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ABSTRACT:

The CR-(XM~45)/U crystal units are to be similar to
standard CR-42A/U units except that the new units must with-
stand much more severe vibration and must also hold much
tighter frequency stability over the +70°C to 4+80°C operating
temperature range (OTR.) This report presents evaluation data
from the second group of experimental units prepared for this
project.

The units of this second group did not meet the specified
capacitance requirements and they did not hold the required
frequency stability over the OTR. Despite these deficiencies,
they gave indications that the new experimental design -~ which
uses special, double-rotated X cut resonators mounted in Bliley's
ceramic-frame holders =-- can be refined to meet the CR-(XM~45)/U
requirements, provided an increase of 3.5 uuf is made in the
specified capacitance values.

Attention is now concentrated on improving the temperature
characteristics of the new resonators. Increases in the second
rotation angle have made no significant changes in peaking
points but there are indications that improved drift over the
OTR can be obtained by proper placement of the support wires
on the crystals. Investigations into this, as well as into
the effects of various combinations of plate dimensions have
already been started.



PURPOSE

The purpose of this project is to accomplish the objec-
tives of Signal Corps Industrial Prepgredness Procurement
Requirements No. 15, (SCIPPR # 15), as they relate to rugged-
ized low frequency quartz crystal units type CR-(XM-45)/U.

The purpose of this report is to record the progress
which has been made during the third quarterly interval of
the project. This includes the time from December 1, 1962
through February 28, 1963.



NARRATIVE AND DATA:

The CR-(XM-45)/U crystal units with which this project is
concerned are in the 90 kc to 200 kc frequency range. They
use HC-13/U holders, operate over the +70°C to +80°C temper-
ature range, and are similar to standard CR-42A/U units with
only two major exceptions:

1. The CR-(XM~45)/U units must withstand up to
2000 cps vibration at 15g acceleration, while
the standard CR-42A/U units are required to
withstand only up to 55 pcs at the low
acceleration produced by 0.015" amplitude
excursion.

2. The CR-(XM-45)/U units are required to hold
frequency stability of at least 1 part in 1l
per degree over the +70°C to +80°C operati
temperature range, while the standard CR-42A/U's
are required to hold only +0.002% stability
over this same range.

These new requirements are so far beyond those of the
standard units that neither the crystal mounting arrangement
nor the conventional +5°X-cut resonators of the standard
CR-42A/U's could be adapted for use in the new units. There-
fore, despite their apparent similarity to the CR-42A/U umits,
the new CR-(XM-45)/U units must be distinctly different in
internal design and comstruction.

The two basic areas in which new developments are required
are, of course, the mounting arrangement and the crystal
resonators. Not only must each of these be capable of meeting
the stringent new demands but also, in combination, they have
to achieve the same performance capabilities which were set

up to govern the standard, non-ruggedized units. In short,
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the new CR-(XM-45)/U units are required to do everything the
standard units do plus also providing greatly-improved ability
to withstand severe vibrational disturbances and providing
better temperature-frequency stability.

It was known that a mounting arrangement which could
serve the new units would have to provide symmetry and freedom
from structural resonances during vibration and it was decided
to adapt Bliley's umique ceramic-frame mounting arrangement
to the CR-(XM-45)/U units. This mounting system utilizes a
rigid, rectangular ceramic frame, which completely encircles
the edges of the crystal resonator, as the main support struc-
ture. 'Harp'' support wires extend completely across the open
faces of the frame, parallel to the major face surfaces of the
resonator, and are attached at both ends to the encircling
frame. The resonator is supported in the conventional mammer
by headed wires which are soldered to fired silver spots om
the quartz. These headed wires then cross the "harp' wires
at right angles, and are attached by solder balls which also
sexve as terminations to control the crystal wires at the
proper resonant lengths.

Previous reports in this series have traced the initial
adaptation of this ceramic-frame moumting arrangement to the
CR-(XM-45)/U units. The ceramic-frame arrangement was orig-
inally devised and developed for higher frequency units which
use square, CT- and DT-cut resonators and adaptation to the
lower frequency CR-(XM-45)/U units involved changes to
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accommodate the long, rectangular resonators which must be

used. Provisions also had to be made for the two sets of headed
wires which are used to mount the longer, heavier resomators
since the original design had provisions for only a single

set of centrally-located wires.

In addition to the general adaptation of the mounting to
this new use, there are several details which must be worked
for each individual frequency. These details, which have
considerable influence on the performance of the finished
unit, cannot be worked out umtil the exact resonator which
is to be used for each frequency is known. These details
include the following:

1. The optimm diameter for the headed wires which
support the crystal.

2. The pr:ger amount of solder with which the headed
wires will be attached to the fired-silver spots
on the quarte.

3. The most satisfactory lemgth for the support
wvires.

4. The size of the "solder ball" termination which
controls the length of the support wires.

S. The diameter of the harp" wires.

6. The size and positioning of the fired-silver
spots.

The details of the mounting canrot, obviously, be worked
out until after the selection of crystal resonators has been
made. For this reason all experimenta! units are inevitably
handicapped in performance, both in vibration as well as drift
stability, and only the final, developmental models can hope

to achieve optimm performance. In additim, once the initial
6=



adaptation of the mounting arrangement was done, attention had
to be turned to the search for suitable crystal resomators.

The search for crystal resonators which could serve the
CR-(XM-45)/U has also been traced in the earlier reports in
this series. After it had been confirmed that +5°X crystals,
such as are used on standard CR-42A/U's, cannot be made to
peak closely enough to the +75°C reference temperature to
meet the CR-(XM-45)/U requirement, attention was turmed to
investigation of possible alternmate crystals: wide-plate NT
cuts, a variety of single-rotation X cuts, and several combi-
nations of double-rotation NT cuts.

No promising resonator-type was found, since almost all
of the experimental resonators had both too-high capacity and
too-low activity. For a time it was believed that significant
increases would have to be made in the CR-(XM-45)/U capacitance
and resistance limits 1f the drift stability was to be met.
Finally, at the suggestion of Mr. R. A. Sykes of Bell Telephone

Laboratories, investigation was made of double-rotated X-cut
. resonators which use orientation and dimensions similar to
wide-plate NT crystals, but which use full electrode areas to
excite length-extension modes (similar to +5°X crystals) rather
than the divided electrodes which excite length-width modes om
conventional NT resonators.

These experimental X-cut resonators provided good activity
with reasonable capacitance levels; they were our first indi-
cation that the CR-(XM-45)/U requirements might be accomplished.
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A group of engineering sample units was made, with the intent
of locating basic information from which derivation of designs
using the new resonators could begin. Since these units were
a pioneering effort they were not, of course, fully refined
and therefore they were not expected to meet the CR-(XM-45)/U
requirements.
Process Information Sheets (PISN) which listed the details
of the designs used on the second-group experimental umnits
were presented in the Second Report of this series. Evaluation
data for the units which used these designs are presemnted
in this report, starting on page 14. These data, together
with the known deficiencies of the second-group units, have
lead to certain conclusions concerning the CR-(XM-45)/U require-
ments and have also lead to the location of certain problem
areas in which extensive development work is still necessary.
First, the capacitance values of all the second-group
units are too high, in terms of the original requirements
(which demand that the new, ruggedigzed units meet the same
stringent capacity levels as the standard, non-ruggedized units.)
A major portion of the higher capacitance in these units comes
from the ceramic-frame holders, which have at least double
the capacity of the standard holder arrangements. (Attempts
to reduce the capacity values of the ceramic-frame holders
have not been successful.) In addition to the holder capacitance,
however, some further allowance must be made so that the
experimental X-cut crystals can be made to achieve optimum
activity.



Review of the second-group experimental units lead to the
conclusion that while the regular CR-42A/U capacitance-formula
requirement could not be applied directly to the CR-(XM-45)/U
units, it could be adapted to them simply by increasing the
constant factor on the formula from the 1.2 value used for
the standard units to 4.7, an increase of only 3.5 wuf. It is
believed that relaxation of the original capacitance formula-
requirement ig necessary 1f the ruggedized units are to be
practical. The following tabulation shows our preposed changes:

ORIGINAL CAPACITANCE FORMULA

Exequency (kc) Capacitance (pf)
90 to 170 ke g_%g + 1.2, 15%
170 to 200 ke 32+ 1.2, £15%

PROPOSED CAPACITANCE FORMULA

Exequency (kc) Capacitance (pf)
90 to 170 ke gi'g_ + 4.7, *15%
170 to 200 ke g%g + 4.7, £15%

Thie proposed change 18 being processed by means of a
Technical Action Request. As far as can be determined at this
time, it is the only change in the original requirements which
will be necessary, making a slight increase in capacitance the
only performance penalty imposed by the ruggedizatiom.

Review of the data on the second-group experimental umits
also shows that the activity levels of most of these units were
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uniformly high -- well within the requirements -- and that
only those units in the 120 kc group exceeded the 4500 ohm
maximm resistance value. The poor activity of the units in
the 120 kc group has been traced directly to the length-width
ratio which resulted from the plate dimensions which were
chosen for these resonators. It is believed that a slight
change in the dimensions of the quartz plate, slightly in-
creasing the ratio value, will eliminate this problem.
(Experimental units which will check out this belief are now
nearly ready for evaluation.)

The following tabulation summarizes the length-width
dimensions and the ratio values for the second-group units:

ORIGINAL LENGTH-WIDTH RATIOS
(experimental double-rotated X-cut resonators)

frequency  width length ratio
90 ke 0.244" 1.2600" 5.16
120 kc 0.244" 1.2600" 3.86
150 ke 0.244" 0.9430" 3.08
170 ke G.244" 0.7540" 2.73
200 ke 0.244" 0.5655" 2.32

REVISED LENGTH-WIDTH RATIOS
(only the 120 kc dimensions were changed)

frequency width length ratio
120 ke 0.200" 0.9525" 4.76

In addition to the other deficiencies, none of the second

group units met the stability requirements cver the +70°C to
-10-



480°C operating temperature range. This was to be expected,
of course, since none of the resonators in these units had
proper orientation (there were no guides for selection of
orientation) and none of the plates was properly mounted

for optimum performance. (The lack of pyoper mounting details
also resulted in less uniformity than would ordinarily be
expected.)

It was decided to start the investigations of improving
the +70°C to +80°C drift performances of our experimental
X-cut crystals by shifting orientations: specifically, by
changing the second rotation angle slightly. The following
tabulation lists the orientations which were used on the

second-group crystals:

ORIENTATION
(second-group experimental units)

uenc c rotation s 1 orientation
madeeml mUERT-wr

90 XYTWL +8° + 30' 258° + 30' 0° & 30'
120 XYTWL +8° £ 30' $58° + 30' 0° t 30'
150 XYTWL +8” + 30' 458° t 30' 0° t 30'
170 XYTWL +8° ¢ 30' £57° + 30' 0° t 30'
200 XYTWL +8°* ¢ 30" #56° + 30' 0° % 30°'

The +70°C to +75°C and the +75°C to +80°C drift performances
of the second-group experimental units is shown by the data
sumnary sheets which start on page 14. The majority of the
units (except those at 200 kc) have steadily negative drift
over both portions of the temperature range, indicating that

ey,



the resonators peaked too far below the +75°C reference temper-
ature. It was concluded that the second-rotation orientation
angle of the resonators musi be increased in an attempt to
obtain higher peaking points, but it was expected that sig-
nificant increases in this angle could lead to lower activity
so that units would have excessive resigtance levels.

Experimental units were prepared with resomators on which
the second-rotation angle had been increased to 60°. There
were no significant changes in eitker drift oxr activity, so
further ghifts were made, to 62° and then to 64°. There were
scme increases in the resistance values of theze increased-
angle resonators, indicsting that activity did decrease as
the rotation increased. However, even the #8°, t 64° double-
rotation resonators were able to meet the CR-(XM-45)/U
resistance requirements when full use was made of the higher
capacitance values permitted by the revised formula.

No detafled ’'nvesiigation was made of these increased-
angle regonators after it became apparent that drift performance
could not be 2fgnificantly changed by shifte in the oriemtation.
Inatead, attention was turned to investigation of the results
obtainable by various combinations of moumting arrangement
detaile. Evaluation wzs made of such things as varistions in
the size and placcment of the fived-silver spots on the
resonator plates, varicus 3lzes 3nd lengths of headed wires,
variations in the amourt of golder with which the headed wires
are attached to the fired-silver spots, and variations in the
plate dimensions of the resonators themselves.
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Of these, only the changes in the positioning of the
support wire attachment seem to hold any great promise of
improving drift performance, although the investigation of
changes in plate dimensions has not yet been completed. (It
should be noted that the reason for the positive~drift perform-
ance of the 200 kc units of the second experimental group was
that the resonators were mounted on a single set of headed
wires, while all the other units were mounted on double sets;
use of a centrally-posiiioned mounting point results in a
peaking temperature neir +90°C in contrast to the below 70°C
peaking points of the dual-support crystals.)

The other fa:tors in the mounting do, of course, affect
the drift patteras of the finished units. However, they
primarily contribute to uniformity and to other performance
traits rather than to the drift over such a3 short temperature
range. Iz particular, proper mounting is necessary to obtain
optims: performence in the severe vibration tests. It wmay
be difficult to combine the particular mounting arrangement
whiich 18 desirable for optimum drift performance with the
arrangement vhich is desirable for optimmm vibration perform-
ance. For this reason, investigation of otker possible methods
of obtaining better frequency stability over the +70°C to
+80°C temprrature range will be continued even while the new
positions for the support wires are being worked out.



CR-(XM-45) /U
90 ke
EVALUATION OF SECOND ENGINEERING TEST SAMPLES
IN TERMS OF THE CR-(XM-45)/U SPECIFICATION
Specified tolerances for 90 kc units:
1. Calibration:

2. Resistance:
. Capacitance:

t 1.8 cps of nominal at +75°C
4,500 ogu maximum with 32 wuf load
7.1 vuf maximem

3
+70°C to +75°C: % 5 ppm
4. Drift: 435°C to +80°C: * 5 ppm
Shock: freguency change: t § maximum
3. vVibration: resistance change: * 151 maximum

Measurements made on second-group 90 kc sample units:

Unit Freg. Resist. Shunt o Drift N R
Xo (+75°C) Capac. +70°C to +73°C +73°C to +80°C
#6  89.9995 ke 3,100 10.49 wuf -7.7 pp 8.8 ppn
#7  89.9988 ke 2,700 10.40 wuf -8.8 ppm -8.8 ppa
#8 89.9989 ke 2,800 10.20 wuf -10.0 ppm ~8.8 ppm
#9 89.9992 ke 2,800 10.41 uvuf -11.1 ppm -8.8 ppm
#10 89.9994% ke 2,800 10.22 uuf =10.0 ppm ~10.0 ppm

Shock and vibration performances of second-group 90 kc sample units:

f?[;: freq. msgock repist. e freq. MVibr;tion resist. change
#6 -1.1 ppm -0.6% +2.2 ppm 40.4%

#7 0 0 +3.3 ppun 0

#8 -1.1 ppm -2.12 +1.1 ppm 0

#9 -1.1 ppm 0 +2.2 ppm 0

#10 0 0 +1.1 ppm 0



~ CR- (xM-45) /U

EVALUATION OF

SECOMD ENGINEERING TEST SAMPLES
IN TERMS OF THE CR-(XM-43)/U SPECIFICATION

120

ke

Specified tolerances for 120 kc units:

1. Calibration:
2. Resistance:
3. Capacitance:

4. Drift

t 2.4

4,500
s. 7 wuf maximom
. +70°C to +7s'c-
. +75‘c to +ao C:

3. Vibration. relg tance clung;

2: of nominal at +75°C.

maxioum with 32 vuf load

tS

35 ppm

2 I marim

Measurements made on second-group 120 kc sample units:
Resist.
fobms)

Unit
o

#6
$7
#8
$9
#10

Ires.
120.0022 ke
120.0005 ke
120.0016 ke
120.0003 ke

120.0059 ke

4,700
6,000
6,600
6,200
7,700

Shunt
Capac.

8.49 wf
8.58 uuf
8.48 wuf
8.52 wuf
8.44 waf

Shock and vibration performances of second-group 120 ke sample units:

Unit Shock
Jo. frea. change resjst. change

$6
$7
¢8
$9
#10

+1.6 ppm

+2.5 ppm
0

+1.6 ppm

+4.1 ppm

e 0 O © ©

-18-

Vibration
repist. chapge

2.5 ppm
+5.0 ppm
+3.3 ppm
+.1 ppm
-5.0 ppm

-1.3%
-3.22
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CR- (XM-45)/U
150 ke

EVALUATION OF SECOND ENGINEERING TEST SAMPLES
IN TERMS OF THE CR-(XM~-45)/U SPECIFICATION

Specified tolerances for 150 ke units:

1. Calibration: + 3.0 m‘of nominal at +75°C
2. Resistance: 4,500 maximm with 32 wuf load
3. Capncit:t;gs c 4. 271511.15 m:h;nn
. . to : ppu
4. Drift: 259¢ to +80°C: % 5 ppum
5. Shock: frequency change: % § gpn maximum
Vibration: resistance change: £ 151 maximm

Measurements made on second-group 150 ke sample units:

Unit Freg. Resist. Shunt . Drift o R
No_ (415°¢C) (chms) Capac, 470°C to +75°C +15°C to +80°C
#6 150.0022 ke 6,100 7.23 wuf -6.6 ppm -9.3 ppm
#7  150.0006 k¢ 4,000 7.11 wf +1.3 ppm -0.6 ppm
# 8 130.0017 ke 3,300 7.10 vuf +1.3 ppm -2.0 ppm
#9  150.0024 ke 3,200 7.10 wf +1.3 ppm -1.3 ppa
#10 150.0008 ke 5,200 7.12 vuf «7.3 ppm -12,0 ppm

Shock and vibration performances of second-group 150 kc sample umits:

Unit Shock Vibration

_No. freq. change regist. c e freq. change I s .C e
#6 ~0.6 ppm 0 +1.3 ppm 0

$7 0 0 -3.3 pm ¢

#8 0 0 0.1 ppm 0

#9 0 0 +0.1 ppm 0

#10 -2.6 ppm -0.8% 0.1 ppm 0



CR-(XM~45) /U

170 ke

EVALUATION OF SECOND ENGINEERING TEST SAMPLES
IN TERMS OF THE CR-(XM-43)/U SPECIFICATION

Specified tolerances for 170 ke units:
1. Calibration:

2. Resistance:
3. Capacitance:

4. Drife:

s ShOCk.
* Vibratiom: reliltance change: t 1

frequency change:

5 ppm

1%

3.4 cps of nominal at +75°C
5,000 obms maximum with 32 wuf load
3.5 wuf maximum

+70°C to +75°C:
+75°C to 4+80°C: * S ppm

Measurements made on second-group 170 kc sample units:

?E
#6
#7
8
#9
#10

PetTico)

170.0028 kc
170.0037 ke
169.9991 ke
169.9989 ke
170.0021 kc

Resist.

3,750
3,800
3,400
3,500
3,800

Shunt
Capac,

6.98 uuf
6.69 wuf
6.58 uuf
6.71 uuf
6.80 uuf

Drift
+70°C to +75°C #75°C to +80°C

-1.2 ppm
=7.0 ppm
-1.2 ppm
4.7 ppm
0.5 ppm

pm maximum
maximum

3.5 ppm
-10.5 ppm
2.9 ppm
-6.4 ppm
4.1 ppm

Shock and vibration performances of second-group 170 kc sample units:

?E;: . Shock Vibration .

$6 +0.6 ppm 0 +.7 ppm 0
$7? +.7 ppm -0.8% +3.1 ppm -2.0%
#8 +4.7 ppm -1.1%2 +1.7 ppm -1.4%
$£9 +3.5 ppa 0 +3.8 ppm -1.3%
#10 +2.9 ppm 0 +2.4 ppn 0



CR-(XM-45) /U
200 ke

EVALUATION OF SECOND ENGINEERING TEST SAMPLES
IN TERMS OF THE CR-(XM-45)/U SPECIHCATIGI

Specified tolerances for 200 kc units:

1. Calibration: 4.0 cps of nominal at +75°C
2. Resistance: 5,000 ohms maximum with 32 wuf load
3. Capacit:'t_’nge& 3. 17% I!&:i?ll
. to :
4. Dr’-ft- +75.c o +8°.c. * s m

5 Shock: fr gpn
° Vibration: resistance cbnnae' t 15

Measurements made on second-group 200 kc sample units:

Unit Freg. Resist. Shunt Drift

Ho. (+75°C) (ohmg) Cgpac. 470°C to +75°C +75°C to +80°C
#6 200.0040 ke ' 3,200 5.41 wuf +11.5 ppm +12.0 ppm
#7  200.003% ke 3,200 5.31 wuf +11.5 ppm 412.0 ppm
#8 200.0008 ke 3,200 5.39 wuf +20 ppm +15.0 ppm
#9 199.9997 ke 3,600 5.62 uuf +19.5 ppm +16.0 ppm
#10  200.0004 k¢ 2,700 5.38 uuf +18.5 ppm +15.0 ppm

Shock and vibration performances of second-group 200 kc sample units:

Unit Shock Vibration

o, freq. change zesist, change freq. change Xesist, change
$6 +2.5 ppm 0 «2.0 ppm 0

$7 +2.0 ppm 0 -1.5 ppm 0

#8 +4.0 ppm 0 +3.0 ppm -2.0%

$9 +.0 ppm 0 +1.5 ppm -1.5%

#10 +3.1 ppa 0 0 0
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CONCLUSIONS:

Despite thelr deficiencies, the second-group experimental
units are considered to have served thelr purrose weil: they
have provided & firm base from which the furtaer developmen:
of the designs can proceed. It 1as believed trat the CR-(XM 453/U
requirements can be met by vefinements of the prexemi desizns

The major problem at rhe present tiwme is in obtalming
proper concrol of peaking points so that the cequired fregu ney
stability can be obtalned over the +¥0°C to +807C vporatiug
temperaturz rauge. Althouglb control by wmeans of proper plare:
ment of the supporting wires seems to hold promiss, t sy ot
yvet certain that 1t Is a complete solution. Furthexr inveurt -
gations aras ncvessary and much development wiil be nesded

¥ven 1if the control by placewent of the headed wires
proves to be practical, difficulties are¢ anticlipatcd fn contin-
Ing that mouxting arvangement which pxovides the beer dric:
performance with that which produces the beat vibration pec. vin-
ance. It Is to be expected that this difficulry will be
reflected in the next (thixd) group of experlaental vnirs
and that full compliance with the requirements may not be
obtained unt3l later in the project.



CONFERENCES :
l. Mr. Fheard Mason >f USAFMA and Mr Marvin Bimst:in
of USAERDA visited Bliley on Jamuary 14, 19353. ‘s
proje:t was reviewed and th: problews were df{scuised.

No gpocifie conclusions wers reached.



PROGRAM FOR NEXT INTERVAL:

The program for the next interval includes the develop-
ment, fabrication, testing, and submission of the third group
of experimental units. While the third-group units will still
be developmental models ~- it is not expected that they will
meet all parts of the CR-(XM-45)/U specification -- they
should incorporate all of the basic features of the final
designs and should, therefore, deviate from the requirements
only in minor details.

The testing and evaluation of the third-group units will
provide the information which will permit finalization of the
designs for use in the fourth group (final group) of experimental
units. It is hoped that evaluation of the third group of units
will be completed in time so that data can be included in the

next report.
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IDENTIFICATION OF TECHNICIANS:
(Xey technical personnel only)
1. The technicians assigned to this project were identified
in the First Report.

2. The approximate number of man hours expended on this
project during the second period were as follows:
A. R. Krespan (Radio Engineer) . . . . ( 36)
J. J. Cicero (Laboratory Assistant). . (112)
J. P. Clano (Laboratory Assistant) . . (140)
Production Pexsomnel . . . . . . . . , (45)
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Sherold Crystal Caapany
1510 McCee Street
Kansas City 8, Kansas

Tedford Laboratories
4126 Colerain Avenae
Cincinnati, Ohio

Attention: Plant 3upt ~ Fred M. Warrem Jr.

Clark Crystal Company
2 Farm Road
Marlboro, Massachusetts

Monitor Products Company
815 Fremont Avenue
South Pasadena, California

Electrical Products Corporation
P.0. Box 4035

950 - 30th Street

Oakland, California

Attention: Mr. M. R. Mausshardt

Hiil Electronic Engineering & Mfg. Co.
Mechanicsburg, Pennsylvania

V. Precision Instr:ment Company
134-20 Jamaica Avenue

Jamaica 18, New Jersey
Attention: Mr. A. Kral

Wright Electronics Company, Inc.
2537 Grand Avenue

Kansas City 8, Missouri
Attention: Mr. J. D. Shepherd

Vicetor Electronic Systems Co.
Division of Victor Comptometer Corp.
5600 Jaruis Avenue

Chicago 48, Illinois

Attention: Mr. R. P. Chalker

Bell Telephone Laboratories
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1600 Osgood Street

North Andover, Masgachuseits
Attention: Mr. R. A. Sykes

General Electric Company
Communication Products Department
Mountain View Road

Lynchburg, Virginia
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Hughes Alrcrafe Coupany

Industrial ngtema Muinicen

P.0. Bex 909

lLos reles 45, Czlifoinis

Actention: Dr. E. C. Mo 1

Hughes Alrerafr Coupany

Components Divisica

Florence & Teale Strreats

Culvey City, Calfifemis

Attertion: Mr. L. Stovek 1

Motorola, Incorporaced

(545 Avguzta Boulevard

Chicage, Illinois

Msttention: Mr. £, Muthowekd 2

Nerthern Eogineerin: Lalioratorizs, Inc.

%27 Wilmont Avenus

Ruriingron, Wigcons . n

Attenticn: Mr. Rohert flolzrichier 3

Mortkern Enginecering lsborstorfes, Ine.

“57 Belolt Street

Bariivgton, Wiscona.n

Attention: Hr. John Holwmbeck 1

lntermstional Crystal Maumzfacturing
1€ 1/2 North Lee Strect
Oklsbhoma City, Oklahoms 1

Peterscn Radio Compony, Ire.

2800 West Broadway

Council Bluffs, Lows

Artention: Hr, Futorson 1

Valpey Crystal Corporai.ion
124}: gigh and Strest
Holliston, Massachuaeits 1

Lenkurt Electric Company
San Carlos, Califoruia

Atteridon: Mr, Frad Fuiteneau 1
Westexn Electric Company

120 Broadway

New York City, Nsw Yoeh

Attention: Mr, J, Tweeddale 2
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Electronic Research Co., Inc.

Box 4147

Overland Park, Kansas

Attention: Mr, N. Bishop 1

John K. Miller
252 Oriol Drive
Pittsburgh, Pennsylvania b

Armed Services Technical Information Agency

Document Sexrvice Center

Arlington Hall Station

Arlington 12, Virginia

Attention: Mr. H. Rehbock-~TICSCP~2 10

Commanding Officer

U.S. Amy Electronics Research & Development Agency
Fort Mommouth, New Jersey

Attention: Dr. E. A. Gerber, SIGRA/SL-PF 3

Commanding Officer
U.S. Ammy S:gml Materiel Support Agency
b ]

Fort Mommou New Jersey
Attention: SIGMS~ES-PFE-4 2
Commander

Wright Air Development Divisiom
Wright-Patterson Air Force Base, Ohio
Attention: Mr. Elmer H. Borgelt
WWDPVE-2 2

Chief
Bureau of Ships
artment of the Navy
Main Navy Building, Room 3328
Washington 25, D. C.
Attention: Mr. Myron H. C. Criswell, Code 691B3 2

Commanding Officer
Tobyhanna Signal Depot
Tobyhanna, Pennsylvania
Attention: Chief, Engineering Branch
SIGTD-812 2

Commander

Dayton Air Force Base

Gentile Air Force Station

Wilmington Pike

Dayton 10, Ohio

Attention: Mr. Leland T. Sogn 2
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ASD
Wright-Pattergson Air For:e Base
Dayton, Ohio 2

Chief Signal Officer
Degattment of the Army
Main Navy Pulilding
Washingtom 25, 0. L.
Attention: Mr. A. Olson
SIGED-=5h=2 2

A. D. Bedrosian

Signal Coxps Liaiscn Offlce

Massachusetts Institute of Technology

77 Massachusetts Avenue, Room 246-31%

Cambridge 39, Masszchuserts 1

Commanding General

U.5. Army Electronics Materiel Agency

225 South 18th Street

Philadelphfa 3, Peunsylvania

Attention: SIGSU-H3ID 1

CAMESA

Department of Natioral Defense

Ottawa, Ontario, Canada

Attention: Mr. L. F. Benaett 2

Commanding Offf{cer

U.S. Coast Guard Supply Center

Crystal lLaboratory

31st Street and 3rd Avenue

Brooklyn, New York

Attention: Code 80 1

Department of Comnerce

Business & Defense Services Adm.

Electronics Divigion

Washington 2%, D. T.

Atteation: Mr. D. S. Parris 1

Hrector

National Bureau. of Standards

Boulder, Coloradu

Attention: Mr. P. A. Simpson 1

Canadisa Llaisen Officer
Office of the Chief Signal Cffize:r
Department of the Army

Pentagon
Washington 25, D. C.
Attentlon: SICEC-CL 1
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Mare Island Naval Shipyaxd
Code 967, Building 866
Vallejo, California 1

Wright Air Development Divisior
Wright-Patterson Alr Force Basc¢, Chio
Attentiom: Mr. C. W. Friend
ASD {AR3NGE-3) 1

Diamond Ordravce Fuse Laboratoy
Washington, U. C.
Attention: Mr., Clauee Sann i

Commandiing General
U.S. Ammy Electronics Maceriel igency
225 South 1Etix Street
Philadelphia 3, Pemaayirania
Attention: Mr. H. 3srinst,
S1GSU-R5a A

Commnanding General

U.5. Ammy Electronics Materiel Agency
225 South 1l8th Stxeet

Philadelphis 3, Pennsylvania

Attentiom: SIGSU~-R2c 6
Advisory Group on Electvonis Devices

346 Broadway

8th Floor

New York 13, New York X

Inspectoy of Naval Material
401 01d Post Office Building
Pitteburgh 19, Pennsylvania
Attenrion: 5AS5 1

Clair Smith

Residerit Govermment Inspector

Bliley Electric Company 1
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Commancing General

U.S. Ammy Electrouic Materiel .gency

225 South 18th Street

Philadelphiz 3, Pennsyliania

Attention: Chief, Quality Asgsurance Operations
Divigion 1
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Executive Office of the President
Office of Fmergency Planning
Washington, D. C.
Mobilization Base Analysis
Attention: Mr. William G. Smith
Director, Special Programs Section 1

Comnanding Officer

U.S. Amy Electronics Research & Development Agency
Attention: Chief, PFP, Mr. J. Stanley

Fort Mommouth, New Jersey 1

Commanding General
U.S. Ammy Electronics Command
Attention: AMSEL-RE-A
C. B. Gardner
Fort Monmouth, New Jersey 10

Commanding Officer

Chicago Procurement District

623 S. Wabash Avenue

Chicago 5, Illinois

Attention: AMXEH~-DE 1

Commanding Officer

Los Angeles Procurement District

55 South Grand Avenue

Pasadena, California

Attention: SMXLA-OE 1
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