July 37¢h, 1946
318 Y. Ssainary Ave.
Wdeaton, Illimois

D%% Harlow Shapley
He¥vard Oollege OLservetory
Cambridge 38, Ness.

bear Ly, 8hapley!

' Ky lester of the llth
inciocated thet ]I would work up a teatative
prograa ftor & full fledged investigation of
cosmic eiatio, Thie hap been simewhat
Gelayed becunase I have taken advaatage of
the intereet shown by cur mutusl frieméd
br. Oti, Struve.

Tie have had comsiderable correerondence
and e couple of conferences. The outoome of
this conesultstion 18 embodied in the aceon-
ptnyirg rather long monograph. ¥hile I
belteve everyihing has been coneidered you
mey f£in@ something omitted or some pointe
not cleer} in wnhich csre I »11)1 be rleased
to eluciéate turther cn the particular
metter,

For your convenisnce 1 an attachin
& summary giving the pertinent financia
consjicd¢eratiocne on one sheet,

1f poseible I would like to set the
whole program im motiom as soon ae possible

80 that all eguipment may be removeq irom
fheaton before cold weatheor sets in.

Sincersly yours,

Grote Reber




Zinangisl Sumeery

At thLe present time the writer has on hLand at
Vheaton, Illincis capital equipmeat for coemio statie
investigation &nd development reprementing & cash outlay
of epproximately £11,473. Substantial enginéering rad
laber has been applied to thie ecuipment to bring it
to its present state of usefulness. If the projsot
were to start todey and all labor to be paid for teo
produce eguivalent apparatus the estirated finapoiasl
cutlay would be §15,878. Adbout two years wourld be
peoeesary to complete the work already done.

The ettecheé propgram envieions two yeares contine
uous opesratiom anC development. The i1inarcial budget
is &g follows.

Capitel Cost
Fuiléing $2500
Ecuipment toundations 500
Equipment transporsation 120¢
Disassembdé equlipment 8b0
Assemble equipment 1600
Additional instruments 3000
Truck or station wegon 1600
Fence anu rostiwork bgg’
lotel 4
Year er&tion Expens

Salary of man in cherge
talary of helper
¥uterial expensee

Totsl

Total budget for two years work §286,450

dJuly 27th, 1948 Grote Rebax




1.

PROGRAM POR THE INVESTIGATION OF 0OSMIC STATIO
by
Grote Rebery

datzoduqlion

From an astronomioal point of view the greatest need in this
coemic static invostiga%ion is increased resolving power. Such
may be achieved by using higher freguency slectronic equipment or
8 larger mirror or both.alternatives.

At the oressent time 480mc is quite far 1ﬁto the region of
diminishing returns for the electroanic equipment. By continuatiea
and refinement of the present techniques it may be possible to go
up another octave. Thls cevelopment would take perhaps two years
to arrive at apparatus of useable sensitivity. Beyond that will
require something new and yet unknown in the eleotronic art. The
axpense of thase glactronic davelapment programs is quite substan-
tial when probing into unknown fields.

Qonecequently the best and most certain road to success in
seguring greater resolving power is by means of a larger mirror,
say 300 fest in diameter costing on the order »f 4100,000. PFor
the tims being such large papital investment appoqfﬁ'&pubo out
of the question. ’ | :

At the present time the only available equipment for coemio
static inveatigjation work is owned by the writer. It is now |
aituat?d in 8 very urban looation and its operation greatly
handicapsd by man made disturbances., Only about five hours or
less of'oaoh day are useful for operation. Up to the present time
this worx has been oarried om as & spare time acgtivity or hobbdy.

Grsatly inoreased results could be secured by removal of the

spparatus ta & detter location and prosscution of the work om



A

& full time basis. The following program desoribes how this may
oe accomplished.
A -3 Q

The details of the astronoamical studies must be left to
persons skilled in these mat%er!. In genexyal the program will
cgonsiast of making thoro surveys of the mource of this radiation and
measuring its intensity at a variety of frequencies. A seoond
problem which can be attacked is the spectral distribution, if any,
from given directions with the aid of radio frequency spectrometers
(wave analysers). The design and construction of such apparatus
falls in part IV below. It is for these spectroscopic investi-
gations that an equitorial motion of the mirror is absolutely
necassary 1o counteraat the effect of the rotation of the earth.
This is part V of the program and ig discussed under Drive below,

Theoretiocal work may be ocarried out at any observatory or
university where such skilled scientists are now located. Data
may best be sccumulated and stored at one looation however and
not necessarily the place of observation. The theoretical men
should be in oclose touch with observers so that maximum
observational results may ba seocured.

Looation of the Observatory

The mirror should be located at & southern latitude and in
the country far away from asma made elecirical noises. of all
these noise sources, auto ignition systems are by far the worst.
Ratural static is very weak and uncommon at these frequsnoies,
oven in the tropics.

A southern latitude is neceasary dbecauss the struoture will
stand out of doors with no proteotion from the weather. 8Snow and

1os will cause serious unbalance. Ome accident has already been



had due to this cause (see Ap.J., Nov. 1944, page 384, next to
last paragreph).

Likewise a lerger part of the celestial sphere i{s available
for measurement 8t & southern latitude. To this end the mirror
should be located on & oliff whioh drops abruptly to the socuth
with a long level plain stretching from the base of the cliff to
the southern horizon. The reason for this is as follows. When
the acceptance pattern (single lobed) of the mirror is pointed
horizontally, ground reflections break the sznglc lobe up iato
8 diffraction pattern. The angle whioch the lowest lobe of this
pattern makes with the horizdn is inversely prqportional to the
height of the mirror in wavelengths above the rellecting plane.
This difficulty will be mitigated by mounting on & oliff whioh
overlooka a plain to the south; as it is in this direction that
the lowest angla to the horizon will be desived. Terrain in
other direotions is not imporiant provided large obstructions such
as mountains are not close by.

Olear weather is desirable but not of primary importance
beocause hass and light olouds have small effect upon thees
wavelengths. A wide variety of euch locations is available at
a0 expense in south west Texas. IlicDonald observatory would be a
sultable base of operation to provide livinyg quarters ete.

1% 2.1

The only presently available mirror is of transit telescope
design. Sinoe motion in declinatiom oaly 18 provided it is necessary
to rely upon the rotation of the earth to swsep ocut a band in the
sky. Only one sweep can be made in each day. At least two chartis

must be made at each declination for confirmatory purroses. 7Thus

& great zany days will be reguired to cover the sky using such a




system. Xwen with the present 31 foot mirror at 180me 1t
oenlu!pd the better part of & year t0 segure the information
p:OQQSEed in figure 4, page 385 of the Nov. 1944 Ap. J. New
apparatus is now funotioning at 480mc with this same mirror.
Something over two years will bs required to make & comprehensive
study using these slow and laborious methods.
Mounting

The obvious asolution to0 the above difficulty is to provide
the mirror with an equitorisl mounting. The precent mirror is
not of a sultable mechanical design for an equitorial mounting.
However a turnteble is availsble which will then give the mirror
an aitiazimuth mounting. By making sweeps around the agimuth,
the sky mey be covered just as effectively &8 withian equitorial
mounting. The only complication involved is in reduction of the
data., Thie céifficulty mey be mitigated by the use of suitable

¢ ﬁbﬁtﬁrann.
RBiye

3} suiieble aitdraative  toiansdquitorisl c-ﬁﬁting ‘&,ll!rbciw
ib-an’eltfazimhthrmounting wlth proper drive. This drive mst 80
control two motione (2ltitude ené sgimuth) that one effective
motion (right ascension) is produced.

Such can bs accbmplished by a suitsdle control box. This
box will coneist of one motor driving &an equitorially mounted shafs
at & speed egqual to the desired rate of rotation of the mirror.
By a combination of came and levers this oquitoiial sof¥ion will
be trensfermed into two separate motions (zltitude and azimuth).
The eepartate motione will cperate separate selsyn generators.
These in tuXs will control an ampiidyne drive which will supply
power to the main driving motors of the airror mounting. Thus

complete and instantaneous control may be had over the main

iy

Qs

4.



6.
aireer mounting at all times from the control box at a remote location.
Provision must be made for looking or braking. 8Such mechanisa
should be push button operated from the same control box and supplied

with !pitablo elsotrical interlocks to prevent power being applied
to th;‘drive motors‘:hen brekes are ocn, 8inoe the mirror will stamd
outeide with no dome for shelter, a braking mechanism is absolutely
necessary to prevent drmage from tﬁe wind.

A remotely controlled drive of this type would be impossible
t0 build for uae with a conventional telescope where the argular
accuracy dec.red may be on the order of a second ol arg. However
for the presernt mirror the aocuraoy desired need on.y be on the
order of a few minutes of arc and therefore it enters the realm
of practicability. "The design vl suoh & crive oomes under pars iV below,

grder and Operetion of the Progrem

Tne operations of this program will concein themselves with

matters closely aasociated with the art of radio communication as
well as witn the sgience of astronoay. Tentatively this program
WAy 08 civided into [ive parts.
I. Make astronomical investigations at 480mc using present
mirror until & larger one becomes avali.able.
1I. Design of electronic equipment for use at frequencies
above 480mo.
I1l. Improve the sensitivity of lower frequency apparatus.
IV. Design wave analysers.
V. Design of the altiazimuth to equitorial oontrcl.
Upon setting up the equipment at & Food location, part I of
the program should be immediately put into operation wusing the
turntable and taking data by sweeping around the asimuth at

frequent intervals. yhen that is going well part II should next



8.

be attacked. On parts II and I[II coeoperation may be secured from

¥.1.T. Reasearoh Laboratory of Electronios (aee pages 81 & 83,

Yeb. 1948, Rev. Sci. Iast.).

Qapital Qoat
Most all the capital equipment for this program has already
been accumulatec. It is enuamerated in a later seotion. At preseas
it i3 in p&rtial opsration or stored at Wheaton, Illimois. To put
the program in motion, funds will be needed as fallows.

1. Purchase a three oar garage with oomorete f£100r to houss the
apparatus. 1t should be civided by partitions and intergonnecting
doors into three separate rooms. Overhead oar doors will them
open up e aide of eagh room to fagilitate entry and removal
of agquipment. These rooms will provide spece for respectively
the library and study at morth side, shop in center and powsr

© ' 'plant and storage at south side. L.ase pluﬂ?ing and wash
facilities will be necessary. GCost about £3600

2. Ooncrete foundations for outdoor part of power plant and
azimuth turmtable of mirroy. Cost about $500 |

3. Trensportation of equipment from Wheatom, Illinolis to 1ooatici
in Texas. 7This will require about six truckloads ae follows.
One of structural steel, mosily turn teble; one of power plant,
mostly lead acid batteriee; three of parts of disassembled
mirror; one of library apéd tansiruments. Each load about 300
dollars or total $1200.

4, Cost to disassemble mirror and pack up library and instruments
about $350.

6. Cost to assemble turntihlc, mirror and power supply about $1000

6. Fund for purchase of additional inetruments; namely High

Frequensy *Q" machine, Vacuum tube transconductancs and plate



resistance tester and a swall bhench mill. Coat about $3000
7. Small truh@ or station wagon for hauling material and equipment,
most of which ie largs and heavy. Cost about $1500
8; Road work and fenoe 10 prevent damage to apparatus froa
cattle, about §500.
The above eight itéms total §8460 and represent the ou§1111

investment necessary to put the program on a going basis.

grerations Cos'

Personnel salaries will be needed on a yearly basis as

follows.
Man in charge $56000
Relper / _$3500
Labor charges $7500

Fursher operating expenses will be encountered in this work if
sections II, III & IV are 10 be prosecuted with vigor. This will
involve the purchase of various electronic components such as tubes,
condensers, resistors, etc. Murther, considersble raw matersal
will be expended in the form of copper and brass tube, rod, sheet,
wire, nuts, bolts and gasoline for truck. Eatimated annual
expense from these sources $1000. Total annual operations expense $8500.

Recommendatiop

It is mecommended that provision be made for two years work.
Thus a grand total of $#36,450 will be required to oarry out such an
investigation of cosmic static for a period of two years at a

suitable location and under favorable ocircumstances.



Equipment on Hand

The writor’has on hand the following epparatus. QConsideradble
effort has been expended in going over 2ll the bills to properly
allot charges. Approximate oash expenditure is givem. Cost of
reproducing today ie quoted in parenthesis.

One mirror vl.4 feet in diameter, 30 feet focal length on a
transiv mounting, compléte and assembled., Also various structural
steel parts for reinforcing anu & new track to be &dded when
reassembled., The materials cost aboui $1600. 8Several months of
lapor were supplied by ihe writer who ravbricated most of the parts
and erected the ptructure hiweelf. 1Ii it were to be reproduced
today ancd labor ineclucecd the cost would probably be ($3500).

wvrie steel turntaible witi. track 30 fect in diameter and eleoctrie
drive tuv give the above mirrur an altikzimuth mounting complete
but diszassembled. Cost #3100. Todays figure probebly ($2500).
However, this like & lot of o'ther material would be quite difficuls
to get and considersble delay would be encountiered in procuring now.

One new heavy cduty wind drivem 3.8XW 110v D.c. power plant
with 60 cells of 6154H férm ighting bettery. Generator driven by
three bladed self feathering vanee 1€ feet indiameter on 80 foot
self supporting tower. Complete but dieassembléd. Cost £180C. ($3000)

One set of recorcer appearatue complete tnd zssembled. This
consists of an Edterline Angus recorder end General Kadio D.C.
Amplifier aesemblgd with associated apparatus in & steel cabinet
on dolly. Parte cost :bout $800. Lebor supplied by writer. Todays
figure including labor ebout($#1300). About 50 rolle of chart paper
and asgorted pens, iok, spere tubes,etc. are included in above.

One sed of olegtronio apparatus for use at 160mc complete but

disagsembled, Thie consists of antenna equipment which is aluminum



~

drum 5 feet long and 4 feet in diameter with internel ccnes and
essorted beffles and mounting; 18Cmc high frequency emplifier using
five stegee of 9654 tubes; anc regulated power supply for amplifier.
The cost of thie kind of equipment i8 quite diffioult to guage. The
final product i€ the result of a lot of experimental work. While
not all the material went invo the final product about $1100 worth
of meteriaul wae expended in the development. Labor #nd engineering
was all supplied Ly the writer which .nder the original develgpment
wag consicer:ble and extended over two years. IIf tlLe epparatus
was to ve reproduced today on the basis of todays knowledge, which
was not available &t the tiwe, and labor costs included; probably
($150¢) would suffice.

One set of elecironic apparatus for use at 480mc gomplete
aqd asseubled, The situation here is siwmlar to the development of
16Quc apparatus. BSepuruie eéngineerin, cdevelopments were carried out
on the antenna equipment involving the consiruction and test of
several designs; the high frequency emplifier involving two complete
deéigns; and two power supplies. Engineering chargee and lsber
to carry out thies development would h&ave been very great .f paid
for as this apparatue represents about the limit of what can be
achieved at the present state oi the aurt. Further iamprovements are
still in progrees. About $1500 of materi.\ has been consumed in the
development. To construot the latest version using todays accumulated
experience would cost about (§1500) including labor.

One set of machine tools consisting of South Bend bench laghe
and assorted tools and fittings $330 or (§350); one Dumlap drill
press with sets of drills, reamers,eto. $85 or ($85); one grinder

$15 or ($30). Also new Thor electric hand drill ($33) or §33; and

a large variety of aocsessories and hand tools estimated §150 or ($150).
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Purchased elegtronic measuring apparatus as follows. MNeasurements
Corp. vaocuuam tube voltmeter $135 or ($135); RCA signal generator
$350 or ($350); Lavoie frequency meter §175 or ($190); Mational

.typa HRO communications receiver %190 or ($330); General Radio

resistance boxes, output meter and variaos, also Triumph circuit
analysar $230 or (%330).

The main plece or home made test equipment is 8 special high
power signal generator. The aquivalent cannot be purchased today,
gost of parts about %30 with lavor by the writer. fost to build
today includiing labor (%#330),

A large assortment of alectronic components inoluding special
tubes, power supnly parts and over fifty Westom type 301 meters
of assorted ranges are on hand. - Estimsted $450 or (§500).

Conaiderabla raw material in the form of copvwer, brass, bronse,
Qioa, pakelite, eto. is also on hand. This might be assumed to be
mérely junk; however such & suitable collection ie valuable if any
copdtruction work is %0 De undertaken. The very wide variety is
difficul: %o eehimate put probably cost about ¥150. Todays figure
avout ($300) plus & lot of procurement eifor to get it together.

Also on hand are three rotary inverters from 110v DO to 110v
80cps AC of ratings 175, 150 and 500 watts. The firet is completely
agsembled into & speocial shelld box with voltage regulator stec. I%
is particularly intended to drive the AC electronic and recording
apparatus when cosmic static measurements are being conduoted.

Henoe great oare has been used to make it electrically quiet. The

other two are for driving equipment on bench tests. This apparatus

cost about §180 plus labor. To reproduce today plus laboy ($375).
¢ . : The abave ocaah expenditumes twtal about $11473. Untold hours

of labor have been sxpended over about ten years oollecting and

building the above apparatus. In the aggregate it is eminently



suitable for this type of development investigation of cosmic stasic.
Its mein funotion end value is witk such werk. For other purposes
i1ts value would greatly cecrease. (Consequently for this reaeon,
among others, the writer desiresg that it be kept together and put
to the ues for which it was collected. If the progrem were to
start from scratch today about ($15378) would be necessary. At
least two yeare continuous work would be necessary to carry the
progrem to lts present state,

Exoposal

The writer propoees to donante the use of &1l the abovse
equipment to the project anc agrees not to remove any therefrom
during the occtive life of the project. The title of ownership
will remsin with the writer however., After the initial pcrtbd
of two years hee been completed the pitustion will be re-evalued,

: If it ie cecided thet importznt resulte hLeve been secured
and thet the project will be contimued on an expanded scale;
then the writer proposes to donste the equiﬁment outright in
such fasnion =¢ he determines may be most advantagecus for tex
purposese. The project will then becore the owner.

If, on the other hand, it is decided for any reascn that the
project ie not %o be continued; then tﬁe writer reserves the righs
to remove 2any and all of the ebove loaned ecuipment at nis convenienoce.

If the program goee into operetion, the writer desires to be
appointed ae the wan in charge. He wishes this not omly because of
kis great interest in the subject tut also because he rather feels
as god-father to the project and has a responsibility to ses that
the infant is brought up properly.

hibzery

The writer is aleo owner of a rather substantial electronie



l1ibrary. This consists of a few of the later better books (approx. $50)

on the subject but mainly extensive filee (mostly unbound) of the
leading journale 28 follows. The cost figures are given merely as
the yearly eubscription rates multiplied by tbe number of years., No
present day.ooat is poesible =8 noet of the materisl is impossible
to secure &t any price.

Vroc. IRE, 1888 tc¢ ¢ate complete plus some earlier $230
Bell Technicel Journal 1826-date §$30

Jnl. Franklin Ingt. 1924-cate $132

Jnl. Applied Phyeicse, Complete-c:ite {106

Electrical Engineering, 1830-date §16C

Review of Sci. Inet., complete-date §6b

K.C.A4. lteview, complete~date §£14 ,

Elecirical Pommunicetions, 1l934-date §35

virelees Engineer, complete-cate $150

ibilipe Technicel Review, complete-?rewar £16

Creral Electric. Review, 193(0-date $5l

Jul. I.E.E. (british), nearly complete 193(0-dute $103
Communicetions, 19086-1944 20

Vestinglhouse Engineer, 1844-dete {4

W8T, 1e27-1824, §£20

Inycics Abstrects 4 & E, 1845-cate {12

£1s0 a wicde variety of bulletine, pamplete and monographe on
electrouic subjects, approxinetely {50.

The grand total of the above ir £1386. For the time being the
writer wishes to include his 1ibrary with the above apparatus.

However cwnershilip is to remain with the writer. Quite likely at
some time in the future it will become epparent that the library
will be more useful eslsewhere than at the scene of oberservations.
At such time the writer reserves the right to remove the librery

at his wish.

Recapitulation

The above program can be put into operation quite readily.
It i8 requested funds be mace available for two years work. The
writer hopes that all details can 0@ iwoned out promptiy so that
all m:ter.al can be ru%pved from Wheaton, Illinoie before cold
weather sets im. As so;n as this program is well underway and

substantial results are being secured, serious coneideration should

be given io aoquiring a large mirror for an expanded program.

Gl Polir

July 35th, 1646 Grote Resber




