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1.1 The development of the equipment described in this report was under=—
taken as one of the steps to provide countermeasures equipment covering a
frequency range from 80 to 1000 megacycless This transmitter covers the
portion of that range between 80 and 380 megacycles with a nominal output

of 150 watts., Random noise modulation of the carrier is used to provide the
jamming signal. The transmitter is similar to the Model TDY equipment
developed by Radio Research Laboratory and General Electric Company for the
range of 350 to 800 megacycles,

1.0 Abstract:

2.0 Introduction:

2l The transmitter uses a type ZP590 or a type ZP599 water-cooled magne-
tron tube as an oscillation generator, These tubes have split anodes and
make use of a fixed magnetic field applied externally to obtain a negative
resistance characteristic. The tubes are the same size and similar in con=
struction with the exception that the ZP599 has a larger filament, The trans—
mitter was originally built around the ZP590 tube and the transmitter require-
ments were made to correspond with the capabilities of this tubes Then the
ZP599 tube became available, it was substituted for the ZP590. Due to its
larger filament, the ZP599 is capable of producing more power and also has
less tendency to oscillate in a double mode than the ZP590. Power supply
limitations in the present eguipment limit the power output to that obtain-
able from the ZP590., The tube is an experimental type and the principal
objectives of the transmitter development were to determine its frequency
range and output capability and its performance characteristics when modu—
lated with random noise voltage.

3.0 Description:

3.1 The equipment is made up ef an oseillator unit, a modulator tnit and a
high voltage power supply unit, each housed in a separate cabinet., Photo-
graphs of the three units are shown in Plates 10 & 1l. The units are intercon-—
nected by separate high voltage and low voltage cables, Interlocks are provided
to prevent danger to operators if cabinet doors are opened. A power line input
of 115 volts, 60 cycles, 2000 watts is required.

3,2 The oscillator is contained in a standard relay rack cabinet 65 inches
high 21-1/2 inches wide and 15 inches deep, The weight is 256 pounds. In
addition to the magnetron tube and tuning lines, the unit contains a detector
circuit for observation of modulation on a2 cathode ray oscilloscopes An
enclosed water cooling system with heat exchanger is located in this cabinet.
A control inside the cabinet is provided for adjusting the rate of flow,

Front panel controls include oscillator tuning, output coupling and magnetron
filament current. Photographs of the oscillator are shown in Plates 12 & 13.

343 The modulator is contained in a relay rack cabinet 28 inches high,
21-1/2 inches wide and 15 inches deep. The weight is 165 pounds, This unit
includes the noise generator-modulator chassis and a rectifier chassis to
supply voltage for the low power stages. Front panel controls are pro-
vided for adjusting noise voltage amplitude, for selecting half-wave or full
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wave modulation, for varying modulation bandwidth, and for selecting C.'.
or M.C.7. operation. Photographs of the modulator unit are shown in
Plates 1 to 18.

3.4 The high voltage power supply is contained im a cabinet of the

same dimensions as the modulator. The weight is 248 pounds. The unit
includes the rectifier supplying the plate voltage for the oscillator

and modulator and thé relays for power control. Front panel controls
include power switch, plate voltage switch and plate voltage amplitude
control. Photographs of the power .supply unit are shown in Plates 19.& 20,

4.0 Analysis of Circuit Operations:

L.1 The ZP590 tube has a split anode which is comnected to a variable
quarter wave transmission line. This line determines the frequency of
oscillation since the tube operates as a negative resistance magnetron.
The tube is loaded by a varizble tap on one of the lines. The two trans-
mission lines are each hollow concentric tubes, water passing through the
two inner conductors up to the anode and returning through the outer con-
ductors. Water enters and leaves the lines at zero potential R.F. points.
A schematic diagram of the oscillator is shown in Plate 1.

L.2 The source of modulation for the magnetron is a 931 photo tube
which generates noise when light is focused on it. The noise output can
be controlled by varying the light intensity. The signal passes through
several stages of high frequency compensated amplifiers to the final
modulator tubes. In the amplifier are four Pi section filters, selection
of which cuts off the noise spectrum at 1.5 Mc., 2.0 Mc,, 3.0 Me. or
L.l Me. For full-wave modulation, two 813*s are comnected in parallel,
and the pair are connected in series with the magnetron, For half-wave
modulation, four 813's are connected in parallel except for their grids.
One pair has the grids grounded and comprises the c.w. operating current
control. The other pair is fixed biased to cut-off and is driven by the
noise amplifier. Because the magnetron transmission line shorting bar
must be grounded, it is necessary to apply the modulation between the
filament of the ZP-599 and ground. Thus a low capacity filament transformer
is required to minimize loss of high frequencies. A schematic diagram of
the modulator is shown in Plate 2.

L.3 The power supply is a conventional bridge rectifier using four 836
tubes. However, unlike conventional supplies, it has a floating ground
point. High voltage negative is comnnected to the filament of the ZP599
and high voltage positive is connected to the plates of the 813t's. Since
the cathodes of the 813's are connected to ground (through a bias resistor)
and the magnetron tr ssmission line shorting bar is grounded, the ground
point of the power supply depends on the division of voltage between the
modul ator and the magnetron. A schematic diagrem of the power supply is
shown in Plate 3.

5.0 Testing lfethods:

5.1 Power output of the unit was measured by use of a water-cooled
resistance load. Frequency of operation was determined both by an 2bsorp-~
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tion wavemeter and a heterodyne frequency meter. The waveform of the
R.F. signel was observed on a high frequency cathode ray oscilloscope.

5.2 The modulator was tested by measuring power output by use of an

R.F. ammeter and a non-inductive resistor. Freguency response was deter=-
mined by use of .a video frequency signal generator and vacuum tube volt-
meter, TVhen used with the oscillator, modulation was cbserved on an oscillew
graph using a detected R.F. signal. Modulation bandwidth was checked by
measuring the output of a receiver as the receiver was tuned through the
spectrum.

6.0 Results (Obtained:

Gl & power-frequency curve is shown on Plate L, power voltage and effici-
ency vs. current curves are shown on Plate 5, and spectrum curves are shown
on Plates 6, 1. 8, 2n0d 9.

6.2 The drop in power output at low freguencies is due to the fact that
the oscillator could not be loaded heavily without causing the frequency
to jump to a value for which the transmission lines were 3/ wave in length
rather than 1/l wave in length,

6.3 From the voltage-current curve it may be observed that 100% modulation
is not possible with magnetrons, since there is a minimum voltage and current
at which oscillation is stable. If modulation which extends into this region
.is attempted, the oscillator will be unstable, since it will bresk into and
out of oscillation whenever the video signal drives the oscillator into this
region.

6.li The spectrum analysis was taken with a ZP599 tube. Part of the

reason for the poor frequency response is due to the large capacity in the
plate circuit of the modulator tubes, Besides having faur tubes in parallel,
there is the capacity of two filament transformers across the modulator,

Two filament transformers were necessary because of the large filament in
the ZP599 tube.

6.5 A difficulty yet to be overcome in the operation of magnetrons is the
tendency to oscillate at more than one frequency, especially at a freauency
for which the transmission lines become three-~guarters wave in length. For
the ZP590 tube this is particularly troublesome at frequencies below 150 .mc.,
where the Q of the lines is higher for the 3/h wave length mode than for the
1/h'wave length mode. It was found that the tendency for double moding
depended on amplitude of filament current, polarity of filament current (in
some cases where DC was used on the filament), degree of loading, and charac=
ter of the load (resistive, inductive, or capacitive,). If the filament
current was reduced much below 35 amperes, the tendency for double moding

was pronounced. Under some conditions of loading, 1/li wave oscillation
occurred with D.C. of one polurity on the filament, and both 1/L wave and
3/l wave oscillations occurred Wwith the opposite polarity on the filament.
With alternating current on the filament, this effect produced only 1/L wave
on one half of the cycle, and both 1/l wave and l/h wave oscillations on the
other half of the cycle, Tith other conditions of loading it was possible to

iy,
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produce both 1/ and 3/L4 wave oscillations on both halves of the cycle,
1/l wave alonme on both halves of the cycle, or predominantly 3/l wave on
both halves of the cycle. With the ZP599 tube this double moding effect
was not noticed, and it is believed that this is due to the large filament
power of this tube (3 to L times that of the ZP590). It was found that
the tightness of coupling to.the load was an important factor in deter-
mining mode of oscillation, loose coupling being favorable to 1/l wave
oscillation. It was found that adding a small capacitance (20-30 uuf)
across the transmission lines near the tube almost completely eliminated
the 3/ wave mode, as well as decreasing the length of line required for
a given frequency. Frequencies above 300 mc, could not be obtained with
this capacitor in the circuit.

6.6 It 'was observed that the magnetron tubes used have a very short life,
the operating period not exceeding 8 hours for any tube. This was due

not to loss of filament emission but rather to electronic bombardment of the
elements resulting in fracture of the seals. It has not been possible to
take a complete set of measurements on a single tube type because of the
difficulty in procurement and the short life., For this reason, the "power
runs" shown in the curves are for the ZP590 tube and the modulation charac-
teristics are for the ZP599.

7.0 Conclusions:

7.1 The tube is limited in its operation at the lower frequencies by
the double oscillation mode present with the resonant line used for fre-
quency control. For frequencies below 150 megacycles a capacitor with
the transmission line or a coil and capacitor arrangement for tuning is
recommended.

7.2 Due to the voltage characteristic of the magnetron, a high percen-
tage of modulation without distertion is not achieved. For countermeasure

use with noise modulation, this factor need not be considered. The results
obtained are therefore satisfactory.

&

DECLASSIFIED



DECLASSIFIED ey

NRL Report No. R-2398

DISTRIBUTION LIST

(1) Commander-in-Chief, U.S. Fleet, Code FL5, Navy Dept., Wash., 25, D,C.
(Copy #2)
(1) Chief of Naval Operations, Code Op-20-S, Navy Dept., Wash., 25, D. Cs
(Copy #3)
%1; CNO, Code Op-16-1-V, Navy Dept., Wash., 25, D«C. (Copy #i)
CNO, Code Op~16-FA-1 (for transmission 1 copy to Alusna, London; 1
¢copy retain - Copies # 5 & 6 res.)
(5) Chief, BuShips, Navy Dept,, Wash., 25, D.C. (1 copy for Code 938, 1
copy for'Code 920 and other distribution as desired - Copies
#7, 8, 9, 10 and 11).
(1) Chief, BuAer, Code Aer-E-31L3, Navy Dept., Wash., 25, D.C. (Copy #12).
(1) Chief, BuOrd, Navy Dept., Code ReLf, Wash., 25, D.C. (Copy #13)
(1) Coordinator of Research & Development, Navy Depte., Wash., 25, De Ce
(Copy #1L)
(1) Commander-in-Chief, Pacific Fleet, Fleet P,0., San Francisco, Calif.
(Copy #15)
(1) Commander, 7th Fleet, Fleet P.0., San Francisco, Calif. (Copy #16)
(1; Comnander, 8th Fleet, Fleet P.0O., New York, N. Y. (Copy #17)

(1 Commander, l2th Fléet, Fleet P.O., New York, N. Y. (Copy #18)
(1) Commanding Officer, Radio Materiel School, Anacostia, DeC., Attn. Code
L93A (Copy #19)
(1) Director, Naval Radio and Sound Laboratory, San Diego, California
i (Copy #20)
(1) Commandant, U.S. Marine Corps., Plans & Policies Div., Wash., D. C.

(Copy #21)
(10) Military Intelligence Service, Atten: Distribution Branch, Room 2C800,
Péntagon, Washington, D. C.

(Copies #22, 23, 2L, 25, 26, 27, 28, 29, 30, and 31).

(1) Air Communications Officer, Army Air Force, Project Status Section,
Room 5D176, Pentagon Bldg., "iash., D. C. (Copy #32).

(3) British Admiralty Delegation, Room 3030, Navy Dept., Wash., D, C.,
Attn. Lt. Comdr, J. H. Buscombe, RNVR for transmission to
Admiralty Signal Establishment. (Copies #33, 3L and 35).

(L) Royal Air Force Delegation, Room 717, 1L2L-16th Street, N.W., Wash.,
D. C., Attn, Director of Signals (for transmission 1 copj
to IRt London, 3 copies to RCM Board, London) (Copies #36,

37, 38 and 39).

(1) British Army Staff, Grafton Hotel, Rm. 528, 1139 Conne. ive., Neile,
Wash., D. C., Attn. Col. A. J. Fisher for transmission to
A.D.R.D.Es (Copy #40).

(1) Joint Intelli-ence Committee, Canadian Joint Staff, 2222 S Street, N.ie
Washington, D. C. (Copy #h41) ' ;

(2) New Zealand Air Mission, Room 2503 Munitions Bldge., Wash.; D. Ces Attne
Squadron Leader A.W. Stockwell (Copies #42 and L3)-

(1) NDRC. Div, 15, 1 River Road, Schenectady, N. Y. (Copy #ul).

(2) OSRD, Liaison Office, Rm. 72, Dupont Circle Bldg., Wash., 25, D. C.
(i copy for transmission to ABL-15, 1 copy retain)(Copies #L5

and L6).

L) Navy Liaison Office, Radio Research Laboratory, Harvard University,
Cambridge, Mass. (Copy #i7) '

(1) Naval Representative, JEIA, c/o Joint Commun. Roard, Em. 2103, Munitions
Bldg., Wash., D. C. (Copy #:8) - Page 7 -

DECLASSIFIED



NRL &

DECLASSIFIED ,

Y
2/ G FEFPANGN T
(€0 A LINCE FiE Zromls jsan s
CORR 5K &0 |
ac
AIBDEL 6237/ |

—

&£
LVVEFTSAUL MAOTOR
{‘Wﬂ SESEMHCY
2T MO SODORSNT

']
\)\ |:L1 _! = __:::_'_'—.—l—1
i
LSSl j
RS
N VRUVE 2 N

00000
e o
== - o
1 ' I =
257 ' GENERA
o |
mfg mrwmssoeﬁ =
=S wsve
=oVISUE
L |
—
—
,

B

DECLASSIFIED







DECLASSIFIED ., ; “
% S
£
5 §
¥ .
: =

M N
| Fo o
OF 02 oF 0% O 06 o7 08 09 s/ IMEG A MED
: | : Cﬂ==fa;;u Sr=r foml’-
¢ i s B ‘55
F R
&1 “2 62.5 -
A ©3h LMD o
T 2 Tlisoov. | rseom
L >
7 Lle 5V
o= 7 AU fr
%A 2;:’ ok s sV, 1o #rfmﬂﬂ 73
: ] %, THORDARSON ENYON TSI TAOROARSON
':E y r-rs::_ T/9F98 /75 sy | TISF&3 LY
¥ §3 S=Cs  =rCs:z 7244
&3 —\sémrc  ~|wmrEs.
250V, 250 Vi
VRIS5-30 r

XS5

2] DECLASSIFIED

&




C
Yo W
— 5.
;o AMFD
S caidh CO e zieoV 0| | o soomh. LTS
5 weensd /0 e
5 m 3 $ x W : &
'-.L‘ q
2 i 3 3 A 2
7 s § X 12| 15 p:?; £] ‘:‘-u e fiw
N | i i -9 8
: 35 | Lo a;g' — jsonol Ceo|Re2l AN-3/02- /8~/6F
“: = Cm-l I 'E Sow. Suws MODULATOR OV
: 20 i
ey ™ % A \25uid. & co SlowER
kS i = /e . DELCo e
s |7 1| Lsosi Gt i No. 6237/,
Qé & z 5 it cooLs BI/F'S
F: .
U ; gs
1 9 Lo
m é va 5 T
7 8)‘._5’_ . = g1z
g L .8 LE NATIONAL
frew o R 2 La R 300 Pz
) 1\5 - AT, GOOMA.
SW, I = =08 e
2 POSITION SWITCH SV Ras 'J
2 POSITION] it
| b = AN~ 3/02-18-/65)
lmc 104. WES TON M- VOLTAGE
- D& VOLTMETER POSITIVE
*}% o-2.5 KV.
/5 V.
- EATERNAL
ML TIPLIER
=

AN-Tlo2-28-F
AE INTERLOCK HZ

SP NSV
-3“\;3 SW—S’S GFP ISV,
| gi g‘i D GROUNL
MV FILAMENTS
G.& mazol - G.£ MAZDA
m}c oW oy fEoV. éW.
2 R’ 8 Iy
et o
oo
£z
34,
ALTERATION TABLE REFEREMCE DRAWTNGE
-— =T
TRACED
i By A5 . S 4]
NAVAL RESEARCH LABORATORY I
WASHINGTON 20, D. C.
ZP530 MAGNETRON TRANSMITTER
MODULATOR UNIT
SGHEMATIC
wma—n—mmm—l_"
SYMBOL 1 ...~ 0008 SYMBOL Y ......#.0080 e DATE G-/ ¢4
SYMBOL :* ----- :: x SYMBOL :““:‘.‘.—.:m:

SHEET / &F /



N.RL &

DECLASSIFIED

202 A2 s
SK
g v CFEEN ND
(i A pse——
=7 HEHEETE | i
2574 I KENYON THOR
7—-387% T-/9F 75

——

1

] THOR CHET T15FP18

-

THMIE DELRY VaRLAE 2 HUA

& <
c (X HY SUPERIOR £l

cen Slemge ) B e (0l

D NG

CoNTIeoL ALY
SOUGCE /O ST

g Sy
e
T
I
|
|
|
| e
| ==
I
|
L=

DECLASSIFIED




THOR
T-/9F 75

25V
&4

836,

000000

CHOKXE
TN -19C9F

%.
83’
|
1

||

G E

L_ZomMF0
— 5000V

MES S MV.A

AN ~EAE

LRC
MYA

LRC

O et .

FLATE 3

WESTINGHOLSE

WwESTON

AN-I8-/6

ALTERATION TABLE DELINEATOR | 8.7 Tl
8 | SODED COMDENSER il o M Bl s £
& CHECKER . | i
APPROVAL i
RADIO_ENGIN |_supt. oF RADIO DIVISION |
1
SECRET e
oI oR
m!& !.& M.
BUREAU OF SHIPS REFERENCE

U. S. NAVAL RESEARCH LABORATORY
“BELLEVUE.” ANACOSTIA, D. C.

ZP 520 MAGHETRON TRANSMITTER

SYMBOLS AND THEIR EQUIV. TOLERANCES
(UMLESS OTHERWISE NOTED)

SCALE DATE

POWER SUPPLY
SCHEMATIC

RA 20F 259B




Bl e WINEIEFE ]

03 (09¢ Obe Deg 00¢ 082 092 Ove 0@ 002 08 (0 2] obl o21 ool 08

He R - AININOITNS "SA
s o gt s L AINTIOU AT §# LAFLOO LRINI

bbb ADNIIDHST |

ESL

- % T AONIIDIdA

|
1
1
T

3

wAady (33 T
3

LIbM 'flnjnoﬁ SIMOd|

T ey b
SHaaee haey

GE

|
= i
|

$SISHSH 1emafitdissatesteand ShiagindepeanqdEate 15008 H8ce Hied M rny sheea feadn eded oded e 468 SR 80 e NN P2 o M 18
Tl B T 1 3§ _ { EEEE i i

PLATE 4

1

_ i = |...!—.|..!T|.ii|.|..1i.. " .
RS S _ ISR DA AR S8 S s ik du i 55 58 O O S S L O T T T

‘1 e H _,_”.._. . _ i _ 53 Baa HH Euns: . ” S a B ANEs B a kN 8O ! _ i _ s EECITS f
VW OO0E = AINIYYND FLYId SLT0A 0001 =39VLT0A HOLYVINAOW
dWV LE = LN3YHND LN3WV3 NOJLINIGA @ YILLINSNVAL NOMLINOYW 066 -d2

X . .
| = ¥ oECR M oaiNied

> . g
<t . . -‘. v
+gliafNHOVEBYIN '0DOMEON ""ONI ‘ANVAWOD NOOH X3Q0D 'SNOISIAIO OB AB OFl "SAYM HLOE HONI ¥3d SNOlgIAIO OF ‘DIIE "ON




‘U - LAIPHYND DI

“_m_... ......” '

—_— L LT

3
|

B i

~FOYLTPA U 7S |

| #4704

WM L7100

e aiss

e
: DN EEZ A IO Y S
SUE BE LD NY DD LR FL Y 2/ o KOYLPRIOGH Y & WTFLLI AL SIS Y L R PR -6 6 i

¥os aml aziiing
‘BLLASAHDYESVIN 'COOMBON ‘SNl ‘ANYEWNOD %008 x3003




Z-P-590 MAGNETRON TRANSMI|TTER!USING Z P-598 TUBE,
FILAMENT CURRENT =37AMPR IP=300 MA, FREQUENCY=237MC,
MODULATOR VOLTAGE=1000Y,

! T I TR I W I O T gensunm
i :i."'{:.: H R e e

e A kBl SRS E e annnn AN as SUEROA L REl o B W A
e HPEEFELRES LEA%EE 1 % R R

R
o

|

5
- _{_ ____ ; ol Raae

&
P

PhiRTEC 1K 1 A

LATTIVE Db. AT| RECEIVE

d

: RE
o

iF

y

| i ! } | |
! H | HH {
! H . 4
AT ER S 1

-
EveR T
=

_ AND MIN. BANDWIDTH(1)-

iEaet,
N

]'43 _:_:.t

]
|

b, AT REC

: NE;;

_ RELA

1
.
4

1
>




f_ /ﬁ'— .5".;7_ O MARECNETRON TREANSMITTER: USING ZP -599 7vBce,

ERMENT CURRENT = 37 PP Ip. 00 /MA. FREQUENCY »

MODULATOR VOLTAGE = /opo Voc‘;f. aar
R s S al SRR EE S0ERy farsd TENas EBR) Tan RS Jounye:

=

1, MASSACHUSETTS

womBTH (1)

4igi8 B
SR i S
] £

{+H 5 | uneEhag
o1 fm"jf}
o |

PELRTIVE D8, Ar REceIveaR.

S

[
Q

5

\
N
o

(A
0

RELCRTIVE pPB. B> Feceivearn

L
i

| [Facavemer nohs caknien -ma i

PLRTE 7.




ZP- 590 MAGNETRON TRANSMITTER : USING ZP -599 TUBE
FILAMENT CURRENT = 37 AMmP, IP = 300 »ma. FREQUENCY =
/33 mc. MODULATOR' VCJL?‘AGE = 1000 voz.rs

MCTDULT.T\QN_ I

i

!
U

ASSACHUSETTSH.

gl 888a 52
NDWIDTHS

: _Mfax, BAND wm'q-l {14)

_ I«/Efe
e

i1

Ny

S

ATIVE Db TAF RECTET

y

NE

1
(:b

| | e i
Y

RECE
;

BANDWIOT H n?.)

|_!

B BANoJMbnys (e) WND
Bf' w MW

g ;

ATTVE D514

i

|
|
|
1
{

I

|
| FrTe
F/?EQUENCY F/‘E’Oﬁ CARR/E/? M

|




ZP- 590 MAGNETRON TRANSMITTER . USING ZP-599 TUBE
FILAMENT CURRENT = 37 AMP. Ip> 300 MA. FREQUENCY =
735 MC _MODULATOR VOLTaGE © 1000 YOLTS

!
w
i
|

H Bk R Sy : l"-M-}‘T_
HiEE R R | R Bnlpnwmjm {33

i LR I.‘I fili s _Bnrwwu*,;TH (2)

—
T
ESERe
l
|
1
I.

AT RECEIVER
[
S
i
|
1
i i) o

Dp
h
(=]

7]
[

Y
o\

RELATIVE
Q1
(&)
3855
|
!
|
|

FEEEE BESEE B58 I RRERY R S5 FERE aaE

HALF -WAVE|
| MODULATION '

s 1 :
o m
g
]

i

I
:'—-r-_.._

|

1

2

H

iziiz Lﬂu_h(c.iﬂg___;_ﬁ;_;j.;f_
0@, @)

RELATIVE Dp AT RECEIVER
o
:

]
)
]

I
1
|
|
I

Cn
b

o] - i‘,’-@?':' 2
méausndv | FROM QARRIEF-MC‘ g

PLATE 9




DECLASSIFIED

DECLASSIFIED

- THREE UNITS - OBLIZUE VIEW PLATE 10




DECLASSIFIED

DECLASSIFIED

- THREE UNITS = FRONT VIEW PLATE ||



L. L
DEC LASSIFIED

ENNENEES STEEEEEEEE
-

TEEEwDEN

DECLASSIFIED

0SCILLATOR REAR VIEW PLATE 12




* Arghe o -y

' el o T P

5 e h kAR R L LA LA 4 o0

‘ﬁ% .
i

AR AR RS MR AR bbb bR R

T ey YPEE T

-

AR e e

FEETIERTREERTEIEPTEE 140000 L PEROIIIRSISIRTEETRS

ARALAERARERMAAA A AMAL AR LA

A

_' - MEEEEEE}
0SCILLATOR - SHIELD REMOVED PLATE 13




—_

DECLASSIFIED

14

PLATE

DECLASSIFIED

MODULATOR - REAR VIEW

i

7
-~
-
4




DECLASSIFIED

DECLASSIFIED

MODULATOR - TOP VIEW PLATE 15
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MODULATOR POWER SUPPLY - TOP VIiEW PLATE 17
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MODULATOR POWER SUPPLY - BOTTOM VIEW PLATE 18




POWER SUPPLY_- REAR VIEW PLATE 19
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‘ POWER SUPPLY - SIDE VIEW PLATE 20



