July 16tk, 1946
313 W. Seminary Ave.
¥heaton, Illinois

Dr. Otto 8truve, Director
Yerkes Observetory
%Williams Bay, ¥isconsin

Dear Dr. Struve:

Enclosed ie a rather long
monograph on the future of Gosmioc Ssatic.
Thie outlines my ideas substantially as they
are today. It was my original iaitention to
bring this material with me on the 24th,
However it appears mors practical to send it
on in advano® 80 that you will bave time to go
over it and organise your ideas before we
diecuss the situation.

Recently I have had some correspondence
(which 1 will also bring) with Dz. Shapley
who believes we can secure some funds in mod-
erate amount. The remaining itea necessary
ie a good looation., In securing this I
believe you osn be of great assistanos.

If poesible I would like to set prograa
B in nmotion in the nesr future and get
everything removed from Wheaton before ¢old
weather sets in.

8inoerely yours,

Grole Reben

Grote Reber



PROGRAM FOR TEE INVESTIGATION OF COBMIO STATIO
iatxoduotion

A comprelensive investigation of cosmlio statio may well consie$

of two parallel, complimentary and linultanoou- programs.
' Astronomioal Program "A®

Astronomical studies involving measurement of the phenomens,

interpretation of the ;oaultu and theoretical analysis of sourees.
Development Program "B* |

Engineering development of iaproved oloétronie equipment and
methods of detecting these radiations. '

From an astronomiocal point of view the greatest need in this
cosaic static investigation is increased resolving power. Suehk
may be achieved by uaink higher frequency electronio oquiﬁuont QY
& larger mirror or both alternatives.

At the present time 480mo is quite far into the region of
diminishing returns for the electronic equipment. By continuation
ind refinement of the present techaiques it may be possible to go
up another octave. This dovOIOp-oﬁt would take two or three years
$0 arrive at apparatus of useadle e2nsitivity. Beyond that will
require something new and yet unknown in the elestronic art. The
expense 2f these electronic development programs is quite substan~
tial when probiag into unkmown gioldl.<%30n10quontly the best and
most certain road_to success in securing greater roaolying power

is by means of a 1large mirror.
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ASTRONOMICAL PROGRAN "aA®
Astzono soal Work

The details of the astronomical studies must be left to
persons skilled in these matters. In general the program will
oonsist of making thoro surveys of the source of this radiation and
measuring its intensity at a variety of frequencies. A second
prodlea whioh oan be attacked is the spectiral distribution, if any,
fysm given directions with the aid of rtho frequency opootroqttor.
(wave analysers).  The design and constructiom of suck apparatus
falls 1n[£§§§££ii§.wuwlt is for these spesotroscopic investigations
that an equitorial motion of the mirror ies absolutely necessary to
counteract the effect of the rotation of the eardh.

Theoretionl work may be carried ocut at any observatory or
univereity where such skilled scientists are now located. Data
Ay best be accumulated and stored at one looation however and
not necvessarily at the place of observation. The theoretical
men should be in ¢lose touch with the ocbservers so that maximum
observational results may be secured.

kesation ef the Cusexvatery

The mirror should be located at a southern latitude and in
the counvry far away from man made eleoctriocal noises. Of all
these noise scurces, auto ignition systems are by far the worst.
Natural statio is very wealli and uncommon &t these frequencies,
even in the tropiocs.

A southern latitude is necessary bsocause the structure will
stand out of doors with no protection from the weather. BSnow and
fioe will cause seriocus unbalance. One accident has already been
had due to this cause (see Ap. J., Nov. 1944, page 384, next
t0 the last paragraph),

......
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Likewise a larger part of the celestial sphere is available
for measurement 2t a southern latitude. To this end the mirror
sbould be located on a oliff which drops adruptly to the south
with 2 long level plain stretching from the base of the oliff to
the southern horigon. The reason for this is as follows. Whem
the acceptance pattern (cinglo lobed) of the mirror ie pointed
horizontally, ground reflections break the single ledbe up into
& diffraction pattern. The angle which the lowest lobe of this
pattern makes with the horizon ies inversely preoporticnal to ths -
height of the mirror in wavelengths above the refleoting plane.
This difficulty will be mitigated by mounting on a cliff which
overlooks a plain to the south; as 1t‘io in this direction that
the lowest angle to ths horison will be deésired.. Terrain in
other direotions is not important provided large obstruotions suoh
as mountains are not oclese by.

Clear weather is desirsble but not of primary importance )
because haze and light clouds have lllll oftqpt upen these - 1£f”f“fﬁﬁ§<
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To inaugurete & worth while dstronomiodl program will r.qni:o
asvery large mirror as the major pieee of equipmeat. SBuch sirrorx
should be about 200 feet in diameter and represents 2 substantial
oapital investment. Probably $100,000 will be necessary to build
it. The masintenance and operating charges will be relatively small
however. laintenance will consist of painting and lubricating
costs. The operating oharges will oonsist of bills for electriocal
power necessary t0 run the apparatus plus small sums for upkeep
of the electronic equipment, forinstance tube replacements, and

regorder supplies such as record chart aand ink.



A small capital investaent will be necessary for a structure
10 house the control and recording equipment.

The program will have to include personnel salaries also.
These however can probably be absorbed by existing observatories
where such personnel skilled in astronomical prooedure is already

4

avajilable.
X\xxex

The oaly presently available mirror is of transit telescope
design. Sinoe motion im declination only is provided it is necessary
to rely upon the rotattoiwa the earth to sweep ocut a dband in the
sky. Only one sweep can be made in eaoch day. At least two charts
must be made at each declination for confirmatory purposés. Thus
& great many days will be required to cover the sky using such &
systea. Even with the present 31 foot mirror at 160mo it
oonsumed the better part of a year to secure the information
presented in figure 4, page 385 of the Nov. 1944 Ap. J. New
apparatus is now functioning at 480mc with this same mirror.
Something over two years will be required ¢o make & oomprehensive
study using these slow and laborious methods. Obviously such
procedure involving a really large mirror is absolutely out of
the question.

¥ouating

The obvious solution to the above difficulty ies to provide
the mirror with an equitorial mounting. Suoh a mounting for a
300 foot mirror would be a really gizantio affair and would more
than double the cost of the un.rrcn'.tvr A suitable altornativdunly
be had in an altiazimuth mounting with proper drive. This drive
sust 80 control two motions (altitude and asimuth) that one effeotive
motion (right asoension) is produced.

Such can be accomplished by a lpxtlblo control box. This
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box will consist of one motor driving an equitorially mounted
shaft at a speed equal to the desired rate of rotation of the
mirror. By a combination of cams and levers this equitorial
motion will be transformed iaio two separate motions (altitude

and azimuth)., The separate motions will cperate separate selsyn
generators. These 1:3;11 will control an amplydine drive whioh
will ‘supply power to the meinm driving motors of the mirror
mounting. 7Tims complete and instantaneous control may be had over
the main mirror mounting at all times from the control box at a
Temote looation.

Provision must be made for looking or brakiag.. Suoh
mechanism should be push button operated from the same control
- box and supplied with suitable eleoctriocal interlocks to prevent
power being applied to drive motors whem brakes are on. 8Since
this mirror will stand ocutside with no dome for shelter, a
braking mechanism is absolutely necessary to prevent damage
from the wind.

A remotely conirolled drive of ithis typs would be impossible
to build for use with a conventional telescope waere the angular
accuracy desired may be on the order of a second of arc. However
for this mirror the acocuracy desired need only be on the order of

a few minutes of sre‘Tteoiholew) and therefore it enters the

PRSI w( A ot -.sf, e Y eomde ot Aty el 2‘1_
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Upon canvasaing the field of electrcnioc equipment it appears
that 3000mc is the top freguenocy that '111‘hn useful at any time
the visible future. Little is to be gained by oonstructing a

mirror with an aoouracy greater than & quarter of a wavelength



whioch for this freguency is one inoch. How this inch deviation
should be distributed is a matter for the mirror designers to
decide. Probably the mirror itself can be made acourate to adout
on® half inch and the remmining half inoch allowed for flexture of
the supports during movement. The greater the sllewshi@ flexture,
the lighter the whole assmebly need be and the oheiper it may be
construoted. |

Tio resolving power -f & mirror 300 feet in diameser at
3000mo is plus or minus 33i1nnto- of arc, or the aaceptance
pattern is 8 minutes wide at half tintensidy (3DB down). OConsequently
Af the drive is able to reproduce a motion in right ascension with
an acouracy of plus or minus 3 minutes of are it should be

satisfactory. 2
00k E

Suitable eleotronic sqguipment is now available for use at
180mc and 480m0. Due to the large sisze of the mirror it will be
desirable to make measurements at lower frequencies also. Therefore
electronic equipment for frequencies of 30mec and 60mc should also
be provided. . The development of such equipment comes under
progrem B, However lower frequency design presentis no particular
problems and should be readily constructed. Recording apparatus
is now available. Power may be secured from the plant eof

program B.



DEVELOPMENT PROGRAM "B*
 Development Work
The operations of this progrem will concern themselves with
spttors pore closely associated with the art of radio communicatiam
“ o smn the science of astronomy. Tentatively this program may be
divided into five parts.
L. lake t.trononiéal investigations at 480mc ueing present
mirror until large one becomes available.
II. Design of electronic equipment for use at frequencies
above 480mo,
I1I. Iaprove the sensitivity of lower frequency apparatus.
IV. Design waveanalysers.
V. Design the altiaziamuth to equitorial control.
Upon setting up the equipment at a good location Ilytwpr&iiz;
S&i; part I should be innodiaioly put into operation. When that
is going well part II should mext be attacked. On parts II & III
cooperation may be securxed from N.I.T. Research Laboratory of
Electronios (see pages 81 483, Feb. 1948, Rev. S8ci. Inst.).
Cofel gam
Most all the ﬁpitval equipment for ;ﬁmn-i has already
been accumulated. It is presently in partial operation or stored
at Wheaton, Illinois. To put the program im motion, fumds will
be needed as follews.
1. Purchase a three ocar garage with conorot.’floOr to house the
apparatus. It should be divided by partitions aad intercoenn-
swoting doors into three separate rooms. Overhead car doors
will then open up one side of each room to facilitate entry

and removal of equipment. These rooms will profﬁlo space for

respectively the library and study at north side, shop in

.
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ocontér and power plant and storage at south side. 8dme plumbing

and wash facilities will be necessary, (Cost aheu§;31565~395vﬁ

3. Oonorste foundations for outdoor part of powsr plant and asimuth

turntable of mirror. Oost about $380 50

3. Transportation of equipment from Wheaton, Illinois 3o location
in Texas. This will require about six truckloads as follows.

One of structural steel, mostly turn table; one of power plant,

mostly lead acid batteries; three of parts of disassembled

mirror; ons of library and instruments.

$300 or total of $1300

Each load about

Cost to disassesble mirror and pack up library and instruments
about $350
5.

Cost to assemble turntable, mirror and power supply about $500 /oo
Rund for purchase of additional instruments; namely, High |
Frequency "Q" machine, Vacuum tube transconductance and plate

benoh mill. Cost about $1000 =090

450
-and represent the capital

fesistance tonlor and a small
Ad
The abovoﬁ#gi'itons total
investment necessary to put ths progras on a going basis.

Above this charge will be pesrsonnel salaries. Probabdly one

man and a helper will be all that is required initially. It is
suggested that provision be made for personnel for two years work.

Turther operating expenses will be encouhtered in this work if
X

seotions IJ, III & IV ars to bs prosecuted, This will involve
the purchase of various electronic components suck as tubes,

condensers, resistors, etc. Further, considerable raw material

will be expended in, the form of capper and brass ’ubo rod,
. ~r'f~!f:ma,lﬂ L8, .

i { 4 K} {
pand BO38 gy o ¥ G o L A Tt

sheet, wire, nut.} bolts eto.” Thus, unlike program A, th
initial oapital charges will be small but quite large operating
expenses will be encountersd if program B is prosecuted with viger.
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mirror 31.4 feet in dfuetor, 30 feet focal length on a ”ﬁ‘} Fatu e,

L. fﬁ” L
’

tnnut mounting, complete and a,;eo bled. Alro various etruotural
CmiLy Due
steel parts for reinforeing to be wld'h.d when ‘Tenssenhded.
3 r,
Oné etedl ‘turntadle with tmok#wd eleotric drive to give the

above mirrofg& altisrimuth mounting, complete but disacaembled.
new heavy duty wind griven 8,5 K povwer plant with
goellie o é/.;AOI?‘ Q,P y’# Y ﬂ} 8 ‘!ﬂ gﬂ‘% P m}& /5# "

7. ’hyﬂv‘? /;,_)Of/b oy 2 ¥
One set of recorder appnrltul corplete and assembled.

,"/ d

‘mttorlu oonpleto but disascembled. -

One set of electronic apparatus for use at 180mc complets but
disassembled.
One set of electronic apparatus for use at 480mc complete and
assembled. / F0 ) S
ssemble waf‘*ﬁ &o&é‘”&s‘"%} 0 t3a e 200
. e set of machine tools consisting of SBouth Bend bcnch lathe,,
Tl T laief At btaomars £lc §05 o 385) 135 nflﬁ'wr 33. 37
Dunlap drill prese,and grinder. Also Thordeoctric hand drill aand
P8 ‘
a large variety of accessories and hand tooh.wzt»ﬁ;atm i50-0m /50

Purchagsed eleotronio measuring apparatus as follgws. leasurments

)35 o (135) 350 e (350
Corp. vaouum tube voltmeter, RCA signal generat\or;\ Lavoie Frequency
175 n(195) 190 (23

meter, Kational HRO cmm10&tione receiver, General Radio resistanoce
boxes, output meter and vaﬂ.aolm P TWTLWMN»M 480 “\[*’30)

al lugh

The main piece of hone made test equipment 1 o4
oL Mraw , quw vy % jl
power signal generstor. aéod-é 90 with i ber il Toliy i g,% (250)

A large assortment of eleodtronie oom;onont- including special
tubes, power supply parts and over fifty Weston type 301 meters
of assorted ranges are on hand. 950 o~ (s09)

Considerabls raw material in the fora of copper, brass, bronse,
mioa, bakelite, etoc ie also on hand, This might be assumed to be

merely jumk; however suoh a sultable colleotion is valuable if lny

construction work is to bs umdertaken. “A“‘ S "‘"/4 “"’”fr*’ w3 T

ﬁw“‘lﬁf évf wha ' L{w{ 150, 7655@ o b (:400) /{” J’WWW%
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t ten yeara collecting and building the above lpparltul.A II pﬂvww

W
the aggregate it is eminently sultable for this type of developmens) . 1f§f?&
) y

and investigation of oosmic statio. Its main funotion and value ; ¥ &?
Q—

is with such work. For other purposes its value would greatly : ;s _

\

decrease. Consequently, for this reason, among others, the writer
deasires that 4¢ be kept together and put to the use for whioh ifék,f

was colleoted.

Ezspoes) .

The writer proposes to donate the use of all the above
oqﬁ&punnt to the project and agrees not to remove any therefroa
during the active life of the projeot. The title of ownership
will remain with the writer however. After the initizl period of
two years has been completed the litu&t;on 1111';0 re-evaluated,

If it 18 decided that inpqrtéqgf?é-ultéfhavn been segured
and that the project will be oontihn‘d'an an expanded soale aleng
oquipmanf outright in aunh falhien ag he dstermines may be most
advaniageous for tax purponqn. The project will then become tho
owner. ' i |

If, ‘on the other hand, it is decided for any reason that the
proloo;'io hét;tS'bo oontinued; then the writer reserves the right
to remove any and all of the aboé;no&uxpmnnt at his convenience. .

The writer is also owner of a rather substantial electronio
1ibrary. Thie consists of a few of the later better bggiﬁjzgntho
subject but mainly extenai:e files (mostly unbound) of the, loading
.—Jé " _;_zd
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Proo. .R 1838 to date ooaploto 8 some oarlier
#3230 Y, 7
Bell Tcohnloal Jal. 1935-dat.J930 vﬁjuuif: e
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Jnl. Fraaklin Inst. 1934-date ¥ /37

}/
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/
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Jnl. Applied Physics,Complete-date /D¢

L

Electrioal Engineering, 1930-date /40 - & 3,
Review of Sci. Inst., complete-date 4 %m §
R.C.A. Review, complete~date & ~
Kleotrioal Communications, 1924-date 35 8 )
Wireless Engineer, complete-date Is6 Q :‘é \é
Philips Tech. Review, coaplete-prewaz /5 ;’ ;§f
Oen. Elect. Review, 1930-date 5 w3
Jonl. I.E.E. ’(bntuh), nearly complete 15830-date /¢% :j% \‘:
Communications, 1938-1844 20 | S
Westinghouse Engineer,1944-date 4 ﬁ
P 7T, 1937-1934 1] ’3
Physics Abstracts A & B, 1845-date /3 \F::
Also wide variety of bulletins, pamphlets and monographs on 5\
¢lectronic subjecte oy 50, G"M/Z“"“ /Mé *5
For the time being the writer wishes to inolude his library ©
with the above apparatus. However ownership is to remain with
the writer. Quite likely at some time im the future 1t will
beooms apparent that the library will be more useful elsewhere thaa \\3
at the scene of observatioms. a4t such time the writer reserves 5
the right to remove the library at his wish. e u;:
N Jm,{ HBecapijulation F\a

Progrems oaa be put 1ato opersticn quite Teadily. It is ﬂUU‘ ‘
requested funds be made available for two years work. /\ s W
_requirtes—large—ceapitel-investaent-but-has tremendous HossIbIIitian
for eeguring naw informatien:
given to setting it in motion As soon as §
,ud -ut;-taqtul ult are hoing secured. C % %
AU S o, m‘. o ey 7 /

a W fmu\q; N o e et andit [risgiomm.
"b’“’ e - July 15th, 1946  OGrote Reber

T e A

is well undermay



