  i . e . ,  

we observe no enhancement when we scan across  the  b r i g h t  regions of zodiacal  
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l i g h t  with narrow airglow f i l t e r s  (e  .g . ,  5577111 and 6300111 i n  Table 11) 

Simi la r ly ,  we observe no enhancement through suitably-blocked continuum 

f i l t e r s  when we scan across  regions of enhanced airglow l i n e  emission. 

I n  a study i n  progress a t  Haleakala w e  compare observations of t h e  

continuum with observations of t he  55771 and 63001 airglow l i n e  emissions 

a t  t he  c e l e s t i a l  pole. 

f i l t e r s  a t  t h e  c e l e s t i a l  pole on 16/17 December 1966. 

Figure 3 shows t h e  br ightness  observed through e i g h t  

The small  va r i a t ion  

seen through the  continuum f i l t e r s  i s  t y p i c a l  even when t h e  l i n e  emission 

v a r i e s  by a f a c t o r  of two o r  g rea t e r .  

confirm t h e  degree of covariance between 5577 l i n e  and continuum emission 

found by o ther  i nves t iga to r s .  Analysis of o ther  observations is  required 

Our preliminary resu l t s  do not  

before we can a s ses s  the  e f f e c t  of l i n e  and continuum f i l t e r  c h a r a c t e r i s t i c s  

on the  infer red  degree of covariance. 

maximum a t  90 km and a secondary maximum i n  t h e  F-region which coincides  with 

the  maximum of t h e  6300 l i n e  emission. Under "normal" condi t ions the  5577 

and 6300 l i n e  emissions do not  co-vary. 

enhanced, and factor-of-ten enhancements a r e  not  uncommon a t  Haleakala, it 

covaries  with the  F-region port ion of t h e  5577 l i n e  emission. 

complicates t he  s tudy of l i n e  and continuum covariance.  

The 5577 l i n e  emission has  its p r inc ipa l  

When the  6300 l i n e  emission is  

This f u r t h e r  

Since the  zodiacal  l i g h t  extends over t he  e n t i r e  sky, observations a t  some 

d is tance  from the  e c l i p t i c  cannot be used e f f e c t i v e l y  f o r  t he  purpose of 

es t imat ing t h e  background. Pending t h e  r e s u l t s  of addi t iona l  s tud ie s  of 

nightglow covariance groups, w e  f i n d  t h a t  t h e  most successful  means of 

separat ing components involves subt rac t ion  of t h e  s t a r l i g h t  by some tech- 

nique and an examination of t h e  nature  of t h e  remainder (zodiacal  l i g h t  



7 

p lus  airglow) with t i m e  and over t h e  sky. 

3 .  Comet 1965f and t h e  zodiaca l  cloud. 

Numerous observations before and a f t e r  per ihe l ion  of 'Comet 1965f make it 

possible t o  examine e f f e c t s  r e s u l t i n g  from t h e  newly-injected cometary 

mater ia l .  

a two-week period including per ihe l ion .  

i n  t h i s  manner a s  p a r t  o f  our continuing study of shor t -  and long-term 

f l u c t u a t i o n s  i n  t h e  nightglow. 

We have found no large-scale changes i n  t h e  zodiaca l  l i g h t  i n  

Additional da ta  is  being analyzed 

Multicolor observations were taken of t he  nightglow over a 9x20 degree 

sec t ion  of t h e  sky containing Comet 1965f during seve ra l  n igh t s  following 

per ihe l ion .  

both along and normal t o  t h e  a x i s  throughout t he  t a i l  of t h e  Comet f o r  one 

q i g h t ' s  observation. 

t o  B n e u t r a l  p o i n t  aevearal, degrees from the  nueleua a f t e r  which it i s  negative 

( e l e c t r i c  vec tor  p a r a l l e l  t o  t h e  s c a t t e r i n g  plane) throughout t h e  remainder 

af t he  t a i l ,  

presence o f  d i e l e c t r i c  p a r t i c l e s .  

suggests t h a t  it may be poss ib le  t o  de l inea te  a r a t h e r  small family of 

The p r i n c i p a l  Stokes parameters have been derived a t  5300b 

Along t h e  a x i s  of the t a i l  the po la r i za t ion  decreases 

This r e s u n ,  a s  i n  t h e  case of zodiaca l  l i g h t ,  r equ i r e s  t h e  

The use o f  add i t iona l  observations 

qllowable so lu t ions  f o r  t h e  s i z e  d i s t r i b u t i o n  of t he  p a r t i c l e s ,  

4 .  Lunar l i b r a t i o n  clouds. 

I n  a cooperative program with the  Haleakala s a t e l l i t e  t racking  s t a t i o n  of t h e  

SA0 we have i n i t i a t e d  a program of observations of t h e  l i b r a t i o n  regions i n  

t h e  earth-moon system. 

we have searched f o r  clouds L, and L, on s i x  d i f f e r e n t  occasions. 

enhancement was evident on any o f  t h e  s i x  n ights .  

Based on predic t ions  received from SAO, Cambridge, 

No v i s u a l  

Photoe lec t r ic  observations 
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by us and photographic observations by t h e  SA0 i n  and around t h e  predicted 

regions a r e  s t i l l  being analyzed. 

c h a r a c t e r i s t i c s  of t hese  clouds may be dependent on l u n a r  phase, we p lan  

t o  observe i n  and around t h e  predicted regions a s  o f t en  a s  possible.  

I n  t h e  event t h a t  t h e  existence o r  

Concluding Remarks 

The observer is  charged with t h e  r e s p o n s i b i l i t y  f o r  providing new obser- 

va t ions  t o  f u r t h e r  l i m i t  t h e  allowable s i z e  and s p a t i a l  d i s t r i b u t i o n s  of  t h e  

zodiaca l  dus t .  

allow u s  t o  say l i t t l e  about t h e  mass o r  dens i ty  d i s t r i b u t i o n s  of t h e  zodiaca l  

dus t  although we can d i f f e r e n t i a t e  between c e r t a i n  d i e l e c t r i c  and me ta l l i c  

component models. 

Exis t ing  observations can be in t e rp re t ed  i n  many ways and 

Studies  now underway a t  Haleakala should provide information on shor t -  

and long-term changes i n  t h e  pos i t ion  of t h e  symmetry a x i s  of t he  zodiacal 

l i g h t  i n  t o t a l  and polarized l i g h t ,  and on c h a r a c t e r i s t i c s  of t h e  Gegenschein 

and of t h e  polarized component a t  l a rge  d i s t ances  from the  sun i n  t h e  plane 

of t h e  ec l ip t ic .  

and po la r i za t ion  i n  t h e  e c l i p t i c  a t  e igh t  o r  more co lo r s  i n  t h e  v i s i b l e  

spectrum i n  t h e  range of 30 t o  120  degrees elongation. 

We hope t o  provide very soon t h e  d i s t r i b u t i o n  of br ightness  

By observing over long periods of time and by extending l i n e  and continu- 

um covariance s t u d i e s  t o  many wavelengths i n  t h e  v i s i b l e  and near i n f r a red  it 

should be poss ib le  t o  i n f e r  something of t h e  na ture  and o r i g i n  of t h e  airglow 

continuum. This,  i n  t u r n ,  w i l l  enable us t o  der ive  t h e  wavelength dependence 

of t h e  p r i n c i p a l  Stokes parameters of t h e  zodiacal l i g h t  over t he  sky. 
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Mult ip l ie r  Phototube Cal ibrat ion Data (EMR Model 541E-01-14) 

Test Date 

6 -3 0-65 
7-16-6 5 
9-23-65 

11-12-65 
12-10-65 
*8- 8-66 
10-12-66 

Luminous % Quantum Eff ic iency  
S e n s i t i v i t y  4100 4600 5600 6300 8 O O O i  - ---- 

231 pfi/lumafi : 24 6.5 1 .7  
226 24 6.5 1 .7  
236 27 7.0 1.4 
237 27 7.0 1.4 
23 7 27.2 21.8 10.4 6.9 

22.2 18.4 10.0 6.4 
23 7 27.1 21.6 11.9 7.3 1 .7  

Dark ur ren t  
a t  1 0  Gain 

4 x 1 0 1  - 1 h r  
9x10-99 - 20 min 
9x10- - 20 min 

2.2x10-' - 1 h r  

1.6xlO-' - tt 

7*8Xlo-'O - ::egfi; 

* r e l a t ive  c a l i b r a t i o n  based on e a r l i e r  data. 



Table I1 

In ter fe rence  F i l t e r  Charac te r i s t ics  

Central  Wavelength 

/A I 'F' L A  Bandwidth" 
Half-Transmission 

2.86 3500 
2.50 - 4 0 0 0  
2.30 4355 
2.10 4760 
1.97 5080 
1.89 5300 
1.83 5450 

1.79 55771 
IB 
I1 
I IB 
I11 

1.74 5752 
1.64 6080 

1.59 63001 
IA 
I1 
IIA 
I11 

1.55 
1.48 
1.41 
1.22 
1.15 
1.08 
1.05 
0.939 

643 7 
6745 
7100 
8200 
8700 
9250 

--9550 
--lo650 

40 a 
10 
12 
11 
30 
62 
20 

23 
12.2 
10.8 
7.1 
5.7 

24.0 
17.0 

31.7 
22.9 
10.0 
9.2 
4.6 

12.4 
21.0 
23.5 
51.5 
53 
58 
80 
100 

Maximum 
Transmission 

61 % 

38.5 
56.3 
64.0 
78.2 
57.5 

55.2 
54.1 
56.7 
39.8 
41.4 

42.1 
65.1 

56.3 
53.6 
41.0 
44.8 
36.3 

55.3 
57.6 
59.9 
57.8 
53 
64 

*a t  cen te r  of f i l t e r  
--on order ( a l s o  on order a re  addi t iona l  f i l t e r s  a t  5577, 6300) 

These f i l t e r s  (except those a t  35001 and 530013) a re  character ized 
by exce l len t  off-band r e j ec t ion  (transmission l e s s  than 0 005 %) . 
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