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OF 5-RANGE METER
COVERING THE SPECTRUM
FROM 5 HZ TO 1.0 MHZ

DIRECT
READOUT
IC FREQ
METER

By DON LANCASTER

EVER DREAM of owning a good fre-
quency counter? The $500-and-up
"aasruments are ©ps for all sorts of ex-
perimental and induatriai work, but the
accurate clock and complex decoding
circuitry they use puts them well out of
rsach of most experimenters. But how
about a frewuency meter? About $12
worth of gemiconductors, integrated cir-
cuits, and other parts can put you in
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command of a five-range, linear scale
meter, good from 5 Hz to 1 MHz It has
an input senaitivity of 30 millivolts
r.m.s.. accepts any waveshape with no
logs of accuracy, and automatically cali-
brates itself simply by Wworrowing the
60-Hz reference belonging to the local
power company. The integrated circuits
and a printed board make it a snap to
put together.
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This frequency meter is perfect for
checking the performance of experi-
mental audio osciliators, tone generators,
and square-wave signal sources. und is
particularly handy if you're working
with RTTY, FM multiplex decoders.
tone-signaling circuits, or electronic mu-
sical instruments. It's a “must have' in-
Btrument for working with transistor or
SCR power inverters when it comes time
te aet—and keep—the operating fre-
quency right on 60 Hz, and it's useful
for checking out the performance of en-
gine.driven emergency power units.

Add an external escillator, and the
unit Wecemes an accurate LC bridge for
determining the value of an inductance
or capacitance. And. finally. you can
make the meter count anything you can
cenvert into repetitive electrical pulses
by adding a small generator and a photo-
electric pickup, or semetbing similar;
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then the wmeter is an accurate, wide-
range linear-scale tachometer.

How It Works. The input signals are
amplified and inverted by transistor @1,
as shown in Fig. 1. This transistor drives
a Schmitt trigger circuit ({C1) whose
output snaPs from ground to -+ 3.9 volts
the instant the input signal goes positive
above a certain threshold ievel. The rise
time of /C1’s output (from pin 6) is in-
dependent of the shupe of the input sig-
nal, so a rectangular waveform of iden-
tical frequency to the input resulta.

Capacitor C8 and resistor Ri} differ-
entiate the square wave to produce a
positive trigger pulse every time /CJ
snaps en. These pulaes trigger IC2 (a
monestable multivibrator), which also
snaps on, and stays on for a precise time
interval determined by R8, R13, and a
selected range capacitor (frem C9
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Fig. 1. Although only one transistor is shown, the two IC's contaln five transistors and nine resistors.
The circuit is self-checking from commercial power lina through S1 (calibrate pesition) snd resistor R1.
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PARTS LiST

C1—2.uFP, 200-volt popecr or Mxlar cupocitor
Am‘ aw cleetralytic)

(.2— 25-volt cleetrolytic copocitor
CJ—lua -ptf, 15-volt elcctrolylic copacitor
3= J00-4tF, G-volt rivctroiytic coPocitor

C5=e0.01-pF, 50-volt \3iur or pypcr cepucitor

CO—J0-ut, 10.v0ft elcctrolytic capacitor

C7—5-al, 18-voit dectrolytic copacitar

('§—150-PF mica or disc cerawic capacitor

C9--2.2-pf. 50-volt Afylar or paper capacitor
{NCT nn etectrolytic)e

C10--0.22-1F, 50.v0lt \Uxdarnr Pabcr cepacitor®

C11—0.022.4F, 50-vatt Mylar or paper copoci-
Lor?

C12—2200-4F Mylar, papcr, mica, ar dise
ccrguric capocilor®

C13—-205-0F mica or disc ceramic capacitar
{ aliows for 15 PF of stray aud circuit
capucitenicc)®

Di, N2, D3—~Jiticen jfan‘t, 200 w:t, 50 PIV
(1X4001 or sinvilar } ¢+

Dy—2oicr diede, 3.9 volts, } woerr (1N47504
or sioilar)**

$id=1 asepere fnse (aud fusc Rolder)

11=~Ncoa lawn

€1, JC2=~p L9 12 choxy integrated tirenit ( Fair-
chitdjee

JI—=Fhono jack

11—0-100 d.c. nei fer, 4747 la
(Nnight 52 /1 7204, o7 :umlar)

@i—3ificon tmumlm (Motarola 31152923 or
A PS583q)e"

RI—10,000-0hia, V4—vatt carkan resittar

R2, RI5—1000-0h1y, tiucor-tepar carbon
palentiomeler

R3=-27,000-0kw, Ys-woalt rcsisiar (1way be a part

)
RA—39-0ftnt, 1-wait carbon resister
R5—338-0ker, Y4-watl carbon resistor
R&—30-0hm, lincar-toper carban Poisutiomcicr
R7—3300-0hm, Y§-woit carbon rasistor
RI—1300-0kme. ¥, awatr carban resistnr
R9—15,000-0hin, Y watt carbon resislar
RIO—470-c0hm, \Swuit curbou rezistor
Ril, R13, RI4—1000.vhn, Yi-icatt carboa

v

R12—39.0b8, ¥ 00Lt corbow resistor

.Slﬁip ¢ slide switeh (Wirt G323, or similar}

$2--S.p L. siide switch {1Vire G329, or similue}

53—6«%‘16 pole. foc-position, won- -shoriing
sclector siwitch (Mallory 31151, or siwilur}

I'1—¥Filawmcnt transforarer, 6.5 volis, 0.6 ompure
(Knight 54 A i416. Stancor F£6465, TAordar-
fon 21[‘21. or gimilar}

1=lin" x 23" x a‘é"'uugtwiekd copper
privecd r.uemt bourdt**

1—3.Y}" & 6" © §” almminan box (Bnd

10,/1 \or sua)(al}

hYl inc cord eud straia reficf, kandir, kuobs
(J), sibber feot (4}, I'C termivals (1),

w;mm.mg Kardware for 811 and 11, wire, svlder,

ctc.

% Accuracy ol instrwncat Junends directly upon

accurncy with which €10 throuxh CI13 ace exact
e submaltinles of C9.

A kit ol Wl seimicenductors is available from

Hamiiton Elctre of Aciaona, 1741 N, 28 St.,

i 3009. tor $4.50, postaid in

*++ The pnmcd Mard in 45¢™ ctched and drilled
G-10 fidereloss & avoilalc ler $2,50 froin South-
west Tochnical Preducts Cory,, 219 W. Rhap.
sody, Sao Antoniu, Texss 75216. Most of the
ower parls as well 83 complete ate glso
svailabic—write te Seuthwest Tocbnicl for com-
plete list and Drices.
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threugh C13). Each capacitor provides a
time delay ten times that of its neigh-
bor, resulting in five decade frequency
ranges. Calibrate control R1§ sels the
time delay te a value that causes a 60-Hz
input signal to read exactly €0 on the
100-Hz range.

How often IC3 snaps exn is determined
by the input frequency, while how leny
it stays on is determined by lhe range
switch-sclected capacitor. The ratio of
on time to off time linearly increases
with increasing frequency. Resister R7
charges up C{ and C5 (an integrator) to
a voltage whose average value equals the
ratio of on to off lime. Meter M1 then
indicates this average voitage as fre-
quency.

Zero control R6 provides a small d.c.
voltage to uck out the saturatlon effect
of /02, whiie D2 protects the meter from
overlead if an input frequency higher
than full scale is encountered. A conven-
tional zener-regulated +3.9-volt d.c. sup-
ply is used. Switch SI and resistor R1
route the 60-Hz power to the input for
calibration.

The 100.Hz scale accuracy depends
solely upon how closely you can read the
meter, while the scale-to-scale accuracy
depends upon how elesely the range ca-
pacitors (C9 through C13) are exact
decade multiples. An accuracy of bettec
than =+3% should be easily obtained
with a quality meter and careful capaci-
tor selection.

Construction. The two IC’s together re-
place five transistors and nine resistors,
which, if bought separately, would cost
eight dollars, or well over twice that of
the IC's, not counting the extra asscm-
bly time and treuble.

Buy (see Parts List), or etch. cut,
and drill the printed circuit board and
mount the components as shown in Figs.
2, 3, and 5. Watch the polarity on all
semiconductors and electrolytic capaci-
tors. On ICZ and IC2, make ceriwin lead
8 (center lead of flat side. having a red
dot) goes to the +38.9-voit suppty.

Mount the meter, pilot lamp, Range
switch 83, Gain control R, input jack
J1. Zevo control X6, on/off switch S2,
calibration switch S1, and calibration
potentiometer K15 on a suitable frent
panel as shown in the phote on page 53.
Meunt the PC board and the remainder
of the components within the sclected
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DRILL AND SET PC TERMIMAL S [COMPONENT SIOE, 1)
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Fig. 2 (above). Drilling details for the printed
board. Actual-size board is shown on page 98.

Fig. 3. (above, right). Component location on e

board, and connections to remainder of circuit.

Fig. 4 (right). Intefior of the frequency metey
showing general tocation of Pars other than
those afraady mounted an thy printed board

metal eaclosure. Use Fig. 3 as a guide
for intercannecting the PC board with
the remainder of the system.

The accuracy of the iustrument on the
four upper scales depends entirely upon
how closeiy range capaciters CI¢
through C13 are exact decade submuiti-
ples of C9. One source of matched ca-
pacitors is given in the Parts List, Oth-
erwise, by using an LC bridge, a quality
oscilloscope, or a good audio oscillator,
you can trim the capacitance (and tbere-
fore, the on time of IC2) eo that the
frequency indication on MI has exact
scale-to-scale calibration.

When the capacitors are acemate,
you'll have a correct frequency reading
on eny scale without having to retouch
the Calibrate centrol, and with a power-
line calibration, you can vest assured
that all scales will be aceurate.
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Operating Hints, Always turn lhe dain
cortral fully counterclockwise bdefore
you nake any measurement or cornect
the instrument to a live circuit, or you
might risk damage to @Z. Calibrate the
instrument each time you use it by zero-
ing the meter (with front.psnel Zero
control R6), selecting the 100-11z range,
and setting the Freq/60 Hz switch (81)
to 60 Hz. Bring the Gain control up a
quarter turn and adjust the meter to a
steady "60" reading using the Calibrate
potentiometer. Set the Freq/60 Hz switch
to Preq, and You'ce a)l set to measure.

Keep the input amplitude under 3
volts r.m.s. maximum. If you're working
with higher signzl levels, add a resiastive
divider to cut the level down. You may
safely connect the input to any d.c. level
within the breakdown rating of C1.

(Continued on page 98)
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Extra galn for nearly 1/2 the
previous cost of stacking
Mosley beams.

Mesloy Eloctronics Inc.

46101 Lindbergh Blvd.
Bridgoton Missauri 63042

Pleose sond me FREE af chorge and abli-
gation, literoture on the STACK'IT beowms.

MName
Address
City/State
Zip Code Ne.

Mos/ey 2. 5.

4810 N. Lindbergh Blvd, Bridgelon Mo. 63042

el T
[ L L T ——

CIRCLE NO. 26 ON READPER SERVICE PACE

IC FREQ METER

(Continued from puge 56)

Avoid pegging the meter by always
starting one range aboveé the freQuency
you want to macasure. Best operation oc-
eurs when the Gain contrel is advanced
Ysth of a turn beyond the point where
the meter first produces = steady indica-
tion.

F'er pewer inverter work, there's a dif-
ferent way te use the frequency meter.
Calibrate the instrument againat the 60-
Hz pewer line and then plug the frequen-
cy meter's power line cord into the in-

SMALL BUT POWERFUL

DON'T BE FOOLED BY
IMITATIONS!
4 Get the ORIGINAL

" SYOMUR SOUD STATE "GI]" IGNITION SYSTEM!

nl:‘ Components used ughout. Fiberglass
KIIA I::‘rltult Board, Unitized Conmuclion Simplifed
sem
Cnnwwhnn Article in Nov. 1956 Fopular Electronics
Thousands of satisfied customers,
Writo for Free Literatura TODAY,
COMPAC lssemhlel‘l ... $34.75°
COMPAC KIT 24.95%
l.nrm 75¢ for mailing and handlln]
State Residents add Sales
SYDMUR ELECTRONICS SPECIALTIES
1268 E. 12th St Brooklyn, N.¥. 11230
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wwrer Mec GEE'S

wn:s CATALOG
1001 BARGAINS IN

SPEAKERS—PARTS—TUBES—HIGH FIDELITY
COMPONENYS—RECORO CHANGERS—
Tapr Revorders—K [Ls—EvetNing In Electroaies
1901 McGoe Stroot, Kansas City, (PE), Missouri 64108

Fig. 5. Actual.size layeot aof $C baard. Drill as
shown in Fig. 2; mount components as Per Fig. 3.

verter, leaving the Freq/80 }Hz switch in
the 60 Hz position. Now, read the fre-
quency directly. The zener-regulated sup-
ply automatically takes care of any in-
verter voltage frem 70 te 160 velts, at

| any frequency from 30 to 1200 Hz.

In ,cases where you're measuring
pulses or other low duty cycle signals,

98

you'll get best results with a narrow,
neyetiveé-going input waveform.
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