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WIRING TABLE

From To From To
1 2 33 SL (link)
3 4 34 R24, +V side
5 S1lug 8 35 R24 wiper
6 7 36 R24,R25 GND
8 9 37 38
10 11 39 S8 (link)
12  S1lugs6,7 40 41
13 14 42 S4 (serve)
15 16 43 S1 lug 2
17 18 44 S1 lug 4
19 20 45 B1-
21 22 46  S6 (on R39)
23 24 47 48
25 S1lug 12 49 50
26 S11lug 9 51 52
27 S2 & S3 53 Video output
28 R39 54 S5

29 R39,52,S3 55 54 GND
30 SR (link) 56 S2 & S3
31 'R25, +Vside 57 S1lug 5
32 R25 wiper

Note: Pads on the board with letter legends
are for optional scoring/sound board.

Adjustments. There are two ways to
have the Pongtronics fed to your TV
receiver. One is an ac connection to
the receiver's video amplifier input,
the other is to use an FCC type-
approved r-f modulator that permits
you to feed the game into the antenna
input of your receiver and operate on
an unused channel in your area. If you
elect video fee

Check out this savings
on Popular Electromcs

the newsstand price

Tally up a nice savings! Get a full year
of Popular Electronics for just $5.99. A
full year of our test reports on new
equipment. Tips on building your own
equipment. Plus special stereo, hobby,
solid-state and CB features to boot!

So go ahead! Get a full year (12
issues) of Popular Electronics for just
$5.99. Or get two vears (24 issues) for
only $11.98, or three years for $17.97.
Just complete, detach and mail the post-
paid reply card at left.

through a chassis-mounted connec-
tor for the Pongtronics’ output.

Assuming your receiver's horizontal
and vertical controls have been set for
a stable picture, connect the
Pongtronics to the receiver through
the desired input. Turn on the power
to the receiver and Pongtronics, in the
latter case rotating the BALL SPEED
control clockwise. If you notice that
the picture is rolling, adjust trimmer
potentiometer R8 until the frame
locks. If you notice horizontal “tear-
ing,”” adjust R2 for stable horizontal
lock. You can now adjust the receiv-
er's BRIGHTNESS and CONTRAST con-
trols for a sharp picture with a black or
dark gray background and white pad-
dles, ball, and court walls.

Adjust trimmer potentiometer R27
until the upper wall of the court is
about 1” (2.54 cm) from the top of the
screen. Then adjust R28 so that the

bottom wall is the same distance away
from the bottom of the screen. Adjust
R16 to set the left paddle about 1" from
the left side of the screen and R17 to
position the right paddle. One or both
paddles may initially be off the screen,
so you may have to start your paddle
adjustments by first getting the pad-
dles onscreen.

Hold down the SERVE button. A ver-
tical white line with a small “hole" in
the middle should appear on the
screen. This hole corresponds to the
ball. The line will rebound back and
forth between the paddles. Adjust R26
to center the hole on the screen.

The angle of rebound between ball
and paddle is controlled by R44 Ad-
just this trimmer potentlometer until
the ball rebounds in a straight line
across the screen when the ball hits
the center of the paddle. A simple way
to do this is to temporarily bring the

two paddles close together and nar-
rowing the court to form a small rec-
tangle with the paddles. When the
ball is trapped inside the rectangle,.
R44 is properly adjusted. Return the
paddles and walls to their proper posi-
tions.

The Pongtronics is now ready to
use. Bear in mind that each time you
turn on the game it may be necessary
to touch up your receiver’s horizontal
and vertical controls as the agc circuit
locks up in the wrong direction.
Momentarily changing channels may
also break the sync lock. You can also
hold down the SERVE button to initiate
the game and allow the Pongtronics'
flip-flops to get into synchronization.

After operating the SERVE button,
you may have to wait for up to five
seconds, depending on the setting of
the BALL SPEED control, for the ball to
appear on the screen. @

BY JOSEPH A. WEISBECKER
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P opular among people who use
computers is a “war’ game in
which space ships are positioned on
the screen of a computer terminal and
simulated missiles or laser beams are
fired at them by the opponent. Since
most people don't have access to a
computer for such games, the simple
version described here has been de-
vised to be used with any TV set.
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BUILD

SPAGE-WAR
GAME

EACH PLAYER USES A
“SPACE SHIP”’ TO FIRE
“MISSILES” AT
THE OPPONENT

T
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Signals are generated to produce
two space ships (small white squares),
one on each side of the screen. Each
player can move his ship up or down
by means of a single control. When
one player thinks he is within range,
he operates a pushbutton switch to
make it appear that a “‘laser beam”' is
being fired from his ship to the oppo-
nent’s. If he scores a hit, the oppo-

nent's ship disappears from the
screen and the game is over. It can be
restarted by the operation of a reset
switch.

However, once a player has fired his
laser (and it can only be fired in a
single burst), it takes several seconds
for it to be “‘recharged.” During this
period of time, his ship is helpless
againstthe opponentand all he can do

41




R

T

L.

POSITIDN%

rire _|°
LASER‘I 53
®

Sl TR 0 eEy 0 BEREReRRL

Fig. 1. Logic

CONTROL

it
/

;ma i

i
,{
7

SaEs

:
@'

VERTICAL V SYNC SYNC &
POSITION HORIZ R24
CIRCUITS TIMING

diagram shows how
various stages
are connected.

POSITION SIGNALS
’ % e T i SV#HC
(]
FIRE s4
LASER
[ ]
CONTROL VIDEO VIDEO VIDEO
i Losic SUMMER I outpur
RESET
®

is try to keep out of the line of fire.
Also, during this period, the ship of the
player who fired is flashing on and off.
When the flashing stops, his laser is
recharged and ready to fire again. This
feature discourages continuous firing
and encourages the use of caution
and strategy.

The block diagram (Fig. 1) shows
how the system operates. Note that
the output is a composite of sync and
video signals. It can be applied directly
to the video amplifier of a TV receiver
or, through an FCC type-approved r-f
device, to the TV receiver's antenna
input using a locally unoccupied
channel.

Circuit Operation. The sync and
horizontal timing circuit is shown in
Fig. 2. Basic timing is performed by
two inverters in /C7, which is wired as
an oscillator operating at a nominal
122.88-kHz frequency. Resistor R7 in-

creases the stability of the circuit,
while C71 and the combination of R2

and R24 are used to adjust the fre-:

guency. The output is a square wave
with a period of 8.14 microseconds.

This signal drives a 14-stage binary
counter formed by /C2 and [C3.
Diodes D7, D2, and D3 decode the 000
output of /IC2 to form an 8.14-ps pulse
occuring 16.28 ps after the beginning
of each horizontal sync pulse. This
pulse, if applied alone to the receiver,
would produce a vertical bar on the
left side of the screen. Diodes D7, D8,
and D9 decode the 110 output to pro-
vide an 8.14-us pulse 48.8 us after the
horizontal sync pulse. This pulse
alone would produce a vertical bar on
the right side of the screen.

The differentiator formed by C2 and
R6 provides a negative-going vertical
sync pulse 60 times per second. This
pulse in about 2 milliseconds with the
component values shown.
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PARTS LIST

B1,B2—9-volt battery

C1—100-pF polystyrene capacitor
C2,C14,C15—0.05-uF disc capacitor
C3,C4—0.01-YF disc capacitor
C5,06—4.7-uF, 6-V electrolytic capacitor
C7,C8—220-pF polystyrene capacitor

C9,C11—10-pF,  60-V  electrolytic

capacitor

C10,C16,C17—1-pF, 100-V electrolytic
capacitor

C12—1000-pF, 16-V electrolytic capacitor

C13—0. 1-uF Mylar capacitor

DI to D3 IN4148 diode

1C1—4049 CMOS hex inverter

1C2,1C3—4024 CMOS 7-bit counter

1C4—4012CMOS dual 4-input NAND gate

1C5,1C6—555 timer

IC7.1C8—CMOS triple 3-input NAND
gate

1C9,1C 10—CMOS quad 2-input NOR gate

Q1—2N5129 transistor

The following are 5%, Y4-watt resistors un-
less otherwise noted:

R1.R7,RI0,R14,R16—100,000 ohms

R2—15,000 ohms

R3,R4,R5,R21—47,000 ohms

R6—33,000 ohms

R8,R11—3900 ohms

R9.R12—250,000-ohm potentiometer

R13,R15—39,000 ohms

R 17—22,000 ohms

R18 10,000 ohms

R19—47 ohms

R20—100 ohms '

R22,R23—10,000-chm potentiomete

R24—5000-ohm potentiometer

S1—Spst slide switch

S2 to S4—Spst normally open pushbutton
switch

Misc.—Suitable chassis, extension cable,
remote enclosure, knobs (2), battery
holders, mounting hardware, etc.

Note—The following is available from
Southwest Technical Products, 219 W.
Rhapsody. San Antonio, TX 78216:
‘complete kit (SW-1) including chassis at
$39.50, postpaid. Texas residents, please
add sales tax.

The horizontal and vertical sync
pulses are combined in one section of
IC4, a dual 4-input NAND gate. The
composite positive-going sync is fed
to the r-f circuit.

In this circuit, 256 horizontal sync
pulses occur for each vertical sync
pulse. However, once the oscillator is
adjusted (by R24) for a good TV verti-
cal sync lock, the small deviation from
conventional TV line rate is easily tol-
erated by the receiver.

The vertical position circuits (Fig. 3)
use two 555 timers in /IC5 and /C6.
Both are connected as monostdble
(one-shot) multivibrators and are
triggered (pin 2) by the negative-going
sync pulse from /C3. The duration of
the output waveform is determined by
the value of the RC network con-
nected topins6and 7. The width of the
output pulse is determined by the
amount of dc voltage applied to pin 5.
For example, the width of the output
pulse from pin 3 of /C5 is determined
by the adjustment of R9. Since /C5 is
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triggered by the vertical sync pulse,
the rising edge of the output waveform
coincides with the vertical sync pulse.
Changing the value of R9 varies the
time at which the trailing edge of the
pin-3 waveform occurs relative to the
sync pulse. Capacitor C3 and resistor
R7 provide a negative-going pulse
from this trailing edge that can be
positioned between the vertical sync
pulses by R9. This signal alone would
produce a horizontal line on the
screen, moved up and down by R9.

Similarly, IC6 and its associated
components provide a horizontal line
that can be moved by R72.

Note that each timer control pin (5)
is connected to ground through a
large capacitance (C5 and C6). The
charging and discharging of these
capacitors produce a lag in the verti-
cal movement of the displayed sig-
nals. The lag is deliberately intro-
duced to improve the playing of the
game.

The horizontal and vertical signals
for each side of the screen are com-
bined in the circuit shown in Figs. 3
and 4. Figure 3 also includes the laser
firing circuit.

The horizontal pulse on line G is
applied to pin 1 of /C7B. If laser switch
S3is notdepressed, pin 130f/IC7C will
be low, causing its pin 10 to be high.
This forms the signal for pin 8 of IC7B.
If the reset switch has been operated,
the two flip-flops (IC9A, IC9B, IC10A,
IC10B) are in their reset states, provid-
ing a low signal at pin 13 of /IC9D. The
vertical signal from pin 3 of IC5 is then
inverted at pin 11 of /C9D and pin 2 of
IC7B. Thus, the negative-going pulse
at pin 9 of /IC7B represents the inter-
section of the horizontal and vertical
pulses and part of the video output of
/C4A. The video output produces a
small white rectangle on the left side
of the screen for one of the space
ships. The right-hand space ship is
generated in a similar manner using
the other gates.

When laser switch S3 is depressed,
a high level is applied to pin 13 of
IC7C. A positive pulse is alsalapplied
to pin 3 of /C7A. The duration of this
pulse is determined by the values of
C16 and R14. The pulse gates the in-
verted vertical signal atpin 4 of IC7A to
the video output. The vertical signal
would normally form a line across the
TV screen at the same position as the
left space ship. The line appears dot-
ted because of the 8.14-ps square
wave on pin 5 of IC7A and it forms the
“laser beam’ fired by that space ship.
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3. One 555 timer is used for each

spaceship. Though both are synced to the
same vertical pulse, each has its own

independent vertical position potentiometer.

The high capacitance at each pin 5 makes
vertical positioning “soft” to keep players
on their toes. This civcuit also prodices

“laser” effect and deterinines “helpless” tine.
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Fig. 4. Each set-reset
flip-flop locks out the
other space ship when it
is “hit” by opposing laser.
Power supply cireuit
is also shown here.




The position of the right space ship
is represented by pulses at pin 9 of
/IC8B. A pulse at pin 10 of /C9C indi-
cates a coincidence of the left laser
beam and the right space ship. This is
a'‘hit"’ puilse which sets the /IC9A-IC9B
flip-flop to cause pin 13 of IC70D to go
high. This turns off /C8A and IC8B,
causing the ship to disappear from the
screen. If coincidence between pin 6
of IC7A and pin 9 of IC8A does not
occur while the pulse at pin 3 of IC7A
is present. the left ship did not hit the
right one and the game continues.

When laser switch S3 is depressed,
only one laser pulse occurs at pin 3 of
IC7A due to the action of C76 and R14.
However, pin 13 of /C7C remains high
as long as S3 is depressed. This
causes the signal at pin 9 of /IC78 to be
modulated by the square-wave input
and the space ship flashes on and off
at about 8 times per second as long as
pin 13 of IC7C is at a high level.

When 83 is released, pin 13 of IC7C
remains high until C9 discharges
through R13 to about half of the sup-
ply voltage. This time constant holds
pin 13 of IC7C high for several sec-
onds after the laser pushbutton has
been released. Pin 13 of IC7C must be
low before S3 is operated to provide a
sufficient voltage swing to generate a
laser pulse at pin 3 of IC7A. The time
constant of C9/R13 keeps the space
ship flashing for a few seconds and
also inhibits firing again for the same
period of time. The values of C9 and
R13 can be changed if desired.

Fig. 5. Actual-size etching and
drilling guide is at right.
Component layout guide is below.
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Photo shows main control box with two
control stations as arranged for the prototype.

The logic circuit for the other space
ship is similar.

The reset circuit and the power sup-
ply are shown in Fig. 4. Note the use of
filter capacitors to smooth switching
transients. Transistor Q7 sums both
the video and sync and presents a
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low-impedance composite video sig-
nal for use by the video amplifier of the
TV receiver or an FCC-approved
class-1 device.

Construction. The circuit is easily
assembled on a pc board such as that
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shown in Fig. 5 (which also shows
component installation). Position
controls and laser firing switches can
be mounted in separate small enclo-
sures with cables connecting them to
the main board. The latter (including
battery holders) is mounted in its own
enclosure. The power switch (S7) and
reset switch (S2) should be on the
front panel. The composite video/sync
signal should be brought out through
a phono connector.

Testing. Check all wiring before turn-
ing on the power. Connect the game to
the set's video amplifier. Turn on the
space game (S7) and operate the reset
switch (S2). Adjust R24 (Fig. 2) for
proper vertical sync. If necessary, trim
R2 for a stable vertical sync.

If the system is working properly,
you will see two white squares (the
space ships) on the edges of the
screen. Turn up the contrast and turn
down the brightness until the squares
are clear white on a black
background.

You should be able to move the
space ships up and down using the
appropriate controls. The width of the
space ships can be altered by chang-
ing the values of C7 and C8 (Fig. 2).
Their heights are determined by R7
and R10 (Fig. 3). The larger the space-
ship, the easier the game is to play.
About8to 10TV linesis agood height.

Adjust both position potentiometers
until the spaceships are at the lowest
point on the screen. If they are not
even, determine which is higher, and
adjust the appropriate potentiometer
(R22 or R23) to get them even. Then
position both at the top of the screen.
If they are not even, adjust R8 or R71.

Depress laser switch S3 to check the
firing. A streak of white dots should
extend from the left ship to the other
side of the screen. If the right ship is
hit, it should disappear. Check the
other side in a similar manner. If the
firing or recover times differ appreci-
ably from one side to the other, adjust
R13 and R14 or R15 and R16. ®
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Editor’'s Note—The Magnavox Com-
pany, 1700 Magnavox Way, Fort
Wayne, IN 46804, has exclusive
worldwide rights to certain patents
pertaining to electronic television
games such as the ones described in
this article. Magnavox has indicated
that any making, using or selling of
such electronic TV games may come
within the purview of these patents and
the U.S. patent laws.
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IFYOURE
NOT DESIGNING
WITHACSC _
PROTO-BOARD
LOOK ATALL
YOU'RE MISSING.

Versatility —Use with virtually all
types of parts, including resistors,
capacitors, transistors, DIP's,
TO-5's, LED's, transformers,
relays, pots, etc. Most plug in

directly, in seconds. Accessibility —All parts are

instantly and easily accessible, for
quick signal tracing, circuit
modifications, etc.

Adaptability—Use in design,
packaging, inspection, QC, etc.
Works with most types of circuits,
in many, many applications.
Durability —All
-Board models
Expandability— Proto-Board Proto
units can be instantly inter-
connected for greater capacity.

are carefully
constructed of
premium materials,
designed and tested
tor long, trouble-
Utility—Models are available & free service.
with or without built-in ;

regulated power supplies
(fixed or adjustable).

~ Economy—Eliminate heat
and mechanical dSamage to

S ks ~  expensive parts. Save money
g\&a’?l‘gglgliv?trhe T by re-using components.
capacities ranging from
630 to 3060 solderless
tie-points (6 to 32 14-pin %
DIP's), to fit every technical
and budget requirement.

Variety — A wide variety

" Visibility—All parts are instantly
and easily visible, for guick circuit
analysis and diagramming.

Speed —Assemble, test and
modify circuits as fast as you can
push in or pull out a lead. Save
hours on every project.

Flexibility—Use independently,
or in conjunction with other
accessories, such as scopes,
counters, CSC Proto-Clip™
connectors, Design Mate™ test
equipment, etc. One Proto-Board
unit can serve a thousand
applications.

Whatever type of electronic circuits you work with, you can do more in less time
with CSC's solderless Proto-Board™ systems. As fast and easy as pushing in or
pulling out a lead, you can design, test and modify circuits at will. Components plug
into rugged 5-point terminals, and jumpers, where needed, are lengths of #22
AWG solid wire. In the same time you took to read this ad, you could be well on your
way to assembling a new circuit. For more information, see your CSC dealer, or
write for our catalog and distributor list.

CONTINENTAL SPECIALTIES CORPORATION

EASY DOES IT
44 Kendall Street, Box 1942
New Haven, CT 06509 e 203-624-3103 TWX: 710-465-1227
West Coast office: Box 7809, San Francisco, CA
94119 @ 415-421-8872 TWX: 910-372-7992
Canada: Len Finkler Ltd., Ontario
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