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SECRETt
'SECTION I

OeJECTIVE

The Jbjectives of Project PLATO are:

1. Phase 1 (8 Septemb-," 1953 to 1 February 19•>))

I (a) To summarize the performance chardcteris,ics of foreign
missiles to be expected in the near 'uturw.

S(b) To review and evaiuaue orevious counter missile efforts.

z) To estimate the essential features and numeric9" constantsf of a guided anti-niissile system.

,d) To establish a preliminary guided anti-missile missile tys-
Stem desigr with estimates oi its effectiveness and costs.

2. Phase I! (1 Feb.'vary 1955 to I February 1956)

S(a) To determiie quantitatively the benefits to be attained from
improving certain system performance characteristics and the
cost involved.

(b) To prepare an adequate description of a preliminary design
whic'. can be put into construction over a period of the next

j several years.

(c) To prepare a program necessary to achieve an engineering
design o: a guided anti-missile missile prototype system.

3. Experim~ental A'quisition Radar Program (26 August 1955 to 26
I February 1956)

(al Initiate .Pe design of an experimental version of the ac-
Squasiion radar.

(b) initiate detailed elet4rical design, experiments, and bench
testinj on certain criticl components and circuits that

I must be &dded to prcvic a traoking capability for missile
tracting experimemis z.na tnts with other PLATO subsystems.

SECRET
[I



SUMMIARY

[ This is subsýitted to sat sfy the requirements of ARTICLE I 5(b) Uf
IConteact No -A-30-0O69-OR',-116'6 for a quarterly report of progress on

t'roj.!ct PLATO for the period 1 October 1955 through 31 Decemrber 1955.
Sect,,on 3 describes thle progress on the acquisition radar experimerntýlI ~program. The detailed de'scription of all other technical accompliz~nnents
during this period will be included in the Phase II Final Report, which[ will be issued during the next quarter. The administrative aspects of
progress have been separately covered ir~ the 3 monthly repo~rts issued
during this pericd.
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SECTION 3

EXPERIMENTAL PROGRAM ON THE ACQUISITION RADAR

3.1 INTRODUCT13N

A six-'ionth extension to contract DA-30-069-ORD-1166 dat~ed 26 August
19j5 provided for the initiation of design work on certain major rad~io
frequency components of the PLATO defense system acquisition radar. This
six-month program covers only the initial phase of a longer termn experi-
mental program which has as its objectives:

1. The design and construction of an experiiaental non-
sc:ý%ning version of the acquisition. rad.ar. ThisI experimentai radar, operati-.g at very high power
with fixed high gain transmitter and receiver beams,
would be used:

a. to furnish data on its abiliti 'o detect inter-
mediate range ballistic missiles.

Ib. to gather data on meteoric and ionospheric
clutter to confirm theoretical predictions.

12. The detailed electrical design, experiments, bench
tesiting, and construction of certain critical com-
ponents and circuits which must be added to the non-

scanning experimental radar tu provide:

a. a tracking capability for ballistic missile

tracking ýxperiwents.

b. an experimental acquisition radar for use in

field t~ests 3f the PLATO defensive system.

The initial phase of this experimental prograr. is organized into six

Sub-Tasks;

kSub-Thak One - Transmiltter and ModulatorjSub-Task Two - 9ýperimerktal Antennas

Sub-Task Three - Receiver and Indicator~

12Sub-TasK Your - Aen'n~a Research
Sub-Task five - glectro-sechanicai $Scarmr for

Tra~nsmitter Antvnnta

Sub-Tsak Wix -Receiver Pbusiatng

AWK
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The :najority of the engineering dffort during the ini . pLa3e of
Lhis program is ieing devoted to the ,ork of Sub-Task One b.cause of the
importance of an early determination of a satisfactory transmitter design.
Progress during the period 26 AuAgust 1955 to 1 January 1956 and plans for
the rt'•ainder of the authorized period are reported in the following sec-
tions by Sub-Tasks.

3.2 DISCUSS!ON OF SUB-TASK OBJECTIVES AND PROGRESS

3.2.1 SUB-TAS$ CNE - TRANSMITTER AN4 MODULATOR

This Sub-Task covers the investigation of techniques suitable for
providing very high peak and average raliat ...... and the design and
construction of experimental components of transmitter chain and its
associated modulator. This includes the design and initial experimental
construction of an exciter unit, driver chain and two power amplifiers
with appro:-riate modulators. This Sub-Task can lead to the design and
construction of an experimental transmitter for use in field and missile
range tests.

It is necessary to provide very high peak anu average powers ano at
the same time to provide proper power level and phasing for each antenna
element. A promising method is to perform power dividing and phasing
operations at low level (using, for example, an electro-mechanical phase
shifter). One would then use these phased outputs to drive separate power
amplifiars, each of which feed one or more antenna elements (Figure 1).
This method has been selected for initial emphasis because it offers the
quickest means of getting an experimental radar on the air. In addition,
there are several expected advantages in fiIld applications, namely:

a. The problem of handling r.f. power at very high peak
levels in rotating joints, power dividers, phasing
elements, and transmission lines is avoided.

b. Power-amplifier vacuum tubes cpapble of supplying the
required individual element po, in advanced
development. Single tubes whf can produce the total
transmitter peak power do not exist.

c. The uue of one "super" iodulator with atLendant prob-
lems of voltage breakdown, size and handling is
avodcd. A "super" modulat-or vould probably also re-
quire a hydrogen thyratran or ifnitron developmentw

d. The transmitter can be composed Of ide 0S1 *u1ole#
each containing a power a plifte -odg oi •oxbiiation, .

- ,I
÷I
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TRANSMITTING

ANTENNA
/ ARRAY

I/
DIVIDER NO . 1

RECEIVER 
POWE

LOCAL OSCILLATOR 
POWE

FREQUENCYAMLFE
MECHANICRE

COUPLING
NO.'21

POWER ,
DIVIDER / N0.,25

PO0W ER AND -'-"

IAMPLIFIER VARIABLE -
PHASE

SHIFTER '\- O30

FIGUIRE 1. ACQUISITION RADAR TRANSMITTER USING LOW LEVEL PHASING
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This approach offers attendant transport, logistical
and maintenance advantages.

e. the reliability of the radar will be higher since the
failure of one, or even several, individual amplifiers
will reduce radar range and increase side lobe response
only slight'.y, while the failure of a single very high
power amplifier in the alternate transmitter config-
uration would reader the radar completely inoperative.,

An immediate quiestion to be explored in connection with the low-level
power-dividing and pbasing method is the possible problem of phase stabii-
ity in the indi,'idual power amplifiers. Initial attention to this qu:estion
will enable an early determination of the suitability of the low level
phE.sing approach.

Sub-Task One is therefore oriented towards obtaining the answer to
the phase-stability question as soon as possible. To explore this thor-
oughly, the design and experimental construction of this Sub-Task is con-

centrated on the exciter unit, driver chain, and two pover amplifiers with
modulator ag shown in Figure 2.

As a result of our recent survey of high-power transmitting-tubes
(reported in Phase II PLATO Quarterly Progress Report No. 8), it has been
decided to use the RCA type A2515, a UHF beam power tetrode now in advanced
c!velopment, as the power amplifier tube in the two final amplifier stages
for the phase stability tests. Objective ratings and discussions with RCA
development engineers on the A2515 indicate that it shaid have a power
gain of at least 20 db and be capable of about 0.5 megawatt when operating
with a pulse length of 60 microseconds and a 0.006 duty factor.

The design of the exciter unit and driver chain is to reflect the
driving power requirements of two A2515 power amplifiers. The pulse modu-
lator equipment for the high power amplifiers is to be desioned for use
with the RCA type A2515.

3.2.1.1 Exciter-Driver Chain

Since the basic function of the exciter-drivcr chain combination is
to provide properly timed pulses of r.f. energy at a level sufficient to
drive the two A2515 power amplifier stages which are to be evaluated, a
master signal source is being designed and built containing the following
components: exciter, synchronizer, driver, hard tube modulator and power
supplies. These five units will be rack mounted in two standard relay
racks with suitable interconnections.

8 SECRET
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" FIGURE 2. PHASE STABILITY MEASUREMENT SYSTEM
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t.xcite!- Unit

This unit will proviae a stable 235-megacycle, 60-microseconi pulse
of approximately fTi, watts peak power to the driver, and a receiver Local

oncillator output at 2u5 megacyrles C.W.

The biock diagram of this unit is shown in Figure 5. A breadboard
has been built and about 85% of the parameters have been optimized.

Material for a laboratory model has been ordered ano the layout on

paper has been completed.

-ynchronizer

rhe synchronizer unit consists of a P.R.F. generator, overdriven am-
plifier and blocking oscillator plus appropriate variable delay circuits.
Four outputs will be providedf main triggers to the soft tube modulator..
for the A2515 power amplifiers, trigger to the hard tube modulator in the
driver, and a timing output for receiver gating or general use.

A breadboard has been built and the circuit parameters are being
optimized.

Driver

Two pulsed power-amplifier stages employing 4X250B's will be cascaded
to produce approximately 55 db power gain at 235 megacycles with a peak
power output of approximately 20 Kilowatts. No information is available
on peak cathode emissioni or peak anode voltage when the 4X250B is operated
with long pulses; namely, 60 microseconds with a duty factor of 0.006. In
order to determine the suitability of the 4X250B in this type.of service
an experiment is being performed to evaluate the emission properties of
the oxide-coated cathode under long pulse conditions. In this test, the
tuue is operated as a switch tube in a breadboard hard tube modulator and
measurements of cathode current as a function of Duise length are being
mac! e.

Hard Tube Modulator For Driver Stages

The hard tube modulator will pulse the exciter-driver units and will
have outputs at three different levels. These outpiits will plate modulate

*The frequencies stated in this report are only approxiati. &in#J a definite frequency
assgnment for the eXperutentAl work on the acq~iition radar hw nmot yet been
tuthori zed
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the driver amplifiers, the 6.ý R.F. amplifier, and the 30-megacycle gate
amplifier in the exciter. Work on this unit will be started when the
evaluation of the suitability of he 4X250B has been completed.

Power Supplies

Plate, screen, and bias supplies for the units mentioned above are
not being dpgs{ined until a realistic estimate can be made of the power
needed. At present, commercial laboratory supplies are being used.

3.2.1.2 High Power Work

Work to date has consisted of circuit design on the units comprising
tne high level portion of the transmitter, and procurement of component
parts of these units. Circuit design work is about 70% complete (overall)
ana construction will follow as the components arrive. The work to date
can he divided into six parts as follows:

1. Modula.ors - The prototype design is complete. The two
units will be line-type modulators using a hydrogen
thyratron and will allow plate pulsing of the A2515 up
to 60,000 volts. All major items for the modulators
were sent out for bids after the design was complete

and have been ordered. These include the following:
pulse tranzformers, charging reactors, storage capaci-
tors, thyratrons, filament and reservoir transformers,
Variacs, and material for the storage inauctance. The

two units will each be capable of supplying two megawatts
peak power to the plates of each of the two A2515 final

power amplifiers.

2. High Voltage Supplies - These supplies are being pur-

chased to save money and engineering time. The design
specifizations were prepared and bids requested from
three suppliers. F-R Machine Works, Inc. was chosen on
the basis of price and delivery time and an order was

placed for two units. Each supply will be capable of
furnishing ten k1lowatts D.C. (10,000 volts at one
ampere) to each of the modulatora. Delivery of the
units is promised for the latter part of January, 1956.

3. Low Voltage Supplies - D6sign work is complete on the
screen suppry, bias supply, and filament supply for the
A2515's. All components have been ordered. Layout is
complete on the screen eupply.

12 SECRET
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4. Water System - Design of the system is complete and

jlayout Is in progress. Some components have been

ordered such as flow meters, pressure switches, and

connectors. A closeu system wili be usec, with the

heat being dissipated in a water-to-air heatI
exchanger.

1 5. R.F. Circuiting - Design of grid and plate cavilies

for cold cavity tests on the A2515 cavities is com-

plete and some material has been ordered. It is ex-

pected that empirical work on the cavities will con-

tinue well into the spring. Requirements on an r.f.

cajorimeter and two water loads have been determined

and the equipment will be ordered stortly.

6. The overall control-system design (incorporating

safety precautions for equipment and personnel) is
complete, and the major items such as relays, time

delays, and mete-s have been ordered.

3.2.1.3 Work For Next Reporting Period

( Exciter Driver Chain

1. Exciter Unit - A laboratory model will be constructed

and tested during this period, and integrated into the

master signal source.

1 2. Synchronizer - The parameters of the synchronizer will
be verified in the laboratory. A laboratory model

will be constructed, tested, and will be added to the

master signal source.

3. Driver - Design of the r.f. amplifiers will be completed

I in this period. Material will be ordered and a bread-
I board will be started. The evaluation of the 4X250B

will be completed.

4. Driver Modulator - Design of the hard-tube modulator
will be completed in this period. A breadboard will be

built and integration with the driver unit will be

started.

5. Power Slipplies and Rack - Interwiring, control, and rack
1 mounting of some of the completed units will be made. A

better estimate of power supply needs will be forthcoming

I in this period and design of such will be started.

SECRET 13



Mi~ Power Wrj<

It tc e-xected that during tiýs period the remaiing portion of the
cle-tg work on the tanlit1Aer unit5 will be finished exc,!pting the cavi-
txes The iayout of th e clar, final amp. ifiers, cabinets, control
system:,, and output plumoing should b-! finished and construction of tl'ene
,lr~ts wt1. under 'wa. 'The testing phase will not begin during this time
oberause stverai omoo'nts, notably the pulse transformer, will not be de-

livered until npproximately April 15. The individual units including por-
tions of the moJulator will be tested as they are LuIIptLeu.

3.2.2 SU8-TASX TWO - EXPERIMENTAL ANTENNAS
This Sub-Task covers the design of a small array of about six dipole

elemerts to bc used in investigating phase stability and phase-pulling
qaestion6 in conjunction with the initial power amplifier experiments dis-
cu~sed in Sub-Task One. IT also covers the initiation of design of two
full size experimental antenna arrays which will be used with the experi-
mental Lranomitter &nd receiver in field and range tests. These antennas,
operated w;th the sirplified transmitter and one receiver will produce
fixed beans oniy. Pro:orly oriented, however, they can be used to obtain

the Yissile cross sction, An4 the meteoric ana ionospheric d&ta required.
york on this Sub-Talki is awaiting initial results of the dipole radiator
investigation being ý_arrjed on under Sub-Task Four. When a satisfactory

dipole design is achieved, lesign work will begin on the small experimental
array to be used in conjunction with the transmitter phase stability ex-
perirments.

3.2.3 SUB-TASK THIREE - RECEIVER AND INDICATOR

This Sub-Task covers the initiation of design of experimental receiver-
indicator equipment which will be used in conjunction with the experimental

transmitter an' antenna arrays in obtaining aata on meteoric and ionospher-
ic returns, anri in missile detection tests on a range. All elements of the
receiving a.ray will be fed in phase to the single receiver producing a
single fixed beam perpendicular to the array. The indicator will be a
standard osciliograph modified, if necessary, to display and enable the re-
cording of received signals.

In the preliminary design of a single channel experimental receiver
for the PLATO System Acquisition Radar, the following are being used as

first objectives:

I. Center frequency - 235 megacycles

2. Overall bandwidth - approximately 20 kilocycles

3. Sensitivity - sufficient to generate one volt of

noise in the output

4. Noise figure - 4 db maximum J
14 SECRET



Tillesý rlqu ire men ts a re; In p:srt de term, i.led by ,hf- ýe f: 1L t requi1rements of

0.e. PLATO System 3s preseitly designated. Tne 6iagr.• a~rp 'below i ro. -

cares the myethod that has been chosen to meet the . Cszn otiject.ive-s.

BANDWIDTHS
2 MC INMC 40 KC 20 VIC

30G' 7477
PREAMP I V

7 MIXER~ IF AMP MIXER IF AMP DET AM ATOR

li~t LOCAL 2ndLOCAL
OSCILLATOR OSCILLATOR

205 MC 54 MC

FIGURE 4. SINGLE CHANNEL EXPERIMENTAL RECEIVER

I 3.2.3.i Receiver

The Preamplifier and Mixer

A block diagram of thiis unit is shown in Figure 5. It consists of

two stages of r.f. amplification and a mixer.

LOW NOISE CASCODE 2n-- STAGE TRIODE
INPUT MIXEP50 OHM G_291 6K j / 6A5 50 OHM

-INPUT GOUTPUT
GROUNDED TK!OE - GROUNDED TRIODEi GID | CONNECTEDi T RIODE CONNECTED

FIGURE 5. RF PREAMPLIFIER AND MIXER

The General Electric type GL-6299 coplanar triode was choien as the

first stage because of its low noise characteristics and high value vf

plate transconductance as well as the relative simplicity of mechanical and

electrical design involved in its use. The second stage is E: cascode cir-
cuit consisting of a triode-connected, grounded-cathode 6AK5 ariving a

- 644 gi-ounded-grid section. This stage was found to be a desirable addition

SECRET 15
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beciuse mixers inherently have high noise figures and calculations showed

O.av the additvola: r~f. stage reduced the effect of the mixer on the over-

all noise f igure b1 approximately one db.

The mixer stage is also a triode-connecte,, grounded-cathode 6AK5,

operating with grid leak bias, and with the oqtput tun•d to 30 megacycles

and tapped down to provide a 50 ohm output impedance.

1% initial unit of the preamplifier has hYen designed ard constructed

an& the following characteristics measured and recorded.

1. Center frequency - 235 megacycles

2. Bandwidth - 2 megacycles to the 3 db down points

3. Voltage gain - (from inpat to grid Af first i.f.

stage) 38 db

4. Image rejection - approximately 25 db.

Aaditional tests to be made on this unit O1ll .'clude measurement of

noise figure, input and output impedances dnd sp'irious responses.

The First I.F. Amplifier and Second Mixer

'i's unit will consist of two or three stages in 4 conventional de-

sign using 6AK5's with synchronous-single-tuned interstages. 30 megacycles

was chosen as the nominal center frequency of this amplifitr as a reasona-

ble compromise between good image rejection and simplicity oK design.

The Second I.F. Amplifier

The center frequency of this unit will be in the range of three to

five megacycles. This range has been chosen because:

1. It will provide at Poast 40 db image rejection within

the passband of the high i.f. amplifier.

2. It will allow the design, for the required bandwidth

of approximately 40 kilocycles, to be accomplished
wivh conventional circuitry without rccoarse to
special techniques, such an crystal filters.

The Second Detector and Video Amplifier

The second detector will be of convcntional aesigr using a germ.nium-
diode followed by a low-pass circuit having a cutoff frequency of approxi-
mately 20 kilocycles. Should a video amplifier be found necessary, it

16 SECRET
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w•Ii be so designed as to provide a flatter response and sharper cutoff at

3.2.3.2 Indicator

IL i.; deemcd neither aesirable nor necessary to expend part of our

r resent effort, on the design of an indicator because the type of data

which wp desire to obtain with the experimental receiver can be observed

usirg a iaburatory oscilluscope.

5i 3.2.3.3 Equipment For The Measurement Of Phase Stability

The e-uipment necessary to measure phase variations between the two

pulsed ampl~fierz being designed under Sub-Task One employs receiver tech-

Sniques arid is there,' re being carried and reported under this Sub-Ta%.k.

To obtain the deslred phase stability data, it is necessary to design and

Scoistruct a piece of test equipment which is capable of measuring or in-

dicating tCU quantities involved to a high degree of accuracy.

It is proposed that the sampled carrier frequency pulses be hetero-

uyrned with a local oscillator signal and the phase measurements made on
the resulting 30-megacycle signal. Since heterodyning has no effect on
phise, this is both a feasible and desirable method oi accomplishing the

Aesired measurements.

The design consists of two iuentical broadband (for a 60-microsecondI pulseý amplifiers feeding separate grids of a 6BN6 gatee beam amplifier,

a,,, shown in Figure 6 below. The amplifiers will be linear to the grids of

tht' 6BN6. Th, 6AN) final stagos will be capable of delivering about 20
volts r.m.s., which will be more than sufficient to saturate the 6BN6.

This w"ill insure the greatest degree of amplitude independence. The width

ot the 30-megacycle current pulses at the plate of the 6BN6 will be di-

rectly related to '.he phase angle between the two incoming signals.

30 MC r- ----
C6AKS 65AN15

SLP C F SCOPE
so0 MC 30 MIC 30dC GBNS FILTER 5687

IN AKS 65AKS 6AN5

FIGURE 8. 30-MEGACYCLE PNASF DETECTOR

SECRET 17
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The 6BN6 wiil be followed by a low pass filter, the output of which
will he essentially a d.c. signal whose amplitude is proportional to the
phase angle difference. The final stage will be a 5687 double triode used
as a cathode follower with the two sectionE connected in parallel. This
tube was chosen for its high transconductance and the wide range of linear

cperation in its dynamic characteristics.

It is expected that the phase detector will provide an output of
about 12 volts peak-to-peak for a phase angle variation of from zero to
180 degrees. A laboratory oscilloscope will be used as the indicating
instrument.

The circuit and chassis layout designs have been completed and chassis
construction begun.

3.2.3.4 Work For Next Reporting Period

Single Channel Receiver

Evaluation of the unit alreacy constructed till be continued. Meas-

urements of noise figure, input and output impedences, and spurious re-
sponses will be made and if necessary, the design will be modified to
meet the requirements. The design of the 30-megacycle i.f. amplifier will
he undertaken.

Phase Measurement

The construction of the 30-megacycle phase detector will be completed
and the unit will be calibrated and evaluated.

3.2.4 SUB-TASK FOUR - ANTENNA RESEARCH

This Sub-Task covers the initiation of detailed electrical design of
antennas with the required electrical characteristics for use with the ex-
perimental acquisition radar transmitter and receiver. Initial emphasis
is being placed on an investigation of various radiating elements, both
linearly and circularly polarized types, to determine which will suit the
requirements of the acquisition radar most satisfactorily. Emphasis is
being placed on determining the capabilities and limitations of various
elements from the point of view of bandwidth, power handling capability,

input impedance and its variation over the band, difficulty of converting
from unbalanced feed line to the balanced radiating element, radiation
pattern, ease of construction, and de-Icing and influence on inter-element
mutual coupling. A survey of the literature is continuing to obtain ad-
ditional data.
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Iare: he goals which at present seem desirable for the antenna elements

Frequency range: ± 10% in the range 200-300 megacycles.

Standing wave ratio: 1.1 or less over the ± 10% band.

Element beam width: 80' in both the horizontal plane
for the vertical array and the vertical plane for the
horizontal array.

Power handling capability: 1 megawatt peak power, 6
kilowatt average power.

Types of elements under investigation are:

Linearly Polarized elements:

Loop

Dipole

Folded dipole

Sleeve dipole

SCircularly Polarized Elements:

Crossed dipole

Crossed sleeve dipole

Crossed loop

Helix

Scale r,odel measurements are now being performed on promising element
and balun designs using a frequency in "L" band to obtain some experimental
verification of initial element desigi.s. A slotted line is necessary to
make preci.e miiasurements of full size element input impedance. Approval
has been received for the purchase of a Federal Model FTL-30A slotted line

and this unit is now on order.

During the next reporting period the investigation and measurements
j program will continue. The objective is to achieve, by scale and full size

model measurements and by a thorough theoretical investigation, optimum
designs for both circularly polarized and linearly polarized elements.

3.2.5 SUB-TASK FIVE - ELECTRO-MECHANICAL SCANNER FOR TRANSMITTER ANTENNA

This Sub-Task provides for the initiation of design of phase shifting
and power dividing devices suitable for application la^.er to the experi-
mental transmitter. Since the low level power division requireselt is a

relatively simple one to meet, a majority of the effort under this Sub-Task
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is to be applied to the phase shifter w- J initial attention directed to-

wards the design of low level deviceo in conconance with the choice of
transmitter configurations first investigated under Sub-Task One. A sur-

vey of possible apilicable ohase shifting devices is now underway to be
followed by the start of design work on experimental models.

3.2.6 SUB-TASK SIX - RECEIVER PHASING MATRIX

This Sub-Task provides for the initiation of ar, investigation of those
receiving beam-forming network critical components which are intenaed to
produce the multi-beam vertical coverage pattern described in the Acquisi-

tion Radar Technical Report and in the PLATO Phase I and II Reports. It
also provides for a continuing evaluation of the PANAR techniques developed
by Sanders Associates primarily for airborne applications under W.A.D.C.
contract AF33(600)27586. This evaluation is underway with the intent of
assessing the applicability of this technique to the acquisition radar
receiving system.
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APPENDIX I

BIOGRAPHICAL SKETCHES OF NEW TECHNICAL PERSONNEL

MILTON 0. RUBIN - Manager Of The Analysis Department

Mr. Rubin received his BS in EE at Harvard in 1935. He has taken
numerous graduaýe courses in electrical engineering at the same institu-

tion. For four years (1940-1944), he served as ar, electrical engineer at
the Boston Naval Shipyard where he workea on power, communications, and

magnetic mine detecti)n. From 1944 to 1948 he was employed by the Raytheon

Manufacturing Company, Waltham, Mass., as a project engineer on Radar and

Beacon work, He was Research Director of Analog Computers for G. A.

Pnilbrick Researchers, Inc., Boston, from 1948 to 1949. From 1949 to 1951

he served with the Laboratory for Electronics, Inc., Boston, as a project
engineer in radar and computer design. He was a Group Leader at the
Lincoln Laboratory at MIT from 1951 to 1955. Mr. Rubin recently joined
Sylvania's Missile Systems Laboratory as Manager of the Analysis Department.

ROY SPENCER - Sentor Engineering Specialist and Consultant

Dr. Spencer received a BA in Physics and Mathematics at Cornell Uni-
versity in 1922. He received his Ph. D. in Physics from Columbia Univer-
sity in 1932. He was employed by Swarthmore College as a Fellow in As-
tronomy from 1922 to 1923. From 1923 to 1925 he was at Cornell University

working as a research assistant in X-rays and later as a Fellow in Physics.
He was an instructor in Physics at Columbia University from 1927 to 1931

and from 1931 to 1941 was an instructor in Physics at the University of
Nebraska. From 1941 to 1946 he was employed by the Radiation Laboratory

at MIT where he collaborated on research and radar, mostly on antenna and
diffraction problems. From 1946 to 1955 he was engaged in antenna research

at the Antenna Laboratory of the Air Force Cambridge Research Center. In
1955, Dr. Spencer joined the Sylvania Missile System Laboratory as a Senior

Engineering Specialist and Consultant.

IRVING B. GOLDBERG - Senior Engineer

Mr. Goldberg received a BA in Mathematics and Physics at Boston Uni-

versity in 1950. in 1951 he attended the Boston University Graduate
School, studying advanced topics in mathematics and physics. From 1951 to

1955 he was employed by Tracelab Inc., as a Group Leader in nucleonic re-
search. He there was engaged in low-level beta counting systems, gas

counting systems, ionization chambers, radio-activity detection techniques,
mathematical-physical analysis, and counting statistics. In June, 1955
Mr. Goldberg joined Sylvania's Missile Systems Laboratory where he is a
Senior Engineer in the Radar Section of the Electronics Department.
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ALBERT RAND - Senior Engineer

Mr. Rand received a B3 in MHE at MIT in 1950 and a MS in Mý in 1954.

From 1950 to 1952 he was en~aied in chemical procesi dynamic analysis at
E. I. DuPont. From 1952 to 1954, he was a research mechanipal engineer at
the MIT Servo Laboratory where he was engaged in the design of AC torque
motors for hydraulic amplifiers, ?rom 1954 to 1/55, he was employed by
N. Y. Air Brake as a project engineer working on the design !,i hydraulic
servomecha,,isms. in November 195i, Mr. Rand joined Sylvania's Missile
Systems Laboratory as a Senior Engineer in the Missile Dr:pactnent.

EDWARD B. TEMPLE - Senior Engineer

Mr. Temple received his AB degree in languages from Lafayette College
in 1942 and received his MS qegree in applied mathematics from Brown Uni-
versity in 1943. In 1950 he did graduate work in meterology at MIT. He
was an instructor in the mathematics department at William and Mary College
during the years 1947 to 1944 and also during 1946 - 1947. He was a mathe-
matics instructor at MIT from 1948 to 1951. From 1951 to .955, he was
Research Mathematician at the Naval Supersonic3 Laboratory at MIT. Here
he was engaged in research work in the field of phy±sical optics, Schlieren
optics and also did IBM computational research. Mr. Temple recently joined
Sylvania's Missile Systems Laboratory as a Senior Engineer in the Analysis
Department.

DAVID J. FARRELL - Engineer

Mr. Farrell received a BS in mathemaics from Boston College in 1955.
Upon graduation, he joined Sylvania's Missile Systems Labor;itory as an
Engineer in the Analysis Department.

BETTIE ANNE FRANCIS - Engineer

Miss Francis received a BS in 8Z from the University of Massachsetts
in 1953 and is cureently studying for a graduate degree at Northeastern
|{niversity. in 1953 she served as a technical assistant at MIT. Miss
Francis joined Sylvania's Avionics Laboratories as an Engineer. She has
wo:rked on microwaves, spectrum analysis, crystal evaluation and feorites.
She i. currently working in the Analysis Department in the Miasile Systems

Laboratory.

JOHN GIOVANNUCCI - Engiieir

Mr. Giovan;ucci received his BA degree in physics and matheinatizs at
Rutgers University in 1951. In 1951 he was employad as & juLior engiueer
for the Selly Manufbcturing Company, 5rooklyn, New York. Here he worked
on the development of a centrifugal casting machine for shell moulds.
From 1951 to 1953 he wis employed by the American Power Jet Company as a
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MARC A. ABELL - Engineer

Mr. Abell received a BS in Mathematics at Michigan State University
in 1953. From 1951 to 1955 he served in the U.S. Air Force as a senior
radar technician and became an instructor in the radar school. He recent-
ly joined Sylvania's Missile Systems Laboratory as an Enginee- in the
Electronic Development Department.
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APPENDIX II

CONFERENCES

VISITS BY PtRSONNEL OF THE MISSILE SYSTEMS LABORATORY

TO: Project Lincoln

DiATE: October 13, 1955

V3I1TE:E H. Weiss and 9. L. Key

a eY: M. Lowe, C. Jacobs, and S. Falconer
SUMMARY: Discussed the possible PLATO Acquisition Radar application

of pulsed klystron which Eimac has built for Lincoln.

TO: White Sands Proving Ground, New Mexico

DATE; November 7, 8. and 9, 1955

VISITED: Personnel of the White Sands Proving Ground

BY: D. J. Crowley and C. E. Jacobs

SUMMARY: The purpose of this visit was (1) to discuss the possi-
bility of obtaining radar ' acking data from WSPG mis-
sile firings, and (2) to o, ain information on the
MIRAN system of range triangulation.

j TO: Fort Monmouth, N.J.

DATE: November 17 and 18, 1955

VISITED: 4th Hydrogen Thyratron Symposium

BY: M. 2. Lowe

SUMMARY: Technical information was exchanged between tube
engineers and equipment manufacturers who are
concerned with circuitry for tubes.

TO: International Business Machines Corp., N.Y.

DATE: December 8, 1955

VISITED: IBM Engineering Department Heads

BY, H. C. Harris

SUMMARY: Discussed the PLATO Computers.

TO: Hit Lincoln Laboratory

DATE: December 21, 1955

VISITED: Laboratory personnel

BY: H. C. Harris, N. Wolfsohn, and C. Jacobs

SUMMARY: Discussed various aspects of the prediction problem.
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