
D I U R N A L  V A R I A T I O N S  IN H E L I U M  E M I S S I O N  


0. G .  Taranova 

ABSTRACT: This p a p e r  g i v e s  a d e s c r i p t i o n  of t h e  
r e d u c t i o n  method of s p e c t r o p h o t o e Z e c t r i c  o b s e r v a ­
t i o n s  of t h e  t w i Z i g h t  heZium emission. The r e ­
s u Z t s  of t h e  tneasurements a re  p r e s e n t e d .  

Electrophotometry, with the aid of the spectrometer DFS-14 with ­/50 
a photoelectric attachment El], guaranteed not only a rapid and 
high-quality recording of the spectra of hydroxyl emission for de­
termining the rotational temperature, but also a determination with 
a satisfactory degree of accuracy of the intensity of the twilight 
orthohelium emission in the region A10,830 8 .  This was brought 
about by the linear characteristics of the spectroelectrophotometer 
and the relatively small errors in measuring the values. The time 
for recording the band of the hydroxyl emission, ;.e., the spectral 
segment of AX300 8 ,  is about 5 min. The helium line is located 
near the line Q1 of the band ( 5 . 2 ) ,  and, for an operational spectral 
gap of A X 1 0  8 ,  the helium line and the line Q1 overlap. Therefore, 
in order to determine intensity of the helium emission, it is nec­
essary to subtract from the total reading for the emission, around 
the branch Q1, the real intensity of the line Q1. 

Thus, the helium intensity is determined by the following for­
mula : 

I H ~  E- k P i ,= 

where I H ~ 
...".'. about X10,830 8 ;  k is a coefficient equal to the 
ratio Q 1 / P i yand depends generally on Trot; Pi is the intensity of 
any line in the OH band (5.2). In this study, we used the lines 
for P l ysince the ratio Q 1 / P 1  is constant and does not depend on 
Tpot, and the coefficient k was determined according to the noctur­
nal spectra. 

One of the principal problems in measuring the intensity of 

the helium emission is that of the accuracy of the values obtained. 

The relative error in the measured helium intensity is the following: 


... 
Translator's Note: Line missing in original text. 
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6 1 ,w h e r e  A I H ~i s  t h e  a b s o l u t e  e r r o r  i n  I H ~ ;  6 k ,  a n d  6 p l  a r e  t h e  
r e l a t i v e  e r r o r s  i n  C y  k ,  a n d  PI. 

I n  t h e  o b s e r v a t i o n s  o f  t h e  s p e c t r a  f o r  t h e  O H  Band ( 5 . 2 ) ,  w e  
made r e c o r d i n g s  e v e r y  5 m i n .  T h e r e f o r e ,  s e v e r a l  t e n s  o f  s p e c t r o ­
g r a m s  of t h e  b a n d  ( 5 . 2 )  a r e  o b t a i n e d  d u r i n g  t h e  c o u r s e  o f  o n e  n i g h t ,  . 
i . e . ,  for e a c h  l i n e  Q1, P I , e t c . ,  w e  c a n  c o n s t r u c t  t h e  d i u r n a l  v a r ­
i a t i o n s .  The p o i n t s  on  t h e  g r a p h s  for t h e  v a r i a t i o n  i n  t h e  i n t ' e n s i t y  
o f  t h e s e  l i n e s  h a v e . a  c e r t a i n  v a r i a n c e  [ 2 ] .  D u r i n g  t h e  a n a l y s i s ,  
w e  u s e d  t h e  i n t e n s i t i e s  o f  t h e  l i n e s  w h i c h  were  l e v e l e d  o u t  b y  t h e s e  
g r a p h s .  The r e l a t i v e  e r r o r s  o f  QI a n d  P 1  a r e ,  i n  s u c h  c a s e ,  on  t h e  
o r d e r  o f  3 -5% e a c h .  The r e l a t i v e  e r r o r  i n  6 k  i s  on  t h e  same o r d e r .  ­/ 5 1  
The c h a r a c t e r  o f  t h e  r e l a t i o n s h i p  b e t w e e n  A I H ~ / I H ~a n d  t h e  v a l u e s  
o f  I H e  a n d  P 1  (or k P 1 )  a r e  shown i n  F i g u r e  1. 

The d i f f e r e n t  c u r v e s  i n  F i g u r e  1 c o r r e s p o n d  t o  d i f f e r e n t  i n ­
t e n s i t i e s  o f  PI. 

R e c o r d s  o f  t h e  s o l a r  s p e c t r u m  i n  t h e  r e g i o n  o f  t h e  O H  b a n d  
( 5 . 2 ) ,  w h i c h  were  o b t a i n e d  w i t h  t h e  a i d  o f  t h e  same a p p a r a t u s ,  a r e  
shown i n  F i g u r e  2 .  They  w e r e  r e c o r d e d  d u r i n g  t h e  d a y ,  i n  a v e r t i c a l  

-4u 
.3u 

F i g .  2 .  The  S o l a r  S p e c t r u m  i n  t h e  
R e g i o n  o f  t h e  O H  Band ( 5 . 2 ) .  The  
U p p e r  S p e c t r u m  (1) Was O b t a i n e d  
b y  O b s e r v a t i o n s  a t  t h e  Z e n i t h  

F i g .  1. M e a s u r e m e n t  A c c u r a c y  for ( h  = g o o ) ;  t h e  Lower S p e c t r u m  
t h e  I n t e n s i t y  o f  H e l i u m  E m i s s i o n  ( 2 )  Was O b t a i n e d  f o r  a H e i g h t  
V e r s u s  t h e  I n t e n s i t i e s  of t h e  o f  30°. The  P o s i t i o n  o f  t h e  
H e l i u m  L i n e  a n d  t h e  L i n e  P I .  L i n e s  i n  t h e  O H  Band ( 5 . 2 )  i s  

Shown. 
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t o  t h e  S u n .  The  u p p e r  s p e c t r u m  w a s  o b t a i n e d  d u r i n g  o b s e r v a t i o n s  a t  
t h e  z e n i t h ,  a n d  t h e  l o w e r  s p e c t r u m  w a s  o b t a i n e d  for a h e i g h t  o f  3 0 ° ;  
t h e  h e i g h t  o f  t h e  Sun w a s  60° d u r i n g  t h e  r e c o r d i n g .  T h e  s p e c t r a  
show t h e  p o s i t i o n s  o f  t h e  l i n e s  i n  t h e  O H  Band ( 5 . 2 ) .  A s  w e  c a n  s e e  
f r o m  F i g u r e  2 ,  d u r i n g  o b s e r v a t i o n s  a t  t w i l i g h t  (when  t h e  s c a t t e r e d  
s o l a r  l i g h t  i s  p r e s e n t ) ,  t h e  c o n t i n u o u s  b a c k g r o u n d  i n  t h e  r e g i o n  o f  
t h e  O H  b a n d  ( 5 . 2 )  i s  n o t  s m o o t h .  D u r i n g  t h e  n i g h t ,  t h e  c o n t i n u o u s  
b a c k g r o u n d  (when t h e r e  i s  n o  Moon) i s  n o t  r e c o r d e d ,  s i n c e  i t s  i n ­
t e n s i t y  i s  l o w e r  t h a n  t h e  m a r g i n a l  s e n s i t i v i t y  o f  t h e  a p p a r a t u s .  

A c o m p a r i s o n  o f  t h e s e  r e c o r d i n g s  w i t h  t h e  d a t a  o f  t h e  s o l a r  
s p e c t r u m  i n  t h i s  r e g i o n ,  w i t h  h i g h  r e s o l u t i o n ,  s h o w s  t h a t  t h e r e  i s  
a l m o s t  n o  r e a l  a b s o r p t i o n  o f  t h e  l i n e s  i n  t h e  O H  b a n d  ( 5 . 2 )  i n  t h e  
l i n e s  o f  w a t e r  v a p o r s  [ 3 ] .  T h e  e f f e c t  o f  t h e  a b s o r p t i o n  on  t h e s e  
l i n e s  i s  f o u n d  a s  a r e s u l t  o f  t h e  b l u r r i n g  e f f e c t ,  s i n c e  t h e  w i d t h  
o f  t h e  i n s t r u m e n t a l  c o n t o u r  i s  r a t h e r  g r e a t  ( A A  -10 s ) .  T h u s ,  t h e  
i n t e n s i t i e s  o f  a l l  t h e  l i n e s  i n  t h e  O H  b a n d  ( 5 . 2 )  a r e  more  or l e s s  
d i s t o r t e d  d u r i n g  t h e  t w i l i g h t .  L i n e s  P2 a n d  Pg a r e  n o t  s i g n i f i c a n t ­
l y  d i s t o r t e d ,  a n d  t h e y  c a n  s e r v e  a s  t h e  r e f e r e n c e  l i n e s .  A c a l c u ­
l a t i o n  o f  t h e  i n t e n s i t y  o f  t h e  I H ~l i n e  i s  p o s s i b l e  b y  c a l c u l a t i n g  
t h e  i n t e n s i t i e s  o f  t h e s e  l i n e s  a n d  o f  t h e  c o r r e s p o n d i n g  r o t a t i o n a l  
t e m p e r a t u r e .  H o w e v e r ,  i t  i s  a l w a y s  d i f f i c u l t  t o  f i n d  t h e  r e g u l a r  
c o n d u c t  o f  t h e  b a c k g r o u n d  i n  t h e  r e g i o n  o f  t h e  l i n e  & I .  T h i s  i s  
c a u s e d  b y  i t s  p r e s e n c e  i n  t h e  n e a r  v i c i n i t y  o f  t h e  h e l i u m  l i n e s  a n d  /52 
t h e  O H  l i n e s  o f  a b s o r p t i o n .  S i n c e  t h e  p e r c e n t a g e  o f  w a t e r  v a p o r  i n  
t h e  a t m o s p h e r e  i s  n o t  c o n s t a n t ,  i t  i s  n e c e s s a r y  t o  h a v e  a d d i t i o n a l  
m e a s u r e m e n t s  i n  o r d e r  t o  c a l c u l a t e  t h e  v a l u e  f o r  t h e  a b s o l u t e  
w e a k e n i n g .  

I n  a n a l y z i n g  t h e  t w i l i g h t  s p e c t r a ,  w e  c o n s i d e r e d  o n l y  t h e  r e l a ­
t i v e  w e a k e n i n g  o f  t h e  l i n e s  Q1 a n d  PI. F i g u r e  3 shows  t h e  t w i l i g h t  

/He,, Ray 1e ig h s 

I \  

F i g .  3 .  C h a n g e s  i n  t h e  T w i l i g h t  I n t e n s i t y  o f  t h e  H e l i u m  E m i s s i o n ,  
on  A p r i l  2 2 - 2 3 ,  1 9 6 5 .  (1) The  I n t e n s i t i e s  o f  H e l i u m  E m i s s i o n  b y  
A n a l y s i s  w i t h  a "Smooth"  C o n t i n u o u s  B a c k g r o u n d ;  ( 2 )  The  I n t e n s i t i e s  
o f  H e l i u m  E m i s s i o n  b y  C a l c u l a t i o n  o f  t h e  R e l a t i v e  A b s o r p t i o n  o f  t h e  
L i n e s ;  ( 3 )  The  I n t e n s i t i e s  o f  H e l i u m  E m i s s i o n  b y  a C a l c u l a t i o n  o f  
t h e  A b s o l u t e  A b s o r p t i o n  i n  t h e  L i n e s  Q1 a n d  P I .  
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distribution of helium intensity for April 22-23, 1965. We can see 

from the figure that, for large angles of subsidence, when the in­

tensity of the scattered light of the Sun is low, a consideration 

of the weakening in the lines has practically no effect on the in­

tensity of the helium emission. Figure 4 gives the average distri­

bution of the intensity of helium emission for seven nights in April, 

1965. 


Rayleighs 
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Fig. 4. Average Variations in Intensity of the Helium Emission, at 

Twilight, on April, 1965. 


R E F E R E N C E S  

1. 	 Vaysberg, 0. L.: 0 fotoelektricheskoy registratsii infrakras­

nykh spektrov. V. sb.: Polyarnyye siyaniya i svecheniye noch­

nogo neba (Photoelectrical Recording of the Infrared Spectra. 

In the Collection: Aurorae and Airglow), No. 10, seriya "Rezu1'­

taty MGG". Izdat. Akad. Nauk S.S.S.R., pp. 54-55, 1963. 


2. 	 Taranova, 0 .  G . :  Issledovaniye prostranstvenno-vremennykh 
svoystv gidroksil'nogo izlucheniya (A Study of the Space-Time 
Properties of Hydroxyl Emission). This Volume. 

3. 	 Mohler, 0 .  C . ,  A. M. Pierce, R. R. McMath and L. Goldberg: 
Photometric Atlas of the Near Infrared Solar Spectrum A8465 
to A25,242 8 .  Ann Arbor, Univ. Michigan Press, 1950. 

60 



