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ABSTRACT

A new hydrogen maser for ground-based applications

has been designed at the Smithsonian Astrophysical
Observatory. The mechanical, thermal, and electronics
design philosophy of the VLG-11 series is described,
and comparisons with previous SAQ masers are detailed.
The VLG-11 masers incorporate many of the lessons
learned during the redshift rocket-flight program, in
which a rugged, reliable, lightweight hydrogen maser
was successfully operated after being boosted to an
altitude of 10000 km by a Scout rocket. Preliminary
test data and projections of stability performance are
included, as well as photographs of the maser system
during the construction phase.

THE EVOLUTION OF THE NEW VLG-T1 MASERS

The design of the Smithsonian Astrophysical Observatory (SAQ)
ground masers and the SAD gravitational redshift space maser is the
result of an unbroken evolution of ideas that began in 1960 shortly
after the invention of the maser by Kleppner, Goldenberg, and Ramsey.1
In 1962, the National Aeronautics and Space Administration/Marshall
Space Flight Center (NASA/MSFC) sponsored the development of hydrogen
masers with the goal of producing a transportable self-contained device
to serve as a frequency standard for ground-based operation.2’3 This

development continued and a spacecraft design was begun, the new goal

being to measure the gravitational redshift by using a 24-hour ellip-




tically orbiting pay]oad4 Taunched by a Titan 3C system. The design
later evolved into the VLG-10 and 10A masers after this initial entry
into the field of relativistic measurements was temporarily abandoned
owing to the high cost of the program.

In 1969, the development efforts, begun at Varian Associates and
continued under Hewlett-Packard at Beverly, Massachusetts, were success-
fully transplanted to SAQO in Cambridge, where the first of a series of
VLG-10 masers was built for the U. S. Naval Research Laboratory and the
radio-astronomy community for use in very long-baseline interferometry.
In 1970, the redshift program was revived, and the former space-borne
design was now embodied in nine VLG-10 and 10A masers, three of which
were to be used as ground masers for the SAQO/NASA redshift expem‘ment.5

The new redshift program has been enormously more demanding, in
that the probe maser's weight had to be considerably less than 100 1b,
in contrast with the 400-1b design for the previous program. The four-
stage solid-fuel Scout rocket system, when separated from the fourth
stage, has the ability to loft a 200-1b payload to 10000 km. This would
provide a total time aloft of 2 to 3 hours and would attain a predicted
redshift of some 4 parts in TO]O, 60% of the redshift available from the

earth's gravity.

The flight maser was required to survive the trauma of a rocket
launch and to operate within specifications immediately following burn-
out. The qualification model was therefore subjected to an intensive
series of shock, acoustic, vibration, spin, and magnetic-field tests.
During 9 months of testing, the probe maser was operated practically with-
out interruption in preparation for its successful 2-hour mission in
space, which took place June 18, 1976.6 Obviously, a complete rethink-
ing of the space-maser design was necessitated, particularly because of
the Tow weight and the very stringent mechanical constraints imposed by

the Scout rocket system.




Again, as had previously occurred, many aspects of the design of
the space maser found their way into the new design for the ground maser,
now designated as the VLG-11. In particular, the vexing problem of RF
dissociator failure that plagued the VLG-10 design in its early days has
been rectified by using the probe-maser dissociator design. This design
has been retrofitted to eight out of the nine VLG-10s now in use. The
remaining one, having been in continuous operation since 1973, will be
refitted in July 1977 as part of its modification to the VLG~10A config-
uration.

Another mysterious and equally vexing design problem with the VLG-
10 has been the effect of barometrically induced stress on the cavity
resonator7 through the motion of the bell~jar base. In 1974, the
problem was rectified and by July 1977, all but two of the nine VLG-T0
masers now in use will include the appropriate modifications. The VLG-11
series incorporates the mechanically rugged cavity designed for the

flight maser, as well as the barometric-isolation system used in the

VLG-10A masers.

DESIGN PHILOSOPHY OF THE VLG-11

The VLG-11 1s housed in the same 22" x 30" x 52" cabinet used for
the VLG-10 masers. The device is intended to be a stand-alone system,
requiring 24 to 30 volts DC to operate and providing output frequencies
at 60, 5, and 1 MHz. This package weighs 650 1b, is mounted on casters,
and requires no special handling nor transportation facilities. Normal=-
ly the package can be shipped cold if the time between available pow-
er is less than about 3 days. For Tonger times of transit or storage,

a stand-by power supply for the jon pump is recommended,

The design emphasizes extreme ruggedness and mechanical stability,
especially for the very critical cavity-bulb assembly, in order for the




maser to withstand high levels of shock and vibration during shipment
without requiring cavity tuning. In addition to rugged construction,
the cavity is made of CER—VIT,* a material of unbeatable dimensional
stability and long-term resistance to dimensional creep. A low thermal
coefficient of the cavity resonator frequency is achieved by using
CER-VIT-101, with a thermal coefficient of 2 to 5 x 10"7/°C. The major
remaining contribution to thermal mistuning of the cavity has been found
to be the temperature coefficient of the dielectric constant of the
quartz storage bulb within the resonator. A typical value for the
resonator-bulb combination for the VLG-10 series is

ID
parl

1 AF _ .
AT 1000 Hz/°C

—

By reducing the thickness of the bulb (but maintaining the stiffness-to-
weight ratio), we have

1 Af _ o
AT -300 Hz/°C

for the VLG-11 series masers without having to use any differential
compensating mechanism that might be vulnerable to temperature gradients.
By having intrinsically passive thermal stability in the most sensitive
components, we believe we can then use thermal-control techniques
effectively and thereby provide exceptional thermal stability for long
periods of time. Figure 1 shows the cavity-bulb assembly for the VLG-

11T maser.

Provisions are made for using an autotuner, which is highly recom-
mended if tuning is to be done in the field by personnel who are
jnexperienced with hydrogen masers or if mechanical and thermal environ-
mental circumstances are severe enough to require relatively frequent

retuning.

*
CBbwens—IHinois.




PHYSICS PACKAGE DESIGN

In order to describe the design evolution from the VLG-10 and 10A
masers to the VLG-11 maser, we present a series of sketches, starting
with the inner cavity-bulb assembly. It will be seen that the differ-
ences are chiefly in the direction of more rugged structural and more
careful thermal design and better magnetic shielding. The two major
departures of the VLG-1T from either the VLG-10 or the space-probe maser
are the Tightweight buib and the torrispherical magnetic shields.

Figure 2 describes the cavity-bulb assembly, including the output
coaxial line and the isolator; the latter is properly part of the cavity
resonator. Figure 3 shows the cavity structure and outlines the major
Toad paths. Possible cavity-stress changes owing to the expansion co-
efficient of the external cylinder holding the cavity together are
taken up by the Bellville washer. Similar thermally induced radial
stress in the base is relieved by the rollers. Strains on the bell jar

owing to barometric-pressure change are isolated from the cavity by the

double-base structure,

The magnetic-shield oven assembly surrounding the ball jar is seen
in Figure 4. Here the VLG-11 differs greatly from the VLG-10 and 10A,
in that torrispherical shields have foam-glass insulation at their ends
for support. These shields are under far less local stress than are the
flat-ended outer shields and have much improved Tapped joints at the
Tower cover (the upper cover is not removable). Figure 5 shows the mag-
netic shields. The VLG-11 solenoid follows the design used in the
probe even though it is considerably larger in size. The multilayer
printed-circuit design allows very complete cancellation of spurious
magnetic fields and provides a rugged, close-fitting, and simple coil
system located immediately inside the innermost magnetic shield. Figure
6 shows the VLG-11 solenoid.




Figure 7 illustrates the thermal-control system. Design experience
with the space maser has shown us that temperature gradients are a prob-
lem that can be solved by including separate zones of thermal control
for the bell jar and the oven. In addition, the pump-dissociator
assembly is also controlled so as to stabilize the RF lines, the dis-
sociator, and the isolator; this last item is located within the pump
shields along with the temperature-sensitive electronics systems. The
pump-dissociator assembly is temperature controlled by means of recir-
culated temperature-controlled air from a heat-added system and a heat
exchanger, at the rear of the cabinet, that dumps unwanted heat to the
ambient environment. Maximum added power of 14 watts is required to
operate this system over an ambient-temperature range of 20° to 30°C.

The ion-pump manifold and the dissociator/state selector for the
VLG-10, 10A, and 11 masers are shown in Figure 8. The source glassware
for both items follows the space-maser design. The chief differences
between this design and the initial VLG-10 design include the size
of the dissociator glassware and the Tayout of the RF coil. Ever since
these modifications were made, we have had no recurrence of dissociator
failure. We believe that the improvement is the result of the change in
dissociator size, from 1" diameter x 1.4" Tong to 1.4" diameter x 2"
long, which increases the volume by a factor of 3. These dimensions coin-
cide almost exactly with those used with excellent success by the Jet
Propulsion Laboratory maser group. The ion-pump manifold and neck
assembly is shown in Figure 9.

The VLG-11 RF oscillator includes a voltage regulatorand anRF-level
monitor. The condition of the discharge color's brightness, determined
by studying the relative strengths of the atomic hydrogen Balmer-a
(6562 R) red Tine and an adjacent molecular-band spectrum, provides a
measure of the dissociator efficiency.

254




DESIGN OF THE VLG-11 ELECTRONICS

A1l the electronics systems for the VLG-11 masers are of new
design in both their circuitry and their packaging. Design aspects of
particular significance are discussed in the following sections.

Phaselock Receiver
An RF preamplifier, immediately following the isolator, has been

incorporated into the VL.G-11 receiver. The noise figure of the ampli-
fier is less than 5.0 db, which compares very favorably with the 10.0-db

noise figure at the balanced-mixer input of the earlier VLG-10 re-

ceivers. The preamplifier is temperature controlled within the isolator
enclosure to help stabilize the input impedance so as to present a more
constant impedance at the isolator output.

A first IF frequency of 340 MHz has been selected to permit the use
of a Tow-Q image-rejection filter at the input to the first mixer. This
filter removes the noise contribution at the image frequency and fur-

ther improves the effective noise figure of the receiver.

The output frequency of the master crystal oscillator at the re-
ceiver is 60.0 MHz, which is multiplied to 1080 and 360 MHz for the
first and second local-oscillator frequencies, respectively, and divided
to 20, 5, and 1.0 MHz for the third local-oscillator frequency and for
utility outputs. Buffered isolated outputs are provided at 360, 60, 5.0
(two independent outputs), and 1.0 MHz.

The upper unit in Figure 10 is the receiver package, shown mounted
into the maser frame. The large square box in the right center of the
receiver is the oven-controlled multiplier-divider assembly. The IF
amplifier, buffer amplifiers, and phaselock circuits are located in the
shielded plug-in modules to the left of the oven,




Digital Synthesizer

The digital synthesizer for the VLG-11 maser has been specifically
designed for maser applications. It is tunable from 405750.000 to
405753.999 Hz in discrete steps of 0.001 Hz. The synthesizer concept
combines both direct and indirect synthesis techniques. The four tunable
digits are generated by divide-by-N phaselock loops, which are carefully
designed to minimize spurious outputs. Al1 reference carrier frequencies
are 5 kHz or greater to simplify the problem of suppressing reference-
frequency modulation of the loop's voltage-controlled oscillator.

A1l the digital Togic within the synthesizer is CMOS, offering the
twin advantages of very low power consumption and freedom from switch-
ing transients. The highest internal frequency within the synthesizer
is 5.0 MHz, the clock signal. The absence of high-frequency signals
simplifies circuit-board and backplane wiring and permits the use of
card extenders for servicing.

The digital synthesizer requires approximately 6 watts at +28 volts
for operation and can be operated directly from an emergency battery
system. The short-term stability of the synthesizer has been measured
at 4 x 10713
all maser-system contribution of approximately 1.2 x 10

for a 100-sec Allan variance, which corresponds to an over-
16 3t 100 sec.
It should be noted that these stability measurements indicate only an
upper bound — instrumental limitations establish a noise floor at about
1 x 10713 for our measurements at 405 kHz.

Figure 10 shows the mechanical packaging of the synthesizer, di-
rectly below the receiver unit. Five of the seven individually shielded
printed-circuit boards are shown installed. Each shielded module can be

operated on a board extender to facilitate troubleshooting and servicing.




Maser Control Systems

Exhaustive thermal testing of the probe maser clearly demonstrated
that thermal gradients along the vacuum tank are the primary contributor
to the ambient-temperature sensitivity of the maser cavity. Increased
thermal gain or improved preamplifier stability alone is ineffectual in
attacking this problem; however, division of the tank {(and oven) sur-
face into independently sensed and controlled zones has shown itself to
be a powerful technique for minimizing gradient problems. Accordingly,
the vacuum tank is divided into three zones — dome, cylinder, and base —
each of which has its own sensing thermistor, amplifiers, and heater
windings. Each zone can respond independently to external thermal loads
without materially affecting the temperature of other zones. To minimize
the thermal stress on the vacuum-tank controliers, the oven is divided
into a dome-cylinder zone and a base zone; each of these is independently
controlled. The isolator-preamplifier box is a separate thermal zone,
making a total of six distinct thermal-control zones. The circulating
air, which controls the temperature of the pump, the dissociator, and
the upper maser electronics, is an entirely independent system with self-
contained sensors and electronics.

Hydrogen for operation of the dissociator is furnished from a two-
liter gas bottle pressurized to approximately 100 psi. The relatively
Tow pressure permits the use of a small, thermally agile palladium valve.
Hydrogen pressure within the dissociator is sensed by a thermistor
Pirani gauge, which is incorporated into a resistance bridge along with
an identical thermistor that senses the high-vacuum side of the pumping
system. The bridge output, which is independent of ambient temperature
variations to first order, drives a servo system that controls the dis-
sociator pressure by varying the temperature of the palladium valve.

The pressure and thermal-control electronics are housed in a con-

troller assembly mounted on the maser cabinet frame. The controller




assembly can be seen at the top of Figure 11, with one of the individ-
ually shielded printed-circuit boards plugged into the back plane. The
critical preamplifiers for the three zones of the vacuum-tank heater

are located within the maser physics package in the thermally controlled
upper maser electronics assembly. Figure 12 shows the controller
assembly swung out on its hinges. The hinge arrangement permits con-
venient access to the rear of the assembly for maintenance and service
without interruption of power or signal.

A rear view of the maser (Figure 13), taken early in the fabrica-
tion phase, shows the power-amplifier assembly, which mounts the power
transistors for the thermal and pressure controls.

Monitoring System

The VLG-11 provides front-panel analog metering for 32 functions.
A1l metering, including eight receiver/synthesizer functions, is central-
ized on the monitor panel, which is visible at the top of the rack in
Figure 11. LED Tamps provide a quick-look indication of the status of
the subsystems, while a small LED numerical readout continuously dis-
plays the four Teast-significant digits of the synthesizer output fre-
quency.

In addition to the conventional panel meter with selector-switch
monitoring, the VLG-11 provides an internal telemetry system. Thirty-
one channels of voltage or current data are normalized to a standard
0- to +5.0-volt range, buffered, and brought out to a 61-pin cylindrical
connector on the front panel. In addition, five monitoring thermistors
are accessible through this connector to permit convenient measurements
of vacuum tank and oven temperatures.
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PERFORMANCE AND STABILITY DATA OF THE VLG-T0A AND EXPECTED DATA FROM
THE VLG-11 MASER

VLG-T10A Data

The most critical environmental tests on VLG-10A masers published
so far have been made under the direction of Dr. A. Rogers of Haystack
Observatory using two VLG-10As and a Goddard NP series maser.7 The
following parameters, taken from that publication, are for the SA0
VLG-10A maser serial number P-4:

Temperature: Comments
%.%% o= ox 10—]4/°C ~v1-day time constant

Pressure:
1 Bf -l 7 _]4 1 - . 3 : 7
Fop < 1.7 x 10 "7/" Hg beyond 1imit of sensitivity for

0.15" Hg pressure modulation

Magnetic field:

—_
a2
—

vl ox 10_12/gauss

|

f 3

ol

Stability data are shown in Figure 14.

VLG-11 Data

From data obtained from tests on the VLG-11 maser during assembly,
we can make the following projections about systematic effects:

A. Thermal insensitivity will be improved by a factor of at least
3, since the intrinsic thermal sensitivity of the cavity-bulb assembly
has been found to be about 3 times lower, and we can also expect a con-

siderable improvement from the thermal redesign.




B. The axial shielding factor will see an improvement by a factor
of about 1.6. Our tests on torrispherical shields indicate a 40% im-
provement in the ratio of axial to transverse shielding for a single
shield. From operating tests of the physics package of the VLG-11 maser,
we observe that we can operate the maser at a field of 0.350 mgauss
(500-Hz Zeeman frequency). This allows a direct two-fold improvement
in magnetic sensitivity, which, combined with the improved shielding
factor, should yield a net improvement by a factor of 3.

C. The modified VLG-10A cavity design exhibits a barometric-
pressure sensitivity that is lower than can be measured adequately within
the ambient-pressure range available at the Haystack Observatory.7 The
VLG-11 cavity structure is more rugged and better isolated than the
VLG-10A, as the strain relief of the attached coaxial cables has been
improved, so we expect better performance from the new design. To verify
the improvement in barometric sensitivity, a special chamber is under
construction at SAO to permit testing over an ambient-pressure range of
+0.0 to +2.0" Hg (approximately 1 psig).

D. Improvement of the noise figure of the maser receiver/synthe-
sizer by a factor of about 5 will result from using a preamplifier with
a 5-db noise figure instead of the 13-db effective noise figure of the
diode mixer in the VLG-10A system. The short-term stability in the
11
white phase noise, will be reduced by V5, or about 2.

portion of the Allan variance, which is associated with additive

Figure 14 shows the anticipated performance of the VLG-11 with
all the above factors taken into account.
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FIGURE CAPTIONS
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Fig.

— VLG-T1 cavity-bulb assembly.

-~ VLG-T0A and VLG-11 cavity-bulb assembly.

— VLG-10A and VLG-11 cavity structure and stress load paths.
— VLG-T10A and VLG-11 magnetic shields and oven assembly.

— VLG-11 magnetic shields.

— Two-sided printed-circuit solenoid for VLG-11 maser.

— VLG-10 and VLG-11 thermal-control system.

— VLG-10 and VLG-11 jon-pump vacuum manifold and dissociator

RN N W~

state selector.

9 — VLG-11 ion-pump and neck assembly.

10 — VLG-11 receiver and synthesizer.

11 — VLG-11 maser front view.

12 — VLG-11 maser front view showing electronics assemblies opened
for inspection.

13 — Rear view of VLG-11 maser showing power-amplifier assembly and
heat sink.

14 — VLG-10 maser stability data and projected VLG-11 peformance.
Error bars show the spread between a number of individual data
sets. Crosses are for a single data set.

262




Fig. 1 VLG-11 cavity-bulb assembly.




"Ajquiasse qinq-£31ae0 IT-DTA PUB YoI-DTA ¢ 314

qp St 47N YITJITdWY 9P 02

030731HS ATT¥ITLINOYH
S73A3T 2 — Q3TT0HLIN0T ATT¥WE3HL

SS01 9P 570 9P 09
INIT WIXW0D CL0°0

£2°0 ~ Dm
. 00005 ~
OL X 7L~ B WNIT Gl ™ 3y

dO0TNI 30010 2ZHA £ JINGELI3N3
ZHA 002  H3IWNL TWIINYHIGW

SWYYD /L LH9IIM &Ing
NGT431 434
YOLYWITIGY TWH9ILINT wS° L ¥ w2270 ONILVOD

LHIAS TYITHANITAD
0L SINYLS TW¥dQ3HYH13L — J43H4S W4

JINIFEILWNOEID TWLO0L HIAD 03dd¥T SAN3
g9 31¥G0W0I0Y OL LNJ HIONIT

101-L11443)
47N9 31¥d0W0IIY GL 1NJ HLONIT
L-LTAY3D
B ittty -
L) e - — < T0HLNGD 30010
Lnding, 11 N INNL
-t —
11 0 [}
T e —— — — gl
d -
o 0O
|
1L
\\\ ;r/
' L g1n8
SIKIOC Q3dd¥1 | ! WS GZ1L
A 7
T4
1 luqu_
e ettt b |
HINNL TYITHYHIIW
Li-974

QT3IHS JTLINOVW TYNHILXZ
13437 [~ Q3TT04INOD ATTWWHIHL
SSOT QP S°0 QP 09 HOLWIOSI ILIdy3d

WIXY0D 070 .$80°0

ONI14N0D 4¥ ONY 30010 OL HOILJINNGD
£0~ 9

000°sk ~ 0

000°SE ~ 10 ALIAWD

d007 NI 30010

AOL-S°0-ZHd §L JINOYLID3N3

ZHY 001 {TYIINYHIIW) 3NI4
ZHW 01 ~ 3SY¥0D  BHINNL

SWYHD 0S8 LHII3M 87n8
N0T431 434 ONILWOD

YOLYWITI0T TWHD9IIND .67 X w2Z2'0
ONTLINNOW LHINS
TYITHONITAD-THIHdS £ 97N8

(v3dHl
03LdMYAIINT NO 3T9WNNL

L0l LIA-H3D TYIH3IIVW ALIAYD

moF X €71~ 0 I

J— ]
7Y 2b 1 ! I
1ndlao 1 I 104LH03 30010
E—— gNINML
¥OLY10S1 1
az¢m\\\, I
\\_ hI
7 ~
7 A
g1n8 ! !
WO 0SE \ !
LY 4
A
Ao
I INFHOIW
¥0L % 0L-9TA

ATEWN3SSV

87Nn8 - ALIAVD

264




*syjed PEO] SS8I)S puR 9INONIS £3IABD TT-97TA PUB VOTI-DTA € 814

Ab-TY9 WNINYLIL
T37T¥M NIHL — 31%3d 3SvE 01 Sanis

— NOLIA — SBNIH .0,

{ TYNOI1dO} WOTLWLS ¥23N ¥3LnG
NOTI¥LS 1¥IH I719NIS OL 3NNS L¥3IH SINIT ¥v02

f13-38 Q3NITHYH — SH3IT0Y
43dd00 WNITIAY3E — ERRICNES
NYJ KMOO-0710H

WNTHEWN Y WOL108 357v4
S¥8 7 uyr 1739

av0134d sqt 0op=
_ MOISN34X3 @ —
J = 39404 @ JY3IHM WOI1237430 0L L3S — 9NI¥dS 31714734

SMOTT4E HIIN ADIN
03073M Wy39-3 HOTLYLS JZNOME -
WNINYLTL 1¥3H | 40HdSOHd

11¥1d 3598 01 sanls £ ———»

$Y77704 9 — ANNOW JTIYWINTA-ISYND 437708 € —

NOISNIL KI
dIANITAD
/ TYNYILX]

\
Yoo
] ]

I Sql 00%~
T d3HSYM IT1TIA13g ——— ]

o
Q13THS NOTIVIQYY —

SOMd / \
SS300W d¥r 1138 WNN2WA

33404

YOL-974

J4NLONYLS ALIAVD




*A]quIosSSEe USAD PUE SP[SIYS oneuSew [1-OTA PUB VOI-DTIA b 914

ONINY0D-HOUNSSLLId (&)

23N HOMNOUHL ¥OE NYHL $S37T
S1S04 0L 031I3INNOD WOE NYHL
Y3Ly39 IN3IEEND  TINISSNYD3d

SQT3IIHS ¥3LN0 €

NO SONI TYOIWIHASIH¥0L :
JTEYAONSH SAOLLOR -~ 3HOVLLY ATH07S R38N XV ¥O0E
ATININYWEId SYIANITAD B SdOL “$01JNONOD S¥ MJIN ONY
ADTVWA3d ATOW 4 2€0° ¥YD 1138 SISN STIITHS TT¥
Q7313 I1LINOYH SOYIYHL LINDAID — ZH 09 — INISSNYIM
SNOI¥NAS ILNTHIT3 0L 18N 0N
QIVT43A0 SAVIT NUNLIY — 09 — SU3AVT ¢ qu__,_mma-iomhimmo.Fﬁ%hﬁ&ﬁ%ﬁ
LINYID 0ILNT¥d — NOILDIS € W404 NO ONNOM

43A¥T L — NOIL3IS € — QION3T0S

266

@ SSYT19 WY04
yog< SA019 ¥STYE

NOTLYTNSNI Wy¥04
l._\ INYHIIHNATOL

010N310S
| 47314 W0y

T Q73IHS "9WW 15|
| 073IHS "9yvW PUZ

T~ NIAO ONY
4/ GIITHS “O¥M Pug

(73IHS "9%W Y3¥

¥og>

]

“ONNG WNNDYA

YNINIdO 404

d4ye 1139 01
$S33Jv Y04 370H

HOLI3INNDD 9NISSNYI3T 3T8VIAOWIH

¥OL-01-97A
LL-97A

ATEW3ASSY N3AO-SQT3IHS JIL3NOVA




"Sple1ys opjeudew I1-OTA S S1q




LI L

R I
;,:“ B
R

SR
.

L

B
L ,))xz\QQr’:;’x;t;;Qg;xi(g\{&mril\ . e o \“\,,’7“\3\5;'\1‘37,‘315»,?,"3;\33::\’&’1 o
ny At b e
Sl e
e R
DL

i i

e

i ———

i

i
S

= ] o R
S e
S e

S i

A

G

5, i
i e (e i i
PR fi
e
e

e i

i i s
il .
S S s
(i A i

o - e

R e :
; ; i
i

i ; ”\:*wt\'ix;mi“' R
i
S

e o

e N
b .
=

o
e
Wiy g

N

ot

.
A

e

e

T,
i

R

i
i
AR 8

i

e

i
i

N

e i LT
AR

b
bl

p—T
e

e i

i




-we)sAS [0XJUOO-TBULISY) TT-DTA PUB 0T-DTA L “S14

HOLSIWHIHL T0WINGD _
JHL LW ALTTIGYLS 1070 + BY

{INDZ 3A08Y NIHLIM) 3NOZ |~ dWy¥/H0L¥10SI

" WY/ ENLYT0ST
SOINOH1D313

dWid
HOLY 205510

41y
IWNT0A JHL LACHINOHHL ol + ¥ 03IYINIYID
INDZ L ﬁ

WNOILD — I3K
HOLSTWH ZHL T4 1IN0 1y

M0z | 35ve
40 ALTTT8RLS L+ 3 HO1ET051
N3 YOLSTWHIHL 1081400 1y

ALITIRYIS 07 +
HOLSTWHIHL T04LNOD ey i YOLSTWANL DN I e
HO¥3 1¢ AITTIGYLS ol0D0 3 MLNES 74 - "

mzom gzu‘aqﬁ Mo_j_rqu_ADg_,._
- ' B R tE LT ahD LW
{Ja) JUNLYHIdWIL NGILYI0T ALITIAYIS SO+

HOLISTWHIHL T0H1INOD -
HIYI 1y ALITI8Y1S oS0°0 + JNOZ L

e[ N340
n H0LSTAH3RL T0MINGD LY
IONNO¥A UITIT1HT /MOS0 08T O ALTIEELS 2007+ B% 07 | e
JATLISNIS {J0) THNL¥H3IcH3L NOT1YO0]
TYNLYYIdNIL TCHLN0D TEWHIHL 10 SINCZ §

HOZLYINSH 0191081

ACIM
531974 .
NI INNOM W

2 ANOZ N3AD

L 3NGZ NIAD

TOHLNOD TYAWH3HL




"10309]9S 81€)S 101BIVOSSIP PuUE PIofiuewW winnoea dwind-uol TT-9HTA PUB 0I-DTA 8 “Sid

Y9°0-£°0-A0Z-01 S3L¥¥3d0
1103 ANYL/BNITdN0D KunL &E
ZHA 26 1Y YOLYITI2S0-4735 HOLSISHWYL JOKIS e

INIWNITTY ONITDIL-3735 e

ATEW3SSY SSY19 ITEVADHIY e
ROILINYLISNG] Qyw08 2/d

+090° ¥ ,Z00° 3811 008 — HOLWWITIOD
W_EE:wmmﬂmwmw_mmﬂﬁﬂwmﬁ SSY19 ObZL ININYOD — 401¥1305510 1 ®
S SOT3IHS JILINGYW 260" ¥3A¥1 2
1041K02 LL1-5TA %S 404 QI1ITA0N ATTVIDIdS
R IR  EP T T— dANd NOI INTWIT3 & Y3 e
R A—
N1 INIHIDTY
LINNID  §=
035070 110 81y Y3018
4 P H3A02 k
NIBWISSY 38~ HONOYHL
. o
YOLINOW T3A37 2 % wwuﬁﬁm R a3 o
SONYE | TTaACK I L e SN REE ™~
Y TNIITON I THNIWE3L
LNIIYOOY ONY 9NV N e
INDT © HIWYE 04 dWnd n I .
HOLINOW 1921140 ‘
I9UYHISIO 49 1Nding 43 f
NY 30610 i
SINTT ! i
AN WIXv0o | 1 I
FEo JUETERE I
YOLYIZ0SSI L 1-97A 1 -
Odv¥IH e
IOTIANT WIHIIEA —a
NOI
I510
INIddOLS 2
- —_—
L | !
H. i Y. /i \N\i_ (VNN EERNL = TN
) T
w@my_ﬂuwz SINIT dyc 1138 0L SANLS
! Wik ||

40103713S 3iv1S-4H0LiVID0SSIa
OGNV QT104INVN dANd NOI 11-97A ONV VOI-Cl-91A




11 ion-pump and neck assembly.
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Fig. 10 VLG-11 receiver and synthesizer.
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Fig. 11 VLG-11 maser front view.
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Fig. 12 VLG-11 maser front view showing electronics assemblies
opened for ingpection.

274




e s

Fig. 13 Rear view of VLG-11 maser showing power-amplifier
assembly and heat sink.
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