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@ MANUAL CHANGES

MODFL 522B
ELECTRONIC COUNTER

Manual Serial: 2733 & above

To adapt this manual to instruments with other serial prefixes check for errata below, and make
changes shown in tables.

Instrument Serial Number Make Manual Changes Instrument Serial Prefix Make Manual Changes

2732 to 1040

1

10339 to 635

1 and 2

634 to 1

1, 2 and 3

CHANGE 1

CHANGE 2

CHANGE 3

3/16/62-8D

C119 and C206 were 47 upf; P Stogk No. 14-67.

C12C, 207 and 209 were 100 ppf; Stock No. 14-100.

Cl40 was not assigned.

C203 was 7-1C0 ppf; Stock No., 12-17.

C208 was 3930 upf; tock No. 14-62.

€210 was 4700 puf; Stock No. 14-44,

C212 was 0.05 uf;{P Stock No. 17-34.

€214 was 0.5 puf; Stock No. 17-29.

C220 was 39 _upf; Stock No., 15-4 connected in parallel with C203.
L6 was 6H; Sfock No. 911-35 connected in place of RI85,
R144 was 2.211;%?51».0“ No. 24-2.2M.

R158 was 220K; Stock No. 24-220K.

R159 was 47K; Stock No. 24-47K.

R169 was 33K; Stock No. 24-33K.

The Time Base Section circuit was as shown in the following schematic
diagram.

R103 and R109 were each 680K; Stock No. 24-680K.

R106 and R112 were each 330K; Stock No. 24-330K.

R114 was 100K; Stock No. 24-100K, connected between Amplitude
Diseriminator Unit pin 3 and +200 vdcw.

R205 was 15,000 chms; Stock No. 24-15K.

R252 and R253 were not assigned.

Knob, bar, was Stocé No. 37-19

Knob, with skirt was Stock No. 37-11.

Knob, without skirt was P Stock No. 37-9.

C139 was not assigned. g

The Amplitude Discriminator Unit circuit was as shown in the following
schematic diagram.
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SPECIFICATIONS

Measures:

Registration:

Stability:

Answer Display Time:

Check:

FREQUENCY MEASUREMENT

Range:

Accuracy:

Input Sensitivity:
Input Impedance:

Gate Time:

Reads In:
PERIOD MEASUREMENT

Range:

Accuracy:

Input Requirements:
Input Impedance:
Measurement 1%eriod:

Standard Frequency Co unted:

Read s In:

Frequency
Period

Time interval
Ratio

Total Events

Five places. OQutput pulse available to actuate trigger circuit for
mechanical register providing increased count capacity.

Within 10 parts per million per week. Can be standardized with
standard frequency transmission from WWV,

Variable from 0.1 to 10 seconds. Display can be held indefinitely if
desired,

Panel control provides automatic count of 100 ke to assure accuracy
of gate and proper operation of counters,

10 cycles/sec. 120 ke, Extendable to 220 kc by replacing units
AC-4A DECADE with an f3Model AC-4B DECADE.

+1 count, + stability (see above).

. 2 volt rms minimum. Direct coupled input. (. 5 volt rms required
with AC-4B above 120 kc. )

Approximately 1 megohm shunted by 50 puf.

0.001, 0.01, 0.1, 1.0 and 10 seconds. May be extended to any
multiple of 1 or 10 seconds by manual gate toggle switch. Panel
neon lamp indicates when gate is open.

Cps or ke, Lighted decimal point automatically positioned.

, 00001 cps to 10 ke. Output pulse is available to actuate trigger |
circuit for mechanical register to extend range to lower frequency.

41 count, +.3%, -stability (see Frequency Measurement) for mea-
surerent of one period. Accuracy for more than one period is
+., 3% divided by number of periods ; stability. (This applies to a
1 volt rms input signal. Accuracy increases with greater input signal
levels. ) :

. 2 volt rms minimum. Direct coupled input.

Approximately 1 megohm shunted by 50 ppf.

One or ten cycles of unknown frequency. May be extended W any
number of cycles of unknown frequency by manual control. This is
limited to frequencies below 50 or 60 cycles/sec.

1, 10, 100 cps; 1, 10, 100 ke. External frequencies can also be used.

Seconds or milliseconds. Lighted decimal pointautomatically
positioned.
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"iﬁput Reguirements: :

"'5. SEBrt a.nd Stop Inputs ¥

Tngger SIBpe |

Trigger Aﬁp}.itude
Stamdard Freguency Counted

Reads In'

Pﬁwar Supply

Size:
ngh £

Features:

=
Al

Acceasbi!ir_—:s, Provided:

S _ *+ 1/std Irequemy, + stability (see Frequency Measure:ﬁeﬂt )
Iitputlmpedanee | Sohr o |
- volt peak muumum Dnect canpled input

;- ‘Independent ur common channels _ 3
' Pos:twe or negaﬁve on exther caanﬂel g :

Fe Con;muously aﬂ;ustable on’ ‘both cha.nne}.a from: -100 m +1ﬁo volts

pasitioned

. GENERAL v

' Rack Mcunt

0‘) Measm‘es frecg.\ency ratms i -‘_"-.:' y i
‘ e} Operates as a kecondary irequency stmdardmovﬂmg prec1se ¢

“Accessories Availables
4 T SRR ; t0220k0- . GRS e

Ac-aex Cable As'eembly, 48 inthes BG~58/U termmated both ends

10 microseoonds to 100, 000 seconds (Z’f ‘B hra.)

Approximately 250, 000 ohms shunted by 50 uuf,

1 10 100 cps, 1 t(l, IDD kc Extemai frequenmes ca.n alao be used

Seconds or miﬂiSeconds Lighted decimal fmint au!:fan’xat:.c;.tns\r :

,';,*‘

115/ 230 volt, 50-60 cps, 260 watts

Cahim.t Mount: 20-3/4 umhw:dh 12- 1/2 inch high, 14-1!2 inch ey
19 inch wxde, 10~ 1/ 2 mch lﬁgﬁ 14—1{2 inch deﬂg&

Cabmet Mount“ 45 lbs. ;. approx. shlppmg we&ght SG lbs
Rack Mount: .40 ibs approx.. shipping weight 80 1bs.

b} Operates with ~hp- 520A for high speed nuclear scahng or dlrectty 1
for peak rates up to 100, 000 per second

P
.

'I’
[

% 1:},1 Operates as Blectmc stop watch wtth manua.l start step and resét, 5

- reetangular adtpat voltages at 1, Iﬂ;;';i.po cps; 1 and 10 kc and a'

100 ke sine wavse.,,fAmpIztud?. apprdxﬁnately -1 voltgeak

2 - AC-16D cable aSsembhea 44“5nches RG»%G/U termmated Qne‘
end with UGABS/ U Type BNC Ctmnector T

b

AC 4B Decade Divxder Unit whmh mereases top fzequency range ;

;1".

UG *%,@'Type BNC cmmectors

eqiﬁpment under test

™

Cr n
a) Operates with ~hp- 508 Tachometer Generators ior taehometry‘% g
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1-1 INTRODUCTION

The Model 522B Electronic Counter is an accurate
and easy to use instrument for frequency, period,
and time interval measurements. Frequency mea-
surements from 10 cycles/sec.to 120 ke* and period
measurements from . 00001 cycles/sec. to 10 ke may
be made with this instrument. The instrument and
display of the counted value may be preselected for
automatic operation or set to any desired interval
by manual control.

This counter is suitable for standard audio-frequency
oscillators to very high accuracy and facilitates re-
sponse measurements of sharply resonant networks.
The frequency stability of oscillators as a function of
time may be measured directly with this instrument.

Transducers which provide an output frequency re-
lated to the magnitude of such physical constants as

* The 522B can be quickly and easily converted to

measure frequencies as high as 220 ke by simply
replacing the " UNITS" AC-4A Decade Counter unit
with an -hp- Model AC-4B Decade Counter unit.
The decade units plug in and no special adjustments
need be made.

Sect.1 Page 1

SECTION |
GENERAL DESCRIPTION

weight, pressure, temperature, small distances and
force may be used with the electronic counter for
increased accuracy and quickness of reading. Excep-
tionally accurate tachometer measurements are ob-
tained by connecting a transducer, which translates
rotation into electrical impulses, to the input of the
counter.

1-2 INSPECTION

This instrument has been thoroughly tested and in-
spected before being shipped and is ready for use
when received.

After the instrument is unpacked, it should be in-
spected for damage received in transit. If any ship-
ping damage is found, follow the procedure outlined
in the ‘“Claim for Damage in Shipment’’ page at the
back of the instruction book.

CAUTION

The sum of the direct current voltage and the alter-
nating current peak voltage applied to the input ter-
minals of this instrument must not exceed 100 volts.
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2-1 CONTROLS AND TERMINALS

CONNECTORS

All cable receptacles on the instrument are BNC
type UG-625A/U. Connector UG-88/U should be used
with these receptacles.

TIME INTERVAL

The designations amd functions of the various controls
and terminals that comprise the time interval section
of the instrument are listed below,

TRIGGER INPUT

START - This connector is the input terminal for the
start channel during TIME INTERVAL measurement.
The TRIGGER SLOPE switch and TRIGGER LEVEL
VOLTS control above the connector are part of the
START input circuit

STOP - This connector is the input terminal for the
stop channel during TIME INTERVAL measurement.
The TRIGGER SLOPE switch and TRIGGER LEVEL
VOLTS control above the connector are part of the
STOP input circuit.

COMM. -SEP. - The START and STOP connectors are
connected together when this toggle switch is in the
COM. (common) position. Under this condition both
the start and stop trigger voltage may be applied to
the instrument through either the START or STOP
connectors. In the SEP. (separate) switch position
there is no connection between the START and STOP
connectors and the start and stop trigger voltages
must be applied to their respective connectors.

TRIGGER SLOPE

In the positive position of the switches, the rising por-
tion of the wave controls the time interval. In the
negative position the falling portion of the wave con-
trols the time interval. The left hand switch is for the
start channel. The right hand switch is for the stop
channel,

TRIGGER LEVEL VOLTS
These controls establish the triggering level of the
start and stop channels.

SECTION i
OPERATING INSTRUCTIONS

TIME UNIT

The TIME UNIT switch selects the units of time for
the time measurements shown on the left side of the
FUNCTION SELECTOR switch (10 PERIOD AVERAGE
to MANUAL GATE). Indications are in seconds or
milliseconds with decimal point indicated. The desig-
nations below the switch are the counted frequencies,
in kilocyceles, obtainable from the standard time hase.
The switeh position designated EXT. is for 4n ex-
ternally counted frequency. In this position the EXT.
connector is substituted in place of the internal stand-
ard time base. No time unit is specified when the
EXT. position is used and no decimal point appears.

FUNCTION SELECTOR

This switch sets up the various circuits to perform
the functions shown by the switch position designa-
tions. The designations on the left side of the FUNC -
TION SELECTOR switch pertain to time measure-
ments while those on the right side are for frequency
measurements. The switch position designations and
their funetions are as follows:

10 PERIOD AVERAGE - Measures the incoming waye-
form for a period of ten cycles and displays the period
of one cycle. The units of measurement of time are
dependent on the setting of the TIME UNIT switch.

PERIOD - Measures the incoming waveform for a
period of one cycle and displays this period. The
units of measurement of time are dependent on the
setting of the TIME UNIT switch.

TIME INTERVAL - Measures and displays the time
interval between the start and stop trigeger voltages.
The units of measurement of the time interval, are
dependent on the setting of the TIME UNIT switch.

MANUAL GATE - This function is used for long-term
counting where the gate is controlled by means of the
MANUAL GATE switeh. In this position the instrument
may be used as an electronic stop watch.

FREQUENCY - Counts and displays frequency of in-
coming waveforms. Counting time depends on the
setting of the FREQUENCY UNIT switch.
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CHECK - The instrument is self-checking when the
switch is in the CHECK position.

FREQUENCY UNIT

This switch determines the length of time in seconds
that the gate is open during frequency measurements.
The frequency units are indicated above the knob.

DISPLAY TIME

This control varies the time that the count is dis-
played. The minimum display time obtainable is . 1
second or the gate time, whichever is larger. The
maximum time is 10 seconds unless the control is
switched to o= in which case the count is displayed
indefinitely. When the control is in the s position,
the count is displayed until the counting cycle is
started again by depressing the RESET button.

RESET

When this button is depressed, the counters are re-
turned to zero and a new counting cycle is ready to
start.

FUSE

The fuseholder, located on the control panel, contains
a 3.2 ampere cartridge fuse. For 230 volt operation
the fuse should have a rating of 1.6 amperes. Re-
placement fuses must be of the ‘‘Slo-Blo’’ type as
specified in the Table of Replaceable Parts in this
instruction manual.

POWER ON
This switch controls all the power supplied to the in-
strument.

MANUAL GATE

This switch opens and closes the gate when the FUNC -
TION SELECTOR switch is in the MANUAL GATE
position. In other positions of the function switch,
the MANUAL GATE switch in the OPEN position
prevents the stop pulse from closing the gate.

INPUT

This connector is the input terminal for frequency and
period measurements. During TIME INTERVAL,
MANUAL GATE, and CHECK functions this connector
is grounded through the input coupling network.

EXT.

This connector is the input terminal for any external
time unit and is connected in place of the internal
time unit when thq TIME UNIT switch is in the EXT.
position.

POWER CABLE

The three-conductor power cable on the 522B is
terminated in a polarized three-prong male connector
recommended by the National Electric Manufacturers’
Association. The third contact is an offset round pin,
added to a standard two-blade a-c plug, which grounds

the instrument chassis when used with the appropriate
receptacle. To use this NEMA plug in a standard
two-contact outlet, it is recommended that instead
of breaking off the ground terminal, a 2-prong to
3-prong adapter be used. The ground connection
emerges from the adapter as a short lead which
should be connected to ground for the protection of
operating personnel.

COUNTER OUTPUT
The output of the last counter is available at this
terminal, located on the back of the chassis.

PHOTOTUBE VOLTAGE

A +90 volt polarizing voltage is available at the rear
of the instrument. It has an internal impedance of
approximately 100, 000 ohms.

STD. OUTPUT

Internally-generated standard frequencies are avail-
able at this connector, These frequencies are the
STD. FREQUENCY COUNTED and are selected by
means of the TIME UNIT switch.

2-2 OPERATION

It should be kept in mind while using the Model 522B
that this instrument measures, basically, frequency
or time. There are two basic time measurements
that can be performed, period and time interval.
Period measures the time between two consecutive
points on a single waveform. Time interval measures
the time between two separate waveforms.

This instrument requires a warm-up period of at least
30 minutes before the specified aceuracy is obtained
from the crystal. Less accurate measurements may
be made after a 30 second warm-up, .and the sensi-
tivity will be approximately 1/2 volt at this time.

Before making any measurements with this instru-
ment, it is desirable to check the performance of
the instrument by means of the built-in checking
circuit. This is done as follows:

a. Set the FUNCTION SELECTOR switch to the
CHECK position and the FREQUENCY UNIT
switch to 1 SEC.

b. Set the DISPLAY TIME control fully counter-
clockwise.

c. If all the counters display zero at the end of the

count, then the instrument is performing prop-
erly. If this count is not displayed, refer to the Main-
tenance section for probable causes and remedies.

The procedure for operating the Model 522B is as
follows:
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NOTE: The input circuit of the 522B is direct coupled
to the amplitude discriminator. Any dc volt-
age present at the input will affect the sensitivity of
the amplitude discriminator circuit when measuring
FREQUENCY or PERIOD. If dc voltage is present,
an external 2pf blocking capacitor connected in series
with the INPUT jack will allow measurements to be
made down to 1 cps at rated sensitivity. A larger
capacitor is required for lower frequencies.

Frequency Measurement

a. Set the FUNCTION SELECTOR switch to FRE-
QUENCY and the FREQUENCY UNIT switch to

the STD. GATE TIME position that provides the de-

sired measuring unit. MANUAL GATE switch in the

closed position.

b. Connect the unknown frequency to the INPUT

connector of the instrument. The input voltage
must not exceed 100 volts. As this instrument is
triggered whenever the input voltage passes through
zero, any direect current component in the input volt-
age will change the triggering point.

For example, an input voltage of 5 volts which has a
direct current component of 10 volts will noet trigger
the instrument, However, an input voltage of 15 volts
with a 10 volt direct current component will trigger
the instrument at the 10 voit level.

¢. The MANUAL GATE switch may be used to extend

the time that the gate is open so that multiples of
the selected gate time may be obtained. Nhen the
MANUAL GATEswitch is in the OPEN position the
gate cannot close, When the switch is returned to the
closed position, the gate will close at the next timing
pulse.

To extend the gate time, the MANUAL GATE switch
is placed in the OPEN position. Just prior to the
desired count time the MANUAL GATE switch should
be returned to normal, and the next timing pulse will
accurately close the gate.

Example:

It is desired to measure a 5000 cycle/sec. wave for a
time of 4 seconds. The time unit selected on the FRE -
QUENCY UNIT switch would be 1 second. The MAN-
UAL GATE switch may be open either before or after
the count has begun but must be open before 1 second
of counting time has elapsed. It must be closed be-
tween the 3rd and 4th second of counting time.

d. Adjust the DISPLAY TIME control so that the

count is displayed long enough to be read con-
veniently. The count display will be cycles or kilo-
cycles per second as indicated by the position of the
FREQUENCY UNIT switch.

Sect.II Page 3

10 Period Average Measurement
a. Setthe FUNCTION SELECTOR switch to the 10
PERIOD AVERAGE position and the TIME UNIT
switch for the desired unit time. Connect the wave-
form to be measured to the INPUT terminal. The
direct current component of the input waveform must
be considered as it will produce the effects described
in the Frequency Measurement procedure. The MAN-
UAL GATE switch should be in the closed position.

b. Adjust the DISPLAY TIME control for convenient

reading of the count. The displayed count will be
the average period of one cycle although 10 cycles
were measured.

The MANUAL GATE switch will function on period
measurements similar to frequency measurement.
However, on period measurements the time is a
multiple of the input wave, for example:

It is desired to measure the period of a 20 cycles,/
sec. wave for 100 periods.On 10 period average the
count displayed will be 50. 0 milliseconds. Then for
100 periods which is 10 times 10 period average, the
count should be 500. 0 milliseconds. Thus the MAN-
UAL GATE switch should be closed hetween the 9th
and 10th ten periods which would be between 450. 0
and 500.0 count. The period of the 20 cycles/sec.
wave will now be 500. 0 divided by 10 or 50. 00 milli-
seconds. The accuracy has been increased by ten
times over the accuracy of the ten period average.

Period Measurement

The procedure for measuring the period of one cycle
is the same as for the 10 Period Average except that
the FUNCTION SELECTOR switch is set at PERIOD.

Time Interval Measurement

a. Set the FUNCTION SELECTOR switch at TIME
INTERVAL and the TIME UNIT switch at the

desired time unit. The MANUAL GATE control must

be in the closed position.

b. If the interval of time to be measured is a pulse-

width, repetition rate, rise time of a sloping
wave, or some other function in which both start
and stop information is on a single wire, set the
SEP. -COM. switech to COM. and connect the input
voltage to either the START or STOP terminal. In
the COM. position the two inputs are tied together.

If the interval to be measured is from two separate
sources - such as two phototubes or two sine waves
of difterent phase - place the SEP. -COM. switch in
SEP. Connect the starting signal to the START ter-
minal and the stop signal to the STOP terminal.

¢. The TRIGGER SLOPE switches and TRIGGER

LEVEL VOLTS controls are the same for both
the start and stop channels. The following consider-
ations therefore apply to both channels.
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If the desired trigger point of the inpul waveform is
rising (going in a positive direction), set the TRIG-
GER SLOPE switch to +. If the desired trigger point
of the input waveform is falling (negative going). the
TRIGGER SLOPE should be set to -,

To set the TRIGGER LEVEL VOLTS controls it is
necessary to know the voltage levels of the input wave.
The TRIGGER LEVEL VOLTS control is then set to
the voltage value desired. Any direct current com-
ponent of the signal must also be considered when
setting these controls.

EXAMPLE:
7~ +50V
s
=1
8+ 35y —a fe—©T 1
A+ 20V —» \—fgﬁv
Ty W < R U - CVO!TLEV.&._
D15V —= e

Figure 2-2

It is desired to measure the time between points A
and C of Figure 2-2. §ince this is a single signal.
the SEP. -COM. switch should be in the COM. po-
sition. Since the voltage at point A is rising, se!
the start TRIGGER SLOPE switeh to + and the start
TRIGGER LEVEL VOLTS control te +20. Point C is
negative geing and the stop TRIGGER SLOPE switch
shouid be set to -. The stop TRIGGER LEVEL VOL TS
should be set to +35V, Set the TIME UNII switchio
the desired unit.

It will be noted that if the start TRIGGER LEVEL
VOLTS control were set to +35 instead of - 20 the
time from points B to C would be measured. Alen
if the stop TRIGGER SLOPE switch were changed 1
+ ‘nstead of -, the time between points A and B wouli
be measured. In measuring the time between A and
C'the start TRIGGER LEVEL VOLTS control could
be set at peint D (-15V) which will give the s
time.

External Input

In buth pr riod and time mterval measu-cements, i
may be desirable to have a count in some unit oin

than or in terms of some other freguency, 1r1: -
stince. the period of a 2 evele wave could be in tein s
01 some other wave, say 3600 cveles, This gives tha
ratio of the two frequencies which would he 1800 h
The procedure for usine the external input is
follows:

a. Set the FUNCTION SELECTOR switeh to the 10

PERIOD AVERAGE, PERIOD. or TIME INTER-

VAL position.

h.  Set the TIME UNIT switch to EXT. and connect
the externai frequency to the EXT. terminal.

¢. Connect the source to be measured to the INPUT
terminal or the START and STOP terminals
(Time Interval) whichever function is being used.

d. The displayed count is obtained in units of the

external signal applied to the instrument. When
the TIME UNIT switch is in the EXT. position, the
decimal points are not illuminated.

Manual Gate

a. Set the FUNCTION SELECTOR switch to MAN-
UAL GATE and the TIME UNIT switch to the
EXT. position.

b, Set the MANUAL GATE switch to the closed po-
sition. Connect the source to be measured to
the EXT. terminal.

¢. To start the count, throw the switch to the OPEN

position. At the end of the desired elapsed time
change the switch buck to the closed position. Read
the displayed count, push the RESET button and the
strument isseady to count again. The time, during
wiich the gute i3 apen, must be measured by some
device outside of the instrument.

i this operation the MANUAL GATE switch actually
opens and closes the cate at the instant the switch is
cperated and not at l%;e next timing pulse as in all of
the previous nperations. The MANUAL GATE switch
may be opened and elosed as often as desired and no

reseiting will occur. Resetting must be done manually
b the RESET button, and may be done at any time.

2.3 ACCURACY
Frequency Measurements

The basic counter accuracy is determined by two
wactors. One factor is the stability of the 100ke Crys-
tal stapeiird in the time base, which is 10 parts per
mittiop or . Q01 pr'u et per week. A second factor
is the inherent erriy of +1 count present in all coun-
teve of this type. This error isdue to phasing between
the timing pulse that vperates the electronic gate and
the puises that pass zﬁnrough the gate to the counters.

Fhe chart in Figure 2-3 shows the errors to be
‘wted {or [requency or pericd medsurements. For
~<.xmp1e. if a frequency of 10 ke is being measured
with a 10 sccond gate time, there will be a total of
100, 0G0 counts. An error of +1 count is . 001 percent
acrcuracy. I 20 ke is measured for 10 seconds, a
total of 200, 000 :ounts, +1 count is . 0005 percent.
However, the accuracy (. 001 percent) of the erystal
standa l also must be taken intoc consideration.

The overall accuracy for frequency measurements
then is as follows:



i

Maximum Possible error (percent) =
+1 count + aceuracy of standard.

JUNTS

oF

PER CENT ACCURACY

NUMBER

Accuracy Chart

Figure 2-3.

The maximum possible error for the 20 ke example
is +. 0005 percent +. 001 percent, the twn being addi-
tive in the worst case. Therefore, the greatest pos-
sible error would be . 0015 percent.

Due to the possible error of +1 count, as the meus-
ured frequency becomes lower, the percemtage error
becomes higher. For a 10-cyecle wave on a 1-second
gate the accuracy is +10 percent. For low frequencies
the period of the waveform should he measured,

Period Measurements

On both PERIOD and 10 PERIOD AVERAGE the TIME
UNIT switch will select the counted [requencies which
range from 100 ke to 1 eps.

Referring again to the chart of Figure 2-3, it will
be noted that the greatest accuracy of period meas-
urement is obtained on 10 period average when count-
ing 100 ke. This of course gives the greatest total
number of counts.

It should be stressed at this point that the greatest
accuracy for period measurement is obtained from
waveforms having a sharp rise time or high slope as
they pass through the zero axis. Square waves or
pulses usually meet this requirement.

On a sine wave or other low slope waveform the aceu-
racy of period measurement is limited by the ability
of the input circuits to trigeger at the same point on
consecutive cycles.
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The period accuracy for a sine wave is as follows:

23 x Peak noise voltage
No. of Periods x RMS
signal voltage.

Max. Error in percent =

Both internal and external noise voltages contribute
to the errors. The internal noise voltage is approxi-
mately 5 mv peak. Therefore, during PERIOD mea-
surements an accuracy of . 3 percent can be expected
for a 1 volt rms sine wave with 10 mv noise. This
accuracy can be improved by greater amplitude of
input signal or by measuring a greater number of
periods. Thus for a 1 volt rms sine wave on 10 PE-
RIOD AVERAGE the accuracy expected would be . 03
percent. On 10 PERIOD AVERAGE with a 10 volt rms
signal containing 1 percent noise the maximum pos-
sible error would then be . 003 percent.

The line marked 1 Period - Counting 100 ke on Figure
2-3 is also for 10 Period - Counting 10 ke. Similarly
the next lower line (dotted line running from 1 ke to
.01 percent) is 1 Period - Counting 10 ke and also
10 Period - Counting 1 ke. The next line is 1 Period -
Counting 1 ke and 10 Period - Counting 100 eps. This
chart could be extended down and to the left to a
measured frequency of . 0001 eps.

It will be noted that the period curves and the fre-
quency curves cross at 316 cycles measured fre-
quency. Thus, for freguencies above 316 cycles direct
measurement of frequency gives the greatest accu-
racy. Below 316 cycles period measurements should
be used.

Time Interval Measurements

There are three [actors contributing to the accuracy
of time interval measurements.

a. The stability of the 100 ke standard which is
+.001 percent.

b.  The ambiguity of +1 count.
¢. A time error due to input slope.

Where the START and STOP inputs are sloping waves,
the largest error is usually due to the inability of the
input circuits to trigger consistently at the same
point.

With a setting of zero volts trigger level, the overall
accuraey should be:

Maximum error :.001 percent + period of counted
freq. + sum of times required for
start and stop voltages to change
1 volt,
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As the trigger level is increased either positive or
negative, attenuation of input signal is introduced.
The slope error increases as attenuation is intro-
duced. At a trigger level of 100 volts the attenuation
is approximately 5 to 1, at 30 volts about 2o G e
and at 10 volts about 1. 6 to L.

Example:

A measurement of time interval is being made where
the start voltage has a rise of 1 volt in 120 nsec. and
the stop voltage has a rise of 1 volt in 5 usec. at the
trigger point.

If the time measured is about 500 milliseconds when
counting 100 ke, the largest error would be

+. 001 percent of 500 rms = 5.0l usec.
+ period of 100 ke = 210tz ecs

+ (120 usee; 4+ Susec. ) = 1125 usec.
Maximum possible error = 140 usec.

There is a maximum error of 140 usec, out of the
500, 00 milliseconds measured, this is a maximum
error of . 028 percent.

2-4 APPLICATIONS

Frequency Measurements

Measurement of frequency is a hasic finction o coun-
ters. Such measurements as oscillator calibration,
oscillator drift with time, or drift with line voltage
may be made. Frequency response characteristics
of tuned circuits, band pass filters, etc., can be
plotted Some specific frequency measurement appli-
cations are described below.

Repetition Rate of Pulses

The repetition rate of pulses is merely counting the
pulses for a standard time. The input of the counter
is direct couple d and adjusted to trigger at zerd volts.
Since a pulse is essentially all positive or all nega-
tive from a reference voltage, it may be necessary
to introduce some dc bias to enable the pulse to cross
the zero axis. With this in mind repetition rates can
be measured in the same manner as any other fre-
quency.

Tachometry

There are a number of transducers available for

tachometry measurements. The tpModel 506B is a
photoelectric tachometer head and the ¢ Model
508A is a 60 tooth magnetic tachometer.

The Model 508A is mechanically connected to the
shaft being measured and produces 60 output pulses
per revolution. An indication of rpm is given di-
rectly when the output frequency of the tachometer
is measured. With a 1 second gate time, an accu-
racy of +1 rpm is obtained. Usinga 10 second gate
time =1/10 rpm accuracy may be obtained.

The Model 506B photoelectric tachometer head is
designed for use where mechanical linkage is im-
practical.

The light source and phototube assembly should be
adjusted so that the light reflected from the rotating
member will enter the phototube. The number of
pulses or counts per revolution will depend upon the
design of the rotating member. Alternate black and
reflecting strips may be placed on the rotating shaft
or disc and the speed will be:

Counter indication x 60
Speed (RPM) = Jumber of reflecting strips x

Gate time in sec,

Pressny T asurements

Ihe vibrating wire type transducer is a pressure-
sensitive element with an associated feedback ampli-
fier. Its output is a frequency which is determined by
the pressure exerted on the vibrating wire cell and
has a resolution of about . 02 percent.

The output of the feedback amplifier is connected to
the counter to read frequency.

Such transducers can be used in remote locations,
Since the indication is a single frequency, no alter-
ation of information can be caused by transmission.

Similar units can also be obtained for indicating
temperature,

_E_l_:ﬂg_n_dgd Gate Time

It is sometimes desirable to measure a signal for a
longer time than provided by the counter in order to
obtain an average of fluctuating signal or to obtain
greater accuracy. This may be done on eitherfre-
quency or period measurement.
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“he MANUAL GATE switch., when OPEN. prevents
the timing pulses [rom closing the sate. If on tre-
quency measurement a five-sccond gate time is de-
sired, the MANUAL GATE switch should be closed
some time between the 4th and 5th second atter count -
ing: hus begun. Then at exuctly 5 seconds time the
next timing pulse will close the sute. o

Then:
total number of counts
gate time (see. )

Freqg. inicps =

Since with a longer gate time the total count in-
creases, the +1 count error decreases. Thus {or a
S5-sec. gate, for example, the +1 count érror is
1/5 that of a 1-sec. gate. al

The number of periods being measured can also he
extended by using the MANUAL GATE switch in a
similar manner.

Frequency Ratio

The period of a wave generally is measured in terms
of time. If the TIME UNIT switch is turned to EXT.
the period may be measured in terms of another fre-
quency, and the displayed count will be the ratio be-
tween the two frequencies.

If the lower of the two {requencies is connected to
INPUT, the higher of the two connected to EXT. , and
the FUNCTION SELECTOR set at PERIOD, frequency
ratios from 1:1 to 100, 000:1 may be read.

With FUNCTION SELECTOR set at 10 PERIOD AVER-
AGE, ratios may be read {rom . 1:1 up to 10,000:1.
I it is desired to measure larger ratios. a mechani-
cal register may be connected to the COUNTER QUT -
PUT to extend the range.

Time Interval Measurements

Many time interval measurements are possible with
the Madel 522B, the basic requirement being an elec-
trical impulse at the beginning and end of the desired
time interval. This impulse may be generated by any
one of a number of specialized transducers, switches.
phototubes, ete.

The Hewlett-Packard Journal, Vol. b, No. 1-2 ig
devoted to time interval measurements with the Model
522B. It discusses a marker generator that may be of
value when making time interval measurements. When
making time interval measurements on a complicated
waveform, the marker will be helpful in setting the
trigger level controls correctly. Contact the Hewlett-
Packard Company if you desire any further details on
time interval measurements or the marker generator.
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CAUTION

When mechanical contacts of any kind
(relay. switches, ete.) are used to gen-
erdte tmpulses for time interval meas-
urements. precautions must be taken.
Mechanicul contacts aure subject 1o con-
tact bounce which produces a very ir-
regular impulse as indicated in Figure
2~4. This type of pulse will not trigger
the counter at the desired time and un-
der these conditions it is inipossible to
make accurate or consistent measure-
ments. When mechanical contacts are
used to trigger the counter, the impulse
from these contacts should be viewed on
a wide band escilloscope. Any irregu-
larities that are present may then be
taken mto account.

Figure 2-4. Effect of Contaet Bounce,

Phototubes

Photoelectric transducers are used where it is im-
possible or impractical to use mechanical connec-
tions for the desired measurement. A 90-volt photo-
tube polarizing voltage is available at the rear of
the instrument. The output of the phototube may be
connected to eithér the START or STOP input of the
counter through a c'bupljng capacitor. Since these
are direct-coupled inputs, it is desirable to include
a blocking capacitor between the phototube and the
mnstrument input.

Phase Shift Measurements

The phase difference between two waveforms having
the same frequency may be measured in terms of
time or electrical degrees. Direct measurements in
degrees require using an external source, having a
frequency that is 360 times that of the waveform being
measured. as the TIME UNIT. (This voltage is ap-
plied at the EXT. input connector.)

To make phase measurements the instrument is set
up as follows:

I.  FUNCTION SELECTOR on TIME INTERVAL.
2. TRIGGER INPUT on SEP.
3. MANUAL GATE closed.

Connect the two waveforms to the STOP and START
T'RIGGER INPUTS, set both TRIGGER LEVEL VOLTS
controls at approximately zero, both TRIGGER SLOPE
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switches positive. Note the count. Switch both TRIG-
GE SLOPE switches to negative and note the count.
If these two counts are not equal, adjust the START
TRIGGER LEVEL VOLTS contrel until equal counts
are obtained with both TRIGGER SLOPE switches
positive and both negative.

b . _ Count (milliseconds)
= 360 x F'x 600

Where F is the frequency of the waveform being meas-
ured. This is the number of degrees the START wave-
form leads the STOP waveform. If an external TIME
UNIT is used that is 360 times the frequency of the
measured waveform, the count will be the number
of degrees the START waveform leads the STOP wave-
form and no calculations will be required.

Phase Shift (degrees)

Maximum accuracy is obtained when the instrument
is triggered at or near the zero axis crossing of the
sine wave. The two counts will be equal when the
START and STOP channels are triggered the same
number of electrical degrees from the zero axis
crossing of each waveform. This measurement is
explained as follows:

Trigger slope+

otgrt t

L

Hob]
19 .b|‘

$eg +T b =b,+T,-0,

2¢x Q- 0;7b + bt T +T,

¢'T|=T:

Figure 2-5. Phase Measurements

In the illustration T = T2 since we have specified
equal counts with both TRIGGER SLOPE switches
+ and both -, Because of the symmetry of the wave -
forms aj = a, and by = by,



3-1 INTRODUCTION

‘[his section describes the olectrical operation ol the
cireuits of the 522B Electronic Counter. First the
overall operation of the inst rument is explained with
reference to the block diagrams in Figure 3-1 and
3-3, then the operation of important circuits is de-
seribed in detail. The material in this section is as
follows:

3-2 Overall Circuit Operation
3-3 Time Base Section

3= Phantastron Frequency Dividers
3-5 Decade Frequency Divider
3-6 Amplitude Discriminator
3-7 Signal Gate Section

3-6 Signal Gate

3-9 Gate Control Binary

3-10 Display Time Circuit

3-11 ‘Reset Circuit

3.12 Time Interval Input Circuit
3-13 Power Supply

3.2 OVERALL CIRCUIT OPERATION

The 5223 Electronic Counter consists of the basic
circuit sections shown in the block diagram in Figure
3-3. A signal applied to the 522B INPUT connector
is fed through an amplifier and shaper to the Counted
Signal Gate. The essential part of the signal, the
frequency. goes through the shaper unchanged, but
since this waveform is used to operate decade count-
ing units. it must be changed to a fast-rise, constant-
amplitude pulse to assure positive counting.

The Counted Signal Gate V101A conducts the input
signal to the indicating counters while a measurement
is being made, and blocks the input signal while the
answer is being displayed. While the Signal Gate is
open, V406 acts as a normal amplifier; when closed
it acts as an open circuit to the input signal.

The Signal Gate is opened and closed by precision
signals initiated in the Time Base Section which actu-
ate Gate Control Binary V103 and produce a large
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SECTION Il
THEORY OF OPERATION

fust. on-off pulse Lo operate the Signal Gate. The
first signal from the Time Base Section cduses the
Gate Binary to open the Signal Gate; the second signal
from the Time Base causes the Gate Binary to close
the Signal Gate. So long as signals come from the
Time Base. the Signal Gate will continue 10 e opened
and closed,

Timing Signal Gate V102 conduets the start. and stop
tiniing sienals from the Time Base to the Gate Binary
while a measurement is being made. V102B blocks
start timing signals and prevents a new count from
starting while the answer to the previous count is
being displaved.-

Timing Signal Gate V102B 1s opened and closed by
signals from the Display Time Circuit. The Display
Time Discriminator either opens and closes the Tim-
ing Signal Gate automat ically at regular intervals, or
manually by the front-panel RESET button. When set
for automatic operation, the Display Time Circuit
is operated by signals from the Gate Binary; when
the Gate Binary closes the Signal Gate, the Display
Time Circuit closes tihe Timing Signal Gate for the
time selected by the DISPLAY TIME control. The
next timing signal will not reopen the Timing Signal
Gate and start another count belore the desired dis-
play time has been completed. When the display time
is over, the Display Time Circuit reopens the Timing
Signal Gate and the next timing signal opens the coun-
ted Signal Gate to start another measurement.

Whenever the Gate Binary opens the Signal Gate to
start a new measurement, it first operates the Reset
Circuit to return the counters to zero. S0 the new
count will begin at zero instead of being added to the
previous count. The Reset Thyratrol, upon receiving
a negative pulse from the Gate Binary, generdtes a
large, fast positive pulse which is applied to the reset
circuit of each of the counters.

The signal to be counted is fed to six indicating plug-
in counting units connected in cascade. The output of
the first unit connects to the input of the second, and
so on. Each cycle of the input signal advances the
count of the first (units) counter by one numeral.
Each time the number on the first counter is advanced



Sect.III Page 2

INPUT - FREQ.

GATE

COUNTING
UNITS

QTlME

T
|
|
|
|
|
I
[
|
|
|
l
I

10
0l 2345672890 2

i
+60 1

TIME BASE | | FREQ.
GENERATOR
% TIME
Figure 3-1, Simplified Block Diagram
INFUT
—» +200
R205 R206 < R207 55m R21|
100K 22K 100K 50K
5 206 @ PLATE
orad Ay PN §
INPUT Y | il R2i2
—a——) 120K
=T\ +200
VIO9A Vi (=== SCREEN-GRID
]_ r i R2IZ PiN 6 16
5 BALS5 59(5 - e
€207 125!
e = CATHODE
1»—..{(———_. QUTPUT PINZ
R O
i '
R209 2
270
GRID | 0
PIN | 8
L - 25}
GRIDI  +i2t
PINT
Figure 3-2.  Typical Phantastron Freqguency Divider

and Waveforms




from 9 to 0 it puts out a pulse which advances the
count on the second (tens) counter by one number,
and so on through all six units. When the Counted
Signal Gate is closed, the indicating counter units
display the number of the last cycle received. Thus,
the number of eycles displayed after opening the Sig-
nal Gate for exactly 1 second indicates the frequency
directly in cps.

3-3 TIME BASE SECTION

The Time Base Section. supplies six standard fre~
quencies: 100, 10 and 1 kilocycles, 100, 10 and 1
cycles per second. The Time Base consists of a
erystal-controlled, 100-kc oscillator, a series of
five 10 to 1 phantastron frequency dividers, and a
plug-in decade divider. The plug-in decade divider
divides the phantastron frequencies from the Time
Base by 10 during frequency measurements and the
input signal frequency by 10 during 10 PERIOD aver-
age measurement. The same high accuracy obtained
from the crystal oscillator is also obtained with all
divided [requencies when the cireuits are in correct
adjustment.

The internal frequency standard for the 522B is a
crystal-controlled. 100-ke, modified Pierce or
Colpitts oscillator. The crystal has a low temper-
ature coefficient and is enclosed in a temperature
controlled over to obtain a frequency stability of
better than ten parts/million/week.

The phantastron frequency dividers and the Decade
Divider plug-in unit are described below.

3-4 PHANTASTRON FREQUENCY DIVIDERS

The five standard gate times, .001, .01, 0.1, 1.0 and
10 sec, and two frequency units, milliseconds and
seconds are obtained by dividing the 100-ke crystal-
controlled frequency in steps of 10. Five 10:1 phan-
tastron frequency dividers connected in cascade so
that each divides the output of the previous one to
produce standard frequencies of 10 ke, 1 ke, 100 cps
and 10 cps. The operation of each divider is the same;
only the value of one capacitor in each subseguent
divider circuit is changed to obtain a ten-times longer
time constant. The shapes of the output waveform
from the dividers are similar, large unsymmetrical
positive pulses.

Division in a phantastron circuit is accomplished by
adjusting the time constant of the circuit so that one
period of phantastron operation lasts nine cycles of
the input {requency actually a division of time. During
the period of operation the phantastion is not affected
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by subsequent input cycles. After the period of oper-
ation. the phantastron is returned to its original
state, ready to be triggered by the next input cycle.
Consequently, the phantastron puts out one pulse
for each ten cyeles of input frequency; but note that
it divides by 10 only at the one frequency - at other
frequencies, if not readjusted, it divides by another
factor, always producing pulses having practically
the same period, regardless of the input frequency.

To prevent any of the nine intermediate input cycles
from prematurely operating the phantastron, the in-
put signal is fed through a diode gate (V109A in Fig.
3-2) which blocks input cycles during the phantastron
cycle. The blocking is accomplished by connecting
the diode plate to the plate of the phantastron V110,
and biasing the diode cathode a few volts below the
plate. When the phantastron plate voltage, and thus
the diode plate voltage, is high, the diode gate is open
and the input signal is passed to the phantastron.
When the phantastron is triggered by an input signal,
its plate voltagedrops and cuts off the diode, thus
closing the gate. The phantastron plate voltage re-
mains down (and the gate closed) during nine periods
of the input frequency. At the end of its cycle the
phantastron plate voltage rises, the diode gate is
opened and the next (10th) cycle triggers the phantas-
tron.

The switching action in the phantastron circuit is as
follows:

Refer to Fig., 3-2. Phantastron tube V110 is a special
pentode in which the suppressor grid is tightly wound
and can be used as a second control grid for the plate
current, but not {or the screen current. This feature
makes it possible to switch the cathode current from
plate to screen and vise versa. In this circuit the
initial stable state has current going to the screen,
0 volts between control grid and cathode, and the
cathode is 25 volts positive. The suppressor grid,
being returned to ground, is thus negative, and blocks
current to the plate such that cathode current goes to
the screen grid.

When a negative input pulse is applied to the phantas-
tron control grid, the cathode voltage drops, the
negative bias on the suppressor is instantaneously
removed and the cathode current switches to the plate.
Current continues to the plate until the charge on C206
discharges through the series resistor R210, the
control grid voltage returns in a positive direction,
cathode voltage following until the suppressor-to-
cathode bias is again negative and the plate current
cut off. Actually the voltage on the suppressor is
maintained constant by voltage divider 8211, 212,
and 213, while the control-grid and cathode voltage

. move together as in a cathode follower to affect the

shift in suppressor-grid bias. This shift in bias is
held by the time constant of timing capacitor C206



YIZTC [OPOIN O Weaseyg 0

il o8 Sanaly

HOAVNINI D10
ACGOLITdNY

O REE
g3LNNOO 'O3H4 AWIL FLvO
65 858

SLINDxID
FWI L
Avid s 1d

e e -

| <074
g4

TOH L NOD

R I L

| A= i

LIN0H 19 sve | 30010 ﬁ &y Yiiec i
A |
1
|
J

SRl PR e Peine - |

TUAHIANI - FNIL (=
aoivid ()
; : - “IAY QOI83d Of (el !

\
| | MOLYNIWINASIO
SHIINNGD —e FirH
3aNL17dWY

“

AONIND3¥S
s siikr:

Sect. III Page 4

|
L
_
|

e
iy i i E!O.rum...m_m NOILONMNS

31v5 Tvanyl (3 ——e—

HOFHD (e e e
G

@ b L‘ L R ||Il|+|

{ { - — i 1 - |
Wil
£ e i, 0 3 Kol ,
¥ o fea
L IO
o7 ! 55001
3 _ + m _
jile. .flnu - 4 ”
= iral ol
! ‘. Yy e !||_ , 4
o_h.\wll...i\1nh ”
00l —~ L
- b 0 o ¢
N i
LRl e —— L] — ;o)
[@3INn0D D3NS 1X3
_
_ \./,,,
! R
] NN



"

and its series resistor 2210, the positive charge
curve bemg applied to the control grid of the tube,

3-5 DECADE FREQUENCY DIVIDER

This unit is required primarily for dividing input
frequencies by ten during 10 PERIOD AVE itAGE
measurement. It is also used during frequency med-
surement to divide the STD. GATE (IME timing sig-
nals from the Time Buase so that STD. GATE TIMES
from 0.001 to 10 seconds can be obtained from the
standard frequencies of 10 kilocycles to 1 eyele per
second obtuined {rom the phantastron dividers. This
unit, unlike the phantastron divider, is not sensitive
to its operating frequency and will divide by ten at
any frequency up to approximately 10 kilocyeles.
The pperation of the decade divider is described
below,

The Decade Divider consists of four cascaded bina-
ries (bistable multivibrator), each triggered by the
previous binary. Consequently, the cyeles fed to the
input are divided by two in the lirst binary (since the
tirst pulse switches the binary to the opposite state
and a sevond input eytle is required to return it to
the original state) and again by two in the second
binary (to make o total division by foury and so on.
with an expected total division of sixteen at the out=
put of fourth Hiyary, The desired division of ten is
obtained by two feedbdck loops to the second and
third binaries so that the eighth input pulse will be
reset to the states they wnould be in had they received
14 inpulses at the input. Consequently, atter the
ninth and tenth input eyeles ave received, the desirved
final output pulse is produced. This action is iden-
tical to the action ol the AC-4A Decade Counter with-
out its indicating lights, and in ceneral the voltages
and wivelorms are the same.

The basic unit in a lecade divider is a bistable mul-
tivibrator. The bistable multivibrator has two stable
states, A-side conducting, B-side cut off, and vice
versa. The circuit remains in either state until a
negative pulse is applied to the common pliate-load
resistor to switeh conduction to the opposite side.
The grids are biased so that positive pulses will not
switeh the circuit. A negative input pulse does not
aifect the tube that is cut off but decreases conduction
in the tube that 1s conducting. This will increase its
plate voltage and in turn the grid voltage of the tube
that is cut off. This regenerative action continues
until conduction has switelied from one tube to the
other.

The input is applied to the common plate circuit
tor simplicity. and since the plates and grids are
interconnected the input signal is also applied to
the grids,
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3-6 AMPLITUDE DISCRIMINATOR

Amplituda Discriminators are used to develop the
fast-rise pulses required to operate subsequent bina-
vies at a certain voltage level on the driving wave-
forms. For example: a sine wave applied to the in-
put connector for frequency measurement must be
converted into constant-amplitude, fast-rise pulses
to operate the indicating counter units reliably. Input
signals for period measurements must be converted
into constant-amplitude, fast-rise pulses for precise
opening and closing of the Counted Signal Gate.

The essential part of the Amplitude Discriminator,
& Schmitt Trigger, produces a large, sharp output
pulse regardless of the shape of the signal that trig-
gers it. In addition, the dis¢riminator can be ad-
justed by its sensitivity adjustment so that it will pro-
duce the output pulse when the input signal reaches
a certain voltage level. Each discriminator is pre-
ceded by a differential amplifier so that a substantial
trigger operating voltage is assured. The operation
of the Schmitt Trigeers is described below.

A Schmitt Trigger consists of two amplifiers (twin-
triode tube), each having both d-c¢ plate-to-grid and
cathode-to-cathode coupling from A triode to B triode.
The circuit has two stable states; A side fully con-
ducting, B side cut off; B side fully conducting, A
side cut off. The circuits remain in either stable state
until driven to the switching point by the differential
amplifier.

Tue d-¢ voltage level applied to the A-side grid de-
termines which state the civeuit will be in. If the grid
voltage is more positive than a certain established
level. A side will conduet and B side will not; if more
negative than that same level, A side will cutoff and
B side will conduct. Each time the A-side grid volt-
age crosses this threshold in the opposite direction,
the circuit changes state. In practice, the threshold
voltage is slightly more positive when moving the grid
in a positive direction, and slightly more negative
when moving the grid in a negative direction. The
range between the two different voltage levels is the
hysteresis of the circuit, Hysteresis is the limiting
factor on sensitivity since the input voltage must
swing through both hysteresis limits to produce an
output pulse. The hysteresis of this eircuit should be
adjusted to give a sensitivity between 0.1 and 0. 2
valt,

The manner in which the Schmitt Trigger changes
state is as follows:

If A side is cutoff and B side is conducting, and the
A side grid voltage is gradually made more positive,
a grid voltage will be reached that will cause A side
to conduct. When A side begins to conduct its plate
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voltage drops, which in turn drops the grid voltage
of B side, and cuts B side off. As B side cuts off its
cathode voltage goes more negative. Since the cuth-
odes are direct coupled, this constitutes positive
feedback and further drives A side into conduction
until plate saturation is reached. This action is very
rapid and when completed, the Schmitt Tricger is in
the opposite stable state. Tt will remain in this state
until the voltage level of the A-side grid is moved
negatively until the lower hysteresis limit is crossed
and A side is cutoff. The above process is then re-
peated in the opposite direction.

3.7 SIGNAL GATE SECTION

The circuits of the Signal Gate Section are shown in
the' Gating Section and Switching Section Schemutic
Diagrams at the rear of the manual. In order of
signal progress through the section, it consists of
the FUNCTION SELECTO: switch ¢ircuits which
select the desired type of measurement; an Ampli-
tude Dis¢ riminator plug-in unit which shapes the
counted signal wavetorm into sharp pulses without
daffecting the important information = the {requency;
the Counted Signal Gate which permits the signal-
to-be-counted to'puss to the indicating counters, or
blocks it. the Gute Control Binary which opens and
closes the Counted Signal Gate: the Decade Counter
plug-in units described in the suppiementary nrinual
at the rear of this manual; and the Counter (feser and
Display Time cireuits. Each of ihese circuaiis is o=
seribed separately in other paragrapns in this section,

3-8 SIGNAL GATE

The Signal Gate is a single tricde section of @t i-
triode tube. The signal to be counted and the opening -
closing control signals are both unplied to the contso!
grid of this tube., When the control signii holdg the
control grid below culoff, the signal to be counted
does not appear in the plate cireuwil. When the control
signal refurns the grid to its normalloperating volt-
age, the Signal Gaie is @ normal amplifier and the
signal to be counted is passed to the mdicating counte:
units,

For frequency measuremnents, the input sicanl is ied

through the gate to the counters, while the cates

opened and closed by precision timing signals from
the Time Buase Section. For time interval and period
measurements the gate is opened and closed by the
input signal. while a standard frequency from the
Time Base Section is fed through the gate to the
counters,

3-9 GATE CONTROL BINARY

‘The Gate Control Binary, V103A and B opens and
cleses the Signal Gate by raising and lowering the
erid voltage on the Gate tube. In addition, the Gate
Binary staris the Reset Circuit just before it opens
the Signal Gate, and also starts the Display Time
Circuit when it closes the Signdl Gate. The Gate
RBinary is actuated either by precision timing signals
from the Time Base Section during FREQUENCY
measurement, or by a signal from the INPUT con-
nector for PERIOD and 10 PERIOD AVERAGE mea-
surements, or by the front panel RESET button.

The duty of Gate Control Binary is to trigger the
Jeset Circuit, open and close the Counted Signal
Gate and start the Display Time Circuit.

ihe Gate Control Binary is a bistable multivibrator
vhich is trigeered by negative pulses. For frequency
measurement, the negative trigger pulses to start and
stop the measurement are obtained from the Time
Base Section and are applied to both sides of the bina-
vy. For time-interval measurements the negative
trigrer pulses to start and stop the measurements are
dtained from the 1aput connectors and can either be
winlied to both sides of the Bhinary er they can be kept
seperafe, with the stari signal going to B side and
the stop signal going {6 the A side of the binary.

LRng automatically repetitive measurements. the
nes stive trigeer pulses alic rnately switeh conductior
fram one sideof the binary to the other side. Betore
a4 measurementt 18 beran V103A is dat off, V103B is
cimcncting and its o plate voltage cuts off the Coun-
P Signal Gate toie, To begin a measurement
eative puise applied to the hinary culs B side off,
vhicle immediat Liriggers the Reset Cirewit and
s all indicating counler units to 0. Twenty

retur

RrHeraseconds Lite the same signal having passed
theough a delay lme opensithe Counted Signal Gate.
Ehe rwedty smisrasoec ond delay allows time for the

crreaits of the i hicating counters to stabilize hefore

hasv begie eountin ;. The subsequent negative trigger
puse applied tothe Gate Bhiary cuts V103A off (re-
turning the Binnes to its oriemal state), ©lases the

wiinted Signal Gute and starts the Dispiay Time
Careddt

' negative trigger nulses ave coupled into the Gate
Buiary throgh two diodes serving 4s gates to the
pulses. The gate to esch grid is biased by the voltage
@1 the opposite plate, When A side 1s conducting, its
plate voltage is low and biases the B-side gate so
L .t incoming negative trigeger pulses to B side are
blocked, Consequenils only a conducting side ean be
trigeerad. The operdation of the gate binary cirecuit
is similar to the binary in the decade divider and
decade counters.
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3-10 DISPLAY TIME CIRCUIT

The Display Time Circuit determines how long an
answer will be displayed be fore the next count is
begun. Display time is started by the Gate Binary
when it closes the Counted Signal Gate, and the Dis-
play Time Circuit prevents a new trigger pulse from
reaching the Gate Binary to and start a new count.
This is done by biasing the Gate Binary's B-side
(start channel) diode gate beyond cutoff. The counter
will then continue to display the last count until the
start-channel diode gate is reopened.

The Display Time Circuit's action begins when the
Gate Binary B side fires the Display Time Thyratron
as the A side closes the Counted Signal Gate. Display
Time Thyratron V107 starts the display time by
charging C123 positively and switching Display Time
Discriminator V104 so it produces a positive output
voltage. The positive output voltage applied to the
cathode of Diode Gate V102B, closes the gate and
prevents trigger pulses from reaching the Gate Bi-
nary. The display holding action continues until C123
discharges through R165 and decreases the grid
(pin 6) voltage on Display Time Discriminator V104
and retriggers V104 to produce a negative output
voltage. The negative output voltage from the Dis-
play Time Discriminator reopens Diode Gate V102B
and permits the next negative pulse to operate the
Gate Binary and start a new measurement.

3-11 RESET CIRCUIT

The Reset Circuit generates a strong positive pulse
which resets all indicating counter units to ‘0" be-
fore each new count is begun. During automatic,
repetitive measurements, Reset Thyratron V105
generates this positive pulse when it is triggered
by the same positive pulse from the A side of Gate
Binary V103 that opens the Counted Signal Gate to
start a new count. The pulse to the Signal Gate is
delayed twenty microseconds by Delay Line DL101
to give the counter circuits time to reset and stabilize
before they receive the new signals.

The manual RESET button generates a positive pulse
for resetting the counters by ungrounding the reset
wire so that its potential automatically rises approx-
imately 40 volts positive.

The positive reset pulse for the counters also resets
the decade divider to the beginning of its division
cycle so that it will divide the next input signal by ten.
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3-12 TIME INTERVAL INPUT CIRCUITS

During time interval measurements, the measure-
ment start and stop input signals are fed to separate,
identical Amplitude Discriminators which generate
strong trigger pulses as the input voltage levels pass
the levels indicated by the TRIGGER LEVEL VOLTS
controls. The sharp pulses produced by the Amplitude
Discriminators are fed directly to the Gate Control
Binary which in turn operates the Counted Signal Gate
to make the measurement.

The TRIGGER LEVEL VOLTS controls in the START
and STOP input circuits determine the input voltage
level that will start and stop a time interval mea-
surement by simultaneously attenuating the input sig-
nal and applying a negative bias voltage to the Am-
plitude Discriminators. When the TRIGGER LEVEL
controls are set to zero, there is a fixed attenuation
of 4 to 1 and no d-c bias on the Amplitude Discrim-
inator, which triggers as its input signal voltage
passes through zero volts. When the TRIGGER LEVEL
control is set to +100, there is an attenuation of 20 to
1 and a d-c bias of -5 volts so that the input signal is
reduced to +5 volts, just sufficient to override the
-5-volt bias and trigger the Amplitude Discriminator.
Any d-c voltage accompanying the signal applied to
the input connectors will alter the d-c bias and render
the control calibrations inaccurate.

3-13 POWER SUPPLY

The power supply section supplies +330 vdc unregu-
lated at 75 ma, +200 vdc regulated at 80 ma, -105 vdc
regulated at 25 ma and -175 vdc unregulated for the
circuits of the counter. The positive regulated voltage
is obtained from an electronic regulator circuit,
V117, V118 and V119 while the negative regulated
voltage is obtained from gaseous voltage regulator
tube V119. The unregulated voltages are obtained
from the power sources for the voltage regulators.

The +200 volt regulator is a two stage, direct coupled,
feedback amplifier. V117 is the series regulator tube
and carries the total load current. V118 controls the
resistance of V117 to keep the output voltage con-
stant over a wide range of load currents and line volt-
age fluctuations. Any increase in output voltage will
make the grid of V118 more positive; this will in-
crease its plate current and in turn decrease the bias
on V117. Increasing the bias on V117 increases its
resistance and return the output voltage to the original
value. A decrease in output voltage will have the
reverse effect on the circuit. V119, a voltage reg-
ulator tube, supplies a constant fixed bias for V118.
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SERVICING ETCHED CIRCUIT BOARDS

CAUTION

When servicing printed circuits DO NOT push or pull wires in such a way as to
raise the printed wiring from the board.

When soldering leads, use 50 watt iron or smaller. Apply heat sparingly to the
leads on the part to be replaced, not to the printed wiring on the board.

Before installing new parts, clean holes to receive new part without forcing. Have
new leads tinned and if necessary fluxed to receive solder quickly with a minimum
of heat and without residue.

1. Apply heat sparingly to lead of part to be re- 2. Using a small awl, carefully clean inside of
placed. Remove part from card as iron heats hole left by old part.
the lead.

| e | e

3. Bend clean leads on new part and carefully 4. Hold part against board and solder leads.
insert through holes on board.

Figure 4-1, Diagram Showing how to Replace Parts Mounted
on Etched Circuit Boards

di



4.1 REMOVING THE INSTRUMENT CABINET

(Cabinet Model)

a. Remove the four screws that fasten the rear
cover to the instrument and take off the rear
cover.

b. Rotate the instrument so the panel is straight
up and the bottom is toward you.

¢. Remove the two 3/16-inch Allen set screws on
the bottom near the panel.

d. Lift the cabinet off the instrument.

(Rack Model)

a. Remove the four screws on the back of the instru-
ment, to allow the dust cover to slide back.

b. The bottom plate is removed by means of four
screws, one in each corner.

4.2 CLEANING THE AIR FILTER

Rack mounted units are equipped with an air filter
which should be cleaned frequently. The air filter
is located at the rear of the instrument and is a
washable type.

To clean the air filter proceed as follows:

a. Remove the filterfrom the instrument and take
off any large accumulation of dirt by vacuuming
or gently tapping with the dirty side down.

b. Direct a stream of hot water at the intake side
of the filter to flush out the dirt and old adhesive.

c. Shake out excess water and allow the filter to
dry.
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SECTION IV
MAINTENANCE

d. Spray R-P Filter Coat No. 2 (or light machine

0il) on the intake side of the filter until the vis-
ible baffles are liberally coated. Warning: Do not
apply so much adhesive that it runs or drips off the
surface of the filter. Air Filter oil is available at
most heating supply stores.

e. The filter is now ready for service and should
be replaced in the instrument with the coated
(intake) side toward the outside of the cabinet.

4-3 SELF CHECK

The self-check feature that has been incorporated
into the Model 522B should be used to check the oper=-
ation of the instrument if any trouble is suspected. In
the CHECK position of the FUNCTION SELECTOR
switch the instrument counts the internal 100-ke
oscillator for periods of time determined by the po-
sition of the FREQUENCY UNIT switch. This checks
the major portion of the instrument and should be the
first step when trouble is suspected. The self check
procedure is described below,

Set the panel controls as follows:

FUNCTION SELECTOR to CHECK

STD. GATE TIME selector as indicated below
MANUAL GATE closed

DISPLAY TIME - min.

STD. GATE TIME Correct Indication

.001 00100. ke
.01 0100.0 kc
I 100.0 ke
1. 00000. cps
140 0000.0 cps

Always check the instrument in the sequence indi-
cated, starting with the shortest Gate Time. With a
1 SEC gate time ane digit will be off the register.
Faulty operation will be indicated by something other
than all zeros on the register. With a 10 SEC gate
time two digits will be off the register and it will be
necessary to count the number of complete cycles
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(0 to 9) the left hand counter goes through during the
counting cycle. Ten complete cycles on the left hand
counter indicates correct operation with a 10 SEC
gate time.

I the above indications are obtained from the instru-
ment it indicates that the majority of the circuits are
operating properly. If the indication for a particular
gate time is always K times the correct indication,
where K is a factor such as .8, .9, 1.1, 1.2 etc., or
a product of two or more of these factors, it indicates
that a phantastron frequency divider circuit is out of
adjustment. Refer to paragraph 4-6 of this manual for
phantastron adjustment procedure. refer to paragraph
4-11 of this manual for complete trouble shooting
procedure.

4-4 ADJUSTING THE POWER SUPPLY

Measure the =200 volt regulated supply on pins 3
and 6 of V117. Adjust R174 (marked 200V), located
on the top of the chassis, until the regulated voltage
is exactly 200 volts as indicated on the most accurate
meter available.

4.5 ADJUSTING THE AMPLITUDE DISCRIMINATOR
UNITS

4. Set the panel controls as follows:

FUNCTION SELECTOR to 10 PERIOD AVERAGE
TIME UNIT selector to MILLISECONDS
DISPLAY TIME control to minimum

MANUAL GATE switch closed.

b. Set R118 and R119 (SENS UNIT’s 1 and 2) to
their maximum clockwise positions.

c. Comnect a 1000 cycle voltage having an amplitude
of . 5 volts rms to the input terminal.

d. Adjust R2 (located on top of discriminator 2%,

using a small screwdriver that will not short
the shaft to ground, to the center of the range that
produces an indication of approximately 1 millisecond.
Watch the neon indicator on the panel to be sure it is
flashing on and off when making these adjustments.

e. Reduce the input voltage to approximately . 15

volts rms and rotate R119 (SENS UNIT 2) coun-
terclockwise until the instrument just begins to pro-
duce an indication of approximately 1 millisecond.

f. Repeat step d. with the reduced input voltage and
then repeat step e.startingwith R119 again at

its maximum clockwise position and rotating it coun-
terclockwise. Watch the flashing neon indicator to
make sure the instrument is operating properly.

g. Reset the panel controls as follows:

FUNCTION SELECTOR to FREQUENCY
FREQUENCY UNIT selector set for a gate time
of .1 seconds.

h. Increase the amplitude of the 1000 cycle input
voltage to 0.5 volt rms.

i. Adjust R2 (located on top of discriminator 1),

using a small screwdriver, to the center of the
range that produces an indication of approximately
1000 cycles.

j. Reduce the amplitude of the input voltage to

0. 15 volts rms and rotate R118 (counterclock-
wise) until the instrument just begins to indicate
approximately 1000 cycles,

k. Repeat step i. with the reduced input voltage

and then repeat step j. starting with R118 max-
imum clockwise and rotating it counterclockwise
until 1000 cycles.

4-6 ADJUSTING THE PHANTASTRON FREQUENCY
DIVIDERS

Each phantastron frequency divider must be adjusted
to divide by ten. These dividers must be adjusted in
the order indicated since the low frequency dividers
obtain their input from the higher frequency units,

Set the controls as follows:

FUNCTION SELECTOR to CHECK
FREQUENCY UNIT selector as indicated below
MANUAL GATE switch closed

DISPLAY TIME control minimum

Set the FREQUENCY UNIT switch for a STD. GATE
TIME of .001 SEC. and adjust the 10 kc control
(R211), located on top of the chassis, until an indi-
cation of 00100 is obtained. Indications of 00090,
00100, and 00110, indicating division by 9, 10, or
11, may be obtained with this control. The correct
setting for the control is the center of the range that
produces an indication of 00100.

All adjustments are available on top of the chassis
and are clearly marked. Make all adjustments in the
order listed below following the same procedure out-
lined for the 10-kc phantastron.



STD, GATE Adjust Desired Count
TIME SEC.,
103 . 001 Rra11 00100. (kc)
10 ke
2., .01 1220 0100.0 (ke)
e
3, 1 1229 100. 00 (kc)
100 v
4, 1 R238 00000  (cps)
10~
5 10. R247 0000. 0 (cps)
l ‘d

In step 5 above the desired count is off register and
it is necessary to watch the left hand counter and
count the number of complete counting cycles (0 to
9 and back to 0) it goes through. When the 1% phan-
tastron is properly adjusted, the left hand counter
will go through 10 complete counting cycles and stop
at zero. In step 4 the desired eount is also off reg-
ister but incorrect adjustment will be indicated as
a number other than zero on the left hand counter.

4-7 ADJUSTING THE AMPLITUDE DISCRIMINATOR

NOTE

Adjustment of Amplitude Discriminator
Unit 2 should be made before procecding
with Unit 3.

Set the controls as follows:

FUNCTION SELECTOR to TIME INTERVAL

Start and Stop TRIGGER LEVEL controls to zero

DISPLAY TIME control to minimum

SEP. -COM. switch to COM.

TIME UNIT to MILLISECOND

TRIGGER SLOPE switches to oppoesite polarities
(one to + and the other to -)

MANUAL GATE switch closed.

a. Set R122 (SENS UNIT 3) to its maximum clock-
wise position.

b. Connect a 100-cycle volltage having an amplitude
of 3 volts rms to either the START or STOP
input terminal.

¢. Adjust R2 located on top of Amplitude Discrimi-
nator 3 (using a small screwdriver that will not
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short the shaft to ground) to the center of the range
that produces a stable indication. Watch the panel
neon indicator to make certain the instrument is
operating properly.

d. Decrease the input voltage amplitude to . 6 volt

rms and rotate R122 (counterclockwise) until
the instrument just produces a stable indication.
Watch the neon indicator to make certain the in-
strument is operating properly.

e. Repeat step ¢. with the reduced input voltage

and then repeat step d. starting with 2122 max-
imum eclockwise and rotating it counterclockwise until
the instrument just produces a stable indication.

4.8 ADJUSTING THE DECADE COUNTER INPUT

The amplitude of the driving pulses for the decade
counter units is adjusted by means of R184. This
control is located under the chassis, just below the

" PHOTOTUBE VOLTAGE connector on the back of

the instrument. This control sets the bias on the gate
tube (V101A) when the gate is open (nern indicator
on).

Set the controls as follows:

FUNCTION SELECTOR to CHECK
FREQUENCY UNIT switch to any GATE TIME
MANUAL GATE switch to OPEN

Connect a vtvm to pin 2 of V101, ' Adjust R184 to
get -16 to -18 volts of bias on pin 2 of V101 with
MANUAL GATE switch open.

If the bias is set correctly, the instrument should
indicate exactly 100 ke¢ when on SELF CHECK over
line voltage range at 103 - 127 volts. If the indi-
cation is off by =1 count, it is due to a phase dif-
ference between the gate control pulses and the coun-
ter input waveform, an error that is always present
in this type of counter. This phase difference may
be corrected by adjusting the bias on V101 slightly.

If this does not compensate, trouble may exist in the
Signal Gate or Gate Control Circuits. If the +1 count
error can not be corrected by increasing the Gate
tube bias there will be no adverse effect on the accu-
racy of the instrument. (Refer to Section 2-3). The
important item is to insure adequate driving-pulse
amplitude for the decade counter units.
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4.9 STANDARDIZING THE 522B AGAINST wWwy

The accuracy of the 100-ke erystal is 10 parts per
million or . 001 percent, and in general no adjustment
will be necessary. To maintain the best possible
accuracy, the 100<ke standard frequency should be
checked weekly against WWV or a primary frequency
standard. and if necessary, adjust to bring exactly
on frequency. The typical degree of adjustment that
may be required to bring exactly on frequency is
between 0.01 and 0.1 cycle. Consequently, unless
the external standard frequency and the method of
comparison have great enough accuracy and resolution,
do not attempt adjustment of the 100-ke oscillator.

The following paragraphs give two procedures for
comparing and adjusting the 100-kc internal standard
frequency. The first and most accurate method heats
4 harmonic of the 100-ke standard output from the
5221 with one of the standard frequencies broadcast
by WWV and requires a communications receiver.
The second method is for use when the broadcast
from WWYV is not obtainable and requires a local
primary or secondary frequency standard and an
oscilloscope as the comparison device.

Refer to Figure 4-2 and proceed as follows:

a. Turn on the 522B and allow to warm up for 30
minutes.

b.  Set the TIME UNIT selector to 100 KC.

¢. Connect the STD. OUTPUT connector on the rear
of the instrument to harmonic generator such as
a crystal diode.

d. Loosely couple the output of the crystal diode to
the antenna of 2 communication receiver that is
tuned to one of the frequencies of radio station WWV,

e. Adjust C202 and C203 located on the chassis near

the 100-ke crystal until a zero-beat 1S obtained.
In most cases only a slight adjustment will be neces-
sary; both capacitors should be adjusted an equal
amount for best stability. As a zero-beat is ap-
proached, WWV’s 400 cycle audio tone will begin
to wobble, until at exact zero-beat the tone will be
constant. If an audible zero-beat is not readily ob-
tained, an ‘S’ Meter on the receiver can be used to
obtain a visual indication.

f, If necessary, adjust coupling wire to the antenna
for loudest heat; disconnect coupling wire to
verify beat.
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4.10 STANDARDIZING THE 5228 AGAINST
A LOCAL FREQUENCY STANDARD

Refer to Figure 4-3 and proceed as follows:

2. Turn on the 522B and allow to warm up for 30
minutes.

b. BSet the TIME UNIT selector to 100 KC.

¢. Connect the STD.OUTPUT connector on the

rear of the instrument to the vertical amplifier
on an oscilloscope; connect the 100-ke output from
a frequency standard to the horizontal amplifier.

d., Adjust the gain of the oscilloscope amplifiers
to obtain a large clear picture similar to that
illustrated.

e, Note the rate of movement of the oscilloscope

pattern. If it moves at the rate of 1 revolution
per second the two frequencies differ by one eycle:
I it moves at the rate of 1 revolution per ten seconds
the difference is 0. 1 cycle, etc.

f. Adjust C202 and C203 located on the chassis

near the 100-ke crystal until the pattern is sta-
tionary. In most cases only a slight adjustment will
be necesgsary; both capacitors should be adjusted an
equal amount for best stability.

4-11 TROUBLE ISOLATION

Before removing a faulty instrument from its cabinet,
the following series of checks should be performed.
This procedure will save time and in most cases
isolate the trouble to a particular portion of the ¢ir-
cuit. The only external test equipment required for
this series of checks is an oscillator that will provide
a 100 cps., 10-volt rms output.

All tests should be performed in the sequence given.
This is important since each check is based on all
previous checks giving normal indications.

When a tube is listed as a possible cause of trouble,
the associated circuits should also be checked. In
many cases tube replacement will eliminate the
trouble, but if this does not work, it will be neces-
sary to check the associated components.

Refer to the appropriate Adjustment Sections of this
manual for all adjustment procedures listed in the
table.



Sect. IV Page 6

*¢ Jun "OSIa "JdWV Isnl
-pe pue 3oays ‘Aedsip OU Yirm SNONUIIUOD ST JUNOD J]

ruado s1 YoRQPaa]
TBUIIIUT IIPIAL(] 2peIA(] 9°T 10 *$°T ‘Z°1 Jo omel B Aq
Fuoam ST JUNOD J| *I3PIAL SPRII(] AJ[NB] “Junod ou jf

*SOLA
soays ‘Aerdsip 193JE 2821 OU fIATIRIRWND ST JUNOD

sz jtun *ostg ‘dury jsalpe pur ¥aay> ‘gorA ‘(d)zo1A

‘TOTA ‘LOTA M22u2 ‘pjo duie] uwosu ‘Juriunod oN

*2 qtun *osi dury isnipe pue 39942 ‘COlA

(V)Z0IA ¥22Yy2 ‘uo ST duwie] wosu ‘SNONUIIUGD ST JUNOD
:AedsTp pue junoos uaamiag 9243 10U [IIM

TG 0T A PUR LOT A Dy
1093100 ST JUNOD NG *)22FF°8 ou 5P [01U0d AW
AVTIASIO “Aerpdsip pur junon uaamiaq apdy prdey

“JTUT 1DJUT0D HD9YyDd Fuodm s1 #7204 Furjunod g
* zapratp Aouanbaua) Surpumodsssaod ¥oays funos ou

“JTun I83Unos ¥aus Suoam st 91043 Bungunod ;1 (K0T A
pu® o771 A) Ioprarp Acuanbaay 23 ] ¥2ays ‘wnoo ou ji

*§31Un 193UNOD I2YI0 Y] JO AUO 1M 31 Automyd
-31 Aq (YE=0V) 123unod apedap puey 14dti yoayo
*1 man *osy tdiuy isnlpe pue yd8yd

‘10T A 2aETdsy

“do01eIIasa DM 001 224D

*10JBOTPUT UOIU MDY °SITNDITD POJBIDOSSE
yoays pue o] A 22eydey ‘Arddns 3104 Q0Z+ M224D

*safejroa Ajddns 1amod [1E yoays ‘adfeijos ydiy oN

*ino psuang ydrf jonid ‘umorq SN d

(*xoxdde) "SOHASITTIN 00010 sa3E0
=tpur ‘Aeldsip PuUB JUNOD UIMIDG SI[DAD)

(rxoxdde) *SOASITIIN 00001 $23E2
-ipur ‘*Apidstp pue Juriunos usamiag safahn

(*xoxdde) ST TIIN 00" 010 =P1Ed

8 B

~1pur ‘ABdsip pu® RUizunod uMSMIBG SITIAD

*YIEMS TINAO AW jo dotnsod
YyOBd 0] SpUtoas AT Ul [ O] Jded pUE § D243 0
WOl ajodo ¥ 33a7diuod pIRos I23una s au0)

"398 ‘€ZI06RLISFETTIO 81 Ao Jowax0n
*SPUOIIS O] NI g OF Mrea PUR f NLYY () uad]
3194n » s19pdwos piNoOYSs J9IUN0Y pUBy 3Ja°]

sArsnenunnod FUPUNOs ag pINOYS sI13jUN0D)

*(uade ajei)uo 20JEDIPUT UOSN

*3tun
I2junon Yyora uo paderdsip raguinu ALIog

*331 squawie(yy aqny ‘uc wydi joud

“SWHE A 01

*xoadde 1001 = LOINT HEDOIHL 4018
10 LUV LS *PPSOl2 HIVD TVIONYIN

,ﬁ ‘DM 001 03 Yanms TIN(O HWIL ‘0 uo
[02qu0d SITOA TAATT HADODINL “+
104 S3DITME BJ0OTTS HADDIYIL “"WOD
1 YaaIms "WOD “dEHS "TVAMAINT
AWIL ©F HOLDHETHAS NOLLON A 198

*3A0aR PREDIPUL S
S104Ju0d Iaie IOV HIAY UOI¥Hdd
0193 4O ILDHATAS NOLLONI A 135

"SI AD1 “xoadde 001 = LAJNI
a0 ELVD TVANYN “NIW-2WIL
AV IdSIO O 001 01 Ysiims TIND EWIL
LUOINAd 93 HOLODATAS NOILDONNAA 88

fy

fIapIxo ut ¥ 100°
T 01 y21tas LINMO AWIL 128

puE [o° ‘4

ST U100 FINM E@WILLL Uaras

*NAJO F1VD TVANVIA ‘O3 001
uo YoITms LINA IWILL ‘TEIVO 1v0
=NV 40 HOLDHATHS NOILINNA 128

NO 423rms HEH MO WIn]

~

q

(£33

A19N0UL ATHISSOd "TVIWHON 1ON

NOLLV2IANT TVIWNHON

FANAFTDOHES LSHL

ey

3INPannad Sulleros] ayqnoI [,

,
(] LT ) M



Sect.IV Page 7

* 1aptatp Asuanbaaj 4] 1snfpe ‘Buoim ST UNOD
J1 *12junod puey 3jal 3Yj Uo ( 0} Y2EBQ pUB § NI
0 wioay safaho azarduied usl aq [[IA JUNOD 3I3II0D

*quaurgsnlpe

paau [Tia 1opratp Aouenbaay o1 pue pakerdsip aq TIIM
S019Z [[B UBY] IaYyjo Auiylawos 1281I100UT ST JUNOD

JT "0 031 M2BQ pUEB § NIY] g WOIT aro4o ajardwos

¢ ySnoayl s208 I13IUNOD pury IFBT JT J29LI0D ST JUN0D

* 1aprAatp Aduambaay 4,007 isnlpe ‘unos Buoam J]

*juatu
-1snlpe jo jno 1apratp Asuanbady O3 1 “unoo Buoam J1

*u0130ag juawsnipy 295 *juanl
=1snlpe jo no zapratp Louanbaly D 7 WUNOD Buoam JI

21242
sjeadas uayl ‘"das O I9J SdD 0°0000
sAejdsip usayl *9as Q[ 10J sjunod

*a1240 sjeadaa uayj *29s [ 10] SdD
*00000 sAerdsip pue *33s | 10] sjUNMOD

*a10ho sjeadax pue "das ' 10] DN
00°001 sAerdsip uayy *29s | * 10} sjunod

*a124d
sieadaa uayjg pur *29s [° 107 D 00010
sAerdsip wayy *08s [(* 10] SIUNOD

B *a10AD
syeadaa uayl pue 99§ [* 10} DX 00100
skerdstp uayj *das [00° 19J sunajn

*OHES 0] AWIL EIVD TaLs

*DFES [ INLL HIVD dLS

TSNS 1T @ENELL dIVD ALS

*DAS 10" IWELE HLVD LS

*DHGT 00 ENLL HIVOIGLS

‘paso[d HIVD
TYANVIW “NIWN=EWIL AVTd5Id
‘MOAHD @1 HOLOFATHS NOILONAA 385

'8

ATENOUL ATHISSOd “TVWHON LON

NOILLYDIANT TVWHON

TINAID0Odd LSAL




Sect.IV Page 8

4.12 WAVEFORM

The waveforms in this section are reproductions of
waveforms obtained with a -hp- Model 150A oscil-
loscope. An input probe with a voltage division ratio
of 10:1 and an impedance of 10 megohms shunted by
J0 uuf was used. Voltages given indicate the signal
amplitude at the input to the probe.

Most waveforms were obtained with the oscilloscope
synchronized from an external source in order to
maintain the correct time relationships for a partic-
ular group of waveforms. In most maintenance work
the actual waveshape will usually be more important
than the time relationship to other waveforms of the

o

same group. For this reason, either + or - internal
sync. will usually be more convenient than the type
of sync. indicated.

Any reasonably good oscilloscope may be used to
observe these waveforms. Check the response of
the scope using a 1 ke square wave. If the scope will
reproduce a good 1 ke square wave it will be adequate
to observe the waveforms in this instrument. Some
of the small irregularities in the waveforms may not
be reproduced if the oscilloscope used does not have
a wide bandwidth but the results should be adequate.

All waveforms were obtained with the FUNCTION
SELECTOR in the CHECK position. The oscilloscope
is the only external equipment required to observe
these waveforms.



TIME BASE

Conditions of Observation:

Model 522B

FUNCTION SELECTOR - CHECK
STE GATE $RINE =001 Sk,
Line Voltage - 115

No. LOCATION

1

Pin 5 of
V108

Pin 5 of
V109

Pin 5 of
V110

Pin 6 of
V110

Pin 2 of
V110

Pin 5 of
Amp. Disc.
Unit 2

Pin 1 of
Decade
Divider

NOTES

Output of 100 Kc crys=-
tal oscillator

Input to 10 Kc phanta=
stron (100 Kc)

Plate of 10 Kc
phantastron

Screen Grid of 10 Kc
phantastron

QOutput (cathode) of
10 Kc phantastron

Input to Amplitude
Discriminator Unit 2

(10 Kc)

Input to Decade Divider
and Output of Amplitude
Discriminator Unit 2

Sect.IV Page 9

Oscilloscope
Sweep - 20 L sec/cm
Sync, = EXT from pin 2 of
V110

veo IR A A A

20 i

+10
g | T

=10 \ \

5.0 /___ , [ =

B )
0 T
-50 h -

+10 BT
] 1 L

— i) S
+ 1 i
O 1 L ll_IA_— i | _¢A]lr
S v
+20 = = i
O n { | | 1 Frl (| 1
lw T ___ll o T
=20 \J 3 {
0 100 200
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INPUT AND WAVESHAPING CIRCUITS

Conditions of Observation:

Model 522B
FUNCTION SELECTOR - CHECK
STD. GATE TIME - .001 SEC,
Line Voltage - 115

No. LOCATION

8 Pin 5 of

Amp. Biscs

Unit 1

9 Pin 3 of

Ampl, Disc.

Uit 1

1O 20
V101

I Birslcaf
V101l

NOTES

Input to Amplitude
Discriminator
Unit 1 (100 Kc)

Output of Am-=-
plitude Discrim-
inator Unit 1
(Amp. Disc. Unit
1l is used as an
input waveshaper)

Input to gate tube
(V101) showing
change in bias as
gate opens and
closes

Qutput of the gate
tube and input to
first Decade
Counter showing
effect of changing
bias (See No.l10)

Oscilloscope
Sweep - 5 usec/cm

Sync = EXT. from the junction

of 2 - 5uuf capacitors
that are series connected
between the plates of
V103 (pins 1 and 6).

R L A,
SRRl gy
AWAIE AR alD
B Eazas szaca
=20 ] .J l_}_" I
#10 S R Pl
L eSS e
i P S TR
+5% ‘;""“v:;;-m—r"'r"“'
B 1Y AL R
IR
0 2‘5 50



GATE CONTROL PULSES

Conditions of Observation:

Model 522B

FUNCTION SELECTOR - CHECK
STD, GATE TIME - .001 SEC.
Line Voltage - 115

No. LOCATION

12 ‘Pin 2:cf
Decade
Divider

13 Pin 5 ef
V102

NOTES

Input to Gate Control
Flip-Flop and Output
of Decade Divider

Stop input to Gate
Control Flip-Flop

Sect.IV Page 11

Oscilloscope
Sweep - 200 usec/cm
Sync - EXT. from pin 2

of V111
+ 20 i
o +++—+Hpt++H
—20 .
Py i A .
+20 1 l
O ™ 1a e NN 1 Y S B t
o e e i (R L
—20) 2 T
0 1000 2000

LESEC
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GATING SECTION

Conditions of Observations:

No. LOCATION

Model 522B

FUNCTION SELECTOR - CHECK
STD, GATE TIME - ,01 SEC.
DISPLAY TIME - Min,

Line Voltage - 115

NOTES

14

15

16

i

18

19

Pin 1 of
Vi1oz2

Bintliof
V103

Pin 2'cf
V107

Pin 86t
V101

1SS (o s
V104

Junction
of R149
and R150

Start input to Gate
Control Flip-Flop

showing shift in bias
due to Display Time

Discriminator

Gate control pulse
at input to Delay
Network

Display Time Thy-
ratron cathode
pulse

Display Time Dis-~
criminator control
voltage showing
charge of Cl123

Output of Display
Time Discrime-
inator and bias for
start diode

Input to Reset
Thyratron

Oscilloscope

Sweep - 3000 usec/cm
Sync - EXT. from pin 2 of any

Decade Counter

+20

e

=206

=20

+50

=50

+ 50

=80

450

=a0

+100

=0E

15,000
ML SEC

Ny |
o e e
= |
| |
i i et o e e e e | =
== = e !‘\
] _ﬁ‘:
o e e e e
=) BT SRS &
| | | = | {EATL S
A S T e f
1 1 ! l- 1 A 1 14
] i 1 T I I I ¥
]
0

30,000
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DECADE DIVIDER

Cl25 Cl30

clz8

Cl3l

- RIS

Rl22 £202

XTAL OVEN

Figure 4-4. Model 522B Top View
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CR3 R229 R247 DECADE
DIVIDER

CR2 R220 Ri84 L5

CR1 L6 R238 R174 C125 DELAY
NETWORK

R176 | bl B s ' A g & ——RB1

RI7T NS S oty Lo Loy G 1 C130

RB3

Rail

RB4

|
2 ! Rl 22

i
SADE AMPLITUDE
TERS DISCRIMINATORS

Farare 4-0A Bottom Ve

Lir
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V116 V117

\ARES) Vi05 vio4

Vit4 V106

XTAL OQOVEN St 39

¢

Figure 4-538B Bottom View
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Model 522B Amplitude Discriminator Unit

Figure 4-6.
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Figure 4-7, Model 5221 Decade Divider
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T T

M e i .a!U..t-rﬁw.ﬂ..*iwdhwiﬁi%&‘}

Model 522B Decade Divider

Figure 4-8.
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Use this

Figure 4-15A contains information on the 522B-95A
modification kit which adapts this counter for use

with the HP Model 560A Digital Recorder.
This information should be ignored if this modification

has not been made,

schematic with Gating Section Drawing, Fig. 4-17.



FUNCTION SELECTOR SWITCH

TIME UNIT SWITCH

XZ103
XZ104
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XZ105 BRN-ORN \l_ @G W .
< == = WHTJ ‘ €302
. 9\@ ) @ ®n® I
B3 i (GRN-WHT gt o c123
R ~ -
YEL-WHT GRN =
OW\ S Ul = @ PR R125
R148 : S R167
BLU To e
INNER Ri48 453
LR RB5
S e N
c129 A 8=
*‘-:*1 }«KD & -T_} RB2
. R130 . |
« RBI

REMOVE PINK WIRE BETWEEN
129 PLUS TERMINAL AND
XZ105 PIN 4.

\\ \—vne

—COUNTER OQUTRPUT

PHOTOCELL VOLTAGE
~-STANDARD OUTPUT

MODIFICATION KIT 522B-95A CABLE ROUTING AND CONNECTIONS
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Figure 4-15A -3



TABLE OF REPLACEABLE PARTS
FOR 522B-95A DIGITAL RECORDER ADAPTER KIT
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!
;
1
|
f

CIRCUIT % STOCK
REF. DESCRIPTION, MFR. * &MFR. DESIGNATION NO. #t
C 301 Capacitor: fixed, tubular, elect., X 18-10
10 pf, 450 vdew

€302 Capacitor: fixed, ceramic disc K 15-43
0.01 pf, -0%, +100%, 500 vdew

J301 Socket, female, 19 contacts, HH 125-93
polarized shell, 3102A-22-148

K301 Relay, 110 volts de, dpdt contacts G 49-32

R125 Resistor: [ixed, composition, B 24-47K
47, 000 ohms, +10%, 1 watt

R301 Resistor: fixed, composition, B 25-10K
10, 000 ohms, +10%, 2 watts

R302 Resistor: fixed, composition, B 23-270K
270, 000 ohms, 110%, 1/2 watt

R303 Resistor: fixed, precision, NN 31-1. 23M
1. 23 megohms, +1%, | watt

R304 Resistor: fixed, precision, NN 31-1. 23M
1.23 megohms, +1%, 1 watt

R305 Resistor: fixed, precision, NN 31. 1. 23M
1. 23 megohms, :1%, | watt

R306 Resistor: fixed, composition, B 23-2200
2200 ohms, :10%, 1/2 watt

]

* Bee " List of Manufacturers Code Letters For Replaceable Parts Table',
# Total quantity used in the instrument,
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+200
RS RIi
K ISK
IS V2
D 963
OUTPUT QUTPUT
czl RIO c4
22 47K =22
63 GE
LOIpF == 12K
¢
INPUT
=
Y i
! b
5963 c5
BT
QUTPUT
QuTPUT

COPYRIGHT 1954 BY HEWLETT-PACKARD COMPANY
This drawing i infended for the operction and
mainfenance of Hewlett-Pockard equipment
ond |z not to be used otherwise or
reproduced without written consent of the
Hewlert —Packard Company.

28 23334

52 s
saiax AP igeza

FIGURE 4-19 AMPLITUDE DISCRIMINATOR UNIT
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FIGURE 4-20 DECADE DIVIDER UNIT
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SECTION V
TABLE OF REPLACEABLE PARTS

NOTE

Readily avallable standard-components have been used
in this instrument, whenever possible. However, special
components may be obtained from youar local Hewletf-

Paekard representative or from the factory.

When ordering parts always incluade:

l. % Stock Number

2. 'Complete desc ription of part igecluding ¢ir-
et Teferense;

3, Model number and serial aumber of in-
SEraonent.

If part i8 not listed give complete descrip-
tion, function, and location of part.

.S

’
If there are any corrections for the Table of Replaceable
Parts they will be listed on an Instruction Manual Change

n

sheet at the front of this manual.
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TABLE OF REPLACEABLE PARTS

Same as Cll15

* See "1ist of Manufacturers Code Letters For Re

# Total quantity used in the ingt rument,

[ CirCUTT  STOCK
REF, DESCRIPTION, MFR. * & MFR. DESIGNATION NO. f
C 101 Capacitor: fixed, coramic, 15-.38
<01 uf, tol. -0%, - 1507, 1000 vdew (o
Clu2 thru | Capacitor: Fixgd, miea, Ii=17 3
Cl105 2% pf, =109, 500 vdew 4
Cl106 Capacitor: fixed, mica, Li-10 2
W0 iy 210'%, 500 view R
C107 Same as C102
Cl0s Capacitor: fixod, mica, 115
15 j}_af, .10—_?} ':‘U'.' \ e Z%
ClO9 tiaru | These circuil refercnces ot assigne
Cl13
(O 1% Capatitor: fixow, miiva, L. =100 2
100 ;. =10%, 500 vdew iz
GG Cupacitor; fixed, mica, 1+ -6 s
49wk, #1077, 500 wdew ik
kD, 117 Same a5 1C1e1
el Same a5 CIli
Cl19 Capacitor: Lixed. mica. 1d-18 1
82 ., +10%, 500 wdicw Vi
120 same as Clls
L0 Same as Clo]
€122 Capacitor: lxod, coramic. 1a-29 1
S ;0.5 g 500 vacy K*
C12i3 Capacitor: fixed, oil filled paper, L=10 2
“ uf, 600 velew zr 1
Cl24 Capacitor: fixed, ceramic disc, 15-54 1
02 f, tol. 0% +100%, 600 vdcw
Radio Material Corp,
G125 Capacitor: fixed, electrolytic, iB-42HP I
4 sections, 20 nl/seet. , 450 videw Ca*
Cl126 Same as CI06
cl27

plac:e-u{ale Parts Table" :




TABLE OF REPLACEABLE

PARTS

Section V Page 3

CIRCUTIT
REF.

DESCRIPTION, MFR. * & MFR. DESIGNATION

i STOCK
NO.

€128, 129

€130, 131

ClL3E

C133
c134
C135
ClL38

0137, €138,
€140

C139, C141 |

thry 2200 |
201

202

C204

\
C 204

CZ20%

(@]

\
|
i

Same as Cl23

Capacitor; fixed,
20, uf, 290 vde

Samie'as Cl0L

Capacitor: fixed, oil filled paper,
GO0 vdew

0 s,

Capacitor: fixed,
470 guf, £ 10'%,

Capagcitpr: [igza,
5 SR (TR | ¢

Sameas Chde

Samo asCLol
Dioge-mireuit el

Capacitor: Fixe

=

cloctrolytic,

A

IhEIASCE

600 Ve w

papeT,
o0 vacw

10 A ned assien

oL E {1
)5 R e 1

OO vhew

CAPRCTTON f 1N
o 1 4] tipet
&t Tackia

R e e - HSANS ReR
295k, T (L]

Saine as Clil

Capsatitor: tixee, S31vi Y
39 g, 9%, R0

Capaeitor: . fixed, mea

R ST e TR

EGapiciton: -Fixod]
55T f

BN vidkew

silver shiea,
00 wdow

ce*

ce*

cecH*

AAX

16-20HP

16-54

1i-62

16-15

15 =164

(&

* Sec " List of Manuviacturers Code Letters For Replaceable Parts Table',
# Total gquantity used in the instrument,
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TABLE OF REPLACEABLE PARTS
CIRCUIT & STOCK
REF. DESCRIPTION, MFR. * & MFR. DESIGNATION NO. #
C209 Same as C207
C210 Capacitor: fixed, silver mica, 15-163 1
3900 i, +2%, 500 vdew V*
c21 Same as C207
c2iz2 Capacitor: fixed, paper, 16-128 1
.039, +2%, 400 vdew
Hopkins Engineering Co,
C213 Same as C207
Ccz2l4 Capacitor: fixed, paper, 16-127 I
0.39 f, +2%, 400 vdew
ilopkins Engineering Co.
C215 Capacitor: fixed, mica, 1:i-65 2
390 ,uf, 500 vdcw Z*
C216, 217 | Capacitor: fixed, mica, 14-66 2
220 -J'-Ufs 1107(, 500 vdew Zit
C218 Same as C215
Cc219 Capacitor: fixed, mica, 14-64 1
3300 yuf, +10%, 500 vdew b
Cc220 This circuit reference not assigned
C221 Capacitor: fixed, ceramic, 15-4 1
39 yuf, +5%, 500 vdew K*
CRIL, 2,3 Rectifier, selenium AA*| 212-60 3
DI.101 Delay Line HP*| 522B-60B 1
Pl Fuse, cartridge: 3.2 anp, 211-45 1
3AE type, 115V A
Fuse, cartridge: 1.6 amp, 211-15 1
JAE type, 230 V e
I Lamp, neon: NEBL 211-27 1
(display time indicator lamp) BO*
12 thru I6 | Lamp, incandescant: 6-0V, 211-47 5
.15 amp, #47 N*

* See " List of Manufacturers Code Letters For Replaceable Parts Table" .
# Total quantity used in the instrument.




TABLE OF REPLACEABLE PARTS

Section V Page 5

CIRCUIT % STOCK
REF. DESCRIPTION, MFR. * & MFR. DESIGNATION NO. #

J1 thru J7 | Receptacle: connector, BNC LL*| 125-9 i/

L1 thru L:d| These circuit refzrences not assigned

L5 Reactor: 6H at 125 ma, 240 ohms Paeco 911-12 1

L6 This circuit reference not assigned

LA Coil, oscillator: .70 mh HP*| 522B-50A | 1

Pl Power cord Elec; ‘Cords Co. 812-56 1

R101 Resistor: fixed, composition, 23-120K 6
120, 000 ohms, +10%, 1/2 W 2

R102 Resistor: fixed, deposited carbon, 33-20K 4
20,000 ohms, 1%, 1/2 W NN*

R103 Resistor: fixed, deposited carbon, 33-683.TK| 2
683, 700 ohms, +1%, 1/2 W NN*

R104 Resistor: fixed, composition, 23-180K 2
180, 000 ohms, +10%, 1/2 W BF

RI105 Resistor: variable, composition, 522B-15 2
linear taper, 250,000 ohms HP*

R106 Resistor: fixed, depositec carbon, 33-360K 2
360, 000 ohms, +1%, 1/2 W NN*

R107,108 [ Same as R102

R109 Same as R103

RI110 Same as R104

RI111 Same as R105

RI112 Same as R106

R113 Same as R102

RI114 This eircuit reference not assigned =

RI115 Resistor: fixed, composition, 23-15M 2
15 megohms, +10%, 1/2 W B*

R116, 117 Resistor: fixed, composition, 23-22K 2
22,000 ohms, +10%, 1/2 W B*

* See ""List of Manufacturers Code Letters For Replaceable Parts Table' .
# Total quantity used in the instrument.




TABLE OF REPLACEABLE PARTS

Section V Page 7

CIRCUIT & STOCK
REF. DESCRIPTION, MFR. * & MFR. DESIGNATION NO. i

R137 Resistor: fixed, composition, 24-56K )
56,000 ochms, +10%, 1 W B

R136 Resistor: fixed, coniposition, 23-470K Tt
470, 000 ohms, +10%, 1/2 W B

R139 Same as R137

R1i0 Resistor: fixed, composition, 24-10K o
10, 000 ohms, -10%, I W B*

R4l Same as R137T

R142 Same as R136

R143 Resistor: fixed, composition, 2+-10K 1
18, 000 chms, -10%, | W B

Rl:4 Resistor: fixed, composition, 22-4,TM 1
4.7 megohms, 107, 1 W FE i

R145 Resistor: fixed, composition, 24-820K 1
820, 000 ohms, 10, 1 W B

R146, 147 | Same as R120

R1i8 Resistor: fixed, composition, 24-150K 1
150, 000 ohms, -10';, 1 W B

R149 Same as R131

R150 Resistor: fixed, composition, 23-68K 2
68, 000 ohms, .10%, 1/2 W B*

R151 Same as R124

R152 Resistor: fixed, composition, 24-100K 6
100, 000 ohms, 1107, 1 W B*

R153 Resistor: fixed, composition, 24-220K 3
220,000 ohms, +10%, 1 W B

R154 Resistor: fixed, composition, 24-39K 1
39, 000 ohms, +10%, 1 W Bk

R155 Same as R120

R156 This circuit reference not assigned

* See " List of Manufacturers Code Letters For Replaceable Parts Table" .
# Total quantity used in the instrument.
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TABLE OF REPLACEABLE PARTS

CIRCUIT & STOCK
REF. DESCRIPTION, MFR. * &MFR. DESIGNATION NO.

R157 Resistor: fixed, composition, 24-270
270 ohms, +10%, 1 W B*

R158 Same as R131

R159 Same as R152

R160 Resistor: fixed, composition, 24-22K
22,000 ohms, +10%, 1W B*

R161 Same as RI150

R162 Resistor: fixed, composition, 24-1000
1000 ohms, +10%, 1 W Bt

R163 Same as R124

R164 Same as R153

R165 Same as RI140

R166 Same as R137

R167 Same as R157 Electrical value adjusted
at factory

R168 Resistor: variable, composition, linear taper, 210-97
5 megohms, +20%, includes S7 BO*

R169 Resistor: fixed, composition, 25-56K
56, 000 ohms, :10%, 2 W B*

R170 Same as RI160

RI71 Resistor: fixed, composition, 24-33K
33, 000 ohms, 10, 1W B

R172 Resistor: fixed, composition, 24-470K
470, 000 ohms, +10%, 1 W B*

RI173 Resistor: fixed, composition, 24-270K
270,000 ohms, +10%, 1 W i

R174 Resistor: variable, composition, linear taper, 210-209
30, 000 ohms, +20% BO*

R175 Same as R153

* See "List of Manufacturers Code Letters For Replaceable Parts Table",
# Total quantity used in the instrument.




TABLE OF REPLACEABLE PARTS

Section V Page 9

CIRCUIT & STOCK
REF. DESCRIPTION, MFR. * &MFR. DESIGNATION NO.

RI76,177 | Resistor: fixed, wirewound, 26-3
3000 ohms, 107, 10 W S*

RIT8 Resistor: fixed, composition, 25-470
470 ohms, +10%, 2 W B*

R179 Resistor: fixed, composition, 2:4-33
33 ohms, +10%, 1 W B*

R180 Resistor: fixed, composition, 23-130K-5
130, 000 ohms, +5%, 1/2 W S

Ri&1 Resistor: fixed, composition, 23-91K-5
81, 000 ohms, 5%, 1/2 W %

R182 Same as R128

R183 Resistor: fixed, composition, 24-120K
120, 000 ohms, +10%, 1 W B*

R134 Resistor: variable, composition, 210-19
200, 000 ohms, ,20%, 1/4 W I*

R165 tesistor: fixed, wirewound, 7-5
500 chms, 107, 20 W s*

RLGE thru | These cireuit referencoes not assigned

R200

R201 Resistor: fixed, composition, 24-3300
3300 chms, 107, 1 W 125

R202 Resistor: fixed, composition, 4-560K-5
360, 0U0 ohms, . 3%, 1 W B*

R203 Same as R120

R20 Same as R126

R20% Resistor: fixed, composition, 23-8200
8200 ohms, $10%, 1/2 W B*

R206 Same as RI130

R207 Resistor: fixed, composition, 24-110K-5
110, 000 ohms, 5%, 1 W B*

R20¢ Hesistor: fixed, composition, 24-3000-5
2000 ohms, 5%, 1W B

* See " List of Manufacturers C

# Total quantity used in the instrument.

ode Letters For Replaceable Parts Table' .
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TABLE OF REPLACEABLE PARTS

CIRCUIT & STOCK
REF. DESCRIPTION, MFR. * & MFR. DESIGNATION NO.

R209 Same as RI157

R210 Resistor: fixed, deposited carbon, 31-2.163M
2,163 megohms, +1%, 1 W NN *

R211 Resistor: variable, composition, 210-36
50,000 ohms, +10% B*

R212 Resistor: fixed, composition, 2--82K-5
82,000 ohms, +57%, 1 W B

R213 Resistor: fixed, composition, 24-22K-5
22,000 ohms, +5%, 1 W B

R214 Same as R152

R215 Same as R130

R216 Same as R207

R217 Same as R208

R218 Same as R157

R219 Same as R210

R220 Same as R211 3

R221 Same as RZ212

R222 Same as R213

R223 Same as R152

R224 Same as RI30

R225 Same as R207

R226 Same as R208

R227 Same as RI157

R228 Same as R210

R229 Same as R211

R230 Same as R212

R231 Same as R213

# Total quantity used in the instrument.

* See " List of Manufacturers Code Letters For Replaceable Parts Table' .
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CIRCUIT
REF.

# STOCK

DESCRIPTION, MFR. * & MFR. DESIGNATION NO.

R 232
R233
RZ34
R230
R2 38
R237
R233
R239
R2i0
2 il
R2-2

£
R2

R2:3

RZ46

R262

R253

R254

Samoe 48
Sam. a3
Sama as
Same as
Same as
Same as
Samie 1S
S s

Sam ~as

Sl A8

R152
R130
R207
R208
R157
RZ10

RZ1i

Sanw as R211
Same a5 R212
Same ags R213
Sami as RILS
R. 518t fixed, composition a7

Rosistor

SAHe 4s

|\ e o iy

1000 obirns A B¥

. ohms, 1 10%: . SLW B3

o fERad

10, 000 ohms,

23-10K

camposition,

{EREES 7 B

’

R1GH

23-1000

fisesil, composition,

£}

L

* See ' List of Manufasturers Code Letters For Replaceable Parts Table' .
# 'Total quantity used in the instrument.
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TABLE OF REPLACEABLE PARTS

CIRCUIT & STOCK
REF. DESCRIPTION, MFR. * & MFR. DESIGNATION NO. #

R255 Same as R101

R256 Resistor: fixed, composition, 23-1. 6M 4

1.8 megohms, +10%, 1/2 W B*

R257 Same as R254

R258 Same as R101

RZ59 Same as R256

R260 Same as R254

R261 Same as RI101

R262 Same as R256

R263 Same as R254

R264 Same as R101

R265 Same as R256

R266 Same as R254

R267 Same as RI101

S1 Function Switch Assembly HP*| 522B-95D I

52 Switch, toggle: SPST Dk 310-11 2

S3, 4 Switch, toggle; SPDT D* | 310-12 2

S5 Switch, toggle: DPDT D* | 310-54 1

S6 Switch, pushbutton: SPDT KK*| 310-53 1

ST part of R168

S8 Switch, rotary: frequency unit W* | 310-109 ]

S9 Switch, rotary: time unit W* | 310-108 1

S10 Same as S2

41 Transformer, power Pazco 910-93 1

V101 Tube, olectron: 5963/42 AUT 27+ 212-5063 | 12

* See " List of Manufacturers Code Letters For Replaceable Parts Table" .
# Total quantity used in the instrument.
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TABLE OF REPLACEABLE PARTS
CIRCUIT & STOCK
REF. DESCRIPTION, MFR. * & MFR. DESIGNATION NO.
V102 Tube, electron; BALS ZZ*| 212-6AL5
V103 Same as V101
V104 Tube, electron: 5844/ GI6 ZZ*| 212-5844
V105 Tube, electron: 2D21 ZZ*| 212-2D21
V106 Same as V102
V107 Same as V105
V108 Tube, electron: 6BH6 ZZ*| 212-6BH6
V109 Same as V102
V10,111 | Tube, electron: 5915/ GREG ZZ*| 212-5915
Vii2 Same as V102
V113, 114, | Same as V110
1LE
V116 Tube, electron: 5U4GA/B 27| 212-
5U4GA /B
V117 Tube, electron: 6ASTGA ZZ* 212-
B6ASTGA
V118 Tube, electron: 6CB6 ZZ* 212-6CB6
V119 Tube, electron: OB2 ZZ*| 212-0B2
Zl5thru Model AC-4A Plug-In Decade Counter HP*| AC-4A
Z
MISCELLANEOQOUS
Air filter (rack model) Research Prod. Co. | 314-21
Crystal oven HP*| G-69A-Al
Crystal: 100 ke HP*| G-69A-B2
Decimal Indicating Rod Assembly HP*| 522B-83A
Escutcheon HP*| 522B-99

* See " List of Manufacturers Code Letters For Replaceable Parts Table' .
# Total quantity used in the instrument.
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TABLE OF REPLACEABLE PARTS

CIRCUIT
REF.

DESCRIPTION, MFR. * & MFR. DESIGNATION

#» STOCK
NO.

Fan, motor General Ind. Co.

Fan, blace: cabinet model
rack model
Fusecholder

Kit: for connecting Model 522B to
Model 560A

Kit: to connect cabinet model to
rack model

Knob; TIME INTERVAL (2),
DISPLAY TIME

Knob: FUNCTION SELECTOR

Knob: TIME UNIT
FREQUENCY UNIT

Lampholder

Pilot Light Assembly (I1)

Pilot L ight Assembly (12)

Reactor: 60 mh (for Delay Line)

Switch and Cable A ssembly: includes
time unit, function selector and
frequency unit switches complete
with interconnecting wiring

Soluble oil: for air filter

B
BD*

T*

Hp*

HP*

151 2

|k 2

HP*
JJ*
e
Im*

HPF

HPY

HP*

314-43
314-45
314-44
140-16

022B-95A

522B-95B

G-T4G

G-T74N

G-T4P

145-10
145-6
145-2

522B-
50B-1

922B-19A

314-18

* See " List of Manufacturers Code Letters For Replaceable Parts Table" .
# Total quantity used in the instrument.
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TABLE OF REPLACEABLE PARTS
CIRCUIT & STOCK
REF. DESCRIPTION, MFR. * & MFR. DESIGNATION NO. #
AMPLITUDE DISCRIMINATOR 522B-58B| 3

PLUG-IN UNIT Hi=

€l This circuit reference not assigned

c2 Capacitor: fixed, mica 14-69 6
22 ¥, +5%, 300 vdew V*

C3 Capacitor: fixed, ceramic 15-43 2
.01 4f, tol. -0%, +100%, 1000 vdew ces

C4 Same as C2

&7 Same as C3

R1 Resistor: fixed, composition, 24-56K 1
56, 000 ohms, =10%, 1 W
Electrical value adjusted at factory B#

R2 Resistor: variable, composition, linear taper, 210-115 3
500 ohms, +20%, 1/10 W G*

R3,4 These circuit references not assigned

RS Resistor: fixed, composition, 24-15K 6
15,000 ohms, +10%, 1 W B*

RE Resistor: fixed, composition, 23-4TK 6
47,000 ohms, +10%, 1/2 W Bt

R7 This circuit reference not assigned

R8 Resistor: fixed, composition, 24-12K e
12, 000 ohms, +10%, 1 W B*

R9 This circuit reference not assigned

R10 Same as R6

R1l Same as Rb

Vi, 2 Tube, electron: 5963 ZZ*| 212-5963 2

DECADE DIVIDER PLUG-IN UNIT HP*| 524B-4A il

e, 2 Capacitor: fixed, mica 14-74 11
47 Iu_}jf, is%, 300 vdew Vi*

Cc3 Capacitor: fixed, miea, 14-76 2

100 1f, 5%, 300 vdew v+

* See "List of Manufacturers Code Letters For Replaceable Parts Table" .
# Total quantity used in the instrument.
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DECADE DIVIDER

TABLE OF REPLACEABLE PARTS

CIRCUIT & STOCK
REF. DESCRIPTION, MFR. * & MFR. DESIGNATION NO.

C thru Same as Cl

Gl

Cl3 Capacitor: fixed, ceramic, 15-43
.01 4f, tol. -0%, +100%, 1000 vdew cer

Cla Same as C3

(@15 Capacitor: fixed, mica, 14-75
5k, +5%, 300 vdcw 3k

R1 Resistor: fixed, composition, 23-4TK-5
47,000 ohms, +5%, 1/2 W B*

R2 Resistor: fixed, composition, 23-
270,000 ohms, +5%, 1/2 W B* | 270K-5

R3 Resistor: fixed, composition, 23-
100, 000 ohms, +5%, 1/2 W B* | 100K-5

R4 Resistor: fixed, composition, 2d-
7,000 ohms, +10%, 1 W B* | 47K (C)

R3 Same as Rl

R6 Same as R2

R7 Same as R3

RE Same as'RI

RS Same as R2

RI10 Same as R3

R11 Same as R4

R12 Same as Rl

RI13 Same as R2

R14, 15 Same as R3

R16 Same as R2

R17 Same as Rl

R18 Same as R4

* See ""List of Manufacturers Code Letters For Replaceable Parts Table' .
# Total quantity used in the instrument.
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LIST OF CODE LETTERS USED IN TABLE OF REPLACEABLE

TO DESIGNATE THE MANUFACTURERS

MANUFACTURER

™ M- ) &

SR T

e
o

N.<>:E<c-4mmo'uoz:{r‘t'-

oo ey W
Gl § Gl

m m

= T @
I O

Aeravox Corp.
Allen:Brad!cy Co
Amperite Co.

Arrow, Hart & Hegeman

lussman Monufocturing Co.
Carborundur Co.
Ceontralob

G orih=deney Mfg. Co,
Howleit-Pociard Co
Clarestat Mig, Co,

Curigl Dubil
4G Divisiue of Aerovox

Erie Resistor Corp.

Fed. Telepnone & Radie Corp.
General Eloctric Co,

Goneral Electric Supply Corp.
Girard-Hopkins

Industrial Products Co.
International Resistance Co.
Lectrohm! ine,

Littiefuse lnc

Maoguire Industries lne.
Micamold Radio Corp.

Oox Manufacturing Co.

P. R. Mallery Co., Inec.

Radic Corp. of America
Sangamo Electric Co

Sarkes Tarzicn

Signal Indicateor Ce

Sprague Eleciric Co.
Stackpole Carbon Co
Sylvanio Electric Products Co.
Western Electric To.

Wilkgr Products lne,
Amphernol

Dioi Light Co. of America

Leacroft Manufarturing Co.
Switcheraf
Gremar Meruiscturing Co,
- ~

Carad Curp

flpctra Manufacturing Co.
Acro Monufacturing Co.

‘e nge Manufacterng Co.
reo Electronies, lac.
astron Corp

Brothers ne

dup Monstacturing Co.

a Electronics Curp

Barve- Colnian Co

Lud Radio i«

Lllen B, Cordwell Mig. Co,
Cinema Engineering Co.
Any brand tuwe meeting
RETMA stardurds

Corning Glass Warks

Dale Produets, Inc

The Drake Mfg. Co.

E ce C’J'F)

ST S

Trnonmias & Eq sar lac.
Fansteel Matallurgicoi Corp.
Tieneral Ceiunnics & Steatite Corp.

Tne Guoeman Ce

MANUFACTURER

CODE
ADDRESS LEITER
Nrow Bedford, Mass, AK
Milwaukee 4, Wiy AL
New York, N, Y A
Hartford, Cann. AN
St. Louis, Mo. AOD
Niagara Falls, N Y. AP
Milwaukee | Wis. AG
Chicago 24 1 AR
Palo Alto. Calt AL
Dover, N, H AT
Sauih Plainfinia o J Al
Dlean, MY A
Erip & Pa AN
Clifton M. J. AX
Schinectady 5, N.Y, AY
San Francisco, Calif AL
Qakland, Calid SN
Banbury, Cenn BC
Philadelphia 8 Pa. (e
Chicago 20, L 8E
Das Plaines, B
Greenwich, Conn BG
Srooklyn 37 N Y. BH
Chicaga 10, i} Bi
inglanapolis, ind. 4
FHarrison, N. J B
Marian, 1. Bl
8loomington, Ird B
Brooklyn 37, N Y fad
Morth Adams Moss, BO
St. Marys, Pa g
Warren, Pa. BE
Niw York 5, M, ¥, B
Cleveland: O 85
Chicago 50 ! 81
Brooklyn 37, N Y B
New York, 3 gk a8 B
Chicago 22 1 W
Wokefield, Mass, ()1
Redwood City, €oif. 3Y
Kansas City, Mo B2
Columbus 16, Chia CA
Alllance, Ohie [85:
New York 13, N Y (@8]
East Nework N J CE
Long lsland City, M. Y CE
Chicago 44, Hl. CG
Cleveland 14, Onio CH
Rockford, L &l
Cleveland 3, Ohio a2t
Pla.nville, Conn. (B¢
Burbank Calif. CL
CMm
CN
Ceorning. N. Y. cO
Columbus, Neb. [
Chicage 22, Ili. cQ
Philadelphia 24, Pa. CR
Philadelphia 44, Pa. CS
West Orange, N. J. (26
Narth Chicage. il cu
Keasbey, N. J. Ccv
Sunnyvale, Calif. Ccw

Hamme:lund Mfg_ Co., Inc.
Industr.al Condenser Corp.
Insuline Corp. of America
Jennings Radio Mfg. Corp.
E. F. Johnson Co.

Lent Elnctric Mig. Co.
Micro-Switch

Mrchan cal Industries Prod. Co
Model Eng & Mfr_:,, Ine.

The NMater Ca

hmit ‘."5. Co,

Revistarce Proalets Co
Radiv Condenser Co.
Shalleross Manufaciuring Ce
Selar Manufacturing Co.
Sealsctro Corp.

Spencer Thermostat

Stovens Manufasturing Co.
Tarrington Manutacturing Co.
Vectar BElectronic Co

Wi stan Electrical Inst. Corp.
Advance Electric & Relay Co,
E. | DuPont

Elgetranics Tube Carp
Alircraft Radio Cotp.

Allind Cantrol Co., Inc
Augat Beothers, Inc.

Carter Radio Division

CBS Hytran Radio & Electric
Chicage Telephone Supply
Henry L. Crowley Co,, Inc.
Curtiss Wright Corp.

Allen B, DuMaont Labs

Exce! Tronsiormer Co.
General Radie Co.

Hughas Aircraft Co.
International Reetifier Corp.
Jomes Knights Co.

Mueller Electric Co.
Procision Thermometor & [nst. Co.
Raalo Essentials Inc,
Raytheon Manufacturing Co.
Tung-Sol Lamp Waorks, Inc.
Yaorian Associates

Victory Engineering Corp
Wckesser Co.

Wilco Corporation
Winchester Electronics, Inc.
Malco Tool & Die

Oxford Electric Corp.
Carmioe-Fastener Corp.
Gnorqe K. Garrett

Union Switeh & Signal

Radio Receptor

Automatic & Precision Mfg. Co.
Bassick Co.

Birnbach Radie Co.

Eischer Specialties
Telefunken [c/o MVM, Ine.)
Potter-Brumfield Co.
Cannon Electric Cao.

Dynioc, Inc.

Good-All Electric Mfg. Co.

2A0TS

ADDRESS

MY
Chn‘_u-qc- IB, i
tanchestar, N, H.
Yan Jose, Calif.
Waseca, Minn,
Chizago 47, 1L
Frooport, Ll

Avron 8, Ohio

Huntingtan, Ind:

Hew Yaork |,

Chicogo' s, il

Skokie A
Huorrisbueg, Pa.
Samden 3, N.J.
Collingdale, Pa.

Los Angetes 58, Calif.
tew Rachalla, N, Y.
Attleoro, Mass.
Marnsficld Ohio

van Nuys Calif.
Loy Angeles 65, Calif
Noware 5, N, J.
Burbark Calif.

on Francisco, Calif.
Philadelphio 18, Pa.
Boonton M. J.

Maw York 20, NCY.
Attleboro, Mass.
Chicoge, II!

Danvers Mass
Elrhart Ind

VWest o'l:nq(- NG
Carlstadt. M. J,
Clitton N. J.
Oakland, Calif.
Cambridge 39, Mas:.
Culver City, Calif.
B! Sequndo, Calif
Sandwich, |li.
Cievelond. Ohio
Pniladelphia 30, Pa.
bt Yernon, N Y,
Nawton, Mass
Nowark 4 N, J

Falo Alto Calif.
inion N, J
Chicage 30 Ll
ird;anapolis, Ing
Sﬂﬂ.-‘u Monica Calf.
o5 Angeles 42, Calif
Chicago 15, HIL
Paramus, N, J.
Philadelphia 14, Po
Swissvale, Pa.

Now York {1, N Y
Yonkers, N. Y,
8ridgeport 2. Conn.
New York {3, N Y
Zincinnati 6, Ohio
MNow York, N Y.
frinceton, Ind

Los Angeles. Calif.
Pulo Alto, Colif.
Qgallala, Nebr.



