
Report No. IITRI-A6141-QR3 
(Quarterly Status Report) 

A HIGH ALTITUDE MEASUREMENT TO DETERMINE 
THE RATIO OF DEUTERIUM TO HYDROGEN IN THE 

SOLAR ATMOSPHERE 

National Aeronautics & Space Administration 

Washington, D, C. 20546 
Office of Space Science and Applications 

https://ntrs.nasa.gov/search.jsp?R=19660014231 2020-03-16T19:52:28+00:00Z



Report No. IITRI-A6141-QR3 
(Quarterly Status Report) 

of 
IIT RESEARCH INSTITUTE 

Technology Center 
Chicago Illinois 60616 

A HIGH ALTITUDE MEASUREMENT TO DETERMINE THE RATIO OF 

DEUTERIUM TO HYDROGEN IN THE SOLAR ATMOSPHERE 

1 December 1965 to 28 February 1966 

Contract No. NASr 65 (13)/14-003-913 
IITRI Project No. A6141 

Prepared by 
Dr e Gordon Henderson 

f o r  

National Aeronautics and Space Administration 
ZIEfice of Space Science and Applications 

Washington, D. C. 20546 

29 March 1966 

I I T  R E S E A R C H  I N S T I T U T E  



t 

FOREWORD 

I 
I 

/ 

I 

This r epor t  i s  the  t h i r d  quar te r ly  s,atus r epor t  on 

Contract No, N A S r  65(13)/14-003-913 which i s  a preliminary 

phase of an experiment t o  attempt t h e  de t ec t ion  of deuterium 

i n  t h e  s o l a r  photosphere by accurately recording t h e  p r o f i l e s  

of t h e  Ha and H Fraunhofer l i n e s ,  B 
The work c a r r i e d  out during t h i s  qua r t e r  has been t h e  

f u r t h e r  evaluat ion of two o p t i c a l  systems each of which i s  

p o t e n t i a l l y  capable of r e a l i z i n g  t h e  experimental  goals .  

goals may be summarized a s  the  r e a l i z a t i o n  of a system which 

can measure a l imited s p e c t r a l  region wi th  an accuracy of 1 

These 

4 p a r t  i n  10 and which is  compact enough t o  be flown i n  a high 

f l y i n g  a i r c r a f t  o r  balloon. 

The s t a f f  of I I T  Research I n s t i t u t e  apprec ia tes  t he  

opportuni ty  of conducting t h i s  research i n  t h e  i n t e r e s t  of 

advancing t h e  s t a t e  of knowledge of t h e  s o l a r  system. 

Approved by: 
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ABSTRACT 

:/ 
Development of two o p t i c a l  systems i s  descr ibed,  These 

a re ,  

( i )  A gra t ing  monochromator and PRISM Fabry Perot both of 

which a r e  scanned synchronously i n  wavelength. 

( i i )  A p a i r  of PRISM Fabry Perot instruments which i s  

scanned synchronously i n  wavelength. 

The r e l a t i v e  merits of each system a r e  discussed and 

a l s o  t h e i r  assoc ia ted  d i f f i c u l t i e s  ~ 

I I T  R E S E A R C H  I N S T I T U T E  
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I e INTRODUCTION 

This i s  a Quarter ly  S t a t u s  Report covering t h e  period 

1 December 1965 t o  28 February 1966 on NASA Contract 

NAS r 6 5 ( 1 3  ) - 14- 00 3- 9 13 . 
The las t  qua r t e r ly  repor t  summarized i n  p a r t  t h e  experimental  

approach being followed i n  t h i s  work, 

t h e  approach a r e  out l ined  i n  t h e  following discussion.  

The reasons underlying 

I n  o rde r  t o  improve on a t t e m p t s  made t o  d a t e  on the  problem 

o f  t h e  ex is tence  of s o l a r  deuterium, two main goals  must be 

achieved : 

( i )  An improvement in  t h e  accuracy of t he  

measuring sys t e m .  

The removal o f  the cloaking e f f e c t  of 

t e l l u r i c  water vapor absorpt ion l i n e s  

i n  t h e  wings of t h e  Ha p r o f i l e .  

(ii) 

To achieve t h e  f i r s t  goal the use of pho toe lec t r i c  de t ec to r s  

is requi red .  The de tec t ion  system should have a d i g i t i z e d  

uuLpUt ---L-.- aLlu - -A  1. ,.,e auLvLuaCLburLy -. .Cr\ -"t ;nql1 compensated fo r  variations i n  

atmospheric transmission. Moreover, t h e  e l e c t r o n i c  ampl i f ica t ion  

system should have an accuracy of 1 p a r t  i n  l o4  and be compensated 

f o r  long term d r i f t  t o  t h e  same accuracy. 

accuracy requirement i n  s i g n a l  measurement, t h e r e  e x i s t s  the  

requirement of wavelength s p e c i f i c a t i o n  to t h e  s a m e  order  of 

accuracy as t h a t  of  t h e  s i g n a l  measurement, i . e . ,  1 p a r t  i n  10 

Concomitant wi th  the  

4 

The second goal  imposed t h e  cons t ra in t  on a system design t h a t  

I i T  R E S E A R C H  I N S T I T U T E  
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the instrumentation must be of such weight and dimensions that 

it can be installed in an aircraft or balloon. 

When the present program was undertaken the PRISM instrument 

(Photoelectrically Recording Interferometer Scanned Magnetostrictively) 

had attained a level of development which qualified it well for a 

renewed attempt on the problem of solar deuterium, reference, 

P. N. Slater, H. T. Betz and G. Henderson, "A New Design of a 

Scanning Fabry-Perot Interferometer," Jap. J. of Apple Phys.vo1. 4 ,  

Suppl. 1, 1965, Proc, of Conf, on Photo. and Spect. Optics, Tokyo, 1964. 

To achieve the experimental goals, the following two optical 

systems involving the PRISM instrument are presently being in- 

vestigated and compared. 

(i> The PRISM Fabry-Perot interferometer 

preceeded by a Jarrell Ash 1/2 Meter Ebert 

monochromator operating at low resolution. 

The interferometer and spectrometer are 

scanned together synchronously. 

(ii) A pair of PRISM Fabry-Perot interferometers 

in tandem, preceded by a 10A half w i d t h  

interference filter. The two interferometers 

are scanned synchronously by means of a 

servo control system. 

S o  far each system has shown the potential ability to perform 

the experiment according to the requirements already outlined. 

In the next section of this report a more comprehensive description 

of each system is given. 
I I T  R E S E A R C H  I N S T I T U T E  
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11 SYSTEMS DESCRIPTION 

A.Fabry-Perot Interferometer and Grating Monochromator, 

A sketch of the optical arrangement is shown in Fig. 1, 

and Fig. 2 shows a photograph of a breadboard model of the actual 

system. 

scanning motor of the monochromator to the ramp generator which 

controls the scanning rate of the Fabry Perot interferometer. 

Fig. 3 shows a block diagram of the electronic control system. 

The scanning motor of the monochromator is connected to the 

potentiometer by appropriate gearing and the output of the 

potentiometer is used as the control signal for the interferometer 

system. 

the scalers in the control system described in Quarterly Status 

Report No, 1 (No. IIT Research Institute A6141-QR1) of this 

program. 

Synchronous scanning is achieved by connecting the 

The potentiometer output replaces the ramp generated by 

The optical performance of the system is illustrated in 

Figs. 4A-4D. Figure 4A shows the intensity distribution from a 

c o l z t i n u ~ m  smrce  siuch as a tungsten ribbon filament lamp. 

tungsten lamp intensity distribution approximates that of a 

blackbody and, at a temperature of 2000"K, the intensity variation 

with wavelength of a blackbody is 0.01% per A at A6500A. 

over a 1OA interval: the intensity of a tungsten lamp at about 

2000°K may be regarded as constant to 0.1%. 

distribution of intensity transmitted by the monochromator. 

achieve this form of transmission function one of the slits of the 

scanning monochromator is made wider than the other. 

The 

Hence, 

Fig. 4B shows the 

To 

Figure 46 
I I T  R E S E A R C H  I N S T I T U T E  
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5 ’/ 

Ftgo 1. Optical arrangement of synchronous scanning monochromator 
l , and Fabry Perot interferometer. 

a) Scanning Monochromator 
b) Collimating Lens 

d) Focussing Lens 
e) Aperture Transmitting Central Order 
f )  Field Lens 
g) Photomultiplier Tube. 

Fabry pzrst 
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F I G .  2 PHOTOGRAPH O F  BREr )BOARD MODEL OF P R I S M  FABRY PEROT AND 
I MONOCHROMATOR 



Fig.3. Block diagram of monochromator and interferometer 
scanning system. 
a j Moiioehrmiatcr " I  P> Interferometer coils 
b) Gear Train h) Strain gage bridge 
c) 10 turn Potentiometer 
d) Operational amplifier 
e) dpera'tional amplifier 
f) Power amplifier 
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represents the multiple transmission function of the Fabry 

Perot interferometer alone. Figure 4D shows the transmission 

function of the scanning monochromator-interferometer combina- 

f 

b 

tion, As the monochromator and interferometer are scanned 

together the passbands keep in step on the wavelength scale so 

that, effectively, the spectrum is scanned by an instrument with 

t 

a single narrow instrumental function as represented by Fig. 4D. 

Figures 5A and 5 B  show various actual traces obtained using the 

breadboard model, a Keithley Model 417 picoammeter and Moseley 

XY recorder. Figure 5A is a trace of the cadmium A6438A 

emission line obtained from an Osram lamp. 

focussed on the entrance slit of the monochromator and the Fabry 

Perot scanned the line while the monochromator was kept fixed 

at the wavelength of the cadmium source, i.e., A6438A. The trace 

obtained was effectively the transmission function or instru- 

mental profile of the Fabry Perot since the line width of the 

cadmium emission line was negligible compared to the instrumental 

profile. From Fig. 5A it can be seen that the finesse of the 

Fabry Perot was 21 and, since the free spectral range was 5A, 

the instrumental function was therefore 0.24A. Figure SB shows 

a trace of the transmission function of a Jarrell-Ash Scanning 

Spectrometer, used as a monochromator illuminated by a t.ci+i;gsten 

ribbon filament lamp and set at h6428A. 

instrument was 64A/mm and matched entrance and exit slits of 

The discharge was 

The dispersion of the 

2.511. were used, The transmission function of the monochromator 

was then explored using the Fabry Perot by holding the 
I I T  R E S E A R C H  I N S T I T U T E  
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Figure 4a 

Figure 4b 

Figure 4c 
Figure 4d 

Intensity distribution of tungsten ribbon filament 
lamp over short wavelength interval. 
Passband of monochromator operating at i ow resolution 
with mismatched entrance and exit slits. 
Passbands of Fabry Perot interferometer 
Passband of monochromator and interferometer together, 

8 A6141-QR3 



Fig. 5a. Trace obtained from cadmium lamp at A6438A through 
monochromator and Fabry Perot interferometer. 

Fig. 5 b T T r a e e  of the instrumental function of 
using the Fabry Perot interferometer. 

tor 
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monochromator f ixed a t  h6438A and scanning the  Fabry Perot .  

Unfortunately,  wi th  the  monochromator avai lable ,  i t  was not  

poss ib le  t o  mismatch t h e  entrance and e x i t  s l i t s  i n  order  t o  

provide a f la t - topped p r o f i l e ,  

t h e  top of t h e  p r o f i l e  of t he  monochromator i s  t o  r e l a x  t h e  

to le rance  requirement on the  synchronous scanning. This pre- 

l iminary inves t iga t ion  w a s  simply intended t o  t e s t  t h e  f eas i -  

b i l i t y  of t he  system and s o  t h e  lack of t h e  f la t - topped p r o f i l e  

w a s  no t  a hindrance a t  t h i s  stage, 

development of t he  gear t r a i n  and e l ec t ron ic  con t ro l  system t o  

scan t h e  monochromator and Fabry Perot toge ther .  

The d e s i r a b i l i t y  of f l a t t e n i n g  

Work i s  cont inuing i n  

B.Double Fabry Perot System. 

A s  previously descr ibed,  the con t ro l  of t h e  Fabry Perot 

spacing i s  achieved by the  use of s t r a i n  gages placed across  

t h e  a i r  gap and a t tached  t o  t h e  in te r fe rometer  plates. ,  

shows a photograph of one interferometer  w i th  a gage i n  pos i t ion .  

xne ad jacent  gags :'La m e  of the temperature compensating gages. 

Figure 6 

-. 

The arrangement of a p a i r  of Fabry Perot interferometers  

i s  shown i n  Fig.  7 and a photograph of t h e  system i s  shown i n  

F ig ,  8 .  

o f  t h e  e l e c t r o n t c  con t ro l  system was given, This' system has 

been p a r t i a l l y  evaluated and modified i n  order  t o  t r y  t o  

t h e  des i r ed  experimental  accuracy, Modifications have included 

a change i n  the  type of s t r a i n  gages used from 150a gage r e s i s t a n c e  

I n  t h e  l a s t  two Quarterly S t a t u s  Reports a desc r ip t ion  

a t t a i n  

t o  3500 i n  order  t o  provide a higher vol tage  f o r  a given cu r ren t  
I I T  R E S E A R C H  I N S T I T U T E  
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FIG. 6 PHOTOGRAPH OF STRAIN GAGES FOR CONTROLLING SCAN OF PRISM 
INSTRUMENT. 



photomultiplier 

aperture 

solar image on 
aperture 

focussing lens 

Fabry Perot 

quarter wave plate 
and polarizer 

Fabry Perot 

filter 

c o 11 ima t or lens 
1 

.. 

Fig? 7. Showing arrangement of a pair of Fabry Perot 
interferometers. 
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FIG. 8 PHOTOGRAPH OF BREADBOARD MODEL OF DOUBLE FABRY PEROT SYSTEH. 
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through the  br idge c i r c u i t .  

c o n t r o l  s y s t e m  has been t h e  amount of thermal d r i f t  which the  

system undergoes. 

t o  compensate f o r  thermal e f f e c t s  by placing a thermal compen- 

s a t i n g  gage ad jacen t  t o  each ac t ive  gage, t h e  compensating gages 

making up the  complete br idge c i r c u i t  toge ther  wi th  the  a c t i v e  

gages. 

thermal d r i f t  and f u r t h e r  work i s  required before t h i s  system 

can be evaluated.  

undertaken. These a r e ,  ( i )  To help equal ize  the  heat s ink ing  

of t he  gages, t he  thermal compensating gages w i l l  be placed 

across  t h e  a i r  gap of t he  interferometer  i n  the  same way a s  the  

a c t i v e  gages, but  w i l l  be a t tached r i g i d l y  t o  only one of t h e  

p l a t e s .  ( i i )  It is  poss ib le  t h a t  d i f f e r e n t i a l  thermal e f f e c t s  

between the  two a c t i v e  gages on each in te r fe rometer  a r e  the  

cause of t he  d r i f t .  

composed of four  gages independent of t he  in te r fe rometer  i s  

being t e s t e d ,  

A d i f f i c u l t y  experienced wi th  t h i s  

The design of the  s t r a i n  gage br idge attempted 

This arrangement has not  succeeded i n  e l imina t ing  

Two approaches t o  the  problem a r e  being 
I 

i 

To t e s t  t h i s  a thermally con t ro l l ed  br idge  

It has been v e r i f i e d  t h a t  thermal e f f e c t s  a r e  the  cause 

of t h e  d r i f t  problem f o r  t he  d r i f t  i s  reduced as the  vol tage  

ac ross  t h e  bridge c i r c u i t  i s  reduced. 

1 

i I11 SUMMARY, FUTURE WORK AND DISCUSSION 

The work of t h e  l a s t  quar te r  has been d i r ec t ed  t o  the  
1 
I eva lua t ion  of two a l t e r n a t i v e  o p t i c a l  systems, namely, ( i )  A 

I PRISM Fabry Perot interferometer  preceeded by a g ra t ing  mono- 
I 

I 

I I T  R E S E A R C H  I N S T I T U T E  
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chromator, both instruments being scanned synchronously over 

t he  s p e c t r a l  region of i n t e r e s t .  ( i i )  A p a i r  of synchronously 

scanned PRISM Fabry Perot interferometers  i n  tandem, preceeded 

by a narrow band i n t e r f e r e n c e  f i l t e r .  

The r e s u l t s  of t he  comparison of t he  two systems, a s  f a r  a s  

t h i s  has been done, indicate  t h a t  the system ( i )  has l e s s  

p r a c t i c a l  d i f f i c u l t i e s  assoc ia ted  with i t  than system ( i i )  has. 

Fur ther  evaluat ion of both systems i s  planned i n  an ex- 

tens ion  t o  t he  present  program. It may be noted t h a t  no known 

system s i m i l a r  t o  ( i )  has ye t  been developed f o r  any kind of 

scanning Fabry Perot in te r fe rometer  with the  exception of one 

using mechanical scanning devised by M. D .  Laplaze and A. M. 

Vergnoux (J. Phys. (France),  Vol. 26 ,  No. 4 ,  167-70, (April  

1965)).  These authors  were performing measurements a t  a 

wavelength of 5 . 5 ~  t o  8.51~. and, hence, t he  to le rance  maintenance 

of p a r a l l e l i s m  between the  p l a t e s  of t he  in te r fe rometer  was an 

o rde r  of magnitude l e s s  than t h a t  required when operat ing i n  

the - - Z - < L l  v a a a u r e  region nf +he spectrum. 

The advantages t o  be gained by system ( i )  over,  f o r  

i n s t a n c e ,  a simple g ra t ing  spectrometer, may bes t  be described 

i n  terms of t h e  luminosity reso lu t ion  product,  ARR, where A i s  

t h e  e f f e c t i v e  a p e r t u r e ,  R i s  the  s o l i d  angle  of acceptance of 

system and R i s  the  r e so lu t ion  of t he  instrument.  Consider t he  

h a l f  meter Ebert spectrometer used i n  the  present  program. The 

e f f e c t i v e  ape r tu re  A i s  the  area of t he  g r a t i n g  and the  s o l i d  

angle  of acceptance R i s  given by S / f  2 where S i s  

I I T  R E S E A R C H  I N S T I T U T E  
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. 

t he  a r e a  of t he  entrance s l i t  and f is  the  f o c a l  length of t he  

co l l imat ing  mirror .  

spectrometer operat ing alone,  a spec i f i c  s l i t  width i s  required 

and,hence,S i s  f ixed .  For example, t he  d i spe r s ion  of t he  

instrument,  using a 300 grooves/mm gra t ing ,  i s  64A/nnn i n  the  

f i r s t  o r d e r ,  and an  instrumental  funct ion of 0.2A requi res  a 

s l i t  width of about 3p. The value of 0.2A used i s ,  i n  f a c t ,  

below t h e  l i m i t  of r e so lu t ion  of the  Jarrel l -Ash instrument 

wi th  t h i s  g r a t i n g  but ,  f o r  t h e  purpose of t h i s  comparison, t h i s  

may be ignored. If now system ( i )  i s  used t o  ob ta in  the  same 

Snstrumental  funct ion we can c a l c y l a t e  t h e  gain i n  luminosity 

over t h a t  given by t h e  spectrometer alone. In  system ( i ) ,  t h e  

spectrometer operates  a t  low re so lu t ion  ( i . e . ,  l a r g e r  s l i t  width) 

a s  a monochromator and we may use t h e  r e s u l t  obtained i n  Sect ion-11,  

F ig ,  6B,  which shows t h e  instrumental  p r o f i l e  of t h e  monochromator 

f o r  a s l i t  width of 25p, obtained wi th  a r e so lu t ion  of s l i g h t l y  

g r e a t e r  than 0.2A. Since t h e  area S and the  luminosity a r e  

d f r e c t l y  proport ional  t o  t h e  slit width,  system ( i )  represents  

a ga in  of s l i g h t l y  g r e a t e r  than 8 times i n  t h e  luminosity f o r  

t h e  s a m e  reso lv ing  power. 

w i l l  probably reduce t h i s  va lue  t o  about 7 .  

the r e a l i z a t i o n  of t h i s  ga in  requi res  matching t h e  Fabry Perot 

o p t i c s  t o  those of t h e  monochromator i n  order  t o  use a l l  t he  

l i g h t  t ransmi t ted  by the  monochromator, i . e . ,  t h e  Fabry Perot  

s y s t e m  w i l l  opera te  a t  f / 9 .  

i n c r e a s e  i n  t h e  luminosity reso lu t ion  product us ing  t h e  Fabry 

To obta in  a given r e so lu t ion  wi th  t h e  

The transmittance of t h e  Fabry Perot 

It may be noted t h a t  

W e  have the re fo re  a s i g n i f i c a n t  

I I T  R E S E A R C H  I N S T I T U T E  
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I 
Perot toge ther  w i th  t h e  monochromator. I 

i 
I 

Extending t h e  above discussion t o  determine t h e  ga in  of 

system (ii) over ( i ) ,  consider  the o p t i c a l  system shown i n  

Fig.  7 .  The e f f e c t i v e  ape r tu re  A f o r  t h i s  system is  given by 

the  u s e f u l  ape r tu re  of t h e  Fabry Perot in te r fe rometer  p l a t e s  

which i s  about 1 / 2  t h a t  of t h e  g ra t ing  i n  system ( i ) .  

The t ransmit tance of t h e  second in te r fe rometer  w i l l  reduce 

t h e  luminosity of system ( i i )  by about 20% r e l a t i v e  t o  ( i ) .  

The optimum s o l i d  angle subtended by the  c e n t r a l  o rder  

ape r tu re  of t h e  scanning Fabry Perot has been given by R. Chabbal 

(J, de Recherches du C.N.R.S. No. 24, 1953) and J. Jacquinot (Rep. 

Prog. Phys. p. 267 ,  1960) as 

power of  t h e  instrument.  

27r/Ro where Ro i s  the  resolving 

Ro = A / d A  = 0,2 6563 = 32815. 

2T 4 27r/Ro = 32815 = 1.91 x 10' s t e r .  

Due t o  t h e  limb darkening of the sun it w i l l  b e  iiecessary 

t o  view only an a rea  of t he  solar image l imi ted  t o  the  c e n t r a l  

10% of t h e  s o l a r  diameter.  

lengthj  an aperture of amroximately & A  0.25 cm diameter i s  required 

t o  se lec t  t h e  c e n t r a l  10% of t he  d i s c  diameter.  I f  t he  

c o l l i m a t o r  i n  Fig.  8 has a foca l  length of 50 cm,then t h e  s o l i d  

angle  subtended by t h e  ape r tu re  is 

Using a te lescope of 178 cm f o c a l  

I I T  R E S E A R C H  I N S T I T U T E  
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2 - T ( 0 a 2 5 4  = 1 , 9 4  x l o w 5  s t e r .  
7 - 4 x 5 0  

The re levant  s o l i d  angle  f o r  system ( i i )  i s  the  smal le r  

t h e  two ca l cu la t ed ,  v i z ,  1.94 x l o w 5  s te r .  

s o l i d  angle  of acceptance,  R ,  given by t h e  a rea  of t h e  s l i t  

use.  The s l i t  width i s  251.1 and the height  i s  

System ( i )  has a 

of 

n 

l imi ted  t o  the  c e n t r a l  10% of the  s o l a r  image diameter,  i . e . ,  

0 , 2 5  cm. 

and ( i i )  thus:  

We can now compare t h e  luminosi t ies  of systems ( i )  

= 0.8 1 1 . 9 4  x lo-' = 31 
m) i i )  x ' 2  2 . 5  x lo- '  

The f a c t o r  of 0.8 accounts f o r  the a d d i t i o n a l  transmission 

f a c t o r  cont r ibu ted  by t h e  second Fabry Perot i n  ( i i ) .  Hence 

system ( i i )  has a luminosity gain over ( i )  by a f a c t o r  of about 

30 t i m e s  f o r  a s i m i l a r  reso lu t ion .  

The foregoing d iscuss ion  shows t h e  r e l a t i v e  gains of t h e  

system considered. It can be seen t h a t  t he  optimum system is  

( i i ) ,  however i t s  r e a l i z a t i o n  i s  l i k e l y  t o  be more d i f f i c u l t .  
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