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Preface | __ |

This is a third revision of this work on Systems, Circuits, and
Construction of electronics and physical devices to be used in radio-
control systems. It is an update of the material previously contained,
the addition of new information and ideas and construction hints
which are appropriate to the advancing technology of our most
fascinating hobby.

This book is for the more experienced radio-electronics fan, yet
we do have some projects in it which will appeal to the beginners as
well as the most advanced old timers. And for those who are
computer buffs we have some digital ideas and systems which will
make interesting reading and study during your evening hours, if
that 1s when you, like ourselves, like to sit back and read and study
and examine intellectually challenging concepts.

We need to give you some explanations here. There are so
many current transistors and integrated circuits that we just cannot
list all types applicable to the circuits presented. Therefore we direct
your attention to the many fine substitution manuals available from
radio-parts stores for information in this regard. You may find that
voltages might have to be adjusted slightly to fit the requirements of
some integrated circuits, which certainly might be used in substitu-
tion for some circuits presented, so be careful of this. Relays are
available in various current operating values from such stores as
Radio Shack, or hobby houses and R/C parts suppliers, although
many radio-control supply houses such as Ace R/C no longer stock



relays as so much modern equipment works directly from the trans-
istor output.

That a transistor is a relay type device is well known. It can be
biased to cutoff and then caused to draw quite a bit of current when a
signal 1s fed to it. A relay does just this also. So you will see
transistors used as motor-driving devices, and servo-powering units
as well as relays, and aside from the smallness and lightness, the
operation of the two are quite similar. That means that sometimes
you can substitute a relay for a transistor to get a circuit to work, and
vice versa.

In this revision we will keep all that 1s appropriate and good and
useable and try to delete that which i1s obsolete or too large or too
bulky or for which parts are no longer available. Of course, we may
mention some obsolete items as a matter of interest, as these do
have a fine fascination and do bring back memories to those of us who
are Old Timers in the radio-control field.

We have stated in other works (Flying Model Awplanes and
Helicopters by Radio Control, TAB No. 825) that we believe that in
so many cases it is better to buy a kit and build from that rather than
to try to assemble all the parts required for a system and build that
way. Kits have good instructions and if you are careful, you can get
magnificent results from the building of a kit. Butin this work we feel
that there may be areas where original experimentation is one of the
objectives of putting together radio-control systems of various
kinds. And soitis to that end we think that the information presented
herein is very useful. Of course to those of you who just like to “build
the whole thing,” model, control system and all, we say that is one of
the most rewarding experiences of all. To see something you have
completely worked out and put together operate as it should gives
one real satisfaction and pleasure.

But 1t takes a little more knowledge and patience and willing-
ness to work at it to get a system completely operating the way you
want it to. So there are some who want to fly, or sail, or race models
who want to get the control system operating and behind them as
soon as possible. They might want to buy a kit or a completed
system from the store. They have much fun and pleasure also
concentrating on the models rather than the R/C end of the system.
For these, reading of this work will give insight and understanding
and perhaps provide a little more out of the systems than before. We
earnestly hope this will be the case.

We are reminded of a recent experience we had with a fine
hobby enthusiast whose passion is sailboats, and what beautiful
models they are. He didn’t want to spend the time with the radio



equipment but instead he wanted more time with the model. So he
bought a completed three-channel system to use from Heath Com-
pany. It worked out just fine. But then he found that in sailing he
wanted the trimming of the sails to be a little different that was
possible with the original equipment. So he set out to modify it
somewhat in its servo operation. He needed the background infor-
mation and experience of the kind we present here and in our book
Model Radio Control, TAB No. 74, and he got it. He made the
changes to the servos and got the system to do just what he wanted
it to do. And he began to enjoy his hobby even more because he put
some of his own ideas and inventions into it. You might want to do the
same. So knowledge such as presented here could be invaluable to
you.

We hope you will accept this revision as you have accepted our
other books, and we thank you very much for your consideration of
our past efforts. To those of you we have met before in our written
pages, its always nice to meet you again. And to those we have not as
yet met in our writings, hello, and thank you for looking into this
volume. Our thanks to all those who have contributed to our know-
ledge and understanding of radio control and to the multitude of
friends we have made at flying fields, in clubs, at the bayshore, at the
model-car race tracks, and elsewhere. May your equipment and
models always perform the way you want them to.

Edward L. Safford ]Jr.
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Now let us examine some requirements for radio control and
bear in mind that eventually there may be spot frequencies in the
higher range useable for the R/C operation that we will discuss in
this work. At the higher frequencies the directivity will be better;
this could mean less interference, but ranges might be less unless
more power is used, and there is always a chance the model might
get away if the range is too far and the directivity too great, and you
cannot easily keep the model airplane or boat on the beam.

We will examine a very basic diagram to show you what is
required in a radio-control system and we will try to give you some
basic of the control operation. Later on in this work we will indicate
some simple experimental control systems you might make from a
small broadcast receiver and a wireless microphone transmitter
available as a kit from Radio Shack; or you might use a small walkie
talkie which has a button for some kind of tone (it may not be nice and

Table 1-1. Radio-Control Frequency Allocations

Freq. MHz Flag Color
For remote control of 26.995 rown
objects or devices, or 27.045 d
remote activation of 27.095 ange
devices which are used 27.145 ellow
solely for attracting 27.195 reen
attention, if they cause 27.255 ue

no interference

(May use Superhet or Regenerative Receivers)

Amateur License Required Freq. MHz Flag
Superregenerative type 51.200 Light Blue & Bla
recelvers may operate on 52.040 Violet & Black
51.200 and 52.040 MHz 53.100 Brown & Black
53.200 Red & Black
53.300 Orange & Black
53.400 Yellow & Black
53.500 Green & Black
Any Hobby Device (Vehicle) Model Aircraft Only
Freq. MHz Flag Freq. MHz Flag
72.160 Light Blue & White 72.080 Brown & White
72.320 Violet & White 72.240 Red & White
72.960 Yellow & White 72.400 Orange & White
75.640 Green & White

Model Race cars use mostly the 27 MHz spots for racing. This 1s
because they like to race up to six cars at a time
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Fig. 1-2. The basic communications link in radio control. The receiver is con-
nected to various motors and other devices which produce mechanical motion.

cl t will buzz loudly) transmission. Adding a relay output can

u the basics of an R/C system. Also, of course, there are

oys now available which use radio control for their operation,

ough the functions may be limited. You might get one of these

and elaborate on the amount of control you can get over the model.
We hope to show you in later pages how to get more controls.

FIRST REQUIREMENTS FOR RADIO CONTROL

The first requirement for radio control 1s a transmitter and
receiver capable of sending and receiving tone signals—one or
many, constant or pulsed or changing in frequency—over the dis-
tance that the model will be required to operate. This communica-
tions link should be as nearly 100% reliable as possible, as immune to
extraneous signals as possible, lightweight, small, and as economical
of battery rower as possible. >
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We mentioned that the carrier might be pulsed. That is the
basis for the most modern R/C systems to date. Figure 1-5 shows
one such system made by EK-Logictrol. Note that the receiver is
packaged together with some of the servo mechanisms, the larger
units directly in front of the transmitters.

The battery package is on the extreme right below the trans-
mitter and in the center, lower row. How nice and neat the current
packages are. Notice the difference in the two transmitter controls;
the right one has a rotating knob, such as you might want to use with
a model race car or boat. The left transmitter has two lever controls
for rudder and elevator and aileron and motor control of a model
aircraft. There are called little-red-brick (LRB) systems because of
the packaging used.

THE SIMPLEST COMMAND SIGNAL

To understand how commands are sent to the model, consider
first the method used when the commands are represented by a
single tone which is turned off and on in some specific manner. We
might say the tone is “interrupted,” which 1s simply a way of saying
that we can turn the tone-transmit switch on and off quickly. A
switch on the transmitter is used to send these commands. We shall
refer to it from now on as the SIGNAL SWITCH to distinguish it
from the normal transmitter on-off switch. Fig. 1-2 shows the
location of this switch in a block diagram of the transmitter.

The receiver operates very much like a regular broadcast
receiver in that it will reproduce the tone as its output whenever the
tone-modulated carrier is received, and there i1s no output other-
wise. The simplest command signal is simply TONE-ON to cause
the model to steer right, TONE-OFF for straight ahead or neutral
steering, and TONE-ON a second time to give left steering. You
press the SIGNAL-SWITCH button with your thumb to send these
commands. If you push the button down to steer the model right and
its starts to turn left, you simply let up on the pushbutton and press it
down a second time, holding it for as long as required to make the
model turn as much as you want it to. Figure 1-3 shows the opera-
tion.

To understand what takes place in the model when you send
this tone, examine Figs. 1-6 and 1-7.

Figure 1-8 shows how to construct a motor-driven escape-
ment. If you trace the circuit, you will see that when the relay
armature is in the de energized position (labeled NC, for normally
closed) there is a connection from the negative side of the battery
(—) to the metal-surface-board and also to tabs 2 and 3. Since the
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Fig. 1-5. Modern Digital RF pulse systems. (Courtesy EK-LOGICTROL)

wiper arm is connected through the motor shaft to one side of the
drive motor, and the other side of the drive motor i1s connected
directly to the positive ( + ) side of the battery, the motor will run
until the wiper i1s on tab 1, where the circuit 1s broken. This 1s the
neutral position of the rudder. So you see that when no command
signal 1s sent, the rudder automatically neutralizes itself. When the
relay 1s energized and held that way by sending a tone continuously,
tap 1 i1s connected to the battery and tabs 2 and 3 are disconnected.
Since the metal plate is always connected to the battery, the motor
will now run until the wiper reaches tab 2, where it will stop. This 1s

BUTTON
RELEASED
T }_“OFF“ ,’
TONE TIME
AMPLITUDE  ~~"-="~- = -==--=-  -=----- gy c-------
7
TONE TONE TONE 7
PULSE PULSE PULS;:%
) 7

I_..ON“.l TIME —
TIME

BUTTON
DEPRESSED

Fig. 1-6. The graph illustrates tone pulses produced by operating the signal
switch. ¥
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s l/2V -
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WIPER
PRINTED CKT BOARD TAB | RCVR
(COPPER FOIL ON RELAY
ONE SIDE OF SOLDER _
INSULATING
BACKING )
NO
v
COPPER ETCHED NG
AWAY TO MAKE
INSULATING
ISLAND

CONNECTS NCTO COPPER TAB2

TOP VIEW OF SWITCH PLATE

Fig. 1-8. A motor driven escapement.

left rudder. Momentarily we stop sending the tone and then send it
again. This allows the wiper to move from tab 2 onto the metal plate

and the motor will drive it until it reaches tab 3, where again it will
stop. This is right rudder. Thus, with the proper tone commands,
the rudder can be positioned left or right and the arm will automati-
cally return to neutral when no tone is received.

You must realize that with this type of control the steering
wheel or rudder is always deflected to its maximum position, either
left or right, each time a tone is received. To steer the model in a
gradual turn, don’t hold the rudder too long in one postion, but rather
hold it for a short time, release it, then position it in the same
direction again for a short time. The model then executes a series of
short turns which when put together make a large gradual turn as
shown in Fig. 1-9.
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RUDDER DEFLECTED RIGHT
MOMENTARILY AT THESE POINTS

R/C TRANSMITTER

U g

Fig. 1-9. The concept of a gradual turn by controlling the time that the rudder is
deflected to its maximum position.

You will also realize after a moment’s thought that to repeat a
command with this system you must release the tone button, de-
press it and release it quickly and then depress it and hold it down.
The first time you depress, the signal switch would give left, the
second time right, and the third time would be left again. So, to
repeat a command you must release, depress, release and depress
and hold. With a little practice this becomes automatic. It is the same
sequence used with an escapement of the single arm type shown in
Fig. 1-7.

THE SIMPLEST PROPORTIONAL-CONTROL
SYSTEM WITH MECHANICAL DECODING

Proportional control means deflecting the rudder a small
amount for a gradual turn and a large amount for a fast or sharp turn.
The steering is accomplished by making a signal switch such that
rudder movement is directly proportional to a small deflection of a
lever or steering wheel. It is now necessary to vary the duration of
the transmitted tone and to make the tone pulses automatically and
continuously for as long as the button is down. If the time that the
tone is transmitted is longer than the time the tone is off, then the
model will be steered left. The maximum left occurs when the tone is
on steadily. If the time the tone is off is longer than the time it 1s on,
the model will be steered right. Maximum right results from no tone.
Notice how this differs from the previous method where “no tone”
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was neutral. In this system, neutral or straight-ahead steering oc-
curs when the time length of the tone is the same as the time length
between tones. Figure 1-10 graphs the idea.

This code 1s used in the Ace R/C pulse Commander system,
which uses a magnetic actuator, such as shownin Fig. 1-12. [t canbe
obtained from Ace R/C (Fig. 1-13).

The installation of a pulse-width/pulse-spacing system in a
small model aircraft i1s shown in Figs. 1-14 and 1-15.

Notice that this is all there is to it. Three items make up an
airplane installation, not counting the off-on switch. Of course you
have to be willing to put up with the “nervous twitching” of the
rudder as it moves continuously back and forth. To see how it causes
turns refer again to Fig. 1-10. And, for the system, see Fig. 1-4,
available from Ace R/C.

In summary, then, for this kind of code, an electric motor or
magnetic acutator 1s so connected that it wants to turn in one
direction when a tone or signal is received, and in the opposite

TONE f TONE "ON" TIME 1S A PULSE
AMPLITUDE TONE "OFF " TIME 1S A SPACE
1/4 SEC 1/4 SEC
RIGHT I100% MODULATION
"ON" TIME /
GREATER THAN
"OFF" TIME
| 1/2 SEC 1/2 SEC 1/2 SEC
J
|
|
+ !
TONE !
AMPLITUDE |
: 1/4 SEC 174 SEC
NEUTRAL o o o ___ _100% MODULATION
"ON"TIME
EQUALS 'OFF
TIME
174 SEC 1/4 SEC 1/4 SEC
:
|
|
f |
TONE |
AMPLITUDE :
I 5/I6SEC 5/16 SEC
LEFT o o I00% MODULATION
"OFF" TIME
GREATER THAN
"ON" TIME

— N -
3/16 SEC 3/16 SEC 3/16 SEC

Fig. 1-10. Neutral is equal pulses and spacing. In the receiver, an electronic
“fail-safe” circuit disconnects the steering controls if there is a system failure.
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SHAFT TO RUDDER LINKAGE

BEARINGS LIKE THAT OF
FIG. 1-6
NEUT
-
0 SPRING 3V BATT
+ -
GEARS |
ON-OFF
0 SW
gg 3V BATT
3-6V \ Tt
MOTOR HeVR
RELAY
RCVR
CKT
1000 PULSE WIDTH
-48V
RS 276-1102 3K
IN34-A Tolo]!
2K 1K
CONNECT 25uF 25uF
ACROSS . .
TRANSMITTER
SIGNAL
(KEYING)
SWITCH
GE 2 or
B HEP250
OR RADIO SHACK (RS)
276-2004 =

Fig. 1-11. The basic pulse-width, pulse-spacing decoder (a). If the spring is
weak, the motor rotates the output shaft in one direction on no-tone, and in the
opposite direction on full-tone. If an arm is geared to the output shaft it can be
made to move back and forth with this rotation to position a model-aircraft
elevator. One might also put switches at the limits and let these operate an
elevator positioning servo. A suggested transmitter-pulsing circuit for this de-
coder is shown at (b).

direction with no tone. A centering spring on the motor keeps the
shaft at neutral when equal pulse-width-pulse spacing commands are
received. Mechanical stops are often included to prevent the rudder
or steering wheels from turning too far, or the motor shaft may be
allowed to rotate completely, cycling the steering element and giving
straight-ahead steering if the rotation is fast enough. Figure 1-1la
illustrates the arrangement.

Two circuits for transistor servos of this type for use with
relayless receivers are shown in Fig. 1-12. Notice that although the
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relay is not required, the arrangement of the motor or actuator is the
same as in Fig. 1-11a.

SIMPLEST TWO-CHANNEL PROPORTIONAL COMMAND SIGNAL

The command signal of the previous section can be modified
easily to obtain a second proportional channel. Normally this would
be used to control the model aircraft’s elevator. Now the elevator
and rudder can be moved simultaneously so that you can steer left or
right and up or down at the same time. The modification merely calls

- T 71
RCVR |
RELAY | A
STAGE |
RS-276-2003
— | RS ANIOS RS-276-2007 — =
{ GE-2 OR 2N1303 |
HEP250 GE -1
| MOTOR * |
| |
| MICRO-MO |
TO-5 — 1172 TO |
40048 l v
70 Ry | R GE-5 OR * |
5K |OK HEP-50 ]
| ONI304  RS-276-2001 —
|
ADJUST RI SO MOTOR ROTATES IN ONE
DIRECTION WITH NO INPUT AT (&) AND'
ROTATES IN OPPOSITE DIRECTION WITH
NEGATIVE VOLTAGE TO GND AT (R). R2
REPLACES RELAY IN RELAY-TYPE RECEIVER
B RS-276 2001
5680 2N1101
RCVR 4700 e _
RELAY V=
STAGE MOTOR
BLUE
4700 -
GE-2 3v=
470Q RS-276-2003 *
BLK

Fig. 1-12. Circuits to operate the servomotor from a relayless receiver. The
circuit at (a) is more sensitive. x
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than it will on a slow pulse rate. With a special yoke connected to the
elevator, the elevator can be deflected to a full-up position by
decreasing the pulse rate to minimum. A fast pulse rate would keep
the elevator full down (Fig. 1-18).

Thus, as we vary the pulse rate we obtain varying elevator
deflection, either up or down. Which one you use depends upon how
you want to fly and on the power available. You might want up-
elevator for loops and fast takeoffs from the runway. You might
choose down-elevator if you plan to dive-bomb targets, and let the
model loop with its normal-climb adjustment and neutral elevator as
it comes out of its high-speed dive. That’s useful, too, if you want to

L3V
|-
STEERING
MOTOR ON-OFF
RCVR by RS-276-1102
RELAY 3V IN34-A(4)
3-4Q KO

RELAY

TRANSISTOR RADIO
OUTPUT TRANS SK
(10000 TO 3-44)

+
S50uf
100V
2NI09
RECEIVER RELAY
[SAME AS RY IN (a)] A0 ARy 5
INS6 RELAY
RECEIVER 6800
OUTPUT
TRANSISTOR RS 276-1103 6o
pF - 15K oNjog IN34A
10K
12V+ GE-2
HEP-52
+
oV

2N109 = RS 276-2003

B

Fig. 1-17. Two pulse-rate decoding circuits.

27












shown in Fig. 1-21. The power to the rudder-elevator steering
motor is connected through the normally-open relay contact. If
pulsing stops, the relay opens and disconnects the circuit, and the
spring and wind forces restore the rudder and elevator to neutral.

ELECTRONIC DECODING OF PULSE-WIDTH PULSE SPACE CODE

Credit for originating this method of decoding pulse-width and
pulse-rate commands goes to Dr. Walter Goode and Gerald Herzog.
Others have advanced the basicideas. The circuit of Fig. 1-22 shows
how two currents, I1 and I2, due to voltages on capacitors C1 and
C2, can change the conduction level of the input transistor Q1.

Capacitors C1 and C2 are charged by voltage pulses through
diode pairs as shown in Figs. 1-23 and 1-24.

Figure 1-23 is a decoder that compares the peak pulse
amplitude in the lower half of the input circuit against a voltage
proportional to the rate at which the pulses are received. This upper
circuit is called a pulse counter and its voltage output is proportional
to the number of pulses received per second.

Figure 1-24 is a decoder that gives an output based on compar-
ing the width of each pulse (represented by a positive voltage)
against the spacing of pulses (represented by a negative voltage).
Notice capacitors C1 and C2 in each circuit.

Use of these circuits allows radio control with pulse-width
variation and pulse-rate variation, but at a higher frequency than
used for the mechanical decoders. The average pulse rate for this

RS-276-1102
IN295 (2)
/ 47K + _ _
lopF CL gk T 3.3K —3v
6V |~ +
- — +
+ - - - T0
DIFF SERVO
_ OwF AMPL AMPL
- 33K
IN 25uF
’1 + 6V 5000 -
— R 2NI09
IOpuF _
IN295 6V =
+ p—
- | 5K _
IN295 I0uF 2 8200 3.3K —3v
év +

R IS POSITIONED BY SERVOMOTOR

Fig. 1-23. The actual circuitry of a pulse-rate decoder. 2N109 = RS276-2003.
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T 30uF
IN295 6V R IS POSITIONED

RS-276-1102 + Cl BY SERVOMOTOR

1K

+3V

Fig. 1-24. The actual circuitry of a pulse-width pulse-spacing (symmetry) de-
coder.

system is around 525 pulses per second, but, as we pointed out
previously, we can still vary the width of the pulses at this frequency
and get rudder steering. Examine the circuit in Fig. 1-25.

In this circuit, part A is normally in the receiver. It is shown
here because it performs a very important function: changing the
tone signals into positive and negative pulses. Q2 and Q3 and the
batteries form a balanced bridge. When there is no tone input, Q1
does not conduct much so there is a high negative voltage to the base
of Q2. Q2 conducts heavily and the output at the center, betweenthe
two transistors, is negative to the center-tap of the 4.5-volt bat-
teries, which is ground. When there is a tone input to Q1 it conducts
heavily, reducing the negative voltage to the base of Q2, so Q2
presents a high impedance from collector to emitter. At this time Q3
looks like a low impedance across its terminals so the common point
between Q2 and Q3 is now positive to the battery-common point or
ground. In this way the output between Q2 and Q3 can be positive or
negative, depending on whether a tone is being received or not.

When these positive and negative pulses, whose widths can
vary (because the tone-on, tone-off time can be varied at the trans-
mitter) are presented to the width detector, this circuit produces an
output voltage proportional to the width of the positive pulse via one
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pair of diodes, and another output proportional to the width of the
negative pulse via the second pair of diodes. The output voltages are
plus and minus, correspondingly.

These plus and minus voltages are added together at the detec-
tor output so that capacitor C1 has a voltage across it proportional to
the difference n the pulse-width-pulse-spacing. So the pulse-width-
spacing commands have been converted into a DC voltage whose
polarity change from a reference level specifies the direction of
rudder (or elevator) movement, and whose magnitude of change
specifies the amount of rudder (or elevator) movement.

This voltage by itself cannot operate the servomotor, so we use
a differential amplifier (Fig. 1-26). This amplifier does two things:
First it amplifies the DC voltage from the detector and gives a large
DC voltage output capable of running the motor, and second, it
receives a feedback from the rudder servoarm potentiometer (R).
This voltage balances the input voltage when the arm has moved the
desired amount, stopping the arm in the commanded position. Note
that when the command signal stops, this feedback voltage then
becomes the only input to the differential amplifier and thus causes
the servoarm to return to neutral.

Section C shows the frequency (or pulse-rate) decoder for this
circuit. It 1s identical to the width-spacing decoder except that the
capacitor C2 consists of four 0.1-uF sections to a total of 0.4 uF
instead of the 20 uF used in the width-space decoder section. This
change makes the circuit frequency-selective. Here, it produces a
small output voltage for low-pulse rates, below about 525 pulses per
second, and a larger output than its opposite circuit for pulses above
this value. Its output is compared to the output of the upper branch.
The output of the whole circuit i1s either a plus or minus voltage
depending upon the magnitude and direction of the pulse-rate varia-
tion from the normal transmitted frequency of 525 pulses per sec-
ond.

The circuit has been used successfully, but when no signal at all
1s being received, noise can make the highly sensitive circuits pro-
duce an output large enough to drive the servos to their extremes of
travel. If this circuit 1s used, a fail-safe circuit should be built in as
before.

The on-the-ground portion of this systemis shownin Fig. 1-27.

The circuit consists of a blocking-oscillator pulse-generating
circuit with a frequency-control potentiometer. This circuit activates
an amplifier with a variable time constant, so that the width of the
pulses can be varied. The output of the circuit connects directly to
the modulator of a transmitter. Notice the trim adjustments, used to
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keep the control stick (a lever attached to the shaft of the frequency
control) centered for straight flying. These trim pots can compen-
sate for drift pulse rates caused by changes in the transistors’
conduction.

THE SERVO AMPLIFIER

The servo amplifier that would be used with the preceeding
circuits would be a direct connected type such as a Darlington or an
operational amplifier, available as an integrated circuit in most parts
stores. It might also be a comparison amplifier, which compares the
input to the feedback signal from a potentiometer. This amplifier
then would drive PNP and NPN transistors, which in driving the
motor causes it to reverse directions. See Fig. 1-28.

If the operational amplifier is capable of both a positive and
negative output, then these two outputs specify direction of motor
rotation by energizing the proper transistors. We will discuss more
about servo systems a little later on. You might adapt one of these
servo-amplifier systems to work with the circuits just presented.

MULTIPLE CONTINUOUS TONES AND FILTER SYSTEMS

You can transmit more than one tone. Two, four or even eight
tones may be transmitted separately or simultaneously. In this case
each tone represents a command. These tones may be generated by
simple oscillator circuits and combined (through resistance net-
works to minimize interaction) as shown in Fig. 1-29.

The output of the tone section i1s fed to the transmitter mod-
ulator (see modulation methods for transistor transmitters in Chap-
ter 2). In the receiver, the tones are fed to a series of filters
composed of inductances, which separate the tones and cause diffe-
rent relays to close, or transistors to conduct as each different tone
isreceived. Thus one tone is left, a secondis right, a third tone is up,
etc.

The closing of the 7elay (or conduction in the transistor) when a
tone is received causes a servomotor to deflect a control surface to
its limit if the tone is sent continuously. Thus one has to beep the
tone (by tapping the button rapidly several times) to get gradual
steering. Self-neutralizing servos are used for rudder, nonneutraliz-
ing or neutralizing servos are used for elevator. Figure 1-30 shows a
circult for a two-tone LC filter decoder operating two relays, which
could give left-right steering.

The LC-filter type of decoder has fallen in popularity over the
past several years because these filters are quite broad in response
compared to other decoders. If one considers sending six tones for
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Fig. 1-28. A possible direct drive amplifier for a PM motor. Q1 and Q2 are biased
so motor will not run unless a + or — signal is presented to bases, you must
experiment with this kind of circuit.

commands of up, down, left, nght, motor fast and motor slow, the
frequency band required would probably be from 300 Hz to about
6,000 Hz—tones at 300, 550, 1,000, 1,400, 2,500 and 6,000 Hz. Itis
possible to narrow this tone separation by incorporating more elabo-
rate filters than the ones shown. So the use of tone filters for all
commands 1s not too popular —now. However, this is a very reliable
system.

One vanation of this idea s interesting. That 1s to use, say, two
tones and two filters and pulse each tone with the pulse-width
pulse-spacing idea. Thus you get proportional control over four
functions. These functions could be the rudder, elevator, ailerons
and motor of a model aircraft. You might even control all four
simultaneously with this idea.

Two tones allow adequate band separation with simple filters
(as in Fig. 1-30) so that no interference or beat problem occurs
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Fig. 1-30. A typical L-C filter decoder circuit for two tones. The inductances
should have a low DC resistance. More filters can be used for more channels. L
and C tune to the desired tone frequency.

between the tones. A beat, recall, is the sum or difference between
two tones or their harmonics.

THE INTEGRATED-CIRCUIT TONE FILTER

A method of providing tone filters using integrated circuits is
one possibility to update of this method of sending commands.
Figure 1-31 shows active filters designed around the 741 amplifier
which “passes” around 1400 and 850 Hertz and not much else. The
values of R and C: and C: determine the bandpass and might be
adjusted experimentally for other frequencies. The units overall are
small and adaptable to modern control devices. One filter is required
for each tone command.

A possible relay amplifier is shown at (c).

With the modern integrated circuits you will find that an exami-
nation of them will reveal possibly other methods of making small,
compact, and very effective tone filters, which you might use as
decoders for tone-control operations such as the 5671C. We encour-
age such examinations and research.
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THE RESONANT-REED FILTER

In a harmonica many tiny reeds vibrate to produce various
notes. The same idea can be applied to a vibrating reed decoder
using a magnetic coll, like that of an earphone, to furnish a varying
magnetic field to vibrate a spring steel (very thin and relatively short)
reeds. If contacts are placed so that when these reeds vibrate they
touch the contact at the extreme of their vibrating movement, you
have the basics for a reed decoder. These used to be popular and
were available commercially. They are no longer available and are
considered obsolete as a decoding method because they have a very
narrow bandpass—on the order of 3 to 4Hz; they also make only
intermittent contact on each vibration are somewhat heavy, and the
audio band is not large enough for wide ranges of operation. But they
are interesting, and so we include mention of them. If one made such
adecoder and used 1t to supply control voltage to a transistor bank, a
lot of previous troubles would be eliminated, and certainly, this
device would give good, tight tone separation. It used to be that
tones of 200, 250, 300, 350, etc. Hz could be used without interfer-
ence, except from harmonics or beats. We show a circuit used with
such a decoder in Fig. 1-32. You might use this circuit with other
switching devices, replacing the reeds.
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Fig. 1-32. Basic reed-operated servo system. Close 1 for clockwise rotation with
tone 1, close 2 for counterclockwise rotation with tone 2.«
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rate system, to obtain proportional control. This is done with dzs-
crnimunator circurts, which can be built from the filter circuits just
described. Since the filter response is relatively broad, you can vary
the tone slightly around the filter resonance and still have good
output. This output can be made positive or negative or zero depend-
ing upon whether the tone is above, below or on the filter frequency.
A possible discriminator circuit is shown in Fig. 1-33. It is essentially
a balanced bridge.

The simultaneous transmission of two tones quite far apart in
frequency, each capable of being varied above and below some
“rest” frequency, can give proportional steering and elevator con-
trol. Three such tones would be required for proportional control of
rudder, elevator and motor. Normally in a system such as this the
motor would be an on-off type function for high-low motor rather
than proportional control. Thus two changing-frequency tones
would be used for steering and elevator, and the third set as a pulse
would produce fast motor or slow motor cyclically.

Of course it might be possible to use a single-tuned circuit or
equivalent, and use a slope detector to give control. With this the
neutral is when the tone is halfway to the peak of the resonant rise.
Lower tone gives one control and higher tone gives another.

TONE-SEQUENCE TRANSMISSION

One problem with the transmission of tones is that beats are
produced between them when more than one tone is transmitted at a
time. A second problem is that the maximum available modulation of
the transmitter must be divided among the tones; thus no tone is
transmitted with full 100% modulation. That reduces reliability. In
the Sampey system (courtesy of Grid-Leaks) this difficulty was
overcome by using an electronic commutator to allow the transmis-
sion of each tone one at a time, but sampled at such a rate that the
model doesn’t know that the tones are interrupted. The control is
essentially simultaneous for all channels, yet each tone modulates
the carrier 100%. Four tones are sampled and sent by this method in
the system shown in Fig. 1-34.

The receiver would have four relays, say, each one operated by
a different tone. You could use integrated circuit filters to separate
the tones in this case. Then you could have one tone for left, one for
right, one for up, and one for down in a very reliable control opera-
tion. Since all tones are pulsed at a very fast rate, you would get the
effect of simultaneous-proportional control over these functions, all
at the same time.
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In the ring commutator, flip-flop multivibrators are coupled so
that one triggers the next and the last triggers the first. As each
operates, it causes a reedswitch in one collector of each pair to close,
causing a tone of a certain frequency (generated by the unijunction)
to be transmitted. Note that this type of reed relay closes on DC.
Arc suppression of relay contracts is required. See Fig. 1-35.

HOW A DIGITAL SYSTEM WORKS

Modern radio-control systems are digital. Many brands are on
the market, in both completed and kit form. Heathkit, for example,
offers a good kit for the somewhat experienced electronics builder.
But others include Kraft, Logictrol, Expert, Futaba, Cannon, and
Ace R/C; they are all good systems which will give excellent per-
formance in simultaneous and proportional control over as many as
eight channels. Some systems will even have more channels.

These systems all use small servos which have built-in
integrated-circuit amplifiers of the feedback type. The size of these
servos varies from the very small bantam to the larger and huskier
types required for big aircraft and boats. You can usually specify the
size servo that you want. It is customary to use the smallest possible
size for airplanes.

Because they all operate on the same basic principle, the
variation of radio-frequency pulses, there is some interchangeability
among systems of the various manufacturers. Ace R/C, for exam-
ple, makes a servo which works with quite a number of systems and
has an adapter to change from a positive pulse input to a negative
pulse input. But you must be careful trying your servos with other
systems. Be sure they are compatible before you connect parts
together, or you might ruin the system.

Digital systems are available in from two to eight channels, and
some even have more channels than that. Each channel is propor-
tional, and although they operate sequentially, they do so at such a
fast rate, due to the millisecond duration of pulse transmission, that
you can operate all eight channels of an eight-channel system. As far
as practical, movements all operate simultaneously. Thus you can
vary engine speed, elevator position, and rudder position of an
airplane model in flight, all at the same time. It’s the real thing all
right, and wonderful experience to boot for that person who always
wanted to fly, but didn’t get the chance to do so. And there are no
crash dangers for the pilot. This has great appeal to the lady folk of
the family.

Now, to fully understand digital systems, we will first look at
one which has only four channels. This will give us the basics for
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examination of a later, up-to-date system following this first discus-
sion. The four-channel system was developed some years ago, but it
is still valid, still will work, and its “truths” are still “self-evident” if
you want to try to build one from “scratch,” We find that many
electronics experts like this challenge, but for those not quite so
expert we advise getting a good kit, where all parts are furnished,
test procedures are specified, and you can be assured of a satisfac-
tory product. Kits, of course, are more economical than the finished
product, and you usually have factory assistance and service if
desired.

SOME DIGITAL CONCEPTS

Probably the first concept to understand is that the digit of the
digital system—the name means the same thing as in a digital
computer—is simply a pulse such as we have already explained. The
difference in this system is that these pulses are transmitted at a
very rapid rate—milliseconds apart—and are just a carrier signal
from a transmitter. Idea number one, then: The digitis a pulse and it
is also called a bit.V

The pulses are transmitted in trains—that is, there is a series of
pulses, then a time space and then the same series or number of
pulses. This process continues and so one transmits information
constantly in this type system. These trains of pulse are often called
words in digital-control language (Fig. 1-36).

The time space between the words is used to allow the decod-
ing equipment in the model to synchronize itself so that it can
transfer the commands represented by the pulses to their proper
channels. Note that each pulse is a command channel. In the receiver
these pulses are separated, sent to four separate channels where
their width is compared to a reference pulse generated or present in
each of the four channels (Fig. 1-37). If the incoming pulse is longer
than the reference pulse, a negative voltage is produced at the
comparison-circuit output. If the incoming pulse is shorter than the
reference pulse, the comparison channel output is positive. When
the pulses are equal, the voltage output 1s zero. Understand here
that the amount of the voltage out of the comparison circuit is exactly
proportional to the difference in width, or time duration, of the
pulses, so that as we vary the width of the incoming pulse we can get
a proportional DC output of either polarity. This voltage can be
amplified and used to position a servomotor left or right for propor-
tional steering.

Wy computer terms a series of bits make up a digit and a series of digits make up a
word. Tam taking some liberty in definitions here to simplify the explanation of digital
radio control.
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Fig. 1-37. Comparison between the reference and command pulses.

In Fig. 1-37 the basic operation of the pulse-driven servo is
explained as far as the comparison of the pulses is concerned. Since
we must have a continuous voltage to drive the servomotor, it is
necessary to “stretch” these pulses with an averaging circuit, which
is a one-shot multivibrator. Figure 1-38 1s a block diagram of the
system. You also must note that since the difference in pulses can be
very small, the circuit may find it difficult to “decide” which way to
start the servomotor running. There is therefore a cross-connection
between the two channels so that whichever channel starts conduct-
ing first effectively blocks the other one until the command signal
changes.

Figure 1-39 shows the circuit that allows the pulse differences
to be used as servomotor drive voltages. The incoming pulses are
sent to a one-shot multivibrator Q1 and Q2 and also to the reference
multivibrator formed by Q3 and Q4. The width of the pulse from the
reference multivibrator i1s governed by the position of the
servomotor-driven feedback potentiometer Rx. Note that the pulses
from the first multivibrator Q1 and Q2 are compared to the pulses
from the feedback multivibrator (or reference multivibrator) Q3 and
Q4 in the diodes D3 through D6. Essentially, if the incoming pulse is
narrower than the reference pulse, one pair of diodes allows one
channel to the servomotor to conduct, producing rotation in one
direction. As the motor rotates, it repositions potentiometer Rx so
that the difference in pulse widths is made zero and the motor stops

50






-6V —_— e

+6V01- ZE

STATE SHOWN

IS DURING -
ONE -SHOT MvB SYNC PAUSE

LONG TIME CONSTANT

A 8 c o} E F
GND VOLTS VOLTS GND VOLTS GND

INPUT
PULSES 1234 1234

; TIME

SYNC
PAUSE

TWO FLIP-FLOP MVB

Fig. 1-39. Schematic of the servo decoder for the digital-pulse system.

running. If the pulses coming in are wider than the reference pulse,
the motor i1s caused to run in the opposite direction until Rx causes
the pulse width to be the same.

Now examine Fig. 1-40 to see how the pulses that come from
the command transmitter are separated in the receiver decoder.

The decoder consists of one-shot and flip-flop multivibrators. A
one-shot multivibrator changes the conductive state of two cross-
connected transistors only when an input trigger causes the change.
The time the transistors remain in the new conductive state 1s
determined by the time constant of the one-shot circuit. Then it
drops back to its original state. The flip-flop multivibrator changes
state of conduction upon receiving a pulse and stays in the new state
until another pulse changes it back. In other words it “flips” on one
pulse and “flops” back to its original conduction state on the next,
etc.

The one other circuit required is a coincidence circuit—a trans-
istor which must have two voltages of the proper polarity applied to it
before it will conduct.

When the three types of circuits are arranged as shown in the
block diagram and an input pulse train is received, the decoder will
produce an output from each gate for each command pulse. The
width of the gated pulse will be in direct proportion to the time
spacing between the command pulses, as we will see just a little later
on.

E
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Now, to examine the operation of the block diagram, assume
that the decoder is in the condition shown on the diagram. Where we
have indicated GND, it means that this side of the multivibrator is
conducting heavily and where we say VOLTS we mean that that side
of the multivibrator is not conducting, so its collector has a relatively
high voltage. The condition shown on the diagram prevails whenever
the synchronizing-space time is transmitted, so we call it the sync
condition. This is the period between pulse trains or words. The
circuit assumes this condition automatically when it receives no
pulses for a set period of time.

Now refer to the table below the diagram, which shows the
change in output for each pulse received. On the first pulse the
one-shot changes its state and remains in its new state throughout
the duration of the rest of the word. The first pulse also triggers C
and D into the state shown for pulse No. 1, but E and F remain
unchanged. Gate 1 is now activated, with the proper voltage applied
to its base and emitter to make it conduct. Pulse 2 now arrives. It
changes the state of C and D and also the state of E and F so that gate
21s now activated in the same manner as gate 1. No other gates have
the correct voltage at their bases and emitters to make them con-
duct. Pulse 3 arrives, produces condition 3 and activates gate 3.
Pulse 4, the final pulse, closes all the gates, and then the synchroniz-
ing time (no pulse reception) begins. Shortly after this time begins,
the R/C time-constant of the one-shot multivibrator runs down its
charge so that the one-shot returns to its initial condition. This opens
gate 4. Now the circuit is ready for the reception of the first
command pulse, which closes gate 4 and opens gate 1 as discussed.
The actual circuit for performing this operation is shownin Fig. 1-41.

We note then that the width of the pulse out of each gate is
proportional to the spacing between the pulses in the command
train, as shown in Fig. 1-42.

The other part of this system which we need to examine briefly
is the coder on the ground.. This unit must generate the pulses and
vary them so that we obtain proportional control over the channels
we desire. First, though, the actual transmitter and receiver can be
the same for nearly every type radio-control system. You can use a
regular transmitter as long as it is capable of being pulsed at the rapid
rate required for this system, and you should use a superhet to
receive the pulses in the model. These two items of equipment are
pretty much standard. All that is necessary to transmit digital infor-
mation is to be sure that the transmitter can send the pulses at the
required rate and that the receiver will not distort them seriously.

Y
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This system was one of the forerunners of our current and
excellent type digital systems. Of course if you build it it can work for
you if you get everything so that it operates correctly. Also the
circuits are very interesting as they might be used in some other
control applications. We have included it here primarily as an intro-
duction to digital-control systems, and to intrigue you with its cir-
cuitry, if you, like ourselves, are fascinated by any kind of electronic
circuitry which does something. So, if you want to experiment, have
a go at this system.

But if you want firm and assured results, then we suggest a
good digital kit so you won’t have to search for the parts, or method
of testing and adjusting, or proper layout. We next examine the
fundamentals of three good digital systems and assure you there are
others, but of these we have personal knowledge that they will be
fun to put together and operate. There is enough to these systems
that they warrant a separate chapter, so let’s have at it.
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tory service, and the factory should be located where you can
maintain contact with it. Many manufacturers, such as those we
have shown here, have service agencies located in convenient places
around the United States so that it may be possible for you to visit
them personally in case of trouble, or to get repairs after a bad flight
or such.

Now we don’t say that these manufacturers offer the cheapest
systems. We don’t believe in looking for that kind of a control system
at all. As so many of our good friends and modelers from all over the
world have told us, it is a wise rule to, “Buy the best you can afford.”
You won’t regret that choice.

But if money is a prime consideration, and many times it is, then
you might want to start with a simpler system, say a one-channel
type, and try that for a while. They are available from Ace R/C, and
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Fig. 2-2. KPT-7SX seven channel single stick transmitter.
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frame and that same pulse in the next frame (or pulse train) is fixed;
therefore, the period labeled “sync pause,” varies as each control
element is moved. The sync pause itself carries no information and is
merely a time delay to permit the receiver decoder to reset itself and
get ready for the first pulse in the next incoming pulse train sequ-
ence. The transmitter being pulsed off means that essentially it is
amplitude modulated and radiates a carrier all the time—except
when a pulse 1s being transmitted. This is good because it tends to
prevent interference from getting into the system.

One type encoder used successfully is shown in Fig. 2-8. A 72
MHz frequency transmitter section is shown in Fig. 2-9. Notice that
the encoder consists of a series of half-shot multivibrators following
a free-running multivibrator. The timing of the half shotsis governed
by the stick controls, and since the outputs of these half shots are
coupled through a common line to the basic modulation multivib-
rator, these outputs govern the starting and reset time of this unit
and so govern the transmitter off and on time. In the receiver there
is a similar system, working in reverse and synchronized by the
sync-pause time so that it gets the pulses and separates them
through gate action and routes them to the various servos.

In construction of a Kraft kit it is interesting that the coding and
decoding multivibrators are parts of integrated circuitry, which re-
duces the number of parts and makes the assembly easier.

The Receiver

First we should look at the block diagram shown in Fig. 2-10. We
must also realize that in a large number of current digital systems the
decoder 1s on the same printed circuit with the balance of the
receiver, and they are not two separated units.

The diagram of the receiving portion of the system is shown in
Fig. 2-11. In this system there was a possibility of two-channel
operation by manually changing the crystal switch. This is good to
give quick frequency changes in case of interference or when you
find that there are lots of others flying on your frequency and you
have to wait a long time to be able to get the air.

The circuit 1s straightforward, a superhet with three stages of
I-f and an amplitude detector to pick off the pulses. In some systems
the i-fs operate at 465 MHz, allowing the i-f transformers to be very
small units, as shown in Fig. 2-12.

In the picture you see that the i-fs are adjustable, just as they
are in any broadcast receiver. The antenna length is critical. Here it
is a fixed length of rod, slightly rigid so you wen't try to lengthen,
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shorten, or bend it back onitself. There is no relay in this receiver; it
uses a transistorized output which provides enough current change
so that you can operate actuators, motors, or whatever with the
receiver as itis shown. The actual Kraft receiver will have a different
configuration and may use different physical parts, but for the diag-
ram shown this is the layout indicative of this kind of control re-
celver.

The Servo System

Of course there is the channeling system, which is the decoder
in the receiver. This routes the pulses to a servo, such asis shownin
Fig. 2-13. This represents a standard arrangement, and, from the
various circuits shown, you can follow through to see how the
system works. Notice that the incoming pulse activates the refer-
ence system which then compares the reference-pulse timing with
the incoming-pulse timing and width. From this it determines the
direction and amount of rotation of the motor. When the motor
moves the feedback potentiometer, fastened to its output gear, it
causes the reference pulse to balance out the incoming pulse when
the output motor gear shaft has moved the desired amount. Thus
you have the proportional control required for our modern high-
speed model airplanes and which we desire for all of our models no
matter what type they may be.

THE HEATHKIT DIGITAL RADIO CONTROL SYSTEM

Of course all manufacturers are constantly updating their
equipment to give you the best possible equipment. The Kraft
system just examined was an earlier one, and changes have been
made since it was originally developed and marketed. But now we
choose to examine the Heathkit as an example of a later system to
see what changes do take place and how the system might change as
aresult. Understand that basically the operation of any system has to
remain the same because the principles of operation of a digital
radio-control system just don’t change. But to facilitate operation, to
make control easier, and to take advantage of new technological
breakthroughs —which usually results in smaller, lighter, and more
efficient control systems—the manufacturers make model changes
from year to year, or nearly so it seems. Sometimes it is just a
packaging change and sometimes also a circuit improvement—Xkinda
like systems of marketing new-model automobiles. In any event let’s
examine the Heathkit system, which we got as a kit, put together,
and found most satisfactory results from the experience.
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The Servo

Servos for this system may be subminiature or a larger size. It
is well designed and relatively easy to construct in kit form if you
have a magnifying glass handy. In block diagram form you can see in
Fig. 2-17 that there are very few parts needed other than the
integrated circuit which forms the main part of the package. The
subminiature unit shown is strong, quick, responsive, and fits well
into an airplane package as we shall show in later pages.

THE ACE R/C DIGITAL SYSTEM

In this system examination we will learn still more about how a
digital system works and of some design concepts of how it gives you
a fine performing system enabling you to do the things you want with
your model. This system is also available as a kit or as a completed
unit. Its construction procedures are more for the experienced
electronics builder than are the instructions available with the
Heathkit system. Of course you can purchase any of these systems
(or later versions of them) assembled and ready to use if you desire
that approach.

The Encoder Operation

The encoder is part of the transmitter, being that portion of the
circuit generating and coding the command signals for transmission
by the rf section. One such encoder is shown in Fig. 2-18. In this dia-
gram only three operational channels are shown, but the system is
capable of handling up to nine channels. We are interested here in
how it actually codes the signals, but we would remember that this
system s available as a kit from Ace R/C. So if you want to build one,
find out about the kit.

This system uses a commutated encoder which employs only
one set of timing circuitry for all channels. The control input to the
timing circuit steps sequentially from one control potentiometer to
the next until a complete frame of information 1s encoded. The
information is contained in the pulse widths. This function of step-
ping i1s termed commutation.

The encoder consists of a free-running multivibrator which
performs the timing function, a control-input buffer for this multivib-
rator, and two integrated circuits that commutate the control of the
multivibrator time constant from one control input to another. The
multivibrator switches state at a regular interval dependent upon the
values of the related resistor and capacitors in its circuitry.

In the encoder the period of on time of the multivibrator may
equal the off time, or they may be varied independently. In this case,
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where we assume the collector of Q2 to be high, biased to cutoff, the
off time is set at 250 microseconds by the values of C2 and R5. This
1s the nominal (no command) width of the modulation pulse. The on
time output of the multivibrator is variable.

The on time 1s set by the value of C1 and R4 and by the voltage
level at the emitter of Q1. Imagine for a moment that Q1 has been
replaced by a fixed resistor of such a value that the multivibrator will
run at an off time of 250 microseconds and that its on time will be set
by this fixed resistor and also by R3 and R4. Assume there is no
variation in the on time. The goal, then, i1s to make the on-time
variable a time of about 1.5 mulliseconds plus or minus 0.5 mil-
lisecond. That1s, it may be shortened to 1.0 millisecond or it may be
lengthened to 2.0 milliseconds. We want it variable continuously
between these extremes, as this will specify rudder or elevator
(etc.) position on, say, a model aircraft. .
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Now, if that fixed resistor is changed to a variable resistor, this
will do just that; it will control the timing of the on pulse between the
desired extremes. So we find that Q1 actually serves as a variable
resistor to do this. As Q1 turns on—that is, its emitter becomes
more positive, the on time increases; and as its emitter becomes
less positive the on time decreases. Notice that the bias level for Q1
is controlled sequentially by each of the control potentiometers.
These govern, then, the movement of the model’s control and
steering elements.

Since Q1 is an NPN transistor, it is biased off as the base goes
more negative and less off (more on) as the base becomes positive.
It 1s necessary to provide the bias required to produce the nominal
(average) control-time period of 1.5 milliseconds (plus or minus 0.5
millisecond), and also it is necessary to provide the bias necessary to
produce a synchronization pause of about 4,5 milliseconds between
each frame of pulses. Integrated circuits SN7490 and SN74145
accomplish this.

The SN7490 is a decade counter that converts a decimal input
into a binary output. It will take sequential clock pulses and produce
its binary output (either a voltage or no voltage—a 1 or a 0) at its
output at A, B, C, and D. When the A output goes high (1) on the first
clock pulse and then low (0) on the second, it is the same as counting
to 9, then making the last significant place 0 while the second
becomes 1 to form 10. When A goes low it “carries” to the next
significant place, just as was done going from 9 to 10 and the (B)
output becomes high. It cannot go low again until A goes low once
more. The same relationship 1s true for (B) versus (C) and for (C
versus (D). Thus (A) changes stage with every count, (B) with
every other count, (C) with every fourth count, and (D) with every
eighth count.

The SN74145 is a binary-coded-decimal to decimal decoder/
driver. Its function is to accept the binary-coded-data characteristics
of binary computation and convert it to 1-of-10 outputs. This integ-
rated circuit has an outstanding charactenistic. It is an open-collector
TTL device, meaning that the drive transistors are normally used to
drive display devices and also meaning that no internal collector load
exists on any of the output transistors. In this case that means there
is now provided the isolation needed to keep the control poten-
tiometers separated from each other when the outputs (1 through 7,
and 9) are high. It is this feature which permits the elimination of the
blocking diodes needed when other counting devices, such as shift
registers, are used.
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circuit form the receiving portion of the receiver it makes possible a
very simple and straightforward receiver itself.

The Decoder appears along with the receiver in Fig. 2-21.
Refer to the block diagram in the lower left corner. Hex inverter
74C04 consists of six transistors on a chip. Digital information
operates between two levels: high and low voltages; so it is binary in
nature. The inverter, of course, inverts the sign of the voltage
output from that of its mput.

The receiver output is a train of pulses (2 to 9 for 1- to 8-channel
systems—remember one more pulse is needed here than the actual
number of channels). The voltage levels of these pulses are from
near 4.8 volts down to almost 0. The inverters in the 74C04 will
switch at these levels, so the first block actually amplifies and inverts
the incoming pulse train.

Now the train of pulses is sent to two different blocks. The one
at the top (inverters 4 and 5) generates the set pulses, and the lower
one (inverters 2 and 3) generates the clock pulses. The clock pulses
have to be squared and shaped, which is also done. These clock
pulses are also called shift pulses. The shaping required is a slight
stretching, or lengthening, of the pulses, which is accomplished by
feedback. The output from 2 is negative, but is reinverted so that it
becomes positive at the output of this block; then the pulses are
passed to the 8-bit shift register, 74C164.

Upon receipt of the first, or synchronizing, pulse, D3 and C26
act as a sample-and-hold, or pulse-stretcher circuit. Capacitor C26
discharges through inverter 4 and places it in a positive-going state.
At this point the pulse 1s stretched across the entire pulse train. The
output of inverter 4 is still slightly rounded and is of the wrong level;
that 1s, it is positive going for set, so further stretchingis provided by
C28. The output from inverter 5 is quite square and negative going
during the period when the pulse train is present.

The shift register is set by having the output of inverter 5be 1 at
the instant the first clock pulse is received. The set is immediately
driven to ground at the first clock pulse and remains so until after the
last pulse is received. In doing so, the first stage of the register, a
flip-flop, is mnhibited from shirting back to Q until the next frame of
information is received.

The Register

The 8-bit register consists of eight R-S (as opposed to J-K)
flip-flops. The requirement for the decoding function, which is rout-
ing of the pulses, is as follows: "
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and vice versa. The two functions used for control are entered at the
set input of FF-1 (the S input) and at the clock input.

When there is no information present during the synchroniza-
tion pause, or set period, Q for FF-1 through FF-8 is 0. As soon as
the first clock pulse is received, FF-1 shifts to Q and becomes
positive, and as stated before, not-Q becomes negative. FF-1 can-
not shift to Q unless it sees a 1 or a positive level at SA/SB (pins 1
and 2), which 1t does at the instant the first clock pulse is received.
The Q for FF-1 remains positive until the second clock pulse is
received, at which time it reverts back to 0.

If S for FF-1 were to remain at the 1 level at all times, FF-1
would simply shift back and forth between Q and not-Q every time a
clock pulse was received, and there would be no decoding. Thus the
set pulse was driven to 0 an instant after the first pulse was received,
as mentioned a moment earlier. Now under this condition, FF-1
cannot shift again as long as the output from inverter 5 is negative;
that is, it cannot shift until after all pulses have been received and the
output of inverter 5 returns to the 1 level. This is why the pause
between frames is called the synchronization, or set pause, since
FF-1 is set to accept the first pulse during this pause.

Now, remembering what has been discussed, note that FF-2
cannot shift to Q unless its S sees a 1. It sees a 1 only when Q for
FF-1isal, which is during the first control pulse time. So, as soon as
Q for FF-11sa 1, FF-2 is set and free to shift to Q when the second
pulse of the control group is present. This second pulse also returns
FF-1to00. FF-2 shifts to Q until the third pulse is received to return it
to not-Q, and so on, for the number of channels chosen, up to the
maximum of this system, which is eight. As soon as C26 and C28
have discharged after the last pulse, the output of inverter 5 returns
to a 1, and FF-1 is reset to be ready for the next frame.

The length of the control pulses are determined by the length of
time (1.5 = 0.5 milliseconds for control motion,) between the clock
pulses. The sync pause is nominally 4 milliseconds and so the entire
frame is 4 + 1.5 milliseconds per channel nominally. This makes a
frame rate about 65 per second for the 8-channel equipment.

Now we have a good idea of how the coding and decoding is
accomplished in a modern digital radio control system. The use of
integrated circuitry makes the oeprations, which used to be very
complicated circuitwise, very straightforward and the circuitry very
stmple and compact. Of course if you have troubles you must have
the proper test equipment (often expensive) to see what is happen-
ing, just as you do in servicing television sets. A Very good oscillos-
cope is almost mandatory.
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not detect fine changes; it needs only to decide whether a command
is there or not. In spacecraft, the equipment itself may be subjected
toinfluences that could cause changes in pulse spacing or width—but
normally a pulse will not be spuriously created. This alone, even if a
pulse may sometimes be lost, helps to increase the reliability. Of
course commands are repeated constantly. As of this writing, no
model systems I have been able to discover use this method.

SUMMARY

We have had a good examination of codes and systems in this
chapter and have spent much time on the digital systems currently in
use and which will be in use for years to come. When you go to the
flying field near you the next time, look over the digital transmitters
that are impounded and realize how they work and what they can do
in giving you the finest radio control ever over your models.
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3
Radio Control Circuits |,

p—

This chapter is devoted to various types of electronic circuits vital to
radio-control systems. There are many variations of the same kind
of circuit. These are included because some circuits often work
better than others, although both may do exactly the same job. If one
circuit doesn’t perform as you think it should, it is always nice to have
an alternate circuit to try. That’s the reason we have provided at
least one of each circuit commonly used in radio control and com-
munications.

TRANSISTOR OSCILLATOR CIRCUITS

Oscillators are used in transmitters to generate carrier fre-
quencies and control signals. They are used in superheterodyne
recelvers to improve selectivity and sensitivity. They are used as
filters in decoders. Let’s examine the circuits of Fig. 3-1.

With the new frequencies in the 70-MHz range, it is good to
know that one can purchase an oscillator that’s ready to use.

The circuit at (c) meets the FCC requirements for stability and
tolerance. All circuits of Fig. 3-1 have feedback of some type; Fig.
3-1a uses a tapped coil, Fig. 3-1b is a variation of a tri-tet oscillator,
and Fig. 3-1c uses both the idea of a tri-tet and a tapped coll. Figure
3-2 shows a typical oscillator.

Now examine the circuits of Fig. 3-3a and b. They have the
crystal directly between collector and base and are a form of Pierce
oscillator. This type is commonly found as the local oscillator in
receivers of the superheterodyne variety. Circuit (c) is suitable for
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In Fig. 3-4a a tapped coil is used again, but the crystal is
connected to the emitter instead of the base. Circuit 3-4b, again a
form of Pierce oscillator, has a link-coil output instead of the
capacitor in other circuits. The 54-MHz oscillator of Fig. 3-4c is a
tri-tet circuit with a link output, designed to work from a 12-volt
source.

In Fig. 3-5, two further-out versions of crystal circuits are
shown. Each might be used as test equipment, although the tunnel-
diode circuit, courtesy GE, 1s suitable for receivers. If we connect
the output of a tone oscillator to the circuit of Fig. 3-5b we can test
reed-type or filter decoders. We might also use this oscillator as a
low-power, short-range transmitter for radio-control experiments
around the house.

Before examining the next section of circuits, a word of caution
to all builders of radio-control equipment. The FCC does have
regulations governing the construction of radio-control transmit-
ters, especially the frequency tolerances and radiation of spurious
signals. You can order Volume VI of the Rules and Regulations,
which contains Part 95, applicable to model radio control in the
27-MHz Citizens band and the 70-MHz R/C band. Send $1.25 to the
Government Printing Office, Washington, D.C. 20402, and request
publication FCV-6. Part 15, which deals with low-power communica-
tion devices (such as CB and radio-control units with DC power
inputs to the final stage of 100 mW or less), is available in Volume II,

Fig. 3-2. A 74-MHz crystal oscillator, model OT-61, by International Crystal Co.,
Oklahoma City, Okla.
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which you can order from the GPO for $2 (ask for publication
FCV-2). Also be careful with metal push rods when using the
70-to-74-MHz band. These can resonate if their lengths are correct.
Best to use hard balsa push rods in model-aircraft installations.

SUPERREGENERATIVE DETECTOR CIRCUITS

The superregenerative circuit has been responsible, more than
any other, for the tremendous growth of radio control. It detects a
modulated signal and tends to reject noise and interference, it is
small, light and easy to build and adjust, and it has tremendous gain.
It does radiate at the frequency it’s tuned to, however, and so you
must be careful when using one around other receivers on the same
frequencies, because there may be interaction between them.

The circuits shown in Fig. 3-6 are suitable for 27 MHz (a) and
70-to-74 MHz (b).

The circuits of Fig. 3-7 are for even higher frequencies. The
amateur 2-meter band (144 to 148 MHz) is within the range of the
circuit in Fig. 3-7a.

The final group of superregenerative detector circuits is shown
in Fig. 3-8 and 3-9.

In circuit 3-8a, the feedback controlis a 1- to 8-pF capacitor. In
(b) the circuit is a modified Colpitts using a split capacitance across
the tank. The circuit in (c) uses a tapped coil and so falls into the
Hartley circuit family.

All these circuits are currently in use in radio control. Some may
work better than others in your particular application. There are
enough here so that at least one should fulfill your requirements.

THE AUDIO-SUPERHET RECEIVER

It is interesting that the thinking of some years back produced
an audio superheterodyne. This circuit developed a good many
years ago, is based on the fact that if a signal of, say, 27 Mhz is
received by a circuit which has an oscillator producing 27.001 or
26.999 MHz, the result is a 1-kHz audio best which can be amplified
in a regular audio amplifier. The advantage of this circuit would be
that no audio circuits are required in the transmatter, but the receiver
would operate to all intents and purposes just as though the transmit-
ter were a tone-transmitting type. Note the difference between this
and the conventional superhet, in which the incoming rf signal is beat
with another (locally generated) rf signal, producing an intermediate
frequency (i-f) still in the radio-frequency range.

In the circuit shown, from the DC—~RC Newsletter, the output
of the local oscillator 1s fed to a balanced mixer. The mixer
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using a bifilar-wound colil, cancels out the rf. Notice that there is an

electrostatic shield between the primary and secondary of the an-
tenna coll. Also notice that one might use a harmonic of the crystal as
the beating frequency so that the crystal would not be operating on
the same frequency as the transmitted signal. Since it is virtually
mpossible to grind two crystals to exactly the same frequency, one
might just order two crystals for, say, 27.255 Mhz. There would
probably be 500- to 1,000-Hz difference between them, but they
would still be within tolerance. One would be used in the transmiutter,
and one m the receiver.

THE SUPERHETERODYNE RECEIVER

The basic superhet receiver 1s shown in Fig. 3-10.

In this receiver, the i-f stages are neutralized with small 10-pF
capacitors connected between one end of each i-f transformer and
the input of the corresponding transistor. The i-fis 465 kHz and the
transformers are readily available. A transistor-substitution manual
will find you other transistors than those listed. The circuit 1s con-
ventional and straightforward. It is a superhet circuit that requires
no neutralization, because of the type of transistors it uses. Notice
that a Clevite crystal filter is incorporated to increase the selectivity
of the circuit and prevent interference. This receiver, Fig. 3-11, 1s
suitable for receiving very-high-speed pulses for the digital coding.

MODULATION METHODS WITH TRANSISTORS

Methods for modulating transistors are similar to those used
with vacuum tubes, but often simpler. There is the equivalent of the
plate modulator, grid modulator, etc. The circuits to follow have
been selected to illustrate, as much as possible, each type of mod-
ulator in use.

Figure 3-12 shows a simple modulator that uses a filament
transformer connected so that its primary or high-impedance side is
in series with the voltage supply to a transmitter final-amplifier or
oscillator section. The secondary is in the emitter circuit of the
modulating transistor.

In the circuit of Fig. 3-12b, transistor Q1 modulates Q2 by
controlling the voltage supplied to the base of Q2 via the 18- (or 20-)
wF capacitor. This is a form of base modulation. Applied to tubes, it
would be called grid modulation.

Two conventional forms of modulation are modified-Heising
and plate (collector) modulation. In both, the collector (or plate)
current 1s modulated. Figure 3-13 shows how this is done with
transistors.

»
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Cv

Final impedance = Ta

Collector volts = Cv

Collector amperes = Ca
The impedance of the modulator transistor can be estimated in a
similar way, or obtained from transistor tables. The Fig. 3-13b
circuit shows an untuned final stage, which 1s not as efficient as a
tuned stage, but useful in test gear for short-range transmission, or
to 1solate the crystal oscillator from the antenna.

In Fig. 3-14a we see a modulated oscillator stage using the
transformer-coupled modulator. The main requirement for a mod-
ulated oscillator 1s that the oscillator maintain its required frequency
tolerance during modulation. Note that the impedance of the trans-
former primary is somewhat higher than in the previous circuit.

In part (b) of the figure we see a modulator preceded by an audio
amplifier. Each of these circuits would be suitable for voice com-
munication as well as radio-control tone signals.

Figure 3-15 shows two methods of modulation suitable for
transmitting high-speed pulses. The outputs of pulsers are con-
nected directly to these modulator transistors, which are turned off
and on by the incoming pulses and interrupt the radio-frequency
signal, producing rf pulses.

Of course these modulators, too, can be adapted for tone or
voice signals. Note that in Fig. 3-15 the modulated signalis applied to
the base, like grid modulation in tubes. In both of these cases the
modulating transistor is simply connected between the base of the rf
stage and ground.

The antenna network of Fig. 3-15b is interesting—an old reli-
able antenna-tuning circuit called a “p1” (because its schematic draw-
ing resembles the Greek letter ) network. It allows tuning (almost)
any length of antenna wire for maximum transmission efficiency.
Normally, you adjust the antenna-side tumng capacitor for maximum
reading on a meter in the collector circuit, then the transistor-side
capacitor for minimum, continuing until you get the highest
mimmum (dip) when you tune the capacitor on the transistor side of
the coil. No further tuning is necessary unless you change your
antenna (or sometimes your transmitting frequency).

So much for types of modulators. You should be able to find one
to suit your needs among those shown.

AUDIO AMPLIFIERS

Many audio-amplifier circuits have been published, so we won’t
dwell on them here. I do want to include the basic circuits shown in
Fig. 3-16. »
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The first is a straightforward high-gain, low-power audio cir-
cuit, the second a direct-coupled current amplifier of a type much
used with servomotors (the servomotor is connected in place of the
relay). Normally, in this application, this circuit i1s paired with
another to cause the motor to run in the opposite direction. Watch
for this type of circuit in the schematics in this book.

The final circuit 1s a direct-coupled feedback-stabilized
amplifier. The feedback improves frequency response and reduces
the effect of transistor and temperature variations on performance.
The output is shown going to a relay stage, but one might connect
this also to a modulator in a transmitter or to further stages of audio
amplification.

SOME TONE GENERATING CIRCUITS

Often, we want a circuit that will produce a tone for radio
control. Two such circuits are shown in Figs. 3-17 and 3-18.

Both circuits produce tones to operate single-channel, reed-
multichannel or audio-discriminator type equipment. In Fig. 3-17 the
controlling elements are L1, C1 and the frequency-control poten-
tiometer. The tone can be calculated from:

1
f =
27 VLC

or, if you know the capacitor value and frequency and want to find the
correct value of L:

1
L (henrys) =
39.5fC.

As an illustration, assume a capacitor of .05uF and assume we
want a tone of 1,000 Hz. The inductance we need is:

1 1
(39.5) (1000)% (.05 x 10%) ~ 19.7

= .051 H.

An inductance of .05 henrys, adjustable +10% would give the cor-
rect frequency. The potentiometer in Fig. 3-17 also has some effect
on frequency. One would key this oscillator with a switch in the
minus-voltage lead.

The circuit of Fig. 3-18 uses a colpitts oscillator, which means
that the feedback is obtained from a “split” capacitor. This is a fine
oscillator. The only requirement is that the ratio of C1 to C2 must be
2:1 or even a little larger. With the values shown,, the circuit oscil-
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produce different tones. Note that if you apply the resonance for-
mula to this circuit, you must take the total value of C1 and C2 in
Series as Cin the formula. This is the product of C1 and C2 divided by
the sum.

SOME ELECTRONIC PULSER CIRCUITS

In radio-controlling model airplanes, one of the most popular
systems was the pulse-rate-width system. I've shown you some
mechanical pulsers that can be used in this system. There are

electronic circuits that will do the job (Fig. 3-19), too.

These pulsers produce pulses at about 2 to 10 per second,
which 1s suitable for mechanical decoders. The first circuit (Fig.
3-19a), which uses transformer feedback, produces a variation in
pulse rate only. You might use this for a system designed around the
rate-type mechanical decoder. (See Chapter 1.) The second circuit
(Fig. 3-19b) produces a change in rate with a switch. The switch
could be replaced by making the 2,000-ohm trimmer resistor vari-
able for a variable rate. Width 1s adjustable with the WIDTH poten-
tiometer.

Although relays are shown in these two circuits, we can use
rate-width pulsers with transistors to cut the transmitter off and on
directly as explained previously under modulators. In this case, an
output would be taken from the multivibrator of, say, Fig. 3-19b at
point X and connected directly to the modulator inputs.

A more complicated pulser, but one of the best, 1s shown in Fig.
3-20.

This pulser provides a tone output directly to the transmitter
modulator. No relay is required. A variation of this pulser is shown in
Fig. 3-21.

Note that the output transistor can be connected to a 400-ohm
relay, or directly to the transmitter oscillator to supply the modulat-
ing voltage for transmission of the radio-control code. When con-
necting to a transmitter oscillator, consider these terminals in the
same way as the terminals of a battery. The transmitter oscillator
would require no connection to a battery, since it receives its
operating power through this modulator.

A MOTOR-NOISE FILTER

Here 1s an important circuit: A filter to help eliminate interfer-
ence caused by sparking electric motors in radio-controlled models.
This filter, designed by Ted Strader, is perhaps one of the best and
can be used on servomotors or driving motors. Note that you have a
connection to the motor frame. If you buy an electrie motor you will
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SOME CONVERTER CIRCUITS

In the construction section I'll illustrate how to build a very
simple radio-control system using a standard broadcast portable
receiver. An expansion of this idea is to design an input (frequency
converter) circuit for such a receiver so that you can receive signals
in the Citizens band on those frequencies allocated for radio control.
This will allow you to use a standard radio-control transmitter and
increase the range of operation to your model without reworking the
whole receiving system. The circuits of Fig. 3-23 are of this type.
They pick up the radio-control signal and convert it to a lower
frequency so that your normal broadcast receiver can be used.

A 2N3436 Ol 4T NO.20, 172" DIA
osc EITNK
TANK 7-100 14-150
_ PF pF
= IOpH = =
REC 50MHz
2N3638 I
|;LF
-+
- =
4.7K 2.2K
AUDIO
INPUT
A TYPE OF HEISING
MODULATION
T — 9V +
a7
0SC pF
TANK >NT06
RFC
50uH
- ol
2N3638 -
-+
aupio '#F ]
INPUT 47K  iOOK IK
10K COLLECTOR-
MODULATED
- _ UNTUNED FINAL
- 9V +

Fig. 3-13. Examples of modified-Heising (a) and transformer-coupled (b) mod-
ulators.
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Fig. 3-18. Single-transistor tone oscillator.

crystal frequency and the frequency you want to receive is some-
where between 600 and 1,500 kHz, so that the converter outputis in
the broadcast band.

There is no reason why these converters cannot be used on the
higher radio-control frequencies, if the antenna coils are selected to
receive signals at these frequencies (50 and 70 Mhz) and the crystal
1s selected to provide an output near these frequencies so that,
again, the difference between the incoming and crystal frequencies is
a frequency in the broadcast band. You may want to use one of the
crystal oscillators shown previously.

TRANSISTOR AND ICs APPLICABLE TO R/C

There have been many new circuits developed during the past
few years which are applicable to radio control and to other types of
controlled devices. We want to examine some of these and present
schematics of others for your use and information. Integrated cir-
cuitry, with its small size and low voltage requirements, makes
possible the realization of circuits that years ago would have taken up
too much space and have required such large power supplies that
heat alone would have been intolerable. And the number of compo-
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A Unijunction Tone Oscillator

Figure 3-25 shows a unijunction oscillator which is so simple
that it would taken only a minute or two to assemble. It might be
used as the foundation for any kind of radio-control system which
needs a tone or multitones for its operation.

Twin T Oscillator Circuit

The use of resistors and capacitors to provide the proper phase
feedback to give a notch acceptance of a signal makes possible a tone
generator which is quite stable. The circuit is shown in Fig. 3-26. As
can be seen from the little table, you can adjust the values of Rand C
to get different tones. An approximate formula for the tone fre-
quency 1s:

]
=" 49 RrC
R = R3
C=Cl

Of course R 1s in ohms and C i1s in farads.

A Two Stage Oscillator

If you provide positive feedback around two transistor stages
the circuit will oscillate at some frequency depending upon the
aggregate of the circuit values. Here the values of R1, R3, and C1
will govern, primarily, the tone frequency generated. In Fig. 3-27
the circuit is shown.

A Tone Selective Filter

If you use tones to govern control functions, then you will want
some circuit on the receiving end which will pass only a single tone
and none other. One type of frequency-selective active filter is built
around the integrated circuit N5741V, as shown in Fig. 3-28.

While we are on the subject of relay circuits, examine the one in
Fig. 3-29, which uses diodes to rectify the input tone and operate the
Darlington relay amplifier.

The Optical Coupler

It is not beyond imagination to consider that there are certain
types of control systems where the sensor input to a circuit which
will control a relay or power stage must be isolated from the power
circuits totally. The way to do this is to use the optical-coupler
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Fig. 3-21. A three-transistor pulser for either relay or no-relay operation of the

transmitter.

circuit. In integrated form this is shown in Fig. 3-30. Of course you
might use just'the LED separately and then a photosensitive transis-
tor (Radio Shack 276-130) to operate arelay or a Darlington amplifier
which in turn might power a relay. In part (a) you see a possible
circuit to operate the light-emitting diode. There are many kinds of
light-emitting diodes so you choose one which will fulfill your needs.
We have listed two possible types. In (b) is a possible relay stage
operated from the light-emitting diode. You'll have to experiment to

SUPPLY

IOuH

100N |

IOuH

PEF(?;ME
MAGN
MOTOR CONNECT
TO MOTOR
*~ FRAME

Fig. 3-22. A filter circuit for electric motors in radio-contrel systems.
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find a relay which has the right value in coil ohms and current rating
to work with your selected output transistor. In (c) is an integrated
circuit LED coupler already set up to operate for you. It will isolate
the input from the output.

The Touch Tone Generator

It is of interest in advanced radio control and other wireless and
wired control systems that the telephone company has invented the
touch-tone generator. We use these daily to connect ourselves to
various other phones anywhere in the world. The touch-tone pads,
as they are called, will generate 12 tone combinations of 2 tones
each; thus, a 2-tone decoder is necessary in order to obtain function
selection using this system. Let’s examine the tones generated:

LOW TONES: 697 770 852 941

HIGH TONES: 1209(1) 1209(4) 1209(7) 1209(*)
1336(2) 1336(5) 1336(8) 1336(0)
1477(3) 1477(6) 1477(9) 1477(#)

The numbers and symbols in parenthesis after the higher frequen-
cies shows the number or symbol on the touch-tone key. When
depressed these give the combination of tones shown. For example,
depressing the number (1) on the pad produces the two tones 697 Hz
and 1209 Hz. These are of course produced simultaneously. Touch-
tone pads may be purchased at radio parts and supply stores. The
frequencies are very constant and accurate, and thus you can use
highly selective filters at the receiving ends to channel the tone
commands as you desire.

If radio transmission of the tones is desired as in the develop-
ment of a radio control system, you must be sure that the modulation
is linear and that the tones are not made to generate undesired
frequencies because of nonlinearities in the system. The best way to
check this is with a scope at the receiving end, attached to the audio

output of the receiving device. One connection for the touch tone
(ARRL Handbook) is shown in Fig. 3-31.

A Two Tone Decoder

One type of two-tone decoder is shown in Fig. 3-32. Here, two
NE567 decoders are connected in tandem. These will handle the
two-tone signals from any input source. When the correct two-tone
signal (to which the decoder is adjusted) is fed-into the input, the
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Fig. 3-31. Connections to touch tone pad.

decoder switching is accomplished through a link between pins 7 and
8 of the units. The second decoder can key a relay-activating circuit,
or a 7473 dual J-K flip-flop. If the latter is used, the first set of two
tones sets the flip-flop, and the second set of the same two tones
unsets it, restoring it back to its original state.

A group of these decoders can be used to make up a selective
filtering circuit for all the combinations of tones which the touch-tone
pad can generate. Be aware that you must experiment with circuit
values of this decoder in order to tune to the proper tones. As noted,
you might well use a light-coupler connected to the flip-flop (7473) in
order to oeprate a relay. That would be an integrated circuit.

There is a tone decoder available from Radio Shack which is also
an integrated circuit. It is the RS-567 or RS-276-1721. This can have
a variety of uses in radio and remote control applications. A dual J-K
flip-flop which might be used with the preceeding two-tone-circuit
decoder i1s the RS-276-2427. You can investigate other types of
integrated circuits to find those which will fulfill your needs.

Just as a kind of final item in this grouping of circuits, we show,
in Fig. 3-33 a simple tone decoder which can operate a relay. The
relay should operate on 6 volts and may be either a double pole
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Fig. 3-33. A simple tone decoder.
double throw (shown) or a single pole single throw (listed). The PLL

stands for phase locked loop. This is an arrangement around the
integrated circuit NE576.

128















Fig. 4-3 shows a good and a bad solder joint. Practice soldering until
you get this step thoroughly mastered before going ahead.

The purpose of soldering is to make a perfect electrical connec-
tion. When you have a bad joint, you have added resistance in the
circuit, or you have no circuit at all. Either means failure.

A final word. Always keep the tip of your iron bright and clean.
As you use it, it will erode and pit and you will have to use your file to
keep the tip squared up, as it was when new. A good system is to
keep an old cloth around when using the iron. Every now and then
wipe the tip, cleaning off the corrosion and excess solder that
somehow always accumulates and blackens the tip.

Printed Circuits

Some of the circuits in this text will be built around printed-
circuit boards. You should learn something about this type of con-
struction especially if you (like me) are of the “old school” of point-
to-point wired electronic construction. See Fig. 4-4.

The first and probably the most important idea is that we can
buy printed-circuit (actually etched-circuit) kits from any electronic
mailorder house. A typical kit is shown in Fig. 4-5. This kit contains
everything that’s necessary so all you have to do is make a layout of
the circuit you want to do up as an etched circuit. Use the resist paint
or adhesive resist tape, and then follow the directions supplied with
the kit to make your board. Of course you will want to be extremely
careful about making your soldered connections perfectly tight, and
you will want to be sure that all connections have the necessary
copper link between them. The printed-circuit boards do make the
construction simpler and often more sturdy, but you can use the
wired type of construction with excellent results.

SUBSTITUTIONS FOR TRANSISTORS

It is impossible to list all the substitute types available for a
particular transistor. I found a simple solution that I'll pass on to you:
Visit a radio supply house such as Radio Shack, or write to one of the
big ones and ask them to send you a complete set of transistor
substitution pamphlets. There is a small cost for most of these, but
they are well worth it.

Once you have a replacement or substitution list, don’t be afraid
to use alternate transistor types and experiment with them. Then,
when I suggest a transistor you cannot get, you will know what to
use inits place. The circuits shown are ageless—that is, they will be
useful and usable forever. Only the numbers, names and physical
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Fig. 4-5. An etched-circuit kit.

sizes of the parts may change, so eliminate trouble by getting
transistor replacement pamphlets and keeping them up to date.

TEST INSTRUMENTS

To work seriously with radio control, you should have a good
volt-ohm-amp-meter (Fig. 4-6) which can measure continuity of
cables and switch contacts, give resistor value indications, measure
battery voltages, and determine charger currents. You might build a
“quickie” tester as is diagramed in Fig. 4-7. This will at least give you
something to use as a help in arriving at approximate parts values and
battery and current values. You must calibrate it. And that takes a
little doing. I have taken the meter apart and made a paper scale,
gluing it to the meter face. Then using parts of known values—such
as resistors of 100-, 1000-, 5000-, 10,000-, 25,000- and 50,000-ohm
values—made marks to show where the meter needle will be on
these values. I can then guess at in-between values. I do battery
voltages the same way and also the currents. This is not an accurate
checker, but it can be a help under some circumstances.
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Fig. 4-6. A volt-ohmmeter built from a kit.

[t 1s always best to have the best kind of test instrument in as
good a meter as you can afford; you can rely on it for accurate value
determination then. Of course if you go in for construction of a
complete system built from scratch you will want a good oscilloscope
and perhaps a VI'VM and grid-dip meter and signal generators. You
might need to examine waveforms such as shown in Fig. 4-8. These
are of a modern digital receiver decoder.

Just a little more information about the tester of Figure 4-7.

In Fig. 4-7a, the meteris used to measure current. Switches S1
and S2 should normally be closed so that you will not damage the
meter by connecting it into a circuit that passes too much current
through it. If the reading is too low, you would open S2 first. If the
reading is still too low, then open S1. The meter is most sensitive
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know how or cannot get to one of the other agencies which do this
kind of work.

In a printed circuit it is essential that you remove solder from

each joint so it doesn’t flow around and make a mess on the board and
short out the printed circuit wiring when you are assembling or
replacing parts. There are some methods of doing this, neatly and
professionally. Let’s examine them.
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« Wicking. In this method, stranded copper wire or braiding

saturated with flux is applied to the solder joint between the
solder and a heated soldering iron tip. The combination of
heat, molten solder, and the air space in the wick causes the
solder to run up into the wick so that an excessive amount
doesn’t appear on and around the joint. Also, this method
can be used to attract solder when it is necessary to remove
old solder from a joint which has been soldered only on one
side of a printed board. This kind of soldering attraction
should not be used for through-the-hole solder joints be-
cause the hole-type joint will hold the solder more firmly and
it will not go into the wick. Of course you must always
saturate the wick with liquid-resin flux and use a new section
each time you want to attract solder from a joint.

 The suction method. This 1s a very common type of opera-

tion with printed circuits. There is a bulb, hand squeezed,
which has a nozzle which is applied to the joint, and the bulb
is then squeezed. The joint is heated, solder flows, and the
bulb is released so it sucks up the solder from around and
through the joint area. The process can be repeated as many
times as is necessary to get the joint loose to remove a part.
Sometimes, when the part lead is through a hole, the
solder cannot all be removed and so the lead is not free. You
must then remove the lead by application of the soldering
iron tip long enough to get the solder flowing inside the hole
and pull the lead out with some tweezers or sharp tipped
pliers. If the part has many leads and you cannot do this, as
with some integrated circuit components, you must work at
it by heating and vacuum suction of solder until you do get
the leads free, or heat the board and shake it or tap it
vigorously to cause the solder to run out of the hole area.

 Just heating. Sometimes you can just heat the soldered area

and pull the part lead out. This applied when you have, say, a
resistor or capacitor lead to extract. Then you must go back
and remove all the excess solder from the joint location by
the bulb vacuum or the heat-and-tap or+heat-and-shake



method. In some factory applications it has been found that
when a part has multiple leads, one can dip the soldered
area, carefully, into molten solder and thus heat all joints
simultaneously and then pull the part out of its multiconnec-
tion socket or printed circuit location. We don’t recommend
trying this, for radio control experimenters may not have
the facilities or experience to do this without damaging the
parts.

o The manufacturers’ method. These agencies use a device
which is a combination soldering iron, air blower, vacuum
suction tip, and a collecting chamber for the excess solder in
the instrument handle. With this you can apply heat at the
same time you get suction to pull the solder away from the
joint. Some parts stores, such as Radio Shack, have devices
which approximate this operation and which you can get and
use to assemble printed circuit systems. It is also to be
noted that sometimes a blast of air through a tiny hole will
blow the solder away from a joint to free a part lead. So you
might use your suction bulb in this reverse manner, but be
careful not to blow the solder onto undesired areas of the
printed-circuit board.

We have found in our own experimentation that it was neces-
sary to inspect the area in which we were soldering very carefully
with a magnifying glass to be sure we didn’t get solder flowing too
freely and thus overlap the printed-circuit conductors in places
where this shorting was not supposed to take place. Sometimes we
had to use a combination of heat and a small scraper made from a
sharp knife tip to remove these little, dangerous, and undesired
devils. Of course we had to be careful also not to cut into the board or
printed wiring and thus make other problems. We suggest that you
use great care, patience, and work only a short time interval before
taking a rest break if you are assembling printed circuits. Thus you
may not have difficulty. Use only the wattage soldering iron recom-
mended, or at best not over 47 watts, and keep its tip sharp, chisel
sharp, clean, and tinned. Wipe off any excess solder onit every time
you use it. Apply the heat carefully and no longer than necessary to
get a good joint. Use the smallest diameter solder —with a flux built
into it—resin core of course, that you can get. Good luck.
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Fig. 5-1. Small transistor portable modified for short-range radio control.

former. This in turn is connected to a transistor and a relay and a
separate nine-volt battery as shown. The connection in the inset
drawing 1s to show how to connect the transformer’s 3.2-ohm
winding in series with the speaker. We use this method so we can
hear the signals as the receiver gets them, and thus tell that we have
the transmitter and receiver in tune.

The transmitter for this system is a simple short-range “wire-
less microphone” type of circuit, modified to include a tone oscil-
lator. It operates at the high end of the broadcast band (around 1,500
kHz). Figure 5-2 is the schematic.

This circuit is exceptionally easy to adjust. Simply tune the
receiver to a spot at the high end of the dial where there is no station.
You will probably need to open the case and wrap a turn or two of
insulated wire around the tuning antenna coil (the black powdered-
iron bar near the top of the receiver case). Bring out about two feet
of this wire for an antenna. You can leave the other end free, connect
it to the receiver ground (or common). Tune the receiver to high end
of dial, turn volume full on. Now tune the transmatter coil by adjusting
the slug until you hear the tone in the receiver. Tune the transmitter
to get the loudest tone from the receiver. With the receiver volume
control at maximum the receiver relay should now close. If you open
and close the tone switch, the relay should open and close.
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Use about 6 to 8 feet of antenna on your transmitter, for the
power output of this transmitter is very low. Low power is used to
stay within the FCC restrictions for the wireless-microphone-type
transmission.

Once you have the receiver and transmitter adjusted, you can
disconnect the speaker by shorting across its terminals so that the
connection from the receiver output transformer to the relay circuit
transformer is direct. I chose toleave the speaker insol could tell if I
needed to retune the transmitter. I found some drift, so when the
tone got weak or the relay circuit didn’t work, I simply adjusted the
transmitter for loudest tone again. You will have to experiment with
this circuit, but you’ll find it’s easy to build and operate, and it will
radio-control a number of devices around the house in addition to the
models.

If you want to increase the range of this kind of system, you can
either purchase or build one of the tone-transmitting devices de-
scribed in this book and then add a converter circuit to the broadcast
receiver. You will already have the relay part of the circuit completed
and tested. In this way you can increase range and stability and get a
good system for cars or boats. I do not recommend this type system
for aircraft. Aircraft are too touchy and need the best kind of

6-8FT
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2N321
MILLER ! 73pF
6300
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TRANSFORMER 320
? \ J/ 1508
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Fig. 5-2. Schematic of the wireless broadcast transmitter.»
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equipment all the way through for satisfactory operation. The other
radio-control receivers described in this book are suitable for planes
and usable with the radio-control transmitters described later.

COMMERCIAL UNITS

We do recognize that there are on the market, especially in toy
stores, little radio controlled cars which have a receiver and trans-
mitter as a part of their system. They are very simple and they too
sell, as of this writing, for around $12 to $16. You might get one of
these and play around with it as it 1s, then take out the transmitter
and receiver units and adapt them to some other device you want to
radio control. They use below 100 mW which is the license free
citizens band spot under Part 15 of the FCC Rules and Regulations.
You'll get some interference also at times using these units, but not
enough to keep you from enjoying the fun of operation and ex-
perimentation.
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Figure 6-4 shows how the components are placed on top of the
circuit board. This i1s the insulated side of the board—the side
without foil. If your components are not quite the same as the ones
sketched in Fig. 6-3, you may have some trouble fitting them to the
board. You may want to collect all the parts first and then make any
necessary changes in the etch pattern (Fig. 6-3). The tuning proce-
dure for this transmitter applies to almost any transistor transmitter.
It is similar to the method used with tube transmitters. Carefully
check your construction against the circuit diagram before you start
tuning up.

TUNING UP

1. Connect the antenna.

2. Back off the adjustment screw of C1 three turns, C2 one
turn and C3 about 3 turn.

3. Place a 50-mA meter in series with the 51-volt supply lead
so you can head the oscillator current. Adjust C1 for a “dip”
or minimum reading. This should be 15—-20 mA. Back
away slightly from the absolute minimum, just as you do
with a tube oscillator, so the oscillator will start readily.

4, Adjust C2 for maximum antenna-meter reading.

5. Adjust the antenna tuning network (C2 and C3) by trial and
error. Repeat until you get maximum loading. Change C3
in small steps. For each small adjustment of C3 the antenna
meter must be peaked (set to maximum reading) by adjust-
ing C2. You're looking for the highest maximum reading
you can get, between half and full deflection.

6. Have your transmitter checked by a commercial radio
operator who has precision measuring equipment and a
First- or Second-Class Radiotelephone license (nof a ham
license) according to FCC regulations.

THE TONE SECTION

The second part of this transmitter is the tone and pulsing
section. The circuit is shown in Fig. 6-5; the printed-circuit base
layout in Fig. 6-6.

The parts layout on the circuit board is shown in Fig. 6-7. A
Rameco SMTF filter was used in the original model. You might use
the 3,500-Hz filter described in Fig. 1-25 instead of the SMTF coil
and .01-uF capacitor across it.

Wire the tone section, inserting the transistors last. Check
your connections and soldering, then connect the tone section to the
transmitter. .
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When you apply power to the circuit now you may hear a pulsing
tone if you listen closely. The antenna meter should be pulsing
slightly, if the transmitter is being properly modulated. You may
hear the pulsing in a nearby broadcast receiver.

THE ANTENNA

The antenna is one of the most important parts of the transmit-
ter. It must be correct if you want maximum range. The details of the
antenna used are shown in Fig. 6-8.

1. End knob of wood or plastic.

2. This section from 1/16 music wire, 33 inches long.

3. Put small bends in the wire here to make a tight fit into the
brass-tubing section.

4. A piece of ¥2-inch polystyrene rod to support the antenna
sections and loading coil. Bore each end with a 5/32-inch
drill, 34 inch deep.

5. Solder the end of the music wire into a piece of tubing 5/32
inch outside diameter and put this into the loading coil core.

6. Wind the loading coil, 35 turns of No. 22 magnet wire,
closewound. Connect one end to the antenna top section
and the other end to the top of the lower antenna section
(which is 22 inches overall length of ¥s-inch music wire).

7. Connect the end of the ¥8-inch music wire (bottom section)
to an antenna plug so it can be connected and disconnected
from the transmitter.

A SECOND VERSION OF THE TRANSISTOR TRANSMITTER

The basic transistor transmitter just described can be modified
for use on 54 Mhz and 72 MHz, as well as 27 MHz. Its tone-pulser
section can also be changed to eliminate the coil-capacitor filter.
Figure 6-9 shows the new circuit diagram.

This diagram includes the rf section and the basic modulation
section. Notice that the input from the pulser in Fig. 6-10 is labeled
A, at the left side of the circuit. Q5 operates when the escapement
control option is used, so the pulser of Fig. 6-10 is not necessary.
When the pulser of Fig. 6-10 is used, Q5 is bypassed.

There are options available. You can choose the type circuit you
want, depending upon whether you want escapement control only,
pulse rudder with either fast pulse or tone off-on engine control, or
pulse-width-pulse-rate rudder-elevator control with tone off-on en-
gine control. Option no. 1 is escapement (Fig. 6-10b); option 2 uses
circuits Fig. 6-10c and d; and option 3, Fig. 6-10e and f. Note that
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Fig. 6-8. The half-wave antenna for the transistor transmitter.

Circuit Notes

Again the transmitter uses a biased common-emitter oscillator
that drives the final through an impedance-matching link coupling for
maximum energy transfer. To operate on 54 MHz the crystal-
oscillator emitter resistor R2 (Fig. 6-9) must be reduced to 47 ohms
from 100, and the base resistor R1 to 10K from 12K if the crystal is
not too active.

The final operates in Class C and is 100% downward-modulated
by modulation-transistor Q3 at the tone frequency. The antenna
connection and tuning are the same as the previous transmitter
except that at 54 MHz the antenna must be changed to a half wave at
that frequency, which is 9 feet 2 inches. A loading coil would reduce
the required length.

The tone oscillator uses a unijjunction transistor coupled to an
npn transistor biased to act as a switch. This switch is in turn coupled
to the transistor modulator. Resistor R9in the built-in tone oscillator
insures a sharp turnoff when the connection point (A) is removed
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from the 9-volt supply by the switching transistor or by an ordinary
relay. The variable-bias npn transistor-switch Q7 in the pulser fol-
lows the unijunction oscillator to provide pulse-width control. If the
capacitor is changed, the variable resistor in the RC network of the
oscillator option (Fig. 6-10f) allows variable pulse rates up to 40— 50
pulses per second, and down to 15— 20 pulses per second. Note the
values indicated in Fig. 6-10.

Operation on 70 to 74 Mhz

The transmitter can be redesigned to operate on the new
radio-control channels by u<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>