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DETAILS OF COUPLING PANEL

Any one of these sources may be used,
or eny combination, as reaquired, kach vol-
ume control has a switch which may be used
to remove or Introduce the corresponding
voltage on the heterodyne detector input,
without the necessity of turning the vol-
ume control back to zero,

The markings of the switches are as
follows, the switch positions being num-
bered from left to right:

Handle
Position Marked Up Center Down
1 Microdial |ON OFF | SC (short
cirecuit)
2 817 Input [L KC 619 | 100 cycles
3 X ON - OFF
4 50 KC ON - QFF
S 10 KC ON -~ OFF
6 616 ON - OFF
7 Audio Out-
put 614 TEL OFF | SPEAKER
8 Audio Out-
put 617 TEL OFF | SPEAKER
g Audio Out-
put 619 TEL OFF SFEAKER

The functlons of the switches are,
briefly, as follows:

Switch No, 1 - MICRODIAL

In comparing the syncronometer read-
ing with time signals,the Type 619 Hetero-

dyne Detector may be used as a receiver,
With this switch ON, the microdial is con-
nected across the output c¢ircuit of the
heterodyne detector,

Switch No, 2 — 617 INPUT

The input circuit of the Type 617 In-
terpolation Oscillator is connected to any
one of three sources, for checking cali-
bration or for matching an unknown beat
frequency. These are: UP - 1-Kc standard
frequency; CENTER - Output of Type 619
Heterodyne Detector,DOWN - 100-cycle stan-
dard frequency.

Switches Nos, 3, 4, 5 and 6

These are the ON-OFF switches asso-
ciated with the four radio-frequency vol-
ume controls, They are, in order, "X", or
unknown frequency source; 50-kc harmonic
output of frequency standard; 10-ke har-
monic output of frequency standard and out-
put of Type 616 Heterodyne Frequency Meter,
These switches permit any one of the
sources to be cut off from the input of
the Type 619 Heterodyne Detector without
the necsessity of returning the associated
volume control to zero.

owitch No, 5, with the 10-kec volume
control, also control the output of the S
or 1l kc output of the Type 698-A Duplex
Multivibrator, Selection of the 9, 10 or
11 kc output 1s made by a switch on the
duplex multivibrator,

STANDARD-FREQUENCY HARMONICS
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Wiring diagram for the Type 612 Coupling Panel
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Switches Nos, 7, 8 and O phone recelvers or 1loud speaker. The

_ switches, In order, are for the output of
This group controls the radio-frequen- the Type 614 Selective Amplifier, the Type
cy outputs of three sources, to connect 617 Interpolation Oscillator and the Typse

sny one or any combination to elither tele- 619 Heterodyne Detector.

PART VI

MAKING FREQUENCY

GENERAL STATEMENT The various opera-
tions may be traced
from the schematic dlagram of Figure 7.
These are considered in detall in the fol-
lowing section. In general, the success-
ive steps of makling a frequsncy measure-
ment are as follows., In certain cases the -
procedure may be simplified and in other
cases Intermediate steps may be required.

STEP 1. Picking up and I1dentifying
the =signal, the frequency of which is
to be measured, for transfer to and
comparison with the standard. This
step may be very simple In the case of
a local oscillator or transmitter; it
may be rather complicated In the case
of a remote very high frequency trans-
mitter,

STEP 2. Transferring the signal fre-
quency for comparison with the stand-
ard. This transfer may be made at the
orlginal signal frequency, or, for
various reasons, may be at a multiple
or sub-multiple of the slignal frequen-

CY.

STEP 3, Obtaining the audlo beat fre-
quency difference between the trans-
ferred signal <frequency and the near-
est standard frequency., This audio
frequency must be of a useful value,
which may sometimes require a change
in transferred signal frequency (Step
2) or a change in standard frequency.

MEASUREMENTS

STEP 4, Determination of wvalue of
beat frequency obtalned In Step 3.

STEP &, Determlination of the sign of
the beat Irequency difference., This
is equivalent to determining whether
the unknown is =2bove or below the
standard frequency. I1f the unknown is
above the standard, the beat differ-
ence 1s considered positive and the
value 18 added to the standard frequen-
¢y. If the unknown is below the stand-
ard, the beat frequency difference 1s
considered negative, and the value 1s
subtracted from the standard frequency
to obtalin the wvalue of the unknown fre-
quency.

oTEP 6. Determination of the value of
the standard frequency used 1n the
measurement, This 1s equivalent to
determining which harmonlc of the fre-
quency standard was used, since the
fundamental frequency 1s known in any
case,

In special cases, where the fre-
quency transferred to the standard for
measurement Iis not the original signal
frequency, either of the two following
steps may be necessary.

STEP 7., Identification of the harmon-
ic of the heterodyne frequency meter
which was used 1In the measurement.
CGenerally this is s low number and 1t
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FIGURE 7. Functiﬂﬁél schematic diagram of Type 612 Coupling Panel
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PART [X
TYPE 699 COMPARISON OSCILLOSCOPE

This section deals entirely with the
Type 699 Comparison Oscilloscope and 1Gs
use,

The pahel of the Iinstrument is shown
in Figure B8, At the left are binding
posts for introducing a frequency from an
external source for comparison with the
frequency standard, ~or for measurement
with the measuring equipment. The three-
inch eathode-ray oscllloscope 1s In the
center, with a brilliancy control to the
left and a focusing control to the right,
The power supply switch, with bull's-eye
is at the right end of the panel, Along
the lower edge of the panel are ten key
switches, for controlling all circults and
meking all frequency comparisons.

All connectlions to the frequency
standard and frequency measuring equipment
eare made through shlelded cables supplied
with.tthe measuring squipment.

A schematlic wiring diagram is given
in Figure b, from which the operations
listed below may be readily treced. In
the diagram, to avold confusion, the en-
graving of the switches 1s shown adjacent
to the switches with the upper, center and
lower positlions listed from top to bottom
below the switch designatlon. To abbre-
viate descriptions of the operations, the
switches are given numbers, corresponding
to their location on the panel, progress-—
ing from left to right on the instrument.

Provision is made,as far as possible,
for all operations which may be useful in
comparing frequenciles, including checking,
calibrating or measuring the frequency of
an external - source; matching the frequen-

cles of any two sources in the measuring
equipment end calibrating the component
units of the measuring equipment. While
the largest number of uses naturally falls
in the audio frequency renge, comparisons
up through low radlo frequencles are feasli-
bde, _

The following brief summary of the
types of patterns obtained in the various
cases will be helpful,

1, Lissalous Filgures, These patterns
are well Kknown, The only comment neces-—
gsary here 1s to note that one of the ob-!
jections to use of this type of comparison
is that the appearénce of the pattern
changes with phase, an obJection overcome
by using a clrcular sweep. In Rigure 10G,
representative patterns are shown in dif-
ferent phases, and the method of deter-
mining <the ratios of the frequencles is
Indicated.

IT the frecuency ratio is given by
larger numbers, for example 7:5, the pat-
tern appears almost as a network covering
the area and munless the pattern is extreme-
ly steady 1t 1s very difficult to count
the tTangent points, W1ith higher numbers
the filgures become too complicated for
counting, This 1limits the' usefulness of
this tyne of pattern to rrequency ratios
represented by the ratios of comparatively
small numbers,

2. Modulated Wave Figures., . These
patterns are familiar for checking the per-
centage of modulation of a wave, as in a
radio transmitter, and for indicating

FIGURE 8, Panel View of Type 699 Comparison Oscilloscope
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COMPARISON OSCILLOSCOPE

B C A B G - A B C
AN N\ OO

STANDARD —

In phase

&lightly out

In quadrature

of phase

FIGURE 10, Lissajous Figures.
¢all tangent points D; then

Count horizontal tangent points, A, B, C; count verti-
frequency ratio ls 3:1,

IT unknown is on vertical plates,

then unknown is three times the standard frequency.

CARRIER FREQUENCY
TRACE

-~ m e

In phase clightly out In guadrature
of phase
FIGURE 11la. Modulated Wave, The figures

above show this type of pattern for a modu-
lation of spproximately 50 percent, A/B =
0.5, If the matching frequency is not ex-
sctly equal to the modulation frequency,
the pattern slowly rotates through the se-
quence shown and back again, The 1illusion
of a three-dimensional figure 1is strong;
the pattern appears 1like a tube, with the
ends cut at zn angle,

Stendard Fregquency
Circular Sweep

standard.

Superimposed frequency
on vertical plates.

SINGLE LINE PATTERN

' FIGURE 12.

Circular pattern with
superimposed frequency
egual to five times the

FIGURE 11b. Modulated Wave, If the match-
ing frequency is a multiple of the modula-

tion frequency, the pattern appears ¢to
consist of parallel tubes, one for each
multiple. Above are shown the successive
phases of the pattern when the matching
frequency is twice the modulation fre-
quency.

Circular pattern with
superimposed freouency
equal to 9/2 times the
stendard.

Superimposed frequency
on vertical plates.

DOUBLE LINE PATTERN

Circular Sweep

'
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COMPARISON OSCILLOSCOPE
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roughly the quality of modulation, They
do not zppear ¢to have besn much used in
frequency measurements; they offer severel
adyvantages particularly in the checking of
low besat frequencies.

For example, 1f a radio frequency
being measured differs from the standard
frequency by 10 cycles, the beat Ifrequency
output of the Heterodyne Detector (non-
oscillating) would be 10 cycles: If this
output is fed to the Interpolation Oscil-
lator for matching, difficulty 1s encoun-
tered in sensing the metching by ear be-
cause of the low Tfrequency sand Dy sye On
. the output meter because of possible dis-
torted waveform,

If the detector 1s made
(three-oscillator method) the audio output
would consist of a tone (the frequency of
which can be varied by varying the detect-
or tuning) modulated by 10 cycles. This 1is
eguivalent to an audio-ireguency carrier
with 10=cycle modulation.

If this output is fed to the vertical

to ogscillate

deflecting plates and the output of the
Interpolation Oscilletor is fed ¢to the
horizontal plates, patterns of the form
shown in Figure 1la will bs cobtained, The
number of lines composing the body of the
pattern depends on the sudio carrier fre-
guency: the higher the frequency tne more
elosely is the body of the psttern filled.
The ends of the pattern are determined by
the matching of the Interpclation Oscilla-
tor frequency to the modulation frequency.

If an exsct match is obtained the pattern
will stand estill, If the match is not
sxact, the pattern will rotafe through the
phases shown and back agaln,

An advantage of this method is that
the Interpolation Oscillator can be set tO
a multiple of the low modulation frequency,
with imporoved accuracy of rezding. The
form of the pattern is shown in Figure 11b,
The. number of loops &t tells a%
once which multiple of the modulation ITre-
guency is the one to which the matching
oscillator has been adjusted.

3, Circular Sweep Patterns. A very
usaful and convenient pasttern is obtained

with a circular sweep;the form of the pat-
tern is indicated 1in Figure 12. 11 the
standsrd frequency is placed on the clircu-
lar sweep and the frequency of an oscllla-
tor, to be calibrated or checked, on the
vertical plates, then a pattern like that
shown in the center figure will be 0D-

tained., If the tops of the waves, such as
ABCDE are counted, the frequency ratio 1s
determined, in this .case 5:1 with the o8-

cillator frequency five times the standard
frequency. (If the oscillator frequency
{s 1/5 the standard, the pattern consists

of five zlmost concentric circles, )

In many epplications, the oscillator
calibration is fairly well known and it is
desired to check this calibration., The
beauty of the circular sweep method in
such cases 1is that the number of points
need not be counted., All that need be
noted is thaet each time a "single 1line”
pattern 1is obtained, the oscillator fre-
quency is an integral multiple of stan-
dard frequency; the number of fhe multiple
being known from the calibretlon.

When two standard frequencies are
available, as in this case, a preliminary
calibration may be made st multiples of 1
kc¢; ' these points would be readily identi-
fied in the sudlo-frequency range. Chang-
ing to 100-cycle standard frequency would
then permit "filling in" many points with
no doubt as to the values of frequency.

A further advantage 1s that simple
forms of "double line", "three 1line", etc,
patterns are obtainable, In each case, a
double 1line pattern indicates s multiple
of one-half the standard Ifrequency; the
"three 1line" pattern a multiple of one-
third the standard Ifrequency and So on,
With but 1little care patterns up to and
including "five 1ine" may frequently be
used,

Put in sanother the foll
table indicates points which may be easily

d

L.-ﬂu

LPFEYE T
way ,

filled in in each interval between on
tiple of the standard freguency 2an
next.

Multiple N
of Standard

Ssingle Line

Five Line
four Line
t"

Three Line

Five Line

Two Line

Five Line

Three Line

Four Line.

Five Line

Multiple (N + 1)
of Standard

oingle Line

For a 100-cycle circular sweep this
means that in each 100-cycle interval be-
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COMPARISON OSCILLOSCOPE

tween two successive harmonics, points at
20, 25, 33.9; 40, &0, 60, 68,7 and 80 cy-

cles may be readily filled in., For a
1000-cycle circular sweep multiply these
by 10,

In the following 1ist of settings of

switches for obtaining various comparisons,

all switches
assumed to be 1n
ganeral, 1t i8
standard freguency

not otherwise designated are
the OFF position. In
convenient to place the
on the horilzontal de-

flection plates, the unknown, or freguency
being matched, on the vertical deflection

plates.

TABLE OF OPERATIONS FOR TYPE 699 COMPARISON OSCILLOSCOPE

(Refer slso to schematic dizgrem, Figure Sb)

1. Lissajous Figures

Operation Switches Positions Remarks

1, Match 612 beat output 8 UP The 617 ordinarily would be set to

with G17. 7 DOWN match at fundamental; pattern would
be ¢ircular or elliptical. Type 6l7
may be set to 2 multiple of beat
frequency just as readily, which is
sometimes useful if 619 beat output
is of 2 low frequency.

2. Set 619 beat output 8 P If frequency belng measured 1s to

to 2 multiple of 1 kK¢ 6 DOWN be adjusted to 2n exact multiple of

against 614. 1l k¢, select this multiple on 614,
then adjust A frequency to obtain
stationary circle or ellipse. For
gach l-kc multiple selected by ©6l4
several other frequencies at frac-
tions of 1 k¢ may be obtained by
multiple patterns for multiple or
submultiple adjustments of 619 beat
output.

3. Check 617 against 7 upP For each 1-k¢ multiple selected by

multioles of 1 kc se- 6 DOWN the 614, numerous check points are

lected by 614, obtainable by using multliple and
submultiple patterns. (Useful for
demonstration;more convenient rout-
ine checks cen be made by circular
sweep, )

4, Check 617 against 7 DOWN Useful at times 1n low-=frequency

100-cycle standard g up range of 617.

frequency.

5. Check 617 against 5 DOWN Useful for a quick check inrealign-

1-kc standard frequency. 10 uP ing 617, Points every 600 cycles
ars easlly and quickly identified
throughout range, Circular sweep
may also be used, (Refer to 16)

6. Match an sudio fre- 5] UP The frequency of an external audio

quency Introduced at X 7 DOWN oscillator 1s to be measured by com-

terminals of 695 with parison with 617.

617.

- PR -
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COMPARISON OSCILLOSCOPE

Operation Switches Positions Remarks
7. Check or adlust an 5 UP If the external source is to be ad-
audlo frequency intro- 6 DOWN Justed to a8 multiple of 1 ke, this
duced at X terminals of adjustment is complete on obteining
699 against multiples of a stationary circular or elliptical
1 ke selected In 614 pattern, , By using multiple pat-
terns exact adjustments at many dif-
ferent Ifrequencies are obtainable
against the standard frequency.
8., Check or adjust an 5 uP The external oscillator frequency
audio-frequency Intro- 9 DOWN may be accurately adjusted at many
duced at X termilnals of different frequencies above and be-
699 against 100-cycle low 100 cycles by using multiple
standard. figures,
9, Check or adjust an 5 UP The external oscillator frequency
audio frequency intro- 10 DOWN may be accurately adlusted at many
duced a2t X terminals different frequencies sbove z2nd be-
of 699 against l-kc low 1 k¢ by using multiple figures.
standard.
10, Measure a low radio 4 UP The X frequency is applied directly
frequency introduced et 7 DOWN to vertical deflection plates; suf-
X terminals of 699 ficient voltage is necessary to ob-
against 617%. tain a deflection. Frequerclies up
to about 50 Kec arerreadily measursd
in terms of 617 Interpolation Uscill-
lator by using multiple patterns,
11, Check or adjust a 4 UP The X frequency is applied directly
low radio frequency 6 DOWN to vertical deflection plates; suf-
introduced at X ter- ficient voltage 1is necessary to ob-
minals of 699 against tain a deflection, Frequencies up
lI-k¢ multiples selected to 100 ke or so are easily checked
by 614. using simple multiple patterns,
12, Check or adjust a low 4. UP The X frequency is applied directly
radio frequency introduced 10 DOWN to vertical deflection plates; suf=-
at X terminals of 699 ficient woltage is necessary to ob-
aga inst 1-kc¢ standard. tain a deflection. Frequencies 1n
the upper audio and very low radio
frequency ranges are easily checked
at numerous points using multiple
patterns.
13, Check 100-cycle G DOWN A stationary 10:1 figure should be
gtandard output against 10 UP obtained, Adjustment of the 692

1-ke standard ontput.

100 — cycle multivibrator of the
standard, for both frequency and
control, is easily made,




COMPARISON OSCILLOSCOPE

I1 Modulated Wave Figures

Operation Switches Positions Remarks
14, Measuring a low 8 UP Use 619 In oscillating condition;
beat-frequency output 7 DOWN tone corresponds to "carrier", low

of 619 by means of 61Y.

beat frequency corresponds to modu-
lation. Type 617V may be set to a
multiple of the modulation frequen-
¢y by using multliple pattern,

Operation

1I1 Circular Sweep Patterns

Switches

Positions

Remarks

15, Check 617 calibration
against 100-cycle standard.

1
2
5

DOWN
DOWN
UP

The amplitude of the waves super-
imposed on the circle 1is controlled
by adjusting the output of the Type
617 Interpolation Osclillator. For
quick checks at 100-cycle intervals,
look for "single line" patterns and
make them stand still. Using not
over "two line" patterns checks may
be made every 50 cyclss,

For best accuracy I1n measure-
ments made with 617, correct the
calibration to =zero error at a
point near the frequency to be meas-
ured,Use zero set dial for correct-
Ing.

- 16, Check 617 calibra-
tion against l-Kc stand-
ard,

=t

UP
DOWN
ur

The amplitude of the weaves super-
imposed on the circle is controlled
by’ adjusting the output of the 617
ogclllator,

For checking realignment of 617,
alternate one- and two-line pat-
terns are obtained szt S500-cycle in-
tervals throughout the range. (See
617 instructions concerning re-
alignment adjustments. )

17. Checking or calibra-
ting an external audlo
oscillator against 100-
cycle standard. Connect
gsclllator to X terminals
on panel of 659 Oscillo-
scope,

0l Do+

DOWN
UP
UpP

Amplitude of waves superimposed on
circle mey be controlled by adjust-
ing external oscillator output. If
amplitude ls too great, throw
Switch 3 DOWN, eliminating - audio
transformer, OSingle 1ine patterns
occur Tfor each 100-cycle multiple;
other frequencies are obtainable
with multiple line patterns. Ses
description.

18, Checking or celibrating
gn external sudio oscllla-
tor against 1l-kec standard,
Connect oscillator to A ter-
minals on panel of 699 Oscil-
loscope,

(0 B Al

upP
upP
UP

See 17 above, Single line patterns
are obtained for each multiple of
1 ke; other frequencies are obtain=-
able with multiple line patterns,
If amplitude 1s too great throw
Switch 3 LOWN,
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Operation Switches Pogitlons Remarks
19, Checking or cali- 1 UP See 18 above, With S8witch 3 down,
brating an external os- 2 UP oscillator 1s connected directly to
¢lllator of high audilo S DOWN vertical deflection plates, ©Suffi-
or low radio frequency clent voltage must be appllied to
against l-kc standard. obtain a deflection.
Connect oscillator to
X terminals of 699 Os-
cilloscope,
20, Checking 100-cycle 692 1 DOWN A 10:1 stationary pattern should be
Multivibrator agalnst 1-kc 10 UP or | cbtained, Check adjustment of 692
standard. DOWN 100=cycle Multlvibrator to obtain
stationary 10:1 pattern with small
control voltage; then opersate with
control voltage advanced wsll be-
yond this point.
= ey o - rﬁGHN 100~ | Connect output of Type 619 Hetero-
f S ncat ouupuL to - ipp 1 ke dyne Detector to X terminals of 699
a multiple or submultiple Ogcilloscone. By isthoribeiaioneasn
of 100 cycles or 1 ke. 2 UpP bt it
: = UPp multiple line patterns,the oscilla-
tor being &djlusted cen be set 1In
steps of only a few cycles directly
against the standard. (See 2 above).
This present method is only needed
(a) for very smzll steps in fre-
quency or (b) to attain a specific
desired frequency.

VACUUM-TUBE DATA

Voltages.are measured between terminals shown
(d-c); 1,000 onms per volt (a-c).

with meter of 20,000 ohms per volt

Currents are measured in series with terminal shown.
SOCKET
INSTRUMENT TERMINAL NOS, V-1 V-2 V=3 V=i V=5 V=56 NOTES
816-D 6J7¢ | 6J5G | 6J5G | 6X5G | VR-105-30 | 4A1 A, B
=7 N HT 6.5 5, 8 5.8 o, 8 e —
8~CGnd v dc 0 0 7 e ~——}
B-5 ¥ Cas — 8 T e —— e
3-8 v dc 10 60 162 —_— — —
3 ma d¢ 208 | e X 7 — e —— —
4-f U s —_— — —
4 me do -5 = T T~ T T A
S5-Gnd Vv 3ac e T — 157 == e
G=-Gnd Vv ac —— = == | 530 — ==
8=Gnd v dc — — — 177 — ———
A ma de _ —_— —_ 9 —— —
5 ma dc Rl ——— e 10 3.0 S
5-2 v dc — — b—— — 102 i
1-4 v ac —— | A= e 3.5

&



VACUUM-TUBE DATA

SOCKET RIGHT = LEF'T
INSTRUMENT TERMINAL NOS, V=1 V=2 V=3 V=4 V=5 V-6 NOTES
617=C 6J7G | 6J7G |6JBG | 6JBG | BX5G VE-1056-30 A,C
=7 v &ac 0.0 OO Ve 8 DeD 0.6 —
8-Gnd v dc 0 0 5 2 — —
8=-5 ¥ “do 0 0 3 = S g
5-8 v dc D o 83 80 e —i—
B=3 ma dc ) 2y | 1.1 3 3.4 _ —
4-5 v dc 30 30 — Fe—t% —
4 ma dc . .0 - - — — -
o-Gnd v ac = =i =TT 160 e
o=Gnd v &ac¢ — — — —_— 180 —_
B-Gnd v dc —_ _— e 187 —
G5=5 ma dc S g i —_— 8.9 —
5 ma dc | — | — | —| 8.9 12 (0-50)
52 v dec — i — | —] — 103
619-E 6J7G | 6J5G |6J5G | 6X5G [VR-105-30 a,D
2=7 Vv ac 5.6 5.0 0.6 0.0 N
8-Gnd v dc 0 o5 5 — —
8-5 Y dc — 10 5 — ———
3-8 v dc 140 42 150 — =
H=3 ma de .03 1.9 4.5 e et
4-8 v de 3 — —
o-Gnd v ac e — — iy s
S=Gnd v ac —_— — 153 =i
8-Gnd v dc —_ | — | — 168| —
& ma dc — e — | 11,4 R
5 ma dc o i S 8.1 15
5-2 v dc —_— —_— — — 104
614~C 6J5G | 6J5G |6J5G | 8X5G AR
=7 vV ac 6.2 6.2 6,2 6.2
S=8 v de 165 205 180
8=-Gnd v dc 6.0 738 | 10,0 i
5=3 ma dc 5ok 6,0 <Jeie)) ——
o-Gnd Vv ac L75
3-Gnd v ac o o _ 175
8-Gnd v dec¢ —_— —_ _ 2eD
NOTES

A, Remove signal cable plug when taking readings.

B, Put coil selector switch on blank vposition to take readings. V-5 may be either
VR-105-30 or VER-80., For VR-90, 5 = 7.5, 5=2 = 90,

C. Remove grid lead from tube, taking care clip does not touch c¢ircuits. Ground cap of
tube when taking readings on V-1, V-2. When measuring one tube, leave the other in nor-
mal circuit, V=€ may be either VR-105-30 or VR=-80, For VR-90, & = 10, 5=2 = 80,

D, Use Coil 1-L; set regeneration control Just below oscillation polnt. V-6 may be
éither VR-105-30 or VR=90, For VR-90, 5 = 12, 5=2 = 90,

E, Set Input and regeneration controls at zero.
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GENERAL RADIO COMPANY

PATENT NOTICE

This equipment 1s manufactured and sold under the following U, 8, Patents and
license agreements:

Patents of the American Telephone and Telegraph Company, solely for
utilization 1in research, investigation, measurement, testing, Instruction and
development work in pure and applied science, Including industrlal and engin-
eering fields,

Patent No. 1,542,895
Patent No, 1,931,530
Patent No, 1,943,302
Patent No, 1,955,739
Patent No, 1,713,146
Patent No. 1,744,675
Patent No, 1,967,184
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