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INTRODUCTION 

This  is the  t h i r d  semi-annual s t a t u s  repor t  on NSG-572, i n i t i a t e d  

i n  October 1963 
NSG-572 i s  a th ree  year ,  step-funded grant  which cont inues inves t iga-  

t i o n  previously c a r r i e d  on under N A S w S  and NSG-181-61. 

The organiza t ion  of t h e  following sec t ions  r e f l e c t  t h e  two t a sks  of 

t he  g ran t  (I) Galac t ic  Radio Astronomv and (11) Planetary Radio Astronomy 

Inves t  i n a t  ion.  

I. Galac t ic  Radio Astronomv 

A. 11.03 Rocket Experiment 

1. General 

This period was devoted almost e n t i r e l y  t o  the  f i n a l  phases of 

t he  prepara t ion  of the  11.03 rocket payload, culminating, appropr ia te ly ,  

wi th  i t s  successfu l  launching on the l a s t  day of t he  repor ted  per iod.  Following 

i s  a desc r ip t ion  of t he  major tasks:  

2 .  Mechanical Problems 

a .  D r .  J. L. Steinberg (Meudon Observatory) was responsible  for 

a s tudy c a r r i e d  out  by Sud Aviation on v i b r a t i o n s  and mechanical stresses i n  

D e  Havilland antennas during the  erection process.  

w i th  growing amplitude, and much g rea t e r  (poss ib ly  ca t a s t roph ic )  bending 

moments than predic ted  on t he  rigid-boom approximation. 

s tudy  were l a rge ly  numerical r e s u l t s  of d i g i t a l  i n t e g r a t i o n  of very complex 

equat ions  der ived from a Hamiltonian formulation. 

were not  d i r e c t l y  appl icable  t o  our case, but nonetheless d i s tu rb ing .  J. Greene 

and D. Walsh s tudied  t h i s  problem. 

be obtained,  they formed a s t rong  opinion t h a t  this was probably not dangerous 

t o  our p a r t i c u l a r  experiment. 

of Sud, and p a r t l y  on t he  b a s i s  of s tudying simpler bu t  r e l a t e d  problems which 

Tiis indicated vibrations 

The r e s u l t s  of t h i s  

These numerical results 

Although a conclusive s o l u t i o n  could not 

This was p a r t l y  by examining some of the  r e s u l t s  
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yielded so lu t ions .  A resum' of t h e i r  r e s u l t s ,  sen t  by Steinberg,  showed 

t h a t  i n  t h e i r  ca l cu la t ions  angular momentum w a s  apparent ly  not conserved. 

This was not a minor e f f e c t ,  accountable f o r  by d i g i t a l  round-off or some 

such explanation, bu t  an order of magnitude e r r o r .  Its sense was such eo 

exaggerate g rea t ly  t h e  bending moments. 

Sud approach, but  t h i s  one, t o  our mind, rendered t h e i r  r e s u l t s  va lue le s s .  

There were o ther  c r i t i c i s m s  of the  

This problem, therefore ,  did not in f luence  our payload design. 

b. A considerat ion which resu l ted  in our reducing the  length of our 

antennas from t h e  o r i g i n a l  design f igu re  of 60 f e e t  t o  35 f e e t  was t h a t  of 
moments of i n e r t i a .  

F 

R . A .  Antenna 

L 

The i n i t i a l  moments of i n e r t i a  are: 
3 

Yaw M. I.  (I1) = Pitch M. I. 

Roll  M . I .  (I,) = 1.47 s lug - f t  

(I2) = 18.10 slug-f t"  
2 (not f i n a l  values)  

J 
The r o l l  M . I .  i s  i n i t i a l l y  much smaller than e i t h e r  t he  yaw o r  p i t c h  

M . I . ,  which are near ly  equal.  

of smallest M . X . ,  i n  t he  sense t h a t  a small per turba t ion  w i l l  r e s u l t  i n  a 

precess iona l  motion of the  r o l l  ax i s  about t h e  inva r i ab le  d i r e c t i o n  (i .e.  
t h e  angular  momentum vec tor )  As t h e  antenna extends the  p i t c h  M . I . ,  I*,: 

does not change, but both I1 and 1 increase  by equal  amounts. X w i l l  always 

be t h e  g r e a t e s t ,  but eventual ly  I 
uns tab le  in t he  sense t h a t  the vehicle w i l l  not sp in  abaut the a x i s  of _ _  
intermediate  M . I . ;  a per turbat ion,  no rnattey how small, w i l l  cause t h i s  axis 

The veh ic l e  w i l l  sp in  s t ab ly  about t h e  a x i s  

3 1 
3 2' w i l l  exceed I This s i t u a t i o n  is 



t o  precess  about one of tho, others .  

a con ica l  motion about one of t he  o thers .  "hat i s ,  t he  r o l l  a x i s  w i l l  

descr ibe  a con ica l  motion about one of the  o ther  two. This "tumbling" 

motion i s  very undesirable ,  and t h e  antenna length w a s  reduced so t h a t  

I would not exceed I with the  antennas f u l l y  e rec ted .  The f u l l y  e rec t ed  

M . I .  were: 

That i3 ,  t h e  r o l l  axis w i l l  de sc r ibe  

3 2 

2 = 31.0 s l u g - f t  

18.1 s lug - f t2  } (not  f i n a l  values) 
I2 n 

3 .  Completion of Payload and Testinq 

The cons t ruc t ion  of the  payload was completed i n  t h i s  period, and 

considerable  e f f o r t  spent t o  ensure t h a t  t h e  c h a r a c t e r i s t i c s  of t h e  rad io-  

meter system were s a t i s f a c t o r y .  

a much g r e a t e r  burden on t h e  preamplif ier  input  c h a r a c t e r i s t i c s ,  p a r t i c u l a r l y  

a t  0.75 Mc/s. The problem 

was t o  ad jus t  the input  impedance and noise  parameters so t h a t  (i) t h e  

e f f e c t i v e  r ece ive r  temperature was low enough f o r  s a t i s f a c t o r y  s e n s i t i v i t y ,  

and (ii) the  v a r i a t i o n s  with antenna impedance of t h e  receiver output due 

t o  r ece ive r  noise  ( t h a t  is, t h e  e f f e c t i v e  base l ine  above which cosmic noise 

must be measured) were s u f f i c i e n t l y  small. 

a t  0.75 Mc/s, it w a s  necessary t o  ensure t h a t  t h e  performance a t  1.225 and 

2.0 Mc/s would not be unduly compromised. 

was acceptable  but probably f a r  from optimum. I f  f u r t h e r  payloads of t h i s  

type  a r e  constructed,  t h i s  design could probably be inves t iga t ed  much more 

thoroughly with p r o f i t .  

The shortening of t h e  antenna length put  

Redesign of the  input transformer was necessary. 

While t h e  main e f f o r t  w a s  d i r e c t e d  

The so lu t ion  reached empir ica l ly  

Other modif icat ions required,  i a r g e i y  due t o  Che rhatga in anterzxa 

l ength ,  included ad jus t ing  the  rece iver  ga ins  so t h a t  wi th  the  expected s i g n a l  

levels the  outputs  would be i n  s a t i s f a c t o r y  regions of the  dynamic response 

curve.  

and t a i l o r i n g  t o  give s a t i s f a c t o r y  r ece ive r  outputs .  

S imi la r ly  t h e  f l i g h t  noise  generator  output level requi red  ad jus t ing  

These payload modifications were c a r r i e d  out l a rge ly  by H. Estry,  i n  

close cooperation with I). Walsh. 

The payload was del ivered t o  Building No. 7 a t  Goddard Space F l igh t  

The Center on 5/17 f o r  the  beginning of f l i g h t  level environmental tests. 
payload was weighed, dynamically balanced a t  b 0 r p m  and the  moment of i n e r t i a  
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around t h r e e  axes w a s  measured. The thermal vacuum test  was s t a r t e d  next.  

During t h e  f i r s t  run, power t o  the  payload w a s  i nadve r t en t ly  switched on 

i n  a p a r t i a l  vacuum. An a r c  formed a t  the  rece iver  t u r n  on Ledex which 

burned o f f  t he  wiper contac t  of the switch.  

and the  thermal vacuum test  was successfu l ly  completed. 

The switch wafers  were replaced 

Various v i b r a t i o n  tests of t h e  payload were conducted from 5/26 t o  

6/3. 
ployed i n  several of our vol tage  regula tors  were not  s u i t a b l e  f o r  f l i g h t .  

They were replaced with acceptable 1N1737A u n i t s  manufactured by the  Dickson 

Corporation. 

preamp tube ( type  GE7462) t o  open. 

the  mounting conf igura t ion  of t h e  tube and socket as suggested by a NASA 
v i b r a t i o n  s p e c i a l i s t .  

These tests revealed t h a t  the Hoffman Zener diode type 1N1737A em- 

The v i b r a t i o n  t e s t s  a l s o  caused t h e  f i lament  of t h e  2nd s t age  

This problem was resolved by changing 

The payload was de l ivered  t o  Wallops I s land  personnel on 6/15. 
pos t  T and E check of the  payload c a l i b r a t i o n  was worked i n  between var ious  

sp in  tests, mating checks and nose cone e j e c t i o n  tests. 

procedure was rev ised .  

format was reviewed wi th  NASA Telemetry S t a t i o n  Operators.  

of a l l  payload systems was performed including a f u l l  deployment test  of 

t h e  r ad io  astronomy antenna. 

The 

The count down 

Final ground s t a t i o n  set up and d a t a  recording 

A f i n a l  check 

The f i n a l  11.03 pre-launch meeting was held i n  W. Lord's o f f i c e  on 

Representat ives  from a l l  groups p a r t i c i p a t i n g  i n  the  launch o r  the  6/17. 
recording of da t a  were present .  

The 11.03 payload was launched June 30 a t  1:33 a.m.  Wallops I s land  

The f l i g h t  l a s t e d  25.4 m i n u t e s  and an  a l t i t u d e  of 1,700 km was t i m e .  

achieved. 

ground t racking  s t a t i o n s  a t  Wallops I s l and  and Bermuda. 

h c d  telernetrg records w e r e  obtained throughout t h e  f l i g h t  from 

4. Cal ib ra t ion  

Considerable e f f o r t  was devoted to  c a l i b r a t i o n  of t h e  radiometers.  

This was done i n  t w o  main phases: 

(2) In add i t ion  a 

s h o r t  check of c e r t a i n  key c h a r a c t e r i s t i c s  was made a t  GSFC immediately 

fol lowing T and E and p r i o r  t o  departure  f o r  Wallops I s l and .  

(1) i n  the  labora tory  p r i o r  t o  T and E; 
a t  Wallops I s l and  i n  the  two weeks p r i o r  t o  launch. 

The labora tory  c a l i b r a t i o n  was lengthy and in t ens ive ,  and inves t iga ted  

t h e  e f f e c t s  of v a r i a t i o n  of temperature and supply vol tages .  The Wallops 



Island calibration did not include such variations; it was at ambient 

temperature and with normal supply voltages, and was the final pre-flight 
calibration and check on changes subsequent to laboratory calibration. 

changes were partly due to T and E and partly due to certain modifications 
subsequent to laboratory calibration (for example, the second stage tube 

in the preamplifier was changed during T and E). 

Such 

Efforts were taken to achieve the highest possible accuracy of 

measurement; for example, the radiometer output voltage was fed to a 

voltage-to-frequency converter, the output of which was read from a cycle- 

counter with 10 sec true integration. During the reduction of the results 

it was attempted to preserve this accuracy by taking into account many small 
factors commonly neglected; for example, a change of 3 db was not assumed 
to be a ratio of 2, but the more accurate value of 1.995. 

The calibration had three principal parts: 

(1) Determination of preamp input impedance E$, + j5, at each fre- 
quency. This is necessay to correct for changes with antenna impedance in 

the antenna-preamp signal transfer. 

(2) Determination of noise parameters, Fm, Rn, Go, Bo, at each fre- 
quency. This is necessary to correct for changes with antenna impedance in 
the contribution of receiver noise to the output. 

Radiometer input -output characteristics ("dynamic response") . (3) 
The most important feature here is the dependence of this characteristic 

on variations in temperature and supply voltages. 

response curve was not reproducible under apparently identical conditions 

on different occasions. However, it was found that over a wide range of 

conditione, the variations could be accounted for by (i) a change Ly; in the 

pre-detector gain, (ii) a D.C. offset AV in the radiometer output. 
two parameters can be determined by our two-point ("no-noise" and "noise") 

flight calibration procedure. 

signals requires a single response curve, plus two parameters measured 
directly in flight. 

requires further analysis of calibration data. 

It appeared that the 

These 

Thus reduction of output voltages to input 

The full range of validity of this method of corrections 

The data processing for each radiometer will now be reduced by the use 

of a single empirical characteristic curve, plus a small number of accurately 

determined parameters which permit all necessary corrections by means of 
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s imple  formulae. 

of empir ical  curves which r equ i r e  the i n t e r p o l a t i o n  of many parameters.  

This i s  a g rea t  iniprovement on the  use of l a rge  numbers 

During the  ana lys i s  of t h i s  c a l i b r a t i o n  da ta ,  considerable  a s s i s t a n c e  

was given by the  Applied Analysis Group. 

cooperat ive e f f o r t  should have wider app l i ca t ion  t o  o ther  p ro jec t s .  

p a r t i c u l a r ,  programs were developed f o r  determinat ion of input  impedance 

of no ise  parameters by means of l e a s t  square methods. This r e s u l t s  i n  a 

g r e a t  improvement of accuracy and e f f i c i e n c y  of u t i l i z a t i o n  of da ta  compared 

wi th  hand reduction, which uses  r e l a t i v e l y  crude graphica l  methods. 

a l s o  f a s t e r  and more economical both i n  money and man-hours. 

are arranged t o  accept d a t a  i n  as "raw" a form as poss ib le  wi th  a minimum 

of hand processing; f o r  example, a t t enua to r  readings are en tered  d i r e c t l y  

i n  dec ibe l s  i n s t ead  of f i r s t  converting them t o  r a t i o s  by means of t a b l e s .  

The value of t h e  rap id  reduct ion poss ib le  by t h i s  means was p a r t i c u l a r l y  

w e l l - i l l u s t r a t e d  by experience a t  Wallops I s land .  

t i m e  t o  obtaining as much data as poss ib le  r a t h e r  than spend precious t i m e  

on reduct ion.  

were ava i l ab le  wi th in  hours,  confirming t h a t  t h e  measurements had good i n -  

t e r n a l  accuracy and permit t ing small changes from pre-T and E c a l i b r a t i o n s  

t o  be de tec ted  rap id ly .  

a b l e  u n t i l  a f t e r  launch, and any f a u l t s  could not have been de tec ted  before  

launch. 

Some of t he  products of t h i s  

In 

It is  

The programs 

It was f e a s i b l e  t o  devote 

By telephoning the  da t a  back t o  Ann Arbor, t h e  reduced r e s u l t s  

This reduct ion would otherwise not have been a v a i l -  

A s  a r e s u l t  of t h e  pa ins  taken, the  t y p i c a l  e r r o r  i n  antenna-preamp 

t r a n s f e r  i s  0.03 db, and i n  e f f e c t i v e  r ece ive r  no ise  temperature 0.05 db. 

These are the  r . m . s .  dev ia t ions  of a s i n g l e  measurement from t h e  leas t - squares  

determfiied curve m e r  a range of antenna impedances which i s  wide and exceeds 

t h a t  over which w e  expect t o  obtain use fu l  astronomical da t a  i n  f l i g h t .  

B. Kilometer Wave Orbi t ing Telescope Studies  

Some prel iminary work has been done on d e f i n i t i o n  of t h e  problem 

f o r  the  KWQT system. Among t h e  areas considered are the  following: 

The p r a c t i c a l  problem of making antenna p a t t e r n  measurements, i . e . ,  1. 

the  s i z e  of t he  antenna range required,  t he  advantages and disadvan- 

tages  of developing our own antenna test  s i te ,  e t c .  

2. Attempts t o  determine the  e f f e c t s  of cur ren t  d i s t r i b u t i o n ,  EU? 



resistance of the antenna elements, and distortion of the shape on 
the radiation pattern of the rhombic. 

3 .  
of current distribution and distortion of shape on the radiation 
pattern of a rhombic (or long wire). 

Development of computer programs to investigate the effects 

4. 
losses in the antenna, environmental effects on the antenna and the 
possible limitation on the size of space structures for radio 
astronomy. 

Continuing iwestigation into the choice of an antenna system, 

5. 
order to obtain Pert-type program schedules. 

Consideration of the interrelationship of tasks and time in 

C. Papers and Publications 

1. A paper "Antenna Impedance in a Plasma: Problems Relevant to 

Radio Astronomy Measurements from Space Vehicles", co-authored by D. Walsh 
and F. T. Haddock, was written in this period. It was originally presented 
in abbreviated form at I. A. U. Symposium No. 23 at Li>ge in August 1964, 
and has been published in Annales d'Astrophysique, 28 ( 3 ) ,  605, 1965. 

2. Work continued on the draft of a paper dealing with thermal 
radiation fields and antennas in anisotropic plasmas. This is being written 
jointly with H. Weil, and his temporary absence in Paris slowed progress 
considerably. 

11. Planetary Radio Astronomy Investigation 

A. Photochemical Studies of the C-0 Complex 

The behaviour of CO under dissociating and ionizing radiation was 2 
studied with special reference t o  two-body processes which will predominate 
in a tenuous CO atmosphere. 
dissociation and association of C02, CO, 0 
equilibrium value of [0] and hence for the other constituents. 
isothermal height distribution of [C02] there appear maxima for LO] [CO] and 

[02] at about the height where the optical thickness of the initial C02 is 
unity for the dissociating flux. At the higher levels 0 and CO dominate, in 

The four pertinent equilibrium equations for 2 
and 0 are readily solved for the 2 

For an initial 
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nearly equal numbers. 
The photoionization equilibrium equations are more complicated because 

of a number of possible charge exchange and rearrangement reactions, all of 
low negative activation energy. These may, however, be solved systematically 
for the various ion densities. 

Using the above formulation for a level where the optical depth for 
dissociation was about 0.06 and the corresponding optical depth for photo- 
ionization was about 0 . 8 ,  and using reasonable values of the flux densities, 
0 turns out to be the predominant ion, and [CO J is very small -- two orders 

of magnitude less. 

+ + 
2 2 

B. Martian Ionospheric Studies 

2 
with at least as much, and generally much more N As a result of Kaplan, et 
a1 (1964), it appeared at least possible that CO might be the dominant, if 
not the only significant constituent. Consequently studies were initiated 
to construct a model atmosphere and ionosphere using a surface pressure of 
only 6 millibars and pure CO 
230 deg K near the surface. Summarized results, neglecting any formation of 

ozone are: 

Previous Martian atmosphere models have been based on a mixture of CO 

2' 

2 

with a subsolar atmospherhc temperature of 2' 

Tropopause at 16 km, temperature 168 deg K. 
Vibrational relaxation at 60 km, temperature 151 deg K. 
Beginning of dissociation at 75 lcm, temperature 93 deg K. 
Radiation by CO of heat released by dissociation complete below 2 
85 km. 

Beginning of diffusive equiiibrium for neutral. eonstftuents a t  

100 - 110 km. 
Predominant species at bottom of diffusion region, CO and 0 
(in about equal amounts). 

Solution of the dissociation equilibrium equations included shielding 
by the 0 present above a given level. 2 

A preliminary study of the photoionization processes resulted in + 
2 0 

number of charge interchange and rearrangement reactions. 

of the thermal balance in the photoionization region indicated that a 

as the dominant ion in the lower ionosphere -- the end product of a 

Consideration 



temperature much g r e a t e r  than about 300 deg K i n  the  upper ionosphere 
w a s  un l ike ly ,  and t h a t  t he  peak e l ec t ron  dens i ty  would be around 10 5 cm -3 

a t  130 km. 

The preliminary conclusions of t h i s  a n a l y s i s  received some subsequent 

support i n  t he  observation6 made during the  Mariner f lyby;  t he  observed 

s c a l e  he ight  of 25 km a t  a s o l a r  zeni th  angle  of T O " ,  i s  cons i s t en t  with t h e  

s c a l e  height  f o r  the  G 
about 250 deg K i n  t h e  subsolar  region. 

+ 
2 i o n  a t  a temperature of about 180 deg K, corresponding 

C. Topside Elec t ron  Density P ro f i l e s  

Considerable ana lys i s  of Alouette tops ide  ionospheric da t a  was done 

i n  prepara t ion  f o r  t h e  Journeyman probe experiment launched a t  t he  end of 

June, 1965. 
and S-48 s a t e l l i t e s ,  and optimum launch windows were ca l cu la t ed  f o r  t he  shot .  

A v i s i t  t o  DRTE, Ottawa, was planned following the  shot  f o r  d e t a i l e d  a n a l y s i s  

of i nd iv idua l  tops ide  soundings per t inent  t o  t h e  loca t ion  and l o c a l  t i m e  of 

t he  shot .  

i n  connection with the  expected POGO experiment t o  be launched i n  October. 

l o c a l  t i m e  between 2100 and 0300 during June and July 1963, t h e  fXF a t  the  

sa te l l i t e  a l t i t u d e  d id  not s i g n i f i c a n t l y  depend on longt i tude ,  l a t i t u d e ,  

magnetic l a t i t u d e ,  l o c a l  t i m e ,  t h e  K magnetic cha rac t e r  o r  the  10 cm s o l a r  

f l u x .  

t i m e  and the  day of t h e  month, for  example, o r  l o c a l  t i m e  and l a t i t u d e  of the  

sa te l l i t e .  

Arrangements were made f o r  s p e c i a l  soundings by both the  S-27 

Arrangements were a l s o  made t o  ob ta in  tops ide  information r ap id ly  

I n  the  genera l  a r ea  bounded by 30°N, b O N ,  wow and 1OOoW, and f o r  

P 
This does not r u l e  out possible  compensating dependences on l o c a l  

D. Forces on Non Rigid Bodies i n  Space 

The formulation of Roche's l i m i t  usua l ly  found i n  the  l i t e r a t u r e  i s  
q u i t e  erroneous f o r  o r b i t i n g  bodies s ince  i t  i s  based merely on the  g rav i -  

t a t i o n a l  gradient  and not  on the  d i f f e r e n t i a l  acce le ra t ion  of t h e  components 

of the  body. 

p l ane ta ry  r a d i i  f o r  touching spheres and 1.44 r a d i i  f o r  a small p a r t i c l e  

on the  surface of a l a rge  sphere, r a the r  than t h e  usually-quoted value of 

2.9 r a d i i .  

j u s t  h a l f  t h a t  of t he  p l ane t .  

Using t h e  l a t t e r  c r i t e r i o n  the  c r i t i c a l  d i s tance  becomes 2.29 

The la t ter  would apply t o  touching spheres  which have a dens i ty  


