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TEST INSTRUMENT SAFETY

Normal use of this instrument exposes you to a certain amount of dan-
ger from electrical shock because measurements must sometimes be taken
in equipment that contains high voltage. An electrical shock causing 10
milliamps of cunent to pass through the heart will stop most human heart-
beats. Voltage as low as 35 volts dc or ac rms should be considered dan-
gerous and hazardous since it can produce a lethal current under certain
conditions. Higher voltage poses an even greater threat because it can
more easily produce a lethal current. Your normal work habits should
include all accepted practices that will prevent contact with exposed high
voltage, and that will steer current away from your heart in case of acci-
dental contact with a high voltage. You will significantly reduce the risk
factor if you know and observe the following safety precautions:

1.. Measurements should never be made at circuit points that exceed the
maximum input voltages to the counter as listed in the USPECIFICA-

TIONSI section, or damage to the instrument may occur. Even when
measurements are made at low voJtage points, be careful to avoid
touching any high voltage point. Remember that ac line voltage is

usually present on some power input circuits such as on-off switcht
fuses, power transformer, etc. any time the equipment is connected
to an ac outlet, even if it is tr.rned off.

Z, If possible, familiarize yourself with the equipment being tested and
the location of its high voltage points. However, remember that high
voltage may appeeu at unexpected points in defective equipment.

3. Use the time-proven "one hand in the pocket" technique while
handling an instrument probe. Be particularly careful to avoid con-
tacting a nearby metal object that could provide a good ground return
path.

4. Use €rn insulated floor material or a large, insulated floor rnat to
stand on, and an insulated work surface on which to place equipment;
make certain such surfaces are not damp or wet.

5. Connect the counterts ac power cord only td a 3-wire outlet to assure
that the instrument's chassis, connectors, and probe gror:nd lead are
at earth ground.

(continued on inside back cover)
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INTRODUCTION

{

The B&K-hecisim Model ISZZ Universal
Counter is a high-quality, lightweight couater
capable of frequenqy me€rsurements from 5 Hz
to L7 5 tvlHz. It f eatures an eight-digit display
which provides up to 0.1 Hz resolution at all
frequencies below 10 MHz, i ld L Hz resolut ion
at al l  frequencies to 175 MHz.

In addition to frequency measurem ents,
the versatile Model LBZZ also provides a num-
ber of other very useful operating modes.

In period mode, the unit m easures the
period (in microseconds or milliseconds) of one
cycle, over the range of 5 Hz to Z MHz. At
low frequencies, much greater accuracy can
be achieved by period measurement than by
frequency measulement.

In frequency ratio mode, frequencies of
two input signals are compared and their ratio
displayed. This is useful in cases where a
number of dif f erent signals are related to
some reference, such as a clock signal in digi-
tal circuits.

In time interval mode, the counter meas-
ures the elapsed interval (in microseconds ot
milliseconds) from a selected edge of one in-
put signal to a selected edge of another. Time
interval mode is especially useful in duty rycle
measurements, where both inputs €rre connect-
ed to the same signal and different edges are
selected to display nonn or noffn time. Meas-
urement of time interval between two nonce-

only" events is also possible.

Totalize mode permits counting of individ-
ual events. The counting process c€rn be
gated, either manually by a front panel switch,
or by a gating signal applied to a rear panel
jack, for more exact electronic control.

A self test mode is also provided which
enables a quick check of several facets of in-
strument operation,

Each operating mode, and one of four dec-
ades of resolution are selected by front panel
pushbutton switches. Easpto-interpret read-
outs are provided by large bright digits, auto-
matic decimal point placement, leading zeto
blanking, €md LED display of proper me€rsur-
ement units. Overrange and GATE function
(indication of a me:rsurement in progress) are
also shown on front panel indicators.

A number of signal conditioning controls
are provided to prevent mis-cotrnting due to
input noise, etc. These include edge selectors
and selectable X10 attenuators for both chan-
nels, and a 10 kHz low-pass filter and variable
trigger threshold control for Channel A.

A front panel HOLD switch is provided
which nfreezesn the display at the present
reading, :ls well as a RESET button which
clears the counter display and initiates a new
measurement when released.

The standard input impedanee of one meg-
ohm in conjr:nction with a ten-to-one scope
probe makes this instrument ideal for use in
applications where source loading must be
kept to a minimum.

The 10 MHz time base is generated by a
crystal controlled oscillator for good stability
wilh regard to temperature (tlO ppmr OoC to
50'C) and line voltage variation (tl ppm for
l07o variation). Even better temperature sta-
bility (*1 ppm, OoC to 50oC) is available with
€In optional temperature-compensated crystal
oscillator (TCXO), which may be installed by
the user.

The exceptional accuracy, sensitivity, and
versatility of this counter makes it €ur ex-
tremely valuable instrument to the scientist,
engineer, experimenter, and communications
technicial. Its ruggedness and compactness
make it practical for use by the hobbyist or
field technician.

fu"
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SPECIFICATIONS

FUNCTIONS

Frequency. Time Interval.
Period. Total ize.
Period Average. Self Test.
Ratio.

FEATURES

8 Digits. Adjustable Trigger Level
Metal Case. (Ch. A).
Dual Input. Selectable Trigger Slope
Low pass Filter (Ch. A). (Ch. A & Ch. B).
Z-Position Attenuator
( c h . A & c h . B ) .

FREQUENCY A

Rage: 5 Hz to 1?5 MHz sine wave:
5 Hz - 10 MHz in kHz mode,
50 kHz -  175 MHz in  MHz mode.

Resolution: 0.1 Hz to 1 kHz, in d.ecad,e steps.

AcerrracJn tl count t time base error.

Displap kHz or MHz with decimal point.

PERIOD A

Rage: 0.5 ts to 2001000 ls.

Freq. Rage: 5 Hz to 2 MHz sine wave.

Resolution: 100 ps to 100 ns in decade steps.

Ac.curacyn *1 count t time base error + trigge, "rro"l

.lftrOfr.t TriSeer error is tlryically *0.3tzo of,reading divided by the number of cycles averag€
input signals having better than 40 dB S/N ratio and greater than 100 mV ampliiude.
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SPECIFICATIONS

{

/|+ 
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F . .

L

PERIOD A (cont.)

Displap ms or ls with decimal point.

Minimum Prilse
Width: 250 ns.

Average: 1, 10, 100, or 1000 cycles averaged, depending on
RESOLUfiON setting.

RATIO A/B

Freq. Rage A: 5 Hz to 10 MHz sine \pave.

Freq. Rage B: 5 Hz to 2 MHz sine wave.

Ruolutlonr - Fffi where N = 1, 10, 100, or 1000.

Accrrracy: i(Freq B + Freq (a x N)) t 
(Freq B x Tri-Eger Errorl)

N

Displa.:n Numerical ratio with decimal point.

TIME INTERVAL A TO B

Rage: 0.5 ls to 2001000 ls.

Freq. Rage: 5 Hz to 2 MHz, sine wave.

Resolution: 100 ps to 100 ns in decade steps.

Acclnac't tl count t time base error t trigge, "rrorl t N,
where N = intervals averaged.

Minimum Rlfse
IDteval (A to g): 250 ns.

Displaf msec or ilsec with decimal point.

Average: l, 10, 100, or 1000 intervals averaged.

Single Event Pressing RESET primes unit for measuternent of nonce-

C4abilitp onlyn event.
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SPECIFICATIONS

TOTALIZE A

Rage:

Cqrnt Cryabilitp

Cotrol:

SELF TEST

Display:

Gate Time:

Resolutio:

CHANNEL A INPUT

Badwidtb:

Sensitivitp

Imped^ace:

Attenuator:

Slope:

Tligger Level:

LP Filter:

Maximum inlrrt:

CHANNEL B INPUT CHARACTERISTICS

5 Hz to 10 MHz sine wave.

o to 99 1999 1999 before OVERflow,

Manual reset and hold from the front panel. Normalry
enabled, except when signal at back panel START/
STOP j ack is low.

10 MHz with user-selectable MHz, kHz.

10 ms, 100 ms, 1 s, or 10 s accumulation t imes.

0 .1  Hz  to  100  Hz .

CHARACTERISTICS

5 Hz to 175 MHz, ac coupled.

1 MO,

X 1, X 10 switchable.

+, - switchable.

Preset or variable.

10 kHz, nominal -3 dB cutoff frequency.

250 V rms.

Badwirrth:

Sensitivitp

Impedance:

Attenuator:

Slope:

Marimum inprt:

5 Hz to Z MHz, ac coupled.

30 mV rms.

1 Mn,

X1, X10 switchable.

+, - switchable.

LZS V rms.

4

kHz FREQuency mode: MHz FREQuency mode:,

Z0 mV rms,
5  Hz  to  5  MHz.

20 mV rms,
5  MHz to  LZS MHz.

40 mV rms,
125 MHz to L50 MHz.
100 mV rms,
150 MHz to  L75 MHz.
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SPECIFICATIONS

TOTALIZE START/STOP I NPUT

Logic Levels: Standard TTL levels; low level inhibits totalizing, high
level enables it.

Loading: One standard TTL gate.

TIME BASE CHARACTERISTICS

Tlpe: Crystal controlled oscillator.

Frequencp 10 MHz.

Sctebtlttyt tC.l ppm (tl Hz).

Line Voltage
Stabilitln Less than 11 ppm with tl0% line voltage variation.

Temperature
Stabilitp Less than t.00l% (tl} ppm) from OoC to 50oC ambient.

Marimum
aging rate: t10 ppm /yz.

TCXO Option: Temp. stability: less than t.0001% variatiott (tl ppm)
from OoC to 50 oC ambient.

DISPLAY C HARACTERISTICS

Dtsplaf Eight .43n s€v€n-Segment digits with kHz/tSEC, MHz/
mSEC, GATE and OVERflow indicators.

OVERfIos LED indicator lights when count exceeds 99999999
Indication: during any selected gate time.

Display Update 1. kHz FREQuency and SELF TEST modes: user-
f ime: selected gate t ime of .01, .1, 1, or l0 s

plus fixed 200 ms interval.

7. MHz FREQuency mode: user-selected gate time of
.02, .2, 2, ot 20 s plus fixed 400 ms interval.

3. PERiod, RATIO, and Time Interval modes: user-
selected cycles averaging of 1, 10, 100, or 1000
cycles plus fixed 200 ms interval.

4. Continuous in TOTALize mode.
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SPECIFICATIONS

f
G EN ERAL C HARACTE RISTICS

RESEI: Resets the counter and display to zero.

HOLD: Except in TOTALize mod,e, zury measurement in prog-
ress is stopped, the counter is reset, and the last-com-
plete measurement is displayed. When HOLD is
released, a new measurement begins.

In the TorAlize mode, the counter is stopped but not
reset, and the last count is displayed. when HoLD is
released, the coturt continues from where the counter
stopped.

Power 100, LZ}, ZZ0, 240 VAC (all 119701
Reqlftements: set by internal pc jumpers; 50/ 60 Hz; z0 vA.
(Unirersa) Domestic qnits factory wired for lZ0 VAC.

Dimensiona: 9.5 x 24 x 32 cm
(EwD) (3.25 x 9.5 x 12.6o).

Weight: Z,SS kg (5.6 lbs).

(

C
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CONTROLS AND INDICATORS

{q-

Refer to Fig. 1.

1. Dtsplay. Eight-digit display used for all
readings.

Z. GATE Indicator. Lights whenever a
measurement is being taken.

3. kIIzi.SEC Indicator. In FREQuency
mode, indicates that the frequency dis-
played is in kilohertz. In PERiod or Time
Interval mode, indicates that the period
or tim e interval displayed is in micro-
seconds. Not used in RATIO or TOTAL-
ize modes.

4. MEz/nSEC Indicator. In FREQuency
mode, indicates that the frequency dis-
played is in megahertz. In PERiod or
Time Interval mode, indicates that the
period or time interval displayed is in
milliseconds. Not used in RATIO or
TOTALize modes.

ftems 5 through 9 apply to Channel A only.

5. LPF (I^ow-P'os Filter) Switch- ttr/ith this
switch pushed in, the Cha,"el A input is
routed through a low-pass filter with a
-3 dB point of approximately 10 kHz.
When it is released (out), the input is
applied directly.

6. -SL (St"p") Swit.h. Selects positive-
going or negative-going edge of Channel
A signal for triggering. rit/hen pushed in,
negative-going edge is selectedl when
released (out), positive-going edge is se-
lected.

7 . X10 Attenuatc Switch When this switch
is pushed in, the Channel A input is

attenuated 10:1 before application to the
counter. With the switch released (out),
the signal is applied unattenuated.

8. TRIG Lg\fEL Control Adjusts trigger
threshold level on the Channel A input
signal. Rrshing the knob in (pnfSnT-IN)
sets this level at the mid-point of a sJm-
metrical sine wave input. R:lling the
knob out and rotating it varies the level
from negative (-) to positive (+) around
the midpoint.

9. Chanael A hprt Jacli Female BNC con-
nector terminated in a I megohm input
resistance, shunted by < 40 pF capaci-
tance.

Items 10 through 12 apply to Channel B only.

10. Channd B Inprt Jack Female BNC con-
nector terminated in a I megohm input
resistance, shunted by < 40 pF capaci-
tantce.

11. XlO Attenuator Switeh lrhen this switch
is pushed in, the Channel B input is
attenuated 10:1 before application to the
counter. With the switch released (out),
the signal is applied unattenuated.

lZ. -SL (Slo'pe) Switd Selects positive-
going or negative-going edge of Channel
B signal for triggering. \ffhen pushed int
negative-going edge is selected; when
released (out), positive-going edge is
selected.

13. RESET Ssitch. In all modes, pushing this
momentary switch resets the cotrnter to
zero. 

'When 
it is released, the me€rsure-

ment starts again.
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CONTROLS AND INDICATORS

14. HOLD Switch. Functions as follows:

i. All modes except TOTALize: Set-
ting this switch to ON "freezes" the
display at the existing reading and
resets the counter. Releasing the
switch starts a new measurementl
the display is updated when this
measurement is completed.

b. TOTALize mode: Setting the
switch to ON ntteezes" the display
at the existing reading and halts
the totalizing process. When the
switch is released, counting re-
sumes, provided that the gating
signal at the re€u panel TOTALIZE
START/ STOP jack (26l is high (or
jack is open).

kfirM/m Switcb. lVhen pushed in, this
switch selects megahertz display for fre-
quency readings, or millisecond display
for period and time interval readings.
When released (out), it selects kilohertz
or rnic:osecond display. Not used in
RATIO and TOT ALTZE modes.

15. RESOLUTION Cha*. Used to determine
degree of display resolution in PERiod
1SEC and both FREQuency modes. Use
top row in FREQuency kHz mode, center
in FREQuency MHz mode, and bottom in
PERiod 1SfC mode. Refer to operating
instructions to determine resolution in
other modes.

ll . RESOLUTION Switches. These switches
select the degree of display resolution in
all modes except TOTALize. In PERiod
NEC and both FREQuency modes, use
them in conjunction with the RESOLU-
TION chart (16). In other modes, refer
to the operating instructions to deter-
mine the resolution.

Set of four interlocking pushbutton
switches. Pressing any button releases
the previous selection. 

,

Items 18 23 select the desired operating
mode. Set of six interlocking pushbuttonsl
pressing any button releases the previous
selection.

\"

15 .

\}

2 3 4

21 20 19 18 1 6  1 5  1 4  1 3 1 1

5 6 7

24 23 22 1 2

Fig. L. Controls and indicators.

v
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CONTROLS AND INDICATORS

1 8 . SEIJ' TEST Switch. \tr/hen this switch is
pushed in, the unit displays the frequency
of the internal tim e base, providing a
general check of performance.

TOTALize A Switch. When this switch is
engaged, the unit counts cycles of the
Channel A input and continuously dis-
plays that count. Totalization can be
controlled by a gate signal at the rear
panel TOTALIZE START/STOP jack (26).

TI (Ttme Interval) e + B Switch- When
this switch is pushed in, the unit meas-
ures the time interval from an edge of
the Channel A signal to an edge of the
Channel B signal. Positive-going ot neg-
ative-going edge of each signal is
selected by the -SL switches (6, l?l.
Display is in Us or ms, €ls selected by the
kArM/m switch (15), and as indicated by
the kHz/tSEC or MHzlmSEC indicators
(3, 4). Resolution is selected by the
RESOLUTION switches (17).

RAfiO AIB Svitch. lrVhen this switch is
pushed in, the unit meErsures the ratio of
the Channel A frequency to the Channel
B frequency. Resolution is selected by
the RESOLUTION switches (17).

PERiod A Switch. When this switch is
pushed in, the unit displays the period of
one rycle of the Channel A signal.
Readings are in LS or ms €rs selected by
the kfrM/m switch (f S1, and as indicated
by the kHzfiSEC or MHz/aSEC indica-
tors (3, 4;. Resolution is selected by the
RESOLUTION switches.

23. FREQuency A Ssitch. This switch
selects frequency counter mode, for
signal at Channel A input. Readings :ue
in kHz or MHz as selected by the
kfirtnt/m switch (15), and as indicated by
the kHz/tSEC or MHzlmSEC indicators
(3, 4') . Resolution is selected by the
RESOLUTION switches (17).

Note: Guaranteed frequency me€Nure-
ment ranges €ue as follows:

kHz mode: 5 Hz to 10 MHz (above
10 MHz, display may show zeto
with no OVERflow indication); sine
wave sensitivity: 20 mV rns, 5 Hz
to 5 MHz.

MHz mode: 50 kHz to 175 MHz;
sine wave sensitivity: Z0 mV rms,
5 MHz to lZ5 MHz, 40 mV rms,
125 MHz to 150 MHz,  100 mV rms,
150  MHz to  175  MHz.

Because of these limits, try both ranges
for .rn unknown circuit point unless you
are reasonably sure of its frequency,

24. PWR Ssiteh. Turns the unit ON and
OFF.

O\IERflow Indicator. Lights whenever
the range of the display is exceeded.
One or more most significant digits are
not displayed.

TOTAT rE START/STOP hput JacL
(Not shownl located on rear panel.) Input
jack used to control the totalization
function, if desirecl. Unit stops total-
izing whenever the signal applied at this
jack goes to a TTL low level (or is con-
nected to chassis grotrnd).

t,
L'-

1 9 .

20.

zl.

zz.

25.

26.
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SAFETY PRECAUTIONS

Use only a polarized 3-wire ac outlet.
This :rssures that the chassis and grotrnd points
of the counter are connected to I good earth
ground, and reduces danger from electrical
shock.

Some operating conditions may pose Ern
electrical shock hazard. These conditions are
identifiedr and corresponding precautions
listed, in the 'TEST INSTRUMENi SAFETY'
recommendations which are found starting on
the inside front cover of this manual. Know
and observe these precautions.

cAuTtoll

Before connecting wtit to ac Wu,er,
check carto.t lobels to be cerhrin
that the urft is wired con ecily for
youn pcrtrcular line wltage. Line
wltage conversfon fs covered fn theNMAINTENANCE AND CALIBRA-
?IONtt section of thfs m(mtmrL

PRELIMINARY

Numbers in parentheses refer to items in"CONTROLS AND INDICATORS' section and
Fig. 1.

1. Connect the r:nit to ac power.

Z. Set the P\trR switch (24) to ON (pushed
in). If no other front panel buttons have
been engaged, the display is blank except
for the lit kHzA.SEC indicator (3).

cAuTtoil

nSPECIFICATIONS" sectfon mdy
damage the counter. Before appl1-.
ing ory ngrnol to the fnputs, make
certain that it does not exceed
these specified marfmums.

2. Engagtng the Xl| sruitches (7,
11) does NOf alter these upper
limf ts.

3. Counter grcwld, pofnts are con-
nect& dtreeily to earAh gtound.
Always cowtect counter grcund
trtly to glund pofnts in the circuft
vatder test.

FREQUENCY M EASU REMENTS

Basic hocedure

l. Apply the signal to be measured to the
Channel A input jack (9).

Z. Engage the FREQuency A switch (23).

3. Select measurement units with the k/p
M/m switch (15): in for megahettz, out
f or kilohertz. The kHzlt.SEC or MHz/
nSEC indicator (3, 4) lights accordingly.

Note: Guaranteed frequency m easure-
ment ranges .rre as follows:

kHz mode: 5 Hz to 10 MHz (above
10 MHz, display may show zero
with no OVERflow indication); sine
wave sensitivity: Z0 mV rms, S Hz
to 5 MHz.

MHz mode: 50 kHz to 17 5 MHz;
sine wave sensitivity: Z0 mV rms,
5 MHz to l?5 MHz, 40 mV rms,
125 MHz to  150 MHz,  100 mV rms,
150  MHz  to  125  MHz .

Because of these limits, try both ranges
for an unknown circuit point unless you
are reasonably sure of its frequency.

G

7. Application
higher thm the

of input r,ultages
Ifmits lfsted in the

C

1 0
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C

4. Select the degree of resolution desired,
using the RESOLUTION switches (12) ana
RESOLUTION chart (16). Use the top
row of the chart for kHz mode, and the
center row for MHz mode.

5. Frequency is given by the display (1),
The GATE indicator (2) lights while each
measurement is in progress, and the dis-
play is updated at the end of each meas-
urement interval.

Note: some measurement delay and dis-
play instability may be encounteredl see
nDispl ay Interpretationn.

6. The OVERflow indicator (25) lights
whenever the range of the display is ex-
ceeded.

7 . Engaging the HOLD switch (14) "freezesn

the display at the existing reading. When
HOLD is released, a new Eeasurement
begins (Catf indicator lights), but the
display continues to hold the old reading
until the new measurement is completed.

8. I\rshing the RESET switch (13) resets the
display to zero. When RESET is re-
leased, a new measurement begins
(CAtn indicator lights)r but the display
remains at zero until the new measure-
ment is complete.

Inprrt Cotrols

The following controls can be used as
required to condition the input, to prevent
mis-counting from input noise or ringing.

l. hprt Filter. Engaging the LPF (Low
Pass Filter) switch (5) routes the Channel
A input through a low-pass filter (-g ag
frequency of approximately 10 kHz)
before application to the counter. Tbis
helps eliminate counting enors in low
frequenry measurements by reducing
effeets of high-frequency noise.

hprt Attenuator. Engaging the Chan-
nel A X 10 switch (7) attenuates the
Channel A signal approximately 10:1
before application to the counter.' This

helps prevent mis-counting caused by
noisy or improperly terminated high-
amplitude signals.

3. Sfope Selection The Channel A -SL
(Slope) switch (6) selects positive or nef
ative edge of the Channel A signal f or
triggering. Rrshing the switch in trig
gers the unit on the negative-going edge;
leaving it out causes triggering on the
positive-going edge.

Note: the Channel A -SL switch is by-
passed whenever FREQuency MHz mode
is selected. Unit then counts on negative
slope.

4. Tligger Level Adjustm€nt. Channel A
trigger threshold can be varied by the
TRIG LEVEL control (8) as follows:

?. Rrshing the control in (PRESET-IN)
fixes the trigger level at roughly
the average value of the Channel A
input signal.

b. Ptrlling the control out and rotating
it varies the threshold level from
negative (-) to positive (+) around
the PRESET-IN level.

The TRIG LEVEL control is discussed in
more detail in the nGeneral Considera-
tionsn.

PERIOD MEASUREMENTS

In PERiod mode, the unit displays the
period, or time required for one cycle of the
input signal to occur. Tbe actual me€Fure-
ment is made by averagtng over l, 10, 100, or
f000 cycles.

Basic hocedrne

1. Apply the signal to be measured to the
Channel A input jack (9).

Z. Engage the PERiod A switch (ZZ).

3. Select me€Furement units with the k/p
M/m switch (15): in for milliseconds, out
f or microseconds. The kHz/tSEC or
MHz/mSEC indicator (3, 4) lights accord-
ingly.

l l
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4. Select the degree of resolution desired,
using the RESOLUTION switches (l?) and
RESOLUTION chart (16). In l .SfC mode,
use the bottom line of the chart; in
mSEC mode, multiply the bottom values
by .001 for resolution in milliseconds.

(ttre RESOLUTION switches determine
how many cycles are averaged in the
measurement: 1, 10, 100, or 1000.)

Note: The . ln/.A00t RESOLUTION
switch is not used in mSEC mode (t /ft
M/m switch pushed in). Engaging this
switch causes a display of all neightsn

and decimal points to appear.

Period is given by the display (1). The
GATE indicator (Z) lights while each
measurement is in progress, and the dis-
play is updated at the end of each meas-
uretnent interval. (at higher frequen-
cies, the GATE indicator may flash too
quickly to be seen.)

Note: some measurement delay and dis-
play instability nay be encotrntered; see
nD ispl ay Int erpret ationn.

The OrfERflow indicator (ZSl lights
whenever the r:rnge of the display is ex-
ceeded.

Engaging the HOLD switch (14) "freezesn

the display at the existing reading. 'When

HOLD is released, a new Eleasurement
begins (GATE indicator lights)r but the
display continues to hold the old reading
until the new me:uiurement is completed.

Rrshing the RESET switch (13) resets the
display to zero. lVhen RESET is re-
leased, a new measurement begins
(GATE indicator lights)r but the display
remains at zero until the new measure-
ment is complete.

The Channel A input controls (filter,
attenuator, trigger slope and level) may
be used to condition the input, to prevent
mis-counting from input noise or ring-
ing. See nFrequency Meastrements
Input Controlsn.

FREQUENCY RATIO MEASUREMENTS

In this mode of operation, the counter dis-
plays the ratio of the frequency applied to
Channel A to the frequency applied to Channel
B. The Channel A frequency should preferably
be equal to or greater than that of Channel B,
and both frequencies must be within the limits
given in the 'SPECIFICATIONS' section.

Frequency ratio is determined by counting
the number of Channel A cycles occurring
during a specified number of Channel B cycles
(1, 10, 100, or 1000) and applying the result,
with a proper decimal point, to the display.

Basic Procedrae

1. Connect the signals to be measured to
the Channel A and Channel B input jacks
(9, 1o).

Note: both channels may be connected to
the same signal for a ratio of l.

Z. Engage the RATIO A/B switch (21).

3. Both the kHzASnC and MHzlmSEC indi-
cators (3, 4) are off because the reading
displayed is a ratio.

4. Select the resolution desired using the
RESOLUTION switches (121. Four dec-
ades of resolution are available, from no
decimal places ( in 100/lK/.1 posit ion) to
3 decimal places (in .t/l/.0001 position).

(The RESOLUTION switches determine
over how many cycles of Channel B the
me€rsurement is taken: 1, 10, 100, or
100 . )

Note: The k/pM/m switch (15) is ignored
in RATIO mode.

5. Frequency ratio is given by the display
(1). The GATE indicator (2) lights while
each measurement is in progtess, and the
display is updated at the end of each
measurement interval. (At higher Chan-
nel B frequencies, the GATE indicator
may flash too quickly to be seen.)

G

5 .

C
6 .

7 .

8 .

9 .

e
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6 .

7 .

Note: som e m easurem ent delay and
display instability m ay be encounteredl
see "Display Interpretat ionn.

The OVER flow indicator (25) lights
whenever the range of the display is ex-
ceeded.

Engaging the HOLD switch (14) "freezesn

the display at the existing reading. When
HOLD is released, a new measurement
begins (CAtg indicator lights), but the
display continues to hold the old reading
until the new measurement is completed.

Pushing the RESET switch (13) resets the
display to z ero. 

'When 
RESET is re-

leased, a new measurement begins
(Cafg indicator lights), but the display
remains at zero until the new measure-
ment is complete.

The Channel A input controls (filter, at-
tenuator, trigger slope and level) may be
used to condition the inputs, to prevent
mis-counting f rom input noise or ring-
irg. See nFrequency Measurements - In-
put Controlsn. Channel B input controls
are also provided (attenuator, 11, and
trigger slope selector, lZ), and operate
identically to their Channel A counter-
parts.

TIME INTERVAL MEASUREMENTS

In Time Interval mode, the r:nit measures
the elapsed time from a selected edge of the
Channel A waveform to a selected edge of the
Channel B waveform.

For a stable reading, the two input signals
should be related to each other such that this
time interval remains reasonably constant
from one measurement to the next. For ex-
ample, two digital waveforms derived from
the same clock would be suitable; two arbi-
trary frequencies from separate firnction gen-
erators would not.

Both inputs may be connected to the same
signal for duty cycle measurementsl 'this is
discussed in the nGeneral Considerationso.

Basic hocedure

1. Connect the signals to be measured to
the Channel A and Channel B input jacks
(9,  1o) .

Z. Engage the TI A -+ B switch (201. The
switch label serves as a reminder that
the measurement starts at the Channel A
edge and stops at the Channel B edge.

3. Select desired edge of each waveform
using the Channel A and Channel B -SL
switches (6, l2). Rrsh switch in for
negative-going edge, leave out for posi-
tive-going edge.

Note: When measuring time interval be-
tween similar edges on the same wave
form (e.g. positive edge to next positive
edge), it is advisable to use PERiod
rather than Time Interval mode. See
n General Considerationsn.

4. Set the Channel A TRIG LEVEL control
(8) to PRESET-IN (pushed in). This
ensures that both Channel A and Channel
B are triggering at the same level (ap-
proximately the average) on their re-
spective waveforms.

5. Select measurement units with the kn.r
M/m switch (15): in for milliseconds, out
for microseconds. The kHz/tSEC or
MHz/mSEC indicator (3, 4) lights accord-
ingly.

6. Select the degree of resolution desired,
using the RESOLUTION switches (17) and
RESOLUTION chart (16).

Note: Seleeting a finer Time Interval
resolution results in more periods being
averaged (1, 10, 100, 1000), and a greater
accumulated error. The result is that all
RESOLUfiON settings have the same in-
herent resolution (see nDisplay Interpre-
tation - Display Instabilityn).

Note: The .l l l / .0001 RESOLUTION
switch is not used in mSEC mode (k/tr
M/m switch ptrshed in). Engaging this
switch causes a display of all neightsn

and clecimal points to appear.

8 .

9 .

f
L
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7. Time interval is given by the display
(1). The GATE indicator (Z) l ights while
each measurement is in progress, and the
display is updated at the end of each
m easurem ent interval. (At higher fre-
quencies, the GATE indicator may flash
too quickly to be seen.)

Note: some measurement delay and
display instability Eay be encounteredl
see nDisplay Interpretationr.

8. The OVERflow indicator (ZS) lights
whenever the range of the display is
exceeded.

9. Engaging the HOLD switch (14) "freezesn

the display at the existing reading. 'When

HOLD is released, a new measurement
begins (Gern indicator lights), but the
display continues to hold the old reading
until the new measurement is completed.

10. Rrshing the RESET switch (13) resets the
display to zero. When RESET is re-
leased, a new measurement begins
(GATE indicator lights)r but the display
remains at zero until the new measure-
ment is complete.

11. Time interval can also be measured fornonce-onlyn events. Select the IOO/lK/.1
RESOLUTION settting (ttris must be used
for single events, because the others are
all multiple-event averaging). Set the
-SL switches f or the anticipated level
transitions, and push RESET to prime the
unit. 

'Wkrn 
the event has occurred

(Channel A transition followed by Chan-
nel B transition), the time interval is dis-
played. For each single-event measure-
ment, the counter must again.be primed
by pressing RESET.

InFt Cotrols

The following controls can be used to con-
dition the input, to prevent mis-counting from
input noise or ringing.

1. Inprt Filter. Engaging the LpF (Low
Pass Filter) switch (5) routes the Channel
A input through a low-pass filter (-: an

frequency of approxim ately 10 kHz)
before application to the counter. This
helps eliminate the effects of high-fre-
quency noise in the Channel A input.

Z. hput Attenuatc. Engaging the Chan-
nel A or Channel B X10 switch (7, I l )
attenuates the Channel A or Channel B
signal approximately 10:1 before applica-
tion to the counter. This helps prevent
mis-counting caused by noisy or im-
properly terminated high-amplitude
signals.

TOTALIZE MEASUREMENTS

The TOTALize mode is used to count the
total number of events occuning during a
specific time period. This time period can be
defined by front panel switch action, otr for
better accuracy, by a gating signal applied to
the rear panel. Events should occur at least
five times per second for accurate counting.

1. Engage the TOTALize A switch (19).
RESOLUTION (17) and k/pM/m (15) set-
tings are ignored.

Z. If the counting is to be controlled elec-
tronically, connect the gating signal to
the rear panel TOTALIZE START/STOP
jack. A TTL high at this input enables
the totalizing process; a TTL low dis-
ables it, holding the display at the ac-
cumulated value. If no signal is connect-
ed, the jack is pulled high internally so
counting occurs.

3. Depress the RESET switch (13) to zero
the counter. ff no gating signal is con-
nected to the TOTALIZE START/ STOP
jack, the unit starts counting as soon as
the RESET switch is released. If a
gating signal is connected, counting
starts when RESET is released and the
gating signal goes high.

4. As the unit totalizes, it displays the
count continually. Maximum count is
99 1999 1999. If this is exceeded, the
OVERflow indicator (Z5l lights, and the
count continues.

C

t

I
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Cor.rnting is halted by one of three meth-
ods:

a. If the gating signal at the TOTAL-
IZE START/STOP j ack goes low,
counting stops and the display is
held at the accumulated total.
Counting resumes when the gating
signal again goes high.

b. If the HOLD switch (1a) is engaged,
counting stops and the display is
held at the accumulated total.
Counting resumes when the switch
is released..

c. Pressing RESET at any time clears
the counter and resets the display
to zero.

["J i, ff ; EltH j'iff i -il,'iil,e;t l;
by inhibiting the Channel A input sig.
nal. It also blocks this signal in all other
operating modes except FREQuency
MHz. This should be kept in mind if the

{ j ack remains connected dr:ring other
L- m easurem ents.

6. The Channel A input controls (filter,
attenuator, trigger slope and level) may
be used to condition the input, to prevent
mis-counting from input noise or ring-
irg. See nFrequency Measurements
lnput Controlsn.

DISPLAY INTERPRETATION

Display Fcmats

Sample displays are given in Fig. 2. In
Fig. 2a, a value of 1234.567 is displayed; and
the kHzn.SEC indicator is lit. This may repre-
sent either a frequencyr period, or time inter-
val reading; a glance at the mode switches in-
dicates which is correct.

Assuming that Fig. 2a represents a fre-
quency reading, the resolution displayed is
.001 kHz, or 1 Hz. If the k/pM/m switch is
now pushed in, leaving all else unchanged, the
display changes to that of Fig, 2b. This is the
same frequency :rs in Fig. 2a, but given in
megahettz. Note that the resolution is now

.00001 MHz, or 10 Hz, even though a dif ferent
RESOLUTION switch was not selected.

If the display of Fig. Za is a period or time
interval, depressing the k/pl{/m switch
changes the display to t.234567 ms. Unlike
the frequency exampler Do change in resolu-
tion occurs (resolution = .001 Us - .000001 6s),
merely a change of measurement units (deci-
mal point shifts three places to left).

Fig. 2c shows a frequency ratio display
obtained by connecting both inputs to the
same signal and using the same RESOLUfiON
setting as in a or b. Neither urits indicator is
lit, since the reading displayed is a ratio.

Fig. Zd gives a typical totalize display.
Totalizations have no units, and ate always
integers (no digits to right of decimal point).
At higher totalizing frequencies, the least
significant display digits tend to fade due to
their rapid rate of change.

5 .

1 5

' lE Jrl.5E-l _fr
a. Frequen cy / geriod ltime interval display.

b. MHz frequency display

UHvtnSEC
X Hr,/f SEC

GATE

MHy'mSEC
KHy'lSEC
GATE

t I-l t-l :
l.LtU +,1

c. Frequency ratio display.

: I i  E - l  85 .  *
d. Totalize display.

Fig. 2. Samples of various displays.
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Dirplay Instability

An uncertainty of l l  least signif icant digit
is inherent in al l  digital measurements. How-
ever, greater display uncertaint ies c€ul result
from other factors, as fol lows:

Noise or ringing on the inputs can cause
false - triggering. In some cases the display
may be unstable, whereas in others it -.y
appear stable but at an incorrect reading. The
input controls provided on this ,nit can iielp to
achieve stable triggering from noisy inputs.

Uncertainty may be introduced by insta-
bility of the input frequency. This is common
with Lc oscillators; crystal-controlled oscil-
lators are much more stable.

In period, time interval, and ratio meas-
urements, uncertainty is introduced by trigger
enor (see 'SPECIFICATIONS'). 

In period and
ratio, this uncertainty can be reduced by
taking the measurem ent over a greater num-
ber of cycles, that is, by selecting a finer
RESOLUTION. In t ime interval,  however,
multi-cycle measurements are suLject to a
possible error of I count per interval. This
ctrmulative error is increased by measuring
over a greater number of intervals. The result
is that all RESOLUTION settings have the
same inherent resolution, and displaying more
digits results in more digits being iubject to
j i t ter .

Period and frequency are reciprocals of
each other. At low frequencies, more digits
c:rn be obtained (lessening the eff ects of
instab-ility) using PERiod mode. Similarly,
high frequency accuracy is enhanced by using
FREQuency mode. The "crossovern point be-
tween the two modes is l0 kHz. The AppEN-
DIX l ists a number of common frequencies
with their conesponding periods.

Measrnepanrf Delays

In alt measurem ents (except TOTAL ize),
the display is updated at the end of a f ini te
measurement interval,  which varies in length
according to operating mode and resolut ion
selected. For some condit ions, the delay can

be_co-me - significant. This should be kept in
mind when changing resolut ion or operat ing
mode, or when using HOLD or RESE'[ ,  because
each of  these act ions in i t iates a new measure-
ment.  Measurement delays for  each mode are
discussed here.

PfSqu"!gy.

In frequency measurements, each RESO-
LUTTON sett ing establ ishes a set ' ,gate t ime"
during which the measurement is made (GATE
indicator l ights during this interval).  Gate
times for kHz and MHz modes are .rs follows:

Mode RESOLUTION
setting

Gate fime

kHz
ll

n

n

MHz
n

tl

tl

100  Hz
l 0  H z
l H z
0 .1  Hz
l K  H z
100  Hz
l 0  H z
l H z

.01 second
0.1 second
I second

10 seconds
.02 second
0.2 second
2 seconds

20 seconds

As observed in the table, lower RESOLU-
TION's result in smaller gate times. They are
useful when quicker updates are desired, for
example, while tuning an oscillator. Better
resolutions require longer update intervals.

Period/Time Interval

Period and time interval measurements
are m ade by averaging over a set number of
cycles or time intervals. That number is de-
termined by the RESOLUTION switches as
fol lows:

I

t

I  m S E C
tom row

tsett ings obtained
of  RESOLUTION

by mult iplying bot-
char t  by  .001 .

1 6

Mode RESOLUTION
setting

Nunber of
cycles (intervds)

averaged

lsEC
tl

t l

t l

I
m S E C  ̂

tl

tl

. l  lsEC
.01 l6EC

.001 |SEC
.0001 Nnc

.0001  mSEC
.00001 mSEC

.000001 mSEC

I
l 0

1 0 0
1000

I
1 0

1 0 0
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The time required for a
terval  measurement to be
found by the formula:

/w,r*uer of \
Time = 

[  cycles ( intervals))

\averaged /

where t ime uni ts are same
onds, etc.)  on both s ides.

period or time in-
completed can be

(seconds, mi l l isec-

For period me€rsurements this is also:

m:  Numbero f  c@r l m e  =

Note that two RESOLUTION switches select
100 and 1000 cycle averaging. Because of
this, significant delays may occur between dis-
play updates at low frequencies.

Frequencv Ratio

To determine frequency ratio, the r,rnit ap-
plies the input signals to two separate count-
ers. Each counts rycles of its input until the
Channel B counter reaches a specified num-
ber. Both counters then stop and the number
left in the Channel A counter is applied to the
display, with a proper decim al point, as the
ratio. Each RESOLUTION switch specif ies a
particular reference number for the Channel B
counter as follows:

RESOLUTION
setting:

Qhannsl S

cormts to:

100/1K/ .1
10/100/ .01
L/L0/ .001
. l / l / .000L

I
1 0

100
1000

Measurement delays are dependent on the
frequency of the Channel B input and the par-
ticular resolution selected. The time required
for a ratio measurement to be completed can
be found by the formula:

Time (seconds) = Channel B reference
Input frequency (Hz)

Note that two RESOLUTION switches, select
100 and 1000 as Channel B reference. Because

of this, noticeable delays may occur between
display updates at low Channel B frequen-
cies. The Channel A frequency does not af-
fect  measurement t ime in rat io me€rsure-
m ents.

Inter-M easurem ent Interval

The time interval between measurements
(Catf indicator off) is fixed at 200 millisec-
onds in all modes except FREQuency MHz,
where it is 400 milliseconds, and TOTALize, in
which counting is continuous. This fixed inter-
val is independent of gate time, number of
cycles, or input frequency.

GENERAL CONSIDERATIONS

Use of Attenuator hobes

Input resistamce (1 Mn) and input capacitance
(+0 pf max) are independent of the X10
switches. To decrease loading, a high-impF
dance oscilloscope probe such as the following
may be used:

1. B&K-Precision Model PR-40 10:1 and 1:1
compensated oscilloscope probe.

Z. B&K-hecision Model PR-3? 10:t and 1:1
compensated oscilloscope probe.

The loading effect of the PR-40 is 10 MO and
18 pF in the X10 mode, and I MO and 100 pF in
the Xl mode. The loading effect of the PR-37
is 10 M0 and 12.5 pF in the X10 mode, and
I MCI and 80 pF in the Xl mode. Use the probe
in the X10 position whenever possible for less
circuit loading.

Note: when trsing a 10:1 probe such as
listed above, make certain that the signal
amplitude is large enough to provide at least
the minimum required signal to the cotrnter
after probe attenuation (see nsensitivityn in
"SPECIFICATIONSN).

Mode c Resolution ehanges

When switching resolution or operating
mode, note that such a change initiates a new
m easurem entl the display is not updated until
the new measurement is completed. Even

f e,uur^g" \
x (  cycle ( interval)  |

\ length /

f
L

l 7
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though the decimal point and leading zeroes
are adjusted immediately, appear:Lnce of the
correct value m ay be signifi cantly delayed
depending on measurement interval G.."Display Interpretat ion Measurement De-
lays").

Standi.g Waves

Stalding waves are usually present on a
transmission line not terminated in its charac-
teristic impedance. These standing waves may
cause damage to the sipal source or producl
inaccurate measurements. Therefore, when
measuring radio frequencies, the transmission
line characteristic impedance and the termi-
nating impedance should each match the
source impedance. For example, for a source
impedance of 50 ohms, use 50 ohm coaxial
cable terminated with a 50 ohm resistive
load. Use a dc blocking capacitor in situations
where bias voltage or other dc voltages could
be affected by the termination resistoi.

If additional cable is required, note that
the increased cable length results in increased,
shunt capacitance. In addition, the effect of
sta'ding waves becom es rn ore pronounced as
the cable length approaches one-quarter wave-
length of the frequenry being measured. This
is especially true if the cabl" is not termi-
nated in its characteristic impedance. There-
fore, to keep shunt capacitance and standing
waves within tolerable limits, it is recom-
mended that for radio frequency measure-
mentsr the cable be no longer than three feet
(90 cm).

Duty Cycle Measrcements

Time Interval mode can be used. to deter-
mine the duty cycle of a digital waveform, by
applying the same signal to Channel A and
Channel B, and selecting proper ed.ges for trig-
gering.

For  example,  refer  to  F ig.3.  The duty
cycle, or rat io of on-t ime to total period, i ;
found by selecting positive slope ftr Chan-
nel A (so measurement starts af begiruring of
Tl) and negative slope for ChanneiB (meas-
urement f inishes at end of Tl).  After this
reading is taken, the period is measured., (pref-
erably by using PERiod model see ,r"*i para-

graph), and the duty cycle is obtained as
fol lows:

Duty cycle =
PERIOD x l0O%

PERiod vs. fime Interval Mode

When m easuring time interval between
similar edges on the sam e waveform (e.g.
positive edge to next positive edge), it i,
advisable to use PERiod rather than Time
Interval mode, because of the following:

1. In TI mode, the unit may tend to both
trigger and stop on the same edge, resulting
in erroneous readings. 'iVaveforms 

with fasi
rise tim es (such as TTL signats) are less
prone to this phenom enon than those with
less steep slopes, such as sine and triangle
wavgs.

Z. PERiod mode affords better accuracy,
especially at finer resolutions. In TI mod,e,
the possibility of error increases with
number of intervals averaged (1, 10, 100,
1000) so that more digits tlnd to jitter as
more are selected. No actual improvement
in resolution is gained. In pERiod mode the
possibility of error is constant for all RES-
OLUTION's.

Use of TRIG IJVEL Control

When pushed in (PRESET-IN), this control
sets the trigger threshold to the approximate
average of the channel A signal. while this is
sufficient for many signals, it would not be
adequate for the waveform of Fig.4. The

l--l-Period
l r' l

t*T1-t

C
T 1

c

t

1 8

Fig. 3. Duty cycle me€uiurement.
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f

lower dotted l ine represents the t r igger level
set  by the PRESET-IN posi t ion.  This level ,  the
average of  the pulse t ra in,  is  c lose to the level
of noise present, and false triggering could
occur.

By pull ing the TRIG LEVEL control out
and rotating it, the trigger threshold can be
varied above (+) or below (-) tfre average. In
the figure, an appropriate threshold setting
would be somewhat above the noise level, as
shown by the upper dotted l ine.

Line Frequencry Measrrement

Use caution fn measwing the line
frcquency of qn o,c outlet. Using
the prcbe tip only, measune tr.th
sides of the line. The ground sfde
will give a zero reading orrtd the hot
side wrll pnrvide the desired meos-
wement. Do not use the rrgrcwtdt,
lead of the ptpbe. Remember that
the chassts of the frequency count-
er and the "gtput:ldu lead of the
probe are already at eo.rth ground
(vrc the 3-wrrc povoer cord of the
instrum ent). Touching the,tgrr,undtl
lead to the ,Itotn side of the line
would place a direct short on the
povoer line through the prcbe cable,
resultrng in possrble injury ond
damage to the prcbe cable.

Use of the attenuator and/or filter is ad-
visable when measuring line frequency, since
noise is usually present and c:rn cause mis-
counting.

SELF TEST

The SELF TEST mode provides a quick,
general check of instrument operation. I t  does
not check all functions of the instrumentl a
thorough troubleshooting procedure is given in
the UMAINTENANCE AND CALIBRATION"
section for that purpose.

If any of the following steps produces :rn
incorrect result, ref er to 'MAINTENANCE

AND CALIBRATION' for details on trouble-
shooting or returning for service.

1. Engage the SELF TEST switch (18). This
connects the counter input internally to
the time base oscillator.

Z. With the k/pU/m switch (15) in the k/U
position (out), engage each RESOLUTION
switch and check that results match the
following:

lCaff indicator lights during this inter-
val; Time between m easurements is
200 ms.

3. Set the k/pM/m switch to M/m (pushed in)
and engage each of the three RESOLUTION
switches listed below, checking for correct
results:

lln SELF TEST mode these three RESO-
LUTION settings give resolutions of
100 Hz, l0 Hz, and 1 Hz, respectively.
ZCatn indicator lights during this inter-
val; tim e between measurements is
200  ms .

L

adjustable
level

PRESET-IN
level (average)

Fig. 4. Example of trigger level variation.
RBSOLUTION

setting
Display
reads

GATE
iutervall

1 00/ 1K/.1
t0/100/.01
1 /10 / .001
.1l l  /  .0001

10000.0 kHz
10000.00 kHz
10000.000 kHz
0000.0000 kHz,
OVERflow lit

0.01 second
0.1 second

I second
10 seconds

RESOLUTION
setFngl

Drsplay
reads

GATE,
iaterval-

100/1r . / . I
10 /100 / .01
I  / t 0  /  .Oa l

10.0000 MHz
10.00000 MHz
10.000000 MHz

0.01 second
0.1 second

1 second
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f4. \[ith the k/ptut/m still set to M/m, engage
the. l /1 / .0001 RESOLUTION swi tch.  The
display should read n88.8.8.8.9.9.g.n' with
the MHzlmSEC and O\lERflow indicators
lit, and the GATE indicator on for l0 sec-
ond intervals. 6.

For any setting in either of the above two
tables, pressing HOLD should hold the dis-
play value and keep the GATE indicator off
for as long as the button is pushed in. 

'When

HOLD is disengaged, GATE should resume

flashing. (If a new RESOLUTION has been
selected, the display is updated to its prop-
er value after the first GATE interval).

For any setting in either of the two above
tables, pressing RESET should clear the
display. The GATE indicator should stay
of f as long as RESET is pushed. Upon
release of the button, GATE should resume
flashing and the display should be updated
at the end of the first GATE interval.

5 .

e

C
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{-
L

BLOCK DIAGRAM ANALYSIS

Refer to the block diagram of Fig. 5 for
;rn overall view of circuit operation. The r-rnit
can be divided into logical groupings as shown.

Analog Inprt Circrrits

These circuits process the analog input
signals in preparation for the digital circtrits
which follow. Input buffers provide the high
impedance desired, ald also selectable X10 in-
put attenuators. The Channel A signal is
passed through a selectable low-pass filter a.nd
a preamplifier which increases sensitivity and
provides selectable preset or adjustable trig
ger level control. Signals from both channels
are squared by amplifier/Schmitt trigger cir-
cuits, so that digital waveforms of appropriate
levels are obtained.

Digitd hprt Circrrits

These circuits process the now-digital
signals before they reach the counter circrrits.

The Channel A signal follows two dif-
ferent paths, according to front panel switch
settings. In one case, it is applied to a divide-
by-twenty prescaler which increases the fre-
quency r:rnge of the unit. The other path
channels it to a slope selector, which chooses
either the signal or its complement (the Chan-
nel B signal encounters a similar circuit)r and
a gating circuit which either passes or blocks
it in response to a control input and a switch.
This Channel A signal is then applied, together
with Channel B, to the Time Interval priming
circuit which passes both signals rnchanged
(except for special instances in Time Interval
mode).

The two Channel A paths converge in a se-
lection circuit which chooses either the origi-

nal frequency or the divided-down version, in
accordance with operating mode selected.
This signal and that from Channel B are ap-
plied to the counter circuits.

Cormter Circrrits

These center around an ICM?226A Univer-
sal Cor:nter integrated circuit, which perfgrms
all counting functions. Four control signals to
the chip determine operating mode and other
factors. They themselves are derived as feed-
back from the chip's own digrt strobes (which
are used as multiplex signals for the display);
the feedback is selected by the front panel
switches via the contro.l logic.

Power Stryply

The power supply provides regulated voltages
as shown. The tapped, dual-primary trans-
former is universd, Emd can be rewired €rs
needed for various line voltages.

SCHEMATIC DIAGRAM ANALYSIS

This discussion can best be followed by
referring to the separately supplied schematic
diagrams, and to the accompanyrng figures
when directed by the text. The discussion is
separated into major sections corresponding to
those depicted in the main block diagram of
Fig. 5.

Analog Innrt Cirqrits

Qhanngt A Input Buffer

Refer to the schematic diagram, The in-
put signal is capacitively coupled via C10l to
the divider of R10Z and R103. X10 switch
S101 selects either the full voltage across the
divider or only the portion across R103 ("p-

z l

ManualsPlus.com

https://www.manualsplus.com/


CIRCUIT DESCRIPTION

proxim ately one tenth of the full amount).
The signal is level-clamped to a maximum of
t l .Z vo l ts  by d iodes Dl0 l -106;  i t  is  then
applied to the high-impedance buff er stage
consist ing of Ql01, used as a source fol lower,
and Q102, which serves €rs a current sink and
enhances response to negative "igt al excur-
sions. Transistor Q103 is used as a cnrrent
source for successive stages.

Qhrnnsl A Filter

The signal is applied to the low-pass filter
consis t ing of  R113,  R114,  and Cl l6 ,  whose
values set a -3 dB point of approxim ately
10 kHz. When FILTER switch Sf 0Z is pushed
in (OW position on schematic), diodes D10? and
D108 are biased on. This provides :rn ac path
to ground through D108, and the filter action
of  R113,  R114,  and Cl l6  is  enabled.  When
S10Z is released, DlO? and Dl08 are off,  iso-
lating Cl16 from ground, and disabling the fil-
ter action.

Qhannsl A he-arnplifier

The diff erential arnplifier of transistor
anay IC101 comp;rres the input signal to a
variable dc level from the TRIG LEVEL con-
trol, R125. lVhen TRIG LEVEL is pushed in
(PRPS_ET-IN), S103 is closed, bringing the
amplifier input at IC I01 pin 4 to 

-approxi-

mately grorrnd potential. The other input, at
pin I, is taken from the output of the filter.
This signal, capacitively coupled at the count-
er input by C101, erperiences no dc offset in
the buffer or filter stages. Therefore, when
applied to pin 1 of ICl01, i ts average level
remains near ground potential, As J result,
when TRIG LEVEL is set to PRESET-IN, the
quiescent level of the diff amp is set at apF
proximately the average level of the inpui.
tffhen TRIG LEVEL is pulled out, S10j is
opened, and the pin 4 input level is controlled
by R I 25, which varies the quiescent level
above or below the input average.

Cha"-el A Amplifier/Schmitt Trigger

This stage (IC 102) amplifies and shapes
the input to ultimately produce a digital
waveform which is suitable for use in the
counting circuits. The circuit makes use of a

10216 ECL tr iple l ine receiver for good re-
sponse throughout the frequency range of the
instrument. Two of the amps in this IC (first
and third on schematic) are used to square up
the signal, and a third (second on schematic) il
used as a Schmitt trigger.

The chip supplies a voltage ref erence of
3.8 volts at pin 11; this is applied through
dividers R130/R136 and RlZ8/R129 to the in-
puts of the first amp (pins 9 and l0). A quies-
cent voltage difference of approximately 30
millivolts results between the two inputs. This
defines the minimum amount of signal re-
quired at these inputs for proper nsquaringn to
occur.

The second amp, at pins lZ and 13, is used
€ui a Schmitt trigger to eliminate false trig-
gering caused by noise. fts trigger threshold is
obtained from the pin ll reference through
R133. The amount of hysteresis, which pro-
vides the noise margin, is set by R134.

The third amp, at pins 4 and 5, is used to
provide further nsquaringn of the waveform.
Inputs to this anp ate the complementary
outputs of the Schmitt trigger.

Transistors Q104 and Q105 are used €rs
ECL-Io-TTL level shif ters. The wavef orm
obtained across R14Z is a 0 to 2.4 volt square
wave with the same polarity €rs the input
signal.

Qh-nnel B hprrt Buffer

The Channel B input signal is capacitively
coupled via C 141 to the divider of R I 5l and
R 152. X10 switch S105 selects either the ful l
voltage across the divider or only the portion
across R15Z (approximately one tenth of the
full amount). The signal is level-clamped to a
maximum of t l .Z volts by diodes Dll l - l l4 and
applied to the high-impedance buff er stage.
This consists of FET Ql1l, which provider high
input impedance and trnity gain, and e112,
which serves €rs a cunent source for succes-
sive stages.

Cba"nel B Amplifier/Schmitt Ttigger

This stage (ICl05) operates in a similar
manner to its Channel A counterpart (IC1OZ),

t

t
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to square the waveform for use in the counter
circuits. As in Channel A, a 10216 ECL tr iple
l ine receiver  ( IC 105)  is  used.  The f i rs t  two
amps shown on the schematic €rre used for
squaring, and the third serves as the Schmitt
trigger.

The 3.8 V voltage reference from pin l  l  is
appl ied through dividers R l6 l  /16z " ' ,a R 159/
160 to the inputs of the f irst amp (pins 9 and
,l 
0-), defining the minimum squaring level(about 30 mV). The complementary outputs

are applied to the second amp at pins 4 and 5
for further squaring of the waveform. The
Schmitt trigger at pi.rs LZ and 13 prorria", a
noise margtn; its trigger threshold is obtained
from the pin l l  refei lrr ." via R16?, and Rl6g
determines the amount of hysteresis.

Transistors el 13 and el 14 are the ECL_
to-TTL level shif ters. The R r ? 1 waveform is
a 0 2.4 volt  square wave with the sam e
polarity as the input.

Digital Inn�rt Cirqrits

Cbanngl ArlCh-n''el B Slope Select

Positive or negative trigger slope is se_
[.ttla by applyittg ih" inputs-through EXCLU_
SfivrE-OR gates ICg pins d-f g. The 

-oth., 
input

to each gate is set either high or low by ihe-SL (slope) switch. The result is that either
Jh9 signal or its complement is fed through to
IC6.

Qhanngl A Signar Gating

The Channel A signal from ICg pin g is
AND'ed in ICI- 

lnins l, Z, lZ) with the output
of the HOLD flip-flop (IC9 and HOLD switch
Sl4) and the nott"g" from the TOTALIZE
START/STOP jack J2 on the rear panel. This
permits the input to be gated, eiihe, manu_
ally or electronical ly, during i t  u TOTALize
mode. When no control signil is connected to
JZ, the jack is pul led high by RZ.

Time Interval kiming Circrrit

Before any Time Interval measurement,
I !6 must be primed by a high-to-low transit ion
of input A, fol lowed by a , i- i tar transit ion of

input B. In cases of repetitive input wave_
forms,  the chip is  automai ica l ly  pr imed.  How_
ever, for instances where one (ana only one)
t ime interval is to be measured, a priming cir_
cuit is used.

The circuit consists of four inverters from
IC3,  two EXCLUSIVE-OR's of  ICg,  NAND gate
JC9r and RESET switch sl5. The input signlals,
lines A I and B l, are f ed through ihe XC)R,s.
Most of the t ime the other XOR inputs (from
the priming circuit) are low, and thg XOR out_
puts fo l low Al  and Bl .

Howeverr. when_ preparing to time a single
event, lines Al and Bl are a stable high d*cause the iaputs shourd be stable in orii.ip"-
t ion of the event). pressing RESET takes ICgpin I high also (only, however, if fi mod,e is
selected, enabling NAND gate IC9). This pro_
duces a low at ICg pin 3. When RESET is re_
leased, IC8 pin 3 goes back high, ,r,d th" irr_
verters at IC3 pins 6-T and 9_10 produce amomentary low at ICg pin 6. After this
priming sequence of each kOn going low and
high, the priming circuit resum es its steady_
state conditions, and the xoR outputs folrow
Al and Bl for the t ime interval measurement.

Qhennsl A hescaler

Maximurn guaranteed operating frequency
of the counter chip, IC5, i; l0 Mfrz. To ex_
tend the frequency r:rnge to 150 MHz, ih"
Model |SZZ employs a prescaler consisting of
two frequency dividers in the channel A d-igi-
J1l i"p"t path. The first is a divide_by_tJn,
ICl04, whose input is taken from the output of
the Channel A ampli f ier at ICI0Z pin 3. This
is immediately followed by ICZ, " aioia._Uy_
two.

The output of ICZ is applied to a circuit
consisting of the four NAND gates of rc4,
which select either the frequency-divided sig-
nal or the original-frequency signal from the
priming circuit. The selection circuit is
governed by the output of IC I pin g, which
goes high only during FREe MH; rnoi" (also
discussed in the paragraphs on nCounter 

Cir_
cuitsn below). Whenerr"" ihi .  mode is selected,
the frequency-divided version is applied to the
counter circuits.

t

t

z4

ManualsPlus.com

https://www.manualsplus.com/


CIRCUIT DESCRIPTION

TCld7?�Z6A Comter

This integrated circuit,
of the unit. It performs all
and multiplexes and drives

IC6, is the heart
counting functions

the displays. It

The ef fect  of  the div ide-by-two operat ion
on the input is compensated for by another
divide-by-t',rro, ICZ, connected between pins 38
and 33 of  the ICM72Z6A. As explained in the
"Cotrnter Circui tsn p"" .graphs, whenever
FREQ MHz mode is enabled, th is c i reui t  d i -
v ides the counter t ime base by two.

The effect of the divide-by-ten on the
input is compensated by shift ing of the display
decimal point ,  a lso discussed in the "Counter

Circuitsn paragraphs.

Cqmter Circrrits

requires an input signal of digital logic levels,
as provided by the circuits previously dis-
cussed. A ctystal for the timebase oscillator
is also requiredr ?s well as external connec-
tions for feedback of display digit strobes, its
described below.

Digit Strobes ad Feedback

The 7226 A multiplexes the display by
me:rns of digit strobes D 1-D8. Each strobe
goes high in sequence, as in Fig. 6, turning its
display digit on momentarily. As each digit is
selected, the proper seven-segment and deci-
mal point information for that digit is sent out
at  the same t ime on p ins 8-11 and 13-16.

The diglt strobes D1-D8 are also used to
control the 72Z6A by selective feedback to
four control pins, l, 4, 20, and 21. Operating
mode, resolution, and other parameters are
determined by which strobe signal is present
at each control input. Strobe feedback is con-
trolled by the front panel settings, either
directly or through logic. Each control pin and
its feedback network is discussed below.

Operating Mode Sdection

Operating mode selection is controlled by
FUNCTION pin 4. As shown in Fig. ?, this pin
is directly connected to one of digit strobes
D1-D5 or D8 via mode switches SZ-S?.

Resolution Selection

Resolution selection is controlled by
RANGE pin 21. As shown in Fig. 8, digit
strobes D 1-D4 are applied directly to pin Zl
via RESOLUTION switches S8-S11.

Additional Control - Pin I

Additional control of IC6 is provided by
feedback of strobes Dl, D3, and D8 to CON-
TROL pin 1. This feedback is determined by
the front panel switches via the circuits of
Figs. 9 and 10. Outputs A and B in Fig.9 are
high only for the conditions listed. In Fig. 10,
these outputs are used to gate the strobes to
pin 1 via either a pass transistor (Q3) or bi-
lateral switches fICT) which provide a low-
resistance path from input to output when
energized.

D1

02

D3

D4

D5

D6

D7

D8

Fig. 6. IC6 digit  strobes.
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(
to display

D 8

D 7

D 6
IC6

D 5

D 4

D 3

D2

D I
FUNCTION

E
IE'fr,1I
ITFTI

tf,A-Tio

rFmt

Fig. 7. Operating mode selection.

t
to display

D I

D 2

D 3

D 4

D 5

D 6

D 7

D 8

ndo-'/rKdl

[oi66F'�i1

nmz6o,i1
[i-lv,366'il

tFig. 8. Resolution selection.
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lffi/'l tFl'El @ tr!
+ 5 V

I
5 l

Iffil
+5V

I
s 7  6

+ 5 V  + 5 V  + 5 V

t r ls t z  t  s 2  I  s 3 I  s

High in
FREO MHz
mode only.

High in
PER mSEC,
TI  mSEG,

SEFL TEST MHz
modes.

Fig. 9. Generation of outputs A and B for Figs. l0 and 11.

t
D 8

D 7

D 6

D 5

D 4

D 5

D 2

o l

External 0.P.
lrom
Fig. 9

lrom
Fig. 9

lrom
Fig.  9

Fig. 10. Additional strobe feedbackl IC6 pin 1.
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D8 is  appl ied whenever  the . l / l / .0001
RESOLUTION switch Sl l  is engaged., the k/p
M/m switch is pushed ir,  and peRioa, Time
Interval,  or SELF TEST mode is selected. IC6
responds by outputt ing the "Display Test, '
condition, causing the display to read all
eights and decimal points.

Dl is gated whenever the unit is in FREe
MHz mode. This instructs IC6 to use the sig-
nal at pin 33 Ers a time base. This is merely
the output of a divide-by-two circuit whose
input is the regular l0 MHz tim e base (m ade
available at pin 38). Thus, whenever FREe
MHz mode is used, the time base is divided by
two. This divider is included to compensate
for the previously discussed divide-by-two
used in the input path.

D3 is applied whenever any of the condi-
tions listed in Fig. 9 are true. This instructs
IC6 to use external decimal point control, :rs
explained in the next section.

External Decimal Point

External decim al point placem ent is
enabled in al l  of the modes l isted in Fig. 9.
When D3 is appl ied to pin I ,  the 7226A dis-
ables automatic select ion, and places a deci-
mal point at the display digit whose strobe is
applied to pin 20, EXT Dp nV. As shown in
Fig. 11, that posit ion is determined part ial ly
by the RESOLUTION switches, and part ial ly
by the particular operating mode being used.
(through outputs A and B of Fig. 9).

Time Base

The 7226 A provides an on-chip FET in-
verter oscillator. It requires the addition of a
crystal (1 Mffz or 10 MHz), external resistance
for biasing, and external capacita'ce for fine
adjustment. The model IBZZ uses a l0 MHz
crystal. As seen on the schematic, an optional
TCXO (temperature-compensated crysial os-
cillator) may be used for increased tempera-

(

tD 8

D 7

D 6

D 5

D 4

D 3

D 2

D I

to
display

lrom
Fig. 9

ilodzrzil [6'm6'26'n Dplbb'n [i-fyEil t
Fig. 11. External decimal point control.
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ture stabi l i ty. (For TCXO operation, jumpers
JU6 and JU7 €re disconnected, and JU8 is
inserted.)

HOLD Ssitch

Refer to the schematic diagram. The
HOLD switch, S14, is connected via IC9, which
provides switch debounce, to IC6 and ICl. The
connection to IC6 instructs the chip to enter
the display HOLD mode whenever the switch
is engaged. In TOTALize operation, however,
IC6 would freeze only the display but keep on
counting; this is remedied by also connecting
S14 to ICl. This cuts off the input from IC6
(as does a low at the TOTALIZE START/STOP
jack) and halts the counting process.

LED Indicators

The MHz/nSEC and kHz/t6EC indicators
are connected to complementary signals which
are a direct function of the sett ing of 51Z, the
k/pU/m switch. They are, however, disabled
when IC5 pin 3 goes high, in RATIO and
TOTALize modes.

The GATE indicator,
inverter IC3 (pins 14 and
pin goes low whenever
Progress.

D18, is connected via
15)  to  IC6 p in 3.  This
a measurement is in

i i
L

Power Supplv

The transformer is a trniversal tlpe whose
primary windings may be rewired for various
line voltages by reconnecting jumpers JUl-
JU5.

The output of the secondary side is recti-
fied by bridge D4-D? and filtered by C10 and
Cl l .  Zener  d iodes D10,  Dl l ,  D13,  and D14
provide regulated +10, -10, +6.2, and
-6.2 volts, respectively.

The secondary output is also rectified by
D8 and D9 and filtered by C12. +5 volts is pro-
duced by DIZ and Ql, which provide good
regulation and adequate power for the digital
portion of the instrument.
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7. The following instructions are for
use by qwlified personnel only. To
ovoid electric shock, d.o noi per-
f orm senrfcing rorless you are qttnli-
fi.ed to do so.

2. AC ltne wltage fs present on the
fuse, jumperc, ond tionsformer cfr
cuits whenever the wtit fs plugged
into on ac outlet, even if tie Fivn
switch fs OFF. Obsenre cautfon
orry time the ccse rs removd frcm
the ins t lment .

RETURNING FOR SERVICE

If you have encountered a problem with
your unit and choose to return it for service,
check the following befce returning.

1. Is the unit connected to a live power
source of the proper voltage? (See nl-ine
Voltage Conversionn in this section, if
required.)

Z. Is the fuse okay? Is it the proper t1rye?
(See nFuse Replacementn in thii r".iiorr,
if required.)

COVER REMOVAL

1. Disconnect the unit from ac power.

Z. Remove the four Phi l l ips screws (two on
each side of unit) holding the rear bezel
(r im) in Place.

3. Remove the rear bezel.

4. Carefully slide the top or bottom cover
out from the rear.

5. When replacing either cover, be stue to
engage it properly in the guides, and re-
place with the smooth side on the inside
of the unit.

CALIBRATION

There are two calibration adjustments,
time base oscillator frequency, and preset
trigger level. Before calibration, allow the
unit one hour (fully cased) to warm up.

fime Base Adjustment

This adjustment requires a l0 MHz stan-
dqd with an accuracy of at least tl part in
1  0 0 . G
1.. Remove the bottom cover as directed in

the previous section,

Z. Connect the standard frequency source
to the Channel A input.

3. Engage the FREQuency A switch and the
l/  l0/.001 RESOLUTION switch.

4. The location of the time base adjustment
Cl is shown in Fig. lZ. Note that Cl is
adjusted from underneath the circuit
board, through an access hole; the top
cover is not removed. The illustration is
given to provide a reference for adjust-
ment location.

5. Using an appropriate screwdriver-t11pe
alignment tool (metal blade adequate),
adjust C1 for a display of 10000.000 kHz.

6. Replace the bottom cover.

C
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f
Tligger Level Adjustment point pins on the amplifit

shown in Fig. 12.
This adjustment requires a standard DVI\4

with 0.1 mV resolution or better. 3. Push in TRIG LEVEL contr
IN).

1. Remove the top cover as described pre-
viously. 

-r -- -- r- - 4. set DVM to 100 millivolt ran

z. connect DvM gro'nd lead to amplirier 5' 
*iffit"*tL'"ffi ilt: jit;i

board ground and positive lead to IC101
pin 1. These points Erre accessible at test 6. Replace the top cover.

Line voltage
Fuse jumpers JU1-,U5

Time base
adjustment C1
(adjust from
underneath)

Jumpers
JU6.JU8

Ground test
point

(top pin)

Level
adjuslmenl

R 1 1 2

Fig. 12. Interior view showing important elements.

i '

{."
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LINE VOLTAGE CONVERSION

The Model LBZZ is equipped with a uni_
versal transformer which may be rewired ap_
propriately for various line voltages. Domes-
t ic models are factory-wired for lbg-l3Z VAC,
60 Hz operation, and international models are
initially wired for ZZ0 VAC, 50-60 Hz opera_
tion. Both tlpes can be rewired as follows.

Disconnect the r:nit from ac power, re_
mo-v9 the top cover €rs described previously,
and locate jumpers JUI-JUS. Thesl "r" po"i-
tioned on the main circuit board, directiy in
front of the transformer (see Fig. lZ,). Con_
nect jumpers for each line volt"gJ a" follows:

100 V:  JUl ,  JU3,  JU4

120  V :  JU l ,  JU3 ,  JU5

220 Vz JUZ, JU4

?40 Yz JVZ, JU5

NOTE: line voltage conversion may re_
quire installation of a different fuse. see the
following section.

FUSE REPLACEMENT

The fuse value required depends on the
line voltage selected as follows:

100 or  120 VAC 3/ t6 A,  250 V,
operation: 3AG Slow Blow

220 ot 240 VAC 0.1 A, ZSO V,
operation: 3AG Slow Blow

To replace the fuse, disconnect the unit
{rom ac power and remove the top cover as
desctibed previously. The fuse i" located
directly in front of the transformer, on the
main circuit board (see Fig. lZ).

If the fuse is blown, try to determine and
correct the cause, and then replace only with
a fuse of the correct value.

INSTALLATION OF OPTIONAL TCXO

An optional TCXO (temperature-compen-
sated crystal oscillator) may be installed by
the user, to provide better time base temper_
ature stability (less than t.000lro variation
from OoC to 50oC ambient). Instal lat ion of
the TCXO requires the following material,
which must be purchased separately:

*NOTE: R4 may already be in-
cluded; see step 4 below.

Installation of the TCXO is as follows:

1. Disconnect the unit from ac power.

Z. Remove the top and bottom eovers as
described previously.

3. Locate jumpers JU6-JU8 on the main
circuit board (refer to Fig. lZ).

4. Remove the JU6 and JU? wires and
replace one at JU8.

5. Resistor R4 (from base of transistor eZ
to grorrnd) may already be present in
yout unit. Compare the main circuit
board of your unit with the circuit board
map provided in this manual, to deter_
mine if R4 is included. If not, install R4
(see description above) from ih. b"re to
the emitter of eZ.

6. Insert the pins of the TCXO into the
appropriate holes of the solder shield and
install the TCXO on the main circuit
board with the seal screw facing as
shown in Fig. lZ.

7 . Solder the four TCXO pins to the main
circuit board. check ail solder connec- a
tions for shorts, etc., before applyrng t
power to the unit.

c

3 Z

Description Part No. Qty.

TCXO - 10 MHz

Solder Shield

1 k0 tsTo, l/4 W
Carbon Resistor (R4)

sz3-r40-g-001

342-042-9-001

002-1 04-s-t02

1

I
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TROUBLESHOOTING

The following troubleshooting steps pro-
vide a logical procedure f or f ault isolation.
While the procedure cannot, of course, guat-
antee to pinpoint every possible problemr it
will in most cases localize the problem to a
certain area.

Most of these troubleshooting steps re-
quire removal of the top cover as described
previously.

Components mentioned may be located on
the circuit board by means of the CIRCUIT
BOARD MAPS provided in this manual. The
separately supplied schematic diagram should
also be consulted in conjr:nction with this
procedure. Finally, it should be m entioned
that some insight into troubleshooting the r:nit
may be gained by studying the CIRCUIT
DESCRIPTION section of this manual.

1. Set PWR to ON and connect a I MHz sig-
nal source to both inputs. Frequency
accuracy of the source is not critical;
however, amplitude should be adequate
to produce stable counter readings. Use
the input controls (filter, attenuator,
trigger slope and level) as necessary to
obtain a stable readout. (If a stable
reading cannot be obtained, follow
step 5.)

2. Set the counter to each of the settings of
Table I and check thac the display shows
approxim ately the values listed. If it
does not, proceed as follows:

ir. If no display can be obtained, fol-
low step 3,

b. If display shows abnormalities such
€ls missing decimal points or unlit
segments or digits, follow step 4.

c. If display appears normal, but value
is incorrect or unstable, follow
step 5.

lMeasu"ed with oscilloscope with 1 M5? input resistance,
attenuator probe with 1OMO input resistance, 18 pF input
different imped;rnce may result in significant differences in

d. If problem is not adequately de-
scribed by any of the above, start
at step 3 and proceed through each
step until the difficulty is isolated.

No display. Check supply voltage at IC6
pin 25 for approximately +5 volts. If this
voltage is not present, check ac input,
fuse, and +5 V power supply circuit (n8,
D9, ClZ, DlZ, Q1). Otherwise proceed
to step 4.

Abnormal display.

Digit strobes and time base. Check
for the digit strobe waveforms of
Fig. 13 at IC5 pins 22-24 and 26-
30. If these are normal, proceed to
step 4b. If not, check the output of
the time base oscillator at pin 38
for €rn approximate siue wave of
frequenqy 10 MHz and peaks of 0
arrd Z V'. If normd, proceed to
step 4b; if no output is obtained,
check oscillator components and
IC6.

Displav test. Engage the .l/1/.0001
RESOLUTION switch and select
SELF TEST mode. Display should
be all neightsn with aU decimal
points and O\TERFLOW indicator
on. If not, switch to PERiod and
Time Interval modes (same RESO-
LUfiON) and check for sane dis-
play in each. If the self test dis-
play appe:rrs in one mode and not in
another, check mode selection cir-
cuitry as in step 5j. If it does not
appear in any modes, or is incorrect
in all modes, check seven-segment
displays and IC6 segment driver
pins 8-11 and 13-16. \faveform at
each of these pins should approxi-
mate a dc level of about 1.2 Vr with
negative spikes of about 4 kHz.

28 pF input capacitance using X10
capacitance. Use of equipment with
peak magnitude.

3 .

4.

b.

t
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Operating
Mode RESOLUTION

100/ tK/ .1
10 / t00 / .0 I
1 / t0 / .00 t
. l / l / .oool

Normd frdeal)
Drsplay

FREQuenry kHz

FREQuency MHz

1000 .0
1000 .00

1000 .000  1
1000 .0000 '

t00/tK/.1
t0/ t00/.01
t /10/ .001
. l / l / .0001

t00 / tK/ . l
t0 / t00/ .01
1/  t0  /  .001
. l  / l /  .0001

1 .000
1.0000

1.00000
1.0000002

PERiod ISEC
1 . 0

1.00
1.000

___1.0000
. 0010

.00100
.001000

Display test3

PERiod mSEC t00 / tK/ . l
t0/ t00/.01
t / t0 / .001
. l  /  1 /  .0001

RATIO

TI t5rc
(both -SL switches
out, TRIG LEVEL set
to PRESET rN)

t00 / tK/ . l
t0 /100 / .0t
I  /  to/  .o}t
. l  / l /  .0001

1 .
1 . 0

1.00
1.000

100 /1K /  . l
70/t00/.0t
t / t0 / .001
. l  / l  /  .0001

100/ l  R l  . t
n /100/.01
1 /  t 0  /  . 001
. l  /1 /  .000t

not applicable.

1 . 0
1.00

1.000
1.0000

TI mSEC
(both -SL switches
out, TRIG LEVEL set
to PRESET IN)

. 0010
.00100

.001000
Display test3

TOTALize
Display accumulates,
with second digit from
left changing at
approximately I  Hz.

PERiod
(reduce input to
Iess than 100 Hz)

. l  / l  /  .0001 OVERflow lights.l

(

C

i*ll:: 
ten seconds for measurement completion.

t*i::y__:Y"i:I seconds 
fo_r measurement comptetion.?_____ - .  i r ! v ^ .1 /  " : : y . . " "  
l r _ ,  

*easu remen t  comp le t i on ."Display is all eights, with all decim.i pli"ts and ovERflow indicator lit.

Table 1. Normal displays for I MHz input.
C
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f Decimal points. If these are ab-
normal in MHz or mSEC modes,
check the mode selection logic as
in step 5j (particularly Table 7).

KHz4.SEC or MHzlmSEC indica-
tors. For problems involving these,
check the mode selection logic as
in step 5j (particularly Table 8).

GATE indicator. This LED, D18, is
connected via IC3 to IC6 pin 3,
which goes low whenever a meas-
urement is being taken. Check
D18, IC3, and IC6 pin 3. (I f  pin 3
shows no activity, it is advisable to
check for proper mode selection as
in step 5j.)

Fig. 13. Digit  strobe waveforms from IC6.
(Rrlse m agnitude varies according to
number of segments lit in a particular
digit.)

Inconect or rmstable display yalue.

a. Isolatior bv h"lf-splittirg. Check
ctor of

Q104 (Channel A) and Q113 (Chan-
nel B). With a 1 MHz input to each
counter channel, each of these
waveforms should be a I MHz
square wave (0-2.4 V) of same
polarity as the channel input. If
either wavef orm is abnormal, a
problem may exist in the analog in-
put circuitry for that channel; see
steps 5b and 5c. Otherwise,
troubleshoot the digitd circuitry;
see steps 5d to 5j.

b. Analog circuitrv power supplv.
Check for voltages of +6, -6, +10,
and -10 volts in the analog circuits
(appropriate points are shown on
the amplifier board schematic). If
these voltages are not present,
check the power supply (D4-7, Dl0,
D l 1 . ,  D 1 3 ,  D l 4 ,  C 1 0 ,  C l l ) .

C . Analog input circuits. Tables 2 and
3 give waveforms for the analog in-
put circuits for Channel A and
Channel B respectively (using a
10 kHz, I V p-p sinusoidal input).
The order of table entries is from
input to output; this permits either
sequential or half-splitting trouble-
shooting techniques, €ts desired by
the user.

Slope select gates. With the Chan-
nel A -SL switch 5103 out, the TTL
waveform at IC8 pin 8 should be of
the opposite polarity as that at the
collector of Ql04 (see step 5a
above). Rlshittg the switch in
should complement the signal.
Similarly, the waveform at IC8
pin 11 should be opposite to that at
the col lector of Ql13, except when
complemented by the Channel B
-SL switch 5106. I f  ei ther wave-
form is abnormal, check IC8 and
the -SL switches.

5 .

d.

€ .

\"

z ms ----l
3-4 V

Pin 30
( 0 1 )  0  v -

Pin 29
(02)

Pin 28
(03)

Pin 27
(04)

Pin 26
(05)

Pin 24
(06)

Pin 23
(07)

Pin 22
(08)

3 5
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Yavefcml

A .  G a t e  o f  Q 1 0 1 .

B .  Ga te  o f  Q l01
(Ch.  A x10 swi tch engaged).

C. Base of Q 103 .

D. IC101 pin I ( I ,pf switch out).

IC101  p in  1
(I.Pf' switch pushed in).

IC101  p in  4

IC101  p in  13
(tnfC LEVEL pushed in).

IC 101 p in 13
(fnfC LEVEL pulled out).

IC 102 pin 1 1
(input disconnected).

ICl0Z pin 9
(input disconneeted).

ICl0Z p in 10
(input disconnected).

IC l0Zp in  10
(input t  reconnected).

IC I0Z  p in  7 ,  13 .

N.  ICl0Z p in 6.

O.  ICl0Z p in 4,  15.

P.  ICI0Z p in 5,  14.

Q.  ICl0Z p in 2,  base of  e l05.

R.  ICl0Z p in 3,  base of  e l04.

I
1 V p-p, 10 kHz sine wave, centered at 0 V.

0.1 V p-pr 10 kHz sine wave, centered at 0 V.

I V p-p, 10 kHz sine wave, centerecl at +1.8 V.

0.8 V fpr l0 kHz sine wave, centered at 0 V,
in phase with input.

10 kHz sine wave, approx. 0.5 V p-pr centered.
at 0 V, shifted by approx. 45o behind input.

With TRIG LEVEL pulled out and rotated,
voltage at pin 4 should vary from -1.4 V to
+1.6 V. (0 V with TRIG LEVEL pushed in.)

10 kHz 2.6 V p-pr rounded squ€re wave, cen-
tered at 4.5 V. Rotation of TRIG LEVEL
should have no effect.

With TRIG LEVEL pulled out and centered,
waveform is same as G. Rotating the control
counter-clockwise increases the duty cycle
toward a dc level of +6 V at extreme rotat ion;
clockwise rotation decreases the duty cycle
toward a dc level of +3 V at extreme rotat ion.

DC level  o f  +3.8 V.

Same as L

Same as L

2.6 V p-pr 10 kHz rounded square wave, cen-
tered at +3.8 V.

1 V p-p, 10 kHz squ;rre wave, centered at
+3.8 V. Polarity opposite that of J; squ:rrer
edges.

Same as M, but inverted.

Same as M.

Same as M, but inverted.

Same as M.

Same .rs M, but inverted.

t

lCh"rrrr"l A input of I V p-p, l0 kHz sine wave.

Table 2. Channel A analog circuit waveforms.

€
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r Test Point

lch.r,rr"l B input of 1 V p-p, l0 kHz sine wave.

Table 3. Channel B analog circuit

_qh"!!91_4 gating. Check wave-
form at IC I pin 12. With HOLD
switch S14 out, TTL waveform
should be the same as that at IC8
pin 8. Pushing S14 in (or applyrng a
TTL low signal at the TOTALIZE
START/STOP j ack, JZ) should re-
sult in a constant low at ICI pin
I2. I f  waveform is abnormal, check
ICl ,  S l4,  HOLD f l ip- f lop IC9,  or  JZ
input network. g.

.I_-pfi-i_lf:lfcgte. Check, wave-
forms at IC8 pins 3 and 6 (Ctrannels

waveforms.

A and B, respectively). V/ith RE-
SET switch Sl5 out, waveforms
should be the same as those at ICI
pin IZ and IC8 pin 11, respective-
ly. If not, check the priming cir-
cuit  and RESET switch S15 as in
Table 4. Also consult this table if
the unit fails to properly perform
single time interval measurements.

PtSf.=lSl Set cotrnter input to
1 MHz, and check frequency of
wavef orms at IC 104 pin 4 (should
be 100 kHz, non-symmetrical wave-

f '.,\

€ .

f .

A .  G a t e  o f  Q 1 1 1 .

B.  Gate of  Ql  l  I
(Ch.  B.  X10 swi tch engaged).

C .  C o l l e c t o r  o f  Q l 1 2 .

D.  IC 105 p in I  I

,  ( input disconnected).

E.  IC105 p in 9
(input disconnected).

F.  IC l0  5 p in 10
(input disconnected).

G. IC 105 pin 10
(input t  reconnected).

H.  IC105 p ins 5,  6 .

I .  IC105 p ins 41 7.

J .  ICl05 p ins 2,  13.

K .  IC105  p in  15

L. IC 10 5 pin 14

Wavefonml

1 V p-p, 10 kHz sine wave,
centered at 0 V.

0.1 V p-pr 10 kHz sine wave,
centered at 0 V.

I V p-p, 10 kHz sine wave,
centered at  +3.5 V.

DC level  o f  +3.8 V.

Same as D.

Same as D.

1 V p-p, 10 kHz sine wave,
centered at +3.8 V.

1 V p-p, 10 kHz rounded square
wave, centered at +3.8 V.

Same as II, but inverted.

Same as L with squarer corners.

Same as J.

Same ff J, but inverted.
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Front Pael Setting Test Point(s) lYaveform

TI swit ch engaged,
RESET switch out

IC3 pin 3

IC3 pin Z

IC9 pin 5

IC9 pins 4,
IC3 pin 5

IC3 pin 4

IC3 pin 7

IC3 pin 6

IC3 pin 9

IC3 pin 10

IC8 pin 6

IC8 pin 3

6 ,

Logic high

Logic low

Logic low

Logic high

Logic low

Logic high

Logic low

Logic high

Logic low

Same as IC8

Same as IC8

pin 4

pin 2

Press and release RESET IC8 pin I should go
Upon release of the
followed by a brief

high as long as RESET is held down.
button, IC8 pin 1 returns low,

high (5 ms) at IC8 pin 5.

Table 4. Check of TI priming circuit.

c

t
f orm) and TCZ pin 5; (should be
50 kHz, symmetrical waveform). I f
either is abnormal, check ICl04 or
rcz.

h. Pt"r.*"Zat..t t
For a 1 MHz counter input, the
waveform at IC4 pin 8 should also
be 1 MHz when FREQ kHz mode is
selected. '[4/hen 

FREe MHz is
selected, the frequency at IC4 pin 8
should be 50 kHz. If the waveform
is abnormd, check that IC4 pin Z is
high when FREQ MHz is selected.
If not, check the mode selection
logic as in step 5j (particutarly
Table 8). Otherwise, check the
gates of IC4.

i. Time base divider.

frequency of that
(10 MHz t ime base
not, check TCZ.

The waveform
be I /2 of the

at TCZ pin 11
from IC6). I f

j . Mode select ion logic.  Operat ins
thei factorf

are determined by feedback of the
IC6 digit strobes D 1-D8 to various
control pins of this same chip. This
f eedback is controlled, either
directly or through logic, by the
front panel switches. Tables 5 - 8
give normal logic conditions in
these feedback connections for
each switch configuration.

e
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r

tv

Table 5. Check of RESOLUTION switches.

Front Panel
switche Engaged

Test Point(s) Yavefcm

100/1K/ .L RESOLUTION IC6 pin 21
IC? pin Z
IC? pin 4

IC6 strobe Dl i
IC6 strobe D4 i
IC6 strobe D5 i

L0/L00/.01 RESOLUTTON IC6
tc7
TC7

pin 21
pin Z
pin 4

IC6 strobe DZ i
IC6 strobe D5 ,
IC6 strobe D6 i

|  /L0 /  .001 RESOLUTION IC5
tc7
TC7

pin 21
pin Z
pin 4

IC6 strobe D3 i
IC6 strobe D6 i
IC6 strobe D? i

.t/l/,0001 REsoLUfioN IC6 pin 21
IC? pin Z

IC6 strobe D4 i
IC6 strobe D? r

l i

Front Pael
Switch* F.ngagd

Test Point(s)
'lfavefcm

FREQuency A IC6 pin 4

ICl pin 9

IC6 strobe D 1

Logic high

PERiod A IC6 pin 4

IC5 pins 8, 10,
ICI pin 5

IC6 strobe D8

Logic high

RATrO AlB IC6 pin 4

IC5 pins 2r 3,
cathodes of D16, D17

IC6 strobe DZ

Logic high

TI  A.+ B IC6 pin 4

IC5 pins 4, 6, 8, 9,
ICl pin 5,
IC9 pin 5

IC6 strobe D5

Logic high

TOTALize A IC6 pin 4

IC5 pins 1, 3,
cathodes of  DL6,  D17

IC6 strobe D4

Logic high

SELF TEST IC6 pin 4

IC5 pins 5,  61 8,  9,
ICl pin 5

IC6 strobe D3

Logic high

Table 6. Check of 'mode switches and related logic.
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(

Front Panel
Switches Engaged

Test Point(s) Waveform

kA- M/m, FREQuency A IC lp ins  8 ,  9 ,  10 ,
IC7 ' pin 13

IC?1  p in  1 ,
IC6 pin Z0

IC5p ins  11r  12 ,
IC7 '  p in  12

IC? 1 pin 10,
IC6 pin 1

Logic high

Same as IC? pin 2 (IC6 digit strobe
selected by RESOLUTION switches;
see Table 5)

Logic high

IC6 strobe D3 (pin 28)

k/u - M/m, and
PERiod, TI, or SELF
TEST

IC5 pin 8

IClp ins 5,  6 ,
IC7 L pin 5

IC?1 p in 3,
IC6 pin 20

IC5pins  11,  13,
lC7 ' pin 12

TCTL pin 10,
IC6 pin I

Logic high (see Table 6)

Logic high

Same as IC? pin 4 (IC6 digit strobe
selected by RESOLUTION switchesl
see Table 5

Logic high

IC6 strobe D3 (pin 2S) t
1'IC7 consists of four bilateral switches. Whenever the control pin (pins 5, 6, lZ, 13) go
highr its corresponding switch provides a low resistance path from input to output (pins 43, 8 to 9, 1l to 10, ? to 1, respectively).

Table ?. check of external decimal point enable.
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f
Front Pael
Switches Engagd

Test Point(s) Vavefcm

k/U - M/ m, FREQuency A IC4 pins Z, 4

IC? pin 6

IC7 pin 9,
IC6 pin I

Logic high

Logic high

Same as IC? pin 8
(IC6 strobe D1, pin 30)

k/u- M/m,
.L / l  / .0001 RESOLUTION, and
PERiod, Tf, or
SELF TEST

IC5 pin 8

ICl pins 5, 6,
IC9 pins 8, 9

IC9 pin 10,
Base of Qg

Collector of Q3,
IC6 pin 1

Logic high (see Table 6)

Logic high

Logic low

Same as emitter of Q3
fIC5 strobe D8' pin 22)

k/pM/m engaged
(no others)

IC5 pin 3

IC3 pin 11,
anode of D 16

IC3 pin 12,
anode of  Dl?

D 1 6

D l 7

Logic low

Logic high

Logic low

Lit

Unlit

k/pM/m disengaged IC5 pin 3

IC3 pin 11,
amode of Dl6

IC3 pin 12,
anode of Dl?

D 1 6

D 1 7

Logic

Logic

Logic

Unlit

Lit

low

low

high

Table 8. Additional checks of mode selection logic.
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APPENDIX t

A. FREQUENCY/PERIOD TABLES

The tables in this section of the Appendix
provide listings of standard audio freqlencies
in common use in the electronics indu"try. In
each table the frequency and the period are
g:T. Frequency is the reciprocal of period.
Divide the period reading inio 1 to g"t fre_
quency.

NOTE: I mil l isecond (ms) = .001 second, (s),
and I microsecond (ts) = .00000L second.

1. Modem Freguencies. There are two sets
of standard audio frequencies used for
data communications:

?. tt.S. Standards.

b. The Consultative Committee on In_
ternational Telephone and Tele_
graph (CCITT).

These frequencies, their periods and cor_
responding bit pairs are listed in Table 9.

IJ.S. St.t dard
Frequency

(P€riod)
Bit
Pah

CCITT
Frequency

(Perioa)

lZ70 Hz
(2e2.402 ls)

t07A Hz
(934.5?9 l.E)

ZZ25 Hz
(449.438 ts)

2025 Hz
(493.82? ls)

00

01

1 0

1 1

980 Hz
(1020.41 rs)

I  180 Hz
(512.458 ls)

1650 Hz
(606.061 us)

1850 Hz
(540.540 ts)

Table 9. Modem frequencies.

Z. Telephone 'ToucFTone. 
Frequencies.

Each of the pushbuttons on a telephonenTouch-Tonen pad activates a pair oi fr"_
quencies. These tones are used, to acti_
vate the telephone terminal equipment.
The digits on a telephone nToucb-Tonen
pad and their respective frequency pairs
are l isted in Table 10.

Table 10. Telephone nTouch-Tonen pad
digits and frequency pairs.

nTouch-Tonen 
is a registered trad.emark of

A.T. & T.

t

Frequencies
(Periods)

1

z

3

697 Hz (tq3+.ZZ W)
lZ09 Hz (SZZ.l30 ls)
697 Hz (1434.72 lE)
1336 Hz (7+e.503 ls)
697 Hz (l+g+.ZZ rc)
1477 Hz (6??.948 ts)

4

5

6

770 Hz (1298.?0 ts)
1209 Hz BZt.l3O ts)
770 Hz (1298.?0 ts)
1336 Hz (?48.503 tb)
770 Hz (1298.?0 ts)
1477 Hz (622.048 tr)

7

8

9

852 Hz (1173.71 Us)
t209 Hz (eZZ.t30 ts)
85ZHz (1123.?1 ts )
t336 Hz (Z+e.503 ts)
852 Hz (1173.71 Us)
1477 Hz (622.048 ls)

0

*

#

94t Hz (1062.69 ts)
1336 Hz (?48.503 ts)
941 Hz (t062.69 ts)
1209 Hz (827 .130 ts)
941 Hz (1062.69 ts)
1477 Hz (677.048 ts)
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APPEN DIX

3. Scale of equal temperament. Table 1l is
included as a source of reference infor_
mation for the frequency and period of
musical notes. This table will be useful
when the counter is being used. to tune
electronic musical instruments.

4. Otler frequencies. Table lZ lists miscel_
laneous frequencies commonly encount-
ered, along with their correspond.ing per_
iods.

B. TIME INTERVAL EHMPLE

A tlryical use of the Time Interval mod.e of
the Model 1822 universal cor:nter is in meas-
uring the turn-on time of a relay. An example
is given in Fig. 14. Here a relay is operated by
a control voltage via a transistor switch el.

The relay turn-on time is the interval be_
giruring with application of the turn-on com-
mand, and ending with relay closure. To
measure this interval, channel A is connected
to the control voltage A as shown in fig. 14a.
The Channel A -SL switch is left out, d as to

start the measurement on a positive-going
voltage excursion. channel B iJ connectea t"
the moving relay contact. since in this case
relay closure results in a positive transition at
the contact, the Channel B -SL switch is also
left out, for positive transition. Depending on
the magnitude of V2, the Channel B XlO at-
tenuator may be useii to reduce noise.

Assuming that relay closures occur once
at a time for measurement purposes, the
counter is prepared for a single-event meas_
urement. l- interval averaging (100/lK/.1
RESOLUTION position) is selectedr :rnd the
unit is primed by pressing RESET. rrVhen the
control voltage A goes high (Fig. l4b), the unit
starts counting the time interval. After a
delay consisting of thb turn-on of el and the
mechanical movement of the contact, the
relay contact voltage B goes to V", represent_
ittg the nstop" signal for Ctrannit i. The
timing then stops and the display reads the
length of the delay interval.

For each subsequent me€rsurement, the
unit must be primed by pushing RESET before
each relay closure.

t

*

TV horizontal
Stereo FM pilot carrier
Test tone
Power line (and related)

frequencies

15734.26 Hz I 63.556 ts
19,000 Hz I  SZ.6 l t  ts
400 Hz I ZSOO.00 ts

60 Hz I t6.666? rs
50 Hz | 20.0000 ts
30 Hz I  a l . l l33  tb

Kansas City standard
cassette interface

nSpacen

nMarkn

16x Ctock

1200 Hz
?400 Hz
4800 Hz

833.333 ls
+16.662 ls
208.333 ls

Amateur RTTY
nMarkn

170 Hz Shift nspacen

850 Hz Shift  nspacen

Zt25  Hz
2295 Hz
297 5 Hz

470.599 lJs
435.730 ls
336.134 ts

Amateur slow-scan TV
Syoc
Black
tffhite

lZ00 Hz
1500  Hz
2300 Hz

833.333 Ls
666.66T ls
434.783 Us

Table 12. Miscellaneous frequencies encountered..

44

ManualsPlus.com

https://www.manualsplus.com/


APPEN DIX

f

De -e nergized
posilton .-l

Y2

__JRelay contact
vol tage

1822

Control
Vol tage Stop s igna l

a. Test circuit.

Control fA)
voltage \-/

Relay
contac t  {  B  )

, ' J

v0 l lage

Y 2 -

Unit slarts +; I
countrng 

i  t
t l

Unrt stops _.{_+l
cOunt lno  |  '" l l

Turn-on t ime o f  re lav

b. Timing wavelorms.

o
[ [ ! ! t [ ! [ n [ ! u I

Start  s ignal

Fig. 14. Time Interval measurement example.

1v
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APPEN DIX

C. CONTACT DEBOUNCING

The TOTALize function can be electrc
ically controlled by a logic signal applied
_the rear panel TOTALIZE START/STOp 5ac
I" certain applications, this gating may ha
be provided by a contact closurJ ".r"i, as
switch or relay. ff the opening or closing
the switch or relay contacts is noisy, ina
curate readings may be obtained due to ir
proper gating.

The problem can be reduced by using pus
button or toggle switches (slide switches a
not recommended) and connecting a 0.ZZ LrF

0.47 liF non-polarized capacitor across the
contacts.

A better solution is to employ a TTL de-
bounce circuit  l ike those shown in Fig. 15.
Each of the examples in the figure utilizes a
ftip-flop; the second circuit is in fact used. in
the Model |SZZ to debounce the HOLD
switch. Another true of debounce circuit (not
shown) ut i l izes a 74t?l one-shot. When tr ig-
gered, this circuit produces a pulse (duration
determined by external resistor and capacitor)
which outlasts the switch chatter. Informa-
tion on this chip is available in the m€rnu-
f acturerts lit erature.

t

t.

,.'
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APPEN DIX

+ 5 V

?.2K

S 1 STOP
T 7474 or 74LS74r

St = Momentary spring return SPST switch of
any type (sl ide, pushbutton, toggle, etc.)

To rear panel
TOTALIZE START/STOP

jack on counter

74LSOO

Sz = SPDT switch or relay contact

+ 5 V

2.2K

s 2 RUN

7405

Fig. 15. Debotrncing circuits.
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CIRCUIT BOARD MAPS b

DISPLAY BOARD
COMPONENT SIDE

SOLDER SIDE

b-

+ifi+--S"3,c

U.
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CIRCUIT BOARD MAPS
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BOARD
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CIRCUIT BOARD MAPS
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CIRCUIT BOARD MAPS

L MAIN BOARD COMPONENT SIDE
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CIRCUIT BOARD MAPS

MAIN BOARD SoLDER sIDE !
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WARRANTY INFORMATION

WARRANTY SERVICE INSTRUCTIONS
(For U.S.A. and its Overseas Territories)

1. Refer to the MAINTENANCE section of your B & K-Precision instruction
manual for ad.justments that may be applicable.

Z. If the above-mentioned does not correct the problem you Erre experiencing
with your unit, pack it securely (preferably in the original carton or
doubleaacked). Enclose a letter describing the problem and include your
name hna aadress. Deliver to, or ship PREPAID (UPS preferred in U.S.A.)
to the nearest B & K-Precision authorized service agency (see list
enclosed with unit).

If your list of authorized B & K-Precision service agencies has been misplaced,
contact your distributor for the name of your nearest service agency, or write to:

B & K-hecisioa, Factory Service Operations
Maxtec International Corporation

6470 West Cortland Street
Chicago, Illinois 60635

Tel (3lZ) 889-1448

Also use this address for technical inquiries
and replacement parts orders.
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WARRANTY INFORMATION

LIMITED ONE.YEAR WARRANTY

MAXTEC INTERNATIONAL CORPORATION warrants to the original purchaser
that its B & K-hecision product, ed the component parts thereof, will be free
from defects in workmanship and materials for a period of one year from the date
of purchase.

MAXTEC will, without charge, repair or replace, at its option, defective
product or component parts upon delivery to an authorized B & K-hecision service
contractor or the factory service department, accompanied by proof of the pur-
chase date in the form of a sales receipt.

To obtain warranty coverage in the IJ.S.A., this product must be registered by
completing and mailing the enclosed wamanty registration card to MAXTEC,
B & K-Plecision, 64701tlest Cortland Street, Chicago, Illinois 60635 within fifteen
(15) days from the date of purchase.

E:rclusions: ltis warranty does not apply iIr the event of misuse or abuse of the
product or as a result of rmauthorized alteratioDs or repairs. It is void if the serial
nrmber is altered, defaced or removed,.

MAXTEC shall not be liable for any consequential damages, including without
limitation damages resulting from loss of use. Some states do not allow limitation
of incidental or consequential d.amages, so the above limitation or exclusion may
not apply to you.

This warranty gives you specific rights and you may also have other rights
which vary from state to state.

For your convenience we suggest you contact your B & K-Precision distributor,
who may be authorized to make repairs or canr refer you to the nearest service
contractor. If warranty service cannot be obtained locally, please send the unit to
B & K-Precision Service Department, 6470 West Cortland Street, Chicago, Illinois
60635, properly packaged to avoid damage in shipment.

B & K-Plecision Test Instruments warrants products sold only in the U.S.A. and
its overseas territories. In other countries, each distributor warrants the B & K-
Precision products which it sells.
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TEST INSTRUMENT SAFEW
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(continued from inside front cover)

Some equipment with a two-wire ac power cord, including some with
a polarized power plug, is the nhot chassisn type. This includes most
recent television receivers and audio equipment. A plastic or wooden
cabinet insulates the chassis to protect the customer. When the cabi-
net is removed for servicing, a serious shock hazard exists if the chas-
sis is touched. Not only does this present a dangerous shock hazard,
but damage to test instruments or the equipment under test may
result from connecting the ground lead of most test instruments to a
nhot chassisn. To make measurements in tthot chassistt equipment,
always connect an isolation transformer between the ac orrtlet and
the equipment r:nder test. The B & K-Precision Model TR-110 Isola-
tion Transformer, or Model 1653 or 1655 AC Power Supply is suitable
for most applications. To be on the safe side, treat all two-wire ac
powered equipment as "hot chassisn unless you are sure it has an iso-
lated chassis or an earth ground chassis.

Servicing of this unit should be performed only by qualified electron-
ics technicians who are trained to work safely in the presence of high
voltage. AC line voltage is present on the fuse and power trans-
former primary circuit whenever the line cord is plugged into a live
ac outlet, even if the POWER switch is off.

Never work alone. Someone should be nearby to render aid if neces-
sary. Training in CPR (cardio-pulmonary resuscitation) first aid is
highly recommended.

7 .

8 .
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