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Build Ultra-KFast
Electronice Stopwatch

BY DON LANCASTER

ROBABLY the most accurate time
measurement instrument ever to be

USING OUR made available to the electronics experi-
menter, this '“Electronic Stopwatch” is a
LOW-COST small-size, precision, multi-use instru-

ment that can count events from 0 to

DECIMAL COUNTING 999 at any speed up to 10 million counts
per second. It can accurately time the

UNIT dureation of any single event with 0.1%
accuracy, or it can indicate the time in-
terval between two different events with
hoth occurring within a one-second time
interval—in fact, it can very easily time
a speeding bullet in flight !

Morch, 1968 27
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Fig. 1. The timing module is made up of six IC's, a
crystal, five capacitors. and a couple of resistors.
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TIMING MODULE PARTS LIST

C1—120-pf, dipped miea rapacilor

C2. C3—0.005-u. 3U-volt Al yinr capacitor

CE—100-uF. 6-volt clectrolytic capacitor

CS5—0.7-uF. 18-volt disc capacitor

1C1—0uod two-input gate ( Motorole MC7247)

1C2.1C3.1C4. 1C5-=Dual IR flip-Rop { Motorolu
MC7900)

1C6—Bufler (Fairchild pL900)

R1, R2— 10,000-0km, i-wall resistor

NTAL—100.0-AH= series-resonant crystal

1—"6" x 37 x 3157 printed circuit board—see

fext

Misc—Crystal clip (1}, small exelcts (2), 22
solid wire jmpers (7), PC terminals (14,
meunting hardware, solder

N@®TE: The iollowing are available from South-
west Technical Products Corp., Box 16297, San
Antonio, Texas. 78216: Etched and drilled PC
board, $3.25; complele kit of timing moduie
parts. $24.00.

There are six built-in switch-select-
able time resolutions ranging from 20
microseconds to one millisecond; or, you
can select external manual timing up to
as long as you want. Readout is on a
series of three decimal counters (see
“Low-Cost Counting Unit,” Feb., 1968).

The circuit includes a special synchro-
nizer that prevents any last digit ‘“bob-
ble,” while a reset selector allows either

Fig. 2. Actval-size printed board for
the timing moduie. This board is the
same size as that used for the decimal
counting unit, greatly simplifying the
packaging of the completed stopwatch.

Morch, 1968
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Fig. 3. Drilling guide for the timing module PC
board. Mount parts called out on compeonent side.

automatic or manual resetting of the in-
strument. or will allow the reading to
pile up for long-term accuracy.

If desired. you can add an optional
output jack to get very precise one-sec-
ond timing pulses for use in electronic
clocks or other timing applications. You
can also scale any input frequency by
10, 100, or 1000, as well as use the instru-
ment as a highly accurate oscilloscope
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Fig. 4. Timing module componrents. Observe potar-
ity of the capacitors and alignment of the six IC's.

sweep time calibrator. It even generates
random three-digit numbers for contests
or probability studies, and it does all
this powered by either the a.c. line or a
six-volt battery.

Cost of this project? You can build
one complete for $50 to $80 depending

POWER SUPPLY PARTS LISY

C1, C€2-—18,000-pF, 10-volt computir-grade
electrofytic capacitor (Sprague 183G0404C or
simeilar)

3, Cd—0.2-pl°, 10-2ull disc capacitor

D1, D2—1N4001, I-ampcre, 50-volt silicon power
diode

F1—0.5-umperc juse

RECT 1—1.5-umperc, fulbwove bridge rectifier
1 Motorola 3 DA9I2-1 or similor)

T 1~—Filement transjormer, 6.3 volts, 1.2 amperes
(Kuight 5481419, Stancor 6154, Thordarson
26160 or simildr}‘

Misc—ths" x 3" & 3% alumirim nionnting bracket

to suil encloskre, capdacitor wonnting clips (2 ),

fuse hotder, small terminal buard. pop rivels

(4), ground lng, =6 hardivarc, terminals for

C1, C2, wire, solder

‘NOI'E: A complete kil of all the above parts is
oficred by Southwest Technical 'roducts Corp..
Box 16297, San :\ntonio, Texas 78256 for $11.90
( plus 2 pounds posiage).

T

POWER
INPUT _
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on how fancy a cabinet and finish you
want. Dialplates, circuit boards, and
complete kits are available (see Parts
Lists). While not a beginner's project.
the stopwatch is not difficult to construct;
and when it is finished, you will have a
piece of test equipment equal in perfor-
mance to units costing ten times as much.

Timing Module. Because complete con-
struction information for the decimal
counting unit was given in the February
issue, only the remainder of the 'Elec-
tronic Stopwatch' will be covered here:
the timing module; associated power sup-
ply; and all internal switching.

The schematic for the timing module
is shown in Fig. 1. As with the decimal
counters, because of the complexity of the
circuit, the printed circuit board shown
actual-size in Fig. 2 should be used. The
board should be drilled and the seven
wire jumpers installed as shown in Fig.
3. Then, install the components in ac-
cordance with Fig. 4.

Use a small, clean soldering iron and
fine solder, double-check the orientation
of all parts, and make clean solder joints.

Optional Parts
for battery operation

DI—-IN400 ! diodg

R2-—]-ampcre stow-biow fuse

S1—-8.pd.t. slide swilch

Mlésc—~—Fusc holder, rear case terminals and but-
tery commeeturs, 6-volt automotive storage bal-
tery, optional mannting for 84 TT/J{I. . switch

&V
W Fig. 5. Suggested power supply for
SUPPLY use with the ‘‘Stopwatch.” Break
~9 9+ st 'x" and use dotted circuit if
] : unit is to be battery powered.
: 3
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TERMINAL BOARD
FOR SMALL
COMPONENTS

Fig. 6. The power supply is built on a 3” x 3” piece
of heavy-gauge aluminum with a 15 mounting lip.

STOPWATCH PARTS LIST

11,72, 33— Phowo jack ( RC. type)

Al I—Elcctronic stopswatch timing module

A2, M3, MdAd—Decimal comnter modiude (see
“Low-Cost Conuting Unit,” Fcbruery, 1968)

AM35—Power supply module

R1—47-0ltsn, Ya-wall rcsistor
2, R3—100@-0hm, Y4 -watt resistor

R4—100-Dlim, V5-wall resistor

S1—Threc-pole, four-position, non-shorling se-
lector switch (Aallory 32347 or similer)

S2—Single-pole, six-position non-shorting
tector switch ( Mallory 32267 or simiter)

S3—S.p.d.L. slide swilch

S4—S.p.d.t. push-button switch

Misc.—Case, chassis, ling cord aud stroin relicf,
kuobs (2), backup plutc for controls, fcet. med-
wle mounnting hardware, trim panct, wire naut,
wire, solder

3e-

NOTE: Hard anodized aluminum dialplate avait-
able from Reill's I’hote Finishing, 4627 N. 11th
St., Phoenix, Arizona 85014, as Stock ESW-{;
in silver for $2.73; rxl, gold, or cepper for $3.25;
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COUNTER COUNTER COUNTER MODULE
| o e

"HUNDREDS"
DECIMAL

"TENS"

DECIMAL TIMING POWER

SUPPLY

Fig. 8. Rear of author’s '‘Stopwatch"
before wiring. Looking from the
front, the ‘‘units’* counter is on
the right, the “‘tens’ counter in the
center, and the "hundreds’’ counter
at left. Power supply occupies the
empty area behind the switching.

Note that all rectangular IC's are identi-
fied by a notch and dot code on one end,
while the one round one (IC6) has a flat
side opposite pin 8.

Power Supply. The power supply has
to supply both 3.6 volts (+) and 6 volts
(++) at one ampere and with a low
ripple. A suitable supply, shown in Fig.
5, consists of a transformer-powered
bridge rectifier followed by a capacitor-
input dynamic two-diode regulator. Do
not skimp on the value of €1 or €2, as
the values given are the smallest satis-
factory capacitance values.

It is probably best to build the power
supply on its own small subchassis, as
illustrated in Fig. 6, which is simply an
L-shaped aluminum bracket, cut to suit
your particular case. Mount all com-
ponents on this bracket, using a small
terminal board to support the smaller
electronic components. Make certain that
you use only one ground lug (as shown
in Fig. 5), and make sure that no other
wiring touches the metal chassis.

If you desire the convenience of bat-
tery operation (6 volts only), add the
circuit shown by the dotted lines of Fig.
5. The power supply circuit must be bro-
ken at point “X” and a battery/a.c. se-
lector switch installed so as to switch the
filter circuit from either the a.c. power
source, or the externalbattery d.c. source.

Overall Assembly. Figure 7 is the com-
plete stopwatch interconnection sche-
matic diagram. The overall assembly

=P+
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_IDDHF

Y

g

FUSHBUTTO?A?ONDIHONER

Fig. 9. A push-button signa! conditioner

is shown above (a), while a mechani-
cal contact signal conditioner is shown
at left (b). Both of these circuits pro-
vide a bounceless pulse each time they
are operated by the external switches.

MECHANICAL CONTACT CONDITIONER
(B)

32
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consists of three decimal counter mod-
ules, the timing module, the power sup-
ply module, four resistors, four switches,
and three input jacks.

Almost any case configuration can be
used for the instrument. and ‘the photo
on page 27 shows the one used by the
author. A commercially available dial-
plate (see Parts List) can be used as a
layout guide for the front-panel selector
switches and input jacks. Figure 8 shows
the author’s version before the intercon-
nections were made.

Wire the various modules and switches
together in accordance with Fig. 7. Use
color-coded leads, and note that the deci-

FAR SCREEN

NEAR SCREEN

4700

ApF

L

X IN FEET X 1000

VELOCITY N FEET PER SECONO“ZFeGLUTION X COUNTER READING

Fig. 10. For ballistic velocity measurement {vehicle,
projectite, or other speeding object). use a break-wire
contact. Set the ''Stopwatch'’ in the ""A-B"* position
to make the measurement. Break-wire “A’" must be
broken before break-wire */B'* for correct operation.

mal counters are wired from left to right,
viewed from the rear—so that when
viewed from the front (in the normal op-
erating position), “unit’s” are indicated
on the right, “ten’s” on the middle, and
“hundred’s" on the left counter.

Preliminary Checkout. Once you are sure
that all wiring is correct, place the func-
tion switch (S1) in any position other

Author’s unit before the power suppiy was
mounted and interconnections made.
Any other arrangement can be used de-
pending on cabinet available. The dial-
plate wiil give exact front-panel layout,
and also has switch position identification.

Maorch, 1968

than “OFF.” One lamp in each counter
should light. Depressing the “RESET”
push button (S4) should return all
counters to “000.”

Place the function switch in the “A”
position, and the timing switch (S2) in
the 1.0 millisecond position. Plug a phono
cable into.the front-panel ‘4" jack and
touch the other end of the cable (center
contact) to the “A” input internal con-
tact. The counters should cycle only dur-
ing the time that this connection is
made.

Note that the “unit’s' indicator lamps
have a dull glow (signifying very rapid
counting), the “ten’s” lamps flicker slow-
ly, while the “hundred’s” counter ripples
from 0 to 9 (and repeats) once each sec-
ond. Rotating the timing switch pro-
gressively through the .5-, .2-, .1-, .05-,
and .02-millisecond positions produces a
corresponding speedup of the flicker on
all counters.

Place the function switch in the “A-B"
position and “RESET" for all zeros on
the counters. Return the timing switch
to 1.0 for best viewing of the counters.
Using the phono cable, application of the
“4+” to input “A’” should start the coun-
ters cycling, and they should continue
cycling even after the cable is removed
from “A.” Inserting the *“+” to input
“B” should stop the counters.

Place the function switch in the
“EVENTS” position, and “RESET"” for
all zeros. Place the “MAN/AUTO” switch
(S3) in the “MAN” position. In this
mode, the instrument will count once
for each time that you apply the “+” to
the “A" input. This count will be erratic
since there is no way that you can keep
from bouncing the contact as you make
and break it; this is also why you have
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fig. 11, This high-speed photo
A Pickoff employing a silicon pho-
to-diode is extremely useful in
timing fast camera shutters,
dragsters, or any high-speed
phenomena where a beam of
light can be interrupted. The
switch permits operation either
with presence or absence of light.

TIME IN MILLISECONDS=RESOLUTION X COUNTER READING

PHOTO PICKOFF PARTS LIST

C1—50-uk, 6-valt clectrolytic capacitor

D1—Siticon pholodivde (Texas Instruments 11-38
—D0 NOT substitute)

1C1—Hex inverter (Motorele MC7898)

QI—AIPS29235 transistor ( M otorolu)

RI—200,000-0/m miviatare poleationstecr

12—22,000-0l1n, Y4-wall resistor

S1—S.p.d.t. sllde sswitch

Alisc—Llhotocetl shrond, interconnecting cables,
plronno plugs, solder

NOTE: A combletc pheto pickoli kil is available
from Southwest Technical P'roducts. Box 16297,
San Antenio. Texas 78216. fur $8, postpaid in
| U.S.A

to “condition” all inputs for meaningful
measurements.

Signal Conditioning. Proper signal con-
ditioning is a must for accurate use of
the stopwatch. As the counters ‘read’
each input pulse. the input signal must
be bounceless; that is, there must be
one, and only one, pulse for each time
that the sensor operates.

A signal conditioner for use with a
mechanical push button is shown in Fig.
9(a), while Fig. 9(b) shows one method
of signal conditioning for use with a
mechanical contact.”

Velocity Measurement. For a ballistic
velocity meter (bullet or “break-wire”
pickoft), use the circuit shown in Fig. 10.
In this case, make sure that event
“A" stops before event "B’ starts, and
that the spacing between the two pick-

A fe\v signal- condluonmg clrcults were shewn
in Fig. 7 ef the 'Counting Unit'' article which
appeared in the February 1968 issue. Figure 7(a)
and (b) showed twe a|1|1m-1('h('q with mechanical
switches, while Fig, 7(c) and (d) illustrated two
metheds of signal cenditiening with sine-wave
generators.
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Top view of the timing module PC board with afl
components mounted. Connections to the board are
made via the PC terminals affixed to the board.

offs is measured to within 0.19% accura-
cy, if you want your instrument to be
that accurate.

If you are going to measure the speed
of a bullet, place the first screen (“A” in-
put) far enough from the gun muzzle to
avoid blast effects. As the bullet passes
through the first screen, it starts the
“Stopwatch’'—when it passes through
the second screen the instrument stops.

To measure the velocity of a car, or
other speeding objects. make sure that
the same portion of the object whose
speed is being measured breaks both
wires. The velocity in feet-per-second for
an object traveling between the screens
is clearly.shown in Fig. 10. For example,
if counter resolution is set at .02 milli-

(Continued on page 92)
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ELECTRONIC STOPWATCH

(Continued from page 34)

HOW IT WORKS

Operation of a decimal counting unit was de-
scribed in the Vebruary 1968 issuc: therefnre, only
the operatien of the timing module will be de-
scritied here.

As shown above, the basic timing circuit con-
sists of a 100-kHz crystal-controlled oscillator
consisting of onc-half of f{I—two of its lour
gates are biased to their class-A region and ca-
pacitor-coupled to form the oscillator—in con-
junction with a 100-kHz ceystal. ‘The oscillator
output pulses drive a synchronizing switch made
up of ane Mlip-flop of /C2.

1t allowed to run freely. the syachronizer swilch
would merely divide the oscillator autput by two,
and drive the remainder of the divider chain.
However, a set-reset gite, made up of the two
rematining pates of /1. determines how long the
synchronizer switch remains open, Operation nf
the sut-resct gate, in turn, i controlled by xignals
applied 10 its two inputs——A" (start) and “B”
{stop)—which are located on the front pancl of
the clectronic stopwatch.

“osc” RnEueroT RESET ORESET
58 i
' 1 r i ¥
A
O————+] START-STOP La-12 22 22 $2-112 2
START " | sicmomizED ve1ce e vercs w2ica i 1vz21cs o] v21cs
5 STOP. w2ICW2IC2 1/2IC3 I#2ICS
8
S0kHL 20kHz 10KHL ShHL 2kKz IkHz
mSEC 05mSEC AmSEC .2mSEC SmSEC ImSEC
02
B,
OUTPUTS

The 100-kHz crystal may be replaced with almost any other low-frequency unit
if a different set of output frequencies (or pulse time intervals) is desired.

A positive-going voltage pulse applied to input
“A” will open the synchronizing ate and allow
the 100-kHz oscillator pulses to pass down the
divider chain until a positive-going signal applicd
to input “B' shuts down the sct-reset gate, thus
preventing the oscillator signals from reaching the
divider chain. When input “)3”* is connected to a
constant positive voltage source, the sct-reset zate
becomes a «wralion gate that remains open, allow-
ing the oscillator pulscs to pass down the divider
only as leng as a signal is appiied to input “A?

Because the synchronizer switch is basically a
Rip-fop. it automatically divides the 100-kHz
oscillator siznal by 1wo, broduciog a 50-kHz out-
put. (Divide the jreduency in kHz into ! to gt
the time period in milliseconds: in this case, the
50-kHz eutput is also the 0.02 millisecend out-
put.) The remaining divider chain produces out-
puts at 20 kHz (0.05 msec), 10 kHz (0.1 msec),
5 kHz (0.2 msee), 2 kHz (0.5 msec). and | kHz
{ 1.0 msee). The final IC (2C6) is the reset gen-
erator which synchronizes the low frequency
outputs and provides an automatic resct signal
for the decimal counters.

seconds, and an eight-foot screen spac-
ing is used (accurate to %"}, a counter
indication of 162 will correspond to a
velocity of 2470 feet per second.

Photo Pickoff. A photo pickoff is shown
in Fig. 11. The pickoff selector switch
decides whether the ‘‘Stopwatch’ oper-
ates on the presence or absence of light
at the sensor. You must use a high-
speed photocell for this circuit, as con-
ventional cadmium sulfide cells are too
slow for accurate timing. To test the
speed of camera shutters, place the coun-

92

ter function switch in the “A" position,
and allow the camera shutter to inter-
rupt the light from the light source to
the photocell.

For timing dragster or other vehicle
races, two photo pickoffs can be used with
the “Stopwatch’” function switch at the
“A-B” position. One pickoff starts the
timer at the *“A’" input, while the second
pickoff stops the timer at the “B” input.
The elapsed time in milliseconds equals
the numerical value on the timing switch
multiplied by the decimal counter indica-
tion. For example, the timing switch at

POPULAR ELECTRONICS



When yon write for our
condensed high fidelity
SPEAKER, ELECTRONICS

. or MICROPHONE catalogs...

MODES OF OPERATION

When the function switch is in the “A” position,
the presence of a <++3-volt signal at input “A”
turns on an intcrnal gate which routes a precise,
known reference (reiluency into the counters for
only the period of time that the d.c. signal on |
input “*A” is present. Fhe count stops when this
signal is removed. The (ront-panel “MAN/ |
AUTO” switch can be placed either in the
“MAN" position 16 retain the count indication,
or in the “AUTO" position to provide automatic
clcaring at the beginning of the next measure-
ment: or the counters can be set 1o zero by manu-
ally depressing the “RESET™ push bution, |

If the function switch is placed in the “A-B”
position, the appllc.ltton o a positive-going pulsc
al input “A’ will start the counters operating,
The counters keep on oberating after the stimulus
has been removed from input A7 until a positive- |
going pulsc is applied to input “15.” The electronic |
stopwatch will then indicate the time interval be- |
tween these tivo cvents.

When the function switch is in the “EVEN'T'S”
position, properly conditioned bositive-goiny input
pulses applicd to input *A\™ are connected directly
to the cascaded counters. Each input puise advan-
ces the counters one sted and the total count at
any time will appear on the ceunter readouts. The
“AUTO/MAN" switch should be set to “MAN,”
or the counters will reset to zero at cach input
pulse. The counters can be manually zeroed at any
time merely Ly depressing the “RESET” push
button.

Fhe recorded time in mitliseconds is determined
by muttiplying the indicated nuemerical value by
the value of the time switch position. For example,
assume that the readouts show 763 and the time
switch is in the 1.0 position. The actual time value
is then 763 milliseconds or 0.7635 second.

To calibrate the sweep time of an oscilloscope,
extract the desired timing pulse from the stop-

watch timing module printed board and apply Ou rea]l et a

this signal o the scope vertical terminals. For

cxample, il it is desired to calibrate the scope

horizontal sweep in milliseconds per centimeter CJ

(or inch, or graticule marker). use the “| mscc” rle rO ress

output of the board (see Fig. 1). As these pulses

arc onc millisccond apirt, the scape horizontal

sweep circuit shotld be adjusted until one timing

pulse lics on the desired fraticule markers. For re Or On e S a e

other speeds. select the appropriate timing output

of the madule. R
To generate random (to three digit) numbers,

place the function switch in the "A-B" l)o<mon 0 e ar ln Soun PY

and apply a bositive-going puise to input “A".

‘The timing switch should be placed in one of the
faster speeds, so as to blur the decimul counter

indicator lamps. At some random time after start-

ing the timer, apply a poesttive-going pulse 1o the BOth FREE %

B input (o slop thecounting. fOr the askmg, 07"8
Of Course_ UOSIDIARY OF GULTON INDUSTRILS, INC

1.0 millisecond and the counters at 725
ELECTRO-VOICE, INC., Dept. 383P

means a total time value of 725 milli- 630 Cecil Street, Buchanan, Michigan 49107
seconds or 0.725 second. I Please send me the latest word on
If desired, the optional one-second out- | E-V Ligh fidelity E-V microphones
put line in Fig. 7 can be used to drive an | am particularly interested in E-V Model
external “seconds” counter, - Name e 52 Aot
CIRCLE NO. 31 ON READER SERVICE PAGE —> Address - i
City State 2ip_____



