


HHIHH

S
nIN

HEWLETT (ip; PACKARD

CERTIFICATION

The Hewlett-Packard Company certifies that this instrument was
thoroughly tested and inspected and found to meet its published
specifications when it was shipped from the factory. The Hewlett-
Packard Company further certifies that its calibration measurements
are traceable to the U.S. National Bureau of Standards to the extent

allowed by the Bureau’s calibration facility.

WARRANTY AND ASSISTANCE

All Hewlett-Packard products are warranted against defects in
materials and workmanship. This warranty applies for one year from
the date of delivery, or, in the case of certain major components listed
in the operating manual, for the specified period. We will repair or
replace products which prove to be defective during the warranty
period. No other warranty is expressed or implied. We are not liable

for consequential damages.

For any assistance contact your nearest Hewlett-Packard Sales and
Service Office. Addresses are provided at the back of this manual.
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OPERATING AND SERVICE MANUAL

MODELS 524C/524D
ELECTRONIC COUNTERS

MODEL 524C--SERIALS PREFIXED 234-
AND SERIAL NUMBERS 141-04326 TO 141-04725
MODEL 524D-SERIALS PREFIXED 141-
This manual applies directly to the standard & Model 524C
and 524D Electronic Counters listed above.

MODEL 524C--SERIAL NUMBERS 141-04325 AND BELOW
MODEL 524C AND 524D--SERIALS PREFIXED 116-, 042-,
029-, 018-, 004-, 429-, OR 249-; OR SERIAL NUMBER 447 AND BELOW

Table 6-1 lists the changes required to make this manual

apply to these older instruments.

OPTIONS 01 AND 02
These currently available options are described in Section VI,
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Section I Models 524C/D
Figure 1-1

Figure 1-1. Model 524C and 524D Electronic Counters
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Models 524C/D

Section I
Paragraphs 1-1 to 1-2

SECTION |
GENERAL DESCRIPTION

1-1. INTRODUCTION.

The Models 524C and 524D Electronic Counters are
precision counters which can measure frequencies to
10.1 megacycles and display the readings in digital
form on an eight-place indicating system. In addition
to making direct frequency measurements, the coun-
ters can measure period, frequency ratio, and total
events, The counters can also count random events
such as encountered in nuclear work. A self-check
feature enables an operator to verify instrument oper-
ation for most types of measurements.

The internal oscillator of the 524C and 524D is stable
within 5 parts in 108 per week, Thus these counters
are good secondary frequency standards and in many
cases can replace more elaborate installations.

To increase the range of measurement of Model 524C
and 524D Electronic Counters, seven accessory plug-in
units are presently available, These plug-in units,
their functions and specifications, are shown in figures
1-4 through 1-10. (If earlier-type plug-ins are to be
used with the counters described in this manual, see
paragraph 1-9 for a small modification which should
be made.) In addition to the plug-ins, the Model 540B
Transfer Oscillator also is available as a companion
instrument. The transfer oscillator extends the fre-
quency range of a Model 524C or 524D equipped with a
525B or 525C Frequency Converter to at least 12.4
gigacycles.

Figure 1-2. Model 540B Transfer Oscillator

The Models 524C and 524D are identical except for
type of readout, The 524C uses eight in-line digital
display tubes behind a light filter, and can blank the
readout during count time. The 524D uses eight num-
bered masks, illuminating one number in each mask;
the readout is visible at all times.

The text and illustrations throughout this manual refer
primarily to the 524D. However, they apply equally
well to the 524C except where specifically noted.
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The text and illustrations throughout this manual refer
primarily to the 524D. However, they apply equally
well to the 524C except where specifically noted.

The text and schematic diagrams included in this
manual cover all circuits except the AC-4 Decade
Counter plug-in units. The AC-4 Decade Counter units
are covered in a separate Operating and Servicing
Manual.

1-2. BASIC OPERATING PRINCIPLES.

A. MEASURING FREQUENCY. Figure 1-2 shows

the basic circuit arrangement of the Model 524D
Electronic Counter. For frequency measurement the
signal is fed through a Signal Gate to a series of digi-
tal type counters. A precision time interval obtained
from the Time Base Section opens and closes the Sig-
nal Gate for an extremely accurate period of time, for
example, 1 second. The counters count the number of
cycles entering through the gate during the 1-second
interval and then display the total. The answer is
read directly as the number of kilocycles occurring
during the 1-second interval. The period of time the
Signal Gate remains open is set by the FREQUENCY
UNIT switch. For each position of the FREQUENCY
UNIT switch the illuminated decimal point is automati-
cally positioned so that the answer is always read
directly inkilocycles per second. The answer is auto-
matically displayed for a period of time determined by
gate time or the setting of the DISPLAY TIME control
on the front panel, whichever is greater.

B. MEASURED PERIOD. To measure period or time

interval the 524D reverses the application of the
two signals as shown by the dotted line in figure 1-2.
The period or time interval to be measured is con-
nected to open and close the Signal Gate while one of
the standard frequencies from the Time Base Section
is passed through the Signal Gate to the counters. When
measuring period, one cycle of the incoming signal
opens the gate, the next cycle closes it. The number
of cycles of the standard frequency from the Time Base

COUNTERS

<:> SIGNAL
GATE

TIME BASE I \5'4/'[ OFENING AND
GENERATOR CLOSING SIEMAL

80 -L-138

Figure 1-3. Basic Diagram of 524D
1-1




Section I
Paragraphs 1-3 to 1-9

that occurred during the period are then indicated on
the counters. The standardfrequencies obtained from
the Time Base have been selected so that the answer
to the measured period will always be displayed in
direct-reading units of time: seconds, milliseconds,
or microseconds.

Provision is also made in the circuit to permit meas-
urement of the average of 10 periods of the unknown
frequency. Higher accuracy can thus be obtained than
with period measurements,

1-3. ACCESSORIES FURNISHED OR AVAILABLE.

One 4-foot AC-16K Cable Assembly is supplied with
each 524D ordered, except that when the 526B Time
Interval Unit is part of the order, two identical 4-foot
video cords are supplied.

Two special connector cables are required for com-
pleting the necessary electrical connections to a plug-in
unit when it has to be removed from the main instrument
for tests and adjustments. Special 13-1/2 inchlong test
cables for this purpose, equipped with pairs of 8- or
16-connector Amphenol type plugs,are available from
the factory. Specify @ 524B-16Q (8 contact) and hp
524B-16P (16 contact) when ordering.

1-4. COOLING SYSTEM.

The 524D uses a forced-air cooling system, Air in-
take andfilter arelocated at the rear of the instrument.
For adequate ventilation,allow at least3 inches clear-
ance about the filter and cabinet louvers. Keep the
filter clean, Inspect the elementregularlyand iffilter
is dirty, clean it, See paragraph 4-4.

The instrument is provided with an internal thermal
cutout (TC201)to prevent overheating. See figure4-13
for location. If normal air flow is restricted by a dirty
air filter or inadequate ventilation around the cabinet,
TC201 will be activated. Excessively high ambient
temperature will also activate TC201,

Remove cause of excessive temperature, allow in-
strument to cool, and reset TC201. A plug button in
the side of the cabinet can be removed to reset TC201.

1-5. 230-VOLT OPERATION.

A switch located on the instrument rear converts the
Model 524C/D for use from either a 115-volt or 230-
volt, 50-60 cps power source. The switch changes
the connections of the dual primary windings of the
power transformers and the dual primary windings of
the crystal oven heater transformer from parallel
combinations to series combinations, or vice versa.
Switch positions are marked 115 and 230.

115V OPERATION

i

230V OPERATION

i

115V
230V

RO

1-2

Models 524C/D

To convert the instrument from a 115-volt operation to
230-volt operation, or viceversa, proceed as follows:

a. Remove air filter from rear cover.

b. Insert a screwdriver into the switch slot and
slide the slot until the marking indicates the desired
line voltage.

c. Remove screwdriver and re-install air filter.

d. Replace the line fuse. A 6.25 amperes slow-
blow fuse should be used for 115-volt operation; a 3.2
amperes slow-blow fuse should be used for 230-volt
operation.

CAUTION

Be sure the 115/230V switch is set at the
proper position before applying power to the
instrument. Incorrect setting of the switch
can result in damage to the instrument.

1-6. POWER CABLE,

To protect operating personnel, the National Electrical
Manufacturers' Association (NEMA) recommends that
the instrument panel and cabinet be grounded. This
instrument is equipped with a three-conductor power
cable which, when plugged into an appropriate recep-
acle, grounds the instrument. The offset pin on the
power cable three-prong connector is the ground wire.

To preserve the protection feature when operating
instrument from a two-contact outlet, use a three-
prong to two-prong adapter and connect the green pig-
tail on the adapter to ground.

~ 1-7. UNPACKING AND INSPECTION..

If shipping cartonis damaged, askthat carrier's agent
be present when instrument is unpacked. Inspect
instrument for damage (scratches, dents, broken
knobs, etc.). I instrument is damaged or fails Per-
formance Check (Paragraph 4-5), notify carrier and
nearest Hewlett-Packard sales and service office
immediately. (Sales and service offices are listed at
the back of this manual.) Retain shipping carton and
padding material for carrier's inspection. The sales
and service office will arrange for repair or replace-
ment of instrument without waiting for claimagainst
carrier to be settled. .

1-8. DECADE COUNTER INFORMATION.

Theplug-in Decade Counter Units (Z1200 through
71206) are described in a separate manual, "AC-4
DECADE COUNTERS" Operating and Service Manual
(supplied).

1-9. PLUG-IN MODIFICATIONS.

Early units of the @ Model 525 and 526 series Plug-ins
had a 100K ohm resistor connected between pins 1 and
5 of P101, the 8-contact connector that mates with
J202, the forward connector in the Counter Plug-in
opening. For maximum sensitivity this resistor should
be replaced with a 22K ohm x10%, 1/2 Watt resistor
(% Part 0687-2231). The 22K resistor value is
standard in later Plug-in units.

00021-4




Model 524C/D

Section I
Table 1-1

Table 1-1. Specifications

GENERAL

Basic Unit for Frequency Measurements, 0 cps to 10.1 mc

FREQUENCY MEASUREMENT (without plug-in units)

Range:
Gate Time:
Accuracy:

Reads In:

10 cps to 10.1 mc
0.001, 0.01, 0.1, 1, 10 seconds or manual control
+1 count + time base accuracy

Kilocycles; decimal point automatically positioned

PERIOD MEASUREMENT (without plug-in units)

Range:

Gate Time:

Accuracy:

Reads In:

Standard Frequency Counted:

Registration:

Stability:

Display Time:
Output Frequencies:
Crystal Oven:

Self Check:

Input Voltage:
Input Impedance:

External Standard:

Connectors:

Power Supply:

0 cps to 100 ke
1 or 10 cycles of unknown
+1 count ttime base accuracy ttrigger error*

+0, 3% of period

*Trigger error = ;
88 periods av.

for signals with 40 db signal
to noise ratio

Seconds, milliseconds, or microseconds; decimal point automatically
positioned

10 cps, 1 ke, 100 ke, or 10 mc, or externally applied frequency

524C, 8 places in-line; 524D, 8 places (99, 999, 999 maximum display)

+5 parts in 108 per week; +3 parts in 108 short term. External 100 kc
or 1 mc primary standard may be used

Variable 0.1 to 10 seconds but not less than gate time; display can be
held indefinitely

Secondary standard frequencies available at front panel; 10 cps, 1 kc
rectangular; 100 kc positive pulse; 10 mc sine wave (stability as above)

Temperature monitored by dial thermometer

Panel control provides automatic count of internal standard 100 kc and
10 mc frequencies to assure accuracy of gate and proper operation of
counter,

1 volt rms minimum/1.5 volt peak. Rise time 0.2 sec (or faster)
Approximately 1 megohm, 40 pf shunt capacitance

100 kc or 1 mc signal from external primary standard can be applied
to unit for highest accuracy. 2 volts rms required. Input impedance,

nominal: 56K, 40 pf shunt

BNC Type

115/230 volts +10%, 50-60 cps, approximately 600 watts

00021-4
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Section I
Table 1-1

Models 524C/D

Table 1-1. Specifications (Cont'd)

GENERAL (Cont'd)
Dimensions:

Weight:

Accessory Furnished:

Complementary Equipment:
(for 524C and 524D)

(for 524C):

Accessories Available:
(for 524C and 524D)

Options:
(see Section VI for details)

Cabinet Mount: 20 in. wide, 21-1/4 in. high, 23-1/2 in. deep (overall)

Rack Mount: NOT ON 524DR
2
1 | feliE
3 16
- *
|3L
+ 3 i
24 K !
N 3
2%
7 o!
1955 L o
2
3
q R .
L 24L i il
N 13
64— —
I-*72 MIN>
16§—=

(for 524C/CR only):

- 19 >
524CR/DR

Cabinet Mount: Net 118 1bs (53 Kg). Shipping 153 lbs (69 Kg)
Rack Mount: Net 108 1bs (49 Kg). Shipping 153 1bs (69 Kg)

@ 10503A Cable Assembly, 48 in. RG-58/U cable, terminated each
end with UG-88/U BNC male connectors.

@& Model 540B Transfer Oscillator (cabinet)
@& Model P932A Harmonic Mixer

@ Model 560A Digital Recorder (cabinet, 8 operating columns). Requires
524D-95A Kit or Option 01

@ Model 562A Digital Recorder (8 columns operation, depends on Options
or modification, see Section VI).

@ Model 561B Digital Recorder (cabinet, 11 operating columns)
Requires 524C-95B Kit or Option 02,

@& 524D-95A Model 560A Digital Recorder Kit for field installation
@ 524C-95E Model 562A Digital Recorder Kit for field installation

Test Cable Set to interconnect & 524 and 525/526 units during test and
adjustment of auxiliary units: specify @ 524B-16P, 16-conductor cable
and @ 524B-16Q, 8-conductor cable

@ 524C-95B, Model 561B Digital Recorder Kit for field installation;
with 6-foot cable, 562A-16C

@ K05-524C Remote Indicator (requires 524C-95B Kit and K07-524C
cable)

@ K0T7-524C Cable for remote indicator; 100 feet maximum

01: Single-line voltage coded decimal output (staircase) for operating
@ 560A Digital Recorder; consists of & 524D-95A Kit installed and tested
at factory. Output connector is MS 3102A-22-14S

02 (for 524C/CR only): 10-line decimal code output for operating
@ 561B Digital Recorder or & K05-524C Remote Indicator; consists of
¢ 524C-95B Kit installed and tested at factory. Output connector is
Amphenol 57-20500

1-4
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Models 524C/D

Section I
Figure 1-4

Range:

Accuracy:

Registration:

Input Voltage:

Input Impedance:

Level Control:

Weight:

Accessory Available:

Resolution:

RANGE-MC

‘v " UNIT
£QUENCY CONVERTER
FreaueNcY SO

Gohg

MODEL.
oot o (Bf) oo
T o s

The Model 525A Frequency Converter Unit increases the
frequency range of a 524C/D from 10.1 mc to 100 mc

SPECIFICATIONS when plugged into ¢ 524C/D:

As amplifier, 10 cps to 10.1 mc. As converter, 10.1 mc to 100 mc

Retains accuracy of 524 counter

8 places; first place indicated on converter selector switch labeled
0, 10, 20 ... 90; next 7 indicated by counter

0.1 cycle to 1000 cycles, depending on gate time

0.1 volt to 10 volts rms, 10 cps to 10 mc; 10 mv to 1 volt rms, 10 mc
to 100 mc

Approximately 1 megohm shunted by 40 pf, 10 cps to 10 mc; approxi-
mately 50 ohms, 10 mc to 100 mc

Tuning eye aids frequency selection; indicates correct voltage level
adjustment

Net 5 1bs (2 Kg). Shipping 8 lbs (4 Kg).

@ 10504A Transit Case, with carrying handle

00021-3

Figure 1-4, Model 525A Frequency Converter Unit
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Section I Model 524C/D
Figure 1-5
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The Model 525B Frequency Converter Unit enables a
524C/D to measure frequencies between 100 mc and 220 mc

SPECIFICATIONS when plugged into ‘@ 524C/D

Range: 100 mc to 220 mc

Accuracy: Retains accuracy of 524 counter

Registration: 9 places; first two places indicated on converter selector switch
labeled 100, 110, 120 ... 210, next 7 indicated by counter

Resolution: 0.1 cycle to 1000 cycles, depending on gate time

Input Voltage: 0.2 volt rms minimum

Tuning Indicator: Tuning eye aids frequency selection, indicates correct voltage

Input Impedance: Approximately 50 ohms

Weight: Net 5 1bs (2 Kg). Shipping 8 lbs (4 Kg).

Accessory Available: @ 10504A Transit Case, with carrying handle

)

Figure 1-5. Model 525B Frequency Converter Unit
1-6 00021-3



Models 524C/D Section I

Figure 1-6
FrduENY
The Model 525C Frequency Converter Unit enables a
524C/D to measure frequencies between 100 mc and 510 mc
SPECIFICATIONS when plugged into @ 524C/D
Range: As converter for counter, 100 mc to 510 mc, As amplifier for counter
50 kc to 10.1 mc. Direct connection for 0 to 10.1 mc
Accuracy: Retains accuracy of 524 counter
Registration: 9 places; first 2 places indicated on converter dial, next 7 displayed
by counter
Resolution: 0.1 cycle to 1000 cycles, depending on gate time
Input Voltage: 20 mv rms minimum, 50 kc to 10.1 mc; 100 mv rms minimum, 100 mc
to 510 mc
Maximum Input: 2 volts rms from 50 kc to 10.1 mc and 100 mc to 510 mc
Input Impedance: Approximately 700 ohms, 50 kc to 10.1 mc; approximately 50 ohms,
100 mc to 510 mc
Level Indicator: Meter aids frequency selection; indicates usable voltage level
Weight: Net 6-1/2 1bs (3 Kg). Shipping 11 1bs (5 Kg).
Accessory Available: 6 10504A Transit Case, with carrying handle

Figure 1-6, Model 525C Frequency Converter Unit

00021-3 1-17
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Figure 1-7
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The Model 526A Video Amplifier Unit increases the sensi-
tivity of a 524C/D to 10 mv in the range from 10 cps to 10.1 mc

SPECIFICATIONS when plugged into ¢ 524C/D

Range: 10 cps to 10.1 mc

Accuracy: Retains accuracy of 524 counter
Minimum Input Voltage: Approximately 10 mv rms
Level Control: Meter indicates input signal level, correct voltage adjustment
Output Terminal: BNC connector provides 10 times input voltage from 93-ohm source on

the most sensitive range. Allows oscilloscope monitoring of input signal
without loading circuit

Reads In: Same as basic 524 counter
Accessory Furnished: Supplied with @& 10504A probe assembly which increases input im-
pedance to 10 megohms shunted by 15 pf: maximum sensitivity using

probe is 0.1 volt rms

Accessory Available: @ 10504A Transit Case, with carrying handle

Weight: Net 5 1bs (2 Kg). Shipping 7 lbs (3 Kg).

Figure 1-7, Model 526A Video Amplifier Unit
1-8 00021-3
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Section I
Figure 1-8
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The Model 526B Time Interval Unit enables a 524C/D
to measure time intervals from 1 microsecond to 107 seconds

SPECIFICATIONS when plugged into & 524C/D

Range:

Accuracy:
Registration:

Input Voltage:
Input Impedance:
Start St_op:

Trigger Slope:
Trigger Amplitude:

Standard

Frequency Counted:

Reads In:

Accessory Furnished:

Accessory Available:

Weight:

1 usec to 107 seconds

*]1 period of standard frequency counted, +time base accuracy
On 524 counter

1 volt peak minimum, direct-coupled input

Approximately 1 megohm, 40 pf shunt

Independent or common channels

Positive or negative on start and/or stop channels

Both channels continuously adjustable from -192 to +192 volts

10 cps, 1 or 100 ke; 10 mc from hp 524 or externally applied frequency

Seconds, milliseconds or microseconds; decimal point automatically
positioned

@ 10503A Cable Assembly, 42 in. RG-58/U cable terminated on one
end with UG-88/U BNC connector

@ 10504A Transit Case, with carrying handle
Net 5 1bs (2 Kg). Shipping 7 lbs (3 Kg).

Figure 1-8, Model 526B Time Interval Unit
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Figure 1-9
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The Model 526C Period Multiplier Unit extends the period
measurement range of a 524C/D up to 10,000 periods of
the unknown frequency

M
SPECIFICATIONS when plugged into & 524C/D &3
Range: 0 to 100 kc
Gate Time: 1, 10, 100, 1000, and 10,000 cycles of the unknown frequency
Accuracy: +1 count, + time base accuracy + trigger error
Standard
Frequency Counted: 10 cps, 1 ke, 100 ke, 10 mc or externally applied frequency
Reads In: Seconds, milliseconds, microseconds
Input Voltage: 1.0 volt rms minimum
Input Impedance: 1 megohm, 40 pf shunt
Weight: Net 5 1bs (2 Kg). Shipping 7 lbs (3 Kg).
Accessory Available: @ 10504A Transit Case, with carrying handle

Figure 1-9, Model 526C Period Multiplier Unit

1-10 00021-3
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Section I
Figure 1-10

Range:

Frequency Range:

Reads In:

Accuracy:

The Model 526D Phase Unit enables a 524C/D to measure

SPECIFICATIONS when plugged into ¢ 524C/D

Input Voltage:
Input Impedance:

Weight:

phase angle with resolution approaching +0.1°

Phase angle, 0 - 360° lead or lag
1 cps to 20 ke

Time units with maximum resolution of 0.1 psecond for full frequency
range. For frequencies 396-404 cps, a 3600-times frequency multi-
plier provides direct reading in tenths of degrees.

+[0.5° + (Fp/Fc+Fpx 108) x 360°] where Fp is frequency of phase-
measured signal, and F is counted frequency ... assuming noise 65 db
below signal and negligible counted frequency error. S/N ratio influnences
accuracy; accuracy diminishes somewhat below 350 cps when ac coupled;
for highest accuracy both inputs should be coupled in same mode, acordec.

For example, a 400-cps measurement, using the 3600 t1mes frequency
multiplier, accuracy would be: 10,10 % * (400/1.44 x 105 ) 3609, or
#0,29, For a 1000 cps phase angle measurement, counting 10 mc,
would have a maximum error of 10,10 * (1000/107) 360°, or 0 40, 136°

5 to 120 volts, rms. Usable to 240 volts rms
Approximately 1 megohm, 70 pf shunt

Net 5 1bs (2 Kg). Shipping 10 1bs (5 Kg).

00021-3

Figure 1-10, Model 526D Phase Unit
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Section II
Paragraphs 2-1 to 2-3

SECTION I
OPERATING INSTRUCTIONS

2-1. OSCILLATOR ACCURACY.

The internal oscillator of the 524D is set within 5 parts
in 108 of 1 mc at the factory. To check the accuracy
of the oscillator in the field, use a standard at least
this accurate, To check the drift of the oscillator,
use a standard at least ten times more stable than the
524D oscillator. If such a standard is not available,
do not attempt to adjust the 524D oscillator.

Signals broadcasted by stations WWV and WWVH are
often used as frequency standards. The accuracy of
the signals at the transmitter is within 1 part in 108, /
However, atmospheric conditions produce Doppler
shifts, limiting the accuracy for ' short-period com-
parisons to about 3 parts in 107. To approach the
accuracy of the signal at the transmitter, comparisons
should be made over a period of at least24 hours with
special comparison equipment. Complete details for
checking and adjusting the 524D oscillator are given in
the maintenance section (section IV),

CRYSTAL STABILITY.

If the temperature of an oscillator crystal changes,
there are mechanical stresses set up withinthe crystal
which affect its resonant frequency. Returning the
crystal to its original temperature does not imme-
diately remove these stresses and return the crystal
to its original stability. The 524D oscillator may re-
quire as much as a week to return to rated stability
(5 parts in 10° per week) after the crystal oven has
been allowed to cool, Operating the crystal helps
remove the stresses so it is desirable to runthe oscil-
lator during part of the recovery period. (The oscil-
lator runs only when the power switch is ON.)

To maintain oscillator stability, KEEP THE INSTRU-
MENT CONNECTED TO THE POWER SOURCE AT ALL
TIMES. With the instrument in stand-by (power switch
in the OFF position), the crystal oven remains in
operation and keeps the crystal at its operating tem-
perature.

CAUTION

After connecting the instrument to a power
source, watch the crystal oven thermometer,
If the pointer overshoots the green area,
DISCONNECT THE COUNTER FROM THE
POWER SOURCE IMMEDIATELY. See section
IV for oven replacement,

2-3. FREQUENCY MEASUREMENTS.

The accuracy of frequency measurements is deter-
mined by an internal oscillator (to use an external
oscillator, see paragraph 2-8), and by a possible
error of +1 count that is inherent in the gate and coun-
ter type of instrument. The accuracy of frequency
measurements is shown graphically as part of the

00021-3

Procedure for Frequency Measurement, At low fre-
quencies, greater accuracy can be obtained by mea-
suring the period of the signal than by measuring the
frequency directly. See figure 2-6,

The basic 524D measures frequencies up to 10.1 mc,
The block diagram, figure 2-2, shows the circuit ar-
rangement of the basic counter when measuring fre-
quencies in this range. To measure frequenciesup
to 510 mc, one of three frequency converter units is
required This arrangement is shown in the block
diagram, figure 2-3. The 525A Frequency Converter
Unit*is used for frequency measurements up to 100 mc,
the 525B Frequency Converter Unit is used between
100 mc and 220 mc and the 525C Frequency Converter
Unit is used between 100 mc and 510 mc. Inthese
frequency converters the input signal is mixed with
a harmonic of 10 mc so that the difference between
the signal and the harmonic is not more than10.1 mec,
The difference frequency is counted and displayed by
adding the count displayed by the counter to the known
10-mc harmonic,

All three frequency converters have tuning systems
to indicate the correct mixing frequency. However,
if the mixing frequency is within 1 mc of the unknown
frequency, there is a possibility jof ambiguity, for
you may not know whether to add or subtract|the dis-
played reading from the mixing frequency. In such
cases, make additional measurements using the two
adjacent mixing frequencies to determine the unknown
frequency. When making the final measurement choose
a mixing frequency which is at least 100 kc away from
the unknown.,

*If plug-in is an earlier model, see paragraph 1-9,

INPUT
SIGNAL
@__.___ GATE COUNTERS
‘\
~.001, .01, .1, 1, OR 10 SECONDS
TIME BASE

GENERATOR

FUNCTION  SELECTOR FREQUENCY  UNIT

—FREQUENCY —=
i\~

/) Oy
-0 ‘; (y

80 - M - 368

Figure 2-2. Block Diagram,
Frequency Measurements below 10 Megacycles
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Figure 2-3. Block Diagram of 524D, Figure 2-4. Block Diagram of 524D,

Frequency Measurements above 10 Megacycles

When measuring frequency, the 524D will count sine
waves, rectangular waves, and positive pulses. To
measure the frequency of negative pulses, you must
adjust the FREQUENCY sensitivity control (R211). The
FREQUENCY sensitivity control is a screwdriver ad-
justment located on the front panel. To make the
adjustment, proceed as follows:

1) Set the FUNCTION SELECTOR to FREQUENCY.
2) Set the FREQUENCY UNIT switch to . 001.

3) Set the DISPLAY TIME controlfor minimum display
time.

4) Connecta signal which contains only negative pulses
to the SIGNAL INPUT connector.

5) Adjust the FREQUENCY sensitivity control clock-
wise until the counter starts to count the signal. Set
the control slightly beyond this point. This completes
the adjustment. To return the control to its normal
setting, see paragraph 4-12.

2-4. PERIOD MEASUREMENTS.

The 524D is also arranged so that it can directly mea-
sure the periodof the frequency tobe measured. When
set for period measurements, the time base and the
signal input circuits are interchanged from their fre-
quency measurement positions, as showninfigure 2.4.
With the circuits so connected, the counters count the
output of the time base for the period of the unknown
input signal. Thus the standard frequencies generated
in the time base are used as units of time to measure
the unknown period in terms of microseconds, milli-
seconds, or seconds.

2-2

Period Measurements

The accuracy of period measurements is largely de-
termined by the accuracy with which triggering occurs
at the same point on consecutive cycles of signal volt-
ages having a slow rate-of-rise. Figure 2-5 shows
the error in triggering for a single period measure-
ment of a sine wave. Note that as the signal-to-noise
ratio improves, the triggering accuracy alsoimproves.
Averaged over ten periods, the single-period error is
reduced by a factor of ten. If you use the 526C Period
Multiplier Unit, the error is reduced an additional
factor of ten for each factor of ten you extend
measurement. The accuracy of triggering is consider-
ably improved when the-waveforms being measured
have a fast rise time. For example, you can obtain
a significant reduction in error if you apply square
waves instead of sine waves to the input.

Figure 2-6 graphically shows the ultimate accuracy
of the 524D, with and without the 526C Period Multi-
plier Unit, over the range from 0.001 cps to 10 mc.
The section of the graph between 10 cps and 100 kc is
of particular interest because frequency and period
measurements overlap in this region. For the more
accurate type of measurementin this region, you must
consider waveform and signal-to-noise ratio. For
example, if you want to measure a 2-kc, 1-volt rms
sine wave having a 40-db signal-to-noise ratio, a
direct frequency measurement is more accurate. How-
ever, if the signal is a 2-kc square wave, a ten-period
average measurement is more accurate because you
can neglect the limitation due to noise.

In order to follow the slowest-changing waveforms,
the period measurement input circuits are direct-
coupled and are adjusted to trigger at the zero-volt
crossing of a negative-going voltage. Thus, any dc

00021-3
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Figure 2-6., Model 524D Accuracy
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component in the input signal will shift the triggering
level so that the maximum slope no longer occurs at
the zero-volt level, resulting in a loss of accuracy.
A large dc component may result in no triggering at
all. You can measure period using an external gen-
erator in place of the time base generator. This
procedure comes under the heading of ratio measure-
ments, which are covered in the following paragraph.

2-5. RATIO MEASUREMENTS.

The 524D can be used to measure the ratio of two fre-
quencies. The higher frequency is passed through the
signal gate to the counters and is counted for a period
of time determined by either one period or ten periods
of the lower frequency, which controlsthe opening and
closing of the gate. See figure 2-7.

Ratio measurement accuracy is determinedby the same
factors as period measurement accuracy: consistency
of triggering by the lower input frequency and the in-
herent error of +1 count of the higher frequency. The
error due to inconsistent triggering is explained in
paragraph 2-4, You canuse the 526C Period Multiplier
Unit to reduce the error by extending the number of
periods of the lower frequency over which the measure-
ment is made. For each factor of tenthe measurement
is extended, the error is decreased by a factor of ten.

The accuracy of ratio measurements by the basic coun-
ter is shown graphically as part of the Procedure for
Ratio Measurement, figure 2-15.

Although the time base generator is not used during
ratio measurements, you cannot make ratio measure-
ments if the time base generator is not operating. The
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Models 524C/D

524D has a hold-off circuit which disables the signal
gate if the time base generator fails. To measure
ratios, be sureto (1) set the FREQUENCY STANDARD
switch to INTERNAL or (2) apply a signal to the 100
KC/1 MCINPUT connector if the FREQUENCY STAND-
ARD switch is set to EXTERNAL.

2-6. TIME INTERVAL MEASUREMENT.

To make time interval measurements you must install
the 526D Time Interval Unit. Time interval measure-
ments are similar to period measurements except that
the points on the signal waveform or waveforms at
which the measurement starts and stops are adjust-
able. The adjustable threshold feature allows you to
make measurements from one part of the same wave-
form or to use separate waveforms as start and stop
signals.

As in the case of period measurements, the input sig-
nals control the opening and closing of the gate while
the standard frequencies are passed to the counters,
as indicated in figure 2-8. Thus the accurate fre-
quencies generated in the time base are used as units
of time to measure the unknown interval in terms of
microseconds, milliseconds, or seconds.

The threshold-selecting controls adjust the start and
stop channels sothat they willbe actuated only by sig-
nals of predetermined polarity, amplitude and slope.
Time interval measurements begin when the start sig-
nal crosses the selected start threshold value in the
selected direction and end when the stop signal crosses

_TIME INTERVAL PLUG-IN UNIT

Ve
/
£
Gy P -
cow &7
(o]
@}____“,._‘__,ggﬁpi
START INPUT | |
GATE  OPENING S(GNAL\\‘\ "/'CU[ CLOSING  SIGNAL
|
SIGNAL COUNTERS
GATE
10MC, 100KC, 1KC~~
0R 10CPS
TIME BASE
GENERATOR

TIME UNIT FUNGTION SELECTOR

MICROSECS v =X\ PERIOD
E5) N
N4y~ EXT 2

.\_/ \\;_/
100P57 T 10MC

1Kc 100KC

8D - M - 398

Figure 2-7. Block Diagram of 524D,
Ratio Measurements

2-4

Figure 2-8, Block Diagram of 524D,
Time Interval Measurements
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the selected stop threshold value in the selected direc-
tion. The threshold controls are only approximately
calibrated, and in some applications you will have to
take special precautions in order to obtain the desired
interval.

If you use an uncomplicated waveform as the start
and/or stop isgnal, the setting of the threshold con-
trols is not critical. For example, if you use a sharp
pulse like that shown in figure 2-9, there will be little
difference whether the measurement begins at point
A or B.

A— — —

RO

Figure 2-9, Simple Waveform Showing Two
Possible Voltage Levels at which a Time
Interval Measurement may be Started

If you use a more complex waveform like that shown
in figure 2-10 to measure the interval "X'", set the
threshold controls near zero as a preliminary adjust-
ment. As you adjust first the start and then the stop
threshold controls, you will notice definite changes
in the measured time interval. Thus you know that
the start and stop thresholds are above the step and
that the indicated time interval is actually "X,

It is highly desirable to examine both start and stop
signals on a dc coupled oscilloscope such as an hp
Model 130 or 150 before you attempt a measurement.
In this way you can determine that no spurious signals
exist, and you will know how carefully you must set
the threshold controls.

| -

RO

Figure 2-10. Two Possible Time Interval
Measurements of a Single Complex Waveform

00021-2
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The input circuits in the Time Interval Unit are direct
coupled. You can sometimes simplify the setting of
the threshold controls by eliminating the de component
of the start and/or stop signals by using blocking ca-
pacitors. However, to avoid drawing grid current and
the resulting dc shift in the input stages, be sure that
the signals applied to the input circuits do not exceed
ten timesthe settings of the coarsethreshold controls.
Either limit the input voltage or use direct coupling.

2-7. TOTALIZING.

You can use the 524Das a high-speedtotalizer capable
of counting at a maximum rate of 10.1 million events
per second. Figure 2-11 shows the basic circuit ar-
rangement. As such, the instrument will accept sine
waves, 1.0 volt rms minimum, and positive pulses.
1.5 volts peak minimum witha rise time of 0.2 second
or less. To enable the instrument to register negative
pulses, refer to paragraph 2-3,

SIGNAL

@_——____>—_—- CATE COUNTERS

STD. FREQ
ouTPUT

OPEN
MANUAL GATE O CLOSED

TIME UNIT
FUNCTION SELECTOR

MANUAL o
2 ©) i1 -
\;;;;;SD \\\_,/;}\ ExT

BD - M- 388

Figure 2-11, Block Diagram of 524D, Totalizing

2-8. PHASE MEASUREMENTS.

With a 526D Phase Unit plugged into the counter, the
phase anglebetweentwo signals of identical frequency,
in the range from 1 cps to 20 kc, may be measured.
The Phase Unit is useful for investigating, at various
points in a circuit, the phase a signal has with respect
to the phase it had at the input. Connect the reference
signaltothe REFERENCE INPUT, andthe signal whose
phase is under investigation to the UNKNOWN INPUT.
If the frequency of the signal is 400 cps +4 cps, phase
angle is readdirectly in tenths of a degree. For a sig-
nal of some other frequency in the rated range, the
information is read in time units, with resolution up
to 0.1 usecond. For all phase measurements, set the
Phase Unit PHASE/PERIOD switch to PHASE, the
REFERENCE LEAD/LAG switch to the type of mea-
surement desired, and the counter FUNCTION SELEC-
TOR to PERIOD.

In general, circuit action for a phase measurement is
similar tothat for atime interval measurement. Trig-
ger circuits in the Phase Unit supply the pulses which

2-5



Section II
Paragraphs 2-9 to 2-10

open and close the signal gate in the counter. For
signals other than 400 cps =4 cps, the counter supplies
the frequency counted, and the counter TIME UNIT
switch should be set to MICROSEC or MILLISEC, de-
pending on resolution required. Arrangement of the
circuits will be similar to that shown in figure 2-8 for
time interval measurements.

When the input is 400 cps +4 cps, the count frequency
is supplied by the Phase Unit, and thus the counter
TIME UNIT switch must be set to EXT. The count
frequency is supplied to the counter through a cable
from the Phase Unit COUNT FREQ connector to the
counter STD FREQ OUTPUT connector. To obtain
this frequency, the Phase Unit takes a portion of the
400-cps signal andputs it through a 3600-times-multi-
plier. By using a count frequency which is 3600 times
the input frequency, phase angle can be read directly
in tenths of a degree. The count frequency (approxi-
mately 1. 44 mc)is only as accurate asthe input signal
and cannot be used as a standard for 1. 44 mc.

2-6

Models 524C/D

2-9. USING AN EXTERNAL STANDARD.

If a 1-mc or 100-kc primary frequency standard of
greater accuracy than the internal oscillator of the
524D is available, you can substitute the primary
standard for the internal oscillator as follows:

Set the INTERNAL-EXTERNAL switch to EXTERNAL
and connect the 1-mc or 100-kc standard to the 1 MC/
100 KC INPUT connector. A 2-volt rms signal is re-
quired.

2-10. OPERATING PROCEDURES.

Figures 2-12 through 2-16 give specific operating
procedures for the 524D. If the instrument has not
been operated for sometime, self-checkit asdirected
in figure 2-12 prior to making any specific measure-
ment. In so doing, you check almost all circuits of
the instrument.

00021-2
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Figure 2-12
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. Set FUNCTION SELECTOR to 100 KC CHK.

. Adjust DISPLAY TIME control for minimum

display time (CCW).

. Note treading on display system for each

position of FREQUENCY UNIT switch. These
readings should agree with the table below,
Check phantastron circuit adjustments if
readings do not agree with the table.

. Set FUNCTION SELECTOR to 10 MC CHK.

. Repeat step 3, When checking 10 mc, note

that a discrepancy of +l count in the last
digit is acceptable because of inherent error
due to the counting system.

6. If the readings are correct, you canconsider
the instrument to be operating properly. If
the readings are incorrect, repair the instru-
ment before proceeding with any measure-
ments.

Correct Counter Readings
for Self-Check Operation

GATE 100 KC 10 MC
TIME CHECK CHECK
0.001 sec 00000100, 00010000, +1
0.01 sec 0000100.0 0010000.0+ .1
0.1 sec 000100.00 010000.00+.01
1 sec 00100.000 10000.000+.001
10 sec 0100.0000 0000.0000+.6001

Figure 2-12, Procedure for Self-Check
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Figure 2-13
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1. Set FUNCTION SELECTOR to FREQUENCY. 3. Set DISPLAY TIME control todesired display
time (usually minimum),
4. Connect the signal to SIGNAL INPUT con-
2. Set FREQUENCY UNIT switch to desired nector.
gate time. 5. Read the frequency in kilocycles.
()

Figure 2-13." Procedure for Frequency Measurement (Sheet 1 of 2)
00021-2
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Figure 2-13. Procedure for Frequency Measurement (Sheet 2 of 2)
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1. Set FUNCTION SELECTOR to PERIOD or 3. Set DISPLAY TIME control for desired dis-
10 PERIOD AVERAGE. play time (usually minimum),

4, Connect the signal to SIGNAL INPUT con-

nector,

2. Set TIME UNIT switch to desired time unit 5. Read the period in units selected by the set-

(usually to obtain highest possible count). ting of the TIME UNIT switch.

Figure 2-14. Procedure for Period Measurement (Sheet 1 of 2)
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Input Signal:

Input Impedance:
Measurement Range:

Accuracy:

REFERENCE TABLE FOR PERIOD MEASUREMENT

Minimum: 1 volt rms.
Maximum: 200 volts rms.

(No dc component)
Approximately 1 megohm shunted by 40 pf.
0 cps to 100 kc.

+£0.03% + 1 sec/std. frequency counted in cps.

Section II
Figure 2-14
10% \‘I N Mo \l T TTT I I TTI
su - Y N | PERIOD MEASUREMENT |
T~ Do 7 OLT
_—_— /;P /} N vy s "\
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N 004‘,\ N, 04’/2,\ 004'/.\\ ﬂ(@’)\
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e > NH ' T il 1 ™ -~
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L > s ™S S MEASUREMENT  —
N N N N N
N N N N
05% ~—
L01% -
1 10 100 1000 10,000 100,000 I SEC 10 SEC 100 SEC 1000 SEC
(1MC) (100 KC) (10 KC) (1 KC) (100 CYCLES) (10 CYCLES) (1 CYCLE) (.1 CYCLE) (.01 CYCLE) (001 CYCLE)
PERIOD LENGTH
’C Period Measurement Accuracy Curves
(SIGNAL = SINE WAVE WITH 40DB SIGNAL-TO- NOISE RATIO) RO

Figure 2-14, Procedure for Period Measurement (Sheet 2 of 2)
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Section II Models 524C/D
Figure 2-15

FUNCTION SELECTOR FREQUENCY UNIT uu

( x|
et @) v |
@\\ @ @ @( J—C

1. Set FUNCTION SELECTOR to PERIOD or 4. Connect higher frequency to STD. FREOQ.
10 PERIOD AVERAGE. OUTPUT connector.
5. Connect lower frequency to SIGNAL INPUT
2. Set TIME UNIT switch to EXT. connector.
6. Read the ratio (FUNCTION SELECTOR set
3. Set DISPLAY TIME control for desired dis- to PERIOD) or 10 times the ratio(FUNCTION
play time (usually minimum). SELECTOR set to 10 PERIOD AVERAGE).

Figure 2-15. Procedure for Ratio Measurement (Sheet 1 of 2)

2-12 00021-2




Models 524C/D

Section II

Figure 2-15
10%
5%
AN AN
N \\
S 1% N {
S 5w . N SINGLE  PERIOD WEASUREMENT X - DISPLAYED COUNT
AN

~ NL
g N
S % AN q
= 5% N 10_PERIOD_MEASURENENT (X . DISPLATED COUNT

01%

10 100 1000 10,000 100,000 1,000,000 10,000,000 100,000,000
FREQUENCY RATIO
Ratio Measurement Accuracy Curves
(LOWER FREQUENCY =1 VOLT RMS SINE WAVE) RO
REFERENCE TABLE FOR RATIO MEASUREMENTS
Higher Frequency Lower Frequency
Required Input Minimum: 1.5 volts peak. Minimum: 1.5 volts peak.
Signal: Maximum: 10 volts peak. Maximum: 280 volts peak.
(No dc component)

Input Impedance: 1 megohm shunted by 100 pf. 1 megohm shunted by 40 pf .

Range: 10 cps to 10.1 mc. 0 cps to 100 kc.

Accuracy: + 0.03% +£100%/total count.

Figure 2-15. Procedure for Ratio Measurement (Sheet 2 of 2)
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Figure 2-16

o o o o o

FUNCTION SELECTOR FREQUENCY UNIT ©BATE

- © /@

MANUAL GATE
oren ’/

@ (5]

STAND BY OPERATE

©o0

1. Set FUNCTION SELECTOR to MANUAL 6. To end count, set MANUAL GATE switch
GATE. ~ to CLOSED.

2. Press RESET button to clear counter. 7. Read the total number of pulses received.

Reference Table for Totalizing

3. Set TIME UNIT switch to EXT.

pulses, see paragraph 2-3.

Input Signal: Minimum: 1.5 volts peak
| 4. Connect signal to be counted to STD. FREQ. Maximum: 10 volts peak
é OUTPUT. If signal consists of negative Rise Time: 0.2sec or less
.

Input Impedance: 1 megohm shunted by 100 pf .
5. To begin count, set MANUAL GATE switch
to OPEN. Counting Capacity: 99,999,999.

Figure 2-16. Procedure for Totalizing
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Section III
Paragraphs 3-1 to 3-2

SECTION 11l
CIRCUIT OPERATION

3-1. INTRODUCTION,

The Model 524D Electronic Counter consists of a time
base section, gate section, and eight cascaded counter
units. The time base section generates accurate ref-
erence frequencies for frequency and period measure-
ments. The gate section opens and closes the signal
path to the counter units, controls display time, and
resets the counter units to zero. In the 524C, the gate
section can also blank the readout during count time.
The counter units totalize signals applied to them and
display the total on the front panel.

3-2. TIME BASE SECTION,

A 1-mc oscillator, V901, is the timebase reference.
See figure 3-1. Amplifier V902 drives an agc (auto-
matic gain control) circuit, CR901 and CR902, and one
input grid of mixer V903. The age circuit varies os-
cillator bias to maintain oscillator outputata constant
amplitude. Mixer V903 mixes the 1-mc output of the
amplifier and the 900-kc output of a X9 filter, T901
and C912, to produce a 100-kc signal. This signal

drivesblocking oscillator V236A. The blocking oscil-
lator pulses the X9 filter, which rings at 900 kc.

The mixer, blocking oscillator, and X9 filter form a
regenerative divider, which is not self starting. To
start it, a relaxation oscillator, VR1001 and VR1002,
periodically triggers the blocking oscillator, and the
blocking oscillator pulses the X9 filter. After a few
tries, the regenerative divider starts, and rectifier
V235A cuts off the relaxation oscillator. The recti-
fier also controls the voltage applied to a hold-off
circuit, VR201 and VR202, in the gate section.

An external 1-mc or 100-kc signal may be used as
the time base reference. If the external signal is
100 kc, the mixer operates as an amplifier, and the
X9 filter is not active.

The Mixer provides a 100-kc check signal and drives
a 10-mc multiplier. The 10-mc multiplier provides
a 10-mc check signal and drives the harmonic genera-
tors in the 525A and 525B Frequency Converter plug-in
units. The output of the blocking oscillator passes

10 MC MULTIPLIER

AGC X4 x5 X5 AMP
CR90I —> L > 10 MC CHECK SIGNAL
V237 V238 V239 V240 70 GATE SECTION
CR902
100 KC CHECK_SIGNAL
TO GATE SECTION
HOLD - OFF SIGNAL
TO GATE SECTION
OSCILLATOR p——— AMPLIFIER |—% MIXER A OSCILLATOR RECTIFIER VRI0O!
VoI V902 V903 Ve36A v235a VRIO02
.
EXT
. o mwn ]
INPUT @—o i FILTER —o |
I , 900 KC !
100KC /1 MC EXTERNAL '/ T901, C9I12 I
7 ! CATHODE
FOLLOWER
V2368
[Tk
100 ¥¢ l STANDARD
FREQUENCY
70 GATE
PHANTASTRON FREQUENCY DIVIDERS 10 CPS; SECTION
STD FREQ.
V2358 v242a v2428 v24sa V2458 ouTPUT
Va4t v2a3 v244 v24s v2a7
° O FREQUENCY UNIT
I0KC T
/
" CATHODE
FOLLOWER
TKC
veasa
INTERNAL
100 CPS m} GATE
TIMING
SIGNAL
10 GATE
oces 0 SECTION
80-¢
Y
7CPS

Figure 3-1.
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Figure 3-2,

through buffer V236B to five phantastron frequency
dividers, V235Band V241 through V247, These phant-
astrons provide the signals used by the gate control
circuits to time the signal gate during frequency
measurements.

Four frequencies are available for measuring period
and time. The available frequencies are 10 cps, 1 kc,
100 ke and 10 mc. An external frequency connected to
the STD FREQ OUT connector can also be used.

3-3. GATE SECTION.

The FUNCTION SELECTOR switch (figure 2-3) de-
termines the type of operation. All signals to be
counted are applied to trigger unit Z201, a stabilized
amplifier followed by a Schmitt trigger. The trigger
unit shapes the signal to provide the fast-rise, con-
stant-amplitude waveform required to drive the units
counter. Signal gate V202 opens and closes the signal
path.

Gate-timing signals for frequency and period mea-
surements are applied to amplitude discriminator Z202.
Like trigger unit Z201, the amplitude discriminator
is a stablized amplifier followed by a Schmitt trigger,
and it provides a fast-rise, constant-amplitude signal
to drive the circuit that follows: decade divider 7203
or the gate binary, V206 and V207.

3-2

Gate Section

Decade divider Z203 divides its input by ten. The
divider consists of four cascaded binaries (bi-stable
multivibrators) with feedback from the fourth binary
to the second and third binaries to provide the input-
output ratio of 10:1.

The gate binary, V206 and V207, controls signal gate
V202 through cathode follower buffer amplifier V208A,
delay line DL201, and gate controlV203. (In the 524C,
the gate binary also controls readout blanking circuit
V224, which blanks the readout while the signal gate
is open.) When a start pulse causes the gate binary
to open the signal gate, the gate binary triggers block-
ing oscillator V208B through the cathode follower
buffer amplifier. The blocking oscillator fires reset
thryratron V209 and display time thyratron V205.
Delay line DL201 delays the opening of the signal gate
long enough for the reset thyratron to generate the
positive pulse which sets the counter units to zero.
The display time thyratron triggers display time con-
trol V204, a Schmitt trigger, which closes diode gate
CR205. The diode gate remains closed for a time de-
termined by the front-panel DISPLAY TIME control.
A stop pulse causes the gate binary to closethe signal
gate, but succeeding start pulses are blocked until
display time control V204 reopens the diode gate.
Hold-off circuit VR201 and VR202 also closes the
diode gate if there is no signal out of mixer V903
(tigure 3-1).
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The RESET switch provides manual reset control.
When pressed, the RESET switch fires reset thyra-
tron V209, and when released, it sets the decade di-
vider to a count of eight. If the DISPLAY TIME control
is set to INF, the RESET switch also causes display
time control V204 to openthe diode gate. When switched
from one setting to another, the FREQUENCY UNIT
switch (figure 3-1) sets the decade divider to a count
of eight and the gate binaryto its gate-closedposition.

A MANUAL GATE switch controls the signal gate
when the FUNCTION SELECTOR is set to MANUAL
GATE. If set to OPEN, the MANUAL GATE switch
prevents readout blanking in the 524C regardless of
FUNCTION SELECTOR setting.

3-4. UNITS COUNTER.

The units counter (figure 3-3) has two sections: a
counting section and a readout section. The counting
section consists of four binaries (V210-V213 and
V215-V218), a coincidence network (CR231-CR233),
and feedback gate V214. The readout system consists
of four readout amplifiers (V1200-V1203)and the read-
out itself.

The binaries of the counting section have two stable
conditions (either half conducting and the other half
cut off) and remain in either condition until actuated

Section III
Paragraph 3-4

by a trigger pulse. The trigger pulse causes the trig-
gered binary to reverse its condition; the previously
conducting half cuts off and the previously cutoff half
conducts. Thebinaries quickly change from one condi-
tion to the other. Thus, the output of one half is a
positive voltage step, and the output of the other half
is anegative voltage step. Circuit components between
the first and second binaries, second and third bi-
naries, and first binary and feedback gate differentiate
the voltage steps into pulses. However, except for the
positive reset pulse, only negative pulses can trigger
the binaries.

The reset pulse from reset thyratron V209 (figure 3-2)
sets the counting section to its zero position, in which
the tubes marked''c" (figure 3-3) conduct. Figure 3-4
shows output waveforms of one half of each binary,
the coincidence network, and the feedback gate for a
succession of negative pulses from the signal gate.
The coincidence network opens feedback gate V214
only when both V212 and V216 are non-conducting.
Starting from the zero or reset position, the counting
section operates as shown in table 3-1.

The binaries position the four readout amplifiers,
which drive the readout. In the 524D the readout con-
sists of ten neon lamps behind a numbered mask; in
the 524C the readout consists of ten neon lamps, ten
photoconductors, and a digital display tube. A sum
of the voltages from three different readout binary
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CR23l,
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RESET
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Figure 3-3. Units Counter
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halves is applied to each neon lamp. For a given
number, only one of the ten possible sums is large
enough to light a lamp. In the 524D the lighted lamp
illuminates a number on the mask. In the 524C the

Models 524C/D

lighted lamp illuminates a photo-conductor which causes
one number of the digital display tube to light. In either
case the number lighted corresponds to the number
stored in the positions of the four binaries.

Table 3-1. Units Counter Operating Sequence

Pulse Operation Pulse .
Number Number Operation
1 1st binary: (c gnt' d) 4th binary:
negative pulse from signal gate causes negative pulse from feedback gate causes
V210 to cut off and V211 to conduct V217 to cut off and V218 to conduct. When
V217 is cut off, it removes the feedback
9 1 . . from the 2nd and 3rd binaries.
st binary:
negative pulse from signal gate causes 2nd binary:
V210 to conduct and V211 to cut off. negative pulse from V210 causes V212 to
2nd binary: conduct and V213 to cut off.
negative pulse from V210 causes V212
to cut off and V213 to conduct. 3rd binary:
negative pulse from V212 causes V215 to
Coincidence network: cut off and V216 to conduct.
coincidence network opens feedback gate,
for both V212 and V216 are cut off, Coincidence network:
coincidence network closes feedback gate.
3 1st binary:
negative pulse from signal gate causes 7 1st binary:
V210 to cut off and V211 to conduct. negative pulse from sig