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FOREWORD 

This book is an installation and oper
ating manual for a coordinated-assembly of 
individual instruments designed to furnish 
accurately-known reference frequencies dis
tributed over the entire radio spectrum. 
The designation "Class C-21-HLD" classi
ffes this assembly in a general way, but 
for a complete specification the type num
bers of the individual instruments are re
quired. 

The assembly consists of the follow
ing components. There are two possible 
types of power-supply equipment and this 
book applies to both: 

Type 693-B Syncronometer 
Type 692-B Multivibrator (l-kC) 
Type 692-B Multivibrator (lO-kC) 
Type 692-B Multivibrator (50-kc) 
Type 692-B Multivibrator (100 c1cles) 
Type 698-A Duplex Multivibrator 
Type 691-C Constant Temperature Unit 
Type 690-D Piezo Oscillator 
Type 676-B Quartz Bar 
Type 694-C Control Unit 

COMPLETE A-C OPERATION 

When the assembly is intended for 
operation �ithout batteries from the 6� 
cycle line a Type 696-C Power Supply is 
used. 

FLOATING-BATTERY OPERATION 

Where trickle-charged battery opera
tion is desired, Type 695-C Charging Unit 
is used. Each of these power-supply units 
causes minor changes in some of the aux
iliaries supplied with the assembly (blank 
panel, cable, etc.) but these differences 
are given in full detail on page 35. 

The engineering department of the 
General Radio Company is always glad to 
help with the solution of problems ar1sing 
from the use of this primary frequency 
standard. Reports outlining details of 
the performance of the assembly are always 
gratefully received. 
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PART I 

FUNDAMENTAL PRINCIPLES 

PURPOSE The primary frequency standard 
is designed to supply for lab

oratory use a large number of standard fre
quencies, each of which is known wIth an 
accuracy of fIve parts in ten mIllion or 
better. It ,provides frequencies over t he 
entire communIcation spectrum,all of whIch 
are derived from and controlled by a sIn
gle high precision standard of frequency. 

DESCRIPTION Since frequency is measured 
\n cycles per second, the 

element of tIme enters directly into the 

STANDARD TI .. E 
INTERVAL 

TI .. E CO .. PARISON 

CONSTANT-FREQUENCY 
OSCILLA:rOR 

FIGURE 2. Basic, priilCiple of a 
prlmary standard of frequency 

determinatIon of frequency. In the final 
analysis, the exact 'measurement of. fre
quency consists of counting a number of 
operations of a given type and dividing by 
the exa ct t Ime Int:erva 1 in wh'i ch they oc
cur. An oscillator or generator may be as 
unIquely defined in terms of its period 
(tIme) as by its frequency, the relation 

between them be Ing f =.1. The e lemelJ-t of 
time, therefore, ls of T fundamental Impor
tance In the precision determination of 
fre�t�ncy. A primary standard of frequen
c� Is defIned as one' whose frequency is 
determined dIrectly by comparison with 
mean solar time. The General Radio Class 
C-21-HLD Primary Frequency Standard comes 
undet this classlflcatlon. 

Figure 2 is an outltne chart which 
shows without confus,lng detail the basic 
principles of thIs prImary frequency stan
dard. A source of radIo-frequency volt
age Is first established, the frequency ot 
which Is nearly enough constant to justify 
the statement tl'>.at ',its instantaneous fre
quency deviates from its mean frequency by 
a negligIbly small amount. Apparatus is 
next provIded for counting the number of 
oscillatIons executed by this frequency 
standard durInG a standard time interval, 
which, for con'/enience, may take the fOrD! 
of a clock. The t Ime interval usually cho
sen for measurement .Is the mean Bolar day. 
The total ' number· of oscillations executed 
by the standard In one mean solar day, di
vided by the number of seconds in the day, 
gIves its mean frequency In cycles per 
second. 

In order t hat the output frequencies 
needed for use in measurements may be se
cured, the conversIon equ�pment which is 
necessary for the reduction of the fre
quency of the working standard to the val
ue employed In operating a synchronous 
motor-driven clock is utIlIzed. This 
equipment merely derives the desired fre
quencIes (whIch may be expressed as har
monics and subharmonics of the frequency 
of the working ,standard) by frequency mUl
t.ipl1catlon and divl'sion. 

FUNCTIONAL ARRANG�NT Figure 3 shows 
in more detail 

the actual prim�ry frequency standard. 
The � standard Is a temperature-con
trollea piezo-ele'ctric quartz-crystal os
cillator. The frequency of the working 
standard is chosen as SO kilocycles. For 
speCial work, other frequencies may be 
more suItable. Both the timIng and � 
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FUNDAMENTAL PRINCIPLES 
-:::. : ::: ::: :: ::=: : ::: =:== :=: =:: : : ===:== : == =:=: =:==: == 
sion funct ions are performed by two mult i
vibrators operating as frequency dividers, 
at fundamental frequencies of 10 kc and 
1 kc-, res�ect i vely, under the direct and 

absolute control of the working-standard -
oscillator. The l-kc output voltage of the 
second ml'ltivibr�tor is amplified to oper
ate a syncronometer which is so geared 
that when the c ri ving volt2ge has a fre
quency of exactly 1 kc, the syncronometer 
keeDs correct time. A means of comparing 
the indicated syncronometer time with stan
caro time as given by radio or other time 
signals completes the timing sequence. 

The "useful output" is derived from 
the harmonics bf the ;lO-k,c, l-kc and 100-
cycle' multivibrators as well as from the 
harmonics of a third multivibrator which 
is oporated at a fundnmental frequency 

SYNCRONOMETER 
Ike 

MUL TIVI8RATOR 
100 '" 

MULTIVI8RATOR 
Ilkc 

MULTIVIBRATOR 
10kc 

WORKING STANDARD 
�KC PIEZO-ELECTRIC 

OSCILLATOR 
50KC 

OSCILLATOR 
CONTROL PA NEL 

POWER 
SUPPLY 

equal to that of the working-standard os
cillator. Since each of the "useful out
put n frequenc ies is d eri ved from the work
ing standard by harmonic frequency multi
plication and division, each is known with 
the same percentage accuracy as that with 
which the frequency of the working stand
a rd is known. 

The assembly contains, in addition to 
the units mentioned above, an oscillator 
control panel, a temperature-control unit 
and a power-supply unit. 

The General Radio type numbers of the 
units are listed in the Foreword. For 
brief descriptions of the individual units 
the user is referred to Part II which fol
lows. Figure 1 is a photograph of the 
assembly 

----
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FIGURE 3. Schematic representation of a Class C-21-HLD Primary Frequency 
Standard showing the frequency distribution of the standard harmonics it 
makes available for frequency measurements 
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PART I I  

DESCRIPTION OF INDIVIDUAL INSTRUMENTS 

The fOllowing pages give brief de
scriptions and show the complete wiring 
diagrams for each of the compo�ent instru
ments of the Class C-21-HLD Primary Fre
quency Standard. It is intended that these 
descriotions will serve as a summary of 
the operating principles for each compo
nent and at the same time be complete 
enough to make possible an intelligent 
search for trouble should any operating 
difficulties arise. 

It has been previously pointed out 
that two different types of power supply 
equipment were available and that a choice 
betwee.n them was made when the order for 
this primary frequency standard was placed 
with the General Radio Company. The com
plet.ely a-c operated assembly uses a 

Type 696-C Power Supply and the floating
battery-operated assembly uses the Type 
695-8 Charging Unit. These two instru
ments are described separately and on page 
19 is explained the difference between the 
two interconnecting cables that each re
quires. 

The alternat ive type ot pOVier-supply 
equipment can be obtained at any time, it 
desired, by ordering the new power-supply 
unit and the new interconnecting cable 
that its use requires. When changing over 
from floating-battery operation (with the 
Type 695-C Charging Unit) to complete a-c 
operation (with the Type 696-C Power Sup 
ply) it is advisable to order a Type 480-
P2 Soacer Panel to fill out the rack. '

Prir.AS
· 

will be quoted on request. 

TYPE 694-C CONTROL UNIT 

On the Type 694-C Control Unit are 
mounted the necessary meters and controls 
for both the oscillator 2nd the constant 
temnerature unit. The wiring for both 
these oieces of apparatus (See the follow
ing pages) should be studied in c?nnection 

PARTS LIST 

Resistors Condensers 

R-5 
R-6 
R-7 
R-a 

10 kQ 
700 Q 
10 k" 
700 Q 

C-4 
C-5 
C-7 
C-8 

Fuses 

0.025 �f 
0.025 �f 
0.25 �f 
0.25 �f 

(Bussmann 7-AG) 

P-l 
P-2 
P-3 
P-4 

F-l 5.0 a 
F-2 0.2 a 
F-J 2 a 
F-4 2 a 

Lamps 

6.3 v 139-939 
6.3 v 139-939 
115 v 139-430 
115 v 139-430 

Transfo rmer\ Relays 

139-445 T-l = 365-407\ 

with 
unit. 

the 
115-
mary 

the wiring diagram for the control 

Provision is made for operation of 
temperature-control unit froll'. either 
or 230-volt supply, by change of pri
connections to transformer 1'-1. 

FIGURE 4. Wiring diagram for Type 694-C Control Unit 
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DESCRIPTION OF INSTRUMENTS 
; = = : := =:=: : ='"::=::;;: =: 

TYPE 691-C CONSTANT TEMPERATURE 'UNIT 

This unit is. the temperature-control 
unit tor the Type 676-B Quartz Bar. The 
unit consists of t wo temperature-control 
boxes, one inside the other. 

The two temperature-control boxes are 
identical in construction, differing only 
in size. Each box consists of: 

(1) A balsa insulating layer. 
(2) A layer of distributed heaters. 
(3) An aluminum distributing layer. 
(4). An asbestos pressboard attenua-

ting layer. 
(5) A second aluminum distributing 

layer. 
(6) A second asbestoS pressboard 

attenuating layer. 
(7) A third aluminum distributing 

layer. 

The principles of oper8tion and the 
design considerations wtll not be dis
cussed here, but are fully covered in an 
article previously published (see refer
ence 4, page 31. ). 

It should, however� be pOinted out 
that the use of a two-stage unit makes pos
sible a very preCise control of temnera
ture. The inner unit has to operate a
gainst only the temperature fluctuations 
remaining from the operation of the outer 
unit. If the outer unit reduces the fluc
tuation in room temperature by a factor, 
n, then in the inner unit the total reduc
tion is of the order of n2. 

PARTS LIST 

THERMOMETERS 

INI-IER: 
OUTER: 

Type 139-489 
Type 139-481 

1'HERMOS1'ATS 

INlI!ER: 
OUTER: 

Type 139-503-600 
Type 139-503-550 

FUSIBLE LINK S 

Type 547-50 

LAMPS 

W-l = Mazda 44 
\,[-2 = Mazda 44 

The temperature of the inner box of 
the temperature-control unit fluctuates 
less than O.OlOC. for changes in room tem
perature from -EPto 5COC (ZCO to 1221F). 
This is an important factor in determining 
the ultimate frequency stability of the 
system. The outer unit controls to better 
than O.loC. 

A diagram of the heat-control cir
cuits is shovm in Figures 4 and 5.Briefly, 
the system operates as follows: 

When the temperature is belovi its op
erating value, the end of the mercury col
umn in the thermostat is below the upper 
contact, the winding of the relay is ener
gized., the armatUJ;e of the relay is closed, 
and current is supplied to the heaters. 
Under this condition, the heat indicator 
lamp is lighted. 

When the temperature rises to such a 
value that the mercury colw,� reaches the 
upper contact, the winding of the relay is 
short cirCUited, anc the armature circuit 
opens, breaking the circuit to the heaters 
turning off the heat indicator lamp. When 
the temperature at the thermostat drops 

. slightly, the relay again closes, and the 
cycle is repeated. 

Fusible links are placed in the in
ner, outer and crystal heater circuits as' 
a protect ion aga inst damage to the tempera
ture-control unit or its contents should 
the heat-control circuit tail.If the tem
perature should ever reach about 6EPC, the 
links melt and open the heater circuits. 

FIGURE 5. Wiring diagram for Type 691-C 
Constant Temperature Unit 

DESCRIPTION OF . INSTRUMENTS 

TYPE 690-D PIEZO-ELECTRIC OSCILLATOR 

This unit consists of a piezo-elec
tric oscillator,an isolating output ampli
fier and an elementary vacuum-tube volt
meter for indication of oscillation. The 
oscillator employs a bridge circuit, in 
which the crystal operates at, or very 
near, series resonance. The complete cir
cuit diagram is given in Figure 6. 

The oscillator circuit consists of a 
high-gain tuned amplifier stag� V-I, work
ing into a phase inverter stage, V-2, 
which drives the bridge, composed of the 
quartz bar, Q-l, with its series reactance 
L-2, C-ll, C-12, the resistors R-6, R-7 
and the lamp, P-1. The ·output of the 
bridge is taken to the grid of the ampli
fier V-I. 

On starting up the OSCillator, the 
lamp P-l is cold and its reSistance is low. 
In consequence, the bridge is badly unbal
anced, the bridge output is relatively 
large and in proper phase to produce oscil
lation. Oscillation builds up rapidly and 
as it does so, the lamp resistance begins 
to increase, bringing t he bridge toward 
balance. As this occurs, the bridge out
put decreases, decreasing the feedback 
voltage and decreasing the amplitude of 
oscillation. Equilibrium is reached when 
the loss between input and output through 
the bridge is just equal to the gain from 

the output to the input 01 the bridge, 
through the amplifier. The amplitude Of 
oscillation is thus automatically held at 
a small and practically constapt level, 
without any limiting or distortion taking 
place in the tube cirCUits. 

The frequency of osc1l1atioo is deter
mined wholly by the quartz crystal, opera
ting at its series resonant frequency, 
when there is no phase-shift in the ampli
fier and when the reactance in series with 
the crystal is zero. The amplifier has 
been checked for zero phase shift, and the 
adJustments locked. No appreciable phase 
shift should occur over long periods of 
time. The quartz crystal is adjusted to 
frequency when the series reactance is 
practically zero. Any mi�or changes in 
crystal frequency can then be corrected by 
moving C-ll from its reference setting. 
Increasing the dial reading will increase 
the oscillator frequency. T h e total 
change in frequency, over the range of 
C-ll, is approximately plus or minus 5 
parts per million. The temperature coeffi
cient of the crystal oscillator is from 
-0.5 to -1.5 parts per million per degree 

Centigrade. Changes in supply voltages, 
or changes in tubes, produce negligible 
changes in frequency. 

TYPE 676-B QUARTZ BAR 

This quartz bar and its mounting are 
the result of considerable study and re
search in the General Radio laboratories. 
The design of the holder is such that max
imum stability and freedom from external 
effects ·is obtained. The bar vibrates a
long its longest dimension in a direction 
perpendicular to its electric axis. Under 
these conditions, the point of minimum mo
tion is at the geometrical center of the 
plated faces, and the bar is clamped at 
these pOints. 

The two plates or "baffles" near the 
end of the bar are designed to minimize 
the effect of air waves radiated from the 
ends. These air waves are reflected from 
nearby surfaces, and, if the reflected wa
ves are not in phase with the m,tion of 
the bar, an appreciable reactive comoonent 

is introduced in the crystal impedance as 
well as an increase in its damping factor. 

The baffles l;lre set at the point which 
results in maximum crystal amplitude which 
is the point where quarter-wave air reso
nance ·occurs. Under this condition, the 
operation of the bar is greatly improved, 
and the effect of changes in atmospheric 
pressure is minimized. 

The air-gap usually existing between 
the electrodes and the quartz bar is avoid
ed by forming the electrodes directly on 
the quartz. This not only avoids the fre
quency variations caused by variations in 
air-gap (which are very appreciable in 
most air-gap type mountings) but results 
also in much improved electrical perfor
mance. 
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==:=:=:=:=:=:=:=:= : := 
DESCRIPTION OF INSTRUMENTS 

:: : =: =:=:=: = := : : :=::: 

PARTS LIST 

= =:=:= : :=: 

TYPE 690-D PIEZO OSCILLATOR 
(Figure 6) 

:: = 

Condensers Resistors 

C-l 
C-2 
C-J 
C-4 
C-5 
c-6 
C-7 
C-8 
C-9 
C-IO 
C-ll 
C-12 
C-13 

1 �f 
100 ��f 
0.00025 �f 
0.01 �f 
0.5 �f 
0.5 �f 
1 �f 
0.01 �f 
0.01 �f 

0.025 �f 
325 ��f 
0.00025 �f 
0.02 �f 

Quartz Bar 

Q Type 676-B 

Tubes 

V-I RCA Type 6AC7 
V-2 RCA Type 6SN7-GT 
V-3 RCA Type 6H6-GT 

R-l 
R-2 
R-J 
R-4 
R-5 
R-6 
R-7 
R-8 
R-9 
R-IO 
R-ll 
R-12 
R-13 
R-14 

V-4 Lamp 120V, 6v; (2 Lap-430) 

- 6 -

220 Q 
15000 Q 
1 �" 
560 Q 
2600 Q 
2400 Q 
370 0. 
2700 Q 
2700 Q 

4700 Q 
4700 Q 
15000 Q 
390 Q 
2000 Q 

:: 

.... 
..... .... 
..... 

'::: 

H·' 

=:=: = : 
DESCRIPTION OF INSTRUMENTS 

:=:: :=: :=:=:::=:=:=:= : =::;c =:=:=:=:= =:=:=:=:= ; =:=:: = =:= 

�: 0-/. Pl.-, ond PL-� (I" 
mtJUIII#d on 6!J1-C (MI 

B+ 8+ 

' � .. --'-----'� R.F: ovrpvr@-i, ,yy . T------" i ! 
ELEMENTARY SCHEMATIC DIAGRAM 

tI parI g( Ihi. i",frlltnHl' 

FIGURE 6. Wiring diagrams for Type 690-D Piezo Oscillator 
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DESCRIPTION, OF INSTRUMENTS 
::; : ::: : ::=:=:=:=: =: =: 

'fYPE 692-8 MULTIVIBRATORS 

Tne multivibrator is an oscUlating 
system which falls in the general class of 
"relaxation oscillators". In practice it 
is essentially a resistance-coupled amoli
fier with the output coupled back to the 
input, which causes it to "motor-boat" at 
a frequency determined by the resistance 

'and capacitance values in the circuit. 
This type of oscillation Ras a highly dis
torted waveform, and the output voltage 
contains hundreds of harmonics. Although 
unstable when operated by itself, the mUl
tivibrator is readily controlled by intro
ducing into its circuit a small voltage 
from another oscillator, the frequency of 
which is in the vicinity of the funda

mental or a harmonic of the uncontrolled 
,multivibrator frequency. Under this condi
tion,the fundamental frequency of the mUl
ti v1bTator will then assume a value equal 
to ,the frequency of the controlling source 
or to this frequency divided

' 
by an integer. 

When the multivibrator is in control,small 
changes in its circuit constants and oper
ating voltages do not change its frequency 
which is entirely determined by the fre
quency of the controlling source. 

If the frequency of the controlling 
standard is fc, then any harmonic frequen
cy deri ved from the system may be expressed 
as 

fn =¥ 
where m is the ratio of the standard fre
quency to the multivibrator funGamental, 
i.e., the factor by which the crystal fre
quency is divided, and n is the order of 
the multivibrator harmonic. 

When the frequency division ratio 

m = {; is an odd whole number ,best control 

1s obtained if the control voltage is ap
olied to only one of the multivibrator 
tubes, but,if an even ratio is desired, it 
is best to introduce the control voltage 
in both tubes. The Type 692-8 Multivibra
tor is provided with a switch by means of 
which the control voltage may be applied 
to one or both multivibrator tubes. The 
two positions of this switch are engraved 
ODD and EVEN respectively. 

Control from a source whose frequency 
is a subharmonic of the mult i vibrator fund
amentel is, in general, difficult to real
ize. When, however, the controlling fre
quency contains an appreciable harmonic 
whose frequency corresponds to that of the 
multivibrator fundamental, this harmonic 
may be filtered and amplified and used as 
a controlling voltage. 

In the Type 692-8 Multi vibrator an in
put amplifier is provided, through which 
the controlling voltage is introduced. This 
is done so that not only n.ay the input im
pedance of the unit be high but the reac
tion of the multi vibrator on the control
ling source may be kept small. '1\'0 output 
amplifiers are p rovided, either or both of 
which may be used as required. One, the 
CONTROL OUTPUT, is primarily intended for 
use when several multivibrators are opera
ted in cascade as frequency dividers. The 
output waveform,while by no means sinusoi
dal, contains a very strong comoonent of 
fundamental frequency. The other, or 
HARMONIC OUTPUT, is purposely arranged to 
accentuate the higher harmonics of the mUl
tivibrator frequency in order that these 
may be used in frequency measurements. The 
output impedance is roughly 65 ohms, for 
use with shielded cables. 

In the Class C-21-HLD Primary fre
quency Standard four multivibrators are em
ployed. A 50-kc unit is used to obtain a 
large number of harmonics of the crystal 
frequency; a lC-kc unit divides the crys
tal frequency by five and provides a large 
number of harmonics at multiples of 10 kc, 
the l-kc unit divides the 10-kc frequency 
by ten to obtain an output fr�quency (lkc) 
which is ljOOth of the crystal frequency 
for operation of the syncronometer; the 
100-cycle unit divides the l-kc frequency 
by 10 and provides output frequencies 
which are very useful in the audio-frequen
cy range. 

The wiring diagram of the Type 692-B 
Multivibrators is given in Figure 7. The 
units are similar mechanically for the 
frequencies used arrd differ electrically 
only in the constants as listed in parts 
list. 
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::: 
DESCRIPTION OF INSTRUMENTS 

Resistors 

:= :=;:; = = =:=:=:= ; =:=:= : 

PARTS LIST 

TYPE 692-B MULTIVIBRATORS 
(Figure 7) 

Condensers 

=: : ;  

(Common t o  all Frequencies) (Common to all Frequencies) 

R-6 
R-6A 
R-7 
R-S 
R-9 
R-I0 
R-ll 
R-17 
R-1S 
R-19 
R-20 

C-5 
C-7 
C-9 
C-12 
C-13 
C-14 
C-17 

L-1 
L-2 
1-3 
L-4 

R-1 1 ID 
R-2 47 kQ 
R-3 2200 Q 
R-4 18 lLQ 
R-5 5 kQ 
R-12 = 1 IoIQ 
R-13 = 47 kQ 
R-14 2200 Q 
R-15 18 kQ 
R-16 1500 Q 
R-21 5 lL.'1 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 
= 

= 

,. 

V-1 RCA 6J5G 
V-2 RCA 6J5G 
V-3 RCA 6J5G 
V-4 RCA 6J5G 
V-5 RCA 6J5G 

Pilot Lamp 
P-1 = 6.3 v 139-939 

100 CYCLES 

40 kQ 
20 kQ 

12,500 Q 
30 kQ 
40 kQ 

12,500 Q 
30 kQ 

0 
0 

lS kQ 
1.S kQ 

0.05 j1f 
0.057 I1f 
0.025 j1f 
0.5 j1f 
0.005 I1f 
0.025 I1f 
3.0 I1f 

--
---

500 IIIh 
20 h 

1 KC 

25 kQ 
20 kQ 

12,500 Q 
30 kQ 
40 kQ 

12,500 Q 
30 kQ 

0 
0 

lS kQ 
1.S kQ 

0.0055 j1f 
0.0055 I1f 
0.025 j1f 
0.025 j1f 
0.005 I1f 
0.025 I1f 
1.0 j1f 

--
--
500 IIIh 

20 h 

- 9 -

C-1 0.002 �f 
C-2 = 1.0 �f 
C-3 = 1 . 0 � 
C-4 = 0.02 �f 
C-IO 1 .0 �f 
C-ll 1.0 �f 
C-15 1.0 � 
c-16 1.0 �f 

Switches 

S-1 DPST 139-333 
S-2 = SPDT 139-320 

Fuses 
(Bussiilailil7-AG) 

F-l 
F-2 

10 KC 

7,500 Q 

5 a 
0.2 a 

10 kQ 
20 kQ 
20 k,Q 

7,500 Q 
20 kQ 
20 kQ 

4.7 kQ 
165 Q 

0 
1.S kQ 

0.0016 j1f 
0.0016 j1f 
0.002 j1f 
0.002 j1f 
0.0001 III 
0.002 j1f 
1.0 I1f 

S IIh 
5 IIIh 
--
--

50 KC 

5kQ 
10 kQ 

0 
20 kQ 
10 kQ 

0 
20 kQ 

4.7 kQ 
165 Q 

0 
l.SkQ 

0.00035 j1f 
0.00035 j1f 
0.002 j1f 
0.002 j1f 
0.0001 j1f 
0.002 j1f 
1.0 I1f 

8111h 
5111h 
---
---
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D�SCRIPTION OF INSTRUM�NTS 
= = = = : = 

TYPE 698-A DUPLEX MULTIV I BRATOR 

The Type 698-A Duplex Mult ivibrator 
provides standar d freque ncy harmo nics at 
mult iples of e ither 9 or 11 k i locycle s .  
Se lection of t h e  operat i ng frequency is 
made by mea ns of a switch. It  is use d 
primari ly i n  freque ncy measureme nt to over-. 
come the difficult ies e ncountere d when 
very low beat freque nc ies are obt a i ne d  be
twe e n  a freque ncy b e i ng measure d a nd the 
harmo nics of the 10-kc mult ivibrator. For 
a ny frequency b e i ng measured ( except 990 
kp a nd mult iples thereof ) ,  if  a very low 
beat frequency is obt a i ne d  aga i nst 10-kc 
harmo niCS, beats of 1, 2, 3, 4 or 5 kc 
Dlus or minus the s mall frequency differ
e nce w i ll be obt a i ne d  when the duplex mul
t ivibrator is use d. 

The pri nciples of operat i o n  of the 
Type 698-A Duplex Mult ivibrator are i de n
t ical with those of the Type 692-B Mult i
vibrators ( page 8 ) .  The c irtuit arra nge
me nt of the duplex mult ivibrat or differs 
o nly in the a ddit io n  of sw itch i ng facili
t ie s  for cha ng i ng from 9 to  11 kc a nd for 
ma i nt a i ni ng control. Si nce this u nit i s  
use d o nly i n  ra dio freque ncy me asureme nts, 
the c o ntro l output amplifier is omitt e d. 
Special sele ct ive f i lters are i ncorporat e d  
i n  the u nit for obt a i ni ng 9 0  k c  a nd 110 kc 
control voltages (which contrOl ,  respec
t ively , the 9-kc a nd ll-kc fundame nta l  
frequencies ) from the output o f  the 10-kc 
mult ivibrator. I n  t his ma nner fu ndame nt al 
freque ncies which ' are not i ntegral sub 
mult iple s of 50 kc are obta i nable. 

PARTS LIST 

Resistors Condensers 

R-l 11&'2 C-l 0.002 �f 
R-2 47 k>l C-2 1.0 �f 
R-3 470 Q C-3 1.0 �f 
R-4 18 kQ C-4 0.02 �f 
R-5 5 kQ C-5 0.0016 �f 
R-6 2500 Q C-7 0.0016 �f 
R-6A 10 k Q  C...:13 0.0001 lif 
R-6B 10 kQ C-14 0.002 �f 
R-6C 10 kQ C-15 1.0 �f 
R-7 20 kQ C-16 1.0 �f 
R-8 20 kQ C-17 1.0 "f 
R-9 12,500 Q C-I0l 40-100 �"r 
R-I0 20 kQ C-102 40-100 ""f 
R-ll 20 kQ C-I03 0.002 �f 
R-16 1500 Q C-I04 40- 100 ,,�f 
R-17 4 .7 kQ C-I05 40-100 ��f 
R-18 165 Q C-I06 0.002 �f 
R-20 1. 8 k>'J. C-I07 40-100 ��f 
R-21 1 kQ C-I08 40-100 ""f 

C-I09 = 0.00025 �f 
Inductors C-110 = 0.0001 �f 

L-l = 8mh Fuses 
L-2 = 2-139-597 in series 
L-I0l 3�.5 mh F-l = 5 a 
L-I02 32.5 mh F-2 = 0.2 a 
L-I03' 40.0 mh 

Switches 

Tubes S-1 = 139-333 
S-3 = 698-35-2 

V-I RCA 6J5G 
V-2 RCA 6J5G Pilot Lamp 
V-3 RCA 6J5G 
V-5 RCA 6J5G P-l = 139-939 
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DESCRIPTION Of INSTRUMI:NTS 
: ; = : = = :; :;: :::: ;=:=:=:=:= = =:=:= ; : =:=:::= = : ; 

TYPE 693-B SYNCRONOMETER 

�n this unit the necess2ry amplifying 
equipment is provided for the rurtning of 
the syncronometer on the output voltage a_ 
vailable from the multivlbrator assembl1es. 
A circuit diagram is given in Figure 9. 

The vdltage available for driving the 
clock is generally considerably in exces� 
of the amount required for satisfactory op
eration, and for this reason a voltage di
vider is provided tor regulat ing the volt
age on the grid of the clock amplifier 
tube. A second amplifier tube is fed trom 
the harmonic output of the l-kc multivibra
tor; the output of t his amplifier is con
nected to

'
the l-kc outlet on the terminal 

strip tor supplying l-kc harmonics to ex
ternal circuits. 

The syncronometer is des igned and con
structed so that when it is operated from 
a supply frequency of 1 kc, ,it keeps true 
time. The number of teeth on the rotor 
disc is 100; the disc, therefore, makes 10 
revolutions per second. The rotation of 
the disc is stepped down through worm gear
ing to a countershaft which rotates ope 
revolution per second. This countershaft 
drives the ,clock train through a worm and 
differential gearing giving a reduction of 
60 to 1, so that the main -shaft of the 
clock mechanism proper turns at 1 revolu
t ion per minute. 

Interpdsed between the driving mechan
ism and the clock train is a set of planet
ary differential gears which are normally 
locked so that the d ,iven shaft rotates at 
exactly the same speed as the driving 
shaft. 

By means of a 'crank inserted to the 
left and above the clock face, the differ
ential train may be unlocked and shifted 
in either direction with raspect to the 
driving snaft. The shaft carries a gear 

and a stop-spring engaging the teeth of 
this gear, so that the position of the 
shaft ort which the crank 

'
is mounted may be 

advanced or retarded by definite steps. 
Each notch of the gear corresponds to a 
one-half-second change in the position of 
the second hand of the clock. If the crank 
is rotated one tooth to the right, the sec
ond-hand of the clock will be advanced one
half second. In this manner it is possi
ble to set the clock while running, to 
within plus or min�s one Quarter second of 
any desired t1me, without slipping the 
hands. 

To the right of the clock face is 
mounted the micro-gial, by means of which 
the time indicated by the clock may be ac
curately compared with t 1me signals. The 
contact is driven at one revolution per 
second as it is mounte,d on the main coun
tershaft. The contact is closed for about 
0.95 of each second. The instant at which 
the contacts close may be adjusted by turn
ing a crank inserted at the right of the 
clock face. If the contacts :are con
nected across the tele,phones or loud-speak
er of a time Signal receiver (from which 
any direct current in the output has 'been 
filtered) the operation of the cam may be 
adJusted so as to short-circuit all but 
the beginning of each pulse of the time 
signa.l. The reading of the' micro-dial then 
gives the fraction of a second that the 
clock differs from the time signal. Each 
division equals 0.01 second. The mfcro
dial contacts may be utilized for trans
mission of second's pulses for laboratory 
purposes. 

A push-button switch for operating 
the 50-cycle starting motor is mounted to 
the right of the clock face. 

PARTS LIST 
(See Figure 9) 

Resistors Condensers Fuses 
(Bussmann 7-AG) 

R-l 
R-2 = 

R-3 
R-4 
R-5 
R-6 
R-7 

100 koQ 
47 kQ 
2200 Q 
50 koQ 
22 koQ 
3300 Q 
390 Q 

C-l = 0.01 �f 
C-2 1.0 �f 
C-3 1.0 �f 
C-4 0.025 �f 
C-5 = 0.01 �f 
c-6 = 1.0 �f 

Pilot LamQs 

P-l 6.3 v. 139-939 
P-2 = 6.3 v. 139-939 
P-3 6.3 v. 139-939 
P-4 6.3 v. 139-939 
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F-l 5.0 amp. 
F-2 = 0.1 amp. 

V-I RCA 6J5G 
V-2 = RCA 6K6G 
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L UBRICATI O N  The ball bearings ar� en-
clese9 and de net require 

lubricati en ever perieds .of a f e� years. 
Abeut every three months a drop of 

light c leck .oil sheuld be placed a t  the 
f ellewing peints; 

( a )  Metor spindle werm-gear. 
( b )  Cress-shaf t  w erm-gear. 
(e) S haf t bushing prejec tin& frem 

R-4 

C-J 

1>-5 

rear .of cleck-train, between c leck- train 
and the differen tial se tting mechani sm. 

( d) Micred ial cam su rface . If a 
squeak develeps at this peint, lubricate 
as nec essa ry., 

Every twe te thre e years, i t  i s  ad
visable, b u t  net a lways necessary, to d i s
assemble the synchreneus meter and clean 
and lubrica te all bearings. 

WIRING DIAGRAM fOR 693-B SYNCRONOMETER 

00 

L ____ _ �-�j--------------& m1JII' 

ELEMENTARY SCHEMATIC DIAGRAM 

FI GURE 9. Wiring diagram fer Type 693-B Syncreneme ter 
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DESCRIPTION OF INSTRUMENTS 
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TYPE 695-C CHARGING UNIT 
( FO R  OPERATION OF ASS EMBLY 
FROM FLOATI NG BATTE RIES ) 

DESCRIPTION Tnis uni t  includes trans-
ferme rs and rec tifiers f er 

beth fi lamen t- and pla te-b attery chargers 
wi th a smeeth ing f i lter in the latte r fer 
use in maintaining b a tter i es en fleating 
cha rge. The necessary fuse s and sw itches 
are furilished. Meters are pr evided in b eth 
ba ttery c ircuits te indic ate 'the cha rge 
and di scharge currents .of the b atteri es 
and the veltage s .of b eth ba tterie s. C en
tr els a re previded in beth c ircu i ts fer 
regulating the cha rging current. Rela ys 
are previded fer autema tica lly transfer
ring the hea ter ci rcui ts .of the te mpe ra
ture-cen trel un i t  te e ithe r  a reserve b a t
tery .or aux iliary pewer su pply in case .of 
fa i lure .of the a-c supply. 

O PE RATI NG CHA RACTERISTICS Lead Ca pac i ty 
--The veltage 

and current cu tDu tS f er tne high- and lew
veltage Circuits, re spec tively, are : 

Velta e 

180-200 v elts 
6 velts 

Current 

100 mill i amperes 
12 a mperes 

InDut--The input pewer supply is 110-
1 15 velts, 50-60 c yc les ( .or 220-230 velts, 
as .orde red ) .  

Circu i t--Figure 1 0  is a cemplete c i r
cui t diagram. 

Se para te le ads are used f er the ch ar
ging and lea d c irc�its te aveid in treduc
ing any hum inte the assemb ly due te the 
veltage drep in c emmen leads. An extra 
f i lter sec tien i s  used in the h igh veltage 

supply te kee p  the l-kc current frem the 
c leck and l-kc multivibra ter frem ente ring 
the ethe r uni ts. 

Ba tteries--Wnen using this pewer sup
plY, the f ellewing b atterie s are rec emmend
ed: 

Fer FILAMENT S UPPLY : tw e 6-velt, 125-
ampere-heur sterage b a tteries in pa ralle l. 

Fer. PLATE SUPPLY: one 180- te 190-
volt, 6 a mpere-hour storage ba ttery. 

No b ia sing or ether ba tterie s a re re
qui red. 

O pera te charging equi pmen t to main
tain b attery veltage s  a t  2. 15 volts per 
c ell. 

Auxi li ary Heat Re serve--Provision i s  
ma de for connec ting e i ther one of two 
type s of e mergency power supply for opera
ting the tempera ture-control heaters dur
ing an in terruption in the regular 115-
volt a-c serv i c e. 

a )  One pa ir of w i re s i s  provided for 
connec ti on to a 'b attery, which , when it i s  
"standing b y " ,  i s  under con tinuous tr ic kle 
charge fro m  the charging equi pment. I t  i s  
recommended tha t the b attery so used ( de s
i gna ted "auxili a ry hea t  rese rve b a ttery" ) • 

b e  a duplicate of 'the 180- to 190-vo lt 
pla te b a ttery so tha t  it ,can a lso serve a s  
a spare fo r pla te-circuit service.  

b)  Ano ther pa ir o f  w i res is provided 
for conne c ti en to any l15-volt a-c .or d-c 
supply that i s  in dependen t  o f  the regular 
l15-volt a-c su pply. Such a supply i s  re
ferred to a s"auxlliary heat re serve li ne. " 
A b attery could of course be u sed here, 
but it would be nece ssary to Charge it in
dependently of the charging equi pment in 
the a sse mb ly. 

PARTS LIST 

CO NDENSE RS FUSES 
(Bussmann 7 -A G )  

C-l 0. 01 \If 
C-2 0. 01 \If F-l 5 a 

F-2 5 a 
RESISTORS F-3 1 a 

F-4 1 a 
R-l = 1 KQ F-5 15 a 

F-6 0.2 a 
T UBES F-7 15 a 

F-8 0. 2 a 
V-l = RCA-83 

- 15 -
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DESCRIPTION OF INSTRUMENTS 
==: := :: := : ; =:= =: ; ; =:=: : : = : ; 

TYPE 696-C POWER SUPPLY 
( F OR OPERATION OF ASSEMBLY FROM A-C LINE) 

DESCRI PTI ON The u nit i nc lu des a trans-
former for furnishing t he 

proper f i lame nt a nd plate vo ltages , a rec
t if ier a nd f ilter for t he plate supply. A 
manual regulator is provide d  for regula
t ing t he voltages and-necessary swi t c hes,  
ruses and meters are i nc lu de d. . I n  c ases 
where interrupt i o ns of t he supply are in
freque nt , or are not o bject iona ble , t he 
primary freque ncy sta ndard may be o perate d  
w it h  t his supply w it hout batterie s  o f  a ny 
k ind. 

OPERATING C HARACT ERISTICS Loa d  Ca pa c i t y  
--The vo ltage 

a nd curre nt out puts for t he high- a nd low
voltage c ircuits are respect ive ly: 

Current 

180 150 milliamperes 
6 10 ampe res ( Seve n 

w indings ) 
I nput-- The unit is des igne d  t o  oper

ate from 110-115 vo lt ,  50-60 cycles ( or 
220-230 volt s )  by cha nge of tra nsformer 
co nnect i o ns .  

C ircuit--A c omplete c ircuit diagram 
is give n in Figure 11. 

Separate transformer w i ndi ngs a nd 
lea ds are provide d for t he f i lame nt c ir
cuits of each of t he un its o f  t he assembly. 
An extra f i lter .section i s  use d on t he 
high-vo ltage supp ly to kee p  t he 1000-cycle 
curre nt in t he c lock a nd l-kc mult ivibra
tor from e nter ing ot her unit s .  

PAR TS LIST 

Condensers Fuses 
(Bussmann 7-AG) 

C-l = 0.01 !-If 
C-2 = 0.01 !-If F-l 2 a 

F-2 2 a 
Tube F-J 0.2 a 

V-l = RCA 83 

Pilot Lamll 

P-l = 6.3 v. 1 39-939 

- 17 -
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CABLE DATA 
: ; = = : : =:= : :: : 

TYPE 697 CABLES AND TERMINAL STRIP 

Supplied with each assembly are two 
cables, fully formed, and connected and 
fitted with plugs making all connections 
to the units mounted on the rack. When 
floating-battery operation is employed, 
one of the cables is provided with 10-foot 
leads for connection to the batteries and 
the auxiliary heat reserve. All the neces
sary attachment cords for making connec-

tions to the 115- or 230-volt mains are 
supplied. 

Table I shows the construction of 
these cables. lhe terminal strip furn
ished is fitted with shielded plugs. Out
lets are provided for the "Harmonic out
puts" of the 50-kc, lO-kc and 100-cycle 
multivibrators, for the l-kc output of t�e 
clock amplifier and for the micro-dial. 

TABLE I 

TYPE 697-20C CABLE 
Measuring Equipment Signal Cable 

NOTE: Sockets ot Type 612-C are numbered starting from lett as viewed from panel. 

START 
INSTR. 

I'rEM CODE WIRE NO TERMINAL NO 

Q IBQl.! lIS mIQ I1� flJ2::Q 
"X" H H Tsrminal Center Left Socket 11 

L Board Center Left Socket 12, 
S Center Left Socket 10 

50 KC E H Terminal 1st Socket No. 11 
Hannonics Board 

L 1st Socket No. 12 
S 1st Socket NO. 10 

9,10,or D H Terminal 1st Socket No. 7 
11 KC Har Board 
monics L 1st Socket No. B 

S 1st Socket No. 9 

1 KC B H Terminal 4th Socket No. 11 
Harmonics Board 

L 4th Socket No. 12 
S 4th Socket No. 10 

100,... 
HarmonIcs A H Terminal 4th Socket No. 7 

Board 
L 4th Socket No. B 
S 4th Socket No. 9 

Microdial C H Terminal 3rd Socket No. 11 
Board 

L 3rd Socket No. 12 
S 3rd Socket No. 10 

616-C J H 616-C Lett Socket No. 7 
Output L Lett Socket No. B 

S Left Socket No. 9 

*617-C P H 617-C Left Socket No. 11 
Output L Left Socket No. 12 

S No connection 
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FINISH 
INSTR. 

NO TERMINAL NO 

612-C 4th Socket No. 
4th Socket No. 
4th Socket No. 

612-C 2nd Socket No. 

2nd Socket No. 
2nd Socket No. 

612-C 2nd Socket No. 

2nd Socket No. 
2nd Socket No. 

612-C 3rd Socket No. 

3rd Socket No. 
3rd Socket No. 

612-C 3rd Socket No. 

3rd Socket No. 
3rd Socket No. 

612-C 6th Socket No. 

6th Socket No. 
6th Socket No. 

612-C 4th Socket No. 
4th Socket No. 
4th Socket No. 

612-C 5th Socket No. 
5th Socket No. 
5th Socket No. 

11 
12 
10 

11 

12 
10 

7 

B 
9 

11 

12 
10 

7 

B 
9 

11 

12 
12 

7 
B 
9 

7 
B 
12 



:::;=: := : =: : 

ITEM CODE 

'-*619-E 
Output 
( Phones) 

614-B 
. Output 

617-C 
Input 

619-E 
Input 

Speaker 
Input 

l-KC 
Hamont cs 

100� 
(-Control) 

*617-C 
Output 

CABU:: .DATA 
: := :: := := ::: = =:= =: =:= ::  : =: :: :: 

START 
I NSTR. 

W I RE NO TERMI NAL NO 

R H 619-E Left Socket No. 11 
L Left Socket No . 12 
S No Conne ct ion 

S H 614-B Left Socket No . 8 
L Left Socket No • 12 
S No connect ion 

C I RCUITS OUT OF TYPE 612-C 

N H 612-C 6th Socket No. 9 
L 6th Socket No. 10 
S 6th Socket No. 12 

L H 612-C 1st Socket No . 11 
L 1st Socket No . 12 
S 1st Socket No . 10 

M H 612-C 6th Socket No. 7 

L 6th Socket No. 8 

S 6th Socket No. 12 

TYPE 699 A I NPUT C I RCUITS 

G H 612-C 3rd Socket No. 11  
L 3rd Socket No. 12 
S 3rd Socket No. 10 

F H Terminal 3rd Socket No . 7 
L Board 3rd Socket No . 8 
S 3rd Socket No . 9 

T H 617-C Left Socket No . 11 
L Left Socket No. 12 
S No conne ct ion 

F I NISH 
I NSTR. 

NO TERM I NAL NO. 

612-C 5th Socket No. 9 
5th Socket No. 10 
5th Socket No. 12 

612-C 5th Socket No. 11 
5th Socket No. 12 
5th Socket No . 12 

617-C Left Socket No. 7 
Left Socket No. 8-
No conne ct ion 

619-E Left Socket No. 7 
Left Socket No . 8 
Left Socket No. 9 

Spe aker One side of T ype 
274-M Plug 

Other s ide of Type 
274-M Plug 

No conne ct ion 

699-A Left Socket No . 11 
Left Socket No. 12 

-Left Socket No. 10 

699-A Left Socket No. 7 
Left Socket No . 8 
Left Socket No. 9 

699-A Center Socket No . 7 
Center Socket No. 8 
Center :Jcket No. 12 

**619-E U H 619-E Left Socket No. 11 699-A Center Socket No . 9 
Output L Len Socket No. 12 Center Socket No. 10 

S No connect ion Center Socket No. 12 

614-B V H 612-C 5th Socket No. 11  699-A Center Socket No. 11 
Output L 5th Socket No. 12 Center Socket No. 12 

S 5th Socket No. 12 Center Socket No. 12 

MISCELLANEOUS CIRCUITS 

l-KC Har_ K H 612-C 3rd Socket No . 11 614-B Left Socket No. 7 
monics L 3rd Socket No. 12 Left Socket No. 12 
into 614-B S 3rd Socket No. 10 No conne ct ion 

614-B Out W H 614-B Left Socket No. 8 617-C Left Socket No . 9 
put into - L Left Socket No . 12 Left Socket No. 12 
617-C S No conne ct ion Left Socket No. 12 

616-C R.F. X H Left Socket No . 7 616-C Free end of cable H 
Output L Left Socket No . 8 labe led L 

S Left Socket No. 9 11 616" S 

'* Shields of these two cables connected together at Type 617-C ( lef't socke t ) .  
** Shie lds of these two cables connected toge the r at Type 619-E ( left socket ) . 

And insulate from ground in both case s .  
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ITEM 

A + ( Charg.e ) 
A- ( Charge ) 
B+ ( Charge ) 
B- ( Charge ) 

A + ( D i scharge ) 
A- & G ( D1.B-

charge ) 
B+ ( Discharge ) 
B- & G ( Dis-

charp:e ) 

A+ ( Lcad ) 

A+ ( 691-C ) 

A- ( Lcad )  

B+ ( l  KC ) 

B+ ( Load ) 

B+ ( 691-C ) 

CABLE DATA 
: : : ; = ;: =: : : = 

TYPE 697-40C POWER CABLE 
for Float ing Battery Operat ion 

START 
I NSTR. 

COLOR CODE NO TERMINAL NO 

Red No. 12 695-C Right Plug No. 1 
Black No. 12 695-C Right Plug No. 2 
Slate (Ye llow ) 695-C Right Plug No. 3 
Yellow ( Black ) 695-C Right Plug No. 4 

Red No. 12 Battery A+ 

Black No. 12 B attery A-

Slate ( Y e llow ) B attery B+ 

Ye llow ( Black ) B attery B-

Red No. 12 695-C Right Plug \110. 7 

Orange No • •  14 694-C Right Socket No. 9  

Black No. 12 695-C Right Plug No. 12 

Slate ( Re d )  695-C Right Plug No. 10 

Slat e 695-C Right Plug No. 11 

Slate ( B lack )  694-C Right Socket No. 10 
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FI NISH 
I NSTR. 

NO TERMINAL NO 

Battery A+ 
B attery A-
Battery B+ 
B attery B-

695-C Center Socket No. 7 

695-C Center Socket No. 12 

695-C Center Socket No. 11 

695-C Center Socket No . 12 

694-C Right Socket No. 7 
698-A Right Socket No. 7 
692-B Right Socket No. 7 
( 100"-1 
692-B Right Socket No . 7 

( 50 KC ) 
692-B Right Socket No. 7 

( 10 KC ) 
692-B Right Socket No. 7 
( 1  KC ) 
693-B Right Socket No. 7 
695-C Right Plug No. 7 

691-C Right Socket No . 7 

694-C Right Socket No. 8 
691-C Right Socket No: 8 
698-A Right Socket No. B 
692-B Right Socket No. 8 
( 100�) 
692-B Right Socket No. 8 

( 50 KC ) 
692-B Right Socket No. 8 

( 10 KC ) 
692-B Ri

,
ght Socket No. 8 

( l  KC ) 
693-B Right Socket No. 8 
695-C Right Plug No. 8 

692-B Right Socket No. 11 
( 100�) 
692-B Right Socket No . 11  
(1  KC ) 
693-B Right Socket No. 11 

694-C Right Socket No. 11 
698-A Right Socket No. 11 
692:-B Right Socket No. 11 

( 50 KC ) 
692-B Right Socket No. 11 
( 10 KC 

691-C Right Socket No. 11 



; = = :  :: 

ITEM 

B- & G ( LOOd )  

=: :: 

COLOR CODE 

Yellow 

fS or Red ( B lue ) Line 230 v 
Line N ( Trans Red Pr 1 .  ) 

Line Sec. ) 
Line 

{TranS 

N llS v 

Heater 
Heater N 

Inner Heater 
Outer Heater 
Common 

Bat . +  fAUX. 
Bat . - Hea t .  
Line Re-
Line N serves 

}leter + 

}leter -
Inner Thenno-
stat 

Gree n (B la c k )  

Green 

Green ( Ye llow ) 
Green 
Re d ( Gree n )  
Re d ( Ye llow ) 
Green ( Re d )  

Blue ( Brown ) 
Yellow ( Blue ) 
Black(Re d ) 
Black 

Blue ( Re d )  
Blue ( Ye l low ) 
Bla ck( Green ) 

Outer Th enno- Black ( Ye llow ) 
stat 

CABL E: DATA 
:: 

START 
INSTR. 

NO TERMINAL NO. 

69S-C R ight Plug No. 12 

HEATER C IRCUITS 

69S-C R ight Plug No. 8 

69S-C R ight Plug No. 9 

694-C Center Socket No. 
694-C Center Socket Woo 

69S-C R i ght Plug No. S 
69S-C Right Plug- No. 6 

1 

2 

694-C Center Socket No. 10 
694-C Center Socket No. 11 
694-C Center Socket No. 12 

External Bat tery + 

External Battery-
Externa l Line 
Externa 1 Line N 

MISCELLANEOUS CIRCUIT� u 

691-C Right Socket No. 9 
69l-C R ight Socket No . lO 
691-C Center Socket No . 8  

691-C Center Socket No. 9 

FINISH 
INSTR. 

NO. TERM INAL NO, 

694-C Right Socket No. 12 
691-C Right Socke t - No. 12 
698-A R ight Socket No. 12 
692-B 
( 100�) 

R ight Socket No . 12 

692-B R ight 
( SO KC ) 

Socket No. 12 

692-B R ight Socket No. 12 
( 10 KC ) 

692-B 
( 1  KC ) 

R ight Socket No . 12 

693-B R ight Socket No. 12 

694-C Center Socket No. S 

694-C Center Socket No. 6 

69S-C Center Socket No. 1 
693-B R ight Socket No. 9 
69S-C Center Socket No . 2 
693-B R i ght Socket No. 10 
694-C Center Socket No. 3 
694-C Center Socket No. 4 
691-C Center Socket No . 10 
691-C Center SOCket No. 11 
691-C Center Socket No. 12 

69S-C Center Socket No . 3 
69S-C Center Socket No. 4 
69S-C Center Socket No . S 
69S-C Center Socket No. 6 

694-C R ight Socket No. I 
6 94-C R ight Socket No. 2 
694-C Center Socket No. 8 

694-C Center Socket No. 9 

TYPE 697-41C POWER CABLE 
for Complete A-C Operat ion 

ITEM COLOR CODE 

" 1 1 .  ( 694-C ) 2 Red No. 14 
(Twisted) 

F i l .  ( 69l-C ) 2 ie l low �). 14 
TWisted 

F i l .  ( 698-A ) 2 Slate No. 14 
(Tw isted) 

F i l. ( c92-B ) 2 Blue No. 4 
100� 

F i l .  ( 692-B ) 2 Orange No . 14 
SO KC ( Tw i sted ) 

INSTR. 
NO 

696-C 

694-C 

696-C 

696-C 

696-C 

START 

TERMINAL NO 

Center Plug No. �l Center Plug No. 
Right SOCket No. 9) 
R iJl:ht SOCket No. 8 
R ight Plug No. �} 
R ight Plug No. 2 
Center Plug No. 51 
Center Plug- No . 6 
Center Plug No. 1 1) 
Center Plug No. 12 
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INSTR. 
NO 

694-C 

691-C 

698-A 

692-B 
( 100--) 
692-B 

( SO KC ) 

FINISH 

R ight 
R ight 
Right 
R iJl:ht 
R ight 
R ight 
Right 
Right 
R ight 
R ight 

TERMINAL NO 

Socket No. _  7 
Socket No. 8 
SOCket No. 7 
Socket No. 8 
Socket No. 7 
Socket No. 8 
Socket No. 7 
Socket No. e 
Socket No. 7 
Socket No. 8 

ITEM 

Fil.  ( 6 92-B ) 
10 KC 

F i l. ( 692-B ) 
1 KC 

F i l. (693-B) 

B+ ( l  KC ) 

B+ 

B+ ( 691-C ) 

B- & G 

Line 230 v CS or 

Line N ( Trans 
Pr 1 .  ) 

Line Sec.  
rrans. 

L ine N llS v 

Inner Hea t e r  

Outer Heater 

Common 

Meter + 
Meter -

Inner 
Thermostat 

Outer 
Thermostat 

COLOR CODE 

Z Brown No. 14 
(Tw isted ) 

2 Green No. 14 
( Tw i s t e d )  

2 Black No . 14 
( Tw i st e d )  

Slate ( Re d )  

Sla t e  

Slate ( B lack) 

Yellow 

Red ( Blue ) 
Red 

Green ( B la c k )  
Green 

Red ( Green )  

Red ( Yellow ) 

Green ( Re d )  

Blue ( Re d )  
Blue ( Ye llow ) 

Black ( Green ) 

Black( Yellow ) 

CABL E: DATA :::: :: : : :::::: 
START 

INSTR. 
NO T"RMINAL NO u 

696-C Center Plug NO. 9} 
Center PIu", No. lO 
Center Plug No. �} 696 C 
Center Plug No. 8 
Center Plug NO. 1) 696 C 
Center Plug No . 2 

696-C Right Plug No. 1 0  

696-C Right Plug No. 1 1  

694-C Right Socket No . IO 

696 C R ight Plug No. 12 

R ITS HEATER AND MOj'OB QI Q!.! 

696-C Right Plug No. 8 
Right Plug No. 9 

No s.  
694-C Center Socket 1 & 3 
694-C Center Socket 2 & 4  

FINISH 
INSTR. 

NO TERMINAL NO. 

692-B R ight Socket No. 7 
( 10 KC ) Ri"ht Socket No. 8 

692-B Right Socket No. 7 
( 1  KC ) R i ght Socket No. 8 
693-B R ight Socket No. 7 

R ight Socket No . 8 

692-B R ight Socket No. l l  
( lOO.-..J 
692-B Right Socket No. 1 1  
( 1  KC ) 
693-B R i"ht Socket No 1 1  
694-C R ight Socket No. I I  
698-C R ight Socket No. l l  
692-B R ight Socket No. ll 

( SO KC ) 
692-B R i ght Socket No. 11 

( 10 KC ) 

691-C R ight Socket No. n 

694-C Right Socket No. 12 
691-C R ight Socket No . 12 
698-A R ight Socket No. 12 
692-B R ight Socket No. 12 
( 100.-..J 
092-B Right Socket No. 12 

( SO KC ) 
692-B Right Socket No. 1 2  

( 10 KC ) 
692-B R i ght Socket No . 12 
( 1  KC ) 
693-B Right Socket NO. 12 

694-C Center Socket No. 5 
694-C Center Socket No. 6 

693-B R ight Socket No. 9 
693-B R ight Socket No. 10 

1-3}conne c t e d  2-4 
in socke t .  

694-C Center Socket No . 10 691-C Center Socket No. 10 

694-C Center Socket No . l l  691-C Center Socket No. ll 

694-C Center Socket No. 12 691-C Center Socket No. 12 

MI SCEL LANEOUS C IRCUITS 

691-C Right Socket No . 9 694-C R i ght Socket No. 1 
691-C R ight Socket No. 10 694-C R ight Socket No. 2 

691-C Center Socket No. 8 694-C Center Socket No. 8 

691-C Center Socket No. 9 694-C Center Socket No . 9  
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ITEM CODE 

50 KC A 

50 KC B 

10 KC C 

1 KC D 

1 KC E 

100", J 

INSTR. 

CABLE DATA 
; ;  : : : :  

TYPE 697-42C CABLE 
Frequency Standard Signal Cable 

START 
INSTR. 

: : : : = :: = 

FINISH 
INSTR. 

WIRE NO. 1'ERM INAL NO. NO. TERMINAL NO. 

CONTROL C IRCU ITS 

H 691-C Left Socket No. 10 692-B Left Socket No. 7 
( 50 KC ) 

L Left Socket No .  1 2  Left Socket No. 12 
S Left Socket No. 12 No conne ct ion 

H 692-B Left Socket No. 7 692-B Left Socket No. 7 
(50 KC ) ( 10 KC ) 

L Left Socket No. 12 Left Socket No . 12 
S Left Socket No. 12 No conne ct ion 

H 692-B Left Socket No. 10 692-B Left Socket No. 7 
( 10 KC ) ( 1  KC ) 

L Left Socket No. 12 Left Socket No. 12 
S Left Socket No. 12 No conne c t i on 

H 692-B Left Socket No. 10 693-B Left Socket No. 7 
( 1  KC ) 

L Left Socket No . 12 Left Socket No . 12 
S Left Socket No. 12 No conne c t i on 
H 692-B Left Socket No. 10 692-B Left Socket No. 7 

( 1  KC ) ( lOO�) 
L Left Socket No . 12 Left Socket No. 12 
S Left Socket No. 12 No conne ct ion 

H 692-B Le ft . Socket No. 10 Termina l Center Plug No. 7 
( lOO�) Board 

L Left Socket No. 12 Center Plug No. S 
S Left Socket No. 12 Center Plug No. 9 

HARMONIC OUTPUT CIRCU ITS 

START FINISH 
INSTR. 

ITEM CODE W IRE NO· TERMINAL NO NO TERMINAL NO 
And Sh ie lded 
Plug - 50 KC 

50 N H 692-B Left Socket No. 11 Terminal 1st Plug No. 11 1 
KC ( 50 KC ) Board 

L Left Socket No. 9 1st Plug No. 12 2 
S Left Socket No. 12 1st Plug No . 10 3 

10 R H 692-B Left Socket No. 11 69S-A Left Socket No. 7 
KC* ( 10 KC ) 

L Left Socket No. 9 Left Socket No .  S 
S Left Socket No. 12 Left Socket No. 9 

And Sh ie lded 
Plug - 10 KC 

9 , 10 M H 69S-A Left Socket No. 11 Terminal 1st Plug No . 7 1 
or 1 Board 
KC L Left Socket No. 12 1st Plug No . S 2 

S Left Socket No. 10 1st Plug No . 9 3 

* Also serves as control for Type 698-A . 
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CABLE DATA 

-=: :: :: : :: ; ::  :: ::: := : :: = = = =:= =: : =: :=:;-: : 

START FINISH 
INSTR. INSTR. 

ITEM CODE WIRE NO TERMINAL NO NO TERMINAL NO. 

1 KC F H 692-B Left Socket No. 11 693-B Left Socket No. 11 
( I . KC )  

Left Socket No. 12 L Left Socket No. 9 
S Le ft Socket No. 12 No connect i on 

And Shielded 
Plug - 1 KC 

1 KC H H 693-B Left Socket No . 9 Terminal 4th Plug No . 1 1  1 
Board 

L Le ft Socket No. S 4th Plug No . 12 ::l 
S Left Socket No . 1 2 4th Plug No . 10 3 

And Sh ie lded 
Plug - 100� 

G H 692-B Left Socket No. 1 1  Terminal 4th Plug No . 7 1 
100'" 

( lOO--l Board 
L Left Socket No. 9 4th Plug No . S 2 

S Left Socket No. 12 4th Plug No . 9 3 

And Sh ie lded 
Plug ,Microdial 

M i cro- L H 693-B Left Socket No. lO Terminal 3rd Plug No . 1 1  1 
d i a l  Board 

L Left Socket No. 12 3rd Plug No . 12 2 

S Left Socket No. 12 3rd Plug No . 10 3 
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PART I I I  

RACKING UP 

dio Type 

The equipment is des igned t o  
be mounted i n  the General Ra-

480-P Relay Rack. 1'he un its 

*Type 693-B Syncronometer 
Type 692-B Mult ivibrator ( 1  kc ) 
Type 692-B Mult ivibrator ( 10 kc ) 

should be mounted in the rela t ive pos i
t ions g iven below and illustrated in Fig
ure 1. 

Tyoe 692-B Mult ivibrator ( 50 kc ) 
Type , 692-B Mult ivibrator ( 100 cycles ) 
Type 698-A Duplex Mult ivibrator ( 9-11 kc ) 
Type 697 Terminal Str i p  ( Atta ched to 

Instruments common 
to both " a-c opera
t ion" and " float ing
battery operat ion. " cable ) 

Type 691-C Constant Temperat ure Unit 
Typo 694-C Control Unit 

Type 480-P2 Blank Panel 
Type 696-C Power Supply ( a-c 

operate d )  

*Before mount ing the Type 693-8 Syncro
nornete,r, remove the two c lamping screws 
pro j e c t ing through the bottom of the unit 
midway between the c lock moun t ings at each 
end of the c loc k. The se are used to c lamp 

POWER CONNECT IONS Connect the a-c power 
l ine to the junct ion 

box mounted in the rear of the cabine t .  

INSTALLING CABLES 
ON A-C ASSEMBLY 

In the case of a-c 
operat ion , all con-
nect ions , w ith the 

excep" ion of those to the 115- or 230-volt , 
50- to 60-cycle ma ins , are ma de by plug-in 
cables furnished with the equipment ( See 
Figure 1 ) . 

INSTALLING CABLES ON 
FLOATING-BATTERY 

OPERATED ASSEMBLY 

In the case of 
float ing - battery 
opera t i on , the ca-
bles are fitted 

with 10-foot leads for conne ct ions to the 
plate and f i lament batteries and to the 
"auxiliary heat rese rve battery" and the 
"auxiliary heat reserve supply" ( See page 
15 ) .  All conne ctions to the equipment on 
the rack,w ith the except ion of the connec
t ions to the 115- or 230-volt , 50- to 60-
cycle ma ins , arp made by plug-in cables 
furn ished with the equipment . 

The long leads ment ioned in the ore
ced ing paragraph are coded for connect ion 
as follows : 

3-Red #12 wires to pos it ive ( + )  6-volt 
"3-Black #12 w ires to nega- Battery 

t ive ( - )  

Type 695-0 Charging Unit 
( a-c operate d )  

the clock firmly during shipment .  On in
stallation, the clock should be free on 
the air-craft type mount ings . The se screws 
are identified by having lock termina ls un
der the heads, en bottom of case . 

2-S1ate ( Yellow Tra cer ) to} 
pos itive ( + ) 180-Volt 

2-Ye llow ( Black Tra cer ) to Plate 

negat i ve ( _ ) Battery 

l-Blue ( Brown Tra cer ) to J oos i t i ve ( + ) Aux i l iary 

I-Yellow ( B lue Tra cer ) to Heat Reserve 

negative ( _ ) Battery t 
l-Black ( Red Tra cer ) to} 

high s ide 
Auxiliary 

l-Bla ck to neutral or Heat Reserve 

ground side 
Line t 

*Can be d i s t inguished from the other black 
wire by their larger � lz e .  

+CAUTION: I n  order t o  prevent an acc ident
al short c ircuit of the supply 1n use as 
auxiliary heat reserve, the ends of the 
two unused aux iliary-he a t -re s e rve wires 
should be tape d .  All four wires should be 
taped if no auxiliary heat r e � e rve i s  u�ed .  

TUBES A complete set of vacuum tubes is 
furn ished with the equipment. A 

complete list of the tubes supplied is g iv
en in the shipping list for the assembly, 
page 35. These should be installed as 
shown in the w iring diagrams for the indi
vidual instrument s ,  as given in pages 3 to 
18. 

S ix-volt p i lot l ights are shipped in 
place in a ll units.  ( See a lso l ist of 
spares on shipping list , page 35. ) 
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INSTALLATION AND ADJUSTMENT 

ADJUSTMENTS Before heat ing the tempera-
ture-control unit , the Type 

676-B Quartz Bar should be placed in the 
. inner compartment and the three w ires 

soldered to the terminals provided on the 
base. Inspect ion of the thermostats should 
be made for broken mercury colUmns. If 
broken, warm up the thermostat in hot 
water unt 11 the broken parts are joined to
gether in the expansion chamber at t he top 
of the thermostat . The inner thermostat 
operates at 6000. , the outer at 5500. 

Inspect ion should a lso be made to see 
that the thermostat and therma l fuse con
nect ions a re all firmly made. These con
nect ions appear on the t erminal strips at 
the top of both inner a nd outer boxes. In
sert the ther" lometers through t he door on 
the front oane l. The outer thermometer is 
gra duated

· 
in 0. 50 steps ; the inner in 

0. 100. steps.  DO NOT force the thermome
ters into place. If there seems to be any 
obstruc t i on ,  a rod, or a drill may be used 
to c lear the hole for the thermometer. 

PART IV 

INSTRUCTIONS FOR OPERATING COMPLETE A-C ASSEMBLY 

(See Part V for Flolting-Blttery Operltion) 

The following paragraphs give a.ll the 
informat ion necessary for starting up an 
a ssembly in which power is derived from a 
Type 696-0 Power Supply. If diffi cult ies 
are encountered, turn to Part VI for sug
gest ions. 

In plac ing the equipment in operat ion , 
the temperature control should be started 
at least twelve and preferably twenty-four 
hours before the apparatus is to be used. 
It is recommended,  even though the equip
ment as a whole may not be operated con
t inuously, that the temperature control be 
left on at  a 11 t imes. 

The temperature-control c ircuits are 
turned on and off by the HEAT switch moun
ted at the left on the Type 694-0 Control 
Un i t .  Leave the MASTER switch o n  the Type 
696-0 Power Supply in the OFF position. 

On f irst clos ing the HEA1' switch ,  
b o t h  " inner" and " outer" relays snould op
erat e , and both heat-indicator lamps should 
l ight. The thermostats will  not. operate 
unt i l  the heat has been applied for 
roughly one-half to one hour. The tempera
ture in the crystal compartment does not 
reach its f inal value unt i l  a period of 
six to t welve hours has e lapsed. 

The fina l inner temperature should be 
6000. with in ! 0. 50 and it should rema in 
constant t o  within 0. 0100. The outer ther
mometer should read a pproxima tely 570C. 

To place the assembly in operat ion , 
proceed a s  follows : 

1. Throw MASTER switch on Type 696-C 
Power Supply to ON. Pilot should light 
a nn FILAMENT and PLATE meters should read. 
Set ADjUST control to give 6. 3 volts on 
filament voltmeter , at  red line . 

2 .  Throw FIL-PL swit ch on the Type 
694-0 Oontrol Unit t o  ON . The fi lament 
pilot lamp should l i ght and , after a few 

moments ,  the PLATE meter should read . I f  
the meter read i ng i s  20-30 mi croamperes , 
the crystal osci llator is NOT osci llat i ng .  
When osci llati ng the reading should be 
from 75 to 110 microamperes .  When fi rst 
starting, the meter will show a reading of 
200 microamperes momentari ly, decreasi ng 
quickly to the normal current . 

Turn on the various mult ivibrators 
and the syncronometer in order, from the 
bottom toward the top of the raCk. The 
voltage and current readings of the power 
supply unit are given in the test data , 
page 32. 

3. Unless adjustments have been d i s
turbed in shi pment , the mult ivibrators 
should be operat ing at the correct frequen
cies and be in control. Deta ils on check
ing the, multivibrators are given in Part 
VI.  

4. To start the c lock motor , press 
the push-button on pane l ,  thus turning 
on the 60-cycle supply to the start ing mo
tor. Due to the pull of the steady plate 
current the motor will not turn unt i l  the 
FIL-PL switch is thrown to OFF momentarily. 
Return this swi t ch t o  ON immediat e ly. The 
clock rotor w i l l  now turn and pick up 
speed. 

The motor reaches synchronous 'speed 
in about two seconds as ind icated on t he 
clock face . In most cases the 1000-cycle 
motor w i l l  take hold and prevent the 60-
cycle motor from any further increase in 
speed. The switch on the clock panel may 
then be released. If the 60-cycle motor 
carries the rotor through synchronous 
speed, simply release the switch. The 
1000-cycle motor may fall into step whi le 
coast ing. If not , s imply press t he start
ing motor switch and bring the 1000-cycle 
motor up to synchronous speed again. 
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PART V 

INSTRUCTIONS FOR OPERATING FLOATING.BA TTERY ASSEMBLY 

(Sec P.rt IV for Complde A.C Oper.tion) 

The following paragraphs give all the 
informa t i on ne cessary ' for start ing up an 
assembly in which power is derived from a 
Type 695-C Charging Un it.  I f  difficult ies 
are encount ere d ,  turn to PART VI for sug
gest ions. 

In plac ing equipment in opera t ion , 
the temperature control should be started 
at least twelve , and preferably twenty
four hours before the apparatus is to be 
used. It i s  recommended that even though 
the equipment a s  a whole may not be opera
ted cont inuously, that the temperature 
control be lett on at all t ime s .  

As soon a s  the 115-volt supply to the 
Type 695-C Charging Unit is turned on , the 
auxiliary heat reserve relays should close. 

The t emperature control c ircuits are 
turned on and off by the HEAT switch moun
ted at the left · on the Type 694-C Control 
Uni t .  On first c losing this swit ch , both 
inner and outer relays should opera t e ,  and 
both heat indicator lamps should light. 
The t hermost a t s  w ill not operate unt il the 
heat has been applied for roughly one-half 
to one hour. The temperature in the crys
tal c omDartment does not reach its final 
va lue unt i l  a period o f  from s ix to twe lve 
hours has elapsed. The final inner tem
perature should be BOOC .  ! 0. 50 and should 
rema in constant to approximately 0. 01 o C. 
The outer thermometer should read approxi
ma tely 570C. 

To place the a ssembly in operat ion , 
proceed as follows : 

1 .  On throwing on both the F I LAMENT 
CHARGE' and PLATE CHARGE switches on the 
Type 695-C Charging Uni t ,  the f i lament and 
plate charging current meters should indi
cat e .  On throwing the FILAMENT-LOAD and 
PLATE-LOAD switches t o  LOAD, the f ilament 
and plate l oad current meters should indi
cate the total load current in each c i r
cuit taken by the assembly. To maintain 
the batteries in a charged c ondit ion, ad
just the charging current to slightly ex
ceed the load current . The excess must be 
determined t o  maintain the batteries at 
2 . 15 volts per cell. 

I f  all the FIL-PL and FlLAMENT switch-

es on each instrument are OFF when the 
e qu i pment is first started ,  then tte f i la
ment and pIa te load current met ers should 
g ive no readings. 

2. Throw FIL-PL switch on the Type 
694�c Control Unit t o  ON. The f i lament 
pilot lamp should l i ght and , after a few 
mome nt s ,  the PLATE meter should read . If 
the meter read ing i s  20-30 microamperes ,  
the crystal oscillator i s  NOT o s c i i lating . 
When osci ilating the reading shoulj be 
from 75 to 110 microamperes . When f i rs t  
start ing, the meter w i l l  show a reading o f  
200 mic roamperes momentarily, decreasing 
quickly to the normal current . 

Turn on the various mult ivibrators 
and the syncronometer in order , from the 
bottom toward the top of the rack. The 
voltage and current readings of the power 
supply unit are given in the test dat a ,  
page 32. 

3. Unless adjustments have been d i s
turbed in shipment , the multivibrators 
should be operating at the correct frequen
c ies and be in control. Deta ils on check
ing the mult ivibrators are g iven in Part , 
VI . 

4. To start the clock mot o r ,  press 
the switch on the syncronometer pane l ,  
thus turnihg o n  the 60-cycle supply t o  the 
start ing motor. Due to the pull o f  the 
steady plate current , t he motor will not 
turn unt i l  the FIL-PL switch is thrown to 
OFF momentarily. Return this switch to ON 
immediately. The clock rotor w i l l  now 
turn and p i ck up speed. 

The motor reaches synchronous speed 
in about two seconds , a s  indicated on the 
clock fa ce. In most cases the 1000-cycle 
motor w il l  take hold and prevent any fur
ther increase in speed. The switch on the 
clock face may then be released. I f  the 
60-cycle motor carries tho rotor through 
synchronous speed, s imply release the 
switch. The 1000-cycle rotor may fall in 
step while coast ing. If not , s imply press 
the start ing motor switch and bring the 
1000-cycle motor up to synchronous speed 
again. 
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PART V I  
OP�RA TING SUGG�STIONS 

After the a ssembly has been insta lled 
and put in operat ion as described in e ith
er PART IV or PART V,a check upon the var
ious adjustments is desirable. 
1. CRYSTAL OSCI LLATOR If the oscillator 

does not operate ,  
make certain that the lamp, P- l ,  ( Figure 
6 )  is screwed firmly into the socke t .  I f  
the oscillator still does n o t  operate, in
spect the f ilament of the lamp, P-l, for 
breakage or test the lamp with an ohmmeter. 
Finally, inspect the quartz ·bar for d i s
placement in the mount ing due to Shipment . 
The bar should be in alignment in the hold
er, w i th the baffles parallel to the e nds . 
The two air-gaps should be equal. The 
crystal should be c lamped f i rmly enough s o  
that shaking the holder does not cause any 
d i splacement of the bar. The clamping 
points should be at the g e ometric c e nters 
of the two plated faces . 

should agree with those previously obtain
ed, and the beat tones should be as clear 
and steady as when l istening to the crys
t a l  oscillator d irect ly. Control should be 
obta ined over a w i de range on the control 
voltage adjustment ( left-hand control ) .  
Turn o f f  the mult ivibrator. 

Turn on the 10-kc multivlbrator using 
the sett ings g iven in test data. Starting 
a t  100 kc count the zero beat pOints found 
on the rece iver between this point and the 
next crystal harmoni c .  If the first point 
100 kc , i s  called zero , then the last 
ooint should be five. The mult ivibra
tor i s  then operating at 501 5 = 10 kc. I f  
the c ount gives four, the frequency i s  
50/4 = 12. 5 kc , et c .  I t  t he mult ivibrator 
frequency is too lOW , adjust the frequency 
control toward the r ight unt il the proper 
frequency is obtained; if the frequency i s  
t o o  high , turn i t  t o  the left. Make the 
final sett ing by reducing the control volt
age to a small value and adjusting the fre
quency to the mi ddle of the control range. 

CAUT I ON: Handle crystal with great 
care so as not to break off t he conne c t ing 
leads . These adjustment s are best made when l is

The Type 692-B Mult i- ten ing to a multivibrator harmon ic which 
vibrators should op- i s  not a cryst a l  harmon i c ,  such a s  110 kc , 

erate at ·very nearly the ir rated frequency. 120 kc , etc.  

2.  MULTIVIBRATORS 

when no control voltage is appl ie d ,  that To check the l-kc mult ivibrator, c om
i s ,  when the control voltage adjustment is pare the output frequency with a calibra
set at zero ( left-hand contro l ) .  I f  this ted audio - frequency OS C i llator, tuning 
control i s  advanced sl ightly, the mult ivi- fork, etc. , of 1 kc. I f  none are ava i la�le 
brator should go into control and rema in start the clock and c ompare with a watch. 
at the controlled frequency as the control If the c lock keeps t ime ,  the frequency is 
voltage i s  increased over qu ite a range. 1 kc . It it ga ins or loses by about 10% 
If suffic ient control voltage is a pplie d ,  the mult ivibrator frequency must b e  read
the multivibrator frequency may be pulled justed. Obtain the final sett ing of the 
up to the next h igher va lue. Set the con- control by reducing the control voltage 
trol voltage a d justment at about 80% of and sett ing the frequency control in the 
the value where this jump o c curs. middle o f  the control range. 

I f  only a very sma ll control voltage In checking the adj ustments of the 
is used, it w i ll be found that a s  the fre- Type 698 Duplex Mult ivibrator, the follow
quency control is varied ( by removing the ing proce dure is sugge sted. 
snap cover on the panel and adjust ing the Set the Type 619 Heterodyne Detector 

control with a screw driver ) control may to 90 kc. Turn SVli tch on Type 698 Duplex 
be obta ined over a narrow range . Set the Mult ivibrator to 9 kc. If the duplex mUl
control in the mi ddle of this range . t i vibrator is in ad justment , zero beat 

I f  the Jnult ivibrators require entire should be obtained. Now offset the hetero-
readjustment , proceed as follows : dyne detector to obtain a low beat tone. 

Use a heterodyne rece iver or hetero- Turn the input control of the Type 
dyne-frequency meter covering a range of 698 Duplex Mult ivibrator, upper left on 
oreferably 100 kc to 150 kc ( any 50-kc in- pane l ,  toward the left unt il the beat tone 
terval covering two crystal ha rmon ics can just becomes unst eady ,  or changes to a 
be use d ,  but it should be taken at as low different tone. Sl ightly readjust the 
a frequency as possible ) .  9-kc fre quency adjustment , lower right or 

First , identify the sett ings for two pane l ,  to obta in original beat tone. Agair 
crystal harmoniC S ,  suchas 100 kc and 150 reduee input , follow ing w ith frequency a d· 
kc , by coupling the rece iver to the crys- j ustment unt il the input voltage has beer 
tal OSCillator RF OUTPUT terminal at the reduced to a low value and the frequencj 
rear of the temperature-control un it.  control gives the correct frequency over , 

Next , turn on the 50-kc mult i vibra- narrow range. Set fnequency control a1 
tor. The sett ings where beats are heard center of this range and leav e It at thi! 
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pO int . Advance input control about three
quarters of the way to the right . Check 
frequency of mult ivlbrator to be ' cert a in 
it is 9 kc. This can be done by calibra
t ion of the Type 619 Heterodyne Detector 
or by the direct-read ing dial of the Type 
616 Heterodyne Frequency Meter. 

The ll-kc pos i t i on i s  checked by set
t ing the Type 619 Heterodyne Detector t o  
110 kc , throwing the sw itch o n  the Type 
698 Duplex Mult ivibrator to 11 kc and pro
ceeding as above. The same input control , 
upper left on pane l , 1s used; the frequen
cy adjustment is the upper right control 
on pane l. Check frequency to be cert a in 
it is 11 kc. 

When viewed from the rea r ,  the a rms 
of the frequency control resistors should 
point almost towards each other ; the upper 
one about stra ight down, the lower about 
stra ight up. 

Since the output of the select ive f i l
ter is great er on 90 kc than on 110 kc , 
the lower left-hand control provides for 
equplizing the outputs. Thi s  adjustment 
does not need t o  be changed a fter sett ing 
at 1J!e factory. 

DETERMINAT ION AND ADJJSTMENT The frequency 
OF CRYSTAL FREQUENCY of the system 

is self-deter
mining and can b e  corrected for errors and 
deviat ions. The t iming equipment provides 
a means for counting the number of cycles 
executed by the cryst a l ,  so , to  determine 
the average frequency over any t ime inter
va l ,  we have only to divide the number of 
cycles occurring during that interval by 
the length of the interval in seconds. The 
read ing of the syncronometer is a measure 
of the number of cycles executed by the 
crysta l ,  s o ,  if we set the syncronometer 
to standard t ime , and, after an appre
ciable interval ( say 24 hours ) ,  we compare 
its reading w ith standard t ime , the amount 
by which its reading d i ffers from the stan
dard t ime is a measure of the deviat ion of 
the crystal frequency from its assigned 
value. In pract ice t his can be a pplied as 
follows : 

Suppose we c ompare the �yncronometer 
w ith standard t ime s ignals a s  transmitted 
by radio and f ind the syncronometer to be 
0. 12 second fast . The next day ( 24 hours 
later ) the syncronometer is found to be 
0. 46 second fast .  Then the t ime interval 
read on the syncronometer is 24 hours plus 
( 0. 46 - 0. 12) second and the frequency of 
the crysta l  oscillat or is 

86.400 + (0. 46 - 0. 12) 
86, 400 x 50 , 000 

or 50 , 000. 195 cycles per second. 
I t  is generally more convenient to 

consider the deviat ion of the frequency 
from its aSS igned value , expressed in parts 

per million ,  or other convenient oercent
age terms. S ince there are 86 , 400

' 
seconds 

in one day , one part in a mi llion devia
t ion in the average frequency means that 
the syncronometer will ga in or lose 0. 0864 
seconds in twenty-four hours. I f ,  then , 
the seconds gained or lo�t by t he syncro
nometer per 24 hours are divided by 0. 0864, 
the devia t i on of the average frequency is 
obta ined ,  expressed in parts per mill i on. 
Th is figure is convenient s ince it aoplies 
to any and all of the frequen c ies derived 
from the assemb ly. 

Obviously, the a c curate determinat ion 
of the frequency depends on the t 1me s 19-
nals be ing correct . Actually there are 
sma ll errors in the transmiss ion, and cor
rect ion for these will be supplied on re
que st to the observatory or transmitting 
stat ion. 

COMPARISON OF 
SYNCRONOMETER 
WITH TIME S IGNALS 

The following in
struct ions for mak
ing comparisons be-
tween t ime kept by 

the assembly and t ime s ignals are based on 
the ,transmiss ions of the U.  S. Naval Ob
servatory through NAA and NSS. There are 
at  present e ight di fferent frequencies 
used for transmissions at various t imes 
during 24 hours , and although occasiona l 
changes are ma de , there are probably few , 
if any , places where one or more trans
miss ions cannot be rece ived sa t isfactori ly. 
It is suggested that , if pos s ib l e ,  these 
transmiss ions be used unt i l  the operating 
engineer . has become thoroughly familiar 
w ith the operat ion of the assembly. 

To the r ight of the syncronometer 
face is mounted the micrO-d i a l ,  by means 
of which t he t ime ind i cated by the syncro
nometer may be a ccura t e ly compared w it h  
t ime s igna ls. The contact is driven at 1 
revolut ion per second by the ma in counter
shaft.  'l'he contacts are  conne cted t o  the 
output terminals on the t erminal strip 
marked MICRO-DIAL. The contacts  are clo
sed for about 0. 95 se cond. The instant 
at  wh ich the contacts close may be ad
justed by turning the knurled wheel by 
inserting the key in the opening just to 
the r ight of the syncronometer face . 
If the contacts are connected across the 
t e le phones or loud-speaker of a t ime re
ce iver ( from which any direct current in 
the output has been f i ltered )the operat ion 
of the cam may be adjusted so a s  t o  short
c ircuit all but the beginning of each 
pulse of the t ime s igna l as transmitted by 
the U .  S .  Naval Observatory. Thi s  adjust
ment is made by advanc ing the wheel from 
" zero" on the scale toward lower readings 
unt il just a very short pulse remains of 
e a ch transmitted t ime dot. This adjust
ment may generally be made to better t han 
0 . 0 1  se cond. The a rrangement require s ,  
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if the readings are to be taken d irectly 
from the figures on the scale , that frac
t i ons of a second be expressed as oos itive 
increments from the last whole second. For 
example , if the clock were 0 . 30 seconds 
slOW , the reading would be 11 h. 59 m. 
59. 70 seconds on the syncronometer and 
micro-d ial scales. Each d iv i s ion on the 
micro-di a l  scale corresponds to 0 . 01 sec-

GREATER PRECISION Where the reliab ility 

ond. 

of the t ime s ignals 
is great enough to just ify H closer com
parison than the 0. 01 second provided by 
the micro - d ia l ,  the General Radio Company 
is prepared to furnish a syncronometer 
that can be compared with t ime s ignals to 
better than 0. 001 second. Stroboscopic 
means are ut ilized. Pri ces and other de
ta ils will be supplied on request.  

The micro-d ial conta cts may be ut i l
ized for transmission of second' s pulses 
for laboratory purposes. Th is is hel pful, 
for instance , if t ime kept by the assembly 
is to be comoared w ith t ime s i�na ls from a 
stat ion using the so-ca lled rhythmic type 
of transmission in which 61 pulses or dots 
are sent out in 60 seconds. 1'h is requires 
that the method of co inc idences be used. 
It is thus merely necessary to cOlllpare-, by 
aural or other means , the s8Gonds pulses 
from the standard w ith the pulses of the 
transmission. 

ADJUSTMENT OF 
FREQUENCY 

After the frequency of 
the system has been de
termined by means of t ime 

s ignals for several days , readjustments 
may be made to bring the frequency to ex
actly 50 kilocycles . If the adj Ustment t o  
b e  made i s  small, the ADJUST d ial o n  the 
unit may- De used . *  

*An increase i n  dial reading corresponds to an 
increase in frequency. 
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informa t ion about the Cla ss C-2l-HLD Primary Frequency Standard 

1. " ' Un iversal '  Frequency Standard izat ion from a Single 
Frequency Standard" , by J.  K. Clapp : Journal of the Op
t ical Soc iety of Amer ica and Review of Sc ient ific In
struments ,  Vol. 15, No. 1 ,  July, 1927. Of hist orical 
interest because this paper is the f irst t o  disclose 
the use of the multivibrator for frequency division. 

2. "A Convenient Method for Referring Standard Frequen
cy Standards to a Standard T ime Interva l " ,by L. M. Hull 
and J. K. Clapp : Proceedings of the Inst itute of Radio 
Eng ineers,  Vol. 17, No. 2, February, 1929. This paper 
is also of historical interest . It describes the oper
at ion of the first exper imental e qu i pment from which 
the present primary frequency standard has evolved. 

3. " Interpolat ion Methods for use w ith Harmonic fre
quency Standa rds " ,  by J. K. ClaDp : Proceedings of the 
Inst itute of Radio Eng ineers , Vol. 18 , No . 9 ,  September,  
1930. Describes in general terms methods for interpola
t ing between standard harmoni c  frequenc ies from a Cla ss 
C-21-H Standard-Frequency Assembly. 

4. "Temperature Control for Frequency Standards" by 
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the des ign consi derat ions behind General Radio tempera
ture-control boxes. 
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TYPE 693-B SYNCRONOMETER 

Serl e l  No. __ _ 

TYPE 692-3 NlUL'l' IVIPRATORS 

Frequency 

1 kc 
10 kc 
50 kC 

100 � 

Serl a l  No. 

TYPE 698-A DUPLEX MULT I V IBRATOR 

Serif 1 No . _____ _ 

Frequenc y :  9 or 11 kc 

TYPb 690-0 PIEZO' OS C I LLATOR 

Serial No. ___ _ 

TEST DATA 

Control Sw i t c h  
( Inside ) 

2VEN 
ODD 
ODD 

EVEN 

Frequency Adust ___ d iv. 

TYPE 691-C CONSTAN'l' TEMPERATURE UNIT 

Serial No. __ _ 

INNER Ternperz ture ___ oC .  
OUTER Ternperature ___ o_C. 

TYPE 676-B QUARTZ BAR 

Ser ial No. __ _ 

Freql.i.ency kC. 

TYPE 694-C CONTROL UNIT 

Se r i a l  No. ___ _ 
Plate Meter Reading _____ I'a 

TYPE 695-C CHARGING UNIT 

Seria l No . ____ _ 

FI LAMENT LOAD a 
FI LAMENT VOLTAGE __ v 
PLATE LOAD rna 
PLATE VOLTAGE v 

TYPE 696-C POWER SUPPLY 

Ser i a l  No • . -::-:-::-:::-__ 

FILAMENT VOLTAGE __ v 
PLATE VOLTAGE v 
PLATE CURRENT rna 
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Approximate total plate cur
rent taken by each un i t .  Taken 
by t.urning off each uni t and 
noting plate current increase 
on power supply meter when 
turned on aga i n .  

rna 

__ rna 
__ rna 

__ rna 
__ rna 

rna 

__ rna 
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VAVUUM-�UBE DATA 

Voltages are measured between t e rminals shown w ith meter of 20, 000 ohmS 
per volt ( d-c ) ;  1 , 000 ohms per volt ( a -c ) .  

Current s are measured i n  series with terminal shown. 

SOCKET 
INSTRUMENT TERMINAL NOS 

693-B 

2-7 v a-c 
8-Gnd v d-c 
8-5 v d-c 
3-8 v d-c 
3 rna d-c 
4-8 v d-c 
4 rna d-c 

692-B 1 KC 
2-7 v a -c 
8-Gnd v d-c 
8-5 v d-c 
3-8 v d-c 
3 rna d-c 

692-B 10 KC · 
2-7 v a-c 
8-Gnd v d-c 
8-5 v d-c 
3--8 v 1-c 
3 rna d-c 

692-B 50 KC 
2-7 v a-c 
8-Gnd v d-c 
8-5 v d-c 
3-8 v d-c 
3 rna d-c 

692-B 100� 
2-7 v a-c 
8-Gnd v d-c 
8-5 v d-C 
3--8 v d-c 
3 rna d-c 

698-A 
2-7 v a-c 
8-Gnd v d-c 
8-5 v d-c 
3--8 v d-c 
3 rna d-c 

690-D 
2-7 v a-c 
7-e v a-c 
5-Gnd v d-c 
3-Gnd v d-c 
6-Gnd v d-c 
3-4 v d-c 
4-5 v d-c 
8-Gnd v d-c 
2-Gnd v d-c 
5-Gnd v d-c 
6-Gnd v d-c 
8 rna d-c 
6 rna d-c 
2 rna d-c 

R I GHT -----------�) LEFT as seen from REAR 
V-I V-2 V-3 V-4 V-5 NOTES 

6J5G 6K6G A 
5. 6 5. 6 

22. 5  17. 5 
22. 5 17. 5 

142 123 
11. 5 38 
- 155 
- 6 . 5  

6J5G 6J5G 6J5G 6J5G 6J5G A , B  
5 . 8  5. 8 5. 8 5. 8 5. 8 

12. 5 0 0 11 � 
10 0 0 10 23 
78 55 60 80 147 

4. 7 3. 0 2. 8 4. 3 15 

6J5G 6J5G 6J5G 6J5G 6J5G A , B  
5. 8 5. 8 5. 8 5. 8 5. 8 

10 0 0 10 12 
7. 5 0 0 8 12 

70 56 57 67 95 
3. 8 2. 2 2. 5 3. 8 7. 3 

6J5G 6J5G 6J5G 6J5G 6J5G A , B 
5. 6 5. 6 5. 6 5. 6 5. 6 

1<' 0 0 10 12 
8 0 0 8 12 

118 75 77 77 112 
2. 1 4. 8 4. 6 4. 2 8 . 4 

6J5G 6J5G 6J5G 6J5G 6J5G A , B  
6 . 0 6 . 0  6. 0 6 . 0  6 . 0  

10 0 0 10 16 
8 0 ° 8 16 

70 50 55 . 70 120 
3. 8 2. 6 2. 4 3. 9 I I  

6J5G 6J5G 6J5G Omi t t e d  6J5G A ,B , C  
6. 0 6. 0 6. 0 -- 6 . 0  

10 0 0 -- 11 
8 0 0 -- II 

63 50 . 50 -- 97 
4. 0 2. 7 2. 7 -- 7. 6 

6AC7 �SN7-m 6H6-GT D 
6 . 2  

6 . 2  6 . 2  
1 . 5  

24 
22 

0 . 25 
1 . 5 
165 

142 
165 

150 
5 . 8  
2 . 7  

B . 6  
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SOCKE1' 
INSTRUMENT TERMINAL NOS 

RIGHT-----------...._'" LEFT as seen from R.E:AR 
V 1 V 2 V 3 V 4 V 5 NOTES - - - - -

696-C 83 
1-4 v a-c 4. 6 
2-Gnd v a-c 232 
3-Gnd v a-c 232 
1 , 4-Gnd v d-c 190 
2 rna d-c 57 
3 ma d-c 57 

A. Remove signa l cable plug when making readings. 

E 

B. Remove V-2 when readings for V-I ,  V-3, V-4 or V-5 are taken. Insert V-2, 
and remove V-3, when making read ings for V-2. 

C .  V-4 is omitted in Type 69B-A. 
D .  Disconnec t  conne c t ions to quartz bar when taking read ings . In Type 690-D 

Osc illator tubes are in order V-I, P-l ,  V-2, V-3, seen from REAR, left to 
right . Radio-frequency output measured with 20, 000-ohm oxide-rec ti fier 
voltmeter between mult ipoint plug terminals 10-12, averages about 0.5 volt . 

E .  Data taken w i th full load on power supply uni t .  

- 34 -

: : :: 
G E N E RAL RAD I O  C O M PA N Y  

: : :  : ::::: : :: :::= = : : =:=:= :=:=: :=:::::= :=: 

SHIPPING LIST 

Tne following is a list of the instrument s ,  a ccessories ,  
and spare parts shipped with the Class C-21-HLD ' Primary Fre
quency Standard for which this book is the instruction manual. 

1 - Instruction Book 
1 - Type 480-P Relay Rack 
1 - Type 693-B Syncronometer 
1 - Type 692-B Mult ivibrator ( 1  kc ) 
1 - Type 692-B Mult ivibrator ( 10 kc ) 
1 - Type 692-B Mult ivibrator ( 50 kC ) 
1 - Type 692-B Mult ivibrator ( 100 cycle s )  
1 - Type 698-A Duplex Mult ivibrator 
1 - Type 69l-C Constant Temperature Unit 
1 - Type 690-D Piezo Osc illator 

( Ins ide Type 69l-C ) 
1 - Type 676-B Quartz Bar ( Insine Type 69l-C ) 

Type 139-503 Thermostat ( 58" ) - OUTER} 1 -
1 -
1 
1 
1 -
1 -

5 -
48 -

Type 139-503 Thermostat ( 60::» - INNE,R 
Type 139-489 Thermometer - INNER 
Type 139-481 Thermometer - OUTER 
Type 694-C Control Unit 
Type 697-42C High-Frequency Connect ing 
Terminal Strip 
Type X3-12 Cannon Shielded Plugs 
Pane 1 Screws 

TUBES 

1 - 6K6G 
1 - 6AC7 
1 - 6SN7-GT 
1 - 6H6-GT 

25 6J5G 
1 - 83 
1 - 6-watt,  l20-volt Mazda 

Candelabra base 

Shipped 

Cable and 

in place . 

: = : 

FOR FLOATING-BATTERY OPERATED ASSEMBLY FOR COMPLETELY A-C OPERATED ASSEMBLY 

1 - Type 695-C Charging Unit 
1 - Type 697-40C Power-Supply Cable 

(with 10-ft . leads ) 
1 - l15-volt Atta chment Cord 

1 - Type 696-C Power Supply 
1 - Type 697-41C Power-Supply Cable 
1 - l15-Volt Attachment Cord 
1 - Type 480-P2 Blank Panel 

SPARE PARTS 

FOR FLOAT ING-BATTERY OPERATED ASSEMBLY FOR COMPLETELY A-C OPERATED ASSEMBLY 

4 - Type 69l-P5 Fusible Links 4 - Type 69l-P5 Fusible Links 
28 - Mazda 44 Lamps 28 - Mazda 44 Lamps 

5 - l20-v , 6 -w ,  candelabra-base lamps 5 - l20-v, 6-w, candelabra-base lamps 
1 box O. l-a fuses 1 box - O. l-a fuses 
7 boxes 0. 2-a fuses 7 boxes - 0. 2-a fuses 
2 boxes 1, 0-a fuses 1 box - 1, 0-a fuses 
1 box 1, 5-a fuses 1 box - 1. 5-a fuses 
1 box 2. 0-a fuses 1 box - 2. 0-a fuses 
1 box 2. 5-a fuses 1 box 2. 5-a fuses 
6 boxes 5. 0-a fuses 5 boxes - 5. 0-a fuses 
1 box -15. 0-a fus'es 
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PATENT NOTrC£; 

This equipment i s  manufactured and sold under the following U.  S. Patents and 
license agreement s :  

Patents o f  the American Telephone and Te legraph Company, solely for 
ut il iza t ion in research, invest igat ion , measurement , testing ,  instruction and 
dBvelopment work in pure and applied sc ience , including industrial and ,eng in
eer"ing f ie Ids. 

Patents and Datent a p�li cat ions of Dr. G. W. Piarce perta ining to 
piezo-electric crysta ls and the ir assoc iated circuits. 

Patent No . 1 , 967, 185 
Patent No . 2 , 009, 013 
Patent No . 1 , 967,184 
Patent No . 2, 029, 358 
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