Dec. 35, 1838
313 W. Seminary Ave.
Wheaton, Illinois

Dr, F. L. Whipple
Harvard College Observatory
Cambridge, Massachusetts

Dear Dr. Wwhipple:

Thank you for your letter of the 33nd. 8Since
I am unable to attend the Ast.sononical Society meeting this
rather long letter will have .v0 take the place of a talk with you.

At the very beginning I had better point out that my
education is as an electrical engineer and my experience has been
with the radio industry. While last year I took several courses
on astronomy, optice, etc., at the University of Chicago I am not
much of an as®o-physicist, To me extraterrestrial static appears
as one field of physics upon which little hus been doue and
consequently the hunting should be good. My primary interest
is the experimental side and while the explanation of all things
is important it seems that more data should be obtained to explain
before a great deal of effort is made on theory.

A series of papers on this subject will appear in the 1939
issues of "Commu ncations", however for your convenience a
synopsis of theory as I have developed it follows.

Free-Free Transitions.,

In 1933 Kraneral gave the energy liberated due to these
free~-free transitions as
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Eddington® applied thie theory to the material ineide a star.

At that time he argued a certain correction due to Einstein should
not be applied to Kramers formula. Ti:ds correction takes into
account the stimulation of such radiation due to the transition
ocouring én equilibrium with an electromagnetic field. Later
Eddington¥ applied Kramers theory to the material of interstellar
space with the epecific aigument that the average velocity loss

of an electr02 due to free-free transitions c¢ould not exceed 13%,
In 1830 Gaunt® rederived Kramers formula on the basis of quantuam
mechanics. He decided that Kramers work is correct for the visual
range, too high for the X~-Ray rangc and too low for the low
frequencies. 8ince no applic-tion wae known he did not go into
the low frequency caseé in detail but definitely stated Kramers
formla does not inc¢lude the effect of stimulated radiation. GSee
pages 196 line 16, page 187 line 8, page 187 line 35, page 303
part 7 "Conclusions®™. Partly on this authority and partly to fit
jhe theory to the measurnents this correction is ingluded in what



follows. The oorreotionz for stimulated radiation may be reduced
to differential form such that true radiation becomres
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Eddingtond has evaluated P as £_» 8.7 x 10~%3/er 8/cm’/sec.
therefore (:' becomes P" 5.8 x 10°%1 av/ v ergs/om°/sec.
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The incregmental volume in sketoh is AV = r3SA1AbAr . The
incregmental energy arriving at O from AV is

/
Al = -ae;,-AlAbAr (3)

Integrating this for 104 parsecs in direction of gallactic center
~ Elves
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I= étﬁé—é—lg——- watts/omd/oir. deg./kc. band (4)

Jansky's Data

The intensity of the elevtromagnetic field in space is

L a' :
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where

E is electric field strength in volte/cm
C is velocity of light in -cm/sed

The graph on page 1831 Dec. 1833 Proc IRE gives thermal noiee
at 25.3 DB below 1 microvoli/meter/ko band, Thie figure is
checked fairly close by graph on page 1934 and amounts to 0,055
microvolt/meter/kc band. Inspeotion of data shows the maximum
values of paior peak to bs 4.8 DB above thermal noise. Since
the _signal in question and thermalh noise acdd on & power basis
this corresponds to 0.078 microvolt/meter/kc band. The effective
acceptance cone of Jansky's antenna may be taken as an ellipse
of 30° azimuth and 37° altitude. The average intensity of the
energy at 30.5 megascycles per circular gegree becomes.

I = 1,45’& 10~34 wattl/cmz/cir. deg./kc band (e)
This is in close agreement with the value calculated from (4)

e i.GZ x 10'24‘watts/cm3/ cir. deg./kc band
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I have deliberately ignored Jsnsky's 0.39 microvolt/meter/
ke band figure as he gives no evidence to substantiate it while
later data compare well on the thermal nolse basis of smaller
" figure. 80 far we have delt with average values. Eddington's
figure for P being an average and Jansky's measured intensity
is the average over the large acceptance cone of his antenna.

Tests at 160 megacycles.

The simple conditions of above calculations do not exist
when sufficient resolving power is applied. Actually a large
nunber of point aourees and a few patches several degrees in
diameter were found. To get 3 figure comparable with the above
calculations the various sources in neighborhood of galactic
center were averaged out %raphicalgi. This gave an average
input power to receiver of 3 x 10~<+ watt. The drum.efficiogoy
is about 50%, reflector efficéendy 85%, reflector area 7 x 10
8q.cm. and the aocceptance cone of system about 30! diameter. .
This gives

I =9 x 10738 watt/om3/cir.deg./kc band (7)
which agrees fairly well with value calculated from (4) of
I = 31.x 1036 watt/cmzloir.deg./gc band
Remarke

This theory may not be very good but it seems to fit the
measurments ta2tter than any other. It gete into trouble at zero
frequency but there probably more corrections are necessary. The
thermodynamics people at Williams Bay also point out the black-
body maximum and eseemed to indicate an intensity which increases
as the frequenoy cubed simila¥ to Planck's law. The available
data does not subscribe to this. I ¢hink the faot my points
fall on dark areas is pure chance. The sige of the particles
usually assumed in these clouds may redden or totally obscure
light but have no effect on radio wavelengths. Papers publighed
during the last year in the Astrophysieal Journal indicate little
or no correllation between color index of stare and tne intensity
of interstellar lines. Wwhile discrete clouds of interstellar
Ha & Ca are indicated (my patithes of radiation at Dec.-37,RA 1600;
Dec.-26,RA 3000) I view them as an entirely aeparate and distinot
phenomenon from the dark clouds of photography. To make the theory
explain any given scurce will require a re-evaluation o2 ¢ and T
for the point in question. The necessary astronomical data may
be difficult to get.

It-is very unfortunate that I cannot pick out with certainty
any absolute direction as I have no absoluse calibration on my
machine, merely relative direction as iindicated by Dec. soale and
sidereal time, To get an absolute calibration will require the
use of some type of aircraft.
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. A% the present:l am iryiag to.get apparatus into shape for.
automatic recording. Since I work on this alone I must try to
chose the ucst profitable line of endeavor. Instead of getting
a lot of data by hand (and there are no doubt a multitude of
points and patches) I have.degided to bujld more sensitive
apparatus to measure the known points over again at 800mo. This
should be far more useful to the theory tuan merely more points.
Frobably no results will be available until March because some
of the parts take 8 weeks after order is placed to get delivery.
In the mean time a few conspkuous ovjects like Andromeda

nebula etc. will pe tried by nand and perhaps an absolute
calibration obtained.

While thie has been rather long the subjeoct is complic:ted
and if I have not made myself clear pleas® write me again.

Yours very truly,

Grote Reber

P.S., It would be highly desirable to get data at 10mc and down
in frequency. Sinoe my machinery will not work at low frequenoy
perhaps you could contact sone communication company in the east
for the loan of a directive antenna pointed south. When certain
tyres of wire arrays are used the acceptance oone can be raised
and lowered in altitude by completely_electrical methods and ao
fancy mechanical devices are requirad? :
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S8ee especially chart opposite page 1518 for sixteen groups of
one couplet each.



