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1,01 This section describes the mechanical,
electrical, and operational features of
the 72A Frequency Meter (JA,0724).

1.02 The 72A FrequencyMeter isa portable test

set which is designed tomeasure the fre=-
quencies in connection with the maintenance of
signaling equipment, particularly single fre-
quency signaling, and, the alarm and control
systems used with TD-2 Radio, It may also be
.used for carrier supply andmiscellaneous tests
such &s frequency calibration of test oscile
lators. The normal measuring range 1is from
100 to 40OOO cycles but this.may’be extended to
a range of 10 cycles to 4O kilocycles,

1,03 The set consists essentially of a vari~
able frequency oscillator and cathode=-ray
oscilloscope. An unknown frequency is measured
by adjusting the frequency of the oscillator to
obtain a stationary pattern on the screen of the
oscilloscope. Numbers above ~the frequency
controls indicate the frequency directly.

1.d; A search feature is included for quick
location of an unknown frequency.

1,05 To insure accuracy a reference: frequency
standard consisting of a [;000-cycle crys-
tal oscillator is provided.

'1,06 A separate amplifier permits the output
of the oscillator to be used externally,

1,07 The 72A Frequency Meter is contained in

a metal case sapproximately 12" wide, 12"
long and 9-3/," deep over-all and weighs 25
pounds, Connections to external circuits are
made by means of pairs of 223A Jacks which are
mounted on the front panel and into which may
be inserted 241 Type Plugs. '

1.08 The set operates from 115V 60 a-c cycles
and consumes approximately 40 watts.
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Fig. 1 - Face View = 72A Frequency Meter

2., DESCRIPTION

(A) General

2.01 The face view of the 72A Frequency Meter

is shown in Fig. 1 and the block diagram
of the circuit in Fig. 2. As shown in Fis, 1
all controls required for operation appear on
the top panel and include frequency and gain
controls, a CAL-MEAS-SEARCH switch, the ON-OFF
switch and the focus and brightness controls
for the oscilloscope, As shown on Fig. 2, the
circuit consists of six sections which are in-
terconnected in accordance with the setting of
the CAL-EAS-SEARCH switch. In the CAL posi-
tion the crystal standard and oscillator fre-
quencies are compared by connecting to the
vertical and horizontal oscilloscope plates
respectively., In the MEAS position the unkmown

Pase 2

and oscillator frequéncies are compared by con-
necting the unknown in place of +the crystal
standard. In the SEARCH position the connec-
tions to the oscilloscope remain as for MEAS
but the oscillator is converted +o a tunable
amplifier. Additional information ‘on these
operating functions and a description of each
follow,

(B) Oscillator

2.02 A simplified circuit of the osdaeillator

is shown in Fig. 3. This oscillator is
a Wien Bridge type consisting of an amplifier
with 1its input and output  interconnected
through a bridge network, Oscillations are
generated by energy circulating through the
amplifier +to its output, through the bridge
and back into the amplifier input.
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2+0% The first and second stages of the ampli=-

fier are commnected by aresistance-capac-
itance network., This network is cqunventional
except that negative feedback from the oscil-
lator output is applied through resistor R76
to the grid of the second stage, The direct
coupling between the second and third stages
simplifies +the problem of stabilizing the
oscillator by eliminating the coupling condens-
er and its inherent phase shift. The output
of the third stage is connected as &a cathode

follower. The 1low output impedance of the
cathode follower minimizes phase shift between
the amplifier and bridge. The inductor at the
output is used to prevent d-c leakage through
capacitor Cl0 changing the bias on the first
electron tube. ’

2,0, In the bridge network the two left-hand
arms composed of Cq, Rg, Rp and Cp deter-
mine the oscillator frequency &and the two

Ca RTI

THERMISTOR

PHASE
CORRECTING
NETWORK

R76

+8B

T
BRIDGE NETWORK

T
AMPLIFIER

Fig, 3 - -Simplified Circuit of Oscillator
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right-hand arms composed of the thermistor R&S
and the phase correcting network control the
amplitude of the oscillations.

2.05 To understand the operation of the bridge
note that the frequency is determined by
the formula:

1
. 1 (1)
A —
¢1TN/VaCbRaRb
By making Cg = Cp = C and Ry = Ry = R* the

formula reduces to
£ = ram (2)
7™ CR
*The capacity of Cq is' made  slizhtly

larger than Cp to allow
sistance trimmers” to Ryp.

for adding re-

In accordance with formula (2) if Cq and Cpare
fixed, the frequency varies as 1/R which is
the conductance of each resistor in the RgRy

pair. When resistors are connected in parallel
their conductances add directly. Therefore,
if one pair of resistors connected in the

bridge causes the oscillator to generate 100
cycles and another pair alone, 1000 cycles,
the frequency resulting when the two pairs are

connected into the bridge
100 + 1000 or 1100 cycles. Also, if a 2000~
cycle combination resistance pair were to be
paralleled to theabove combination the result-
ing frequency would be 1100 + 2000 or 3100
cycles. By extending this addition principle
farther, it is possible to provide pairs of re=
sistors to produce frequencies of 100, 200, 300
and 0O cycles and by using combinations de-
rive frequencies of 500, 600, 700, 800, 900
and 1000 cycles, Thus, four pairs of resistors
can be made to generate ten frequencies and by
using several such combinations a relatively
small number of resistors can be used to obtain
a large number of frequencies.

together would be

2.06 In the 72A Frequency Meter the above

principle 1is employed. A functional
schematic of the bridge network is shown on
Fig. L. In this circuit switches (S1) to (ShL)
perform functions similar to those described
above, The single switches grouped together
and designated S1, S2 and S3 do not operate
independently as indicated, but are parts of a
rotary step switch and open and close in a se-
quence which 1is arranged to obtain a decade
system. In this system one rotary switch S1,
changes the frequency in 1000-cycle steps, en-
other S2 in 100-cycle steps, another S3 in 10-
cycle steps. Switch Sl controlling the l-cycle
steps operates differently as explained below,
The switch dials are then numbered and posi-
tioned so that by starting from the left and
reading one number from each dial the frequency
is obtained directly.
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Fig. l; - Functional Schematic of Bridge Network
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2.07 Switch S1, the 1000-cycle step switch,

has l; positions and switches three pairs
of resistors. Because, as will be apparent
later, two 50-cycle pairs ofresistors (equiva-
lent to 100 cycles) are permanently connected
in the bridge, the three pairs actually change
the frequency in steps of 900, 1900 and 2900
cycles. The resulting frequencies are, never-
theless, 1000, 2000 and 3000 cycles, This
procedure slightly complicates the dials. The
complication is taken care of by mRking the
100's dial double=-scaled, One scale is used
for frequencies below 1000 cycles and the other
for frequencies above, The proper scale is
automatically selected by a movable window
which is positioned by switch S1.

2,08 Switch S2, the 100-cycle step switch, is

a lO-position switch which switches four
pairs of resistors which, as indicated, gener=-
ate 100, 200, 300 and L0O cycles., To generate
frequencies above LOO cycles the following
combinations are used.

L00 + 100 = 500 cycles
LOO + 200 = 600 cycles
L00 + 300 = 700 cycles
L00 + 300 + 100 = 800 cycles
100 + 300 + 200 = 900 cycles

Because of the two 50-cycle pairs of resistors
RL8 to R55, R57 and R102 which are always in
the bridge, the lowest frequency to which the
oscillator can be setis 100 cycles, Therefore,
when all other frequency controls are set to
minimum, the frequency obtained for each set-
ting of switch S2 is 100 cycles more than the
values listed above, Also, when the frequency
is 100 cycles, mnone of the pairs of resistors
listed is used.

2,09 Switch S3, the 10=cycle step switch, is

similar to the 100 cycle step switch
except that the associated l; pairs of resis-
Ltors are ten times higher in value.

2,10 Switch Sl, the one-cycle step switch, is

a8 ten-position switch which modifies the
permanently comnected 50=-cycle resistance net-
work formed by resistors R48 toR55. The modi-
fication is such'as to increase its frequency

in steps of one cycle from 50 to 59 cycles.

The frequency range of this switch with all
other frequency controls set to minimum is 100

SECTION A702.636
SECTION ELO.571
SECTION R70.550

to 109 cycles. Because a small degree of un-
balance within a pair will not appreciably af-
fect the frequency, the switch alternately
modifies each half of the pair, This reduces
by nine the number of resistors required.

2.11 Potentiometer R102 is a control which

smoothly varies frequency over a range
of slightly more than one cycle, This poten=
tiometer is placed in the lower half of one of
the permanently connected 50=-cycle resistance
networks, Because the range of this control
is small, there is 1little error introduced by
the precalibrated scale which 1is used with
this control,

2.12 Except for the two 50=-cycle resistor net-

works just described, trimmer potenti-
cmeters and resistors which may be strapped in
or out are associated with all resistor pairs,
A trimmer capacitor and capacitors which may
be strapped in or out are also associated with
capacitors Cg and Cyp., These components are
used for calibrating the oscillator against
the crystal standard. Altogether, there are
12 trimmers provided, only eight can be ad-
justed externally., The four internally ad-
justed trimmers are associated with the re=-
sistors of switch S3 andneed be but rarely ad=
Justed,

2,13 The adjustment of the eight externally

available trimmers consists of setting
the oscillator dials successively to frequen=-
cies of 100, 200, 300, L0O, 500, 1000, 2000
and 3000 cycles and at each frequency adjust-
ing the correspondingly marked trimmer. Be-
cause the trimmer capacitor associated with Cg
affects the settings of all other trimmers, it
is essential that this +trimmer be adjusted
first., This trimmer is marked 100 and is made
at the 100-cycle setting. All other trimmers
affect only the resistor pair with which they
are associated,

2,1, By use of the above adjustments the ac=-

curacy at each calibration point can be
made to approach the accuracy of the crystal,
Also, by using highly stabilized resistors and
capacitors, this accuracy can be maintained
over an appreciable length of time. However,
at frequency settings which arenot calibration
points, there is the possibility of introducing
addition errors. An addition error, as ex=-
plained above, occurs when the change in fre-
quency produced by any -dial setting depends
upon the settings of the other dials. Capacitors
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C22, C25, (9 and C6 are used to correct
addition errors. In the case cf capacitor C6,
which is in the phase correcting network, the
amount of correction is controlled %y the set-
ting of resistor R71l. This resistor is factory
adjusted so that a change of 100 cycles at a
low frequency is equal +to a change of 100
cycles at a high frequency. The action of any
of the compensating capacitors is effectively
to make the phase shift through the amplifier
the same at all frequencies and thus make the
frequency controlling arms of the bridge deter-
mine the frequency.

2,15 As mentioned above, the two right-hand

arms of the bridge control the oscilla=-
tor output level and do not appreciably affect
frequsncy. In the upper right-hand bridge arm
is thermistor RTIL. When no power 1is applied
to the oscillator the thermistor is at ambient
temperature -and has a high resistance; the
bridge. is unbalanced and there is a relatively
small transmission loss through it, When
power is applied, the amplifier gain increases
above the bridge 1loss and the circuit starts
oscillating, Energy flowing into the bridge
heats the thermistor. As its temperature in-
creases, 1its resistance decreases tending to
balance the bridge. As a bridge balance is
approached a stable condition is reached, where
the loss through thebridge equals the amplifier
gain, Under this condition, the thermistor

reaches a value very close to twice that of
R69 + R70 + R71.
2,16 When the = CAL-MEAS-SEARCH switch is

changed from MEAS to SEARCH the circuit
is changed from an oscillator to that of a
tuned amplifier. In the SEARCH position the
thermistor is removed from the bridge and a
fixed resistor substituted for it, The fixed
resistor has a sufficiently low value so that
the bridge is what might be termed over-bal=
anced. Under this condition, the phase shift
through the bridge is 180°. This causes the
oscillations to stop. Because the bridge is
still near the balance point, there is only a
small amount ‘of negative feedback at the bal-
ance frequency. The amplifier gain is, there=-
fore, high for +this frequency and low at all
others. A tuned amplifier is thus created. As
the frequency controls are adjusted closer and
closer, to the correct setting, the oscillo=-
scope pattern first increases inwidth and then
becomes narrower to form an oblique straight
line. If at this point the circuit is returmed
to its original condition, the frequency con-
trols will be found tobe very near their proper
setting.
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(C) Output Amplifier

2.17 The circuit of the output amplifier is

shown in Fig. 5. This amplifier makes
the oscillator output available externally and
isolates the load from the oscillating circuit,
This prevents external load changes fromafrfect-
ing the oscillator frequency.

TO HORIZONTAL
AMPLIFIER INPUT

R8O

HORIZ 6AIN

FROM AND OSC QUT

OSCILLATOR
SECTION

1

+
aoe

Fis, 5 = Simplified Circuit of Output Amplifier

2,18 The circuit of the output amplifier is

that of a conventional single-stage
amplifier with transformer output. The input
is controlled by the HORIZ GAIN AND OSC OUT
potentionmeter, This potentiometer 1is also
used to control the input to the horizontal
amplifier. The resistor across 0SC OUT jacks
makes the output impedance approximately 600
ohms.,

(D) Oscilloscope

2.19 The cathode-ray tube is the major compo=

nent of the oscilloscope section and is
used as an indicator to compare the oscillator
frequency with the frequency of either the
wknown or the crystal standard, This tube
end its associated circuit are shown inFig. 6.
In operation 600 volts is applied to the
accelerator, pin 8 and to the deflection
plates, pins 6, 7, 9 and 10. This voltage is
obtained from the voltage doubler in the power
supply section, To permit coupling to the
vertical and horizomtal emplifiers, the 600-
volt supply section is fed to the pins 6 and 9
through coupling resistors R96 and R100, re-
spectively,

2.20 The electron tubes and associated re-

sistors and capacitors to the left and
right of the cathode-ray tube form the hori-
zontal and vertical amplifiers. They are ar=-
ranged to have sufficient voltage output sc
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Fig, 6 - Simplified Circuit of Oscillcscope

that the oscilloscope pattern can be expanded
and thereby appear to be wider than the screen
of the tube., By means of +the CAL-MEAS-SEARCH
switch the input of the vertical amplifier may
be commected either to the input circuit
described below or tothe output of the crystal
standard., When the switch is set to SEARCH or
MEAS the connection is to the input circuit,
when set to CAL the connection is to the crys-
tal standard.

(E) Crystal Standard

2.21 The function of the crystal standard is

to provide a calibrating frequency of
44000 cycles. The circuit is shown in Fig. 7.
This- is a conventional crystal drive circuit
in which resistance=-capacity networks are used
to couple to the crystal eand the amplitude of
oscillation is controlled by varistor CR2, A
small amount of frequency adjustment is pro=-
vided by variable condenser Cl5, This adjust-

ment is intended to be made either at the
factory or where a high precision frequency
standard is available. The crystal consists

of two quartz plates bonded together and wire
mounted within an evacuated glass bulb, One
of the electrodes is divided providing a simple
means for connecting the crystal into the
drive circuit.

OUTPUT THRU
—» CAL-MEAS-SEARCH
TO VERT. AMP

4000~
CRYBTAL

-
Ly

Fig., 7 = Simplified Circuit of Crystal
Standard

2.22 When the crystal standard isused the CAL=-

MEAS-SEARCH switch is set to CAL. With
the switch in this position, the standard is
comected to the horizontal oscilloscope plates
and the osciliator output +to the vertical.
Since the standard is L0000 cycles and the
oscillator is calibrated atfrequencies of 100,
200, 300, 400, 500, 1000, 2000 and3000 cycles,
high ratio oscilloscope patterns are obtained.
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The calibrating procedure, however, isnot com=-
plicated because normally the frequency will
be close to the calibrated value in which case
it will be necessary only to adjust the trim-
mers until the figure, whatever it may be, be~
cames stationary.

FROM CRYSYAL >
STO. OUT

SWITCH PART
OF CAL- MEAS- SEARCH
SWITCH

N— * >
BRDG ]
N (ia
To
2 VERT. AMP.
VERT 3,
600N T GAIN 2
IN

Fig. 8 - Simplified Circuit of Input Section

(F) Input Section

2.2% The input section is shown in Fig. 8.

This section provides nominal input im-
pedances of 600 ohms and 50,000 ohms, The VERTI-
CAL GAIN potentiometer controls +the level of
the unknown frequency before it is applied to
the vertical amplifier, Either input may be
used balanced or unbalanced. In both cases,
however, the balances are approximate. Only
the 600-ohm inputis electrostatically shielded.

(G) Power Supply

2.2y Te power supply section, shownin Fig.9,

supplies 6.3 volts a-c and unregulated
200 and 600 volts d-c., Connections are made
to the &0-cycle power source through & three=
conductor cord; the third conductor is used to
fecilitate grounding. Overload protection is
provided by a one-ampere slow operating type

fuse, This type permits a low fuse rating
without the danger of blowing during the start-
ing transient, The power transformer has one
7,0=volt winding and two 6.3-volt windings. To
minimize noise pickup framthe line these wind-
ings are electrostatically shielded from the
primary. When the power source voltage is 115
volts the output of the high voltage winding
after rectification and filtering is in the
order of 300 volts, 35 milliamperes d-c. The
corresponding output for the . doubler section
is 600 volts 70 microamperes. One 6,3=-volt
winding is used to operate the heater of the
rectifier tube, the other, &all the remaining
electron tube heaters, including the cathode=-
ray tube.

2.25 To explain the operation of the voltage

doubler, suppose that the sides of R87
and C13 shown on the drewing as connected to
L1l be temporarily 1lifted and connected to
ground, We have then a conventional half-wave
rectifier (CR1, C13 and the load). This reecti=-
fier is coupled to the high voltage winding by
an R-C network and under this condition would
generate about 300 volts., If now we connect
resistor R87 as shown in the drawing to in-
ductor L1, & +300-volt d-c bias will be placed
on the right-hand plate of Cl2, Since a con=-

denser will transmit a-c independently of a

d-c bias placed on one of its plates, Cl2 con=-
tinues to transmit a-c, Thus the half-wave
rectifier CR1, C1l3 and load continues to func=
tion and produce 300 volts d=-c. This d=-c volte
age is, therefore, added to the 300-volt bias
and produces 600 volts. Note that, except for
voltage breakdown one side of Cl3 can be con=-
nected either to inductor Ll or to ground. Con=-
necting C13 as shownplaces the same bias on both
sides and thus reduces its working voltage.

DOUBLER SECTION

vi |
OFF -
(rou | A LLA > Joov.
' ! Ll
. |aney
) ,
Pt 56 =1
15V, \
( s0-60~ | g =
\ |
! -
: .g_ osv.
o dos IR
MDLI swiren b -l- >

Fig., 9 - Simplified Circuit of Power Supply
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3. PERFORMANCE

(A) Accuracy
3,01 The rated accuracy of the 72A Frequency
Meter is + Ou5 cycle from 100 to 500
cycles and + 0.1 per cent. from 500 to 1000
cycles., However, if the unit is kept properly
calibrated and resistor R71 is  properly
adjusted, accuracies in the order of + 0.2
cycle and + 1,0 -cycle respectively, can be
readily obtained, If the frequency under
measurement is a simple fraction of LOOO cycles
so that the crystal oscillator mey be used as
a direct check, accuracies in the order of ,02
per cent. may be obtained.

(B) Frequency Measurement Range

3,02 The frequency range is nominally 100 to

L4000 cycles, but by a modification of
the normal operating procedure it is possible
to extend this range from roughly 10 to 40,000
cycles., '

(C) Input Sensitivity

%.0% The minimum inputof a signal under meas-
urement is .06 volt, or =22 dbm, for the

600-ohm input and 0.5 volt for the bridging

input,

(D) Oscillator Output

3.0} The oscillator output provides frequen-

cies from 100 toL;000 cycles. The output
into a 600-chm load is adjustable from approxi-
mately 1 to 150 milliwatts.

3.05 At 150 milliwatts- the distortion of the

oscillator output over the entire fre=-
quency range is approximately 12 dbbelow funde-
mental., At 100 and at 10 milliwatts the dis-
tortion is 1} and 26 db below fundamental, re-
spectively.

(E) Crystal Oscillator

3,06 The crystal oscillator accuracy is +,01%
over the ambient temperature range for
normel operation,

(F) Ambient Temperature Range

3,07 The ambient temperature range for normal

operation of this unit is 50°F. to 120°F.
Outside this range the accuracy will be some-~
what less than given above,

lj. OPERATION

gAz General

L.01 T™e procedures outlined herein present

step-by-step methods for operating the
72A Frequency Meter, Some of these steps re=-
quire observing high ratio oscilloscope pat-
terns. In the calibrating procedure, for ex-
ample, L0/1, 20/1, 10/1, etc. patterns similar
to Figs. 10A to 10H are obtained, In such

SECTION A7C2.63%5
SZCTION ELO.571.
SECTION R70.550

cases, it is not necessary tocheck the pattern
by counting the peaks. The circuits and pro-
cedures are such that it is required only to
observe the tyre of pattern and then make the
adjustments specified. In making frequency
measurements outside the normal 100-44000 cycle
range, however, it may be desirable sometimes
to count the peaks of a 10/1 pattern. See
Fig. 10D. TIf the 10/1 pattern is stable this
procedure is relatively simple and can be ac~
complished without difficulty.

L.,02 In observing high ratio oscilloscope

patterns the structure of the pattern
will become more apparent and easier to ob-
serve if the VERTICAL GAIN and HORIZ GAIY AND
OSC OUT controls ‘are adjusted to make a long
narrow pattern with the peaks located on the
long side. See Fig, 10A,

L.03 In setting the FREQUENCY CPS controls it

should be noted that the dials of these
controls are numbered and positioned such that
the frequency settings can be read directly
from them. The numbers are read one from each
diel and from left to right, The last dial to
the right, however, indicates the fractional
cycles, is smoothly adjustable and is read by
noting the position of the pointer with re-
spect to the calibration markings.

(B) Preparation for Service
L.d; Procedure:
(1) Set Controls as follows:

Control Set to
CAL-MEAS-SEARCH MEAS

HORIZ GAIN AND 0OSC OUT Approx. 1/2 clockwise
INTENSITY Max., clockwise
ON=-OFF OFF

VERTICAL GAIN Max, counter-clockwise

(2) Apply power by connecting the power cord

to & 105-125-veit 60-cycle power source,
the ground comnector to ground and then
operate the ON-OFF switch to ON,

(3) Wait approximately one-half minute for
a horizontal trace to appear on the
screen of oscilloscope tube.

(L) Adjust INTENSITY and FOCUS controls so

that the trace on the screen of the
oscilloscope tube becomes a sharply-defined
line.

(C) Calibration

14,05 The calibrating procedure outlined below

should be followed each time the unithas
been placed in operation. When the maximum
precision is required the calibrating procedure
should be repeated after the first 15 minutes
of operation and hourly thereafter. When less
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40/1

/
(1oon) (200n)

10/1
(400N)

G
2/1

(2000n) (3o0n)

c
40/3
(300 A7)

F
4/1
(1000n)

Fig. 10 - Oscilloscope Frequency Patterns (Only simplest phase shown)

precision 1is required the interval between
successive calibrationmaybe increased accord-
ingly. '

11,06 Procedure:

(1) Set CAL-MEAS-SEARCH switch to CAL.
This comnects the output of the crystal
oscillator to the vertical amplifier,

(2) Adjust VERTICAL GAIN and HORIZ GAIN AND

0SC OUT controls to obtain a pattern
approximately 1/," vertical and 1-1/,"
horizontal.

(3) Set FREQ'ENCY CPS dials to 100 and

adjust CAL 100 control to obtain a
stotionary ,0/1 oscilloscore pattern similsr
to Fig. 10A.

Page 10

(L) Set FREQUENCY CPS dials successively

to 200, 300, L0O, 500, 1000, 2000 and
5000 end at each setting adjusfrespectively,
CAL 200, 300, 1,00, 500, 1000, 2000 and %000.
For each adjustment obtain a stationary
oscilloscope pattern similar to Figs. 10B,
lo¢, 10D, 10E, 10F, 10G, 1l0H, respec=-
tively.

Note: There are two possible ways of
settinzy the FREQUENCY CPS dials to
obtain 1000 cycles., In all cases 1000
cycles should be set by setting the
thousands diel (switch S1) to 1 and
the other dials to O, rather than by
setting the hundreds dial (switch S2)
to 10 and the other dials to 0.




e

(D) Measurement of a Single Frequency in the
Normal Operating Range 100-4,000 Cycles

14,07 In the -procedure outlined below it is

assumed that the unit has been placed in
operation and maintained incalibration as out-
lined in Parts L;(B) and L(C).

4.08 Procedure:

(1) Connect the frequency under measurement
to the 600 IN or BRDG IN jacks, If the
frequency source is intended to be operated
into a 600-ohm load or if the available power
is relatively low, the 600AIN jacks should
be used. If otherwise,use the BRDG IN jacks,
A 2l;1-type plug equipped with a cord will
be required for making these connections.

(2) Set CAL-MEAS-SEARCH switch to MEAS,
This step connects the unkmown frequency
into the vertical amplifier,

SECTION A702,636
SECTION EL0.571
SECTION R70.550

(3) Adjust the FOCUS, BRIGHTNESS, VERTICAL
GAIN and HORIZ GAIN AND OSCOUT controls
to obtain sharply defined pattern which is

‘large enough to be readily observable but

does not extend beyond the oscilloscope
screen., In subsequent steps it will be
assumed, unless otherwise stated, that
these controls will be maintained in such
adjustment.

(L) Adjust FREQUENCY CPS Controls to obtain

& stationary 1/1 pattern. If the fre=-
quency under measurement is known within
10 or 20 cycles the FREQUENCY CPS dials can
be readily set to obtain the required pat-
tern. This pattern should be a stationary
pattern similar toone of the patterns shown
on Fig. 1ll. This is done by setting the
FREQUENCY CPS dials in accordance with the

SO

Fig, 11 - Successive Phases of a /1 Freguency Pattern

0@
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known information and then adjusting suc=-
cessively the 10-cycle dial, the l-cycle
dial and finally the O-l-cycle dial. These
dials are adjusted so as to cause the pat-
tern to rotate at a slower and slower rate
until it becomes essentially stationary.

(E) Search for Unknown Frequency

1,,09 When the frequency to be measured is not

Inown approximately, the use of the SEARCH
feature may be used to facilitate the measure-
ment. This feature converts the oscillator to
a tuned amplifier and since the output is always
connected to the horizontal oscilloscope plates,
the horizontal dimension of the pattern is
indicative of how close the frequency setting
is to the unknown frequency. When the setting
is remote from the unknown frequency the oscil=-
loscope pattern will be a vertical line, as
shown in Fig, 12A. As the unknown frequency is
approached the pattern will expand into an
ellipse with a small horizontal  component,

(L

A
FAR OFF (MAY BE ABOVE NEARER

OR BELOW CORRECT SETTING)

(L

APPROACHI NG CORRECT

| I

Fig. 12B. Then the ellipse willassune a diaco-
nal position, Figs. 12C, 12D and Iinally the
pattern will become a diagonal straight line,
Fig. 12E. Under this condition the frequency
setting should be very close to the actual fre-
quency. The frequency measurement then may be
nade by setting the switch back to the MuAS
position, and readjusting the frequency setting
slightly so as to obtain a stationary patternm.
In using the search feature the rresence of
harmonics or other distortion will modify the
pattern somewhat, but the correct pattern is
easily recognizable. Two possible variations
are shown in Figs, 12F and 12G.

Outside

(F) Frequency Measurements Normal

@ @

NO DISTORTION
CORRECT SETTING £1% APPROX.

Operating Range

L.10 Though this unit is intended primarily

for measuring frequencies from 100 to
LO0C cycles, it may, by slightly modifying the
operating procedure, be used to rneasure fre-
quencies in the ranges from 10 to 100 cycles
and JCOC to 10,000 cycles. The procedure is

0

STILL NEARER

(L

F
WITH DISTORTION
CORRECT SETTING £1% APPROX.

WITH DISTORTION
CORRECT SETTING %1% APPROX.

.Fig, 12 - Oscilloscope Patterns Obtained When Using Search
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A
10/1
10-100V
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8
t/10
4000-40,000

Fig. 13 - Patterns for Measuring Frequencies Outside Normal Rarige

based on using higher ratio oscilloscope pat-
terns as explained in 4,01, The procedure
described below uses a 10:1 ratio, Procedures
based on using oscilloscope patterns such as
2/1, 3/1, etc,, may be similarly used, but are
slightly more complicated in that they require
nultiplying or dividing the dial indication by
2, 3, etce A discussion of such a procedure
is given inSection A702,467, EL0.521, R70,270.
section covers the Dulont Type 30LH
Cathode-Ray Oscillograph,

L.11 Procedure:

(1) Proceed as in Steps
of Part Li(D)., These steps cover con-
‘necting to the frequency under measurement
and the adjustment andsetting of controls.
The unit is assumed to have been placed in
operation and maintained in calibration.

(2) Adjust FREQUENCY CPS dials to obtain a

stationary 10/1 pattern. If the fre-
quency under measurement 1s known within
about 1 cycle for the low range and about
20 cycles for the high, 1little difficul
should be encountered in obtaining a 10/1
oscilloscope pattern as in Figs, 13A and
13B. If otherwise it will be mnecessary to
hunt over the range of the FREQUENCY CPS
dials so as to obtain the required settings.
The search featurewill notfunction outside
the 100-4000-cycle range and, therefore,
can not beused. If there is any possibility

P Q"""’;""\"'i'v ™
m’m"‘\\\,
I

RUKIRKIIN
S
WY

A
TWO FREQUENCY PATTERN

(1), (2) anda (3)

that a9/1, 11/1, etc., oscilloscope rattern
has been erroneously obtained the pattern
ratio shouldbe checked by counting the peaks.

{3) Read FREQUENCY CPS dials, then for 10=

100-cycle range, divide by 10 and for
L000-40,000 cycle range multiply by 10. With
a pattern similer to Fig. 13A divide by 10
and similar to 13B multiply by 10, Since in
all cases the frequency under measurement
will be roughly known there will be little
ambiguity as to whether todivide ormultiply
the reading of the FREQUENCY CPS dials by 10,

(G) Measurement of Two Frequencies

L.12 The 72A Frequency lMeter may be used to

measure the frequency of each of two
simultaneous frequencies provided (1) the mag=-
nitude and frequency of each component arewithin
the normal operating limits of the unit and (2)
the difference in amplitude between the two
components does notexceed 20 db. The procedure
outlined assumes that the unit has been placed
in operation and maintained in calibration,

L.13 Procedure:

(1) Proceed as in Steps‘ (1), (2) and (3)
of Part L(D).

(2) Adjust the FREQUENCY CPS dials toobtain

a pattern with a stationary envelope.
This is one frequency. A pattern with a
stationary envelope 1is one in which the
general shape of the pattern is stationary,
but may be uniformly shaded or composed of

B
SKETCH SHOWING ENVELOPE ONLY

Fig. U, - Patterns for Measuring Signals Composed of Two Frequemcies
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many moving lines. The patterns are illus-
trated in Figs. 144 and 14B, for non-har-
monically related frequencies., If the fre-
quencies are approximately Inown 1little
difficulty should be encountered.

(3) Repeat the for the other

frequency.

above steps

(H) Search for Two Frequencies

L.l Procedure:

(1) Set CAL-MEAS-SEARCH switch to SEARCH.

(2) Adjust VERTICAL GAIN and HORIZ GAIN AND
0SC OUT toobtain a pattern with roughly
same height and width.

8
NEARER

A
FAR OFF BOTH FREQUENCIES

0
APPROACHING CORRECT SETTING

\

G
APPROACHING OTHER FREQUENCY

E
CORRECT SETTING FOR ONE FREQUENCY

(3) Adjust FREQUENCY CPS dials to obtein a

diemond shaped pattern similar to
Fig. 15E or 15H. This is done most easily
by starting with the left-most FREQUENCY
CPS dials and observing the effect on the
pattern after each dial change. Successive
patterns are illustrated, see Fig. 15,
With a small amount of practice little dif-
ficulty should be encountered.

(L4) Reset CAL-MEAS-SEARCH switch to MEAS
and proceed as in Part L(G).

(J) Use as an Oscillator

L.15 The 72A Frequency Meter may be used as

an oscillator by connecting to the jacks
marked OSC OUT. The output level can be con-
trolled by the HORIZ GAIN AND OSC OUT control
and the frequency setby means of the FREQUENCY
CPS dials, The CAL-MEAS-SEARCH switch may be
set to either CAL or MEAS.

c
STILL NEARER

F
NEARER TO OTHER FREQUENCY

H
CORRECT SETTING FOR OTHER FREQUENCY

Fig. 15 - Search Patterns for Signals Composed of Two Frequencies

F’age?#
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(X) To Obtain Increased Accuracy at Specific

Frequencies

14416 By using the information in Table I, ac~-

curacies - equivalent to that of the crystal
standard may be obtained for +the frequencies
listed. This table shows all frequencies from
100 to 1000 cycles which with 000 cycles form
1/1 to LA+Ostationarysingle-line patterns and
stationary multi-line patterns up to 20/19. To
use the table proceed as follows:

l4s17 Procedure:
(1) Calibrate as in Part L(c).

(2) Set FREQUENCY CPS dials to frequemncy
selected from table and CAL-MEAS -
SEARCH switch to .CAL.

(%) Adjust FREQUENCY CPS dials not more

than + 1 cycle and obtain the station-
ary pattern listed. In general only one
pettern will be obtainable within the + 1
cycle range. If within this range more
than one is noted, use pattern with fewest
mumber of lines. -Because of the accuracy
of the unit it is not necessary to count
lines or analyze pattern to insure it is
the correct one. In cases of doubt a check
mey be made at the adjacent frequencies
listed.

5, MAINTENANCE

(A) General

5.01 This Part contains (1) an  operating
check, (2) a trouble chart and (3) pro-
cedures for isolating and eliminating troubles,
- The operating check should be followed when-
ever a trouble condition 1is suspected or when
it is desired to check the instrument to in-
sure it is in a proper operating condition,
Since the unit 1is essentially self-checking

A
7/3

B8
7/4

SECTION A702.63¢
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the procedure consists of placing the instru-
ment 1n operation, calibrating, measuring a
frequency and then checking a series of
selected frequency settings. ‘

5.02 The trouble chart isbased on the results

' of the operating check and indicates the
procedures to be followed when a trouble condi=-
tion is encountered.

(B) Operating Check

5.0% Proceed as in Part l;(B) Preparation for

Service and Part Li(C) Calibration. Then
proceed as outlined in 5,04. The CAL-MEAS-
SEARCH switch remains on CAL.

5.0} In following this procedure it is notre-

quired to check the pattern by counting
the peaks, it is only mnecessary to adjust the
FREQUENCY CPS dials within the range indicated
so that the pattern, whatever itmay be, becomes
stationary. In the third columm below where
reference is given to a figure, the pattern
shown in this figure will be similar in type
only but not necessarily inthe exact number of
peaks,

- Requirement for

Setting of Frequency Stationary See

CPS Dials Pattern Fig.
105.0 to  105.5 38/1 104
110.9 to 111.3 36/1 104
117, to 117.9 3L/1 104
121,0 to 121.], %3/1 10A
133.1 to 133.4é 30/1 104
2.6 to 1:3.1 28/1 10A
153,46 to 154.1 26/1 10B
181.5 to 182.1 22/1 10B
190.2 to 190.7 21/1 10B

13%2,8 to 1%3%3.8 3/1 10F
1713.8 to 171,.8 7/ 164
2285.0 to 2286.L 7/13; 168
2856.), to 2857.7 7/5 14C
[«
7/5

Fig., 16 - Oscilloscope Frequency Patterns (Only Simplest Phase ‘Shovm)
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(C) Trouble Chart

5.05 If a trouble condition is encountered in

5.03 or 5.0L above, reference should be
made to the table below, This table lists
possible trouble conditions as well as refer=-
ences to procedures for isolating and eliminat-
ing the trouble.

Trouble Chart

Trouble Condi=-

tion Noted "~ Check

No light appears on
oscilloscope screin,

Power Supply
Oscilloscope Section

A light spot appears Oscillator
but no horizontal Horiz., Amp.
trace,

Trace will not focus Osoilloscope

or lacks brilliance. Power Supply

Vacuum Tubes
Vertical Amp.
Crystal Osc,:
Input Sect,

Insufficient vertical
deflection.

Oscilloscope pattern Oscillator
does not become

stationary.

Required pattern not Oscillator

obtainable.

(D) Procedures for Isolating and Eliminating
Trouble

5.06 This equipment contains high voltages
which are dangerous, All tests, there-
fore, should be made with +the unit inside of
the carrying case, Voltage measurements should
be made by connecting the meter to the termi-
nals as required, replacing the chassis in the
case so &s to allow the voltmeter leads to come
out between the chessis and the panel and then
applying power, To remove the chassis from the
case disconnect the power cord from the power
source, loosen the four captive screws located
near the corners of the penel and 1lift the
chassis from the case. Before any component,
terminal or wire inside the unit is touched
with any part of the body or an uninsulated
tool, condensers Cl3 and Cl; should be com-
pletely discharged by short-circuiting them,

5,07 As a further precaution the ground clip

at the end of the power cord should be
connected to ground at all times, When con=
paring the results of a voltage measurement with
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the nominal voltage values given in the text,
discrepancies of as much as i.EQ% may be ob=-
served, Such discrepancies can result from
differences in line voltage, individual compo=-
nents, and the voltmeter used. These possibile
ities should be taken intoaccountwhen isolat=-
ing and eliminating troubles.

5.08 In attempting to locate a trouble it is

assumed that the equipment will be ex~
anined visually end the wiring checked to insure
that there are no breaks, badly soldered joints,
or short circuits, Examining the wiring of a
suspected component is particularly important.
To facilitate +this procedure +the subchassis
containing switches S1 +to S, and associated
components is removable. To remove this section
remove the associated panel kmobs and then the
four screws fastening the section to the main
chassis, Rotate condenser Cl to the closed
position and remove the section by withdrawing
it from the panel,

5.09 The following test equipment or its
equivalent is required +to make the test
outlined below:

1 - 716B Telephone Receiver equipped with a
suiteble cord terminating in a 2)}1A
plug

- 106A resistor 5000 ohms

- 2414 plugs equipped with suitable cords
to facilitate making comnections

- Test frequency source at 1000 + 100 cycles

- leeds andNorthrup type 5410 Testing Set

- Stop-watch to measure 5§ to 125 seconds

- M9B Meter (Portable Volt-Ohm-Milli-
amme ter )

- Condenser 600 volt 0.1 MF, Mallory TP

- Voltmeter +to measure up to 400 volts

d-c and a-c
A Weston 779, Simpson 260 or Triplett
630 volt=ohm-milliemmeter may be used

o n

-]

Power Supply - A-C Section

5.10 Remove electron tube V1, apply power to
unit and measure the a=-c power supply
voltages as covered in Table II Voltage Meas-
urements, If trouble is indicated, check the
components. To check Tl, disconnect it from
the circuit and apply 115V a=-c to terminals
1l-2, The voltages measured should then be ap=
proximately as given for the a=-c power supply
voltages in Table II Voltage Measurements.

Power Supply - D-C Section

5.11 Apply power to the unit eand measure the
d=-c power supply voltages as in Table II
Voltage Measurements, If trouble is unlocated



check the components. To check CR1, use the
M9B Meter and & L5V "B" battery. Using the
20V scale on the M9B Meter, measure the battery
voltage through varistor CR1 connected inseries
with the battery and meter. The voltage indi-
cated by the meter with thered end of CR1 con~
nected to the negative pole of the battery
should be above 10V, The indicated voltage
with the red end of CR1 connected to the posi=-

" tive pole of thebattery shouldbe essentially O,

Oscilloscope Section

5.12 Apply power to the unit, set the FOCUS

and INTENSITY controls to maximum clock=-
wise, and measure the oscilloscope voltages as
in Table II Voltage Measurements. If voltages

‘are approximately as shown in Table I1[ but

trouble condition 1is still present, rerlace
tube V6 with 2 new one., To replace tube V6,
loosen clamp at the base and pull the. socket
from the tube. Remove the front bezel by pry-
ing carefully on the edges near the panel. Re-
place the mnew tube by following the reverse
procedure. If the +trouble appears to be

cleared, apply a ‘trace on the screen of tube

V6, as in L.OL. If the trace isnot horizontal,
temporarily release the +tube clamp and rotate
tube V6 so that a horizontal trace is obtained.
If, after replacing tube V6, the trouble still
persists it 1s probable elsewhere, so check
the remaining components,

Oscillator-Amplifier Section

5.1%2 Using +the DMOB Meter to measure volt-

ages, apply 0,5V a-c, 1000 + 100 cycles
to jacks Jl and J2, With the unit in opera-
tion, the  CAL-MEAS-SEARCH switch set to

" SEARCH and the VERTICAL GAIN set to nmaximum

clockwise, adjust FREQUENCY CPS dials for max=-
imum voltage across coil L2, This voltage
should be approximately 5,0V. If otherwise,
check the input section, the CAL-MEAS-SEARCH
switch 85 and electron tubes V2 and Vi, as out=
lined in 5,19, 5.20 and 5.21 respectively, If
this procedure fails to locate the trouble the
section should be further checked by measuring
the oscillator amplifier voltages as in Table
II Voltage Measurements, :

Oscillator - Frequency Ne twork Section

5.1; Cperating Check

(1) Check for operation at 100 cycles if

the circuit fails to oscillate, Check
the amplifier section as in 5,1% above and
if the trouble 1is not 1located proceed as
follows: Remove power from the circuit.
Set the CAL-MEAS-SEARCH switch to IMEAS, at
resistor R69 disconnect the lead from R69
to terminal V2-3., Using &a Wheatstone
bridge measure theresistance of R69 + R70+
R71. The resistance as measured should be

SECTION A702.636
SECTION EL0.571
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from 2000 to 2100 ohms. Using the M9B
Meter and with R17 disconnected from the
circuit, measure the resistance from termi-
nal 1 of C10 to terminal V2-3, This re-
sistance should be approximately 25,000
ohms &s measured on the RX1000 scale of
the M9B Meter, Heat one terminal of RT1
with a soldering iron and the resistance
should decrease to about 15,000 ohms or
lower, Restore the circuit to normal and
set the FREQUENCY CPS dials to 100 cycles,
Using a Wheatstone bridge measure the re-
sistance across condenser C5. This re=
sistance should be 12,000 + 1000 ohms.
Similarly measure the resistance across
the terminals of R56, This resistance
should be 120,000 + 1000 ohms, If this
procedure does not locate the trouble
check condensers Cl to CH,

(2) Check for operation at 100 cycles if

the circuit oscillates but cannot be
calibrated at 100 cycles, condenser C2 or
C5 may have aged so as to change the fac-
tory adjustment, In this case attempt to
calibrate the circuit with Cl1 or C3 con-
nected in or out of the circuit., Failing
to clear the trouble, proceed as in (1) above,

(3) If the circuit operates satisfactorily

at 100 cycles but does not oscillate
at one or more of the other frequencies
proceed as follows: Check the individual
resistance associated with each switeh (S7
to Sl) which is not set to zero when the
trouble condition is noted, Examine the
contacts of switches S1 to Sl and check in
accordance with the sequences of operation
given in SD=59%73-01 and particularly check
to insure there are no short circuits to
ground,

(4) If the circuit operates satisfactorily

but camnot be calibrated because of.
insufficient range of adjustment comnect
or disconnect the resistors associated
with the particular calibreting adjustment
so as to extend the calibrating range. See

§D-59573-01.

-(5) To adjust, R65 to RA8 and R39 to RL2,

proceed as follows: Place wunit in
operation and calibrate as in 5.0l to Lj.06
above and adjust the resistors in accord-
ance with the following teble:

Set Obtain
FREQUENCY Stationary
CPS to Adjust | Pattern

111,11 R68, RL2 %6/1
121.21 R6T, RL1 33/1
133,33 RG6, RLO 30/1

8.15 R65, R39 21/1
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(6) To check other frequencies, the patterns

of Table I may be used. These patterns
are satisfactory for checking small errors
only. Large errors are detected by the
procedures given above, * These patterns
are obtained with the CAL-MEAS-SEARCH set
to CAL. This list is given as an aid
and it is not intended +that the entire
list be investigated but rather to provide
a sufficiently wide distribution of fre=-
quencies so that one or two can be selected
at or near aparticular frequency which may
be in question,

(7) If in testing the wunit as in 5.0 the

frequency is outside of limits at the
high frequencies, the adjustment of resistor
R71 may be out. To adjust resistor R71,
measure the frequencies as in 5,0 and if
the settings are, in general, above the
limits, slightly increase the resistance of
R71, if below, reduce it, After each re=-
adjustment recalibrate theunit and recheck

as per 5.04.

Horizontal Amplifier

5,15 Set the FREQUENCY CPS dials to 1000 and

the CAL-MEAS-SEARCH switch to MEAS. Using
the M9B Meter, measure the a-c voltage be-
tween terminal 3 of R83 and chassis and adjust
the HORIZ GAIN ANDOSC OUT control soas to make
this voltage 1.0V a=-c, With a 0.1 mf condenser
connected in series with the meter, measure the
voltage betwcen terminal 6 of tube V5 and
ground, This voltage should be approximately
26 volts a-c. If this voltage 1is aprreciably
different from the above, check the components,

Vertical Amplifier

5.16 Set the FREQUENCY CPS dials to 1000, the

CAL-MEAS-SEARCH switch to MEAS and the
HORIZ GAIN AND OSC OUT control toapproximately
the middle of its range. Using the patching
cord connect the O0SC OUT to the BRDG IN, then
by means of the M9B Meter, measure the a-c
voltage between terminal 3 of R86 and ground
and adjust the VERTICAL GAIN control so as to
make this voltage 1.0V. Using a 0,1 mf con~
denser in series with theMOB Meter measure the
voltage between terminal 8 of tube V3 and ground.
This voltage should be approximately 26 volts
a-c, If this voltage is appreciably different
from the above, check the components,

Crystal Oscillator

5.17 The operation of the crystal can be

checked roughly by listening to the L00O
e¢ycle tone which is usually emitted by the vi-
brating crystal. Hearing the tone indicates
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that the crystal is oscillating., As a further
check, the voltage across resistor R89 may be
measured. Measure this voltage by means of the
MOB Meter connected in series with the 0,1 mf
condenser, This voltage should be approximately
0.1V a~-c, If trouble is indicated check the
components, The crystal can be checked by re=
moving the wire to terminal 2T of varistor CR2.
This procedure willallow more energy tobe sent
into the crystal and if the crystal is in dif=-
ficulty, it may sometimes be found to oscillate
under this condition, but not with the normal
connections. A crystal which will operate only
with the comnection to varistor CR2 opened is
probably defective and should be replaced. If
the crystal oscillator still does notoscillate,
the remaining components should be checked in=-
cluding the crystal oscillator voltages as in
Table II Voltage Measurements,

Oscillator Output Amplifier

5.18 Set the FREQUENCY CPS dials to 1000 and

the CAL-MEAS-SEARCH switch toMEAS. Using
the M9B Meter, measure the voltage between
terminal 3 of R83 and ground and adjust the
HORIZ GAIN AND OSC OUT control so as to make
this voltage 1.0V. Measure the output voltage
at the 0SC OUT jacks J5 and J6. This voltege
should be approximately 8V a=-c, If this volt=
age is appreciably different from the above
check the components,

InEEt Circuit

5.19 Set the CAL-MEAS-SEARCH switch to MEAS.

With 1,0V, 1000 cycles across the 600
IN jacks J3 and Jj, and the VERTICAL GAIN con-
trol set to maximum counter-clockwise, measure
the a-c voltage &across resistor R86. This
voltage should be 10.0V a=-c, Repeat the above
procedure with 1,0V, 1000 cycles across the
BRDG IN jacks Jl and J2. This voltage should
be 0.5V a-c. If trouble is still indicated,
check the components,

Electron Tubes V1 to V5

5.20 The electron tubes may be tested in the

KS-5727 Hickok Tube Tester or equivalent
in accordance with the information covering the
set such as Section A702.664, ELO.55L, R70.3L0.
In removing any tubes for testing, care should
be teken so that all tubes found to be good are
replaced in the same socket from which they
were removed., This procedure will minimize the
possibility of readjustments.

(E) Checking Components

5.21 When checking a component, measure di-

rectly across its terminals, When a com-
ponent appears defective remove itfrom the cir-
cuit and recheck tcmake sure afalse indiocation



was not caused by some other component. Unless
otherwise stated it will be ‘assumed that any
component removed for checking will be replaced
before proceeding with additional tests.

5.22 = Condensers above 0.l mf may be roughly

checked for capacity by means of an ohm=-
meter. This can be done using the method out=-
lined inSection EL0.581 M9B Meter. An ohmmeter
test is not satisfactory for roughly checking
the capacity of low capacity condensers. The
ohmmeter may, however, be used to insure that
these condensers do not have high resistance
leaks but will not indicate if they are open.

Attached:
Tables I_and I1I.

SECTION A702.636
SECTION ELO.571
SECTION R70.550

If a condenser is suspected of being open and
cannot be checked bymeans of a capacity bridge

check by substituting an equivalent umit,
Values of capacity can be obtained from
SD-59373=-01.

6. DRAWINGS

6,01 The following drawings are listed for
reference only and are not attached to
this section.

ED-$3630-01 Equipment
SD-59373-01 Circuit
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SECTION A702.636
SECTION EL0.571
SECTION R70.550

TABLE I

PATTERNS - FREQUENCY CPS VS. LOOO CPS

FREQUENCY Oscilloscope|FREQUENCY Oscilloscope| FREQUENCY Oscilloscope|FREQUENCY Oscilloscopel
CPS Pattern CPS _Pattern CPS Pattern CPS Pattern
100 Lo/1 571.43 7/1 168L.21 19/8 2823.53 17/12
102.56 39/1 600.00 20/3 171L.29 /3 2857.15 7/5
105.26 38/1 615,38 13/2 1750.00 16/7 2888.88 18/13
108.11 37/1 631.58 19/3 1777.78 9/L 2909.09 11/8
111.11 36/1 666.67 6/1 1800.00 20/9 2933.33 15/11
114.28 35/1 705.88 17/3 1818.18 11/5 2947.36 19/1k
117.65 3L/1 727.27 11/2 18L46.15 13/6 3000.00 L/3
121.21 33/1 750.00 16/3 1866,66 15/7 3058.82 17/13
125,00 32/1 800.00 5/1 1882,35 17/8 3076.92 13/10
129,03 31/1 842.10 19/ 1894.73 19/9 3111.11 9/7
133.33 30/1 857.1L 14/3 2000.00 2/1 3142.85 s/k
137.93 29/1 888.89 9/2 2105,26 19/10 3157.89 19/15
14286 28/1 923.08 13/3 2117.65 17/9 3200.00 s/L
148.15 27/1 941.17 17/L 2133.33 15/8 3250,00 16/13
153.85 26/1 1000.00 L/1 2153.85 13/7 3272.73 11/9
160,00 25/1 1052.63 19/5 2181.82 11/5 329L.12 17/14
167.67 2L/1 1066,66 15/k 2200.00 20/11 3333.33 6/s
173.91 23/1 1090.91 11/3 2222,22 9/5 3368.L41 19/16
181.88 22/1 1111.11 18/5 2250,00 16/9 338L4.61 13/11
190.L8 21/1 11L.2.86 7/2 2285.72 7/h 3400.00 20/17
200,00 20/1 1176.47 17/5 2315.79 19/11 3428.58 7/6
210.53 19/1 1200.00 10/3 2333.33 12/7 3L66.66 15/13
222,22 18/1 1230.77 13/L 2352,9L 17/10 3500.00 8/7
235.30 17/1 1250.00 16/5 2L,00.00 5/3 3529.4L 17/15
250.00 16/1 1263.16 19/6 2Lhl. Lk 18/11 3555.55 9/8
266.67 15/1 1333.33 3/1 2L61.5Y 13/8 3578.94 19/17
285.71 W/1 1400.00 20/7 2500.00 8/5 3600,00 10/9
300,00 40/3 1U11.76 17/6 2526.31 19/12 3636.36 11/10
307.69 13/1 1428.57 1L/5 2545.45 11/7 3666,66 12/11
333.33 12/1 1454.55 11/L 2571.L3 1l/9 3692.30 13/12
363.63 11/1 1473.68 19/7 2588.23 17/11 3714.28 14/13
L00.00 10/1 1500.00 8/3 2600.00 20413 3733.33 15/1h
L21.05  19/2 1538.46  13/5 2666.67 3/2 3750.00  16/15
INNIANA 9/1 1555.55 18/7 2736.83 19/13 3764.71 17/16
470.59 17/2 1600.00 5/2 2750.00 16/11 3777.77 18/17
500,00 8/1 1647.06 17/7 2769.23 13/9 3789.L47 19/18
533.33 15/2 1666.66 12/5 2800.00 10/7 3800.00 20/19

1,000.00 1/1




e

TABLE II

VOLTAGE MEASUREMENTS

S

Unless Otherwise Stated Use MGB Meter For All Measurements

ECTION A702.636
SECTION EL0.571
SECTION R70.550

Nominal
Section Apparatus Terminals Voltage Remarks
Power Supply Tl 1 2 115V a=c [With V1 Removed
3 h 37OV a-c n n n
}-L 5 570“/' a=C " n n
6 8 6.3V a=-c voon "
9 10 6.3V a-c vtoon "
V1 8(+) Gnd 315V d-c V1 Replaced
cl 2(+) Gnd 315V d-c n "
CR1 Red(+)
cl, 2 21,0V d-c " "
Oscilloscope V6 1 12 6.3V a-c
v6 7(+)
cly 2 | Abore 250V d-c|See Note (1)
cly 2(+) Gnd | Above 250V d=c| "™ " "
v6 Li(+) Gnd 155V d-c noon n
vé6 2(+) 6nd 135V :d=c L "
v6 3(+) Gnd 135V d-c L "
Oscillator V2 1(+) Gnd 14,V d=c |Use 300V Scale
Amplifier V2 %(+) Gnd 0.8V d-c
V2 6(+) Gnd 137V d-c |Use 300V Scale
ve 8(+) Gnd 0.6V d-c
v 5(+) Gnd | Above 250V d-c|Use 300V Scale
N 6(+) Gnd | Above 250V d-c|Use 300V Scale
vl 2(+) Gnd 150V d~-c |Use 300V Scale
Crystal V3 8 Gnd 1.7V d-c
Oscillator V3 6 Gnd 230V d-c
Note:

(1) Set FOCUS and INTENSITY controls to maximum

clockwise,




