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Introduction 

PROOF of the continuous growth of radio control is that it has 
been necessary to go through eight printings of the original 

Radio-Control Handbook, first published in 1954. The original 
intention was simply to update the old book for this revised edi-
tion, but it became apparent that more than that was necessary. 
As a result, this book, while it carries the same title as the original, 
is practically a brand-new volume. Much material from book 
No. 53 was dropped, not because it was of no further interest, 
but because so much new material just had to be included. 

Since 1954 R/C has made huge advances, in number of mod-
elers active in the field, in number of manufacturers catering to 
them, in the number of controls carried in the average model, 
in the quality of results obtained. Since by far the largest number 
of modelers are most active in the field of miniature airplanes, 
the advances, as might be expected, are most spectacular here, 
though boating, cars and other forms of R/C have all raced 
ahead at a rapid clip. As in the original Radio-Control Handbook, 
we slant most of the information in this new volume toward 
planes, but much of it is equally adaptable to any form of R/C 
in which the reader is interested. 
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We have again taken the approach that the majority of readers 
will have a modest knowledge of electronics, elementary shop 
work and model building; therefore, little or no "theory" will 
be found in the following pages. Instead, we devote as much 
space as possible to ideas, circuits and construction that the reader 
can copy directly, or which he can incorporate into equipment of 
his own design. Rather complete building data will be found on 
receivers, transmitters, servos, pulsers and other radio-control 
essentials, all of which have been well proven in the field. While 
the book is devoted more to the parts that go to make up com-
plete control systems, several systems will be found in Chapter 14. 
They may be used as shown or expanded by addition of equip-

ment described in earlier chapters. 
We have not gone into really complex control equipment in 

this book; for those interested in such equipment, we recommend 
Gernsback Library book No. 74— Model Radio-Control. 

We have included considerable material in this book on pro-
portional control, or "pulse" as it is often termed. There is rela-
tively little pulse equipment on the market at present, and many 
who wish to try it have to build their own. They will find the 
facts and figures in these pages. The drawings are not necessarily 

to scale. 
Since 1958 the FCC has made many changes in the R/C rules 

and has tightened up the specs for transmitters considerably. All 
the transmitters described in this book will operate legally if 
made with the proper parts and tuned properly. Readers should 
study Chapter 6 carefully before attempting to put an R/C trans-
mitter on the air, either one they have made or a manufactured 

unit. 
In addition to many pieces of equipment developed and well 

tested by the author, we include circuits, equipment and ideas 
from countless experimenters in the field of radio control. With-
out these experimenters a book of this scope would be impossible. 
We wish to thank American Modeler for the use of many illus-
trations which originally appeared in that magazine, and Popular 
Science for illustrations showing our R/C tractor. And without 
much encouragement from our very "R/C-minded" wife, Elinor, 

this book could never have been completed. 

H O WARD G. M CENTEE 

6 



chapter 

simple control systems 

N electronic model control, the simplest of all steering devices 
is the electromagnet. This may be linked to the rudder of the 

model as shown in Fig. 101. It is set up so that with no incoming 
signal the rudder is at one extreme of its range of movement. 
When a signal is transmitted, the magnet armature — and with 
it, the rudder — takes the opposite extreme. 
Assume that, with no signal coming in, the receiver relay cuts 

off the current flow through the electromagnet. The armature 
is pulled away from the electromagnet by the spring. This spring 
action also pulls the extension arm until it reaches the left stop. 
The motion of the push rod (connected to the extension arm) 
pulls the rudder over to one side. If, now, a signal is picked up by 
the receiver in the plane, the relay will put the electromagnet into 
operation, the iron armature will be attracted, and the push rod 
(now going toward the right stop) will force the rudder to assume 
the opposite position. 
The push rod is not fastened directly to the rudder. Attached 

to the rudder (fastened at right angles) is the rudder horn. The 
end of the push rod is free to turn in the rudder horn. The motion 
of the push rod is such that it moves the rudder horn front or 
back. Since the horn is fastened to the rudder, this results in rudder 
motion. 
When rudder horns are used, they normally have several holes 

in them to allow adjustment of the control surface movement. Let's 
assume the horn in Fig. 101 has three holes; as it is shown, the push 
rod will give the smallest movement. If it is placed in the holes 
nearer the face of the rudder, the movement will be greater — 
though the power will be less. 
We can thus make the model turn right or left. To get neutral, 

or straight flight, the operator pushes the transmitter button at 
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short intervals, the idea being to send right and left impulses 
rapidly enough so that the model will follow a straight line. If 
the pulses are fast enough, the path will be quite direct and not a 
wavy line as might be expected, since the reaction of the plane to 
the rudder is not instantaneous. Some models react rapidly; some 
much more sluggishly. Therefore, this sort of control should not 

ELECTROMAGNET 

PIVOT 

IRON 
ARMATURE 

EXTENSION 
ARM 

TO RELAY AND BATTERY 

PUSH ROD 
RUDDER 
HORN 

SPRING 

Fig. 101. The simplest possible system for moving the rudder 
is just an electromagnet. A spring holds the rudder to full 
limit in one direction; the magnet moves it in the other. 

Note extra holes in the rudder horn. 

be employed on a fast and highly maneuverable model plane, 
though it is quite adequate for a slow plane or an electrically-

driven boat. 

Simple motor rudder drive 
A tiny electric motor may be used to control the steering sur-

faces and, since it must be geared way down, there is plenty of 
turning power available. In the most elementary arrangement, 
the motor and gear train are connected directly to the sensitive 
relay of the model, as in Fig. 102. When the transmitter is kept 
on, the receiver in the plane operates the sensitive relay. The arma-
ture moves down, closing the motor circuit. The gears in the gear 
box are turned through a flexible coupling connected to the motor. 
The transmitter is kept turned on until the rudder assumes the 
desired angle. This means that the operator must watch carefully, 
and cut the signal when the turn is at the required angle. To get 
back to neutral, it is necessary to allow the motor-driven arm to 
go to the extreme position, then turn back the other way. This is 
certainly a rough sort of control, but a lot of fun can be had with 
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this simple system, though it is suited only to slow-moving models, 
such as electrically-driven boats. However, a very similar rudder 
driven system may be used with a different relay and battery setup 
and more complex switching at the transmitter, to get quite 
precise rudder movement. Chapter 2 will explain how this is done. 
For simplicity, the rudder in Fig. 102 is indicated as adjacent 

to the controlling units. For such an installation, the units would 
have to be located right in the tail of the model; for practical rea-
sons, this is seldom the case. Both the escapements and motor-
driven control devices are usually mounted much farther forward 

HINGE  RUDDER 

PUSH ROD ROD 
RUDDER HORN 

SENSITIVE 
RELAY 

MOTOR 

GEAR BOX  FLEXIBLE COUPLING 

Fig. 102. A geared-down electric motor has lots of 
power but gives relatively slow rudder movement. 

in the plane, often at the rear of the cabin or cockpit area. This 
allows easy access for maintenance, and moves the weight to a 
more desirable position. The control units are linked to the rudder 
by either torque rods or push rods. 

Escapements 
A very simple device for moving the rudder is the escapement, 

by far the most widely used control mechanism today. It can 
be made to give neutral, or right and left, and some types even 
can give right and left in two degrees, if desired. Escapements 
are generally classified according to the number of arms or the 
number of tips or points on the rotating wheel. The simplest is 
the two-arm style in Fig. 103. In Fig. 103-a, no current flows 
through the electromagnet, and the spring keeps the armature 
in the position shown. The armature fits into the bottom tip of 
the rotating wheel and keeps the wheel in a vertical position. 
When a signal is received, the electromagnet is energized and 
pulls down the armature, releasing the tip of the rotating wheel. 
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The rubber band forces counterclockwise rotation. The tip spins 
a quarter turn and catches into the upper part of the armature. 
The armature will remain in this position as long as the signal is 
transmitted and received. Thus, the rotating wheel will turn 900 
when the transmitting key is pressed down, and another 90° when 
the key is released. Fig. 103-b shows a side view. 
Rudder operation with a two-arm escapement is illustrated in 

the four-part sketch of Fig. 104. The wheel can be made to take and 
hold any of four positions, though the rudder itself has only three 
positions. At (a), we start out in one of the neutrals, and the 

ROTATING WHEEL 

ELECTROMAGNET PIVOT 

RUBBER 
BAND 

BEARING 

CRANK 

RUDDER 

-r 
TORQUE ROD 

a 
Fig. 103. The front view (a) of a two-arm escapement, and (1) a 

side view. The crank on wheel shaft moves the torque rod. 

rudder is centered. At this point, there is no current going through 
the escapement electromagnet. If a steady signal is transmitted, 
the coil becomes energized and pulls the armature down, the wheel 
turning 90° clockwise (b). The action of this mechanism is such 
that the rudder is then turned to the full right position, and will 
stay there as long as the signal comes in. With the signal cut off. 
the wheel (sometimes called a bar or rotor) rotates another 900 
in the same clockwise direction, getting the rudder back to neutral 
(c). Another signal gives a further 90° rotation for left rudder (d) 
and, when this signal is cut off, the wheel returns to its first neutral 
shown at the left in position (a). The rudder is in the turn position 
whenever the signal is on (b and d), and is in neutral when it is 
off (a and c). This is a big advantage in many ways, as the operator 
can always get neutral by simply releasing the transmitter button. 
The two-arm style has the disadvantage of requiring power all 

the time the rudder is in a turn position. Current savers, to be 
described later, overcome this objection. 
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You will note in Fig. 104 that right rudder actually shows the 
rudder moved over to the left. The term right rudder does not 
refer to the positioning of the rudder, but rather to the motion 
of the plane. Thus, left rudder means that the plane is turning 
to the left, and right rudder indicates a right-hand movement 
of the plane. 

Three-arm escapement 
Such units have been rarely used, probably because there has 

never been a commercial three-arm unit, and they have a rather 
tricky sequence of operation. 

Four-arm escapement 
While they once enjoyed wide popularity, four-arm units are 

not used much anymore. However, it is still possible to buy them. 
They do have some advantages: they take no power to hold in the 
full-turn positions; and they afford half positions for shallow 

RUDDER 

PIN 

NEUTRAL 

CONTROL PIVOT 
LINKAGE 

MUSIC WIRE LOOP 

PIVOT POINT 

WHEEL 
ARMATURE 

PIVOT 

MAGNET 

OFF 

a 

ON 

NEUTRAL 

OFF ON 

Fig. 104. Successive stages of rudder operation using a two-arm escapement. Drawing 
(a) shows rudder in neutral or straight position, current off. In (b), current is on. 
"wheel" has turned 900, rudder is now in full-right-turn position. When current 
ceases, wheel goes to opposite off position as in (r), and rudder is back to neutral. 

Left is had with next on signal (d). 

turns or to close contacts for other control purposes. They must 
be pulsed back to neutral from the turn position. This has been 
found confusing to beginners. Fig. 105 shows some of the different 
rudder positions. 
Briefly, then, the two-arm escapement is the simplest to operate 

(and the simplest to make, if you wish to build your own equip-
ment), but requires that current be drawn to hold a turn. If con-
trol is lost during a turn, the rudder will be returned to neutral 
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position; this prevents a spin-in, but may result in a lost plane. 
Three- and four-arm units must be pulsed back to neutral after 
each turn. Both allow turns without current drain, and both 
afford intermediate or half-control positions with signal on. 
Lengthy (shallow) turns would normally require the use of the 

RUDDER 

NEUTRAL 

CONTROL PIN 

IGHT 

ARM   

OFF 

a 
Off OFF 

LEFT 

Fig. 105. The founarm escapement shown in off (a), right (b) and 
left (c) positions. Note that, in all three, no current is going through 
the coil. There is also a second neutral position, with the wheel 
rotated 180° from (a). Between every one of these no-current posi-
tions, the wheel gives a half-turn position, about 45° from positions 

shown here, current on. 

rudder in the half or intermediate position. Thus, to fly in a large 
circle, the control would have to be put half-right or half-left. 
Both of these positions require power to maintain the turn. 
It should be understood that while we speak of two-, three- and 

four-arm escapements, the units available today may act as we 
have described yet actually have a different number of arms. Thus, 
a unit which gives the same control action as seen in Fig. 104 may 
actually have four "arms". It is probably better to think of how 
many positions the escapement can afford; one that has two con-
trol positions (not to be confused with neutral positions) is 
equivalent to the units sketched in Figs. 103 and 104. 

The compound escapement 
This unit is a comparatively recent development. It is unusual 

in that the rudder always returns to the same neutral after any 
turn. There is only one neutral, and as seen in Fig. 106-a; the 
neutral point or arm (1) engages only on armature stop B, while 
the other three arms (2, 3, and 4) engage only on stop A. With this 
escapement (as we show it in Fig. 106), one pulse always gives 
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right rudder and two give left. Another arm (5) operates on 
three pulses, and is used to close a set of contacts for a supplemen-
tary control such as motor or elevator. Arm 5 is the shortest and 
the only one to engage the electrical contacts. The contacts are not 
operated by the longer arms. Arm 5 has a steplike bend so it alone 

RUDDER 

A 4 

a 

NEUTRAL RIGHT  LEFT 

HAIRPIN LOOP 

CONTACTS OPEN 

5 

OFF 

RUDDER ARM PIN 
(CRANK 
PIN) 

ON  ON 

3 

ON 

NEUTRAL 

CONTACTS CLOSED 

Fig. 106. Compound escapement looks complex, but action is quite simple. There 
is only a single neutral position, and wheel always returns to this when current is 
oll. For clarity we show a fifth arm, but contacts are operated in other ways in 

present compound escapements. 

pushes the electrical contacts, the longer arms passing either over 
or under them. The drawing shows that when the fourth arm is en-
gaged on the armature stop (Fig. 106-d), the control linkage is 
just about in neutral, so that if you are using this position to 
change motor speed, for example, the rudder is essentially in 
neutral while the change is being made. 
Since the operator couldn't possibly pulse fast enough to catch 

the wheel at the arm he desired, this escapement must be fitted 
with a governor to slow the wheel. The commercial version shown 
in Fig. 107 has a vibrating arm and toothed wheel for this purpose. 
While it is not apparent from the photo, this unit does have 
exactly the same stops and positions as seen in Fig. 106. The 
toothed wheel has tiny projections on the under side, which are 
caught by the armature. 
The first compounds made had a single set of contacts corres-

ponding to those operated by arm 5 in Fig. 106, but the unit in 
Fig. 106 has a more complex switching system which can be con-
nected for various forms of multi-controls. It is possible to operate 
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the rudder directly with this unit, while the contacts on it can 
give selective elevator action through another escapement. Motor 
control can also be had through an appropriate escapement. The 
connections for such control setups are fully covered in the in-

structions packed with each unit. 
All the other escapements we have shown require that the 

operator follow a fixed sequence when moving the rudder; you 
have to go through unwanted positions in a set sequence. Further-
more, the number of pulses will vary, according to the direction of 

Fig. 107. This Bonner Vari-Comp is a compound 
type escapement. Lower plate is only to hold bear-
ing for torque rod. Cam on face of wheel guides 
pin on torque rod, replaces crank pin and "hairpin" 

of Fig. 106. 

the turn you wish, and which neutral the wheel happens to be in 
when you start the series. Thus, you have to keep in mind at all 
times which direction of turn you made last, so that you will know 
what direction is coming up next. If you wish to give three left 
turns in a row with a simple escapement, you still have to signal for 
right and neutral every time in order to get your lefts. The 
compound escapement is the only one that does not require 
this adherence to sequence — hence it is by far the easiest to fly 
with. One pulse will always give one direction of turn and two 
pulses will always give the opposite position. While the rudder 
does go through the undesired position, it has no effect on plane 
direction (since the pulses come so rapidly) and, most important of 
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all you do not have to try to remember what rudder position 
is coming up next. Current must be held on for the duration of a 
turn; the wheel always goes into neutral when the signal goes off. 

Escapement drive power and linkages 
All the escapements we have covered utilize the electric power 

sent to them by the sensitive relay of the receiver only to control 
their rotation. The mechanical energy for such rotation, and for 

U-TURN 

OR LOOP 

(HAIRPIN) 

FUSELAGE 

BULKHEAD 

2-ARM ESCAPEMENT 

WHEEL 360° ROTATION 

FRONT BEARING 

TORQUE ROD 

REAR 

' HAIRPIN 

REAR 

BEARING 

Fig. 108. In actual escapement mounting, )ubber band almost always 
runs to rear of fuselage, where there are a hook and an access hole, so 
it may be wound from outside fuselage. Hairpins are made wide for 
clarity here; in practice they are just wide enough to clear the pins 
that ride in them so there will be as little "slop" as possible in linkage, 

but no binding. 

moving the rudder, must come from another source. In practically 
all escapement operation, a twisted rubber band supplies this 
auxiliary power. Most commercial escapements are designed to 
operate on two strands of 1/2 -inch flat rubber, and some will handle 
a loop of 1/4 inch or wider rubber. The lighter rubber is used on 
small models, especially for rudder operation, while heavier rub-
ber is normally employed for elevator operation. The loop thus 
formed is run through the fuselage to a hook, and the far end must 
be fastened in such a spot that it may be easily reached, so that the 
rubber can be wound as the turns are used up. The rubber loop 
must supply torque, or twisting effort, but as little tension as 
possible. Because of this, it is common practice to make the loop 
much longer than the distance from fixed hook to escapement — 
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some fliers use a loop 11/2 times as long. Of course, this must be 
wound considerably before it contracts enough to hold securely 

on the hooks. 
Though most escapements are made without them, some experts 

insert tiny ball-bearing washers between the wheel and the frame 
to attain as close to frictionless rotation as possible. Anything that 
will contribute toward this end is worth while, as it is an as-
surance that the escapement will still move the rudder reliably; 
even though the rubber loop may be almost unwound. 
The entire linkage to the rudder must be worked over until it is 

entirely free of binding. The rocking type of linkage is easiest to 
set up for free operation. As illustrated in Fig. 108, the wire that 
runs to the rudder rocks back and forth; there are loops (U-turns) 
at each end to engage the pin on the escapement, and another pin 
on the rudder. If several holes are made in the rudder for the pin, 
the amount of rudder movement may be controlled as required. 

RIGHT  RUDDER 

ESCAPEMENT WHEEL / 
LEFT 

PIN 

SLOT 

LEVER PIVOT 

GUIDE 

GUIDE 

PUSH ROD 

HORN 

Fig. 109. Rotary movements of escapement wheel 
and crank are transformed to fore and aft push-
pull movements by a pivoted lever. Pivot and all 
parts must move very freely to avoid any binding 

in the linkage. 

For simplicity, the electromagnet and the armature are not 
shown. When the escapement wheel turns, the crank pin will 
turn, both parts eventually going through a complete 360° rota-
tion. The rod, ending in the form of an inverted U, will move to 
the left or the right, depending on the position of the crank arm 
In this way, circular rotation is changed into lateral (side-to-side) 
motion. At the rudder end, the rod terminates in another inverted 
U. A rudder-control rod passes through this U but is not fastened 
to it. As the U moves left or right, it also pushes the rudder-control 
rod (or pin) left or right. Since the rudder-control rod is fastened 
to the rudder, this gives left or right rudder motion. 
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Some builders prefer the push rod arrangement shown in Fig. 
109. Since the escapement must be placed in the fuselage so that 
the rubber band can run lengthwise, the arm must be pivoted to 
secure the desired fore and aft motion of the rod. A horn is then 
used on the rudder. The horn can be drilled with several holes 
so that the rudder movement can be set as required. Use care 
to eliminate drag and binding, for in this setup there are many 
more points where friction can develop and hinder the control 
surface action. 

Since many turns are required to wind up the rubber loop, 
it is usual to employ some sort of winder for the purpose, such 
as a heavy wire hook in the chuck of a small hand drill. The 
rubber should be stretched to at least twice its normal length at 
the start of the winding, then gradually brought in to normal 

i 
ESCAPEMENT COIL 

TO RELAY 
S BATTERY 
SISTOR 

CONTACT POINTS 

Fig. 110. Cain is arranged to short re-
sistor in the escapement's off positions, 
but to cut it into the circuit when the 
escapement is held in a turn position. 

length as the end of the winding is approached. This allows many 
more turns to be put in the rubber without fatiguing it. If the 
model is to be stored for a considerable time, the turns should be 
taken out of the rubber. 

Current savers 

Some escapements are fitted with means to cut the current they 
require, so that lengthy turns may be held without running the 
battery down. There are two main ways to do this: both require 
that the full power be fed to the escapement to initiate the move-
ment of the armature. When the latter is close to the pole piece, it 
can be held there with much less power. A set of contacts is needed 
to shift from high to low current drain. These may be worked by 
a cam on the shaft, by a projection from one of the arms, or the 
contact may be closed through the arm itself. Some escapements 
have two windings on the core, one being used for full power and 
the other for hold. Others simply put a resistor in series with the 
single winding, to get a lower current drain for hold purposes. The 
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latter is simplest and of more interest, in that the arrangement may 
be added to escapements that have only the usual single magnetic 
winding. Fig. 110 shows the details. 

The average escapement requires around 500 ma at 3 volts to 
operate. This current can be cut in half or even further, and still 
retain sufficient power in the coil to hold the armature reliably. 
Since the coil will have a resistance of about 6 ohms to operate 
at these values, it will be necessary to use a resistance of the same 
ohmage, or higher, for the current saver. Depending upon the size 
of the control surface to be moved (and held), it might be found 

CD PILOT LAMP  

3V 

TO RCVR 

ESC COIL 

Fig. 111. Pilot lamp gives auto-
matic current-saving action. Re-
sistance is low when lamp is 
cold, but rises when it lights. 

that a considerably larger resistance value would do, thus saving 
even more battery power. 

A current saver that can be added to any escapement is shown 
in Fig. Ill. It requires simply the addition of a series lamp bulb, 
and no contacts of any sort are needed. Bulbs have much less re-
sistance when cold than when hot; when the relay closes, battery 
current is not greatly impeded by the low cold resistance of the 
bulb and the escapement operates reliably. By the time the arm-
ature has pulled in, however, the bulb heats and its resistance is 
raised, thus cutting total battery current drain. In one test, two 
penlight cells were used to supply 3 volts to an escapement at 
about 0.34 amp. Addition of the No. 13 pilot lamp (rated at 3.8 
volts and 300 ma) cut the hold-in current to 180 ma, yet escape-
ment operation was perfectly reliable. Make tests with various 
pilot and flashlight lamps to see how much the current to the 
escapement can be cut, while still retaining completely reliable 
action. Such tests should include trials with a fully wound rubber 
and also with lowered battery voltage. 

Another current saver useful in certain instances is seen in Fig. 
112. With the relay in the normally closed position as shown, and 
the switch closed, the battery simply charges the electrolytic capa-
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citor and, once it is charged, very little current flows from the 
battery. 
When the relay armature moves to the normally open contacts, 

the charged capacitor is thrown across the escapement coil and dis-
charges almost instantly. The heavy current flow is sufficient to pull 
the armature in, even against a fully wound and heavy rubber 
motor. Also, this arrangement will operate the escapement relia-
bly even though the 3-volt battery is quite run down — provided 

ESC COIL 

NC-NORMALLY CLOSED 
NO- NORMALLY OPEN 

Fig. 112. This arrangement will not 
hold an escapement operating, but 
just gives it a fast and heavy pulse 
of current to kick the armature. 

Good for motor control uses. 

that you don't key the relay too rapidly to allow full capacitor 
charging between pulses. 
With most escapements, a capacitance of 1,000 pf will do a good 

job. The capacitor need only have a 3-volt rating; it will be around 
1 x 2 inches in size and quite light. 
This circuit will not allow you to hold an escapement armature 

in an operated position, of course; if you want to hold a position, 
a four-arm escapement will have to be used. 

Adding contacts to escapements 
Many escapements are made without electrical contacts, but 

these are easy to add. If the unit is a sturdy one, with a good fit 
between shaft and bearings, you can solder a little cam to the shaft 
and use this to work the contacts. The cam can have one or more 
points, depending upon what you wish to work with the added 
circuit. In the two-arm escapement, it is useful to have the added 
contacts close in only one of the two neutral positions. Thus, you 
have one plain neutral left over for straight flight. If you have a 
four-arm escapement, the contacts may be placed to close in one or 
more of the half positions; you can skip through this position 
quickly, if you don't want the extra circuit to operate. For either of 
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these cases, however, it will usually be necessary to include a slight 
delay action in the added circuit, so that the added circuit isn't 
actuated every time the wheel makes one rotation. If the circuit 
is an escapement or other magnetic device (as is most often the 
case), the delay may be obtained by use of the simple arrangement 
in Fig. 113 where a low-voltage, very-high-capacitance electrolytic 
capacitor and a low-value resistor are used. 
Suppose, for example, that the relay closes the escapement-coil 

circuit. Without the 5-ohm resistor and electrolytic capacitor, 

51.1 

TO SEWS RELAY 

4.5V  2000-4000µf/6V 

Fig. 113. Some escapement setups require delay action, and 
this is one way to get it. Escapement won't operate on a 
quick pulse of current. The 5-ohm resistor is actually a 
5.6-ohm unit, wirewound. It is similar in appearance to 
insulated composition resistors, is readily identified by the 

double width of the first color code band. 

current flowing through the escapement coil would magnetize 
the coil and the armature would be attracted. Now let us see what 
happens when the resistor and capacitor are added, as shown in Fig. 
113. When the circuit is closed, a large current flows as the un-
charged electrolytic capacitor acts almost like a short circuit; little 
current passes through the escapement coil. Since the current also 
goes through the 5-ohm resistor, a voltage drop is established which 
limits the voltage reaching the capacitor (and the escapement coil), 
thus slowing the charging of the former. However, the capacitor 
gradually becomes charged. As the charging current becomes less, 
several things take place. The voltage across the resistor becomes 
less and that across the capacitor becomes larger. Eventually, the 
voltage across the capacitor becomes sufficient to operate the 
escapement coil. 
The amount of delay depends upon the values of resistance 

and capacitance you use. The larger the amount of resistance and 
capacitance, the more delay you will get. 
Other simple delay arrangements are shown in Chapter 3. They 

may be worked from contacts on the escapement or by other means. 
When a motor control escapement is operated by contacts in 

the third position of a rudder compound, it is desirable to have 
it change position when the third compound position is reached 
(if the operator desires this) — not when the rudder unit is simply 
passing through on its way to neutral after having been used for a 
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turn. If the motor control escapement upper lead in Fig. 114-a 
had been run directly back to battery minus, the motor control 
escapement would receive a pulse every revolution of the com-
pound rotor, and you would have continual undesired engine 
speed changes. For this reason, the escapement lead is run back to 
battery minus through the relay NO contacts as shown; thus en-
gine speed change will occur only if the compound is stopped 
on position 3. Or you can use the arrangement in Fig. 114-b. 

MOTOR 
ESC 

COMPOUND CONTACTS 
WHICH CLOSE IN 3RD 
POSITION 

a 
NC- NORMALLY CLOSED 
NO- NORMALLY OPEN 

NC 

MOTOR 
ESC 

COMPOUND CONTACTS 
WHICH CLOSE IN 3RD 
POSITION 

Fig. 114. Circuit at (a) will allow motor control (or other) escapement to be held op-
erating as long as compound is in the third position. Arrangement at (b) just gives 
the right-hand escapement a quick pulse of current, but won't hold it operated. 

The extra escapement will not operate when the compound 
reaches and stops at the third position since its circuit back to the 
battery is opened by the NC relay contact. As soon as the relay is re-
leased, however, the NC contact circuit is closed. This occurs before 
the compound can open its third-position contacts, so the motor 
control escapement gets a momentary pulse to step it to the next 
position. The pulse is only momentary, because the compound 
rotor soon turns to neutral and opens the contacts. 

This action is fine for motor control but, if the extra escapement 
is used for elevator operation, it will normally need to be held on 
for a time in the third compound position. Fig. 114-a will do this, 
of course. Note that in this arrangement both escapement coils 
are energized all the time while position three is being held, so 
that heavier batteries are required. As an alternative, you can use 
a motor-driven servo for the elevator, since this type of unit will 
hold a control position without requiring any power. The modern 
compound seen in Fig. 107 has built-in switching circuits and will 
give reliable rudder and elevator operation when teamed with an-
other unit of the same type. 

Use of a compound for rudder, any other escapement for ele-
vator, and a third escapement for motor control, operated by 
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the so-called "quick blip" system (see Fig. 307 in Chapter 3) 
gives a lightweight control system making it possible to enjoy 
rudder, engine and elevator operation from a simple, single-
channel receiver and transmitter. Admittedly, the pushbutton 
operation at the transmitter is a bit complex, but many modelers 

are flying this way. 

Multiple controls with a single escapement 
All sorts of ingenious schemes have been used to obtain rudder 

and elevator operation from a single escapement — either a com-
pound or two-arm type (also called self-neutralizing or SN units). 
Because it does not require remembering any set sequence as does 
the SN unit, the compound is preferred for such use. The simplest 
idea is to link the escapement to the rudder in the normal manner, 
then have a second link running to the elevator, to give up when 
the escapement is in or near position of neutral rudder. Fig. 115 
shows the general idea. Up elevator is considered much more 
useful than down; the elevator is lightly spring-loaded and has a 

NEUTRAL 
EL EV 

UP ELEV 
POSITION --3ri4 

PIN ON ESC ROTOR 

RUDDER HAIRPIN 

ELEVATOR  UP 

LIGHT 
CENTERING 
SPRING 

ATOP STAB 

STOP ON 
BOTTOM 
OF STAB 

ESC RUBBER 
RUDDER  AND REAR HOOK 

Fig. 115. So-called "kick elevator" setup. Escapement works the 
rudder in the usual manner (rudder and linkage not shown for 
clarity) but the pin on escapement rotor hits the end of elevator 
torque rod in one position of the rotor — usually near one 
rudder neutral. As shown, elevator would be driven up. This can 

also be used for down (will go only one way). 

stop to prevent it from going past neutral toward down. Some 
makes of compounds come with extra links for this purpose. 
Experimenters have altered the rotor of a compound (the type 

with a metal rotor) so that it has four stop positions, about equally 
spaced, plus the usual single neutral; with suitable linkage this can 
be used to give right, left, up and down! To "catch" the rotor at 
the desired positions, it can be slowed a bit by adding a drop of 
solder to the vibrating arm that acts as a governor. 
Needless to say, in any control system in which the escapement 

does double duty (by having to move two control surfaces, plus 
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the additional linkage), extra care is needed to see that there is 
no binding whatever in the entire installation. It is usual to 
employ 1/4-inch rubber for such setups. Normally used only on 
the smaller models, they are well suited to these, since the overall 
weight is low. 

Eliminating the sensitive relay 
Before leaving the subject of simple control systems, we should 

mention that it is quite practical to put a high-resistance winding 
on the escapement and work it directly from the plate circuit of 
the relay tube in the receiver. This arrangement is not too 

SPRING TENSION FIXED CONTACT 
ADJ. SCREW  SCREWS 

FIXED CONTACTS 
TENSION 
SCREW RELAY COILS ( 2) 

Fig. 116. Sigma 4F (left) and 5F relays are relatively large 
and heavy but have lots of power. They can be made into 
high -resistance escapements which will move controls 
directly, without use of sensitive normal receiver relay. 

escapement and low-voltage battery circuit. 

successful, however, with simple one-tube receivers, as the plate-
current change generally is not great enough to assure reliable 
operation. Good results may be had from a receiver in which the 
plate current swings from near zero to around 3 ma, or has a 
total change of at least 2-3 ma. Such receivers are usually of the 
multi-tube or transistor type, some of which are described in 
Chapter 5. 
A powerful relay is required for this sort of operation and, if 

weight is no object, the Sigma 5F shown at the right in Fig. 116 
is ideal. The 5F and the 4F have been used in radio control in the 
past, but are now considered to be rather heavy for recei'Oer 
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purposes. When modified to act as escapements, though, they 
eliminate the sensitive relay normally required and also the 
escapement wiring, battery and switch. Care is required in the 
construction of a high-resistance escapement, but if the job is 
well done, it will pay off in simplicity of installation and main-
tenance. There are no relay contacts to get dirty, and you don't 
have to worry about the escapement battery running down. In 
such an installation, it is usual to employ slightly larger B batteries; 
thus, overall weight saving is not a factor. 
Such high-resistance escapements are not generally suited for 

large planes (they are best for those up to perhaps 41/2 -foot wing 

Fig. 117. Tiny escapement was 
made from Gem 5K relay. Not 
very potent, but has enough 
power to move rudder of a 
2-foot-span model. Very light. 

spread) . They are also useful in considerably larger model gliders 
as these generally travel more slowly than powered planes and 
do not have the strong blast of the propeller on the rudder surface. 
At the lower end of the size scale, ultra-lightweight high-resistance 
escapements can be made from some of the tiniest relays. Fig. 117 
shows one built from a Gem and used successfully in a 2-foot span 
powered model. Construction details are in Fig. 118. Weighing 
only a tiny bit more than the relay from which it was made — 
about 0.6 oz.—this escapement made possible a weight reduction 
in the little plane of about an ounce, a considerable saving since 
the overall weight was only about 81/2  oz. The escapement was 
driven by a single strand of rubber of about 1/16 x 1/32-inch 
cross-section, and a fair amount of aerodynamic balance was used 
on the rudder to lessen the power required to move it. Such 
balance puts part of the rudder area ahead of the hinge line and 
is very helpful. It should not be overdone, though, or you might 
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(1/32" STEEL) 

7/16"  „ 
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HERE  - 
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(SIDE VIEW, SHOWING ADDITIONS) 
ARMATURE DETAIL  
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GAP WITH 
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PIT/ 2'. 1 

1/4" 

Fig. 118. Details of the parts used in the little escapement shown in Fig. 117. 
Real care and accuracy are important, as clearances and power are small. 

find the rudder ja m ming in hard over when your plane is in a 

dive; 30 % balance is about as far as it is safe to go in most cases, 

meaning that 30 % of the area is ahead of the pivot point, as in 

Fig. 119. 
T he two fixed contacts were retained to act as stops for ar mature 

move ment. Before asse mbly, the top of the core was given a couple 

of coats of model ce ment to prevent the ar mature fro m sticking 

to it by residual magnetis m when the current ceases. The lo wer 

contact was bent  to give only a few-thousandths of an  inch 

clearance between ar mature and core;  then the upper contact 

was bent to allow a total m ove ment of perhaps 0.020-inch. These 
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adjustments must be made before final touches are given to the 
stops, the latter being filed and bent to match the rotor. If you are 
in doubt as to how the rotor and stops should match, take a good 
look at a commercial SN escapement. 
Note that a counterweight (in Fig. 118) is attached to the 

armature, soldered to small holes drilled in the latter and with 
small wire solder wrapped on for weight. After all mechanical 
work is completed, adjust the spring so that the armature pulls 
in at about 2 ma and releases near 0.8 ma. These values will 
differ somewhat from the escapement installed in the model and 

FIN 

HINGE PIN SUPPORT 

RUDDER 

HINGE LINE 

Fig. 119. Aerodynamic balance is used on this 
rudder. Area forward (to left) of hinge line 
aids escapement in moving rudder against 

airstream, when in flight. 

the rubber fully wound. The rotor tips and mating stop-ends 
should be polished very carefully — remember, we don't have 
much power to waste here! This escapement was used with a 
receiver that afforded a current change of about 0.2 to 3.5 ma 
through it, and gave very positive rudder action. The unit had a 
5,000-ohm coil, as did the relay it replaced. 

Motor-driven escapements 
Widely used today are a line of commercial units that function 

exactly like escapements but derive their operating power from 
electric motors instead of rubber bands. Normally a bit heavier 
than escapements but having considerably more power, they can 
be used to move control surfaces in the largest planes. 
A representative unit is seen in Fig. 120. The motor turns a 

disc through a gear train; the disc has contact-operating rods on 
it and a means of linking the unit to the control surfaces through 
a push rod. Depending upon its purpose, the unit may have one 
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or several sets of contacts, and operation can be had similar to an 
SN escapement, four-arm type, compound and so on. On the 
compound type, an extra set of contacts is provided to operate a 
second unit, either of the motor-driven type or a regular escape-
ment. Since the motor tends to coast after power is removed, a 
brake is fitted to control it. Like compound escapements, Multi-
Servos, as these units are called, produce a characteristic buzzing 

Fig. 120. This Diner() Multi-Servo is representative of a large line of 
similar units designed for single-channel and multi-control. The 
single-channel units give the same type of operation as various types 
of escapements (two-arm, four-arm, compound etc.) but have more 
power, do not require rubber motor. Also, these units hold a control 
position without any current drain. Most of them require use of 
both relay contacts; escapements normally use only one side of relay. 

sound when they operate. (Incidentally, this noise has been used 
to advantage by modelers searching for planes that have landed 
in thick underbrush, woods etc. If the control equipment is still 
functioning, keying the transmitter periodically produces a buzzing 
sound which can very often be heard for considerable distances in 
areas that are quiet). 

Nomenclature 
The names of actuating units for models tend to lead to some 

confusion. In general, "servos" have been considered to be the 
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actuating units in multi-channel installations. Escapements are 
always rubber-operated units, such as we have discussed in this 
chapter. Compounds are a form of escapement, of course, but are 
known by various trade names as well; the unit in Fig. 107 is 
called a VariComp. Actuators originally were considered to be 
the operating units in proportional control systems (described 
in Chapter 2, beginning on the following page), but this is no 
longer strictly true. The radio-control modeler no longer can 
visualize what a given control unit might be simply by hearing its 

name! 
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chapter 4diwiD 

complex control systems 

M ()ST of the control arrangements described in Chapter I are 
the step-by-step type; they will give right or left, and neutral, 

as you desire, but only in one degree. If you want to make a 
long shallow turn to the right, you have to signal for a whole 
series of rights, interspersed with neutrals. This is true because 
it is usual to set the rudder to give fairly sharp turns when it is 
held over to either side. Much smoother action in the turns could 
be achieved if there were a method whereby the rudder could be 
moved just a little bit to one side when a shallow turn is required. 
Actually, there is a way, and it is not too complicated at that. It 
is called semiproportional control. Most of the added complexity 
involves the transmitter, and little extra is needed in the model for 
some of the systems to be described. Because you do require an 
added attachment to the transmitter, we have included these sys-
tems in this chapter rather than in the previous one. 

Semiproportional control 
Let's see just what is required to get this semiproportional 

control action. It's more easily understood if you will try a simple 
experiment. Hook up an spdt switch, two batteries and a per-
manent-magnet motor geared down to a ratio such that, if 
the switch is held closed, the output shaft of the gear box will 
turn steadily at a speed of about 30 rpm. The circuit is shown 
in Fig. 201. With the switch in one position, the motor turns 
steadily in one direction, and reverses when the switch arm is 
pressed to the other contact. Now try tapping the arm rapidly, 
so the motor receives reverse polarity in even pulses. What does 
it do? It wiggles energetically, but can't get anywhere — the out-
put arm stands still — and that's the neutral of our semipro-
portional system. 
It's a simple matter to transfer this system to your model for 
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rudder operation. In the plane, instead of the spdt switch, we 
will have the contacts of a sensitive relay, and the gear-box shaft 
connected to the rudder. To control the rudder, push the button 
or key of the transmitter. If you push to get evenly-spaced pulses, 
the rudder will not move; if you hold the key down, or else let 
it up completely, the rudder will go to either extreme position. 
To hold the rudder at any point of its travel either right or left, 
you would have to send even pulses again. This can be a nuisance 
(and tough on the thumb, too), so a simple keying pulser can be 
rigged up similar to Fig. 202. Here we have a small geared-down 

TURNED 90.  OUTPUT ARM 

GEAR BOX 

---
30 RPM 

MOTOR  SPDT CONTROL SW 

Fig. 201. This simple arrangement may be used to 
demonstrate semiproportional control. Gear-box arm 

controls rudder. 

motor which turns a cam at steady speed. The contacts are ar-
ranged to turn the transmitter on and off, giving even on and 
off pulses. The actual control switch operated by you is the lever 
at the left; as set up here, the right position closes contact A, to 
give a steady signal. Left is had when contact B is opened; this 
cuts the transmitter signal entirely. In the center or neutral posi-
tion, with contact B closed and A open as shown in the drawing, 
the transmitter sends out the steady series of pulses that signify 

neutral to the plane. 
This setup can give good results, but it is possible to do a lot 

better with a little further complication. The next step is to go 
back to Fig. 201, and try another experiment. Suppose you tap 
the switch arm so that the pulses are not even; in other words, 
the lever is on one side longer than on the other. The gearbox 
arm will turn in one direction. Though the motor reverses each 
time you hit the lever, it turns more and longer in one direction 
than it does the other, so the net motion at the output arm of 
the gear box is in one direction only. You can reverse this direc-
tion by allowing the lever to rest against the opposite contact 

for a longer period of time. 
Now, we can take the geared motor and cam arrangement of 

Fig. 202 and add an adjusting system to the contacts moved by 
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the cam. (Fig. 203). If the control lever is shifted from the center 
position, the motor-actuated contacts can be made to close for 
varying periods of time. Suppose the lever is shifted halfway to 
left; the contact strip that engages cam A will drop downward, 

PIVOT POINT OF CAM 

CAM DRIVEN BY GEARED-DOWN MOTOR XMITTER CONTROL LEVER 

\  RIGHT 

NEUTRAL 

LEFT  \s • / 

TO XMITTER 

A 
RELAY 

Fig. 202. This control system replaces a thumb on button at transmitter, 
for better action from the rudder-moving arrangement of Fig. 201. 

and the cam will be able to hold the contacts closed only for a 
small part of its rotation. In the center or neutral (N) position, 
on the other hand, the contacts were held closed for half of each 
revolution of cam A. Thus, at half left, .the transmitter will be 
sending out pulses something like those shown in Fig. 204 (1/2  L). 

SPRING 

MOTOR-DRIVEN CAM A  § 

PIVOT POINT 

CONTACT  L— 

N CONTROL LEVER 

TO XMITTER 

PIVOT 

BAKELITE STRIP 

TO ADJ: SCREW TO SET RUDDER NEUTRAL WITH CONTROL LEVER CENTERED AS SHOWN 

Fig. 203. A little more complex box or "pulser" gives true proportional 
control, when appropriate equipment is used at receiving end of system. 
Note that cam on control lever moves the entire assembly of contacts 
and their pivoted mounting strip so contact closure intervals may be 

varied. 

If the lever is moved full left, the signal will be cut off. Similarly, 
full right will be a continuous signal, and half right will be long 
pulses with short intervals. 
If you used this system at the transmitter and had the same 

motor-driven rudder of Fig. 102, what sort of control could you 
get? Assuming that the whole layout were adjusted so that, with 
the stick in the neutral position, the rudder would not move — just 
wiggle slightly — if the stick were shoved half left the rudder 
would move slowly to the left. To hold the rudder at any posi-
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give a deflection of the rudder one way or the other. In terms of 
rudder-moving equipment, you can't get much simpler than this. 

Fig. 207 shows a linkage that was used in a tiny radio-controlled 
plane based on this same sort of arrangement. Actually, a 5,000-
ohm relay supplied the coil, armature and return spring. The 
armature was fitted with a wire extension to magnify the avail-
able movement, the wire engaging a torque-rod hairpin. This 

MOTOR 

R2 BATT 2 

Fig. 206. Circuit for electrical cen-
tering. In neutral, Si and S2 are 
closed to short RI and R2. As 
motor moves off center in one 
direction, a cam opens switch that 
puts resistor in that side of circuit. 
Light rubberband centering usually 
also employed with this system. 

relay is an exceptionally efficient type for its size and weight and, 
with a current range of from about 0.2 ma to 3.5 ma through it, 
gave very good control action in the tiny plane (only 24-inch 
wingspan and fitted with an .02 engine). For planes a little bigger 
than this, a low resistance relay could be used, supplied with 
power from a 3-or 4.5-volt battery and controlled by the receiver 
sensitive relay, to get a lot more rudder power than might be had 
from the high-resistance relay worked directly from the receiver 
output. The relay mounted in the plane's fuselage is seen in 
Fig. 208. 

To get more movement of the rudder, some experimenters 
have used the little plastic low-voltage motors of which there 
are many on the market. The motor is fitted with stops so that 
it can turn no more than, say, one-half a revolution (Fig. 209). As 
the pulses come in, the motor flips back and forth between 
the stops, and the push-rod works the rudder. The motor has lots 
of torque and can move a large rudder or elevator, but it takes a 
lot of current. An electric motor draws the greatest amount of 
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9" LONG 1/16" OUTSIDE DIA ALUMINUM TUBE 
TORQUE ROD. ALL WIRE IS 1/32" DIA. 
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"SAL-MET" FLUX) 
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FILE OFF 
CONTACT  1-5/16" 
POINTS 

SOLDER 
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Fig. 207. Linkage used to drive rudder on a tiny plane, direct from 
the armature of a sensitive relay. Price relay is very potent, quite 
light and compact for its size. Weight is put on wire lever soldered 
to relay armature, slid until entire system is roughly in balance 
with no tension on re/ay armature spring. This helps relay do its 
work, since power available is naturally rather feeble. System good 

only for very small planes. 

current when it is not turning; this system, requires that the 
motor be stalled at the stops part of the time and moving rela-
tively slowly the rest. 

To let the motor turn at a higher speed and to get more torque 
at the rudder while still holding current drain to a reasonable 
value, the Mighty Midget motor is widely used; it has a built-in 
gear train with a 7:1 reduction ratio. It is usual to add a centering 
rubber band (Fig. 205) sufficiently strong to limit movement of 
the torque rod to 1800 or less; many modelers do not use stops 
in such an installation. Operated on 11/2  volts, the motor will 
draw about 100— 150 ma, depending upon pulse rate (higher 
current is drawn with higher pulse rates), and 250 — 350 ma on 
3 volts. 

To obviate the need for two sets of batteries for such propor-
tional circuits, the motor can be driven by a dpdt relay; the cir-
cuit is seen in Fig. 210. Such an arrangement is not too highly 
favored, however, because double-pole relays are harder to adjust 
than the almost-universal spdt types, and take more current to 
operate reliably. They are also more costly and not widely 
available. 
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Fig. 208. This shows the relay and linkage installed in plane. 
Receiver is mounted on foam-rubber pad at near end of plane 
cockpit. Unit on fuselage side lust to right of relay is a connector 
for receiver, made from pair of subminiature tube sockets. 

Receiver battery is in holder under hatch in foreground. 

Actuators 
A neat way to reduce the current drain, while still obtaining 

plenty of torque is with the actuator illustrated in Fig. 211. 
(The completed unit is shown at the upper right.) This gadget is 
generally termed a proportional actuator (or just actuator for 
short). But remember the confusion among such radio-control 
terms — not all actuators work like this one nor are they intended 
for the same job. It might be compared to a permanent-magnet 
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RUDDER -TURNED 900 

STOP ARM TURNS NO MORE THAN 1800 
{1/ 

PIVOT 

TO RCVR 

SENS RELAY 

1F- 1  
I 11+ • 

LO VOLTAGE MOTOR 
\COUPLING BEARING 

, SPONGE RUBBER STOP PADS 

'N TURNED 900 TO LEFT 

(--  NO MORE THAN 180° 
STOP ARM SHOULD TURN 

i r I I  1-.- SPONGE RUBBER 

COUPLING  STOP PAD 

Fig. 209. Low-voltage motor can be connected directly to rudder 
torque rod, but at least one stage of gearing is generally used. 
Mighty Midget with its built-in 7:1 gear reduction is most 
popular. In any case, some sort of stop to keep motor from 

completely rotating the rod is advisable. 

motor without a commutator. It gives a shaft rotation of up to 
about 1000, depending upon the power put into it and whether 
it is used with single or dual windings. With a single winding, 
it may be connected to two sets of batteries as was the motor in 

MOTOR Fig. 210. Motor can be operated 
from a single low-voltage battery 
by using a dpdt relay. Not wide-
ly used, due to scarcity of such 
relays and to trickier adjustment. 

Fig. 201. The preferred connection, however, is with a single 
winding, using each coil separately as in Fig. 212. 
The rotor of the unit is a disc permanent magnet which has 

its two poles, a North and a South, on opposite edges of the 
disc. Suppliers carry such magnets in several sizes. The actuator 
in Fig. 211 utilizes a 1 x 3/16-inch thick disc, but a 1 x 1/4  is also 
usable. If the thicker one is used, the pole pieces should be 1/16-
inch higher than shown. Semicircular poles surrounding the disc 
are bent down for bolting to the tops of the coil bobbins, which 
have iron cores. Dimensions depend upon the size of the disc and 
the coil bobbins, of course, so don't cut any pieces until you are 
sure they match. 
Despite the fact that Alnico has a reputation for resisting hard 

knocks, heat, etc. treat the disc with gentle care! Rough treat-
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The completed actuator as-

sembly is shown in the photo 
at the right. 

SOLDER HERE 
AFTER FITTING 
POLE PIECES 

BEARING TUBE  I I  COIL 
3/32" INSIDE  I I  BOBBIN 
DIA 

N°4 F.H. SCREW 
RETAINING    
COLLAR  SOLDER AFTER ASSEMBLY 

MAIN ASSEMBLY 

The rotor assembly (right) is 
mounted on a wire shaft. 
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Main assembly (left). For the 
sake of clarity, only one coil 

bobbin is shown. 

3/32" DIA MUSIC WIRE SHAFT 

SOLDER SHAFT TO BUSHING 

GRIND ANGULAR NOTCHES 

BRASS CENTER BUSHING 

I-I/8" 

ROTOR ASSEMBLY 



I 1/32" 

DRILL 
N°42 

3/32"  3/32"  F.-

WASHERS  HOLE FOR CLOSE 
SOLDERED TOP  FIT ON BEARING 
a BOTTOM  TUBE 

BRIDGE-I/16" BRASS 

1/4" 

1 1/2" 

.050 SOFT 
MAGNETIC IRON 

3/16" 

5/16" 

BEND HERE 

3/8" 

POLE PIECE 

.050 SOFT 
MAGNETIC IRON 

N°42 FOR 
2-56 SCREW 

MOUNTING 
HOLES 

BASE 
PLATE 

Fig. 211. Proportional actuator useful in latger planes. Sketches give details of the 
parts needed and their assembly. As main assembly shows, entire rotor and pole-
piece assembly is built as a unit, including long tube bearing for the rotor shaft. 
If holes through center of electromagnet poles are not desired, screws may be run 
into tapped holes in pole ends by removing the rotor. This snakes it a little trickier 
to solder collar on end of rotor shaft, however. Shouldered bushing is soldered to 
rotor shaft before it is put in the magnet disc. One of the epoxy cements can be 

used to fasten the disc—shaft assembly permanently. 

inent will definitely weaken it. For this reason, the shaft was not 
soldered directly to the disc; rather, a brass bushing was turned as 
seen in the rotor assembly, and drilled for a close fit over the 
shaft. If you don't have lathe facilities, cut the bushing down with 
files, holding the piece of metal in a hand drill. Make the shaft 
hole first, then solder the 3/32-inch music wire shaft in place. 
Turn the bushing until it fits snugly in the magnet. 

With a hand grinder, cut three equally spaced notches around 
the magnet hole, both top and bottom; then coat the bushing with 
model cement and press it in the hole. Place the assembly through 
a hole in a block of wood and use a small-ended (about 1/32-inch 
diameter) nailset or a filed-off nail to depress the brass slightly into 
the disc notches. If you do a good job, the disc will run true and 
will be amply tight on the bushing. 

The main frame assembly is started by cutting the brass (not 
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iron!) bridge and soldering to it the bearing tube of 3/32-inch 
inside diameter brass tubing. Make this tube as long as possible, 
depending upon the length of the magnet coils used. A washer at 
the top and bottom of the bridge strengthens the joint. Place 
the tube at exact right angles with the bridge. 
The pole pieces and base plate are made of 0.050 soft (magnetic) 

iron. Plain cold-rolled steel can be used, but iron is better if you 
can get it (hobby stores usually can supply it). You can go up to 
1/16-inch in thickness, but don't use thinner than 0.050. The poles 
on the actuator shown were cut from the armatures of discarded 

large-size relays. 
If you treat it with care, the magnet itself can be used as a form 

around which to bend the poles, but a piece of 1-inch rod may 
be handier. Clamp the flat pole-piece blank centered over the rod 
in a vise and bend the pole ends around. If you are using a rod, 
you can tap the ends with a hammer and piece of scrap brass to 
make them conform (don't do this if you are using the disc as a 
form). The metal will spring out slightly, which is all right, as you 
want a gap of 1/64 to 1/32-inch all around between the disc and 

the poles. 
With the pole-piece legs bent as in the main-assembly sketch, 

fasten them to the bridge with 2-56 screws. File and adjust the holes 
to get the desired gap between disc and each pole right, over the 
pole legs. (You can bend and shape the pole tips more easily after 
the main assembly is soldered together). Next, solder the poles and 
bridge together — clamp a pair of pliers or other "heat sink" at the 
bridge center, so the bearing-tube joint doesn't become unstuck. 
With the poles firmly in place, clean the assembly, open the holes 

and tap to fit a 4-40 screw. 
The electromagnets were wound on bobbins taken from old 

relays (again, you can get suitable bobbins from radio-control 
suppliers). Because none had the desired windings, the original 
wire was stripped and the bobbins rewound. Since the actuator 
in Fig. 211 was to operate on 11/4  volts, a winding of 950 turns 
of No. 30 enameled wire was wound on each, keeping the layers as 
even and smooth as possible. The winding was done by clamping 
the empty bobbin in the chuck of a hand drill, which in turn was 
clamped in a vise. These bobbins measured about 3A-inch long 
inside the fiber end pieces, which are 5/8-inch in diameter and the 
winding just about filled this space. Before winding, the iron core 
was drilled all the way through to pass the No. 4 Mister head screw. 
It takes 950 turns of No. 30 wire to produce a winding with a 
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resistance of about 11 ohms and a current drain of about 120 ma 
on 11/2  volts. The actuator gave sufficient power for reasonable 
stunting with a fast 56-inch-span plane. Later for still more power, 
a potent Alnico disc 1 inch in diameter by 1/4  inch wide was 
installed. With the original magnet, the unit weighed 21/2 oz. 
Torque produced by such actuators is directly proportional to 

the number of turns of wire and the current through the coils. 
The actuator shown will produce lots more torque on 3 volts, of 
course, when the current drain will be about 240 ma. With this 
much torque it should handle the rudder of a 5- or 51/2-foot span 
plane with no trouble. Fig. 212 shows the actuator circuit. 
As shown in Fig. 211 the unit was fitted with a cross arm 

ACTUATOR WINDINGS 

SENS RELAY 

Fig. 212. Magnetic actuator with two coils is connected to 
single battery this way. Coils must be polarized properly. 1! 
disc turns wrong way when you apply current, just reverse 
connections to the battery. Always use 1N91 suppressor diodes 

on such actuators, one for each coil. 

which operated the rudder through a push-pull rod. The upright 
arms are stops to prevent the rotor from turning too far; they 
are bent so that the arm does not hit them during normal pulsing. 
It is preferable to link the actuator to the rudder via a torque 
rod. The actuator is mounted with its shaft running fore and aft 
and, if real care is used in alignment, the torque rod could be 
fastened directly to the actuator shaft. It is probably more desir-
able to use a front bearing for the torque rod, Fig. 213, and link 
the rod to the actuator with a crank and hairpin. This allows a 
reasonable amount of misalignment and also takes the added 
weight of the torque rod off the actuator bearing. In any case, 
the whole assembly should turn absolutely free. 
An actuator such as that shown in Fig. 211 has a slight center-

ing action, but more is desirable. It can be achieved by using a 
rubber band on the torque rod, but this isn't recommended. 
Magnetic centering is preferable, and can be accomplished as 
shown in Fig. 214. You will need a magnet with a hole in the 
center (it can be a disc or bar type; plain small flat bars without 
holes could also be adapted). A holder of thin brass is drilled to 
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clear the shaft, and bent to solder onto the pole pieces. The mag-
net is cemented and bound to the holder, with the poles turned 
so that the actuator disc magnet is attracted to center or neutral 
position. The closer the two magnets, the more the centering, 
however, use only enough to bring the rudder back near center. 
Too much centering simply eats up torque you could better use 

in turning the magnet. 
Another type of actuator design is seen in Fig. 215. Weighing 

about 31/4 oz. this one has a 11/8 x 1/4-inch magnet, and the coil has 
630 turns of No. 30 wire on each side of the center divider. The 

FRONT 
BEARING 

#14 WIRE 

Fig. 213. Rather than put whole weight 
of torque rod on actuator shaft, attach 
a forward bearing to fuselage or bulk-
head, and link rod to actuator shaft 

with a hairpin. 

unit was used successfully in several planes but is not as efficient as 
the one in Fig. 211, whose long and more slender coils allow more 

efficient use to be made of the wire. 
Still another unit of this sort is seen in Fig. 216, and was built 

for use in a very small plane. It has a 1/8 x 3/4 -inch disc magnet, 
and each half of the coil has 750 turns of No. 34 wire. Although 
not very strong it is ample for the tiny plane it was intended for. 
Dimensions are given in Fig. 217. The unit weighs 3/4  oz. The 
current drain of each coil is 75 ma at 11/2 volts. 

Actuator power 
The torque available from any of these magnetic devices — and 

this covers the escapements described in Chapter 1 as well — 
depends upon the number of ampere-turns in the winding. This 
means simply the number of turns times the current you put 
through them. Thus, you can get more torque by increasing the 
number of turns, by putting more current through an existing 
coil, or both. If you have a big plane and can carry plenty of 
batteries, you don't have to strive so hard for top efficiency. But 
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if you want to get the most pull for the least current, it will pay 

to try several different coils. 
As an example, the first coil used on the actuator of Fig. 215 

had 780 turns of No. 32 enameled wire (on each coil), drew about 
80 ma on 11/2  volts and had quite a strong pull. 
Another winding with 700 turns of No. 30 wire was tried. This 

gave considerably more pull, and a drain of 116 ma. But further 
coils with 600 and 500 turns of the same wire gave no increase in 

SHAFT 

BRASS HOLDER 

POLES 

CENTERING MAGNET 

SOLDER 

Fig. 214. Small permanent magnet affords ideal way to obtain 
better centering from magnetw actuator. Should be mounted 
just close enough to disc to bring latter reliably back to center 
when current ts off. Excessive centering is wasteful of power. 

pull, although the drain went up to 170 ma in the last case. Also, 
cutting the size of the core through the winding from 5/16 
down to 1/4  inch in diameter reduced the pull very noticeably in 
every case. 
In any of these magnetic gadgets, the inner turns are the most 

efficient, since they give just as much magnetic field as the outer 
turns but do so with much less resistance, due to their shorter 
length. The best shape for such a coil is long and thin, hence the 
design in Fig. 211. Final torque available thus becomes a com-
promise between coil shape and size, number of turns, wire size, 
and the current you can afford to use. 

Simplified actuator 
Another type of actuator, developed by George Trammell, is 

shown in Fig. 218. Extremely simple, it has surprising pull. It can 
be made much lighter and more compact than the one in Fig. 
211. Details of the actuator parts and assembly are shown in 
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Fig. 219 Actuator coil-winding information and a cross-section 
through the assembled actuator unit are given in Fig. 220. 
For the simplified actuator, it seems quite possible that bar 

or square magnets could be used, provided they are correctly 
poled, if you don't require the maximum pull. This actuator 
has absolutely no centering action when the current is turned off. 

STOP ARMS ( RUBBER -PADDED) 

ARM 
ROD TO 
RUDDER  HAFT TOP 

BEARING 

SPACER 

DISC 
MAGNET 

LOWER 
BEARING 

POLE 
PIECES 

DOUBLE- WINDING COIL 

CONNECTION STRIP 

Fig. 215. An earlier type of actuator used by the author. Worked 
well but, due to short fat coils, not as efficient as the one shown 

in Fig. 211. Weight about same. 

Simple magnetic centering can be added by placing a small piece 
of iron under the magnet outside the case; by moving the iron 
around, you can turn the actuator rotor to any position. The same 
effect can be had with a tiny bar magnet, and this will be lighter 
in weight. Magnetic centering of this sort (and also as described 
for the unit in Fig. 211) is much more practical than any sort of 
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• 
spring or rubber-band centering, simply because the centering 
action is strongest at neutral and grows weaker as the actuator 
moves to either side. Air pressure on the control surface grows 
greater as it moves away from neutral and will always tend to 
force the surface — and its actuator — back toward center. So the 
magnetic centering gives exactly the action we want, while spring 
centering is just the reverse. 
We have covered actuators quite thoroughly because there are 

not many available on the market and hobbyists must generally 
make their own. On the other hand, dozens of escapements and 

Fig. 216. Tiny actuator for 1/2 A 
size plane. Not much power but 
enough for the job it had to do. 

servos are obtainable, and most radio modelers do not make these 
units because they can obtain such a wide variety at reasonable 
prices. 
Incidentally, it is quite practical to make an actuator with 

a high-resistance winding, to be operated directly from the last 
tube of the receiver without the need for a sensitive relay. Tests 
with the actuator of Fig. 215 showed that a very nice pull could 
be had when 8 milliamperes was put through a 5,000-ohm relay 
coil substituted for the normal low-resistance winding. In this 
instance, the coil pulled only one way, against a return spring. 
If it were possible to use the same push-pull coil arrangement that 
is shown in Fig. 212, but with the high-resistance windings, the 8 
milliamperes could probably be reduced to only a few milli-
amperes in each coil. Such an arrangement would probably neces-
sitate double output tubes in the receiver, and thus might add 
more complications than it is worth. 
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Motor-driven actuators 
PM motors are widely used in proportional systems, with the 

Mighty Midget probably the most popular because it has a built-
in 7:1 reduction gear train. For more torque, needed especially to 
move elevators on the larger planes, an even higher reduction is 
desirable. This is usually obtained by adding a second set of 
Mighty Midget gears to the motor, producing a 49:1 reduction. 

SEMI-CIRCULAR  1/16" MUSIC WIRE BEARING 

SOLDERED TO SIDES  iii" INSIDE DIA BRASS TUBING POLE-PIECES 

II I/8"X 3/4" DISC MAGNET  (ACE  R/C)  
BRASS PIECE TO SUPPORT MUSIC  WIRE  

5/32" 1— -  SIDE FRAMES 1/32" X 1/4" 

3/8▪ " 

9/16' 

CORE IS 
3/16" DIA 

MIDGET  ACTUATOR 

5/16" 
EACH SIDE IS FULL 

T  OF N°34 ENAM WIRE 
(ABOUT 750 TURNS) 

Fig. 217. Wire driver for torque rod of this tiny unit was 
soldered to the 1/16-inch ID tube which holds the disc 
magnet. Frame was bent to accommodate magnet bobbin 

on hand. 

This has been found ample to move rudder or elevator of 6-foot-
span stunt planes, when driven by 3 volts (or even by 2.4 volts as 
produced by series connection of the widely used nickel-cadmium 
storage cells). Some radio-control fliers feel it might be an ad-
vantage to go as high as 75 or 100 to 1 with this same motor and 
voltage, but too high a gear ratio is undesirable as it produces 

too much lag in control-surface movement. 
A commercially made actuator based upon the M-M motor, 

and with 49-to-1 gearing is seen in Fig. 221. Although not intended 
for such use it can be made into a fine proportional actuator. 
The hole in the case through which the motor shaft protrudes 
should be enlarged and a small wire hook soldered on, to take 
a lightweight centering rubber band. The output arm may be 
used for push-rod or torque-rod applications, as desired. This unit 
can be had with any of several contact discs that are interchange-

able and serve to adapt it to various sorts of single and multi-
channel control systems. These contacts are normally not required 
for proportional work but may be left in place since they produce 

very little drag. Fig. 222 shows how the Mighty Midget is fitted with an extra 
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set of gears for an overall gear reduction of 49:1. The normal 
gears are at the left; added gears of the same size are at the right 
end of the motor. A metal plate holding a stub shaft for the added 
large gear is attached to the motor case with small screws. The 
torque rod is fastened to, or driven, by this gear. 

Another useful centering scheme is shown in this illustration. 
An enlarged hub is pressed on over the left hand large gear, which 
also has a pin added to take a hook for the vertical rubber band 

Fig. 218. Simplified type of magnetic actuator has no iron in it except for the magnet 
disc itself and music-wire shaft. Frame must be made of brass or other nonmagnetic 
material. Inside of frame should be close fit around disc, but with enough clearance 

so latter can turn freely. 

or spring attachment. This band gives strongest centering effect 
up to about 100 degrees or so on each side of center (depending 
upon the diameter of the enlarged hub), but thereafter, it wraps 
around the hub and the centering action is greatly reduced — as is 
the power required for the motor to stretch this band. A light 
band may be attached to the motor armature as in Fig. 205 to help 
get the actuator back to neutral. Balance between the two center-
ing devices may be shifted to suit the builder. 

Preventing proportional-control failure 
Proportional control systems all have one drawback: if you lose 

control for any reason, the ship goes into a hard turn to one 
side, or the other. With a boat, this is not too dangerous, but 
with a plane it could — and usually does — lead to disaster. Even 
so, most modelers (especially those who lost an escapement-equip-
ped plane that flew off in a straight line when the radio system 
failed) would much rather take home the remains of a plane that 
had spun to the ground when control was lost, than lose the plane 
through a straight-line flyaway. 
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ALNICO N°3 ARMATURE 
I/8" THICK,3/4" DIAMETER 

SHAFT-I/16" PIANO WIRE,5/8"LONG 

TRAY-SEE DETAIL BELOW 

COVER-7/8"X 7/8"X .010" 
SHIM BRASS 

BEARING-BRASS TUBE,3/8" 
LONG, DIAMETER TO FIT SHAFT 
FOR SMOOTH ROTATION 

ARM-.010" OR .015" BRASS,9/I6" LONG 

HOLE IN CENTER OF TRAY-(SNUG 
FIT ON BEARING TUBE) 

7/8 
TRAY-BEND AS 
SHOWN .010"- BRASS 
SHIM STOCK   

5/32" 

WASHER-( IF NEEDED) -CUT 
FROM BRASS SHIM STOCK 

ENDS-.010" X 3/8"X I" 
BRASS 

7/8" 

1-3/16" 

5/32" 

Fig. 219. Thin washer keeps magnet from touching case on one side. Shaft protrudes 
through center of disc a tiny amount, is rounded on this end, keeps disc from 
rubbing on other side. Frame may be made of nontnetallic material such as fiber, 

if desired, but make sure shaft is fastened firmly in place. 

There are ways to prevent proportional-control systems from 
going into hard-over rudder if any part of the apparatus fails. 
It is usual to employ what is termed a "fail-safe" circuit for this, 
and the same circuit can also be put to use to operate a motor 
control. As the term implies, a failure produces a "safe" condition 
in the model, usually by returning the rudder (and other con-
trols, if used) to or near neutral. In a proportional system, this is 
done by adding a circuit that will operate a relay if the pulsing 
from the transmitter fails to reach the plane. Some such circuits 
work only on loss of signal, as would occur if the transmitter were 

to go out of commission or the model to fly out of range. The 
safest arrangement is one that works either with lack of signal or 
with steady signal. Circuits for this purpose are shown in Chapter 
3. For safety, place your fail-safe circuit as far along the control 
"train" toward the rudder as you can get it. If placed right in the 
receiver circuitry, as it sometimes is, it will work all right if the 
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Fig. 220. Cross-section shows winding in place; it 
can be either single- or double-coil type. After it is 
in place, apply several coats of varnish. Insulate 
form with tissue paper before winding. This unit 

took about 120 feet of No. 32 enameled wire. 

transmitter, receiver, or receiver batteries go bad. But if it is con-
nected in the actuator circuit, the receiver relay and also the 
actuator battery can often be included in the parts whose failure 
will activate the fail-safe circuit. It is also possible to arrange things 
so that a failure will automatically cut the engine to low speed 

Fig. 221. This Citizen-Ship servo can be bought finished or in 
kit form. It makes a good proportional actuator, due to use 
of Mighty Midget motor and double gearing. Intended for 

single- or multi-channel use. 

where it will remain unless control is regained, whereupon the 
engine may again be speeded up. This is also covered in Chapter 3. 
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Motor-driven servos 
A few words on the use of geared-down motors was included in 

Chapter 1, since such units are widely used for the same jobs 
that various types of escapements perform. When used as escape-
ment replacements, these units normally afford more power for 
control movement, but they are heavier and often take more 
current to work them. Because they do their work by electrical 
power and do not need the long, twisted rubber band, they can 
be fitted in some installations where there is simply no room for 

the rubber. Motor servos are used almost exclusively to move control sur-
faces of multi-channel reed and audio-filter receivers. It is normal 
to employ one reed (or filter) channel to move a surface each way. 
In the popular five-reed outfits, it is customary to assign two reeds 
to rudder, two to elevator and the fifth to motor control. Eight-
channel outfits add two more for ailerons, sometimes use two for 
motor control, or possibly one for this and one for such added 
controls as flaps. With 10 channels you can get elevator trim. 
Reed servos usually have higher gear ratios than those used 

for proportional purposes, and are fitted with several sets of con-
tacts for limiting movement at each extreme and for bringing 
the servo back to true center. The limit contacts open when the 
control arm reaches the desired maximum movement to either 
side; the servo will stay in that postion without any further cur-
rent drain until the relay controlling movement in that direction 
is de-energized, whereupon the centering contacts act to bring the 

arm back to neutral. A representative circuit is shown in Fig. 223. If the centering 

contacts are set to bring the arm (and its control surface) back 
to exact neutral, the servo is said to be self-centering or full-
centering. Some fliers set these contacts so that the servo does not 
go to exact center, leaving a small "trim" range. This allows for 
slight control changes (usually used only on the elevator) to 
compensate for varied flying conditions, such as windy weather 
or lack of it. A few fliers prefer to fly with no centering on the 
elevator at all — it simply goes to the position signaled and stops 
there until the flier calls for some other position. This method 
of flying produces very smooth results, but it is more difficult to 
learn. In this case, limit contacts are usually fitted but no center-

ing contacts are used. 
Except with full-trimmable operation, reed servos go from neu-

tral to extreme position when the transmitter control stick is 
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ENLARGED 

HUB 
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GEAR SHAFT HELD ON ADDED 
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Fig. 222. Most Mighty Midgets used as servos in multi-proportional planes 
have double gearing (one added set of gears like those on the motor — 
hobby shops stock these extra gears), various centering systems. Some users 
center solely by rubberband on armature shaft (Fig. 205). Other users add 
a band or spring to large gear as seen here. Both types can be used. 

moved, and the flier must learn to "tap" the stick a number of 
times in the direction he wants to go. This will tend to hold the 
servo in a partially operated position. If this is not done, the plane 
will make very abrupt movements, especially in response to the 
elevator (most planes are more responsive to elevator control than 
to rudder). 
In most proportional systems, the rudder (and elevator if used 

is continually moving from side to side, to some degree. The idea 
is to adjust the pulse rate high enough so that the plane cannot 
follow it and thus travels in a straight line. The higher the gear 
reduction of the proportional actuator (of the motor-driven type), 
the less the surfaces will flap. With proper pulse rates, such 
flapping does no harm at all — but does offend some modelers. 
There are systems that give full proportional operation without 
any control-surface wiggle at all — the control just moves to the 
position you signal by moving the transmitter control stick and 
stays there until you call for another movement. The surface 
thus duplicates exactly the movement of the stick. Generally 
called "feedback servo" arrangements, they are rather complex, 
and although they have been known and used for years in mis-
siles etc., they have only recently been simplified and lightened 
for use in model planes. 
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Galloping Ghost control 
We can't leave this chapter without a brief coverage of a pro-

portional system that gives the very most in control action for 
least amount of equipment. Variously called Galloping Ghost, 
Simpl-Simul, Crank System, etc., it allows full proportional con-
trol of rudder and elevator with just a single motor in the model. 
The most widely used motor is again the Mighty Midget, whose 

7-1 gear reduction is just right for this use. 

LEFT TURN 

RELAY 

CENTERING CONTACTS 

NORMALLY SET MUCH 
CLOSER THAN THIS 

Fig. 223. Switching on servos varies, 
but that shown here is typical. Each 
cam handles two sets of contacts, one 
for each direction of operation. (Relay 
and contacts shown in no-signal 

position.) 

The motor is linked by a torque rod to both elevator and rud-
der (Fig. 224). A stop on the large gear of the motor hits a dowel 
run from side to side of the fuselage; rubber or fuel line tubing on 
the stop pin eases the operation slightly. The crank which engages 
loops on the rudder and elevator can vary in size, depending upon 
the plane size and tail surface arrangements. However, things 
should be arranged so that: (1) The crank turns a total of about 
2600, with the "open part" of the arc up (Fig. 225-a). (2) The 
rudder should be centered when the crank is straight down — this 
also gives fullest amount of down elevator. (3) With the crank 
almost horizontal, you have full rudder movement to one side, 
but the elevator will be about neutral or slightly up (Fig. 224-b). 
There must be no binding in any part of the linkage. 
The rudder wiggles from side to side as in normal proportional 

practice, this movement being controlled by a change of pulse 
length. The elevator action is varied by a change in pulse rate, 
however. Slow pulse rates (about 4 — 5 pulses per second) will 
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allow the motor time to drive the rear crank from practically one 
extreme to the other as in Fig. 225-a, and you will have effective 
neutral rudder (if the pulse on — off ratio is equal) plus full up 
elevator. A high pulse rate — perhaps 8 — 9 pulses per second — 
will squeeze the crank arc way down (Fig. 225-b), and give you 
full down elevator, again with neutral rudder (equal on — off). 

14 

a 

11 13 

14 

I. EYELET 2. SOLDER  3. 3/I6" DOWEL STOP BAR  4. PIN AT TOP OF CABIN 
5. RUBBER BAND  6. BIND AND SOLDER  7. MUSIC WIRE STOP WITH FUEL TUBING OVER IT 

& M-M MOTOR  9. MOTOR MOUNTED SOLIDLY  M. 1,16" MUSIC WIRE  11. TORQUE ROD END 
12. WIRE "U" ATTACHED TO RUDDER  13. CRANKPIN  14. ELEVATORS 

Fig. 224. Another use for ubiquitous Mighty Midget — as servo is Gallop-
ing Ghost control system. Single crank on rear end of torque rod drives 
both rudder and elevator through wire linkages. Dowel stop bar (3) runs 
from side to side in fuselage, should be firmly cemented. As seen from 
rear, (b) shows rudder at full-right-turn position, and elevator about 
neutral. Controls cannot hold this exact position, but give this effect by 

averaging. 

At some intermediate pulse. rate, the crank will whip back and 
forth at a certain speed to produce neutral elevator (the elevator 
actually goes up and down past neutral, but the effect is neutral). 
Now if you vary the pulse length, while maintaining this same 
rate, the crank arc will swing to one side, giving rudder turn 
action but still holding approximately neutral elevator (Fig. 
225-c). There are countless variations of pulse and length — and 
correspondingly countless combinations of controls! 

Like many things that look extremely simple, this system has a 
few drawbacks. First, it takes a reliable pulser (see Chapter 8). 
Second, it takes quite a lot of time to get a model trimmed out 
right, so that it will fly as you wish. At the lower pulse rates, prac-
tically all models will wag their tails, not only sideways but up 
and down — hence the name, Galloping Ghost! Still, we know of 
no control system that gives so much for such simple equipment 
in the model. 

Galloping Ghost systems have been found best for medium-
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sized planes, and it is usual to employ a very narrow elevator 
(rudder may be of conventional size), no more than a third as 
wide as used for most multi-control systems. Some experimenta-

••-CRANK LIMITS 

30°40° 

WITH CRANK HERE, NEUTRAL 

RUDDER, FULL DOWN ELEVATOR 

a 
Fig. 225. Movement of crank pin on rear of Galloping Ghost torque rod. 
Slow pulsing allows full range of rotation, limtted only by stop bar. 
Highest pulse rate limits movement to very short arc to give full down 

effect. 

tion will be needed with centering rubber tension; many users 
make the top rubber holding pin adjustable so the tension can be 
set as needed. A good flier with a well-adjusted plane can do just 

about all stunts with a G — G plane. 

CRANK RANGE 
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chapter 'jiRla 

motor and auxiliary controls 

M OST radio-control enthusiasts, after they have licked the 
problems of steering their model, develop an immediate 

urge to add other control actions. Some want elevator control; 
others prefer means to vary the engine speed. There are both 
simple and complex ways to effect these and other added functions. 
Let's see how some of the more practical systems operate. 

Engine control 
How, for example, can you vary the speed of your engine by 

radio? If you use spark ignition, it is a simple matter. The most 
common way is to use what are called two-speed points on the 
timing cam. One set of points runs the engine at top speed, the 
other slows it down, and the change between the two may be made 
by a simple switch. Connections are shown in Fig. 301. 
Only a spst switch is required. The reason for this rests in the 

arrangement of the points on the timer. As the cam turns, it opens 
the high-speed points before the low-speed points. Thus, when 
the high-speed points are connected in the circuit, they fire the 
charge before the low-speed points get a chance to operate. The 
latter do no work, but they do no harm either, and are always 
left connected. In operation, a relay would be substituted for the 
spst switch. The relay, worked by the receiver in the plane, could 
then be set into action by the operator on the ground. When the 
relay is open, only the low-speed points are effective. 
The speed of spark-ignition engines may also be changed by 

actually moving the timing points with a geared-down electric 
motor, but this system is seldom used due to its complexity and 
added weight. While spark ignition isn't too popular, some model-
ers stick to it, since the fuel used doesn't harm dope, and it does 
offer such a simple and sure way to vary speed. Also, you get much 
longer engine runs for a given amount of gas and oil fuel (which 
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is used with spark ignition) than with the alcohol glow-fuel 

mixtures. 

Twin-needle system 
Glow-plug engines are a bit more of a problem when it comes 

to speed variation, since it is necessary to alter the fuel — air mix-
ture in some manner. Twin needle valves are sometimes employed 
on the engine, both being connected to the fuel tank and both 
having "bleed lines" run to a special motor control escapement. 
The bleed lines are selectively opened by the escapement and, by 

ONLY I CAP REO'D FOR BOTH SETS OF POINTS 
LOW SPEED POINTS 

BATT 

HI SPEED 
POINTS 

SPST SW 

IGNITION COIL 

)ECCENTRIC CAM ON CRANKSHAFT 

CLOSE FOR HI SPEED 

Fig. 301. Dual contact points in igni-
tion engine can be operated by simple 
spst switch or relay contacts. Only 
single coil and capacitor are needed 

for two-speed operation. 

allowing air to enter one fuel line, the needle valve connected to 
that particular line from the tank can no longer draw fuel. 
Normally, the high-speed needle valve is set for top engine 
performance as usual (the bleed line to it being closed by the 
escapement). The low-speed valve is set very rich, so that when 
the escapement puts it into use (by closing its bleed tube), the 
engine slows drastically. If the escapement is held in an operated 
position, both bleed lines are open and kill all fuel feed to the 
engine. As seen in Fig. 302, the low-speed bleed line is connected 
to a tee in its fuel line right at the needle valve, while the tee in 
the high speed line is within a few inches of the tank. This is done 
so that the engine will not quit once the high-speed bleed is 
opened, as there is a small amount of fuel in the line from tee 

to needle valve. 

Flap-valve arrangement 
A simpler system is a flap valve fitted over the air intake as in 
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Fig. 303. The flap must have a small hole in it to allow entrance 
of sufficient air to promote slow-speed running. The engine is, of 
course, adjusted to the desired high speed first, then the clapper 
is closed and the hole varied by moving the air gate until the 
desired slow speed is obtained. The top of the intake must be 

LOW SPEED NEEDLE VALVE 
HIGH SPEED NEEDLE VALVE 

LOW SPEED AIR BLEED LINE 

VALVE SECTION OF 
/ /  MOTOR CONTROL 

ESCAPEMENT 

/  TEE IN HIGH-SPEED FUEL 
FUEL OUTLETS 

TANK 

Fig. 302. Not too widely used now, dual needle-valve speed-control setup looks 
like this, shown with Kid] .19 engine. Valve unit is normally operated by a two-
arm self-neutralizing escapement. This arrangement can give high speed, and 
low speed. Engine can also be stopped at will by opening both valves by holding 

current on. 

filed flat and smooth since air leaking in under the clapper will 
make it difficult to adjust the hole correctly. 

While the clapper system does work, much better speed varia-
tion can be had by closing off the intake tube both above and be-
low the needle valve. It is possible to arrange two linked butterfly 
valves to do this, but a more desirable way is the so-called "barrel 
throttle". Commercial versions are seen in Figs. 304-a and b; the 
cross-section of Fig. 305 shows how the parts are arranged. In this 
version, the needle valve rotates with the throttle barrel, as does 
the fuel tube nipple (other makes allow speed change with 
rotation of the barrel only). Such throttles normally give the same 
opening above and below the needle; they invariably lead to an 
overrich mixture in low speed when the needle valve has been 
set for top speed with the throttle fully open. To get around this, 
simply nick the top lip of the rotor barrel so that the opening 
on top of the needle will be greater than below it. This reduces 
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PIN ON ESCAPEMENT WHEEL 

CLOSE LOW 

DIAGRAM OF OPERATION 

MUSIC WIRE SOLDERED 

ADJUSTABLE AIR GATE 

2-56 CLAMP SCREW 

1/32 SHIM 
BRASS 

SOLDER 
TO SPRING 

OPEN HIGH 

RIVET 

LOW SPEED 
AIR INTAKE 

HOLE 

ENGINE 
AIR INTAKE 

HINGE: DRILL THROUGH BOTH PARTS AFTER 

CLAPPER IS ALIGNED FLAT ON INTAKE 

Fig. 303. Modeler can add simple throttle to his engine. 
Support for clapper is soldered to spring that locks needle 
valve. Clapper should be a snug fit on intake (it might be 
necessary to file intake edges smooth). Air gate should 
have slot so that it may be moved sideways to regulate 
low speed, then clamped with 2-56 screw. Clapper does not 

have to be opened very widely for full speed. 

the excessive fuel draw and thins the mixture at slow speeds. 

Cut a little at a time, so you won't overdo it. 

Exhaust throttles 
Another widely-used throttle operates by reducing the exhaust 

opening of the engine. To be effective, the exhaust has to be closed 
down until you would scarcely think the engine capable of run-
ning at all. The closed exhaust retains part of the hot gases in the 
cylinder and thus tends to keep the glow plug hot (most intake 
throttle systems cannot drop the speed of the engine too low or 
the glow plug will cool excessively and stop the engine). An odd 
byproduct of this throttling system is that it also acts as an effective 
muffler; with the throttle closed, you can hardly hear the engine 

running at low speed! 
The exhaust can be closed by sliding plates or rotating plugs 

of various types; one that can be made at home is shown in Fig. 
306. The basis of this is a steel taper pin (large hardware stores 
carry them) a bit larger in diameter than the height of the exhaust 
stack on your engine. You will also need a taper-pin reamer of 
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a 

Fig. 304. Brame() throttle (a) comes in two sizes, can be adapted to most engines. 
K&B .45 engine (b) comes fitted with linked intake throttle and exhaust shutter. 

Their intake throttle also sold separately in two sizes. 

the same number as the pin. (Exhaust throttles can be bought, 
for many engines including those with radial or 3600 exhaust, 
but the latter are very difficult to make at home. The arrangement 
to be described requires that the engine have an exhaust "stack"). 

Drill a hole on each side of the stack near the outlet, and open 
the holes out so that the tip of the reamer will go in each. Make 
sure the holes are exactly centered vertically in the stack. Now 
use the reamer, turning it through till you can see a noticeable 
cut in the top and bottom of the stack, but don't go too far to 
weaken the metal seriously. 
Put the pin into the reamed hole and mark it at each side on 

the outside. Collars with setscrews will hold the pin in place; 
otherwise, simply drill holes for retaining pins. The last job is to 
file the pin in the center area, leaving a center section about 1/16 
to 1/8 inch thick. The wider this is, the better the seal in the stack 
will be when the value is closed. If it is too wide, however, you 
will impede the exhaust gases enough to cut engine power. 

Adjust the pin fore and aft to turn easily but snugly. If you have 
done a good job, the pin — which is now a valve — can be operated 
satisfactorily by a small escapement. As with all throttling systems, 
you may have to experiment with different glow plugs and fuels 
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to get the desired range of speed change. For the ultimate in 
throttling, link an intake (either clapper- or barrel-type) and an 
exhaust throttle. With such an arrangement, a well-adjusted 
engine can be made to idle at a true tickover — you can practically 

count the rpm's. 

NICK TOP OPENING HERE 

FUEL LINE 
ATTACHES 
HERE 

HOLE 
GOES 
DOWN 

THROTTLE 
BODY 

OPERATING 
ARM 

NEEDLE 
VALVE 
LOCK 

NEEDLE 
VALVE 

THIS END GOES IN, ENGINE INTAKE 

Fig. 305. Exploded view of BranlE0  ihiolile. In this make, 
entire assembly of needle valve and barrel turns; soft fuel 
tubing is needed, especially if an escapement is used. Upper 
edge of barrel (on all throttles of this general style) must be 
nicked or notched slightly, to eliminate very' rickrunning at 
low speed. Depth of notching must be matched to each engine. 

Working the throttle 
Now that we've seen how to change the speed of the engine, how 

can the various throttle schemes be operated by radio? If you use 
a compound escapement, built-in contacts are ideal for controlling 
a second escapement linked to your throttle. Utilize the com-
pound's third position to shift the motor-control escapement. 
Another way in wide use today that leaves the compound third 
position for other purposes is called "quick-blip" control, simply 
because the throttle (or other auxiliary control) is operated by 
giving the control button at the transmitter a very rapid "punch". 

The arrangement is shown in Fig. 307. 
The rudder escapement, (which must be one fitted with a speed 

governor as are all compounds), has contacts so arranged that they 
close just after the rotor is released from neutral, and open again 
before the normal first position is reached. A punch on the 
button serves only to "unlatch" the compound rotor and start it 
on a full revolution. The receiver relay armature gets back to 
its normally closed (NC) position as the escapement rotor is going 
from neutral to the first stop position. In doing so, the relay closes 
the circuit through its NC contacts and the auxiliary contacts on 
the escapement, to give the motor-control unit a quick pulse of 
current too — sufficient to move it from one neutral to the other 
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BRAMCO THROTTLE ENGINE EXHAUST STACK  0-80 SET SCREW 

ROD TO ENGINE SERVO 

CUT-DOWN TAPER PIN 

ADDED ARM  ADJUSTABLE LINK WIRE 

COLLAR 

FILE TO vie THICK 

Fig. 306. If engine has exhaust slack, a very smooth-working exhaust 
throttle can be made from a taper pin; you'll need a matching reamer 
to make a hole in the stack. Ream until there is slight cut full length 
of upper and lower inside slack surfaces. Must be very good fit to art 
efficiently as a throttle. Intake and exhaust throttles are shown linked, 

for widest speed change. 

and so change the motor speed. The transmitter button has to be 
punched fast. If you hold it too long, the relay will not get back 
to NC while the auxiliary contacts are closed; thus, you will not 
get the desired speed change and you might catch the compound 
in a rudder position as well. 

MOTOR ESC 

ADDED CONTACTS 
ON COMPOUND ESC 

NC-NORMALLY CLOSED 
NO-NORMALLY OPEN 

Fig. 307. Circuit for "quick-blip" engine control. While 
this looks like circuit of Fig.  difference is that in 
latter, normal third-position contacts of escapement were 
used. Here, contacts must close momentarily between 

neutral and first position of the compound. 

Some compounds come equipped with quick-blip contacts (the 
unit in Fig. 107 has them); they are available as an accessory on 
others. You must use a compound for this purpose, since an SN 
or other escapement with no speed governor moves much too fast 
for even the quickest blip to catch. Multi-Servos also have contacts 
for working motor and other auxiliary equipment. 
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For proportional systems, an extra circuit must be added to the 
receiver or to the actuator. A circuit similar to Fig. 308 can be 
attached to the actuator coils. It is designed to operate with a 
change in pulse rate. The rudder would normally be operated at 
a moderate rate — perhaps 3 or 4 pulses per second — and if this is 

doubled, the auxiliary circuit closes its relay. This circuit can be 

RU DER 
ACTUATOR 

Fig. 308. Circuit for getting added control from proportional r udder system. 
Works by change of pulse rate. Can be used without transistor but then a very 

sensitive relay would be needed and speed change must be greater. 

used without the transistor and added battery, if a really sensitive 
relay such as the Sigma 4F, 5F or 22, the Price or equivalent, 
is employed. In this case, it may be necessary to triple the 
pulse rate — a difficulty since some receivers will not follow such 
a high rate. If used without the transistor, a high-resistance relay 
would be needed — at least 5,000 ohms and preferably higher. The 
same capacitance and adjusting resistor as in Fig. 308 could still 

be used. The transistor gives you more leeway in relay-current change, 
hpwever, and also allows use of cheaper and lighter relays. A tran-
sistor circuit that will allow operation of a motor control or other 
added circuit and that works on either solid or no signal (it does 
not require an actual change in pulse rate) is shown in Fig. 309. 
This is an ideal arrangement to use for a proportional fail-safe 
escapement, since about 80% or more of the possible types of 
failure in your entire radio-control system will trip the relay. If 
the latter is wired to neutralize the rudder and also put the engine 
into low speed, you will indeed have a foolproof setup. Let's see 

how it can be done. 
This circuit works on what is called an "inductive kick"— the 

kick in this case coming from the transformer windings. When 
power is applied to a circuit with an inductance in it (like an 
escapement coil, actuator or motor), or when the power is inter-
rupted, a short pulse or "kick" of high voltage is produced. It's 
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this kick that causes most of the trouble with dirty and arcing 
relay contacts and makes arc suppression necessary. 
But we can put the kick to good use! In the circuit of Fig. 309, 

the diode cuts off most of the kick in one direction (the kicks pro-
duced when a circuit is closed and when it opens are of opposite 
polarity), while the kicks of desired polarity are used to charge the 
electrolytic capacitor to such a voltage that it prevents the tran-

Fig. 309. Circui of pulse-omission detector, known atnong modelers 
as "POD." Works right-hand relay if pulsing ceases either due to 
lack of signal or a solid signal. Normally used as a failsafe for 
proportional systems (centers rudder if equipment fails), same relay 
can be used to shift motor control escapement at same time. 

sistor from conducting. As a result, there is little or no current 
through the 5,000-ohm transistor relay. If pulsing stops for any 
reason, the capacitor charge leaks off rapidly; the transistor then 
draws current through the relay of a value depending upon the 
resistance of R. As soon as pulsing starts, the transistor is again cut 
off and the relay opens. 
Transistors used in this circuit should be of fairly high gain and 

low leakage; the 2N192 has been used very successfully, and 
equivalent types should be equally good. With the transformer 
indicated, reliable results have been obtained from the 2N192 with 
2.4 volts on each side of the motor circuit; with 3 volts, as obtained 
from dry cells or Silvercels, a lower-gain transistor would be 
adequate. 
The circuit shows a motor connected to the receiver relay, for 

driving the rudder. When pulsing is normal, the fail-safe relay 
keeps the rudder motor circuit closed and the engine control 
escapement circuit open, so that you have normal steering and 
steady engine speed. With an interruption of pulsing (either 
intentionally or from a system failure), the rudder motor loses its 
power (a centering system would then bring it back to near 
neutral rudder) and the escapement is stepped to the next position. 
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With a 2-position or SN escapement used to control motor 
speed, you would get a shift to the next speed in sequence, what-
ever it might be. If the motor was on low speed at the time of a 
system failure, it would immediately jump to a higher speed, pos-
sibly leading to a flyaway. To prevent this, a compound may be 
altered so that if it is held operated, it always goes to low speed. 
The escapement shown in Fig. 310 affords three motor-speed po-

sitions, plus the fail-safe low, which is followed by the normal low. 
Next comes high, then medium. This is a normal Babcock Mark 
II compound, with the armature stop points reversed so that you 

ORIGINAL A-HIGH STOP (HITS I ONLY ) 
ARRANGEMENT { B,C,D-LOW STOPS (HIT 2 ONLY) 

GEAR WHEEL I 

MOUNTING PLATE 

BABCOCK 
MARK LE  WIRE CRANK TO LINKAGE 

Fig. 310. This modified Babcock Alai k II 
escapement is intended especially for use with 
fail-safe proportional control setup. If system 
fails, escapement always throttles engine to 
low speed. Otherwise, three-speed operation 

may be had. 

get three positions of the rotor with no power through the coil and 

one with power (the latter is the fail-safe position). 
Other compounds can be altered in this manner, but the Mark 

II is very easy to work on. Just clip off the tips of the armature 
stops and solder on new tips, so that the tip labeled 1 will now 
catch rotor points B, C and D, while tip 2 will catch only A. The 
drawing shows the escapement with the aluminum plate removed. 
The escapement-to-throttle linkage will depend upon your own 
installation. In one plane, it was found that very good three-speed 
operation could be accomplished with the escapement shaft linked 
to a throttle similar to those in Fig. 304. Point B stopped at 1 
is low; point C produces high speed; point D caught on 1 gives 

a good intermediate. 
It takes a bit of practice to learn how long to hold down the 

no-pulse button at the transmitter to work the MC circuit (which 
must have a slight lag so it will not work on very short pulse 
lengths) and yet step the revamped escapement to the desired 
stop. The amount of lag in the control circuit can be varied by 

ARMATURE 
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different values of C in Fig. 309, while maximum relay current is 
set by adjustment of R. 

Other auxiliary circuits 
Fig. 311 shows an auxiliary circuit that can be hooked across 

the sensitive relay of many types of receivers. Intended for pulsing 
use, the auxiliary relay closes when pulsing stops for any reason. 

LAST TUBE 
OF RCVR IAG4 

5-8 K 

Fig. 311. This c'rcuit is intended principally for use with 
CW receivers. Pulse "kicks" from receiver relay are used 
to hold the I AC4 tube cutoff. If pulsing stops, this relay 

conducts and operates the auxiliary relay. 

The delay may be varied by changing the value of C, of R, or 

both. 
Another arrangement (Fig. 312) is intended for connection 

across the winding of an actuator such as the one in Fig. 211. At 
low pulse rates, the 2E36 tube conducts, closes the relay in its 
plate circuit and keeps it closed. When the pulse rate is raised, 
more voltage is developed across the 100-11f capacitor, because of 
rectification in the 1N48 diode rectifier. This voltage is applied to 
the grid as a negative bias and the tube cuts off, releasing the 
relay. The 2E36 uses the same A and B batteries as the receiver. 
It is advisable to include rf chokes in the filament leads. At low 
pulse rates, the plate current is around 1 ma, dropping to zero 
as the pulses are increased. The 25,000-ohm grid resistor is varied 
to shift the operating point of the tube as desired. 
A neat way to drop a bomb or perform any other one-shot func-

tion in your plane is shown in Fig. 313. The wire catch is pulled to 
the right by the spring, but is restrained from moving in that 
direction by the nylon anchor thread. When an auxiliary circuit 
closes the relay, the hot wire burns through the thread — and 
bombs away! 
One last auxiliary circuit is intended especially for use on pro-

portional rudders operated by small electric motors. Fig. 314 
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shows it to be quite similar to that in Fig. 309. This simpler cir-
cuit works only when pulsing is interrupted. Then the transistor 
conducts and pulls in the relay. The capacitor value can be 
changed to allow operation on different pulse rates as required. 

UTC SO-I OR SSO -I 
MIDGET LINE TO GRID TRANS 

CONNECT ACROSS 
ACTUATOR WINDING 

100  6V 

CATH 

IN48 

2E36 

1.5 V 

RY 
8K 

TEST METER JACK 

45V 

Fig. 312. Another "kick" circuit working on pulse-rate change, could be 
used with either magnetic actuator or electric motor. 2E36 tube does not 
give much current change, requires very sensitive relay. 1 AG4 would 

probably be better choice here. 

"Non-electronic" auxiliary circuits 
We call the arrangement in Fig. 315 non-electronic because the 

additional circuits are operated by relays rather than through use 
of tubes or transistors. As shown, it is intended for addition of 
motor control to a pulse rudder setup (RY3 could be used for an 
elevator escapement just as well). With a bit more complexity, a 
third control could be added. The components are shown in the 
no-signal or open position. After SI has been closed, the first pulse 
that comes in closes RY1 and moves the actuator to the right 
side; RY2 also closes. RY2 then closes RY3, which remains closed 
for 1/2 second due to the capacitor across the winding. With RY3 
operated, the left actuator coil circuit is closed, so that normal 
left and right rudder action may he had. The system has been set 
up so that pulses at the rate of 21/2 or more per second will assure 
that the circuit remains in this normal working condition. The 
pulsing unit at the transmitter is adjusted so that in the no-signal 
direction (which gives left rudder) the pulses never are cut off 
entirely, though they get very short. This makes certain that relays 
RY2 and RY3 remain operated in normal use. When motor-speed 
change is required, the transmitter is cut off for a little over 1/2 
second, which allows RY2 to open, followed by RY3. The latter 
opens the rudder circuit (so the rudder won't swing hard over 
during this period) and closes the motor escapement circuit. 
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The receiver used with this hookup is of a type that puts RY1 
in the position shown in Fig. 315, for a transmitter failure, and for 
most receiver failures as well. Thus, the same sequence of opera-
tions occurs if any of these elements of the entire control system 
fail. In addition, since the motor escapement is of the type which 

SHORT LENGTH N°40 NICHROME WIRE 

NYLON THREAD 
WIRE CATCH SLIDES IN 2 HOOKS 

Fig. 313. Simple bomb-drop arrangement for use 
with any of the auxiliary circuits shown earlier. 
Could also be used to drop parachutes, light 

fuse on smoke bomb, etc. 

cuts off the engine if allowed to remain in the operated position 
for any length of time, a system failure not only centers the rud-
der but stops the engine. Should the fault be at the transmitter, 
and be quickly repairable, the first pulse restores normal rudder 
action—though of course the engine cannot be restarted. When 
cutting the signal purposely to change engine speed, care must be 
taken not to hold the signal off too long or the engine will stop. 

I N91  2N465 

HOOK 
ACROSS 
MOTOR BRUSHES 

10-30 

22.5 V 

+ - 

5K 

Fig. 314. Very simple auxiliary circuit 
works on dc taken across rudder motor. 
Will operate its relay with signal of either 
off or on, but not both. Reverse leads to 
motor brushes, if action is wrong way. 
Usually set up to work relay wah no 

signal. 

The system may be simplified somewhat by using battery Batt 2 
to operate the motor escapement as well (now worked by Batt 3). 
Or with the proper resistance windings in the actuator and in RY3, 
Batt 1 could be used in these two circuits. 
Resistor R should have the same resistance as RY2. This resistor 

simply balances the actuator circuit so that the rudder pull is the 
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same both right and left. Still another auxiliary circuit could 
be operated by replacing R with an added pair of relays similar 
to RY2 and RY3. In this side of the circuit, the two relays would 
have to work with full-on signal, so the added relay similar to 
RY3 should be set to remain closed, except when the trans-
mitter sends a steady or solid signal. Then the pulser would be 
limited to go only as far as 75% full signal (approximately), and 
the operating button for this additional operation would shift 

S2 

+° TT 3 
3V 

MOTOR ESC 

RI I 

TO RCVR 

RY3 8K 

BATT 2 
+  - 

50  6-9V 

RY 2 

3 5 SI  URIGHT 

/---..  SG ON 
ACTUATOR 

SI  BATT 1 COILS  LEFT 

-̀..,.,  SIG OFF 

R 

SAME RES AS RI 2 

Fig. 315. Control system to get proportional rudder 
plus motor control and fad-safe. Another control 
action could be had with added circuit, as discussed 

in text. 

the transmitter to 100%, or full on. This particular circuit would 

not have the fail-safe feature of the other, however. 
Lightweight low-cost relays can be used for RY2 and RY3. 

RY3 can be of much lower resistance too but, if so, the capacitance 
across it will have to be raised and, naturally, the current drain 
on Batt 2 will be correspondingly higher (though the voltage 

could be lower). 
A well-tested control system, based upon the use of a compound 

control escapement (which also works the rudder) and another 
compound used simply as a switch to operate a motor-driven 
elevator servo, is shown in Fig. 316. This gives lots of elevator 
power for violent stunting, and the setup can be used in large 

size planes. The rudder escapement (a VariComp) operates the rudder 
in the normal way, and its contacts operate the engine escapement 
in the normal quick-blip manner. In the original installation, No. 
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2 compound was a Citizen — Ship unit fastened to a bulkhead, with 
two microswitches so arranged that they were tripped as the rotor 
was put into the two control positions the unit allows. These 
switches are labeled B and C in Fig. 316 and may be considered 
to operate exactly the same as sensitive relay contacts, for purposes 
of connecting the elevator servo. The latter has the usual limit 
and neutral switches fitted. Escapement 2 also has contacts A 
(another microswitch) added to it, but these are operated by a 
cam attached to the main shaft. The cam is cut so that A is in 
the position shown when the escapement is in its single neutral 

CONTACTS ON ESC. N°I 
FOR ENGINE CONTROL 

REC. RELAY (SHOWN IN 
NO-SIG POSITION) 

RUDDER VARI- 
ELEV-4-0 -3, p...„  ,- 0--1.-- ELEV 

COMP N°I \  SERVO-4-o — I j — 0-o- SERVO 

1- 0--,-"DOWN" 
 7 3'c   8  C 

3rd POSITION 
CONTACTS+  

"QUICK BLIP" 
ENGINE ESC. 

3V 

N°2 COMP 
ESC. 

ACTION-QUICK BLIP  ENGINE ESC 
ONE HOLD   RIGHT 
TWO HOLD- - - - LEFT 
THREE HOLD- - - -UP 
FOUR HOLD- - - - DOWN 

Fig. 316. Rudder, elevator and motor control over single radio 
channel are had with this escapement arrangement. As shown, 
No. 2 compound escapement is used as a switcher to control 
action of motor-driven servo for the elevator. In smaller planes, 

this escapement could drive elevator direct. 

position, but shifts to the upper contact shortly after the rotor 
of compound 2 starts to rotate. Control sequence is shown. It isn't 
difficult to learn but, if you would prefer a control box you can 
get one that will do the job automatically as you move the control 
lever. 

Circuit operation 

Circuit operation is really quite simple; the VariComp works 
in the quick-blip and first and second positions as normal. When 
it comes to position three and is held there, No. 2 compound moves 
to its first operated position, bringing the elevator servo into 
action via microswitch B. As soon as compound 2 moves off neu-
tral, the VariComp is released by switch A and returns to neutral, 
but the contacts of A hold escapement 2 in an operative position. 
Since A stays in the same position (upper contact making) as long 
as the elevator compound is off neutral, if you give another pulse 
for down (making four all together), escapement 2 simply shifts 
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from one operate position to the other and the VariComp is not 
brought into use again until No. 2 gets back to neutral. 
If the system is used in a smaller plane or if you don't want 

such violent elevator action, No. 2 can operate the elevator 
directly, dispensing with contacts B and C and the motor-driven 
servo. The latter does, however, allow you to have some trim be-
tween the neutrals, if the centering switches are set for this. In-
cidentally, use of another VariComp at position No. 2 will obviate 
the need for added contacts A, since they are built right into the 

escapement. 
The control systems of Figs. 315 and 316 are shown and de-

scribed in detail since they offer many ideas the experimenter 
may be able to adapt to his own uses. Another such system, de-
scribed in Chapter 12, also has been well tested in extensive flying. 
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chapter lEiDly28 

simple receivers 

BEFORE getting into receivers, a few facts concerning their most important components (tubes and transistors) should be clearly 
understood. First, since radio-control receivers are used where 
small size and light weight are mandatory, we try to select the 
smallest components that will do the job, and also the ones that 
will work on the lowest possible battery power. This means that 
practically all receivers are fitted with either seven-pin miniature 
or with subminiature types — with the subminiatures more widely 
utilized. 
Unfortunately, almost all subminiature tubes used in radio-

control work were designed for audio-frequency purposes; most 
of them are hearing-aid types and practically none were intended 
for radio-frequency use. Fortunately, many of the available types 
do very nicely as oscillators and detectors. However, since they 
were not intended for such use, the makers apply no rf tests to 
them, and we find more variation than we would if we used sub-
miniatures solely for audio. Even so it is unusual to get one that 
just won't work; however, keep these facts in mind when working 
with such tubes. 
Since transistors have just about pushed subminiature tubes 

out of hearing-aid use, manufacturers are dropping more and more 
of the tiny tubes from their stocks. Fortunately, some are still used 
in various scientific and military applications. A few of the hearing-
aid subminiatures we have used have been renumbered, and Fig. 
401 shows some of those from the largest makers of such tubes — 
Raytheon; some are exact duplicates, others close enough so that 
they can be used with no difficulties. 
Some imported types have become quite popular in radio-con-
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RED 
DOT 

P  F+  F-

CK526AX, 
1AG 4, 6007 * 

* MOST SUB-MIN TUBES INCLUDING 1AH4, CK 5854, 502, 512, 533, 539, 549, 

CG 

RED 
DOT 

RED 
DOT 

F+  PSG F- TP 

P  G  PP  PCG TG  F+  

RK6I, 
CKI054 

F-

F+  F-

CK5676, 
XFG- 1 

Exact Duplicate 

CK503AX 
CK546 
CK648AX 
CK549DX 

CK573AX 

CK574AX* 

P D CG 
SG F-  F+ 

IAG5 

Sub-Min Tubes 

CK5854 

CK6519 

CK6418 
CK6419 

CK6029 
CK6281* 

Closely 

CK506AX 
CK522AX 

CK536AX* 
CK537AX* 

1AG4 
CK512AX 
CK5854 

IV6 

Similar Tubes 
CK5672 

CK6088 
CK533AX 
CK526AX 

2E41, 2E42 

CK574AX* 

CK518AX* 

*Denotes sprayed on shield, not normally required for ft/C uses. Can be removed with 
lacquer thinner. The letters AX and DX of the three numeral tube types refer to lead length 
and size of the glass bulb. "A" tubes are a bit longer and fatter than "D" types, and the 
"X" indicates long leads that are normally cut short when the tube is put to R/C uses. Most 
R/Cers ignore these letter suffixes when referring to such tubes, as we will in most cases. 

Fig. 401. Lead connections of sub-min tubes referred 
to in this book are illustrated at top. The table 
below them gives listing of Raytheon sub-min tubes 
which have been renumbered; also shown are some 

close equivalents. 

trol, among them the English DL-66 and the Dutch 6007. The 6007 
is especially useful, as it is a good oscillator on 27 and 50 mc and 
has high gain in af stages. However, it has only a 12-ma filament, 
and cannot be used as a relay tube. The 1AG4 is one of the most 
widely used types and will do just about any job in a control re-
ceiver. It is supplied by several makers, and all makes will work 
quite well in af circuits, but the Raytheon 1AG4 seems best for 
rf. The price of this old favorite has gone up quite a bit, but be-
cause of its good performance it will doubtless be popular for 

a long time. 
As prices come down and quality and reliability go up, tran-

sistors are destined for a more and more important part in radio-
control work. Their biggest advantages are that they work well 
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P2 

KEYWAY 
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(1291) 

2N1324, 
ETC 60-1 ETC 

BOTTOM 
VIEWS 

Fig. 402. Pin connections of widely used miniature 
and loctal tubes, seen from bottom of tube. A few 
transistor types are also included; those at right also 

as seen from bottom or lead end. 

on very low voltages (eliminating the need for B-batteries) and 
their tiny size. Quite a few all-transistor control receivers are now 
on the market, and many more use transistors in the af and 
relay stages, with a subminiature tube as the detector. Rf tran-
sistors are still considered. a bit fussy, especially for the home 
builder who- does not have too much technical know-how; they cost 
considerably more than af types and are generally more easily 
damaged. If their limitations and special "tricks" are kept firmly 
in mind, transistors have a great deal to offer for the serious 
builder. 
Fig. 402 shows lead connections for the most widely used tubes 

and transistors. All the seven-pin tubes are shown in bottom views, 
looking at the pins. Practically all subminiatures used in radio 
control have five wires coming from the bottom, with internal 
connections as in Fig. 402; this includes most imported types such 
as the DL-66 and 6007. Transistor cases come in various sizes and 
shapes, but the lead arrangements shown cover the common types 
normally met in radio control and mentioned in this book. 
Subminiature tube filament leads are labeled plus and minus by 
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the makers, but for most control uses this polarity can be ignored. 
Wherever possible, we have indicated tube pin or lead numbers 
in circuits, except in a few cases where several types may be used, 
as the builder chooses. Needless to say you must be very careful, 
in tube circuits, to keep the B-voltage off the filaments; transistors 
do not require this precaution but they have other points that 
can't be ignored. They can be ruined instantly by incorrect polarity 
(which will not damage tubes in the least), and the maximum 
voltage limits specified by the makers should be strictly followed. 

Simplest receivers 
Until only a few years ago, the large majority of radio-control 

receivers utilized only a single tube, and most of the rest had only 

b3-1211.p.f CI 

2-1/2' TOTAL 

Cl—ceramic trimmer; L—CTC type LS3 form, red  RY 
core, brass slug removed from core screw, 20 turns  5K OR 8K 

No. 24 enameled wire; RFC-1/4 -inch diameter x 1 
inch L phenolic form wound full of No. 34 enam-

eled wire.  Fig. 403. Single gas-tube receiver circuit for 
27-inc operation. 

two. Nowadays it is quite normal to consider those with two tubes, 
or one tube plus a transistor, "simple"; such receivers have now 
pushed the single-tube types into the background. About the eas-
iest circuit that can be used for radio-control work is that based up-
on a special type of tube — one which is not only evacuated as are 
other tubes, but which then has a small amount of gas introduced. 
As seen in Fig. 403, there are very few elements to this receiver, 
which operates — as do practically all those used in control work 

— on the superregenerative principle. 
Superregens are rather complex circuits in operation and allow 

extremely high sensitivity to be obtained from only one or two 
tubes. The single-tubers require that the tube act as an oscillator 
(at two frequencies) and as a detector, as well as to provide a large 

enough current change to work a relay reliably. 
In 1938, when the gas tube was first introduced, it was found to 

do all these things very well — but it had and still has drawbacks. 

TEST METER HERE 
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One of the greatest is short life; another is a tendency to change 
operating characteristics throughout its life. Gas tubes are very 
difficult to produce uniformly, and production variations some-
times make it difficult to procure even a brand-new tube that will 
work in a given receiver. 
Those who wish to try this simplest tube type set will find the 

circuit in Fig. 403 useful. Note that two tube types are specified. 
The set works well with either type — but, remember, not all spec-
imens of either type can be counted upon to work, even though 
brand new. When operating properly, such a receiver will idle with 
no signal at around 1.5 ma (current should not be run any higher 
than 1.5 ma, as tube life will be drastically reduced) and will drop 
to perhaps 0.2 ma with a strong signal. Because of the rather limited 
upper current, high-grade relays should be used — the Sigma 4F, 
26F, Kurman 13C44, etc. They would be set to operate at about 
1 ma and release (or open) at perhaps 0.5 ma. 

Gas-tube receiver operation 
The filament current is about 50 ma with the specified 11/2 -volt 

supply. Turn resistor R2 to maximum and connect the B-battery. 
Then reduce R2 until you read about 1.3 ma on the test meter 
(which should have a scale of perhaps 0 — 3 ma). Turn on a 27.255-
mc transmitter and rotate the core in L with an insulated screw-
driver until you get a drop in plate current. Open the transmitter 
key, and the receiver current should jump back to maximum 
instantly. With no signal, you will probably hear a harsh "singing" 
sound from the relay, and the meter needle will wobble a bit. 
If this wobble is more than 0.05 ma, the set is too "hot" and the 
capacitance of Cl should be increased. You will then have to 
retune L. 
A distance check is now in order. You should get about the same 

current change 1/4  mile away as near the transmitter, though the 
current might not drop to quite as low a value. Gas-tube sets 
have lots of little tricks — one reason why the single gas-tuber has 
dropped in popularity. If the plate current stays low with no in-
coming signal, lengthen the antenna or increase the capacitance 
of Cl — or do both. You can't use too much antenna, of course, as 
it would become too cumbersome to handle. C2 can be increased to 
raise the plate current but, if it is made much larger than shown, 
turns will have to be taken off L to tune it to the desired frequency. 
If the plate current won't drop when the transmitter is keyed, 

try connecting the metal coil end to A-minus with a short length 
of wire. 
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In most receivers, the RK-61 and XFG-1 are not considered in-
terchangeable. The RK-61 usually works better with a lower 
L—C ratio — that is, less inductance (fewer turns) on L and more 
capacitance at C2. In any case, as the tubes age, you will have to 
keep changing the setting of R2 to maintain the desired maximum 

plate-current. 

More reliable gas-tubers 
Much longer tube life can be had from gas tubes if the tube is 

operated at considerably lower plate current and a second tube is 

RFC XFG-I,RK-61  XFG-I,RK-61, 1AG 4 

1 005 

L—CTC 1S3 form, red core (no  4. 
brass slug), 141/2 turns No. 28 
enameled wire, tapped 71/2 
turns from grid end; RFC 
same as for Fig. 403 on page 

74. 

1.5 V 

R HERE 
IF RE01D 

Fig. 404. Gas-tube receiver with added relay tube. A very low leakage capacitor 
needed in grid circuit of V2. 

added to provide the necessary large change in current for the 
relay. A circuit for such use is seen in Fig. 404. VI can be operated 
at a maximum of perhaps 0.5 ma, which will drop to around 0.1 
ma with signal. This change in operation is sufficient to trigger V2 
into a much larger current change. Both gas and hard tubes (the 
latter are highly evacuated, but do not have the added gas) are 
used as V2, with hard tubes favored due to considerably longer 
life, lower cost and ability to operate at higher plate current with-
out harm. Some modelers put old gas tubes which no longer oper-
ate reliably as detectors in the V2 position, where they will usually 
be found to give good results for many more hours. It is normal to 
use no grid leak on V2; however, if the relay chatters a great deal, 
a 1-megohm grid-leak resistor may be run from grid to B-minus. 
Depending upon tube type and relay resistance, the maximum 

plate current of V2 can be several milliamperes. If a pentode is 
used in this spot, connect the screen grid to the plate and operate 
the tube as a triode. A fixed resistor may be placed in series with 
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the relay to cut the current down to a couple of ma. Types widely 
used for V2 include the 1AG4, CK521, CK526, CK5672, etc. Two 
test jacks are normally utilized, or else a switch to shift the meter 
from one tube to the other. Normally, once V2 has been set up 
to operate properly, it is not necessary to check it continually. 
If VI is working correctly, V2 will almost invariably do so as well. 
Because of the higher current possible, smaller relays can be 

used in this circuit to effect a weight saving. 
A further refinement of the two-tube circuit of Fig. 404 is the 

TO PLATE  RFC 

OF GAS TUBE 
VI 

CHECK VI 
CURRENT 
HERE 

100K 

.05 1N295 

B+ 
A— 

XFG-I,RK-61, IAG4, ETC 

V2  10  

CHECK V2 
CURRENT 
HERE B+ 

RY 

()DASHED LINES SHOW SCREEN 
GRID CONNECTION IF USED 

Fig. 405. Improved relay tube operation is had with addi-
tion of a diode, to supply dc to grid of 1/2. Simple one-
diode circuit shown here. Better results can be had with 

a diode voltage-multiplier circuit. 

use of a diode between the two tubes. A single diode connected 
as in Fig. 405 serves to rectify the "hiss" produced by the first tube, 
and the voltage is applied to the grid of V2. Use of one or more 
diodes (some circuits have used up to four in a voltage-multiplier 
circuit) between the tubes allows VI to run at a lower idling cur-
rent, and also makes V2 idle lower. 
The next development was to add a transistor amplifier to the 

single gas-tube circuit; one version (the/Gazistor) is shown in Figs. 
406 and 407 and its circuit in Fig. 408. Both RK-61 and XFG-1 
tubes were used, but for some RK-61's, it might be necessary to 
use more capacitance across L than the indicated 6.8 ppf, with cor-
respondingly fewer turns on L. (A Neomatic relay is shown, but 
the lower-cost Gem will do as well and also fit in the same space.) 
Base layout of the original receiver is shown in Fig. 409. Flea clips 
are used for the leads of both tube and transistor. 
Try out the set first with just VI in its clips; set RI to bring 

the tube plate current to about 0.5 ma, then key your transmitter. 
The current should drop to about 0.1 ma. If it does, you are 
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ready to install the transistor (always open the power switch when 

you are plugging the transistor in or out). 
Transistors vary quite a bit — especially the low-cost jobs used 

here. Upon turning the power on, a meter in J2 should read a 
minimum of about 0.8— 1.5 ma when you adjust R 1. If you can't 
get a reading this low, you may have to install a 470,000-0hm re-
sistor at R2. (With one transistor tried, it was found necessary 

Fig. 406. Top of Gazistor chassis has RK61 tube, relay, transistor, 
two variable controls. Use of transistor reduces size, provides 

plenty of current change for tiny relay. 

to go up to 820,000 ohms!) Many other types of transistors can be 

used, and here again different values of R2 may be required. 
A better idea of how the test meter reacts as RI is varied can 

be seen in Fig. 410. Note that an increase in resistance from the 
point of lowest B-current (for both tube and transistor) will give 
an unsteady increase in meter reading. If you decrease the re-
sistance, however, the meter will show a steady current rise. The 
best potentiometer setting is just to the lower resistance side of 

the maximum current dip. 
Since most gas tubes are now used with a following tube or 

transistor, and thus used at lower plate current than they had 
originally been designed for, Raytheon Mfg. Co., only American 
manufacturer of such tubes, has brought out a type especially de-
signed for such circuits; it is called the CK1054. It is the same size 
as the RK-61, looks the same and has the same lead connections. 
However, it is intended for low current operation only (it should 
not be used in the circuit in Fig. 403, for example); in normal use, 
the plate current of the CK1054 should run no higher than 0.5 
ma, and this drops when a signal is received. With proper use, this 
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Fig. 407. Underside of Gazistor receiver. Neoinatic relay shown 
here, but Gem will do fine. Most 5,000 and 7,500 ohm relays are 

suitable. 

tube should give good results for at least 200 hours; in the single 
gas-tube circuit, some RK-61's will last only 6 hours or so. 

Hard-tube receivers 
Because their tubes have long-life, hard-tube receivers have be-

come increasingly popular. Here, again, it is quite usual to add a 
relay tube or transistor to the basic single-tube receiver. In this 
case, it is not because the higher plate current shortens tube life, 
but to get other advantages such as more reliable operation, good 
current change with lower B-voltage and reduced filament cur-
rent (using a transistor in the second position). 

The basic hard-tuber with a seven-pin miniature tube seen in 
Fig. 411 has been highly popular. It goes under the name of 
Simple-Single. A look at the circuit in Fig. 412 will show a couple 
of parts not used in the single gas-tube circuit — L2 and Cl. These 
are used to enable the tube to oscillate strongly at a low frequency 
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— but much above audibility — CI gives a direct control of this 
low-frequency oscillation, and indirectly controls receiver sensi-
tivity as well. Though the tube used is a pentode, the screen grid 
(pin 4) is connected to the plate (pin 2) and operates as a triode. 
The 3S4 tube has a dual filament and only half of it is used in the 

Simple-Single, thus saving some A-battery power. 
All parts of the original were mounted on a 1/16-inch thick 

piece of linen-base phenolic measuring 21/2  x 3 inches. A balsa pro-
tective case was made to fit over the bottom. The relay shown in 

CK722 
04  B 

18 TO 24LT10p.p.f 

RFC 10001 
47P-P.f RK-61 

227 N°30 
ENAM W IRE  23 MEG 
ON CTC LSM   
FORM; RED CORE 

---- yON -OFF SW 

.45 V 

Fig. 408. 408. GaZiStOr circuit. Some arrangement should be made to check cur-
rent of tube and transistor separately. After you are familiar with opera-
tion, this is not necessary. Tube current is most imporant. Transistor 
current gives indication of B-battery condition. Original set had CRL type 

B16-117 for RI. RFC is National type R-33, or equivalent. 

the photos is an English E. D. and may not be available; an Amer-
ican RBM of 5,000 ohms would be a good substitute. Since the 
range of current change of this receiver is about 2.25 to 0.75 ma, 
the relay should be set to pull in at about 1.6 ma and to drop out 
at about 1.1 ma. This type of receiver should give almost the same 
current change at a distance from the transmitter as it does close 

When the set is connected  to  the  batteries,  turn  the  adjustment  
by. 

screw in sensitivity control Cl so as to compress the capacitor 
plates — this raises the capacitance. The plate current should be 
under 1 ma. Now lower Cl's capacitance and you should reach 
a point where the plate current suddenly jumps to its highest 
value. The current change is very abrupt. The set is most sensitive 
just at the point where the current jumps, but the trimmer capac-
itance should be lowered at least another half-turn beyond this 
point. Now key a nearby transmitter and rotate the core in Li 

TO ESC 
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Fig. 409. The seven numbered holes are for flea clips to take 
leads of tube and transistor. Most R/C suppliers carry these clips 

which hold in pro-per-sized hole by spring pressure. 

until you get a sharp drop in current. There is little interaction 
between the tuning and sensitivity controls — one of the biggest 
advantages of this circuit. 

If you can't get the sudden current rise when Cl is reduced, 
you may have to lengthen the antenna a bit. It has also been found 
helpful with this sort of receiver to run a wire from B-minus along 
the bottom of the fuselage to the tail; the wire increases the ef-
fective antenna and stabilizes the receiver. 

On the other hand, if your meter shows a high current that 
won't drop when Cl is turned up tightly, then the antenna needs 
to be shortened. If you can get a sudden current change as Cl is 
adjusted, it is almost a certainty that the set is working correctly. 

Most 3S4 tubes work in this receiver, though some are more 
sensitive than others. The acid test, of course, is to make a distance 
check; you should be able to get reliable operation of the relay 
with the receiver at least a quarter of a mile from the transmitter. 
If the set doesn't seem quite right, try another 3S4 tube, pre-
ferably of a different make or at least from a different supplier. The 
set should always be operated with Cl turned as far from the 
sensitive point (where the plate current jumps up as Cl is reduced 
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in capacitance) as possible, while still making sure that you get 

enough sensitivity for maximum-range operation. 
This necessity for working out a rather critical sensitivity ad-

justment is the main drawback of the single hard-tuber, but once 

the trick is learned you will have no trouble. 
If the sensitivity is set too close when the plane is on the ground 

UNSTEADY 
RISE 

STEADY 
RISE 

INCREASING  ,• \• =‘••  DECREASING 
POTENTIOM ETER  .8-1.5 MA  • POTENTIOMETER 

RESISTANCE 
RESISTANCE  IDLE CURRENT   

(BOTH TUBE a 
TRANSISTOR 1 

Fig. 410. Current change of Gazistor receiver 
as RI is varied. This shows total current 

change, as measured at B battery. 

or held in one hand, the current is apt to drop to the lower value 
when the model is launched and leaves the ground. It is safest to 
set the sensitivity with the model held by its two wingtips as far 
as possible off the ground. This is not very practical, of course, and 
you will soon get used to setting the sensitivity so that it will not 
be too acute and yet, the receiver will operate at any range within 

which you can still see the model. 
This type of receiver thrives on high voltage and seems more 

sensitive if used with 52 1/2  volts (standard 221/2-and 30-volt bat-
teries in series), or even 60 or 67 1/2  volts. Maximum plate current 
naturally will be higher than with 45 volts and, while signal-on 
current will also be somewhat higher, it won't rise by the same 
percentage. Thus, the current change will be greater, which makes 

relay operation more reliable. 
With the balsa-bottom case, the set weighed about 4 oz. Some 

quench transformers (the technical name for L2) have been found 
to be marked differently from the one used here. The larger of 
the two coils should be connected from C2 to LI, with Cl con-
nected in parallel. The two windings must be polarized properly; 
to check this, try shorting the primary lugs (the smaller coil) with 
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Fig. 411. Simple Single gets name from rather simple cir-
cuitry, use of single tube. Only tube top and adjustments 
for Ll and Cl project above chassis. Wood cover on bottom 
is mainly to keep dirt out. It is not much protection in 
case of a crash! English polarized relay was used. Tube 

socket is mounted on long screws with spacers. 

a screwdriver. This should produce quite a change in plate cur-
rent. If there is no such change, reverse the two primary leads. 

Subminiature single hard-tubers 
Since planes and equipment are steadily getting smaller, the 

subminiature version of the receiver just described is increasingly 
popular. The circuit (Fig. 413) is almost identical, but smaller 
parts have been used throughout. The quench transformer should 
be mounted by cementing a wood (or any insulating material) rod 
in the core and by use of a short brass screw, either a wood or 
machine screw. Don't run a metal screw all the way through the 
core hole. The full-sized chassis with all holes indicated is shown 
in Fig. 414. Fig. 415 shows how the socket is mounted, plus details 
of L I and RFC. The relay shown is an E. D. nonpolarized, an 
English make; the widely-distributed Gem will do very nicely and 
is a bit lighter. Since the total current change of this set, known 
as the Mini-Mac (Fig. 416) is approximately 1.8 to 0.5 ma, the relay 
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can be set to operate at around 1.3 ma and to release at 0.9 ma. 
The CK526AX tube draws only 20-ma filament current, and 
even a penlight cell will keep it lighted for quite a long time. 
The lugs on the plates of Cl were clipped short (run solder over 

the clipped-off ends to make sure there is a good connection to all 
plates) and the capacitor was mounted by means of the two little 

ANT 

TOTAL  LI t 
LENGTH 
24" 

RFC 

L1—CTC 1S3, red core, 17 turns No. 
28 enameled wire; CI—Arco #308, 
450-1390 p4tf; L2—Ace Commander 

II quench coil; RFC-22 mh. 

CI  C2 

100µµf 

220K 

3S4 

7 

4K-5K 
RY 

I-1/5 V 
8-
45V 
Bi-

Fig. 412. Circuit of the Simple-Single. 

center tabs. Connections are soldered directly to the capacitor's 

metal ends. 
A and B on the chassis drawing (Fig. 414) are small eyelets 

used to hold ends of wires, while the row of four holes near the 
tube socket are used to anchor the battery and relay leads. A 

CK526AX 

LI and RFC—see Fig. 415 on page 
85; L2—Ace sub-min quench trans-
former; CI—Arco 469 mica trimmer. 

Fig. 413. Mini-Mac circuit for 27 mc. Tube 
uses a subminiature 5-pin socket. 

small metal clamp lined with felt holds the tube down. Tube con-

nections are as shown in Fig. 402. 
Operation of this receiver is exactly the same as for the Simple-

Single. You must get a sharp jump in plate current as sensitivity 
capacitor Cl is reduced. If Cl is set a little to the low-capacitance 
side of the point where the plate current suddenly jumps, then 
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Li is tuned to the transmitter. The receiver will sometimes work 
poorly or even not at all very close to the transmitter; this is called 
overloading and many types of receivers are so affected. The rem-
edy, of course, is to move them apart. 
Final tuning of any radio-control receiver should be done at a 

2-56 TAP FOR 
TUBE CLAMP 

0 C4 LEAL') 

0 RY  a 
A 

0 #40 DR. 

#I2 DR. 

3/64 DR. 

w(i B 

0 
0 

0 #50 DR. 
0 LI 

° L2 

ANT LUG 0 

C2 

#16 DR  #50 DR 

1/16 THICK LINEN-BASE PHENOLIC 

VIEW OF BASE FROM TUBE SIDE 
FULL-SIZE CHASSIS. 

Fig. 414. Mini-Mac chassis. Four holes in row 
at far left are for relay and battery leads. L2 

is mounted by cementing it to base. 

FOR MOUNTING 
HOOKS # 50 DR 

considerable distance from the transmitter — at least several hun-
dred feet and preferably much farther. It is impossible to tune 
most receivers accurately when they are close to a transmitter; 

25 TURNS 
*34 EN. 

LI 

— MUSIC WIRE 
32  TENSION SPRING 

CTC * LSM COIL 
FORM. RED CORE 

L1111111111111111111111111ii 
WIND FULL OF *38 EN. 

RFC 

RED DAB 

BENDING SOCKET LUGS 
1 a 2 SOLDERED TOGETHER 
GO THROUGH SAME HOLE 

Fig. 415. Coil and socket mounting details for Mini-Mac. Cement socket 
in place. 

85 



11111111111f  

Fig. 416. Mini-Mac with bat-
teries. Quench coil is wrapped 
with tape to protect fine wire 
windings. E.D. relay shown; 
Gem will fit in same space. 
The two half size penlight 
cells in holder at left would 
be connected in parallel for 
A-supply. Tube runs diago-
nally, is held by small clamp. 

the tuning is far too broad there to find the true optimum point. 
The plate current of the Mini-Mac should not be much higher 

than 1.8 ma, due to the low filament drain tube used. It is usually 
considered that a safe plate current for almost any of these little 
tubes is one-tenth of the filament current — this holds true for the 
subminiatures and the seven-pin types as well. If you go over this 
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Fig. 417. Mini-50 for use on 50 
mc ham band. Layout is much 
like Mini-Mac but operates bet-
ter when tube is mounted as in 
Fig. 418. Cement tube socket in 

place. 
--400.7. 

I M e t e, 

e.t r 

IP G4 

QUENCH 
TRANSFORMER 

.*4 

figure, the filament is apt to be ruined, even though it will still 
light. With fresh batteries, plate current should not be higher than 
2 ma; if it is less than 1.8 ma, reduce R a bit to raise the current. 
As B-battery voltage drops with use, the plate current will also 
drop. 

The Mini-Mac weighs about 2 ounces and this, plus its low A 
and B drain, makes it useful for very small models. 
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ii  TO CI 
16  8 L2 

CUT SCREW TO 
FIT IN BOX 

—4 LONG BRASS 
WOOD SCREW 

II TURNS NO. 30 EN 
RED CORE CTC 
NO. LSM FORM 
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I" 
32  MUSIC WIRE 

TO PRI 
OF L2 
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WIRE TO 
RELAY 

- * LENGTH  WOOD 
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re. 
D WIND FULL OF NO. 38 EN 

RFC 

1111111111111111151116 

PARTS PLACEMENT  

EYELETS 

HOLE FOR RELAY CONTACT 
LEADS 

GRID LUG BENT UP 

P a SG LUGS IN 
THIS HOLE 

HOLE FOR WIRE FROM C3 

CABLE 

PUT 
RED 
DAB 
HERE 

Fig. 418. Component details of Mini-50. Use brass screw for mounting L2 or 
cement it to base. Note straight tube mounting, better than diagonal arrange-
ment, though this was used in original Mint-50. Small dab of cement will 

hold tube but it can be removed when necessary. 

50-mc single hard-tuber 
A 50-mc version of the single hard-tuber, known as the Mini-50, 

is illustrated in Fig. 417. This is very much like the Mini-Mac, 
except that operation on the higher frequency necessitated another 
tube and a few changes in circuit values to accommodate it. Things 
are a bit fussier on 50 mc than on 27.25, and it was found better 
to mount the tube as shown in Fig. 418 rather than diagonally, 
as in the bottom view. This change gets the tube away from the 
bottom of quench transformer L2, which is rather sensitive to 
metal. Using the Neomatic relay shown, the set will just go in a 
standard 1-inch high plastic case. A Gem relay could be used, 
but parts would have to be repositioned to mount it on its side 
(keeping all metal as far away from L2 as practical), or a hole could 
be cut to allow the relay to poke through the top of the box. Two 
ledges of hard balsa are cemented inside the case for the 3/64-inch 
thick linen phenolic chassis to rest on, and positioned just high 
enough from the bottom to squeeze the 1 AG4 snugly between 
case and chassis underside. 
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The Mini-50 idles (no signal) at about 2.2 ma — this drops to 
around 0.75 ma on a fairly weak signal. Filament drain is about 
45 ma; the set, complete with case, weighs 21/4 ounces. Tuneup 
and operation are just the same as for the Mini-Mac. 

Let us emphasize that single hard-tubers generally are rather 

RY 
5-7.5K 

BREAK a 
CHECK V2 
CURRENT HERE 

BREAK 8 
CHECK VI 
CURRENT HERE 

Fig. 419. Single hard-tube circuit with added transistor. Components 
not marked are as shown in previous circuits. R may vary, depending 

on transistor used, current drawn by VI. 

broad in frequency response, especially when set up to be too 
sensitive. With the growing emphasis on sharper tuning receivers 
and transmitters, this type will doubtless gradually drop out of 
use. It is quite popular at present, however, both in home-made 
and commercial versions. For this reason, we will give two more 
circuits, actually additions that can be applied to most of the 
single hard-tubers now in use. 

(OUT) 

Fig. 420. Use of variable resistor at R 
allows control of transistor current. 
This control could be a CRL type 
BI6, small enough to mount in most 

receivers. 

The first makes use of a single transistor relay stage, and al-
lows high relay current, while the receiver only requires 22.5 
volts for operation. Fig. 419 shows the circuit, as it would be 
added to any single hard-tuber of the type we have described. 
Circuit values not indicated are just the same as those we have 
already shown, and the added transistor circuit does not have 
much effect on operation of the hard-tube circuit itself. Resistor 
R takes the position in the circuit of the sensitive relay, which is 
shifted to the collector circuit of the transistor. This circuit has 
given good results with low-cost transistors like the CK722. De-
pending upon the value of R, the transistor may idle around 2.5 
ma and drop to perhaps 0.3 with signal. Since transistors vary so 
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much, some experimenters prefer to use a tiny adjustable resistor 
as in Fig. 420; this can be set to give the best overall current change 
in the relay. Fixed resistors could be substituted for the variable 
to save space and weight; there would be no further need for 
the variable resistor unless a different transistor were to be in-

stalled. 
Since maximum current is not important when the transistor 

is used, but rather the change in the current through the transistor 
base and emitter resistor, there is no particular need for a high-
current tube. Some experimenters have had good results by replac-

IK 

ON-OFF 
SWITCH 

TO FIL VI  12-22.5 V 
0----0 

- 

RY 

J2 

Fig. 421. Two transistors give advantage of lower relay current with no signal. 
The two jacks allow check of tube current and relay current. 

ing the CK526AX in the Mini-Mac with a 10-ma filament tube 
such as the CK548 for example. In the circuit of Fig. 419, the 
1AG4 which had been used in the single tube receiver idled (no 
signal) at about I milliampere and dropped to several tenths of a 
milliampere with signal; the CK548 idled at about 0.75 ma and 
also dropped to a few tenths of a milliampere. In addition, its 
filament drain was less than one quarter that of the 1AG4. 
This sort of transistor addition to a single hard-tuber will give 

relay current in the same direction as that of the receiver alone 
— that is, transistor current will be high with no signal and will 
drop when you key the transmitter. By using two low-cost tran-
sistors (Fig. 421), you can get the opposite action; this circuit takes 
little or no more power than the single transistor version. The 
lead market OUT would connect to the lead with the same indi-
cation in Fig. 419. J1 monitors tube current, while relay current is 
checked via 12. This circuit has been used with only 12 - 18 volts 
total, as indicated, though 221/2  volts could be used if desired. 
Resistor R is selected to produce a tube current (at 11) of 0.5 to 
0.6 ma, and the 1,000-ohm variable resistor is adjusted to produce 
a no-signal current through the relay of about 0.1 ma. 
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chapter InE111171 . 

complex receivers 

ALTHOUGH the receivers of Chapter 4 can give excellent re-
sults if handled intelligently — thousands of them are doing so 

right now — they are all a bit tricky to handle. The gas-tubers re-
quire a frequent check of the detector to make sure it is function-
ing properly, and adjustment of the variable plate resistor. The 
single hard-tubers (with or without added transistor) require a 
fussy sensitivity adjustment. Practically all the sets are touchy as to 
antenna length and placement. Many modelers are willing to 
try more complex and expensive receivers for the big advantage 
of doing away with general fussiness — in other words, getting rid 
of all variable adjustments except for tuning. Most of the receivers 
to be described in this chapter have no sensitivity adjustment and 
are generally rather independent of antenna length or placement 
(with most of them, you can actually hold the antenna and the 
receiver will still pick up a signal). 
Although all the receivers described so far are intended for 

continuous wave (CW) operation, many in this chapter must have 
a modulated signal to operate. CW means that the transmitter 
emits an unchanging rf signal on the desired frequency — the 
signal has no modulation, and the receiver is operated by keying 
the transmitter on and off. In tone work, it is usual to leave the 
transmitter turned on continuously, so that it emits a steady car-
rier or CW signal, then to key the audio tone on and off. 
This has several advantages, the most important being that 

with the strong CW signal always coming in, the receiver in the 
model is less likely to be triggered by an interfering signal of any 
sort. Also, tone receivers are generally less sensitive to rf noise in 
the plane for the same reason. Because af equipment is more com-
plex and expensive than the CW type, it is possible that the 
majority of modelers still use the latter, and prefer it; for this 
reason we will describe several more CW receivers here. 
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Twin hard-tuber 
This receiver, widely known as the Tech-Two, is used on both 

27 and 50 mc. It has proven extremely reliable, has no variable 
adjustments aside from tuning and produces a husky relay current 
change. Many variations of the circuit have been seen, that in Fig. 
501 being one of the most popular. Intended for 50-mc use, this set 
is light, compact and relatively easy on batteries. The relay current 
idles low and increases with a signal. 
With no signal coming in, VI produces quite a strong hiss, 

actually a high-frequency "tone." The hiss is stepped up a bit by 

LI 

ANT 

CK533AX BLUE  GREEN CK5854 
L2  L3 L4  N.O. 

N.C. 

- 
RI  1.8 MEG 

27.255 MC 
OR 
50 MC 

—45V 
A— +45V 

470p.p.f 

POINT X 
RY 
7.25K 

N.C.. NORMALLY CLOSED 
N.0..NORMALLY OPEN 

L1-18 turns No. 28 enameled wire, CTC ISM form, white core (50 mc); 32 turns No. 32 
enameled wire, CTC ISM form, red core (27.255 mc); 12—I turn around center of Li 
(50 mc); 2 turns around center of 1-1 (27.255 mc). Use insulated hookup wire for 1.2. 

Fig. 501. Tech-Two circuit for 50 mc. Point X for insertion of test 
meter, not needed once set has been checked out. 5% capacitors are tiny 

mica units (Arco) stocked by many radio suppliers. 

transformer L3 — L4 and amplified by V2. The amplified hiss is 
taken off the plate circuit by Cl and rectified by diode D1, then 
sent back to the grid of V2. Since the polarity is negative, V2 is 
held to a low plate current — usually from 0.2 to 0.4 ma. When a 
signal comes in, the hiss stops, V2 loses its negative bias and con-
ducts heavily, pulling in the relay. 
A rather special transformer must be used to couple the tubes 

but fortunately, a ready-made one can be pbtained from radio-
control suppliers. Many builders wind their own transformer 
coils but, since the manufactured one is entirely satisfactory (and 
it saves a lot of time too!), we recommend its use. For those who 
want to try making one, the specifications are shown in Fig. 502-a; 
coil forms are made of tubes of rolled paper smeared with model 
cement, with fiber discs cemented on for end pieces. Winding is 
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done by holding the coil bobbin thus made on a bolt, clamped in 
the chuck of a hand drill. It is not necessary to put on the exact 
number of turns specified; several hundred turns either way will 
make little difference. Flexible stranded wire should be attached 
to each end of the No. 42 wire, and the coils given a protective 
wrapping of electrician's plastic tape. 
The core material is a special alloy called Mu-metal; possibly, 

strips taken from more common transformer core metal might do 

...1-- -.—  .1/4"0.D.TUBES 

5/8" 

L3 

2000T 
N°42 
ENAM 
WIRE 

L4 

7500T 
N°42 
ENAM 
WIRE 

METALIORE* 

L2 

9/16"—.1 

2"C" STRIPS IN EACH 
SIDE. ADD 2 "1"STRIPS 
IN L3 & 14 IN L4. 
BEND "C"S FLAT AFTER 
ASSEMBLY 

MUSIC WIRE TENSION 
SPRING HELD BY 
NUT ON COIL FORM 

a 

FOR 50 MC 

I" —i 

1/2" 

µMETAL 

CUTTING "C" P ECES FOR CORE. 
DISCARD SHADED AREAS 

RC 

1/2" — 3-1 

WIND FULL OF N° 34 ENAM WIRE 

* GYRO ELECTRONICS 

Fig. 502. An "RCA 10 ph" rfc can be used in place of one shown (Ace 
or Gyro). Winding transformer is tedious job. Commercial units can be 

had at reasonable cost. 

as well, but the Mu-metal works. (It can be obtained from radio 
control suppliers). After the specified number of strips are in-
serted in the coils, the rest of the space is filled with balsa and 
smeared with model cement to hold it in place. Bend the C strips 
flat along the sides of the coil bobbins and give the whole trans-
former a coat of polystyrene coil dope (model dope will probably 
do as well). The set is mounted on the usual 1/16-inch thick 
linen base phenolic and fits into a standard plastic protective 
case; it measures 1-5/8 x 2-1/8 inches. The tube sockets are each 
held by a single 2-56 screw, plus a spot of "Goo" (a cement avail-
able in model shops) on the underside. 
Construction details for the antenna transformer are given in 

Fig. 502-b and 503. LI is supported by its lugs, which are sol-
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dered into small eyelets in the base plate. The transformer is 
seated in shallow grooves cut in the plate for the bottoms of the 
two coils. Before mounting, they are coated with Goo; the trans-
former is then bound tightly to the base with heavy thread. Several 
eyelets in strategic places serve to tie down the loose ends of the 

small parts. 
The set whose circuit is shown in Fig. 501 was intended for 

50 mc. It will work on 27.25 mc with the following changes: Li 
is wound on the same form, but using a red core — 34 turns of 
No. 32 enameled wire; L 1 is two turns of insulated hookup wire 
wound around the center of L2; RFC, a 22- 0 iron-core choke 
(Gyro or equivalent); C2, a 75-vvf 5% mica capacitor; R1, a 1.5-
megohm resistor. A 5% mica capacitor is specified for C2 and for 
other capacitors in the set; small ceramics will work just as well, 
but many of them have very wide capacitance tolerances, some as 
much as 100%. This wide variation can make a serious difference, 
so it is better to use close-tolerance parts unless you have capaci-
tance-measuring equipment. Construction details for the radio-
frequency choke (RFC) shown in Fig. 502-c, are for 50-mc opera-

tion. The Neomatic relay was used in this set because it could be 
bolted to the chassis and the cover could still be closed. If a Gem 
relay is used, a hole will have to be cut in the case to allow the 

contact plate to protrude. 
Wire the filament circuits first. Do not put the diode in until 

the very end, and use care in cutting and bending the leads. If 
they are loose in the tiny head, the diode should not be used. Hold 
the diode leads close to the case with long-nose pliers when solder-
ing, to prevent heat from ruining the unit. Be sure to use arc-
suppressor capacitors across the relay contacts; if the set is to be 
used for control systems that require only a single contact of the 
relay, you won't need the double suppressor, of course. 
If all parts used are as specified, the set almost certainly should 

work. With batteries connected but with no signal, total drain will 
be about 1 ma, which should jump to about 3 ma or more when a 
signal is tuned in. Actual current through the relay is about 0.5 to 
2 ma. The circuit values shown should give good results, with 
normal parts tolerances and variations in the tubes; it might be 
possible to get even better results from the set by selecting parts. 
If you wind your own transformer, try reversing the leads of one 

winding, either L3 or L4; you will generally get several tenths of 
a milliampere higher current with the transformer polarized the 

94 



L4 

ANT TRANSFORMER 

RFC 

L3 

Fig. 503. Single turn coil (Li) is seen centered on the antenna trans-
former. Interstage transformer L3-L4 is cemented to base. Windings are 

protected with tape wrapping. 

proper way (if you use a manufactured transformer, connection 
of wires according to colors indicated in Fig. 501 will assure proper 
polarization). With only VI in the set you should have a B-current 
of 0.3 — 0.4 ma, and this should drop a tiny bit when the trans-
mitter is keyed. 

Best indication of set operation is to insert a meter in the plate 
circuit of V2 at point X (keep the meter leads short); this will 
read only plate current through the relay. Put your finger momen-
tarily on the radio-frequency choke and note how high the plate 
current of V2 goes (it ought to be 2 — 2.2 ma); you should get about 
the same current when the transmitter is keyed on. With no signal, 
V2 plate current will be around 0.5 ma and will be seen to "wig-
gle" a little — possibly as much as 0.1 ma. If you don't get the 
maximum current rise with an incoming signal, RI is too high 
in value; reduce it several tenths of a megohm and check again. 

If V2 current won't go to the maximum with a weak signal, 

95 



Fig. 504. Sockets are cemented to base but are also held with single screw. Fila-
ment leads run along upper edge of base, are cemented to keep them from 
shifting. Lug on relay mounting screw is ground connection for various 

small parts. 

the capacitance of C2 may be increased a bit; however, too high 
a capacitance here will raise the no-signal plate current of V2. 
If the parts specified are used and mounted as in Figs. 503 and 

504, you should have no trouble with oscillation in V2. Separate 
the interstage transformer and relay as much as possible to prevent 
such oscillation. If V2's plate current stays at a very low value — say 
0.1 —0.2 ma, and won't change with signal, it is a sure sign that 
V2 is oscillating at audio frequency; this can sometimes be cured 
by reversing the leads to the relay coil. There have been cases of 
trouble of this sort when the sensitive relay has been mounted 
at a distance from the receiver; you can often get proper operation 
in such an installation by connecting a 100-pf capacitor from the 
plate of V2 to B-minus right at the socket. 
The foregoing troubleshooting hints are given, not because the 

Tech Two is a difficult receiver to get going, but because so many 
have been built with so many variations, it is felt that these hints 
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will help to get the most out of the receiver. Many other tubes 
have been tried for VI and quite a few have been found to work 
fine, but most require a slightly different grid leak resistor (R1) 
than that specified in Fig. 501. Good detectors besides the CK-
533AX are the 1AG4, DL-66 and CK502; if you use other than 
the CK533AX, check for optimum grid leak as outlined above. 

IAG4 

D11 
X- SEE FIG 502 
ON PAGE 93 

47µµf 
5% 

V201111.1: 
.001 

45V 

RY 
7.250K 

Fig. 505. Use of IAG4 allows 
much higher relay current. 
Capacitor across L4 might 
need some experimentation. 

Generally, R I should be as high a value as possible while still al-
lowing V2 to go to maximum current with signal. 

Higher relay current for the Tech-Two 

The 2-ma current obtained from the original receiver was found 
quite satisfactory, but some builders like to have more current 
than this. Also, the CK5854 is a rather expensive tube. The lAG4 
makes an ideal relay tube, but requires the addition of two more 
circuit parts, as shown in Fig. 505 (a 20K resistor in the screen 
grid circuit and a 0.1 pf capacitor between screen grid and cath-
ode); with these, the current through the relay will be about 
0.7 — 3.0 ma. Don't use the 1AG4 without the screen-grid dropping 
resistor or you will ruin it. 

Low-voltage Tech-Two 
To save weight in smaller models, many builders prefer re-

ceivers that will work on 221/2  volts instead of the more usual 45. 
Subminiature tubes in normal use won't draw enough relay cur-
rent at this low voltage, so we must turn to the transistor. A re-
ceiver based on the Tech-Two, but featuring very low filament-
current drain (about 25 ma total) and 22 1/2 -volt operation, is 
shown in Fig. 506-a; the layout is shown in Fig 506-b. The circuit 
(Fig. 507) is very similar to Fig. 501 and many of the parts are 
the same, but a transistor amplifier (V3) is added to supply suf-
ficient relay current. The same transformer L3 — L4 is used, but a 
new component, L5, has been added. (Fig. 508 gives construction 

97 



Fig. 506. Tech-27 (see photo above) is in 
larger case than Tech-Two to make space 
for added components. Same interstage trans-
former is used. Note relay (lower photo) held 
down by four wires through eyelets at right, 
and by wire to lug on frame at left side. 

details of Li, L2 and L5.) This functions as an af choke and its 
value is not at all critical. The one shown was made from a 1,500-
ohm Gem relay coil, with several core strips of the same metal as 
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Fig. 507. Circuit diagram of the low-voltage Tech-Two. Ll, L2, Ti and L5 are 
available from Ace Radio Control. 

specified for the interstage transformer. (L5 can also be obtained 
ready to use). The transistor acts as a dc amplifier, controlled by 
the variation in current through R4. Since V2 does not have to 
work a relay, a low-filament-current tube may be used; the 6007 
has been found ideal for both VI and V2. 
To make the set easier to build, a slightly larger plastic case 

is used; a bottom-view layout (not scaled) for the base plate is 
shown in Fig. 509-a. A top view of the base plate is shown in Fig. 
509-b; mounting of components is in Fig. 509-c. The interstage 
transformer is cemented with Goo to the base and bound with 
heavy thread through two holes. Instead of sockets, flea clips are 
used for the tube and transistor leads. After the set has been com-
pletely checked out, VI, V2 and V3 are coated with Goo on the 
underside and stuck to the base; they can be pried off easily later, 
if desired, but the Goo will hold them firmly in place during use. 
To be able to close the case, it was necessary to mount the Gem re-
lay on its side; it is held firmly by wire soldered to the frame lug 
near the tension spring, and by other wires running through eye-
lets in the base and attached to lugs on the relay terminal board. 
At the lower voltage used here, VI is a little more fussy on 

circuit components, and the exact parts specified should be used. 
This applies especially to the rf choke, coil form, etc.; experienced 
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a 

Fig. 508. Details for construction of 
LI and L2. Data in (a) is for the 
antenna coil while (b) shows modi-

fication of the relay coil. 

constructors can try other parts, of course, and will probably know 
what to do if the set does not act right. 
Operation is exactly the same as for the set shown in Fig. 501, 

and the same troubleshooting hints apply. We strongly advise use 
of close-tolerance parts where specified, as the values were chosen 
after a great deal of experimental work to assure top-grade results. 
If the specified parts are used throughout, about the only item 
that might require alteration is R4; transistors may have a bit of 
variation in the circuit. 
To tune the receiver; insert V1 only and check for proper 

operation. The plate current should be about 0.17 ma with no 
signal, and perhaps 0.15 ma with a strong signal. If you get this, 
install V2. This tube idels at about 0.15 ma, and its total current 
(plate and screen grid combined) rises to perhaps 0.3 ma with 
strong signal. A meter in the receiver B-lead will read about 0.3 
ma idling and 0.45 ma or so with signal, for total current of VI and 
V2. V3 can now be inserted (be sure you have it the right way!); 
it adds 0.1 — 0.2 ma to the total idling current and, with signal, the 
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Fig. 509. Drawing (a) is a bottom view. Base plate (b) is 
epoxy-fiberglass for maximum strength. The set fits into 
a plastic box, 3 x 214 x /1/4 " outside dimensions. Com-
ponent mounting is shown in (c). Insulate Dl to prevent 
shorts. After all soldering is finished, clamp battery and 
relay wires lightly in end of ground lug to keep them in 
place. Receiver is held in box by 1/8" foam plastic on 
bottom, I/2" on top, both cut to clear rf parts and relay. 
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relay current is about 3.5 ma. Thus, the total receiver current 
should be about 0.7 ma idling and 4 ma with signal. 
Those experimentally inclined might want to vary the value of 

R4 to make sure they have the best resistor here, though the 910 
ohms specified was found to cover a large variety of tubes and 
transistors. If R4 is too large, the idling current of V3 will be 
higher than we have indicated; if R4 is too low, V3 might not be 
able to reach maximum collector current. The value can be 

ANT. LEAD 

Fig. 510. AES receiver in original form. Fits plastic case 21/4 x 
13/4 x 1-3/16" high; held by ledges of plastic cemented inside case. 

checked by touching the rf choke with a finger (you will have to 
use a meter in the collector circuit though, since touching the 
choke puts V 1 out of oscillation and its plate current jumps to 
a milliampere or more); note the relay current, which should be 
the same as with the set tuned to a strong signal. 

Like all so-called "noise-operated" receivers this one is bothered 
by electrical interference in the model, caused by electric-motor 
brush arcing, rattling metal push rods, etc. 

3-tube CW receiver 
Another noise-operated receiver is seen in Figs. 510 and 511. 

This one has been found most reliable and easy to get going. The 
same general circuit has been found adaptable to other uses. Basi-
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cally, VI acts as a detector and noise generator (with no incoming 
signal); the noise is amplified by V2 and passed along to the grid of 
V3. The large grid leak for this tube allows a fairly large grid volt-
age to be developed that holds the plate current of V3 to a rather 
low value. When a signal comes in, the noise from VI ceases and 
V3 puts a fairly large current through the relay in its plate circuit. 
While there is a variable resistor, R2, used as a sensitivity con-

trol (Fig. 512) it has to be set only once for any given installation 

CLAMPS 
SAT. 
LEADS 

Fig. 511. Underside of AES chassis. C8 is sub-min af choke 
with normal core removed, a few strips of core iron in-
serted and wrapped around coil form. Whole unit dipped 
in polystyrene cement. R2 (CRL #BI6-124) is held by 
wires soldered to the two brass mounting screws. Base has 
small eyelets in which to solder leads of small parts. 

and tube at VI. The original set had a variable capacitor at Cl, 
but a fixed 1 ppf would do for most installations. 
L2 is an af choke made from a standard unit, but with the core 

greatly reduced primarily to reduce size and weight. The entire 
core was removed and replaced with four core strips (from another 
transformer, as the ones originally used were not long enough 
to be wrapped all the way around the winding). It is held by a 2-56 
bolt through the center. It could be replaced with a choke such 
as the UTC DOT-8, used just as it comes. 
This receiver fits in the usual plastic box, and has a 1-5/8 x 2-1/4 -

inch base plate. Tiny hearing-aid sockets were used, and each was 
held by running the pins through five holes in the base. LI is held 
by soldering the ends of the two clips in eyelets. 
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Because the current in V3 is not very large, a fairly sensitive 
relay is advisable; the Sigma 26F, Kurman 13C44 and Price 5,000-
ohm units have been used. Although it was not done in the set 
shown, if optimum value resistors were chosen for R5 and R6, V3 

could be made to idle at a lower value. 
As in other sets described, quite a few small eyelets have been 

used in the base plate as tie points for small parts. Everything is 
tied down at both ends to prevent vibration troubles. 
The set shown was used mostly on 50 mc, and the coil specified 

is for such use; for 27.25 mc, use the same coil form but put on 18 
turns of No. 28 enameled wire. Use a 20-1.1h rf choke, raise Cl to 

CK502  CK549  CK539 

24" LONG  VI  I  V2  V3 
11 

C6 
C3 

50µµf 

CI 
.5-3µµf 

FOR 50 MC 

1/8" 

RFC 
10µH 

C7 
.005 

R3 
2MEG 

EYELET THROUGH CHASSIS 

SEE TEXT 
L2 

27.255 MC-I8T N°28 ENAM WIRE 

3/8"  50 MC-10T N°28 ENAM WIRE 

CTC LS6 
COIL FORM 
WHITE CORE 

R6 
2.2 
MEG 

R5 
IOMEG  , 

X TO FILS 

B+  A+ 
45V  TI.5V 

TO 5K-8.5K 
RELAY 

Fig. 512. Circuit of AES receiver. 
Tiny circles with arrows touch-
ing indicate eyelets in base plate 

for common connections. 

about 3 KJ and C2 to 10 IAA The currents of the various tubes will 
be about the same on either frequency. The total receiver current 
will be around 0.4 ma idling, with R2 set at the optimum. With 
signal, the total current will rise to about 1.4 ma, when using an 
8,000-ohm relay. R2 should be set at the highest possible value 
that will still allow maximum B-current with signal on. Because 
of the use of L2, the set should not be placed too close to actuating 
units in a model; as a matter of fact, all receivers should be kept as 
far away as possible from escapements, actuators,. motors etc. 
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Furthermore, always run the receiver antenna lead as far away 
from motors as possible — in fact, keep it as far away from any 
metal as possible. 

This receiver has also been known as the AES — it was billed as 
an Advanced Experimenter's Special, because the general circuitry 
is adaptable to other uses as we will describe. 

Compact 3-tube tone receiver 

The circuit of a three-tuber intended for use with tone modula-
tion is shown in Fig. 513. This is an AES receiver conversion. Ex-
ternally it looks the same. The circuit values have been changed 

L I 

50 MC 

50 f 

10µH 

00,  

CK502 CK549 IAG4 
VI  V2 

.0021 

IT I (2) .001 

620/C 

L2 

k.000   
SEE TEXT  I  s  A— 

B— +45V 

V3 

C D 

RY 
7.25K 

Fig. 513. AES receiver converted for tone operation. Note that relay cur-
rent is high with no tone, drops when tone is transmitted. Main changes 
from AES are in V3 circuits. LI and L2 same as for Fig. 512. Variable 

grid leak and antenna capacitor not required. 

a bit to get better af operation, and a 1AG4 put in the V3 position 
for more current change. An odd connection will be seen at the 
control grid of this tube. The grid leak runs to B-plus! The set 
was intended for pulsing operation and this grid-leak arrangement 
peps up pulsing speed considerably. Used mostly on 50 mc, the 
same changes specified for the AES receiver will allow operation 
on 27.25. 

Tone operation is not so fussy as that based upon CW only. 
The tone receiver has no need for a variable grid leak resistor, RI; 
a fixed value of 680,000 ohms will do just as well. This receiver 
peaks broadly at around 1,000 cycles, the exact value depending 
upon what type of choke is used for L2. A UTC DOT-8 choke 
peaks at about 1,100 cycles, as does a Telex type 8901 interstage 
transformer used as a choke (blue and green leads connected, red 
and black to circuit). A wide variety of other chokes (and trans-
formers with only one winding used, or with both hooked up either 
bucking or aiding) will work here. 
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With a 5,000-ohm relay, the circuit in Fig. 513 showed the 
following results: total A-current — 80 ma; B-drain of VI and 
V2 — 0.25 ma. Relay current with no CW carrier — 0.2 ma; with 
CW signal tuned in — 4.1 ma; with tone of optimum frequency 
(960 cycles in this case) and 100% modulation — 0.1 ma. This set 
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will respond to much weaker signals than will the AES, as is usu-
ally the case when tone receivers are compared with CW sets. 
Thus, while a transmitter with modulation facilities is required, 
the rf section can be of considerably lower power, and total trans-
mitter battery drain will come out about the same. 

2-tube hybrid tone receiver 
This is still another modification of the AES, but this time the 

old three-tuber is hardly recognizable (Fig. 514). This receiver 
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was modified to operate on 22.5 volts; this made it necessary to 
attach a transistor to the output to afford a reasonably high relay 
current. First tests were made with the relay hooked onto the three-
tuber using a circuit like that of Fig. 513, but with a resistor in 
the V3 plate lead and the transistor base and emitter across this 
resistor. Results were fine, but the set looked rather complex, so a 
simplification program was undertaken, with the end result seen 
in Fig. 514. Originally, two 6007 tubes were used at VI and V2 and 
the results were very good indeed. However, it was found that with 
a rather potent transmitter, the receiver tended to overload when 
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Fig. 515. Base plate layout (not to size) for hybrid tone receiver 
using 8901 transformers. Eyelets are used for soldering leads and 
parts down. All sockets are 5 pin Cinch-Jones #46A-22452 (R/C 
suppliers have these). Prongs project through holes, are held by 

wires soldered to opposite side. 

the model was close to the antenna. Considerable experimentation 
showed that most of the overload trouble could be eliminated by 
using a IAG4 at VI, and by loose antenna coupling. Only 0.5 ppf 
has been used at Cl and total antenna length from set to tip is only 
about 2 feet. This has proven ample for the transmitter used (the 
Mac 50 with modulator, shown in Chapter 7), but with a lower 
power transmitter it might be necessary to increase Cl to I ppf. 
With the two 6007's, the filament drain was only about 25 ma, but 
substitution of the 1AG4 raised this to 55 ma. The B-plus drain 
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for the two tubes is about 1 ma, while the transistor runs at zero 
current (with carrier, but no tone) and this rises to around 3.3 ma 
with a 1,000-cycle tone. Due to the low B-voltage and 50 mc 
operating frequency, every effort was made to design the circuits of 
VI for most efficient operation and results have been most satis-
factory. It is suggested that no parts substitutions be made if this 
fine operation is to be retained. A template for this set is given in 

Overloading was reduced  quite  a bit  by  putting  the  set  in  a 
Fig. 515. 

metal case, preventing direct signal transfer from transmitter 
antenna to input inductance L. Such a case is recommended for 

maximum freedom from this annoyance. 
The receiver chassis is seen in Figs. 516 and 517. For utmost 

strength, the base plate is of epoxy fiberglass, which also has very 
Irsr, 

- 
TI 

Fig. 516. Extra space at left on base is not needed. Dimensions of Fig. 515 
does not include it. Sockets have dab of red paint to show plate or collector 

side. Tubes and transistor have spot of cement to hold them to base. 

fine insulating properties. However, from electrical considerations, 
a good grade of linen phenolic would doubtless do as well. The 
receiver shows a rather broad peak of af response, the actual peak 
frequency depending to a great extent upon the value of induct-
ance used at Ti. Because of its tiny size and moderate cost, a com-
mercial audio transformer is connected as a choke for T1; in fact, 
the windings are connected to oppose each other to obtain the 
desired inductance and af response peak. The only circuit com-
ponent that might be considered at all critical is C3 across the 
winding of T2; this removes most of the quench frequency before 
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it can act upon V3 and, with any one receiver, it can actually be 
varied several hundred percent without affecting operation too 
much. But it should be chosen to match T2. If too high in capacity, 
C3 will reduce the af signal sent along to V3 too much; if too low, 
it lets too much quench frequency pass through T2. Be sure to fol-
low the color code for transformer connections as given. 
For pulse operation, C5 should be no larger than specified, but 

for escapement use it can be raised to 1 pf. If lower than 0.5 pf, the 
transistor will not draw maximum possible collector current with 
tone on. 
The simplest way to get the receiver going is to hook it up 

first with just VI in place; this should show an idling current of 

GRID LEAK FOR VI  C2  COIL 
CONNECTIONS 

RI 

CI 

RFC 

Fig. 517. Under side of hybrid tone receiver. Large resistor next to R1 
was part of control circuits, not used in receiver itself. C5, Cornell-Dubilier 

*TY-101 tantalum, used because of tiny size. 

about 0.17 ma, which will drop slightly when a signal is tuned 
in. If all is well so far, add V2; the total idling current will now 
be around 0.75 ma, and this will drop very slightly when a CW 
signal is tuned in. With tone, there should be another drop of 
about 0.1 ma, or a bit more. Now the transistor (V3) can be 
added. With no incoming signal, the transistor current should be 
no higher than 0.2 ma, and it will probably fluctuate a little. With 
CW tuned in, this current should drop to zero and, with tone of 
the proper audio frequency, the current will rise to a value de-
pendent upon the relay resistance. With a 7,250-ohm relay, maxi-
mum collector current is about 2.8 ma. 
A transistor of low leakage is needed to keep the idling current 

of V3 to a minimum. A medium-high-beta transistor is used; many 
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p-n-p units are quite suitable in place of the one specified. If a 
different transistor type is used, be sure to select one with a 
maximum voltage rating higher than 221/2  volts. 
This set was intended for proportional work and will pulse at 

high speed without distorting the pulses. Like most tone receivers, 
it is not particularly bothered by electrical noise. However, it is 
always wise to take the usual precautions — keep the set away from 
motors, etc., and bond push or torque rods. Keep the antenna 
lead as far as possible from motors. 

74.16\ REED RELAYS  OSC. PLATE CHOKE 

REED UNIT 

TRIPLE tah". 
REED 

ANT. 
> CAPACITOR 

OSC. TUBE 

TUNE 

OUTPUT AMP.  VOLTAGE AMP. 
ONLY TWO REEDS USED-CENTER ONE 

NOT CONNECTED 

,1111171,111171_11[Ii 1111,1)1, 
I . TIT! [1111 I 

Fig. 518. Reed receiver with E.D. triple reed unit. Most RiC 
modelers want more channels, so 4 to 6 (or more) reed units 
could be used. Variable antenna capacitor not a necessity, fixed 
5 µµf should do. Oscillator plate choke was rather large type; 
high resistance winding of Johnson sub-min unit (Ace) should 
do nicely. Set could be made much smaller with latest tiny parts. 

Simple reed receiver 
The set shown in Figs. 518 and 519 was based on an earlier ver-

sion of the AES, and gave very good results. Tuned reeds afford 
the simplest and lightest way to get a variety of operations in your 
model, since they act as a very compact multi-channel unit. Reed 
units can be obtained that will differentiate between any number 
of tones from 1 up to 15 or more. The set in Fig. 518 has only a 
three-reed unit (and only two of the reeds were used), but five- and 
eight-reed units are commonplace today. Actually, there is little or 
no difference in the receiver itself no matter how many reeds you 
use; the only changes come in the reed unit itself and the relays 
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required, with their associated L-C filters. The filters smooth the 
vibratory current the relays would receive without them. Each 
reed vibrates and hits its associated fixed contact when its own 
particular tone comes in. The reeds do not make solid contact 
but close the circuits only momentarily as they vibrate. Thus, the 
filters are needed to smooth this vibrating current so the relays 
will be held solidly closed, and also to reduce sparking at the reed 
contacts. 

ELECTROLYTICS ( SMALL ONES, TAPE-WRAPPED) 

d a , OSC. 
w  COIL 

OSC. PLATE CHOKE 

 11: 

Fig. 519. Underside of reed receiver. Large electrolytic in 
center is 5 f, 50 V unit. Small ones are those in reed 

circuits. Much smaller units can now be had. 

In the circuit shown in Fig. 520 the reed coil takes the place 
of the sensitive relay. The capacitor in parallel with the coil is 
often built right into the reed unit, and serves to tune the coil 
to the approximate range of frequencies covered by the reeds. 
The grid leak of V3 is dropped to a comparatively low value be-
cause we do not want a change of current in the reed amplifier 
tube, but a steady high af output. For the same reason, the detector 
grid leak can be a fixed value. 

Since some of the tubes originally used in the receiver in Fig. 
518 may now be difficult to obtain, presently available tubes and 
components to suit them are shown in Fig. 520. This accounts for 
the fact that, although only four leads are shown on the oscillator 
tube in Fig. 518 (a high-frequency triode, the CK5677, was used). 
A triode-connected pentode is shown in Fig. 520. A better voltage 
amplifier is also specified. It is probably not essential to use a 
variable antenna capacitor although one is seen in the circuit (Fig. 
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Fig. 520. Capacitor across reed unit coil must match coil; makers always 
specify what value to use. CK512 is low voltage tube, requires dropping re-
sistor, even for use on 1.5 V. 3.3K in series with relay was to lower current 
to conserve battery life. It may be reduced or eliminated to get greater relay 

current, if desired. Do not omit 100 ohm resistor in reed circuit. 

520). This receiver, which was developed quite a few years ago, 
is a good example of a home-built reed unit. There are not too 
many built today — not because such a set is so difficult to con-
struct, but because there are many good commercial reed receivers 
on the market now. Such modern sets, though, may have more 
reeds and be more compact. The circuitry of the tube-type re-
ceivers is very similar to that in Fig. 519. 
When tuning a reed receiver, there isn't a great deal to do but 

make sure it will cover the same radio frequency as the trans-
mitter. It is useful to hook headphones temporarily across the 
reed-unit coil to make sure the transmitted tones come in properly. 
A crystal phone is best for this purpose, as it will not change the 
current through the coil. Reeds are not adjustable in frequency; 
the transmitter tones must be varied to match them. Basically, 
each tone is tuned until its associated reed vibrates. Instructions 
provided with the reed units will tell how to proceed from there 
for most reliable reed operation. 
If a different layout of parts from that in Fig. 518 is used for 

a reed receiver, the af choke should be kept as far from the reed 
bank as practical, to prevent any possible audio feedback and oscil-
lation. 

Tone receiver with miniature tubes 
One of the most reliable receivers to be developed for tone work 

is shown in Fig. 521. It has been made in many home-built and 
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commercial versions, and is still preferred by some builders. Use of 
the low-cost seven-pin miniature tubes means a highly reliable set 
(though rather large and heavy). It is an ideal receiver for boats, 
where weight, size and lowest possible current drain are of little 
consequence. 
The large and rather heavy Sigma 4F relay is used, but many 

of the smaller types will do very well, since the receiver gives a 

VI 

Fig. 521. WAG tone receiver was rugged and fairly 
big. Heavy but sensitive Sigma IF relay is used. Too 
large for modern planes, receiver is fine for boat use 

where large size is little drawback. 

relatively large current change through the relay. Stijl, if lowest 
possible weight is not an objective, the 4F is probably a good 
choice. 
Known as the WAG single-channel receiver, the outfit was built 

on an aluminum chassis measuring 21/4 x 3 inches on top and 7/8 
inches high. Practically all small parts including the rf choke are 
supported by their leads and grouped around the three tube 
sockets. In the underside view of the chassis (Fig. 521), VI is 
upper right with L to its left. Note that L and the parts connected 
to it are kept away from other components as much as possible. At 
upper left is the pin jack used as an antenna connection point. 
Directly below Vl's socket is that for V3, while V2's socket is below 
the antenna post. 
The total current drain of the set with no incoming signal 

is about 2.5 ma, and this rises a few tenths when a CW signal is 
tuned in. Upon receiving a modulated tone of 300— 500 cycles, the 
plate current drops to around 0.2 ma. Practically all the current 
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is drawn by V3, so the relay can be set up with heavy spring 

tension. 
The original receiver (Fig. 522) was intended for use with an 

escapement and hence did not have to pulse very rapidly. Other 
experimenters did want fast pulsing, however, and a circuit that 
allows this is shown in Fig. 523. This circuit also allows low idling 

24" ANT  105  iti50.11)AF DET 
SUPERREGEN  1011 

RFC  MEG 470NO AF AMPL  470 1µf  RELAY TUBE 
3V4 

.01 
I  IU4 

V2  V3 

FOR 27.255 MC 

SIGMA 4F 
RELAY 

L-36T N°32 ENAM WIRE CLOSE WOUND  B+ 
ON 1/4" DIA FORM  A—  B—  45V 
CTC TYPE LSM WITH RED DOT 
IRON SLUG,WIND COIL CLOSE TO OPEN 
END OF FORM 

Fig. 522. RFC is 100 pi: National R33. Relay can be 5000 to 7500 ohms. This 
receiver has high current through relay with no tone, current dropping toward 

zero when tone is received. 

current in V3, which rises when an audio signal comes in, the 
opposite of the action in the WAG set. This circuit requires use 
of a bias battery on V3, but this can be composed of the tiniest 

IU4  3V4 

—45V 

+7-1/2V 

—7-I/2V 

Fig. 523. Low idle-current is the result of adding diodes 
and bias voltage to relay tube circuitry. 

possible cells (five cells cut from a small B-battery will do fine), as 
there is no current drain on them and they will last for many 
months. 
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Submin WAG receiver 
A circuit very similar to that in Fig. 523 but using subminiature 

tubes and parts is seen in Fig. 524, while Fig. 525 shows a photo 
of the set. Aside from the different tubes, there is very little change 
in the circuit, VI being used as both a detector and diode recti-
fier, as it is in the WAG. RI might need to be changed for some 
tubes, but the value given is probably good for most 1AG5's. Cl 
has been reduced from the original WAG value so that this sub-
miniature version will pulse at a higher rate. The photo shows a 
set of round subminiatures installed, but the flat types specified in 
Fig. 523 have been found preferable. The total A-battery drain is 
110 ma, and the relay current change is from 3.5 ma to zero when 
an audio tone of about 400 cycles is received. 

2-tube af receiver 
An interesting subminiature receiver circuit is shown in Fig. 

526. Only two tubes are used, since the 1V6 actually has two sets 

I opt 

ATTACH 
CORE TO 
A— 

IAG5 RFC IMEG  47 ? I AH4  

2.2 MEG 

0 

001 i  229.. 
PI' I 

RI K 
IM°E6 

470µµf 

10 MEG 

IAG4 

8K 
RY 

L=367 N° 32E ON CTC TYPE LSM FORM, RED CORE 5150V TO  ALL 

TUBES 

45V 

I.5V 

Fig. 524. Miniaturized WAG receiver. Though entirely different tubes are used 
parts values are similar to those used in much larger WAG. This 27.255-mc 

receiver could use sub-min 22 µh rfc (Gyro, etc.). 

of elements in the one envelope. The antenna length isn't critical, 
but the set will not follow very high pulse rates. Either 45 or 671/2  
volts can be used. With 671/2  volts and with a 5,000-ohm Price 
relay, the relay current is 2.3 ma with a signal tuned in; this drops 
to about 0.1 ma when a tone of around 1,000 cycles is received. 
The set can be used with tones in the range from 500 —1,000 cycles, 
but heavy transmitter modulation is preferred. If used on 45 
volts, B-minus should be connected to A-plus since this raises the 
relay current slightly. Also, for 45-volt use, a relay like the Sigma 
26F is preferable due to the lower relay current available. On 
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Fig. 525. Receiver is mounted in flat 
plastic box. Tube tips are protected by 
small rubber grommets. Though round 
subminiatures are shown, the flat types 
specified in Fig. 524 gave better results 

and are recommended. 

67 1/2  volts, VI and the pentode section of V2 draw 0.3 ma. The 
filament drain is 80 ma. This receiver operates on 27.25 mc with 

coil shown. 

All-transistor tone receiver 
Really subminiature, this receiver (Fig. 527) uses transistors 

throughout and operates on low voltage, which can come from 
the smallest penlight cells (Eveready 904; Burgess NE or equiva-
lent) or some of the tiny transistor receiver batteries now avail-
able. The circuit is shown in Fig. 528. Like many high-frequency 
all-transistor receivers (including some commercial makes), this 
one is somewhat sensitive to heat, which causes a slight fre-
quency shift. A simple way was found to reduce this — simply 
cement a little sleeve of asbestos around VI! This is not necessary 
on V2 and V3, which are quite well stabilized for most tempera-
tures the receiver will operate in. 
When the set was developed, V1 was a Philco L-5108 while V2 

and V3 were Raytheon 2N138A's. The transistor field is moving 

fast, however, and these types are no longer available. For VI, a 
good substitute is the Philco 2N346 (SB103), while for V2 and 
V3 you could use such types as Raytheon 2N138B and 2N631, GE 
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34T N°32 CTC 
LSM FORM, 
RED CORE 

\1/4# 

Fig. 526. Circuit for tone receiver for 27.255 inc. 1V6 has two sections, 
acts as amplifier and relay tube. Since there are only two tubes and 
the relay is mounted separately this receiver is extremely compact. 

2N265. etc. V3 should, if possible, be selected for low leakage, 
since a high leakage current in this unit will mean that the cur-
rent through the relay with no af coming in will be larger than 

desirable. 
The receiver base is 2-1/8 x 1-7/16 inches and the parts are not 

particularly crowded. Sockets are used for all transistors, to pre-

TI 

TUNING 
COIL 

Fig. 527. All-transistor receiver is compact. Sock-
ets are used for all transistors. Rf transistor is 
at lower right. Unit at far left is socket for ba-

tery and relay cable. 
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vent damage when working on the set, especially for the relatively 
fragile (electrically, that is) VI. The original interstage trans-
former (T1) was a Gramer M2, but a UTC DOT-1 or Telex 
8901 will probably be easier to find in the radio supply stores. 
Low-cost Philco A0-1 high-frequency transistors were tried in 

this set as oscillators and, while some of them worked, the sensi-
tivity did not seem as good. If you have access to several of these 
low-cost jobs, you might be able to pick a "hot" one; otherwise, 
better stick to the higher-grade unit suggested. 
This receiver follows the lines of others we have already de-

CTC LS6 
FOR M. R ED 
CORE. 157 
N28 EN AM 

MILLER 
N° 6152 

RI 

2N138-B(2) 50014.Af .005  TEST PHONES 
ANT 

2N346/ 
SB103 

1-7µp.f 

Fig. 528. The Miller 6152 rfc is rated at 22 ish; other chokes of this value 
might work as well. Ti is Johnson subminiature transformer (Ace). R1 is a 

fixed resistor in actual receiver; see text for selection. 

scribed, as far as operation of the various stages goes. V1 is a super-
regenerative oscillator or detector whose operation is controlled 
by RI. It might be wise to make RI a 5,000-ohm variable resistor 
until the best value for the particular V1 used is found, when a 
fixed resistor may be substituted. V2 is simply an af amplifier, 
while V3 is the same; the latter amplifies the audio tone, which is 
rectified by the two diodes, DI and D2. The resultant dc is then 
fed back to the base of V3 in a direction to cause it to conduct 
more heavily. RI should be set so that VI draws about 1.3 ma 
and a stable hissing is heard in the phones. V2 will draw about 
0.7 ma, while V3 idles at close to zero and relay current rises to 
about 1.8 ma with a 1,000-cycle tone. 
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chapter nIA 

simple transmitters 

B
EFORE operating a radio control transmitter, it is mandatory 
that the owner obtain a license from the Federal Communi-

cations Commission. An application Form 505 for such a license is 
packed with most commercial transmitters and kits. If you make 
your own transmitter, you can obtain Form 505 from hobby shops, 
RiC suppliers or by writing to the Federal Communications Com-
mission, Washington 25, D.C. The forms may also be had by 
applying in person or by mail to any local FCC office, located in 
most large cities in the U.S. Regardless of where you obtain them, 
they must be returned only to the main FCC office at the Wash-
ington address. 
There is no charge for the forms or for the license, but the 

license must be notarized before you return it (the notary public 
usually makes a small charge — often 25¢ — for this service). Also, 
before you send in the forms, you must obtain a copy of the FCC 
rules and study Part 19 of the Citizens Radio Service carefully. 
You certify that you have these rules when you sign the FCC 
forms. The rules book costs $1.25 and may be available from 
some hobby shops or RiC suppliers, but you can always get it 
by sending $1.25 to the Government Printing Office, Washington 

25, D.C. 
Be sure you use only those Form 505's dated September 1958 

or later. You will receive a page of instructions plus six additional 
sheets, five of which must be filled out and returned to the FCC. 
One of the six sheets you keep for your own records. Five sheets 
sounds like a lot of work but they are all duplicates and you can 
use a typewriter and carbon paper if you wish. 
Briefly, here is what the license allows: You can operate a 

transmitter of 5 watts input or less for the radio control of models 
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or other objects on any of six frequencies (26.995, 27.045, 27.095, 
27.145, 27.195 and 27.255 mc) under the so-called class-C license. 
You can operate a class-B transmitter of the same power on 465 
mc, but in this case only type-approved transmitters are legal, 
and only two such transmitters have been approved by the FCC 
(the type-approval number appears on such transmitters). You 
can, of course, make your own transmitter for 27-mc but not 
for 465 mc. Operation of your 27-mc unit is subject to preliminary 
checking which we will cover a little later. 
The FCC license covers the "station" only — no operator's 

license is required. Therefore you can allow anyone to operate 
your transmitter on the assigned frequencies as long as you are 
present to supervise. Subject to general citizenship restrictions, 
any person 12 years or older may obtain an R/C license. Class-B 
and -C stations are the only ones allowed to engage in radio 
control. Class-A licenses are generally for fixed communications 
stations working in the vicinity of 460-470 mc, while class D 
covers portable voice-communication stations whose frequencies 
are interspersed with those set aside for R/C (class-D stations 
can also operate on 27.255 mc). All class-B and -C stations are 
considered by the FCC to be "portable" and may be operated 
any place in the United States. 
Class-C transmitters must maintain frequency stability within 

+.01 % if power input to the tube connected to the antenna is 
3 watts or less, and within .005% if input is between 3 and 5 
watts. With proper transmitter design and tuning, frequency 
stability is governed by the crystal used, and only crystals certified 
by the supplier to be within these limits should be purchased. 
Rather sweeping changes in the R/C rules were made by the 

FCC in 1958, and further "interpretations" were given out late 
in 1959. Any transmitters in existence as of Sept. 1, 1958 can be 
kept in service until June 15, 1963, or until the current Citizens 
license of the owner (obtained before Sept. 1, 1958) expires. In 
either case, the transmitter must then be altered, if necessary, to 
conform to present rules. These dates apply to both class-B and 
class-C transmitters. Since 465-mc class-B units may not be con-
structed by the owner (or even serviced in any way, except by a 
first- or second-class licensed operator, other than to replace 
batteries) we will not cover them further in this book. 
These "interpretations" went into effect on Nov. 15, 1959. The 

commission points out that these rules had actually been in Part 
19 all along but had never been enforced; after the November 
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date they were to be enforced. The rules state that all transmitter 
tests and tuning while radiating power (in other words, con-
nected to an antenna) made either during construction or in use 
shall be made by or under the supervision of a person holding a 
first-or second-class commercial radio operator license, either radio-
telephone or radiotelegraph. Such licensee must certify that the 
transmitter conforms to the existing FCC rules on power input, 
frequency, etc. This means, of course, that it is not legal to 
tune up either any commercial equipment you might purchase 
(whether in kit or finished form) or any transmitter you might 
construct yourself — whether from data in this book or from other 
sources. Thus you cannot legally change crystals to shift among 
the six R/C spot frequencies, or even recheck tuning to assure 
best power output for a ground type transmitter when used on 
various surfaces. 
There is one slight out in this provision. If you purchase a 

transmitter (or a kit) which has all the frequency-determining 
elements sealed by the maker, and he certifies that the frequency 
will remain stable regardless of what tuning you might do to 
the output circuits of the transmitter (and that you will not 
exceed the 3- or 5-watt input maximum, as the case may be) you 
can build, tune and operate the transmitter without certification 
and check by a commercial operator. If you purchase a kit or 
finished transmitter, make sure a written statement covering these 
provisions is packed with it. 

Filling out the license forms 
While they look rather imposing at first glance, the forms ( see 

pages 122 and 123) are simple. They cover all possible licenses 
— class A through class D in the Citizens Radio Service — and 
many of the questions do not apply to class B or C at all. One of 
the large sheets included with Form 505 is labeled "work sheet" 
and you should fill this one out first, to make sure you know how 
to do the job. Do it in pencil, as you keep this sheet. When you 
are sure you have everything correct, fill out in ink or with type-
writer the one other large sheet and four small sheets. Briefly, 
the items you must include are: Item I —For 27-mc operation, 
put "Class C" under la and lb and number of transmitters you 
have under "Mobile." Don't put anything under "Base" or 
"Fixed" in Item I. Item 2 — Your name and full address. Item 3 — 
Skip this. Item 4 —Check "C" (for 27-mc operation). Item 5 — 
Write "In vicinity of your home town or county" or "In the 
state of -- -." Item 6 — Skip this. Item 7 — Check the "Indi-
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CITIZENS  RADI O  SERVICE 
(Refer to "Instructions for Completion of FCC For m 505 and FCC Rules Pertaining to Citizens Radio Service) 

DETACH WORK SHEET, FILL OUT IN PENCIL, COMPLETE REMAINING SHEETS ON TYPEWRITER AND SUBMIT TO 
FEDERAL COMMUNICATIONS COMMISSION, WASHINGTON 25. D. C. 

FCC Form 505  Form Approved 
September  1958  Budget Bureau No. 52-R123.8 

CITIZE NS  RADI O  LICE NSE 
This authorization permits the use only of transmitters which:  (1) Are 

listed under Special Conditions below, (2) appear in the Commission's 

"Radio Equipment List, Part C", or (3) in the case of Class C ot 
Class D stations, are crystal controlled. 

4 Class of station (aiedi one) 

A E l 

B 

D 

APPLICANT'S FILE COPY 

FOR COMMISSION USE ONLY 

CALL SIGM 

Ito/FREQUENCIES 1(6) EMISSION 
11,1140. OF TRANSMITTERS 

a•SE MOBIL E FIXED 

re...Ass C O NE 

s  If nubile Wits, or other class of station at trpor3ry 1001 ions, are rycluderl is thIs 
'mitre i zation, stow area of oneraticn 

.5 7-4 T 6. O A— A / t",w  Y$k" 

6. Location of control point(s) 

21.1 here (ose instructions) 

/V  C/ C E 

404 the in, address (number, street, city, zone, county, state) 

v< re, iv 5 7: 
A/6-w }- 0,e Ae 7 7 ,v, 

3. location of transnitter(s) at a fixed 'mat ., 

Winer and street (Cr other iniicaticn of location) 

Uty Gutty  Ftdre 

latitude lOavi kW, 

FOR  CO M MISSION  USE  ONLY 
Special Conditions: 

Tenn of aut  Tt. I MIoilation is effective 

CO A. fr EST. 
as set forth col reverse site. 

By direction of the FEDERAL COMMUNICATIONS COMMISSION 

srcltrraor 

and is stuject to 



7. State wrettry aol leant ,s ((Beck one) 

Individual X  Partnership  Assoc i at ion  0  Corporat 

Cogerreental Entity 

If anol icant is a ccrccration or an unincorporated asasiation. Part 
of this haw most De filled net.  

s. rio Will appl icant own the radio ecuiprent? 

If answer is 'No', give nate of seer 

flu If not the seer of the radio eogicrelt, is ape' Man 
lease or other agreerient under which control wi 
the sale manner as if the ecuierent were owned 

(,) Will acplicant have unlimited access tot 
will effective Peasures tie taken to pr 
ecuiment op unauthorized persons? 

alien ana 
radio 

-SO -El 
net LI.0 

lo.  II you are now author ized to operate the 
station referred to in this application, 
give call sign and present frengency, and 
state why Ku are f i Ino this application 

OR Co.aialsslon USE ONLY 

If fa Class C or Class? stations, are trarisnitters crystal controlled?  ees  O E 

E. Mon is radio to ne used in connection with app  I business a perscnai activities? 
(Use space on the reverse of this Page or attach  mnal sheet if necessary.) 

FO,e ca/v1-rec,c_ .0F /114,,Pt=z..5 

12  If antenna will exteni nye than 20 feet Move ground cc wore than PO feet mare an ex istiro 
neErNOCIE StruCture on which it will De Painted give the following: 
(r) Overall height above  a) Elevation of grand air ne 

ground of tip of antenna  feet.  mean sea level at antenna site  feet. 

let If scanted on an emitting 

(I) antenna structure, yive call sign of user . 
(2) wen-rtode structure, smolt profile sketch showing structure height aid antenna height. 

in  If this application is for a fixed station, attach a diagram showiro the locations of all the 
other stations at fixed locations (base or fixed) in the system are the area of operations of 
the rail le units, if an.   

tw  If it is proposed to use a trarenitter which Oces rot acear ai the Omission's lbdio Eogiprrent List, 
Part C., a a rcn-crystal-cadrol led transnitter in a Class Ca- 0 station, deszr ire soh transwitter in 

I. (e Saatert Coy Riles). Attach Additienal Fieets. 

All the statements made in the application and attached exhibits are considered material representations, and all the exhibits are a material part hereof and are incorporated 
herein as if set out in full in the application. 
I certify that 1 have a current copy of Part 19 of the Commission's Rules governing the Citizens Radio Service. 
If an individual or partnership applicant. I also certify that I, or each partner • is a citizen of the United States, and eighteen or more years of age (or twelve or more years of 
age if for Class C). I also certify that lam not lor d a partnership, corporation, or association is the applicant. that each partner. the corporation, or the assmaltion is not) 
the representative of any alien or any foreign government; that I waive any claim to the use of any particular frequency or of the ether as against the regulatory power of the 
United States because of previous use of the same, whether by license or otherwise; that I accept full responsibility for the operation of, and will retain control of any Citizens 
Radio Station licensed to me pursuant to this application in accordance with the law and the Rules of the Federal Communications Commission. I further certify that said station 
will nM be used for any purpose contrary to federal, state or local law. _ 

.bea and sworn to Defore SIGNATURE or A MICAMT (MKT A.. WI. NA. AS WO. I. in. niAD 

ne this  , G 

liatary Rollo  SEAL 
faa W. AND niece of OTHER PERSON COmPETENT TO ADKINISTER OATHS, 

My connissien expires 

NI Individual Applicant 

11]  Mater of tool loan( Partnership 

El Officer of Appl icant Ccrporatics or Aspociaticn 

0 Official of Csnerrnental. Entity 

By  It  
(0.10NATE Al..0.1ATE CLASSI,ICAT  SELIIII 
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INSULATOR 

GROUND CLIP 
TO HOLDTEST 
LIGHT BULB 

ADJUST. SLOT 
FOR C-3 

TUBE BRACKET 
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KEY JACK 
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PANEL FIX SCREWS 
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FLEXIBLE CORD 5 FEET LONG 

Fig. 601. Simple crystal-control transmitter is contained in 9 x 6 x 9" black 
crackle finished steel rase. Aluminum case would save considerable weight. 
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LI 

BRACKET 

SEE FIG.604 . 

FOR DETAILS 

Fig. 602. Tube and crystal are held in sockets on small bracket. They stay in sockets 
well, but rubber bands or adhesive tape would insure that they don't pop out 

during transit. Meter has external shunt. 

vidual" box (or whichever one applies). Item 8— If you own the 
equipment, check box in line with 8a; if not, ignore 8a, put name 
of owner on dotted line, put check in box opposite 8b. Ignore 
line 8c. Item 9 — Write something like "For radio control of 
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models" (or whatever you intend to control). Item 10 —This is 
only used for renewal of your license (it's best to send in the 
renewal form several months before your present license expires, 
to allow for possible time lag at the FCC and in the mails) or for 
change of address and similar matters. If this is your first license 
application or your old license has already expired, ignore Item 
10. Item 11 — Answer here must be "yes." Ignore Items 11 and 12. 
Read carefully the material below the lowest heavy line on the 
form, and also on the reverse upper half, then go to a notary, 
sign the form and mail it direct to the Federal Communications 
Commission, Washington 25, D.C. 
One often hears it stated that R/C operates on "license-free" 

frequencies; nothing could be further from the truth. However, 

ANT 

VI 

4 
27 
MC 

3M  LI 
2 

— I.5V 

*SEE FIG 604 

SW 

— 
I35V 

N°47 
LAMP 

L2 

35-55 
/40 C4 

RFC 
22µh 

25 MA 

KEY 

Fig. 603. Circuit is simple, stable, puts out 
ample power for radio control purposes. Test 
lamp is connected across L2 (antenna col-

lapsed or removed). 

the necessary license is simple to obtain and you don't have 
to take any kind of examination, as you do when applying for a 
radio amateur license. The more class-C license applications the 
FCC receives, the more attention they are apt to pay to our needs 
— so it is incumbent upon every R/C experimenter and modeler 
to send in his form and operate legally. 
Many R/C modelers have obtained ham licenses so that they 

can operate on the various amateur frequencies. The 50-mc band 
is the most widely used, with some operators obtaining good 
results on 220 mc and other ham frequencies. The amateur tech-
nician license is the most popular for those R/C'ers who wish to 
work on the various ham bands. 
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A simple crystal-control transmitter 

Now that the legal angles have been covered briefly, what about 
the actual transmitters themselves? Until quite recently, a large 
majority of radio-control transmitters were single-tube affairs and 

ANT. 
INSULATOR 

LI 
IIT #14  I-1/8" 
WIRE 

(31 

HOLES TO FIT 
SOCKETS 

L2 4TURNS *20 INSULATED WIRE—CLOSE WOUND 

TUBE BRACKET: MAKE FROM 

SHEET ALUM 

GROUND LUG ON 
FRONT PANEL 

3/4" OD 

Fig. 604. Space LI turns to 11/8 
inches. L2 is close wound with 
insulated wire. A wrap or two of 
tape helps hold turns snug. Same 
bracket could be used with crys-
tal and tube projecting to right. 
Most leads could then be made 

shorter. 

were entirely adequate. A great amount of power is simply not 
needed for reliable radio-control work — in fact, we don't have 
to have as much as the 5 watts allowed by the FCC. We do have 
to use crystal control. Even though a transmitter has a "legal" 
crystal in it, this is no guarantee that it can't operate on the wrong 
frequency, or that the frequency can't drift to a greater extent 
than the rules specify. We must use the right crystal, have a cir-
cuit designed to allow it to work at the frequency its maker in-
tended and operate the transmitter so that these results will 
be assured. A simple transmitter (front view) is seen in Fig. 601; 
the rear view is seen in Fig. 602. The circuit is given in Fig. 603. 
The entire unit is housed in a 5 x 6 x 9-inch metal case that holds 
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batteries large enough to operate for many hours before replace-
ment. All of the circuit parts are mounted on the front panel, 
which can be removed for construction or service. Normally, the 
rear of the case is removed to test or change batteries. 
A small metal bracket (Fig. 604) holds the tube and crystal 

sockets, these elements hanging downward; they stay in place very 
well, but rubber bands or adhesive tape may be used to bind them 
more securely. Coil L 1 is supported by C3, while L2 is held by the 
antenna post and the ground connection to the panel (scrape 
any paint away at this point to assure a good connection). Make 
the wiring as short and direct as possible. The lug of C3 which 
contacts the center shaft (rotor) of the unit should go to the 
radio-frequency choke (and the crystal socket). 
The rather odd mounting of these parts comes about because 

this transmitter is a revised version of one which has been widely 
used in the past. First known as the Air Trails Annual Trans-
mitter, it also appeared in its original form in the older edition 
of this handbook. The mounting of components is not critical 
as long as leads are kept short. You can remount the parts and 
still obtain fine results. If C3 were mounted farther to the left 
(viewed from the rear), the tube and crystal socket bracket could 
be vertical with VI and the crystal projecting toward the right, 
and very short connections to all parts could be achieved. 
The tip of the antenna must be about 10 feet high, since the 

lower 6 inches or so is inactive — connection being made at the 
top insulator. Either a collapsible or a sectional antenna can be 
used; both are available from radio-control suppliers. 
Be sure to use insulating washers on both sides of the panel 

when mounting the phone jack, and connect the frame of this 
jack (the threaded part) to the milliammeter. Slip a piece of in-
sulating tubing over the projecting stub shaft of C3 to prevent 
shorts; most users prefer not to have a knob on this capacitor so it 
can't be altered by prying fingers. 
The case will hold three 45-volt B-batteries and one 11/2  volt 

cell, all of which are connected by plugs on the battery cables. 
Wooden spacers keep the batteries from sliding forward toward 
the panel, and angle brackets on the back of the case hold the 
A-battery from slipping sideways. The A-battery will run down 
first but the B's should last many months, as there is no drain on 
them unless the key is depressed. 

Tuning the one-tube transmitter 
Make your initial tuneup with a No. 47 pilot bulb connected 
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in series with a 35 — 55 plif ceramic trimmer capacitor. Connect 
these two parts between the upper antenna terminal and the lug 
on the front panel. Don't use a bulb socket — solder the leads 
directly to the base. The capacitor permits adjustment of the 
tuning so that the bulb will draw maximum power from the 
transmitter; it should be set at about mid-range for first trials. 
The bulb and capacitor could be attached to the case front per-
manently for handy access whenever desired. If this is done, place 
them directly below the upper antenna insulator; the antenna 

Fig. 603. Known as the Solo-Mac, this transmitter is of 
MOPA type, but has only one tube, a dual-section 
3117. Meter is not absohtte necessity but is strongly 
recommended. Handle on rover is off-center so trans-
mitter "carries" level; battery weight is concentrated 

along rearol case. 

will then afford physical protection. If a collapsible antenna is 
used, it need not be removed when testing with the bulb circuit — 
just shove the sections down to make the antenna as short as 
possible. 
It is smart to use only two B-batteries for preliminary trials. 

The coupling coil should be in the approximate position shown 
in Fig. 602. Simply turn on the filament switch and push the key 
button while rotating the tuning capacitor (C3). It is preferable 
to use an insulated screwdriver for the latter, to prevent the pos-
sibility of shock; if a metal tool is used, be sure to hold it only by 
the insulating handle. 
At some point of rotation, the meter current should drop sud-

denly and the No. 47 pilot bulb may glow dimly. Notice that as 
you tune from high frequency (with capacitor plates fully open) 
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to low, the meter drops smoothly to a low point (where the bulb 
will be brightest), then suddenly jumps up again as you turn 
just a little beyond this point of maximum output. In field use, 
the capacitor must be backed off a little toward the high-frequency 
side for safe operation; if this is not done, the circuit might cease 
operation as the key lead is moved around, or when someone 
comes near to the antenna. 

If all seems well with the 90-volt B-supply, hook in the other 
battery and try again. This time the bulb should light up brightly, 
and the meter should indicate no higher than about 20 ma. If it 
does with C3 set a little to the high-frequency side of the position 
of brightest illumination, reduce the capacitance of the series 
capacitor (C4) a bit and retune C3. On the test transmitter, best 
output was at about 19 ma. Any attempt to load the transmitter 
to higher plate current resulted in lower output. The plate cur-
rent will go up to 35 ma or more when the circuit is not oscillat-
ing; do not hold the key down in this position as the tube cannot 
stand this high current for any length of time. Just punch the key 
button briefly as you tune C3, until the current drops to reason-
able values. 

This transmitter operates at a power input of about 21/2 watts, 
so you can use either 0.01 % or 0.005% crystals in it. Power output 
is around 0.7 watt — sufficient for any control purposes. With 
the antenna installed and extended to the full 91/2 to 10-foot 
length (a few inches longer or shorter will make little difference 
in operation), the set may be tuned-up for field use. It must be 
sitting on the ground or on some conducting surface to radiate 
properly with the antenna. Some users place the transmitter on 
their car hood, with a layer of cardboard under the set to pre-
vent scratches. Metallic contact is not necessary — the capacitance 
of the case to the ground or car hood does the job. 
Tune C3 and check the meter reading; if it is lower than 20 ma 

by very much, push L2 closer to LI and try again. Touch up C3 
every time the transmitter is used, as ground conductivity varies 
widely. If the plate current is lower than 17 ma, couple L2 more 
closely to L 1. You will eventually find a position for L2 that will 
be useable in most locations. Don't forget to back off C3 a little 
to the high-frequency side of the point of greatest plate-current 
dip when you are using the transmitter. 

Never tune up without either the antenna extended (and the 
transmitter on a conducting surface) or with the bulb-capacitor 
combination connected instead. The latter is very handy for re-
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ceiver tests at close range, as for testing in the shop; quite a strong 
signal may be had close to the transmitter, but by moving away 
from the receiver you can simulate a weak signal. Don't leave the 
bulb in place when you are using the transmitter for actual model 
control in the field, as the power used to light the bulb will natur-
ally be subtracted from that going out via the antenna. 

Simple MOPA transmitter 
MOPA means Master Oscillator, Power Amplifier and, in such 

a transmitter, there must be at least two tubes, one acting as the 
crystal oscillator and the other as an amplifier to boost the oscil-

Fig. 606. SInall aluminum chassis carries working parts of Solo-Mac. Row of 
pin jacks along rear allows meter to be shifted to three different circuits. Nut 
to right of Cl holds coil form carrying LI. C6 is at lower left, C4 to right of it. 

lator power and send it along to the antenna. Though they are 
more complex than the transmitter of Fig. 603, such units have 
certain advantages. First, they are easier on crystals, and make it a 
simple matter to keep within the FCC regulations as to transmit-
ter frequency stability, while still putting out a strong signal. 
Second, they are more stable in use: operation on grounds of vary-
ing conductivity, approaching or even grabbing the antenna, wav-
ing a long key lead around, all have little effect on frequency 
or ability of the transmitter to keep in operation (though they 
may change actual power output). Due to necessity of maintaining 
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proper antenna loading, it is still advisable to touch up the tuning 
of the amplifier stage each time the transmitter is used, however. 
The transmitter shown in Figs. 605, 606 and 607, known as the 

Solo-Mac, is a relatively simple form of MOPA in which a single 
tube is used; however, the tube (a type 3B7) has two separate 
triodes in the single bulb. VI acts as the oscillator and V2 the 
amplifier, but the latter is generally called a doubler. The crystal 
and VI operate at half the output frequency, while V2 doubles 
this to the frequency we want to radiate. 'While this arrangement 
is not as efficient as using a straight amplifier at V2, it is simpler 
to put into operation and more nearly foolproof, especially for 
the modeler who is not too versed in transmitter operation. 
Triode crystal oscillators are not generally used as they often 

load the crystal heavily. However, the circuit shown for VI is 
very good in this respect and can be highly recommended. 
The doubler section of the 3B7 operates at about the same input 
as does the 3A4 transmitter already described, but is considerably 
more efficient, producing an output of about I watt. Of course, 
the current "lost" in VI is not counted here and must be con-
sidered pure waste, as far as actual power output; but by the same 
token, so is the power consumed by the screen grid circuit of the 
3A4. Efficiency is boosted considerably by use of higher plate volt-
age on the 3B7, but currents in each of the two tube sections 
should be kept to 14 ma or lower. 
The 3B7 is very similar to the 3A5 though physically larger; 

the 3A5 can be used in this transmitter with about the same re-
sults, but the grid leak (R3) should be of a higher value — perhaps 
47,000 to 82,000 ohms. The 3B7 was found to produce a bit more 
output than the 3A5; the latter has a maximum voltage rating 
of only 135 volts, while the 3B7 is designed for 180 volts maxi-
mum. 
Though the basic circuit is considered quite simple, several 

changes have been made to aid in tuning. The antenna circuit 
contains a variable capacitor to simplify the chore of tuning the 
antenna for use on various ground surfaces. Three sets of pin 
jacks on the chassis allow a single meter to be shifted to various 
parts of the circuit; in normal field operation the meter would 
be used with jacks E — F, to give an indication of power output. 
A 5-ma dc meter is used; in jacks A — B it is used in this range 
(the 1,000-ohm shunt resistor does not change the reading appre-
ciably) to read grid current of V2, which is helpful when first 
tuning up. Jacks C — D show the plate current of V-2, and again 
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we caution — don't operate the tube at higher than 15 ma. Actu-
ally, the best power output with most 3B7's is at 13 — 14 ma. 
Resistor R5 is supplied with the meter specified, and changes it 

Fig. 607. Several small circuit parts are mounted right on socket; pin 5 should 
not be used as a tie point since some 3B7's use it for internal part mounting. 

Four bolts secure entire rf assembly to front panel of case. 

to read 25 ma full scale. Jacks E — F allow M to indicate actual 
rf power output. This is simply a comparative reading, depending 
upon resistor R6, which is a single strand taken from the flexible 
hookup wire used in the transmitter. It is adjusted to allow M 
to read perhaps two-thirds full scale, when V2 is loaded to 14 ma 
or so. Start with the wire on the short side to protect the meter. 
Lengthen it until you get the desired reading and then solder it. 
All parts except the jack and the switch are mounted on a small 

chassis (see Fig. 608) bent from sheet aluminum. Note that no 
core is used in L 1. This circuit is tuned by Cl. Variable capacitors 
C4 and C6 are attached to the chassis with flat-head screws, so 
the entire rf unit may be assembled, wired and tested before put-
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ting it in the case. Wire the rotors of Cl and C4 to the chassis 
so that they will not be "hot" with high voltage. Connect the 
threaded part of the jack to the transmitter (not to the B-battery) 
and use insulated washers. The circuit of the transmitter is shown 
in Fig. 609. 
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Fig. 608. Chassis layout (not to scale). Check mounting 
holes for parts you use before drilling; this is a top view 

of the chassis before bending. 

Wiring is straightforward. Leads carrying rf should be as 
short and direct as possible. It is advisable to use solid wire for 
all rf connections in the plate circuit of V2, and for L3. Make 
the battery leads long enough so they won't be too tight when 
you are changing batteries, etc. 

Preliminary tests of the MOPA 
Make your first tests with only 135 volts until you are sure 

everything will tune all right. Connect the meter leads to jacks 
A and B, and rotate Cl. You should get an indication of grid 
current with the capacitor around mid-position (with the silvered 
portion of the rotor toward the tube). The meter may read about 
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1.8 ma. Connect a No. 47 bulb from the case to the top antenna 
post, set C6 at about mid-position and rotate C4. At some position, 
again near mid-scale, the bulb should glow. With the meter leads 
in jacks C and D there will be a reading of perhaps 10 ma. 

There is only one way you could go wrong on tuning; it is 
possible that you might set C4 to produce triple the crystal fre-
quency, rather than double. The best way to check this is with a 
calibrated field-strength meter. If the transmitter is built exactly 
as specified, this triple-frequency point will occur with C4 near 
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Fig. 609. Both rf chokes are National R-33, 100 microhenry. M is 
basic 5 ma meter, R5 selected to shunt it to 25 ma full scale 
reading. If a smaller case is desired, smaller B batteries may be 
used, with single 1.5 V unit for A supply. Approximate spacing 
shown in upper drawing for L2 and L3 proved correct on test 
transmitter. Put several wraps of tape around L3 to hold turns 
tight. Li is wound on commercial coil form, but core is removed. 

minimum capacitance  (plates fully unmeshed). The proper 
double-frequency position will be with plates about half-meshed. 

If all is well so far, you can add the other B-battery and make a 
final tuneup. Again shift the meter to jacks A — B; the reading 
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here should be 2 to 2.3 ma or so. Don't forget to back off Cl to-
ward the high-frequency side (move the silvered part of the top 
plate away from the end with mounting screws) to get stability 
of tuning. As a rough guide, this detuning should be enough to 
reduce the grid current reading about 0.1 ma. Shift the meter to 
C — D and retune C4, making sure the plate current is no higher 
than 15 ma. As you tune C4 through resonance, the current will 
drop sharply and the bulb should be brightest at the lowest dip 
in plate current. If the meter reads less than 14 ma at the dip, 
increase the capacitance of C6 a bit, then retune C4. Note that 
you never tune C6 — just shift it a little either way, then retune 
by moving C4 back and forth for best output and lowest plate 

current reading. 
When you have discovered the best settings for C4 and C6 that 

give maximum bulb brilliance but with V2 plate current about 
14 ma, you can shift the meter to jacks E — F. Tap the key and 
see if the meter reads near scale maximum; if it does, shorten the 
wire that constitutes R6 a bit and try again. The meter should 
read about three-fourths full scale with the lamp-bulb load. It 
will generally read somewhat lower with the antenna. Readings 
with an antenna connected are a bit difficult to interpret but, for 
any given set of conditions, you should always vary C4 and C6 to 
get maximum meter reading — while making sure not to exceed 
the 15-ma plate current for V2. The meter would be more useful 
if there were dpdt switch on the panel to shift the meter connec-
tions between jacks C — D and E — F without having to remove the 

cover of the case. 

Tube characteristics 
The 3B7 tube (and also the 3A5) has an unusual characteristic. 

If, after tuning up this transmitter, you were to pull the crystal 
out of its socket, the plate currents of the two sections of the tube 
would not fly up to very high values as they would with most 
tubes. They would go to about the same values as they do with 
the crystal in place and everything operating normally. This fea-
ture prevents the tube from destroying itself if the crystal stops 
oscillating, but makes it a bit difficult to know from looking at 
the plate meter if you are putting out a signal or not. This was 
the main reason why jacks E — F and the output monitoring cir-
cuit were added; if you see a reading on the meter when it is 
plugged in E — F, you can be certain the outfit is transmitting. 
If you can't make V2 draw 14 ma no matter where you set C6, 

move L3 closer to L2 and try again. Remember that you tune for 
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lowest reading of the meter at jacks C — D but for highest reading 
at E — F. C4 and C6 interact to a considerable extent and you 
should never shift C6 without retuning C4. We'll give a few more 
notes on how to set C6 later in this chapter. 
This transmitter draws about 220 ma from the A-batteries, but 

by using two of these in parallel very good life may be had. How-
ever, the batteries should be replaced when they drop below 1.3 
volts with the filament switch on. The B-batteries can drop to 
140 volts or so before they need replacement, but power output will 
be reduced at this voltage. However, they will last many months 
with normal use. When operating normally, VI draws about 8 — 9 
ma, but there is little need to monitor this. If you get the specified 
grid current for V2, you can be sure VI is doing all right. With 
no antenna or bulb load the plate current of V2 will drop to 5 
or 6 ma at resonance. For shop test work, you can use this transmit-
ter with V2 unloaded or loaded very lightly, without harm ( unlike 
all other transmitters covered in this book), to save B-battery 
power. Just be sure C4 is tuned to resonance at all times. 
A single length of 1 x 1-inch aluminum angle strip is cut to 

hold all the batteries snug. Make sure none of the self-tapping 
screws which hold the top and bottom on the case can dig into a 
battery and short it; relocate any that do. (See Fig. 610.) 

Antennas and how to load them 
Both the transmitters described so far have been designed for 

quarter-wave antennas, which are about 91/2 feet long for 27-mc. 
A quarter-wave antenna must be operated with a good ground, 
for the latter takes the place of the missing quarter-wave of wire 
or metal (it takes a half-wave antenna to get good radiation from 
a transmitter). But 91/2 feet is not a sacred length, and the antenna 
may be several inches longer or shorter and still work well; if 
there is any great variation, it is better to be on the long side. It 
is not necessary for the transmitter to be actually touching the 
ground, as the capacitance between the case and ground will 
assure good operation, especially with a case that has fairly large 
bottom area (as has the one in Fig. 605). If you raise such a trans-
mitter even a foot away from the earth (unless it is placed on 
another conducting surface such as a car hood or top), the ca-
pacitance effect is reduced to the point where it will be difficult 
or impossible to load the transmitter properly. 
Ground conductivity varies greatly, of course, depending on 

the amount of moisture in the soil and the nature of the surface 
— grass, bare dirt, concrete or other paved road, airport runway, 
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etc. If, in Fig. 609, the antenna coupling coil is made over-large, 
then its effectiveness can be reduced by C6. This allows a quicker 
and more effective adjustment to bring antenna loading to opti-
mum on most types of earth surface the modeler is likely to 
encounter. C6 will not, however, compensate when the trans-
mitter is on extremely dry ground or when the outfit is raised 
above ground. If it is necessary to operate under such conditions, 
you can provide an artificial ground by connecting about four 
radial wires to the transmitter case. Make them approximately 
as long as the antenna is high (shorter wires Will help but use 
more of them) and extend them along the top of the ground 
away from the case in four directions. These wires may be insu-

Fig. 610. Large size batteries were chosen for extra long life. Case still has room 
enough at front right for addition of a pulser, modulator, etc. Test lamp is seen 

attached to upper antenna support at left. 

lated or bare — it makes no difference, for again it is their capaci-
tance to earth that does the job. Ordinary flexible hookup wire 
is useful for such a "counterpoise." 
When you place your transmitter on the ground and turn it on, 

the first action after closing the on — off switch should be to push 
the key button briefly and vary the plate tuning capacitor to 

138 



obtain minimum current reading on the plate meter. If this read-
ing is lower than specified for the particular transmitter, you 
will know (provided your batteries are good) that the antenna 
is not loading the transmitter sufficiently. If there is no antenna 
tuning capacitor, move the coupling coil closer to the plate in-
ductance and again vary the plate capacitor. Repeat this until 
you see the plate current dip to the desired value. 
In transmitters with a variable loading adjustment, (such as 

C6 in the Solo-Mac) simply increase the capacitance of this com-
ponent a slight amount, then retune the plate capacitor again. 
Any change you make in the antenna system will call for retuning 
the coupled plate circuit, as there is considerable interaction. 

Quarter-wave and half-wave 
Many hand-held transmitters use a much shorter antenna, but 

in most cases this is acting as a shortened quarter-wave and the 
operator himself acts as part of the "ground quarter-wave." Such 
antennas are often only 3 feet long but, with a sensitive receiver 
and correct tuning at both ends of the control system, they allow 
ample range of operation. 
The best antenna of all is the half-wave. It is self-contained 

and does not depend upon the ground or anything else to take 
the place of a missing half. However, such an antenna on 27 mc 
would be some 19 feet or so long and very impractical. It is pos-
sible to "load" such an antenna with a coil inserted in its length, 
so that electrically it is still a half-wave long but mechanically it is 
considerably shorter. Any half-wave antenna is self-sufficient 
and will radiate near the ground or above. Since they, too, are 
used under portable conditions, half-wave antennas must have 
some sort of adjustable loading, or tuning arrangement. A variable 
capacitor does the job conveniently. Because it is not dependent 
upon a rather nebulous "ground quarter-wave" for efficient radia-
tion, the half-wave antenna will generally be found to put-out 
a stronger signal than will an equivalent quarter-wave type. 
The actual radiation patterns of different types of antennas 

vary to a certain extent, of course; some project much of their 
power close to the ground, others at higher angles. The vertical 
antenna used almost exclusively in radio-control radiates fairly 
uniformly in every direction at right angles to the antenna, but 
often, there will be a rather "dead" area directly over the trans-
mitter. Generally, an irregular radiation pattern is not of too 
much consequence in radio-control, because ranges are so short 
and receivers sensitive enough so that, even though the model 
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is in what would be considered a dead area of the antenna (such 
as high over a vertical), good control can still be achieved. Still, 
it is well to be aware of such effects, as dropping battery voltages 
in the transmitter or receiver, or both, can reduce the effective-
ness of the R/C link to a point where control is lost. 

TIP 

RING 

SLEEVE 

1,5.EYER BOX _I 

Fig. 611. With the filament switch closed, tube conduction will allow full battery 
voltage to be measured to circuit ground (usually the transmitter case) as shown in 
the simplified circuit in (a). The three-contact jack and plug in (b) will offer some 

safety if the ground wire is connected through to the keyer box. 

TO KEYED 
CIRCUIT 

Fig. 612. Keying relay will take little additional space in the transmitter case. 
Batteries can be in the keyer box (a) or the filament battery can be utilized as in (b). 

TO KEYED 
CIRCUIT 

Warning — for your safety! 

While the 5-watt output of these R/C transmitters is often 
looked on with disdain, the voltages involved can produce a bad 
shock. Under certain conditions of weather and an individual's 
health this can be fatal. Make every effort to prevent accidental 
contact with the B-plus voltage. If a single-circuit jack such as in 
the circuit in Fig. 609 is used, recess it so that it is not possible 
to touch the frame which is at B-plus potential when the keying 
device completes the circuit. Even with the frame grounded, when 
connected in the B-minus lead, (Fig. 611) part of the keying 
device will still have full battery voltage on it when open. A three 
contact jack will remove B-plus from the frame (which can now 
be grounded to the case) but the keyer will still be hot. For max-
imum protection use a keying relay circuit (Fig. 612). 
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chapter 2817LA 

complex transmitters 

rri HE transmitters described in Chapter 6 were both for the 27-
mc frequencies (any of the six radio control spots) and of 

rather simple design. Here we will cover more complex units, 
some intended for tone operation, others for use on the Amateur 
50-mc band. 

Converted Mac II 
The Mac II was, and still is, a very popular "high-powered" 

27-mc transmitter. Many hundreds of them are in use. It was 
intended to come near the maximum 5-watt input the FCC allows 
for radio control purposes on 27-mc. At the time this transmitter 
was first described, the regulations were much more lenient than 
now and it has become necessary to revamp the old unit to bring 
it up to date. In doing so, the power input has been reduced some-
what, but the 11/4-watt or so output is ample for any radio-control 
purposes. 
The original Mac II was based upon conversion of a surplus 

power supply unit (the PE157) that is no longer generally avail-
able. The case and most of the power supply parts of the trans-
mitter seen in Fig. 701 come from this source. However, parts 
placement is not fussy and Mac II's have been made in a wide 
variety of shapes and sizes; even the rf unit (Fig. 702) can be 
changed around — if you know what you're doing. If not, better 
stick to that shown. The power supply and battery can be re-
mounted to suit, so no chassis layout of the power supply chassis 
is given. 
The power comes from a 2-volt storage battery (Fig. 703) that 

not only supplies plenty of high voltage for the transmitter, but 
is also used as an engine-starting voltage source. Not all glow plugs 
will stand 2 volts, so be sure you use only those that can. If the 
cable to the glow engine is fairly long, though, the drop will be 
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sufficient to reduce the voltage to a safe level, even for 1.5-volt 

plugs. 
Use a heavy duty switch 

5 amperes flowing here and 
a severe drop in B-voltage. 

primary circuit with heavy-

in the 2-volt circuit, as there is some 
a very small voltage drop will reflect 
For the same reason, wire the entire 
duty flexible wire; the kind sold for 

Fig. 701. Originally called the 
Mac II, converted transmitter is 
now known as Numac II. Exter-
nal appearance is unchanged but 
rf section is 710W an MOPA. 
Same 2-volt vibrator power sup-
ply is used. Although the orig-
inal outfit was built in a surplus 
case and used surplus parts, 
many Mac I I's have commercial 
cases and use standard parts. 
Size and shape of case are not 
important, but follow rf chassis 

layout. 

auto primary circuit work is suitable. Several types of 2-volt cells 
are available, with capacity ratings from 20 up to 32 ampere-hours. 
Any of these will do a good job, though the highest capacity cell 
is preferable, of course. The cells are all the same external size. 
They come dry and you must add electrolyte and charge them. 
The charging rate varies according to capacity. Typical charging 

circuits are seen in Fig. 704. 
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In many respects, this transmitter is quite like that in Fig. 607 
in that it is a MOPA, uses a 13-mc oscillator, 27-mc doubler circuit, 
and has a tuned antenna-coupling arrangement. Tune-up is much 
the same as for the Solo-Mac, and we won't go into it extensively 
here. 
Since this transmitter (see Fig. 705) uses pentode tubes (the 

3D6 is another surplus type widely used in radio-control and avail-
able from most radio control suppliers at low cost), you must be 

Fig. 702. Underside of Numac Ii chassis shows two tube sockets at right, oscillator 
inductance Li at upper left. L2 and L3 supported by CI, C2 and antenna post. 
Short lug strip at lower left of chassis holds ends of small parts. Projecting above 
chassis are the two tubes and the crystal in their sockets. Test bulb is seen near 

antenna post. 

careful when tuning. Unlike the 3B7, pentodes go up to very high 
plate-current drains when the crystal is not oscillating or the 
doubler circuit is not tuned to resonance. Furthermore, pentodes 
should always be run at about the designed plate current. If this 
current is allowed to drop considerably — as it might should the 
doubler plate circuit be tuned to resonance with no output load, 
the screen grid current will rise to a dangerously high level. The 
transmitter can be used without an antenna for shop testing by 
utilizing the faithful lamp bulb to load the output. In this case, 
use a blue bead No. 44 or 46 bulb. 
The vibrator power supply is sometimes called "soft" — that is, 

it has poor regulation. The high voltage drops considerably as 
more current is drawn from it. With the key up, the voltage will 
rise to 230 or so but, under full load of this transmitter, you should 
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Fig. 703. Power supply of Numac II is on upper chassis, a 
2-volt storage cell at lower right. The socket seen on back of 
case (at lower left) is for cable used to start glow-plug engines 
and for battery charging. Due to voltage drop, fuse is not used 
—any drop in 2-volt system seriously reduces high voltage. 

neasure about 175 volts with a fully-charged cell. This fluctuating 
roltage is a safety factor in one way. If the crystal should quit when 
,rou are tuning, the heavier current drain of both tubes will cause 
t voltage drop so that the tubes are protected from immediate 
iamage — though the key should be opened until you can move 

the slug back for reliable oscillator operation. 
Some builders have used this circuit with B-batteries. This sort 

of power supply is referred to as "hard." Batteries that are 
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reasonably new have good regulation and will maintain their 
voltage even under much heavier than normal loads, so you must 
use more care in tuning. 

All parts of the rf unit except Cl and the antenna tuning com-
ponents are mounted on a single small chassis, dimensioned as 
in Fig. 706. Coil information is shown in the same drawing. The 
parts layout can be changed considerably, but it is wise to keep 
Li and L2 separated as much as possible. Terminals 4 and 5 on 
the loctal sockets are open on the 3D6 and are used as tie points. 
A three-lug tie strip also holds the ends of some of the small parts. 
You must use a 1-ohm resistor (preferably wirewound) to drop the 
battery voltage for the tube filaments. This resistor is R1 in Fig. 
705. 
To facilitate tune-up, use test points A and B to check the grid 

current of V2. A low-range dc milliameter having a full-scale 
deflection of 1 ma is fine. Use a 35- or 50-ma meter in V2's plate 
circuit. No provision is made for reading screen grid current, but 
it can be checked by plugging a meter in at the keying jack. Keying 
is accomplished by breaking the two screen grid circuits; this meter 
would read the screen grid current of both tubes. VI should never 
draw more than I ma, and will usually run at about 0.75-ma 
screen grid current. 
Provided you have about 175 volts under full load, here are 

some current readings: VI, plate current 6-7 ma; V2 grid cur-
rent 0.5 —0.6 ma; V2 screen grid, 4 — 6 ma; V2 plate current 15 —18 
ma. Total B-drain of the test transmitter was 28 ma and total drain 
on the 2-volt cell about 5 amperes. 

Simple modulator for Mac ll 
For radio control purposes, the simplest form of modulation has 

been found to be via the grid of the output tube. A suitable modu-

 NA/s,  
FIL TRANS 

II:VAC  ll 

CATH 

CATH TO 2V CELL - 

MI  IOW 

6V CAR BATT 

LINE CHARGER  CHARGING FROM CAR BATTERY 

- 

2V 

Fig. 704. The 2-volt cells can be charged at a rate up to 3 amperes. Rectifiers 
must be picked to carry sufficient current. Federal 1018 will allow about 
1.8-ampere charging rate. R must be picked to give the desired charging rate. 

lator used with the Numac II is seen in Fig. 707. The underside of 
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the modulator is shown in Fig. '708. It utilizes a single 3A5 tube 
as a multivibrator and has ample audio output for this job. Since 
tone receivers vary as to the exact tone they prefer, potentiometer 
RI allows a wide range of tone shift — about 350 to 1,650 cycles 
in this case. The modulator draws 6 — 8 ma, depending upon the 
tone chosen. When the modulator is keyed, the plate current of 
V2 in Fig. 705 will drop appreciably. Power output as checked 

3D6 
OSC 

3f-SEE FIG.706 
FOR COIL DATA 

CHARGING 
SOCKET 

STORAGE 
CELL 

3D6 
DOUBLER 

V2 

Fig. 705. Schematic of transmitter and vibrator power supply. Power 
supply could be replaced by dry batteries. 

on a lamp bulb or a field-strength meter will also drop. This is 
quite normal, and the modulated power output of the transmitter 
will still be adequate. 
Since there was no room on the rf "shelf" for the added tube, an-

other small angle bracket was bent from aluminum to hold it. As 
seen in Fig. 709, a small transformer is also on this shelf. While the 
circuit of Fig. 707 requires no transformer, it was used in an effort 
to obtain a more stable audio tone. Most af oscillators change fre-
quency quite a bit with changes in B-voltage, and the multivibrator 
is no exception. For some radio-control receivers, notably those 
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utilizing reeds, a very high order of af stability is required. The 
transformer (which is actually used as an af choke of relatively 

CTC LS3 
FORM WITH 
16 TURNS 
N°28 ENAM WIRE 
RED CORE 

1/8"-• 

9 TURNS N°14 
(3/4"1.D.WIRE) 

8 TURNS N°20 
1NSUL SOLID WIRE 

h— CLOSE WOUND 

TO C2  TO ANT 

7/8"  

L2 L3 

TO V2 PLATE  TO CI a METER 
LI  a ci 

OFFSET 
CENTERS 
TO CHANGE 
COUPLING 

Fig. 706. RI chassis bent from I I I6-inch sheet alu-
mtnum. The 1-inch tabs at bottom are drilled for 
four mounting screws. Crystal sockets vary some-

what — drill holes to fit. 

high Q) aids in holding the multivibrator stable, despite changes 
in B-voltage. 
A suggested circuit is shown in Fig. 710. The components 

TO RFC 

8R2  03  
IN FIG.  • 
705 

22K 

Fig. 707. Simple modulator for 
Numat II. RI varies tone to suit 
receiver. Lead at upper left goes 
to point marked "Mod Here" 

on Fig. 705. 
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FIL AND B+ 
CABLE 

TO RFC 
AND R2 IN 
FIG. 705 

Fig. 708. Underside of small modulator chassis. This 
one uses choke, circuit as in Fig. 710. Two lug strips 
hold ends of small parts. If circuit of Fig. 707 is used, 

chassis may be somewhat smaller. 

within the dashed lines would be duplicated for each af tone 
desired. Note that dpst keys are required, one section switching 
the audio tuning components and the other the B-voltage to the 
modulator. No great effort was made to get rocklike stability from 
this circuit, but it showed a change of only about 4 cycles, with a 
B-voltage change of 180 to 90. Better results than this could be 
had by running the oscillator at lower voltage and the output 
through an audio amplifier tube to the rf section. For even less 
frequency shift, a neon tube connected as in Fig. 711 would serve 
to keep things stable. 
Note that not just any old af choke will do the job in Fig. 710; 

the higher the Q of this unit, the better. Some builders have used 
costly toroids with fine results, but the surplus transformer indi-
cated is inexpensive and a good one with which to experiment. 
Additionally, the capacitor used across the choke should be high-
grade, hermetically sealed oil-filled units being very good. 
This modulator produces a "chopped" carrier wave, as seen in 
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Fig. 712. There is some question as to whether this is the best 
waveshape for reed use, but it does work and many radio control 
transmitters produce such a waveshape. The height of the rf signal 
is the same, with or without modulation, indicating that the 
strength of the signal does not drop when the tone is keyed on. 
The "holes" that are cut out of the rf carrier cause the plate-circuit 
meter reading to drop, as does that of a field-strength meter. This 
type of scope pattern is obtained by simply bringing a small one-
or two-turn coupling loop adjacent to the output-tube plate in-
ductance (L2). A piece of TV twin-lead couples this loop directly 
to the vertical plates of the scope (the vertical amplifier must be 
bypassed) . 

With the modulator of Fig. 707 in use on the converted Mac 
II, the plate current of the doubler stage drops from about 16 ma 
to 10 when the tone is keyed on. 

One final note about this type of modulator. The multivibrator 

PO MP . 
AMPLIFIER 

OSCILLATOR 

Fig. 709. Here we see rf chassis of Numac II (top). There are two APC type 
capacitors Cl and C2 (Cl hidden under L3). Modulator is small chassis next 
to doubler plate meter. Pilot lamp at lower left. All these parts mount on cover 

of surplus case used in Mac II. 
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is rather sensitive to rf. The af oscillator circuits should be kept 
isolated from the rf section as much as possible, particularly the 
leads in the grid circuits of the 3A5. It is normal, for reed opera-
tion, to run the leads to the tone-switch keys through an extended 
cable to a hand-held control box (when using a ground type 

3A5 

TO RFC  .05  

VARY TO GET 
FULL MOD 

* FEDERAL 
GH-3853-2 

.02 

50K 
TONE 

MEG  CONT j 

Fig. 710. More stable modulator for reed and filter use. Choke is one winding 
of a fairly high-Q surplus transformer. Capacitance across choke, units in 
dotted box, must be tailored to receiver employed. R may run from zero to 

several thousand ohms. 

transmitter). The tone setting components, in the dashed en-
closure in Fig. 710, are also usually in the control box. In such 

cases, a shielded control cable is a must. 
Rf pickup bothering the multivibrator usually shows up as an 

increase in the af tone frequency. This can be checked by turning 
on the multivibrator alone, listening to the audio output, then 

RI 

R2 

MULTIVIB 
TUBE 

R3 

NE-2 

HIGH VOLTAGE 

Fig. 711. Neon bulb acts as voltage reg-
ulator tube. Other components as in 
Fig. 710. R3 chosen to insure that NE-2 
stays lit cver entire voltage range ex-

pected from power supply. 

turning on the rf section of the transmitter (but make sure any 
change in frequency isn't caused by a drop in B-voltage when the 
rf section is energized — a set of heavy-duty B-batteries will help 
here). Rf pickup in the keying leads can usually be minimized 
by use of small bypass capacitors across the key leads where they 
enter the transmitter case. Sometimes rf chokes are also needed. 
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50-mc if unit — the Mac 50 
Utilizing the same case and power supply as that seen in Fig. 

703, Fig. 713 shows a 50-mc rf section that has been used exten-
sively. The circuit is shown in Fig. 714; Figs. 715 and 716 show the 
chassis and Fig. 717 the chassis template of the unit. The 3A5 acts 

MODULATED RF  UNMODULATED RF 

t 
WITH LESS THAN 100 % MOD 

THESE GAPS ARE 
PARTIALLY FILLED IN 

-1-
SAME HEIGHT 

(SAME RF "STRENGTH") 
MOD AND UNMOD 

Fig. 712. Scope pattern of grid modulation often used in RIC trans-
mitters. Af chops holes in rf signal when 100% modulated. Field-
strength meter usually shows reduced reading, with modulation. 

as a crystal oscillator and doubler, crystals in the range of 25 — 27 
mc being utilized. The rf amplifier is a 3B4 and, while it can be 
operated without neutralization, the latter makes it much more 
stable and less liable to "takeoff." Because of the low drive require-
ments of the 3B4, the 3A5 runs at very low power, both sections to-

Fig. 713. Top view of Mac 50 rf chassis. Shaft of C2 must be insulated from 
chassis and case, as it carries full B-plus voltage. Small capacitor at left 
of amplifier shield is .01-14 bypass for L3. Shaft of Cl appears to left of 

oscillator shield, and above it is shaft of R2. 

gether drawing an average of only about 10 ma. Variable resistor 
R2 allows setting the grid drive to V3 as required, and was put in 
mainly because a variety of crystals have been used, ranging from 
surplus FT243 fundamental types used here as third-overtone 
oscillators to "hot" sealed metal-case units. 
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A slug coil tunes the oscillator, but it was found necessary to 
use the variable-capacitor — fixed-inductance arrangement for the 
tank circuit of V2. The 3B4 amplifier is quite conventional ex-
cept for the inductive neutralization arrangement. Although not 
widely used, this type of neutralization has been found advan-
tageous. Moreover, it is easy to apply to an existing unstable am-
plifier. The twisted link of insulated hookup wire is tapped onto 
two turns of L3, and two turns of the same wire at the other end 
are brought adjacent to L2. Adjustment will be discussed later. 
The original transmitter includes an elaborate switching sys-

tem to shift the meter to various points in the circuit. It is seldom 
used in the field and the meter could be left permanently in the 
plate circuit of V3. The lettered test points can be used to check 
circuit operation with external meters in the shop. Resistor RI 
across A — B can be chosen to give a 10-ma full-scale reading with, 
say, a 1-ma test meter. The same meter can be tapped in across 
C — D with little change in reading due to the 10,000-ohm shunt 
resistor. 
Note that the 3B4 has a 11/4 -volt filament. A dropping resistor 

(-6"ANT 

X(I.5V) 

500Nif 

Y(1.25V) 

20/10W-WW 

2V 

3B4 

RI 
SEE 
TEXT 

R2 
10K 

Z °:5f6o—V 

L3 

L4 

50µµf 

LI—CTC 1.53, red core, 171/2 -turns #24 enam. tapped at 5 turns from bottom. 
12-8-turns #16, 7/I6-inch i.d. 7/8-inch long. 13-81/2 -turns #16, 1/2 -inch id. 7/ 
inch long. 14-7-turns insulated solid wire, close-wound; mount at ground end of 13. 

Fig. 714. Most crystals will work in this oscillator circuit. The power ampli-
fier is neutralized with the 2-turn loop tapped across the output tank coil. 
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C 2  3 8 4 

0 Y\  L3 

Fig. 715. Same type of case and arrangement of parts were used for this 
Mac-50 as for Mac 11 (and more recent Nutnac 11). Switch below meter is 
for shifting meter to various circuits, seldom used in field. Power supply 

is same as in Fig. 703. 

must be used with it. even with a dry-battery filament supply. 
This transmitter has a 10-watt wirewound resistor with two ad-
justable taps for setting the filament voltages for both tubes. 
Separate resistors would be even better. 
To put the unit into operation, temporarily open the screen 

grid lead of V3 (it will then draw no plate current) and tune the 
oscillator with Ll. Keeping an eye on the grid current meter of 
V3, tune CI to resonance. With variable R2 at zero resistance, it 
should be possible to get about 0.6-ma grid current, and the plate 
current of V2 should be no more than 7 ma. 
Next, the 3B4 must be neutralized roughly. This can be done 

by watching the grid current of V3 as the plate capacitor is tuned 
through resonance. If grid current jumps either up or down 
as C2 is varied through its range, change the position of the link 
coil near L2 and make another try. If no position can be found 
that eliminates the twitch in grid current, try rotating the coil 
on the end of the link 180° (if it is the wrong way around, the 
arrangement will produce regeneration) and repeat. It should 
be possible to get a position where the grid current doesn't change 
a bit when C2 is tuned. 
Now close the screen grid circuit of V3 and tune the plate 
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circuit, using a blue-bead pilot lamp from antenna post to case 
as a load. The best output has been found to occur at about 25-ma 
plate current, and with R2 set to give a little less than maximum 
grid current. The screen grid current of V3 should not be allowed 
to go over 6 ma. Monitor this with an external meter when first 
tuning the transmitter. After getting V3 adjusted to give good 
output, final close neutralization can be accomplished. This is 
best done with a field-strength meter coupled to L3 with a link. 

Fig. 716. L2 is supported on lugs of APC type capacitor, Cl. Fastened to right 
edge of chassis is 2-ohm 10-watt wirewound resistor with two sliders for indi-
vidual filament-voltage adjustment. R2 (above L2) should be small wirewound 
unit rather than carbon. All power supply leads come out in single cable. 

Again open the screen grid lead to B-plus, turn on the power 
and shift the neutralizing coil near L2 carefully. You will find it 
possible to get neutralization so close that even a sensitive meter 
will give practically no reading. 
With a freshly-charged storage cell this transmitter will produce 

a power output of about 2 watts, the high voltage being 165. Cur-
rent drain from the cell is about 6.6 amperes with the key closed 
and 2.25 with it open. 
The transmitter was used for some time with the antenna coup-

ling arrangement shown in Fig. 714 and a quarter-wave antenna 
about 41/2  feet long. This worked fine, but a half-wave antenna with 
the coupling setup in Fig. 718 is even better and makes the trans-
mitter much less fussy as to what sort of ground it is set upon. 
Also, with this coupling system, the transmitter can be fully 
loaded with the antenna collapsed all the way or extended to a 
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VI 
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I-1/2" 

1/4" 

  5 1/2" 
BEND UP--1  

TOP VIEW OF RF CHASSIS 

Fig. 717. Check your parts before drilling screw holes to hold parts on chassis. 
Mica-filled phenolic sockets are better than black type. Chassis is 1116-inch 

aluminum. 

couple of feet — very useful for shop test work. Note that a bulb 
load cannot be connected from antenna post to case with this 
coupling circuit. You can, however, insert it in the coupling tuned 
circuit at point X. It should be shorted for normal transmission. 

Modulating the Mac 50 
To use this transmitter with untuned tone receivers, the mod-

L3  9' ANT_ 37 N°22 INSULATED SOLID WIRE, 5/8" 10,1/4" FROM L3 

20 NO  Fig. 718. Half-wave antenna (for 50 mc) 
is about 9 feet long. Special output circuit 
is needed to tune it. If lamp is used for 
shop testing, insert at X; short lamp when 

_  INSERT N°44 
- LAMP HERE  using transmitter normally. Transmitter 

can be fully loaded with antenna collapsed. 

ulator shown in Fig. 707 was utilized. It works exactly as shown, 
with no circuit changes. However, to cut down the power drain 
on the storage cell during tone operation, and to permit quick 
shifting from cw to tone operation, the switching circuit seen in 
Fig. 719 was installed. R3 is the same screen grid dropping re-
sistor seen in Fig. 714 and is in use for CW operation. 
For tone work, an added resistor, R4, is put in series with R3; 

this cuts the plate current of V3 to about 16 ma. When the key is 
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closed, this plate current drops to 10 ma. The changeover switch 
takes care of this screen resistor change, shifts the keying leads 
as required for the two types of operation, and closes the filament 

TO RFC  TO .03pf 

V3 
PLATE 

RF UNIT 

8+10 VI a V2 

CW TONE  8+ 
MOD UNIT 

300V  I o  TO KEY 

I65V+  2V+ 

Fig. 719. CW tone-sw .tching circuit for Mac-50. Rf power is consider-
ably reduced when switch is in tone position. This saves battery power 
and reduced output is ample for most tone receivers. Electrolytic across 
113 and R-I prevents waveshape distortion caused by this large screen 

dropping resistor value. Switch should be nonshorting type. 

circuit of the 3A5 modulator tube. This transmitter shows the 
same drop in plate current and in field-strength reading when the 
audio is turned on as for the Mac II tone conversion. 
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L2 50-54 MC 

L3 

°INSERT TEST METER HERE 

N°47 

11-17-turns #18 enameled wire on form 1/2 " id., PA" long; the tap on 
LI is 6-turns from the lower end of the coil. 12-9-turns #16 enameled 
wire on form 1/2 " id., 3/4 " long; 13-31/2-turns #16 enameled wire on form 

having 3/4" id. 

Fig. 720. This simple "one-tube" transmitter gives ample power 
output for many uses. If modulated (with unit in Fig. 707), rf 
choke should be inserted between tube socket terminal 5 and R2, 
modulation connected to lower end of choke. Left-hand 22,000 
ohms on Fig. 707 may not be needed; 135 volts should be ample 

for modulator. 



Simple 50-mc circuit 
For those who wish to use 50 mc and are looking for a simple 

transmitter, the circuit of Fig. 720 will give very nice results if 
used with an active crystal. The output is ample for any control 
work within the range of sight, when the circuit is correctly tuned. 
The crystal oscillator must operate between 25 and 27 mc. In 
general, crystals in small sealed metal cases are the "hottest." An 
overtone type is recommended. 
The second half of the 3A5 acts as a doubler, making neutraliza-

tion unnecessary. Grid resistors RI and R2 should both be wire-
wound types, as these act as rf chokes. If you can get only carbon 
resistors for these positions, insert small rf chokes in series with 
the resistors. The wirewound resistors may be of any wattage up to 
10 watts; higher-wattage units are too bulky. 
To put the circuit into operation, connect the usual bulb load 

Fig. 721 -a. Known as Mac Jr., this 
27-mc hand-held unit has con-
siderable output. Units of renter-
loaded antenna seen disassembled. 
Hole in rase front allows observ-
ance of storage-cell charge indi-
cator. Socket under switch used 
either for charging or starting 
glow-plug engines via 6-foot cable. 
Original, built in 3 x 10 x 51/2-
inch chassis, was crowded. Slightly 

larger case is advisable. 

LOADING 
COIL 

CHARGE 
IN  

to L3; a milliammeter of about 0-5-ma range should be connected 
temporarily between the ground end of R2 and B-minus. This 
meter will indicate grid drive for the second section of the 3A5. 
Rotate the 50-1jpf oscillator tuning capacitor until the meter reads 
maximum. It should go to at least 2 ma for good efficiency in the 
doubler. Then tune C4 for the best output. When working cor-
rectly, the plate current of VI will be about 8 ma and that of V2 
will be about 16 ma. A large amount of regeneration has been 
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TRANSMITTER 

POWER 
SUPPLY 

_ 

Fig. 721-b. Surplus storage cell and power supply chassis 
were a glove fit in small chassis. Tube on cell vent leading 
to outside of case may be seen atop cell. Chassis bottom 

plate was used to cover back of transmitter. 

used in VI to assure high output, so use care when tuning to be 
certain you are on the correct frequency. 
It may be difficult to get enough coupling between L2 and 

L3 to load V2 properly when a bulb is being used. Hence, a 
tuned output circuit is shown, composed of the No. 47 bulb with 
L3 and C6. This circuit is tuned to the output frequency of 
V2, or very near it, and will then be found to take as much 
power out of L2 as you wish, depending upon how close L2 and 
L3 are coupled. With this sort of tuned-output circuit, it is easy 
to overload tube V2, so adjust the coupling with care. The plate 
current of V2 will go up to about 25 ma with LI tuned to the point 
of best output, but with C4 off resonance. If C4 is tuned to 
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resonance with no plate-circuit load, the plate current will drop 
to around 4 ma. 
This little transmitter has the usual advantages of the MOPA; 

it is very stable and easy to put into operation. It can be used with 
any of the antenna coupling arrangements shown in this chapter 
for 50 mc, with the one in Fig. 718 suggested (if it is to be a 
ground-based transmitter). For hand-held use, a 41/2 -foot rod would 
form a quarter-wave antenna and would be used with a coupling 
coil of about four or five turns of insulated wire of the same di-
ameter as L2. Power output should be around 0.7 watt. 

CB AND C9  VIBRATOR 

k,  0 02175iik  ' 
_ 

Fig. 722. Power supply chassis carries on—otf 
switch and charging plug. If transmitter is to 
be used for tone, a filter choke should replace 
R7 in Fig. 726. Larger case would be needed for 
these additions. This transmitter can use 135-volt 
B-battery, and usual dry A, instead of power 

supply shown above. 

This transmitter could be used for tone work with the modu-
lator shown in Fig. 707. Replace grid resistor R2 (Fig. 720) with a 
carbon type and use an rf choke of about 100 ph, with the modu-
lator lead connected to the junction of the two. 

High-power hand-held transmitter 
Intended for 27-mc operation, the Mac Jr. (Figs. 721-a and -b) 

was an attempt to cram a vibrator power supply into a case small 
and light enough for hand use. Here again an MOPA circuit has 
been used, but in this case the oscillator is on 27.255 mc, uses a 
3V4 tube connected as a triode, and the usual 27-mc third over-

159 



tone crystal. To get efficient radiation from the antenna and yet 
keep it to a reasonable length, an unusual loaded half-wave type 
is employed. Due to its circuit and this antenna, the transmitter 
puts out as potent a signal as many ground-type transmitters using 
a full 91/2 -foot vertical antenna. In addition, the unit is not fussy 
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Fig. 723. Holes to be cut in case 
if original size is used. As noted 
previously, larger size is prefer-
able. Cut hole so that cell charge 
indicator can be observed. 

as to ground effect, and will give about the same signal strength 
when held in one or both hands, when set upon a wooden table, or 

placed on the ground. 
The power supply is a vibrator type (Fig. 722) similar to that 

in the Mac II, but using a much smaller transformer and no af 
choke. The single storage cell is a surplus type of about 20-ampere 
hours capacity. It will last for several flying sessions before it needs 
recharging. It has plenty of capacity to act as a starting cell for 

glow-plug engines. 
An aluminum chassis (Fig. 723) forms the case. The storage cell 

is clamped in the lower right corner (viewed from the front). As 
a measure of protection, the cell is completely cradled in thin foam 
rubber. Plastic and rubber tubing lead the fumes from the cell 
vent tube outside the case — a most important provision in any 
transmitter using such a storage cell. All power supply parts are 
mounted on a chassis bent out of 1/16-inch sheet aluminum, in-
cluding the on—off switch and the two-prong socket used both 
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Figs. 724-a. -b. Wire seen coming from G6 is soldered to antenna lug on lop of 
case. Layout is compact but parts are placed for minimum interaction. Neu-
tralization is not required. Insulate shaft of C5 (left capacitor in upper photo) 
from chassis and case. Underchassis view shows R12 in foreground, other parts 

grouped around tube sockets and four-terminal lug strip. 
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for charging and for the engine starting cable. A socket on this 
chassis receives a plug from the rf chassis. 

The storage cell was cut from a 6-volt Willard ER-25-5 battery, 
which has three complete cells cemented together. The same cells 
can also be had singly as ERH-25-2 (sometimes labeled with the 
military number BB-210-U). The cell is listed in some of the 
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Figs. 725-a, -b. Layout for rf and power supply of Mac Jr. About half the 
space is utilized for rf components; rest could be  used for pulser or 

modulator, 

radio mail-order catalogs as Radio-25-2, and has been used in 
portable broadcast receivers. Its case measures about 21/2 inches 
square by 6 inches high. Like many other lead — acid cells, this one 
has three colored balls to indicate the degree of charge, and a hole 
is cut in the case front so they can be checked. 

The rf components of the transmitter take up only one end of 
its chassis, and a pulser or modulator could be mounted on the 
other portion (Remember to shield it from stray rf fields.) Top 
and bottom views of the rf chassis are shown in Figs. 724-a and -b. 
In this outfit a plain pushbutton is fitted to key the transmitter 
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and, as usual, it controls both tubes. There are two sets of test 
points, A — B and C — D, used when tuning initially. The trans-
mitter meter is always in the plate circuit of V2. As in the Mac 50, 
a single 10-watt wirewound resistor with two adjustable clips is 
used to set the tube filament voltages. 
The tuned circuits are isolated so the 3B4 can be used without 

neutralization (which is also why tube shields should be employed). 
Unless you are experienced it is strongly suggested that no change 
be Made in the rf chassis layout (Figs. 725-a, -b). Many of these 
units have been built and operated very successfully with dry bat-
teries, housed in a larger cabinet. 

7/32" BRASS TUBING 

SAW SLOT 

1/2" DIA BAKELITE ROD 

62 TURNS N°20 INSUL SOLID WIRE  SOLDER 

k- 3/16" SOLDER 

1 

3 CENTER-PUNCH MARKS 

12 TURNS N°16 BARE  7 TURNS N°20 INSUL 
WIRE (5/8" ID.) WIRE (5/81.0.) 

3/16"—.-

L2 

TO STATOR OF 
C5 a V2 PLATE 

TO ROTOR 
OF C5 

5/16" OFF CENTER 

L3 

51/2"   

BANANA JACK 

L 1-14 TURNS N°26 
ENAM WIRE 
TAP AT 3 TURNS 

CTC N° LS3 FORM 
RED CORE 

SAND DOWN 

3/8" 

ADJ  REMOVE 
SCREW  BRASS 

I I 

Figs. 725-c, -d. Follow dimensions of antenna and loading coil exactly. Spread saw 
slots with screwdriver for tight fit. Punch marks are made in outer tubing to 
keep tube that slides inside from going right through. If larger case is used for 

transmitter. LS3 coil form (for LI) may be used intact. 

Variable capacitors C5 and C6 can be used either with knobs 
as shown in Fig. 721-a (in which case 1/4 -inch-diameter tubular 
bushings are soldered to the stub shafts) or tuned with a screw-
driver. Due to the type of antenna and coupling system used, there 
is little need to retune these capacitors at any time during use, 
unless the crystal is changed. Li can be tuned from the top of the 
case through a small hole. The coil form and slug were cut short 
so they do not interfere with the storage-cell terminals. 
A 1/4 -inch-thick phenolic plate is bolted under the hole in the 
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VIBRATOR  VB-8 

* SEE FIG.725 
FOR COIL DATA 

SOCKET 2 (FOR CHARGING) 

ANT 

33µµf 

25p.µ} 

Fig. 726. Circuit diagram of complete transmitter 
and power supply. 

top of the case and carries a 10-32 screw to hold the antenna. The 
latter is made of five 1-foot sections of telescoping brass tubing 
obtainable in most hobby shops. The lower piece is 9/32-inch OD 
and has a brass bushing soldered inside flush with the bottom and 
tapped for a 10-32 screw. 
The 7/32-inch OD tube carries the loading coil (Fig. 725-c). Be 

sure to use solid wire for this coil. A banana jack in the top of 
the coil serves as support for the top three sections. Slide the vari-
ous sections of tubing together, with the punch marks shown in 
Fig. 725-c keeping the inner tubing from sliding right on through. 
The saw slots are sprung open a bit with a screwdriver to provide 
a light force fit. (Coil winding data is given in Fig: 725-d.) 
Use heavy flexible wire for all connections in the 2-volt vibra-
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tor circuit, and a geavy-duty dpst switch with the two sides 
paralleled to cut down voltage drop. Ordinary two-wire zip-cord 
is used for the engine starting cable. About 6 feet long, it has insu-
lated spring clips at the end. 
When the set is complete, pull the vibrator out and turn on the 

switch to make the filament resistor adjustments. Set them at 1.5 
volts for the 3V4 and 1.3 for the 3B4 (they will be a bit lower 

9' WHIP ANT 
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XTAL OSC 
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6 

47K 
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RF AMPL  L2 

V2 2 

XTAL  A+ .1. 
T 27.255 MC 

39 
PIP 

o  Mrs 0 
E loon F 
6MA 

BY 
KEY 

10K 
150V15 

C1 4  -r 
)1   
e 3A5 .oi 

MULTIVI840011., 

82K  82K 

=  A+ 

11-18-turns of #22 enameled wire, close wound. Tap at 3 turns. 12-17-turns of #22 
enameled wire, close wound. Li & 12 are %" dia. CTC (15-3 or LS-5) form with red dot 
powdered iron slug, not brass. Wind coils close to open end of form. 13-8-turns of #22 
enameled wire, %I" dia. close wound and self supporting. Couple to hot (plate) end of 12. 

Fig. 727. Pink-bead No. 48 lamp is always in circuit to show output. Power 
switch cuts dc to amplifier entirely in LO position; leakage through tube 
still allows some signal to get out for close-range tests. Both 3V4's are 

modulated. 

°LO 

3 

ANT 
CURRENT 
LAMP 

2211 

50µµf 

 0,1 + 135 V 

A— 
B— 

when the vibrator is working). Temporarily open the screen grid 
lead of V2, connect a 1-ma meter across the test points C—D 
and tune the oscillator. As usual, set the slug a little to the high-
frequency side of the point of highest output. Grid current should 
be from 0.6 to 0.9 ma, with 0.75 a good average value. A 10-ma 
meter across points A — B should read about 5.5 ma. You can now 
close the screen grid circuit of V2 and tune it. A load should always 
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be on this tube, of course. With the antenna coupling circuit used 
in this transmitter, you can't just connect a pilot lamp from an-
tenna terminal to ground. Rather, open the connection between 
L3 and C6 and insert a temporary No. 44 or 46 bulb at this point 
(Fig. 726). As we've noted previously, set C6 to some position, 
then tune C5 to attain resonance (that is, rock it back and forth 
over its whole range). If you don't get a plate current reading of 
about 20 ma for V2, move C6 a little, then retune with C5. The 
plate current should be no higher than 20 ma. On the test trans-

PIN JACKS 
FOR OSC 
PLATE 
CURRENT 

XTAL   
SOCKET 

11/16" 
ON-OFF SW 

15/3 2"  II/32"  5/16" 

N°3I  N°31 
ANT CAPACITOR LO 

PLUG FOR BEEP- INSULATED  HOLE FOR 
BOX MOTOR  JACK FOR KEY GROMMET 
VOLTAGE,7  a LAMP 

3/8"  - 

FRONT VIEW OF CHASSIS 

3V4  TOP VIEW 
XTAL OSC 

PIN JACKS FOR AMPL 
PLATE CURRENT 

3A5 
MULTIVIB 
400 0SC 

N° 31 

Fig. 728. A 3 x 4 x 5-inch aluminum box (Bud CU-3005 or 
equivalent) holds all small parts of the transmitter, is 
mounted inside 10 x 10 x 8-inch case that holds antenna 

and batteries. Small box drilled as above. 

mitter, this current provided a power input to V2 of about 3.4 
watts, and the measured power output with the bulb load was 1.8 
watts. Current drain on the 2-volt cell was approximately 6 am-

peres. 
Do all testing with the chassis out of the case. When it is com-

pleted, remove the No. 44 bulb and assemble the transmitter. As 
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a continuous check on power output, you could install a No. 48 
pilot lamp in the same position, with sufficient shunt resistance 
to keep the brilliancy to a low level; such an output indicator does 
not take too much power and is very useful. For shop testing V2 
can still be loaded by the proper setting of C6 (and retuning of 
C5) with only a single section of antenna in use — or even with 
none at all. 

27-mc tone transmitter 
The circuit shown in Fig. 727 was designed expressly for audio 

tone work (with nonselective tone receivers) and has been widely 
popular as the WAG. It is used in many versions, both homemade 
and commercial. It uses a pair of 3V4 tubes in a MOPA circuit, 
employs a 27.255-mc crystal oscillator and has a 3A5 multivibrator 
for modulation. Despite the fairly low power input to V2, the 
tuned antenna system radiates a fairly husky signal — and of 
course, audio receivers do not need anywhere near as much rf 
power as do CW types. 
To prevent leakage of rf when used with very sensitive receivers, 

the entire rf section is mounted in a 3 x 4 x 5-inch aluminum case, 
and this in turn is attached to the front of the 10 x 10 x 8-inch outer 
case. No meter is fitted to this transmitter, but test jacks facilitate 
tune-up. A permanently installed No. 48 (pink bead) pilot bulb 
serves to show when the transmitter is turned on and also to moni-
tor rf output. Fig 728 shows a dimensional layout of the WAG 
chassis from the front and the top. 
Both tubes in the circuit of Fig. 727 are tuned by slug coils 

which are accessible only from within the large case. However, the 
antenna capacitor (C3) is brought out through the front so it can 
be touched up to accommodate various types of grounds. Also on 
the front panel is a high - low switch. In the low position, all power 
is removed from V2, but there is enough leakage through this 
tube to allow operation of a receiver within a few feet of the trans-
mitter. Some tone receivers have been troubled with what is 
called "swamping", an effect caused by leakage of enough un-
modulated rf from the oscillator through V2, even though the 
latter is fully modulated, to render the receiver partially or wholly 
inoperative. To overcome this af is fed to VI through the .05-f 
capacitor (C4) from V3. This connection also makes it possible to 
work a receiver at very close range, even though V2 is disabled by 
the high - low switch. 
To tune, put the power switch in Lo and tune the slug in Li. 

A 10-ma meter connected to jacks E - F should show a current dip 
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to about 6 ma when this tube is working properly (tune a little 
to the high-frequency side of resonance for stability). The tube 
will stop oscillating when you touch the coil with a finger, but it 
should start immediately when the finger is removed. Connect a 
meter with a maximum scale range of at least 20 ma to jacks G — H, 
turn the power switch to HI and tune L2 for the greatest current 
dip. A No. 47 pilot lamp could be connected from antenna insula-
tor to case for an indication of power output. The pink-bead bulb 
built into the transmitter also indicates power output. The cur-
rent dip of V2 will only be 1 ma or so, so tune carefully. Now tune 
C3 and L2 for maximum brightness of both bulbs. (You can dis-
pense with the No. 47 bulb and connect a short from antenna post 
to case, if you prefer). 

V2 will draw about 12-ma plate current when properly tuned, 
but it can go as high as 25 ma when out of resonance or if the 
crystal stops oscillating. This much current can be damaging. 
Do final testing in the field with a 9-91/2-foot antenna installed. 
Again tune L2 and C3 for maximum brightness of the pink-bead 
lamp, but keep V2's plate current to 12 ma or less. When the key 
is closed, the bulb will dim and V2's plate current will drop to 
about 7 ma. V3 takes about 6 ma when it is working, so the total 
plate current of the transmitter runs from 16 — 19 ma. Modulation 
is at about 400 cycles, which is right for many nonselective tone re-
ceivers. If other tone values are required, they may be had by 
using different values in place of the two .01-pf capacitors, Cl and 
C2. Power output of the WAG transmitter is about 1/2 watt. 
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chapter 

keying the transmitter 

FOR years, the accepted means of keying has been a simple 
pushbutton at the end of the key leads to the transmitter. 

Some operators favor a Microswitch, as they find the snap action 
that can be felt as it operates gives assurance that the command 
has been transmitted to the model. With the advent of higher-
speed planes, more complex maneuvers and multicontrols of one 
sort or another, various types of automatic keyers have been 
developed. Such keyers are not really new. Experimenters used 
mechanical selector switches long before World War II. However, 
they did not attain wide use at that time. 

Rotary selector 
The simplest style of semi-automatic selector you can make 

is just a rotary switch. If it allows 3600 of rotation and the con-
tacts are arranged correctly, the escapement can be made to turn 
in sequence as you advance the switch. For this use, you must 
always turn the switch knob in the same direction; some users 
have fitted a ratchet so that the wheel cannot be turned backward, 
which would get you out of step with the escapement. Choose a 
switch that has at least four contacts at 900 intervals; any extra 
contacts can be ignored. With a two-arm escapement, the con-
tacts could be arranged as in Fig. 801. There are only two live 
contacts in this case; from the straight-up neutral position, if 
the switch were stepped 900 to the left, you could have left turn, 
while right would be signaled if the switch arm were turned 270° 
from the straight-up position. The arm should always be returned 
to the straight-up position after either a right or left turn. While 
right, left and the single neutral could be marked on the face 
of a small box holding the switch, many users prefer to mark 
plain lines at all four of the 900 positions. Then, if the plane 
escapement is found to have gone out of step with the switch for 

169 



any reason, the box is just turned in the hand till the usual rotation 
(say, 900 for left and 270° for right) positions are regained. 

RETURN STRAIGHT TO THIS NEUTRAL AFTER EVERY TURN 

OR 

NEVER 
STOP 
0 HERE 

Fig. 801. Rotary switch with two "live" 
contacts helps in keying an escape-
ment. Always return arm to position 
shown, after giving a control corn-
mand. Bottom position is never used. 

The same sort of switch box can be rigged for any type of 
escapement, whether it be two, three, four or any other number 

of arms. 

Control-stick escapement keyer 
While the compound escapement has no sequence of operation 

and most users prefer to key it with a plain pushbutton, some 
modelers feel that control-stick action is more realistic and thus 

TO TRANS PIVOT  BOX INSULATED FROM 
ELECTRIC CONTACTS 

CENTERING SPRING 

SHIM BRASS CONTACT 

SHIM BRASS CONTACT WITH 
INSULATION CEMENTED TO RIGHT SIDE 

METAL "STICK" 

RIGHT TURN  R 

LEFT TURN  L 

ENGINE . L-R 

Figs.  802-a,  -h.  Simple  lever 
switch allows more natural key-
ing action. Can he arranged to 

INSULATION  give right and left with corre-
SP011ding  M ove ment  of  lever, 
with center neutral. Arrange-
ment at (a) for compound es-
capements, and at (b) for self 
neutralizing  style.  Deliberate, 
complete stick moves are essen-

tial. 

more easy to fly with. Fig. 802-a shows a simple keyer box that 
has proved successful. Solder the stick to a piece of brass tubing 

that is as wide as the inside of the box, with a snug fitting screw 

170 



used as a pivot. This prevents unwanted fore and aft movement 
of the stick, which might allow it to skip the fixed center contact. 
The center contact is of springy material such as brass shim 

stock, and has a small piece of insulation cemented to the right 
side. Thus, the metal stick will make contact when moved from 
center to right, but not when returning again to center from 
the right side. Metal contacts at the limit of stick movement allow 
the user to hold rudder positions as desired. Be sure to insulate 
the stick (put a plastic ball on the end, too) and all protruding 
screws that are hot. 

CENTERING 
SPRINGS 

METAL "STICK" 

Fig. 803. Construction of control box with contact 
arrangement of Fig. 802-b. Both center contacts close 
circuit in one direction of stick movement but not in 
the other. Cover in background cut from a plastic 
cigarette case with slot in cover to clear control lever. 

A similar box which was used with a two-arm or self-neutral-
izing escapement is shown in Fig. 803. It works just as does that 
diagrammed in Fig. 802-a except that two center contacts are 
needed to keep the escapement rotor in the proper sequence. 
Fig. 802-b shows how the contacts are arranged for two-arm oper-
ation. 
These units work very well, provided the operator learns 

to make all control movements deliberate and not too rapid, and 
to complete each movement of the stick. If you start to move 
it to the right, go all the way until you hit the end contact. 
This is not too important with the compound, of course, since 
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no matter what you've done with the stick, when you let it snap 
back to center, the escapement will also neutralize. With the 
unit in Fig. 802-b you have to make a controlled return move-
ment of the stick to center, too. Sounds complicated, but it's 
easy once you get used to it. 

Beep box 
Some escapement users have had fine results from what has 

been named a "beep box," one version of which is illustrated 
in Fig. 804. The internal view (Fig. 805) shows a small electric 

AUTOMATIC 
KEY CONTROL 

MOTOR 
ON—OFF 
S *.V 

Fig. 804. Beep box is motor driven, with power supplied through cable to trans-
mitter. Transmitter A battery can be used, with low voltage motor. 
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motor at the right that drives an insulated drum in the center. 
At the lower center is a pair of electrical contacts which key the 
transmitter; they are closed by small bolt heads set in the edge 

Fig. 805. Wilson motor at right has worm on shaft, drives drum through gear and 
slipping clutch. Keying contacts at lower right, operated by heads of screws in drum 
edge. Long set screw on stop lever held in center by two springs, to give positive 

neutral. 

of the drum. The drum is "connected" to the driving gear through 
a slip clutch so that, when the stop arm at the left engages any 
of the stop screws, the drum is held from turning but the motor 
and gears continue to rotate. Stop screws and screws to close the 
contacts are inserted in the drum according to the type of escape-
ment it is desired to operate. 
The unit shown used HO model-train drive gears with a ratio 

of 32 to 1. The clutch disc is cut from an old leather glove. The 
coiled spring seen adjacent to the motor in the exploded view 
in Fig. 806 pushes the large bevel gear and leather clutch disc 
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against the end of the drum. Be sure to bore the drum concen-
trically and get the rotating parts running smoothly. Fig. 807 
gives the drum details. The only critical adjustment is spring 
tension, which must be strong enough to assure reliable drive 
of the drum at all times but not so strong that the motor tends 
to stall when the drum is held by a stop screw. An aluminum box 
4 x 21/8 x 15/8 inches holds all the parts. 
The motor speed and gear ratio must match the escapement 

you intend to use. The motor shown turns at about 4,500 rpm 
on 11/2  volts but, due to slowdown of the motor when the drum is 
held stopped, the average drum speed is about 125 rpm. This 
gives very rapid escapement action. A pushbutton on the box 
Fig. 808 allows manual keying of the transmitter and also is used 
to get the beep box synchronized with the escapement. 

Relay pulse sender 
The beep box may be used with a compound escapement by 

altering the stop and contact screws. However, some fliers who 

1/4" 4-1/4" 

9/16" 

1 17 10 

20 
\- 9-8   

N'30 DRILL.) 
91  30 

  I"   

SIDE VIEW 

8 

U  /, 

9 

END VIEW 

6 

4 

5-10 

DRUM DETAIL 

NOTE-
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Fig. 807. Phenolic drum should 
have left end exactly square 
with shaft hole, so clutch action 
will be smooth and positive, yet 
light. stop arm was made from 
rotating contact of an ancient 

rheostat. 
STOP 

ARM DETAIL 

prefer making electrical rather than mechanical gadgets are using 
the system shown in Fig. 809. A single relay is employed, while 
the actual control is a three-position lever switch which will give 
a single pulse (and hold) when moved one way, and two pulses 
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(and hold) the other. Variable resistor RI is adjusted to make the 
second pulse come at the proper interval so that the escapement 
catches correctly on the second arm. If motor control is desired 
— which calls for three pulses — the control lever is pushed 
rapidly to the right and then left; this transmits the required 
triple signal. Adjust the relay with large spacing between the 
contact points and with weak spring tension. 

Quick-blip pulser 
It takes a very rapid and short pulse to work the quick-blip 

system for engine control described in Chapter 3, and some 
modelers prefer a gadget to do the job for them rather than try-
ing to remember to do it right each time themselves. The circuit 

CONTACTS  Fig. 808. Beep box connec-
tions are very simple. Con-
tacts key transmitter; push 
button used to get escape-
ment in model in synchrontsm 
with beep box, Can also be 
used for direct keying. Clips 
in motor circuit can go to 
transmitter A battery, or to 
glow engine starting battery. 
If either of these sources are 
used, motor should be low 

voltage type. 

PUSH-BUTTON 

MOTOR 

TO TRANSMITTER 

.526fit I-I/2-2V 

.r SWITCH 

in Fig. 810 will send a blip of any desired length when you push 
the microswitch. The pulse does not vary no matter how fast 
you punch the switch or how long you hold it operated. The relay 
can be a Sigma 4F. The 1000-ohm resistor is adjusted to give de-

Fig. 809. This keyer designed for 
compound escapement gives one 
pulse and hold for right, two 
pulses and hold for left. R1 ad-
justs extra pulse to suit escape-

ment in use.  8K-SIGMA 4F 

ADJ FOR GOOD 2-PULSE 
ACTION 

+ 1-z5vi 

R2 
500S1 

TRANS 

sired length of pulse. Other voltages, relay resistances and circuit 
values can be used, of course, but with a lower-resistance relay 
(and lower operating voltage) the electrolytic capacitor's value 

must be increased. 

Simple relay proportional pulser 
The circuit of Fig. 811-a is not a true proportional pulser 
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as it does not allow variation between the proportions of on and 
off pulses, but it has uses in some control systems. The pulse 
length in the center position is adjusted by resistor R. The relay 
always operates at the rate set by R, regardless of the position 
of the switch lever. For true proportional operation, the circuit 
of Fig. 811-b is about as simple as you can get. Here the pulse 
length or proportion is varied by R, to which a control knob 

Fig. 810. Quick blip operation 
takes single very short pulse; 
this circuit does the job, regard-
less of how you operate micro-
switch. Relay is operated by 
current in charged electrolytic, 
when switch is pushed to nor-
mally open (NO) contact. 1K 
resistor sets length of pulse. 

TO TRANS N C• 

N 0 

RY 
8K 

4.5V ON-OFF 

.25/50V  N C 

N 0 

is attached. The pulse rate varies as R is manipulated, but in 
many simple control systems this makes no difference. 

Twin-relay pulser 
If, for a certain control system, you want a unit that has more 

NEUTRAL (PULSING) 

STEADY  --„N1/40 SIG 

PIVOT 

TO TRANS 

RY-8K SIGMA 4F 

45V 

PULSE RATE ADJ 

TO -RANS 

RY-8K SIGMA 4F 
45V 

0 

CONTROL KNOB 

Figs. 811-a, -b. At left (a) is simple pulser that gives neutral 
but no variation of pulse length. Lever switch allows no 
signal (lever to right), even on-off pulsing (lever centered) 
or solid on (lever to left). Very simple ;miser (b) allows 
true pulse proportional action, but with considerable pulse 

rate variation over its range. 

independent pulse speed and pulse-length controls, try the system 
shown in Fig. 812. Here, there are two relays of the same type, 
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RY1, being the timing relay which works continuously at the 
same speed (unless the setting of R1 is changed), while RY2 is 
the keying relay that actually operates the transmitter. Though 
there is a slight change in pulse rate as the pulse length is varied 
by R2, it is far less than in the circuit of Fig. 811-b. Since some 

1  I 
ON-OFF SW 45 V 
4.7K 4.7K 

PULSE SPEED CONT  

 TO TRANS 

RY I  RI 10K  RY 2 

PULSE LENGTH CONT  

Fig. 812. Use of two relays provides better isolation be-
tween pulse length and rate. This is a good use for 
Sigma IF relays, not too popular in receivers these days, 

due to weight and size. 

control systems require that the pulse speed be changed abruptly 
— for example, to operate a motor-control escapement — a switch 
can be arranged to shunt RI with a fixed resistor. This will give 
instantaneous pulse-speed change. 

Knupple pulser 
A very simple type of pulser is shown diagrammatically in Fig. 

813. This design was said to have been worked out by the Ger-
mans during the last war and used for proportional rudder con-

( \SIG ON STEADY 
EVEN ON a OFF PULSES  \  THIS HALF OF DRUM a SHAFT ARE CONDUCTING 

‘s-( 

+T I +T '-'10 

SIG OFF 

BOTH RELAYS 8K SIGMA 4F 

TO TRANS 

THIS HALF IS INSULATION 

MOTOSt::C_ -] GEAR 

= 9NSUL   METAL    

CONTACT TO THIS SHAFT 

Fig. 813. Lever sliding over face of Knupple provides pulse length variation. 
Electrical contact to conducting portion of drum may be made to shaft, as 
shown (shaft must be connected to drum surface) or you can provide an addi-

tional contact or "brush" at extreme right drum end. 

trol on glide bombs. The drum is made up of sections of insula-
tion and conducting material, with the junction between them 
splitting the drum diagonally. If the drum is carefully made, the 
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pulses will be absolutely uniform. Aside from the drum itself, the 
rest of the mechanism is fairly simple. Of course, for best results, 
both the metal portion of the drum and the section of the arm 
that makes contact with it should be of silver or at least heavily-
plated. However, plain brass will do if the surfaces are cleaned 
occasionally; apply some substance such as Lubriplate to the 
surfaces. 

PAPER PATTERN 
FOR KNUPPLE 

CIRCUMFERENCE OF 
5/32 BRASS TUBE 

PULLEY FOR 
BELT FROM 

ELECTRIC MOTOR 

METAL 

INSULATING BLOCKS 

INSULATION 

KNUPPLE 

DRUM 

Fig. 814. Drum conductor is cut following marks traced on it 
from paper pattern. Though 5/32" diameter is specified, larger 
diameter is easier to make, does not require such careful work-

manship. 

This gadget is called a "Knupple" by its originators. The 
drum-speed considerations are the same as for the pulser of Fig. 
814, and 200 rpm could be considered about average. Some 
receivers will not handle this speed, while if you go much slower, 
the rudder movement may become slow enough to allow the ship 
to wobble in flight as it responds partially to each rudder move-
ment. 
It might appear that the best way to make the Knupple would 

be to slice off sections of conducting and insulating material, 
mount them on a shaft and turn the surface smooth. Actually, this 
does not produce the best control action. Examination of a drum 
made in this manner will show that control action near the limits 
of right and left is not linear, and the rudder (or other control) 
will go to its extremes rather suddenly and with a very small stick 
movement. To make a Knupple that gives a more even action over 
the entire control range, start with a piece of brass tubing of the 
desired diameter (some very successful pulsers have been made 
using tubing as small as 5/32-inch diameter, but larger tubing 
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will not require such careful workmanship) and wrap a piece of 
paper around it, trimming the paper until it encircles the tube 
exactly, without overlap. Then lay the paper out flat and mark it 
as in Fig. 814. Wrap this pattern around the tubing and mark 
carefully around the outline of the paper. Then cut away the 
unwanted part of the tubing. Now slide this piece inside a short 
section of the next larger tubing, carefully center a metal shaft in 
the assembly and pour in Fiberglas resin. When this hardens, cut 
off the outer form and smooth the Knupple surface. 
Mount the part on suitable bearings and arrange a motor drive 

(this can be done with gears or pulleys and belts) and a contact 
arm, and your pulser is ready to go. 

CONTROL LEVER 

ECCENTRIC 

STOPS 

SPEED 
CONTROL 

z 

Fig. 815. Quiet "mechanical" 
pulser holds necessary drive 
battery  inside  case.  Stops 
may be set to give full on 
and off at lever extremes, or 
you can turn them to allow 
short pulses at each end of 

lever motion. 

Cam type pulsers 
There is considerable argument among pulse enthusiasts as to 

whether the Knupple or cam types are the best. Without joining 
the argument, let's look at a simple cam type unit. The external 
appearance is shown in Fig. 815. The control lever with a plastic 
knob is at the top (good knobs for this use can be had from plastic 
deodorant bottles of the "roll-on" type); two eccentric stops can be 
set to vary the limits of stick movement. The on — off switch is at 
the lower left and the rheostat knob to control speed at the lower 

right. 
These so-called mechanical pulsers have a reputation of being 
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"coffee-grinders" and indeed, some of them do make as much 
noise in operation as such a device. To cut down on noise, the 
entire rotating mechanism of this pulser is mounted on a motor 
plate and insulated from the case with gum-rubber grommets (not 
the firmer black rubber type) and the type of cupped washers sold 
for this use (see Fig. 816). As a means of quieting, the motor 

Fig. 816. Motor is an Aristo-Rev #2, which operates at good speed on li/2 volts. 
Metal straps hold it to plate earning cam mounting shaft. Motor is insulated from 
plate. and latter is further mechanically insulated from case, to keep noise down. 

itself is wrapped in foam rubber (Fig. 817) and an extra layer of 
the same material placed under it when it is fastened to the 
motor plate. As a result the noise level is quite low, though enough 
can be heard to assure the user that the pulser is still operating. 
A material called Adhesive Foam sold at drugstores for foot 

care was used in this pulser. It is about 1/8 inch thick and has an 
adhesive layer on one side. Foam insoles can also be used; they 
have no adhesive but can be attached with rubber cement. 
If you can get them in the desired ratio, model-train engine-

drive gears are useful for this pulser. For the motor indicated, a 
gear ratio of about 10 to 1 or a little less is suggested; if the pulser 
runs too fast, the speed can be reduced with the rheostat. 
The worm gear will probably have a hole in it much larger than 

the motor shaft, but this can be filled with short lengths of tele-
scoping brass tubing. Solder all the tubes and the worm together 
(keep solder off the worm teeth). 
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The motor shaft was found to make a very snug fit in a hole 
drilled through the center of the worm and tube assembly with a 
No. 46 drill. A small setscrew can be added if desired. 
A plain circular cam (details are given in Fig. 818) will work 

on such pulsers as this but does not give the best pulse action, 
especially near the ends of the stick movement. A heart-shaped cam 
(such as that in Fig. 816) is preferable; it can be laid out with a 
piece of slotted rod (to hold the inner end of the wire) and a sharp 

HEART-SHAPED 

CAM 

MOTOR MOUNTING 
PLATE 

D CELL 

Fig. 817. Over all view of pulser shows single D cell in aluminum holder at left, 
motor plate and heart-shaped cam at lower right, keying contacts angled to cam 
above. Circular cam is on end of control stick, varies position of one contact 

strip relative to the other which rides on motor-driven cam face. 

scriber (see Fig. 819). If you put the scriber point in a loop of wire 
and pull it round 1800 (always keeping the scriber exactly 
vertical), the wire will wind around the center rod and reduce its 
effective length as you proceed. Do this on both sides of the cam 
and you will have scribed the proper heart shape. 
The cam is assembled with the cam gear on 3/16-inch diameter 

tubing, the whole then turning on a 5/32" diameter rod. The hole 
for this shaft in the motor plate is made a bit oblong so that a good 
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fit can be obtained between gear and worm — snug, but with just 
a bit of looseness so the gears won't bind. 
Since it turns only a small fraction of a complete revolution, an 

offset disc is satisfactory as a cam on the control lever rod. The 
hole is made oblong so the amount of cam action can be adjusted 
as desired. A fiber faucet washer can be used for this. 

CIRCULAR CAM 

1/4" 

3/32" HARD FIBER 
FAUCET WASHER 

CENTER HOLE FILED 
5/8  I  TO MAKE SLOT 

CIRCULAR CAM 

1/8" DIA 

SOLDER 
TUBES TO 
WORM 

3/ 32" DIA 

3/8" 

k--1-1/8"  

INSULATING STRIPS 

LEADS TO 
TRANS 

CONTACT MOUNTING OF 1/16" ALUM 

CONTACT ASSEMBLY 

N° 281.1405) DR 

BOSTON N*DSF WORM 

/FLUSH AT ALL TUBES 

THIS END 

5/32" DIA  ENLARGED 

WORM MODIFICATION 

3/16"D1A 

Fig. 818. Components for pulser 
in Fig. 817. Hobby shops can 
supply suitable worm and gear 
from Wilson assortments, or use 
Boston worm indicated above, 
with  Boston  #D1118 mating 
gear. Control shaft was made 
from Bud #PB-532 panel bear-
ing, and case was Bud #CU-
2106. Latter measures 14x 3 x 
21/8". Worm must be absolutely 
concentric on motor shaft. 

CONTROL LEVER STOPS 

DRILLS 
TAP 2-56 
4 REO'D 

T/I6" DIA 
3 REQ'D 

3/8" 

MOTOR PLATE-I/16" ALUMINUM 

Assemble all parts carefully. The cup washers holding the grom-
mets should not clamp them down too tightly — remember, you 
want as much shock-absorbing action from the grommets as 
possible, without allowing the motor plate to wobble sideways. 
Commercial shaft and bushing assemblies can be had at radio 

suppliers, but have been found to have far too much "slop" in 
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WASHER 

6-32 THREAD 

3/8D SHOULDER 
SOLDERED TO ROD 

5/32D STEEL ROD 

TAP 2-56 

GEAR 

them for use as the control-lever shaft and bearing (looseness 
here would play havoc with your carefully controlled pulse 
lengths) . Again, that invaluable hobby-shop telescoping tubing 
can be used to get a snug fit with these parts, which are assembled 
as in Fig. 820. 

A pair of contacts from an old relay or leaf switch (or made 
from some flat springy material) complete the mechanism of the 
pulser. Those shown are of .010-inch spring bronze and have silver 
contacts. Be sure they are well insulated from the case. 

MOTOR CLAMPS 

1/32 ALUM STRAP 
3/8 WIDE 

HEART SHAPED CAM 

1/8 -1/4 LINEN PHENOLIC 

MARK MADE 
BY SCRIBER 

HOLE IS SNUG 
FIT FOR 3/I6D 

ROD 

\ ,FI.OLD WIRE 

HERE 

SCRIBER POINT 
IN WIRE LOOP 

CAMSHAFT ASSEMBLY 

NUT —.4T Ti 

3/16-I 

Fig. 819. Heart shaped cam made 
as seen at left gives best results, but  7/32 
plain circular cam has been widely 
used too. Wire wiruls around 3/16" 

27%32 13 rod as you scribe line, and con-
tinuously shortens. Cam bearing as-
sembly must be made with care; try 
for lark of "slop", but bind-free  t 3/8 

MINK rotation.  13116 T  3/16D BRASS TUBING ---- 
MIMMIMMEMMI  HEART SHAPED CAM 

1/6 
FLAT WASHER 

LOCK WASHER 

2 56 SCREW 

For most rudder-only pulse systems , the contacts  are  adjuste d 
so they just open at one ex treme  of stick movement  an d just  close  
(no pulses sent out at either  extreme ) at the ot her.  Due  to a lag  
in receiver response, it is often  des ira ble to  "offset " the puls ing  — 
that is, you will not have  even  on  — off pu lses  with the  stick  cen-
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tered. This can be done easily by bending the contact tip that rubs 
on the rotating cam. 

Electronic pulsers 
If there is some debate between advocates of various types of 

mechanical pulsers, there is even more among those who prefer 
mechanical types in general rather than the electronic pulsers. 
The latter had a name for being rather fussy, especially as to type 
of relay used, until the circuit shown in Fig. 821 was suggested. 
This pulser — a form of multivibrator — can be used with almost 

CONTROL LEVER a BEARING ASSEMBLY 

FILE FLAT a DRILL FOR SPRING 

3-1/8" 

5-1/4" 

5/8 

5/8" 
DIA 
PLASTIC 
BALL 

14 - -  3" - - H 

I-9/16" -..-13/4"-•-4-3/4" 

3/8" DI A t  1 11/4" 

9/16" *B  e   
1/4" 

1-13/16 \7/I6 
i C4if)"  I 

1-3/8" 

1  -.-1-7/16"1 
--.--9/16" 

 1  TA  ‘ 
(WV- - „ -•-• 7/8" ...- 

9/16" 
  4PIT/16"  

I/4"X 1/2" 
SLOT 

1/2" 
DIA 

6-32 SPRING 
1/2"  3/8"  HOLDING 

7.3   r —  h 

/  3/16.DIA ROD  •• 
10-24 THREAD  CENTERING SPRING 

BRASS BUSHING  1-7/32" 6-32 NUT 
SOLDERED TO ROD 
7/32" DIA ROD 
6-32 THREAD---' 

3" -11„ [7/16"  SCREW 
2 THREAD   

PANEL BEARING 
SOLDER HERE  ir 1-13/64 

5/16" 

1/4" 0. D. 
BRASS TUBING  BEARING NUT 

CIRCULAR CAM 
WASHER 
6-32 NUT 

A.N°28 (.1405) DRILL a COUNTERSINK 
7/8"  B.N°.35 (.1100) " " 

C. N''.42 (.0935) " 

HOLES REQUIRED IN TOP OF METAL CASE 

Fig. 820. Drawing (lower left) shows positioning and hole sizes in top of case. 
Exploded view (right) of control lever and bearing assembly. 

any relay and has generally proved to be most reliable. It has been 
used in many forms but always with the basic multivibrator setup 
employing a pair of pentodes. As shown here, the pulse-length 
range is about 20% — 80%. A greater variation in pulse length 
can be had by reducing the two 330,000-ohm grid resistors, but 
they should not be smaller than about 100,000 ohms. The rate 
control will give a variation of about 2 — 8 cycles. To change this 
range, the .22 pf coupling capacitors can be changed (smaller to 
get higher frequency pulsing). The originator of this circuit, Dr. 
W. A. Good, suggested that only the very best potentiometers be 
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used; the Allen-Bradley type j was specified (Ohmite type AB is 
practically indentical). 

"Compact" pulser 

An early effort at shrinking the Good pulser circuit is shown in 

3V4(2) 

PULSE RATE CONT 

Fig. 821. WAG multivibrator pulser uses pair of 
pentodes. If parts are carefully matched, there will 
be little interaction between pulse length and rate 
controls. Circuits of this type are susceptible to rf 
interference, through rf from transmitter getting to 
tube grid circuits. Careful shielding is necessary. 

Fig. 822. It was called the "compact" pulser, since the whole works, 
including A- and B-batteries and the highly reliable Sigma 4F re-

Fig. 822. The "compact" pulser, so-called because 
all batteries are in 3 x 4 x 5" case. Large knob at 

case upper edge is rudder trim control. 
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lay (Figs. 823 and 824) are all contained in a commercial alumi-
num box, 3 x 4 x 5 inches. Subminiature tubes and a few circuit 
modifications allowed somewhat lower drain on both A- and B-
batteries. Extensive field use of this pulser has shown it to be ex-
tremely reliable, About the only modification suggested would be 
larger A-batteries, as penlight cells tend to lose their voltage 

1.5 - VOLT CELLS==-

8,000-OHM RELAY 

PUSHBUTTON SWITCH 

(SIG OFF) 

R3-RIO 

7.3 

PUSHBUTTON 
SWITCH 
(SIG ON 

Fig. 823. Photo of all parts in "compact" pulser case aside from those 
associated with control pots and circuit chassis. Note insulated base for 
Sigma IF relay, necessary to isolate relay frame from pulser case. 

fairly fast under the current drain of 90 ma. However, use of 
heavy-duty penlight cells has helped a lot here. The B-battery has 
very long life, with average B-drain being about 4.5 ma. 
The trickiest part of construction is making the control-stick 

assembly, which works the two potentiometers independently. 
Rather than use the more expensive AB potentiometers, low-cost 
commercial units were substituted and have been found very 
satisfactory. A type with a solid 1/4 -inch shaft was selected for ease 
in attaching the gears. The big problem in using any of these 
potentiometers is the fact that the resistor shaft turns through 
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about 2000 while we want to limit control-stick movement to 90° 
or less. Gearing seems the logical solution. The smaller gear, which 
fits on the potentiometer shaft, must be large enough in diameter 

4 5- VOLT 
-  R  BATTERY 

FRAME 

Fig. 824. "Compact" pulse,- ready to work. B-battery at right is held by cable passing 
around it, and by foam plastic cemented inside bottom cover. Note wires on R2 
are soldered to ends of lugs, then passed through lug inner holes, to take strain off 

soldered joint. 

to allow boring to the required 1/4 -inch. Gears A and B (Figs. 825 
and 826) are cut down, since only a small portion of the teeth is 
required. The basic frame A is bent from a single strip, and 
includes an extended ear to hold the rate potentiometer R2. RI 
is held in a center cradle made from two pieces of strip, B and C. 
It is essential that all parts move smoothly and that the gears 

mesh evenly. Some users prefer not to have self-centering, but 
the pulser shown has a simple centering arrangement: it is just a 
single spring running from the lower end of the control stick and 
held by a pin on the underside of the hole. It serves to pull the 
stick back to neutral from any position (Fig. 827). 
Though the original "compact" pulser was made just as shown 
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and is still giving fine results, many modifications have been de-
vised that allow simpler potentiometer operation, some of these 
being given later in this chapter. 
Several handy innovations are included in this pulser. For 

one there is a rudder-trimming arrangement through use of 

TON3UE  GEAR B 

GEAR A 
/ R2 

-titers 

FRAME 
A 

Fig. 825. All wires to tube mount plate run to one edge, 
so plate may be unfastened and folded back for access to 
tubes and other circuit parts. Sockets are used for tubes; 
latter held to plate with a spot of Goo. It's wise to cement 
thin fiber to inside of case bottom to prevent shorts. 

variable resistors R3 and R10 (which together are actually a dual 
potentiometer) controlled by a small knob on top of the case. 
Also, switches S2 and S3 (Fig. 828) were installed, making it 
possible to get full-signal or no-signal from the transmitter at will 
(these extremes cannot be reached with the pulse-length potentio-
meter R1). R3 and R10 must be wired so that as the resistance of 
one is increased, the other decreases. Very flexible wire is used to 
connect to RI. The bare ends of the leads are first soldered to the 
innermost hole of each potentiometer lug, then threaded through 
the other hole to take the strain off the soldered joint and that 
portion of the wire which has no covering. 
All circuit components except the relay, variable resistors, 

switches and batteries are mounted on a single linen phenolic 
plate (Fig. 829). The oblong hole near the center is to clear the 
centering spring and its pin. Be careful in selecting the electrical 
parts, especially Cl and C2, R5 and R6, and R9. Match these 
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pairs of parts as closely as possible OT the pulsing may be lopsided. 
Of course, there is a certain variation in tubes, too, which can 
give uneven pulsing. You can compensate for some of this by re-
setting the trim control (R3—R10), but variation in parts can also 
lead to interaction — that is, variation in pulse rate as the pulse-
length potentiometer is varied, and vice versa. Most radio control 
suppliers can furnish matched parts for this pulser. 
The Sigma 4F relay must be mounted on a piece of insulation. 

STRIP 8 

GEAR A 

R2 

TONGUE 

\  ON FRAME A 

GEAR IS PINNED 
TO POT SHAFT 

Fig. 826. General dimensions of "cradle" 
which holds R1 and R2 in "compact 
pulser." Two pieces of aluminum strip 
are used, to make for easier assembly. 
Large gears are cut away to allow tighter 
layout. Hole at left side of cradle is for 
screw, seen at left of main frame in 

Fig. 827. 

The entire frame of the relay is hot because it is connected to the 
B-plus circuit of the transmitter. The relay is an 8,000-ohm-unit, 
but other types can be used — just change R4 to match the relay 
resistance. The relay adjustment is not at all fussy. The armature 
is set so that it can come quite close to (but not touch) the core 
when operated with a finger; the other contact is set to give a gap 
of 0.006 — 0.007 inch. 
The most critical situation for relay operation is at the highest 

pulse rate with R1 set all the way to either side, so check operation 
carefully under these conditions, and adjust the spring tension to 
obtain reliable pulsing. Relay current is about 0 — 3 ma. 
If your plane rudder moves the opposite way from the control 
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stick, just transpose the connections to R3 and RIO. Pulse-rate 
operation can be reversed by interchanging the leads to the outer 
terminals of R2. 

Fig. 827. The complete po-
tentiometer and control han-
dle assembly of "compact" 
pulser. Single spring under 
lower end of vertical lever 
gives rough centering action 

to the entire assembly. 

The "compact" pulser produces a rate change of about 3 to 12 
pulses per second. It's tough to count at the higher rate; one way 
is to get your foot tapping at the lowest rate, then as you advance 

45V 

TO 

o  T.   TRANS 

—45V 
_L  —I.5V 

PULSE LENGTH 

SW I-b 

1.5 V 

Fig. 828. Compact pulser circuit. Note connec-
tions of R3 and RIO; as one increases value, 
other decreases. Sub-min sockets used for tubes, 
cemented and fastened with single screw each. 
RI and R2 in original were IRC type PQ-11-137 
and PQ11-128; these have solid one-piece shafts. 
Two mercury cells have been used for A supply, 
or Eveready E91 cells recommended. Fixed re-
sistors should be 5% units preferably, and CI 
and C2 matched for capacity: latter are Aerovox 

type P82. 
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the rate control you can hear the relay click twice as fast (for 
6 pps in this case) and so on up the scale. Some users have found 
a rate-trim adjustment handy. This can be added by simply in-
serting a 250,000-ohm variable resistor in series with the con-

nection between the movable contacts of RI and R2. 

Fig. 829. Several eyelets are used to hold ends of small parts on tube deck of "com-
pact" pulser. Rectangle and odd-shaped hole in center of phenolic plate are for 

bottom of control "U" frame, and for centering spring. 

Troubleshooting electronic pulsers 
Most pulsers of this type are multivibrators, so here are a few 

hints on obtaining the best operation. First, the pulsers are af 
oscillators but work at a much lower frequency. These circuits 
are quite likely to pick up rf and work incorrectly. The best 
test of this is to turn on the rf section of the transmitter after 
the multivibrator has been started pulsing and listen carefully 
for any change in pulse rate (easy to distinguish from the sound of 
relay operation. Often, pulsers work much better when used with 
their own A- and B-p0WeT supplies. Also, vibrator or dynamotor 
B-supplies are sometimes not as carefully filtered as they should 
be. This won't bother the transmitter too seriously (though the 
hum or hash on the carrier could interfere with proper receiver 
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action), but is very likely to cause erratic multivibrator pulser 
operation, if the pulser gets its power from the transmitter. It is 
good practice to use a shielded cable to connect a remote unit like 
the "compact" pulser to the transmitter and to ground the shield 
to both cases. 
Always match multivibrator pulser parts carefully. The pulse 

rate might change slightly as the control stick is moved to side 

Fig. 830. Circuit for limiting po-
tentiometer action  electrically. 
Overall resistance will be about 
100K, but the total potentiom-
eter arm movement needed to 
obtain this is only some 60 de-

grees. 

B+ 
TO 

WIDTH 

112W POT  

( - T USED  CARBON 
60' 

ROTATION  250K A/ 

extremes, but this does little harm if the change is the same on 
both sides. If the rate changes radically as 12.1 (Fig. 828) is moved 
to extremes, make R8 and R9 larger; add enough resistance to 
both so that the rate change is not excessive. 
If you find the pulse length to be different at one extreme 

PULSE RATE POT 

N 
CONTROL 
STICK 

SOLID BLOCK 

PULSE 
LENGTH 
POT 

5-1 GEARS 

MOUNTING BRACKET 

t .4. 

(Or- LEVER TYPE KNOBS 

RATE POT 

FILE FLAT 
EACH SIDE 

LENGTH POT 

MOUNTING BRACKET 

a 
Fig. 831. Two styles of potentiometer mounting. One at left (a) 
uses a geared and an ungeared pot for the two controls. Latter 
would have to be a 60-degree unit, this result obtained either 
electrically or othenvise. The other arrangement (b) has two 
potentiometers and two long lever-type knobs, in a simple con-

trol assembly. 

of R1 than the other, try interchanging the tubes or substituting 
others of the same type. Such imbalance can also be cured by 
changing the value of one of the screen grid resistors. Insert a vari-
able resistor of perhaps 75,000 ohms in place of R5, and try dif-
ferent settings till you get the pulse length balanced; then replace 
the variable with a fixed resistor of the same value. 
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Simpler dual-potentiometer mountings 
Many ingenious schemes have been used to mount the two 

potentiometers required for a rate — length variable multivibrator. 
The arrangement used in the "compact" pulser has proved ex-

+ 
180-250V 

RI 

100K 
100K 
LINEAR 

330K 

IMEG 
WIDTH LINEAR 

NE-2  NE-2 

100K 

—6V BIAS 

IL4 

8—  I-I/2V 
(+6V BIAS) 

a 

90V 

5-10K 
RY 

NE-2 

Figs. 832-a, -b. Two neon bulbs are the oscillator in pulser circuit at 
left, the af they produce being amplified by IL4 tube, to modulate 
transmitter. Test circuit to pick matched neon bulbs shown at b. 

tremely satisfactory, but it is a bit tricky to build and the gears are 
not always easy to obtain. One of the neatest solutions to the prob-
lem is the use of restricted-range pots: some radio-control suppliers 
carry special potentiometers that give the entire resistance vari-
ation in only about 60 to 70 degrees of shaft movement. This 
makes possible a very simple mounting where one potentiometer 
acts as a pivot to support the other and the latter is controlled 
directly by the stick. 
Lacking special potentiometers, other tricks can be used. Some 

modelers have painted out large portions of the carbon element 
with silver conducting paint. If this is done, a higher-resistance 
potentiometer than that specified in Fig. 828 must be used, so the 
active section will be the total resistance required. Another good 
trick is to rub a gold ring on the carbon element. This leaves 
a slight metal deposit to short the unwanted sections to the end 
connections. 

It is possible to limit the rotation electrically (Fig. 830). Here, we 
end up with the desired 60° rotation of the shaft, to give a change 
equivalent to about that obtained from the 100,000-ohm potentio-
meter (R2) is the "compact" pulser. 
Fig. 831 shows a few mechanical schemes that can be adapted 
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as required. In Fig. 831-a, the rate potentiometer might be con-
nected as in Fig. 828, while the one turned through the 5-to 1-gears 
would be used for pulse length. This arrangement would give full 
control of both pulse rate and length with perhaps 75° of stick 
movement sideways and fore and aft. 
Fig. 831-b is an even simpler arrangement. The rate potentio-

meter is held on a piece of metal or plastic secured to the shaft of 
the pulse-length resistor which is fastened to the case. Some radio 
suppliers carry long lever-type knobs usable in such an assembly. 

2N107 (2) 

PULSE  
LENGTH 

PULSE 
RATE 

9 

2N107 

Fig.  833.  Simple  transistor  multivibrator 
pulser uses low cost transistors. Pulse rate ad-
justment not usable for such control systems 
as Kickin' Duck, as the rate and length con-

trols have considerable interaction. 

Neon-tube pulser 
Simple circuitry is a feature of this unit (Fig. 832-a) but it re-

quires fairly high B-voltage. It is used in transmitters which have a 
dynamotor or vibrator power supply. The two tiny neon tubes 

Fig. 834. Graphical represen-
tation of a pulse, showing 
relative length of "on" and 
"off" periods for the entire 

pulse cycle. 

A 

ION I 
25% 

I ON 

OFF 

75% 

I FULL PULSE CYCLE 

IOFF   

(NE-2) are the actual pulsers, the impulses being fed to the 1L4, 
which operates the relay. RI should be such that the voltage at 
point X is no less than 90 volts over the entire range of the rate 
adjustment. Pulse-width variation can be caused by uneven firing 
of the NE-2 tubes. The best way to select them is to wire a test cir-
cuit as in Fig. 832-b and check the voltage at which the bulbs fire. 
Select two which light at the same voltage. Bias supply can be from 
the tiniest dry or mercury batteries and will last almost indefin-
itely. 
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Transistor poker 
Due to their compactness and low power requirements, trans-

sistor pulsers are quite popular. A suitable circuit is seen in 
Fig. 833. This is a form of multivibrator so, again, parts must be 
balanced carefully for good operation. As low-cost transistors vary 
quite a bit, several might have to be tried to get a fairly well-
matched pair. RI and R2 may be varied to even the pulsing; if 
you can't obtain matched transistors, values from 4,700 to 22,000 
ohms are useful here. All three capacitors should be of the low-

Fig. 835. Mount rf chokes in keying 
leads right on key jack, for maximum 
effectivenes.s. These chokes prevent key 
lead from acting as an extension of the 
antenna. Since  key  leads  generally 
carry low current, chokes may be quite 
small ones, similar to those used in 
receiver circuits. As a rough guide, for 
27 mc chokes should be at least 20 gh, 
while half this will do for 50 me trans-

mitters. 

METAL TRANS CASE (PARTIAL VIEW) 

CH- OKES RIGHT AT JACK,INSIDE CAS- E 

KEY JACK 

leakage type (tantalum construction preferred). B-battery voltages 
of 6 to 10 are suitable, depending upon sensitivity of the relay 
used. Possibly, a high-conductance diode such as a 1N91 or 1N56 
would be as good or better than the electrolytic across the relay 
winding. Pulse-rate variation with the circuit shown was about 

3 — 10 pulses per second and current drains 3 — 5 ma. 
This circuit is not recommended for dual proportional purposes, 

since there is some interaction of the controls for rate and length. 
The former should be set to the desired pulse speed and left in 
that position. Good operation can be had with almost any pair of 
2N107's if the builder is willing to spend a little time juggling 
values of RI, R2, Cl and C2. The object is to get on — off pulsing 
with the length potentiometer centered. Quite possibly, higher-
grade transistors would not require so much experimentation. 

Practical pulse rates 
Some receivers will pulse much more rapidly than others, the 

lag in the poorer pulsers often being caused by certain component 
values associated with the tube that actuates the relay. One receiver 
with a circuit similar to that in Fig. 509, but with a V3 total grid 
leak of 44 megohms, was used regularly at a pulse rate of 400 
pulses per minute, a rate high enough so that the rudder did very 
little flapping (an actuator was used). The faster the pulse rate, 
the more of the total range of pulsing you lose; with the receiver 
mentioned, it was found that at a pulse rate of 370 a minute, the 

196 



receiver relay would not operate unless the pulses were on at least 
25% of the time. To make this clear, refer to Fig. 834. One pulse 
cycle should be considered as the total time between A and C; this 
includes an on-signal period (A — B) and the off period (B — C). 
Thus, if the pulses were as in Fig. 834, the receiver mentioned 
would not respond at all. This has not been found too great a dis-
advantage in use, as the pulser and rudder linkage can be "offset" 
to compensate. However, it can produce difficulties for any dual-
control circuit (such as the inductive kick) which depends upon 
pulse rate and length. On this same receiver, raising the pulse rate 
to 620 a minute increased the useless portion of the total pulse 

---,-I 

1/4" 

WIND FULL OF N°34 WIRE 

a 

2" 

A2“ B2 

2 LENGTHS N*34,CLOSE WOUND,SIDE BY SIDE,FULL 
LENGTH OF FORM 

Figs. 836-a, -b. Some homemade chokes that have been used success-
fully to isolate keying leads. These should he placed right at key 

lead jack in transmitter case. 

length (when the relay would not operate) to about 40%, while 
lowering the rate to 225 cut this unusable area to only 18%. 
When the grid leak was cut from the original 44 megohms to only 
10 megohms, the receiver would follow the pulses down to 15%, at 
the 370-ppm rate (but relay current change was not as good with 
the lower value of leak). Most of the receivers described in this 
book have been found suitable for rudder-only pulse operations. 

Not only receiver circuitry but other elements in the radio con-
trol system can impede high-speed pulsing. For example, a sluggish 
crystal in a CW transmitter might be slow to start, though it would 
be satisfactory in other respects. Relays can also be responsible 
for poor pulse response, even though the associated receiver is 
good in this respect. Generally, the smaller relays with lighter 
armatures will react the fastest. It is very bad on any relay to allow 
the armature to come into physical contact with the polepiece. 
as sticking will occur. For best pulsing operation, the total arm-
ature movement should be kept as small as possible. Spring ten-
sion affects pulsing too, but an average balance must be reached 
here, as too heavy or too light tension will have adverse affects at 
opposite ends of the pulse-length range. Some modelers alter the 
spring tension of a working receiver to center the rudder of a 
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model, but this is generally bad practice. It is much better to set 
the relay up as necessary to satisfy requirements of receiver current 
change and vibration in the model, and make compensation for 
uneven pulse response elsewhere in the system. 

Key lead chokes 
Though it is not exactly involved in the subject of keying the 

transmitter, the use of rf chokes in the key leads might be con-
sidered here. The reason these are needed is simply that the key 
leads act as part of the antenna system (when any sort of simple 
antenna such as the popular quarter-wave type is used) and moving 
the lead around — or even holding it in your hand changes the 
loading and in turn varies the transmitter output. Normally this 
does no harm, but if a non-MOPA transmitter is tuned too near 
the peak of output (that is, just below the point where the crystal 
drops suddenly out of oscillation), movement of the key lead is 
likely to put the transmitter off the air completely, with possible 
disastrous results to the model under control. 
Fortunately, the remedy is very simple and has been used in a 

few commercial and homebuilt outfits. The solution consists of 
installing rf chokes in each of the key leads. Note that if a hand-
held motor-driven pulse box is used, chokes must be in the wires 
that go to the motor too — in other words, everything in the keying 
system outside of the transmitter case must be isolated rf-wise. 
Suitable chokes are shown in Fig. 835. These might be satisfactory 
to carry motor current unless the motor is a very greedy one in 
which case larger wire will be nesessary. The chokes may be in-
dividual ones for each lead, or you can wind them all together on 
one form, as in Figs. 836-a, -b. 
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chapter nIn 

batteries and power supplies 

13 ATTERIES are our best source of cheap power in small pack-ages, and the radio-control modeler would do well to get 
acquainted with the various types and to learn the advantages and 
disadvantages of each. By far, the most popular are the so-called 
dry cells (which really aren't dry at all — they must have consider-
able internal moisture to operate)! These can be had in a large 
variety of makes and sizes. 
Because they are more widely distributed, the flashlight cells see 

the greatest use. In the lower voltages there are three main sizes; 
the AA, or penlight cell; the C, or intermediate; and the D, or 
large cell. All have the same nominal voltage — about 1.5 when 
new — but they vary widely in capacity, which is simply the length 
of time they will supply power of a given amount. 
Recuperation is most important. A dry cell consists of electrodes 

of carbon, zinc, an active chemical and a depolarizer. The carbon 
and zinc are arranged differently according to make (most use a 
zinc case with a center carbon rod), but the zinc is always con-
sumed by the active chemical to produce electricity. During this 
reaction, considerable hydrogen gas is produced and this collects 
on the carbon. If you draw too much current from the cell, the 
carbon becomes heavily coated and the cell loses its power to pro-
duce electricity. Usually, with a good rest, it will come back; the 
depolarizer combines with the hydrogen to do this job. 
Always check dry cells under load. You can get small test meters 

that put a load on the cell. You can then read the resultant voltage. 
It does little good to check a dry cell with a high-resistance meter, 
since even weak cells will often register nearly 11/2 volts with no 
load. An easy way to get a load is simply to turn on the receiver, 
transmitter or whatever other equipment the battery powers, and 
measure the voltage under the normal load. Since voltage drops 
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under load according to the useful life left in the cell, you can get 
a rather fair idea of when to change your batteries. Many makers 
of commercial radio-control equipment specify the voltage you 
can allow A- or B-batteries to drop to before they must be replaced. 
The general rule when selecting batteries is to use the largest 

size you can accommodate; it will invariably be found more eco-
nomical. If, due to space limitations or some other reason you have 
to use smaller cells, you can prolong their life by connecting two 
or more in parallel. This is most useful with single flashlight cells. 
Though some users parallel small 221/2  volt B-batteries it is prob-
ably not wise, however, to use B-batteries of higher voltage in 

parallel. 

Mercury cells 
Mercury cells and batteries are considered to be dry types, but 

have some of the characteristics of alkaline storage cells. They have 
a nominal voltage of about 1.35 when fresh, and hold this voltage 
much more steadily during discharge than do the carbon — zinc 
dry cells. Due to their somewhat higher cost and rather high 
weight, mercury cells have not seen very wide use in model work. 
They cannot be recharged or de-polarized, and the makers strongly 
warn against such practices. Now that all-transistor radio-control 
receivers are becoming more popular (with their requirements of 
3- to 9-volt batteries or so) mercury batteries might be more widely 
employed. There is a wide variety of them in these lower voltages, 
and they are well-distributed due to use in the popular all-transis-
tor pocket broadcast receivers. Many of these compact batteries 
have sturdy snap fasteners ideal for use in radio-control equip-
ment. Commercial holders can also be obtained for various sizes 

of mercury cells and batteries. 

Lead — acid storage cells 
Storage cells of various types are more and more coming into 

use, particularly in view of the fact that planes carry more equip-
ment and power drains are getting so high that dry cells are often 
not feasible. The most familiar storage cell or battery is the lead — 
acid type. These cells are also used to quite an extent in transmit-
ters. Various sizes of such cells and batteries are sold as surplus 
at very low prices, as, for example, the 2-volt cell used in the 
transmitter at the beginning of Chapter 7. Many modelers use 
similar cells solely for glow-plug engine starting, where their large 
capacity assures plenty of current for the glow plug, despite the 

usual several-ampere drain. 
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Most of the surplus cells are sold "dry" — they have no acid 
solution in them. Cells in this condition will last for years, espe-
cially if the vent is sealed. They can usually be filled with standard 
auto-battery acid. Many of the larger cells have one or more col-
ored plastic balls inside the case; these act as a constant check on 
the amount of charge in the cell. The usual arrangement is a green, 

VO_T 
BATTERY 

6-VOLT 
BATTERY 

Fig. 901. Several types of lead-acid units used in RIG. In 
background is BB-54A surplus 2 volt cell, widely used in 
transmitters, and for engine starting. 6 volt unit left fore-
ground is Aristo *64, especially made for model uses. This 
and the surplus NT-6 at right are popular in smaller model 

boats for drive purposes. 

a white and a red ball. When the green drops, you have about 75% 
capacity remaining; the white drops at 50% and, when the red 
goes down, you still have 25% capacity left. These figures are good 
only if the cells are filled with electrolyte of 1,280 specific gravity. 
Some surplus cells are marked for use with lower specific-gravity 
fluid than this; a few for higher. Generally, the 1,280 value should 
be used in all cases. Lower-gravity electrolyte was often specified 
for cells intended for use in hot climates and the converse for cold 
climates. 
Since lead — acid cells are relatively heavy, they are used very 

little in planes, though some of the smaller surplus types such as 
the NT-6 are popular for model boats and cars. In general, most 
users have not obtained very good results from the NT-6 (Fig. 
901) , a type which was intended mainly for one-shot use in mili-
tary equipment. They have a short life and will not hold a charge 
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very long. However, on the hobby market are quite a few small 
cells and batteries of recent manufacture that are intended for 
many recharges, and so are a much better buy. They can be had 
in various capacities, and in 2-, 4- and 6-volt types. 
One other type of lead — acid cell should be mentioned. This is 

a tiny unit originally designed for pocket cigarette lighters. The 
cells have a translucent plastic case and weigh an ounce or so; 
hence, they should be very useful for application in planes. Unfor-

Fig. 902. Plastic-cased alkaline cells include sur-
plus nickel-cadmium 5 ah (ampere-hour) unit 
at left rear (popular in transmitters and for en-
gine starting), the ABC (also known as CG or 
Gulton) VO-800 at right rear; left front is Yard-
ney LR I Silvercel, and at right, the Sonotone 

ah nickel-cadmium battery. 

tunately, these cells were not intended for recharging. The most 
popular type has a capacity of about 1/4 ampere-hour and, while it 
can be recharged several times, results are highly variable. They 
are generally not considered a good power source for radio-control 
work. 
Two of the most interesting features of lead — acid cells are the 

fairly high voltage they produce — about 2.2 when fully charged — 
and the fact that they will hold close to 2 volts even under heavy 
loads. Most storage cells have the latter characteristic, but the 
volages of the different types vary widely. 
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Alkaline storage cells 
Almost the exact opposite in many ways of the lead — acid cell is 

the Silvercel (Fig. 902), an alkaline type. It is very light for its 
capacity (an LR-1 cell when new has about 1.8- to 2-ampere-hours 
capacity, weighs only 1 ounce) and has fairly high voltage. A fully 
charged cell will give about 20% of its charge at nearly 1.8 volts 
(depending upon load), then the voltage settles to 1.5 and holds 
there until discharge. 
Like dry cells, Silvercels do not have a very long shelf life — 

they tend to discharge even when not in actual use.' Furthermore, 
they should not be stored fully charged for long periods. Silver-
cels are not tolerant of overcharge. If you must have the greatest 
possible capacity in the smallest package and lightest weight, Sil-
vercels are the answer. However, balanced against this is the fact 
that they do not have a very long life, cannot generally be 
purchased except directly from the manufacturer and are quite 
expensive. The makers have another type called Silcad,2 with char-
acteristics midway between the Silvercel and the nickel-cadmium 
cells described below. So far, Silcads have not seen much use in 

Fig. 903. Sealed nickel-cadmium cells. Left foreground is 
VO-500, and behind it a "package" of two of same units 
in series. Left center, 900 mah (milliampere hour) cell 
marketed by Eveready and others, and alongside it, the 
similar 450 mah cell, same size as AA dry cell. Button cells 
at right run from 100 mah in front to 2 ah at rear. 

radio-control, but they are quite new and may become more 
popular. 

Nickel-cadmium cells 
Alkaline cells generally (not including Silvercels) have several 

1 Lead—acid cells have indefinite shelf life. They are kept dry until ready for use. 
2 Silcad has silver cadmium plates; Silvercel has silver zinc plates. 
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features that fit them especially for hobby uses — but they do have 
some undesirable features. The advantages win out, however, and 
one type of alkaline cell — generally called ni-cad for short — 
is gaining in popularity at a fast pace. The biggest advantages 
are fairly low first cost and long life. Also they can be stored 
charged or discharged with no damage, are of moderate weight 
and not too fussy as to charging. Some types, in fact, can be 
charged indefinitely at low rates without damage, so they are 
always full and ready for a day's flying when the modeler is set to 
go out. 

Ni-cads3 (a term stemming from the materials, nickel and cad-
mium, used in the plates) have an alkaline solution, but the latter 
does not enter into the actual chemical action during charge or 
discharge. The state of charge cannot be checked with a hydrom-
eter. Users of alkaline cells, therefore, have to watch their charge 
and discharge times much more carefully since, like most storage 
cells, these "drop dead" rather suddenly when their charge is con-
sumed. This is one of the greatest disadvantages of the type. The 
other is the low voltage — ni-cads run around 1.25 volts per cell. 
Many sizes of ni-cads are now on the market, several lines being 

distributed widely in the hobby field. Fig. 903 shows a variety of 
metal-case ni-cads. They are available from tiny button cells of 
100-ma capacity or so up to larger units of as many amperes as you 
are willing to pay for. Probably the most widely used are the but-
ton cells of 500 milliampere-hours and the penlight cell, which has 
about the same capacity but is exactly the size of a dry penlight 
cell and will fit in the same holders. Another very popular cell 
shown among others in Fig. 902 is the 800- milliampere-hour flat 
cell in a plastic case. In the same category is a 900-ma-hour cylin-
drical unit of the same diameter as a penlight cell but about twice 
as long. It is generally considered that ni-cads of 450 to 500 
ma-hours will give ample power for simultaneous reed outfits up 
to 8 or 10 channels, providing at least 3 or 4 hours of service 
(including furnishing power for a dc converter which takes the 
place of a B-battery). For dual proportional outfits, which have a 
more or less constant drain from the rudder and elevator actuators, 
the 800- and 900-ma-hour ni-cads are preferred. For rudder-only 
outfits, smaller cells can be used. 

Recently, quite large numbers of fairly small ni-cad cells have 
appeared on the surplus market. These are too large and heavy for 
model planes (they are ideal for boats and cars, however) but are 

' The word ni-cad is often used to refer to all nickel-cadmium cells. Nicad is a trade 
name and is the property of Nicad Division, Gould-National Batteries, Inc. 
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increasingly in demand in radio-control transmitters, usually in 
conjunction with transistor dc converters. This use in transmitters 
is popular for the same reason the ni-cads are so widely employed 
at the receiving end of the system — fairly low cost (the surplus 
units are relatively very low in cost), long life, ability to stand 
continual low-rate charge indefinitely, and fairly constant voltage. 

Battery holders 

Some ni-cads are the same size as flashlight cells and can be 
carried in holders designed for the latter. There is a variety of such 
holders, not only for 11/2-volt cells but also for various small sizes 
of B-batteries — one manufacturer has about 150 sizes in his line 
and more are constantly being added! When using all-metal hold-
ers many modelers wrap rubber bands tightly around the ends to 
make absolutely sure that there is good contact with the cell or 
battery ends, even under conditions of heavy vibration. The bands 
also help to prevent the cells from popping loose in bad landings. 
It is helpful to bend the vertical clips that grip the center of the 
cells so that a rubber band can be wrapped around the upper ends. 
Plastic holders (Fig. 904) have a sliding lid, and the contacts are 

held against the cell ends by small coil springs so that they corn-

Fig. 904. Metal holder with phenolic ends at left front is by 
Cobb Hobby, holds four AA cells (either dry type or equiva-
lent size in nickel-cadmium). Hilkrest holder in rear is for 
three 221/2  volt B batteries, can be had in other cell and 
battery complements. Holder at right by same maker carries 

larger cells. 

plete the circuit reliably no matter how carelessly you may put the 
cells in place. The flat-type holder is often used as a means of 
mounting a receiver. These holders come with contacts and inter-
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nal compartments arranged for various numbers of penlight cells 
(either dry or ni-cad cells can be carried) and 22 1/2 -volt B-batteries 
of a single specific size. 

A holder designed especially for button type ni-cads (Fig. 905) 
can easily be made at home. These cells are a little difficult to con-
nect. While some modelers solder leads to each side, this is not 
recommended as there is too great a chance of ruining the plastic 
seal or doing other internal damage. Some ni-cads come with 
solder tabs welded on, which makes connections quite easy, of 
course. The holder shown is intended for those that don't have 
such tabs. It has the further advantage that the cells are held under 
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Fig. 905-a. Austermann hold-
er for button cells gives good 
contact, keeps them under 
desirable pressure. Metal tabs 
can provide connection  to 
every cell, if desired. This is 
useful for checking individual 
cell voltage during charge 
and use, with rotary switch 
to shift meter from cell to cell. 



221/2 -volters of one manufacturer. The 221/2 -volt battery is the 
most popular, used either singly to give 221/2 volts or in series to 
give 45, but some receivers require 30 volts. Three different 30-
volt battery sizes correspond to those in Fig. 906. Holders can be 
had for one, two or three of most of these B-batteries. 
Modelers who require the largest size of battery shown in Fig. 

906 may find that these are not too easy to buy (the smaller sizes 
are easier to obtain as they are used in many of the older hearing 
aids) . An economical way is to purchase a small 67 1/2 -volt battery 
widely used in tube-type portable broadcast receivers. This battery 
(No. 457 in the Eveready line or No. K45 by Burgess) contains 
three stacks of cells the same size as the largest 221/2 -volt battery 

Fig. 905-b. Photo of Aus-
termann holder shows 
socket on top. This takes 
plug from voltage tester. 
charger, or from circuits 
in  model.  Any  desired 
number of cells can be 
stacked in this manner. 

in Fig. 906. Buyers split the battery into three stacks and use them 
in pairs or singly for 45 or 221/2  volts as required. Connections can 
be soldered to the wires at the stack ends. Many fliers will not trust 
any connection to B-batteries (or even to the low-voltage cells) 
that is not soldered. Soldered connections make it more of a 
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nuisance to change batteries but are certainly the most reliable as 
far as vibration goes. 
Transmitter B-batteries are generally larger than those we have 

pictured, since more current is required at higher voltage. Most 
hand-held transmitters require two 67 1/2 -volt batteries for a total 
of 135 volts, while ground-type transmitters often use a larger size 
made principally in 45-volt blocks. 

Battery charging 
Storage cells must be charged periodically. Many of the ni-cads 

vetl, 
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Fig. 906. The most widely-used sizes of 221/2 -volt B batteries. Unit at left 
employed only in smallest planes, center size probably most popular of all, 
that on right for use where current drain is heavier. 30-volt batteries in 
equivalent sizes have same cross-section but are proportionately longer. 

are designed for continuous low-rate charging. Chargers usually 
get their power from the 115-volt ac line, step it down to the volt-
age needed, and rectify it to dc. Most storage cells are sold with 
explicit instructions as to charging rate, time required, etc. Gen-
erally, it is safe to charge storage cells at about a tenth of their 
nominal capacity. Thus, a 900-milliampere-hour cell would safely 
take a 90-ma charging rate, while a 20-ampere-hour transmitter 
cell could be charged at 2 amperes. It always takes more power to 
charge a cell than you can expect to get out, since cells are not 
100% efficient. The safest way to monitor charging is to measure 
the voltage of the cell while it is on charge at the specified number 
of hours at a certain rate and, even if you leave the cell on longer 
than you should, no harm will be done. Lead — acid and Silvercels, 
however, should not be overcharged. 
Since you are forcing current from the charger into the cell, 

the charger voltage must always be higher than that of the cell. As 
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a cell is charged, its internal voltage rises slowly and the charging 
rate drops (with most chargers of the simpler type used by model-
ers). This is, of course, a useful safety factor. 
We have mentioned low-rate constant charging of ni-cads. This 

is generally accomplished by cutting the charging current to about 
one-hundredth of the ampere-hour capacity, at which rate the 
charger can be left on indefinitely. The cell will then always be 
ready to use at peak capacity. This low-rate continuous charging 
has been called trickle-charging, and has also been used with lead — 
acid batteries. Keep the current below the maker's specified maxi-
mum. When low or completely discharged, most types of storage 
cells can be fast-charged — using a current rate considerably higher 
than normal. Remember, though, that the cell can be damaged if 
this high rate is continued too long. Generally, if you can feel that 
the cell under charge is noticeably hotter than its surroundings, 
reduce the charging rate. 
While dry cells cannot actually be recharged, it is possible to get 

considerably longer use from them by a form of "charging". What 
actually happens is that the current forced through the cell hastens 
the depolarization of the hydrogen gas formed within the cell 
when it is working normally. Both A- and B-batteries can be 

RED  TO BATTS 

BLK 

0 MUST BE PROPERLY PHASED 

Fig. 907. Two cheap 6.3 V filament transformers have primaries in 
parallel, secondaries in series. If you get no output voltage, reverse 
connections to one primary or secondary, to obtain proper phasing. 
Make quick check of this as improper phasing puts heavy load on 
transformers. Select R according to output voltage and current you 
require. M must suit current range. Parts specified good for about 500 

ma and up to 10 volts output. 

pepped up this way. To get the most benefit from such an opera-
tion, you should not wait until the cell is too far run down; a short 
"charge" at frequent intervals is best. The charging current should 
be kept at about the same value as the current taken from the cell 
on discharge, and for an equivalent time. A circuit for a charger 
suitable for this use is shown in Fig. 907. This charger can also be 
used with small storage cells and batteries. Two inexpensive 6.3-
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volt radio filament transformers supply the power (a 12-volt 
center-tapped transformer would do but is more costly) and the 
switch allows high or low voltage to be obtained. With center-
tapped 6-volt transformers and a four-pole switch there is even 
more flexibility in output voltage. 
Many chargers are on the market today, some quite elaborate, 

others relatively simple. One simple one intended for low-rate 
charging can be used on many sizes of low-voltage cells and batter-
ies; it will also rejuvenate B-batteries. A representative circuit is 
seen in Fig. 908; note that there is no power transformer to isolate 
the low-voltage output from the line. You must be careful, there-
fore, not to contact any grounded metal object (radiator, BX 
cable, etc.) while touching one of the output leads. 

Fig. 908. Simplest possible charger is 
not isolated from power line; keep 
away from "grounds" when connecting 
cells to it. With International Rectifier 
Corp. *1002A for rectifier and a 10 
watt, 2000 ohm wirewound resistor at 
R, unit will charge most cells or bat-
teries at about 20 ma, regardless of 

their voltage. 

CAT H 
117 V AC TO BATTS 

Dc converters 
These units are intended to change dc from one level to 

another; most of those used in model work raise the voltage. A 
motor — generator, or the more compact form — the dynamotor — 
is a type of dc converter. We sometimes use them for powering 
transmitters, especially where 6 or 12 volts is available from 
storage batteries. Generally very reliable, they do not have very 
high efficiency. Most dynamotors used in radio-control work are 
from war surplus; these units would be rather costly if purchased 
new. 
Vibrator power supplies are also used in transmitters. Most of 

these are of the 2-volt type. They are quite reliable, more efficient 
than dynamotors and have the advantage that the 2-volt storage 
cell can also be used for glow-plug engine starting. 
The highest efficiency in dc converters for radio control is 

achieved with transistors; some of these have efficiencies of 90% 
or more. Since we seldom have power to waste in radio-control 
installations, especially in the models themselves, this is a big 
consideration. Most receiver converters use two transistors con-
nected in a push-pull low-frequency oscillator circuit (Fig. 909). 
Generally, a special type of transformer must be employed if 
maximum efficiency is to be obtained. Properly designed, such 
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converters afford good regulation (they hold a fairly constant 
voltage regardless of the current taken from them), an important 
point with some types of receivers. Many converters have built-in 
overload protection and do not require a fuse. If they are loaded 
much higher than designed for, the output power drops to a very 
low value, as does the input current. 

VI TEL BATT AS DOTTED CONNECT B- TO+ OF SUPPLY BLU 2N35 (2 

4-6v BATT RD IT  "B445- 67-I/21 
3µf 70V 
VOLTS 

GRN t RED ARGONNE AR-152 
D3 
I N66 (4) 

Fig. 909. Receiver transistor converter. Commercial af trans-
former not too efficient but saves winding your own. Original 

was mounted on printed circuit plate. 

The transistors act as switches, turning the low voltage on and 
off at their normal rate of oscillation. This alternating current is 
stepped up in the transformer, rectified by several diodes and 
filtered. Because of the high frequency, very little filtering is 
required, a single capacitor normally being sufficient. 
With receiver current drains rising all the time as more and 

more controls are added to models, transistor converters are 
becoming widely popular. Quite a few makes are now available, 
some of which are tiny indeed. They weigh far less than the B-
batteries they replace. Of course, they must be supplied with 
power from low-voltage batteries, but the batteries used for the 
servo or actuator power are connected for this purpose. The added 
drain on such batteries is not too severe and, if they are of the 
rechargeable type, it makes a very practical setup. 
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Making your own dc converters 
A receiver converter you can make from standard parts is seen 

in Fig. 909. To save time and trouble, a small af transformer is 
used for T (this is not as efficient as the special cup cores normally 
used in such converters, but saves winding time). The unit, 
assembled on an etched-circuit plate, will produce 67 1/2 volts up 
to 5 ma with a 6-volt input. You can get 45 volts out with a 4-volt 
input. Battery drain either way will be about 100 ma. Resistors 
R I and R2 are compromise values chosen to assure easy starting 
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DI 
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Fig. 910. Special transformer core is Ferroxcube •#398P360B1-3C2 
(two are needed) and matching bobbin is #398F-410. Circuit shows 
6 V battery in series with high voltage output, to get a little higher 
total. Though 2N256 transistors are shown, 2N255's are just as 

good and cheaper. 

and reasonably low current drain. The 2N35 transistors specified 
worked best; 2N229's and 2N107's worked fairly well but will 
not allow as much output current. The converter shown weighs 
25 grams and makes an excellent power supply for such instru-
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ments as grid-dippers and the like, as well as for receiver purposes. 
Note that the B-minus of the high-voltage part of the circuit 

is run back to the positive of the low-voltage supply. This simply 
adds the two voltages together to give a higher output, but, if 
you don't need this, B-minus can be connected to the negative 
of the low-voltage supply (which would normally be considered 
"ground" in the receiver circuit, and would also connect to one 
side of the filament cell). 
To get good efficiency in the transmitter power supply, cup cores 

of special material are required. While 2N256 transistors are seen 
in the photo, Fig. 910, lower-cost 2N255's work as well and are 
recommended. Silicon rectifiers assure very high efficiency. With 
a 6-volt input, this converter will produce as much as 130 volts 
at 20 ma when fed with a small storage battery such as the NT-6. 
(Ni-cad cells can be used but, due to their lower voltage, you will 
need five of them in series). Even a 6-volt dry-cell lantern battery 
can be used for short periods, and will provide enough power to 
draw 15 ma from the converter. At full power output the input 
current drain is about 0.8 ampere. 
The specified cores can be had with a matching bobbin, but it 

may be necessary to obtain these parts through a radio supply 
house, as the manufacturer normally sells only to dealers or 
manufacturers. The bobbin should be wound this way: The 
primary is 36 turns of No. 28 wire center-tapped; the secondary is 
250 turns of No. 34; and the feedback winding is 8 turns of the 
same size and center-tapped. If heavy Formvar insulated wire is 
used, it will probably not be necessary to put added insulation 
between the secondary and the other two windings. Insulation 
should be used with regular enameled wire. 
This converter, built on an etched plate (ordinary wiring will 

do just as well) 3 x 3 inches, is 7/8 inch high and weighs 4 oz. It 
operates at about 2,000 cycles. A low voltage tap can be taken 
from the center connection of Cl and C2 if desired. For most 
purposes, the converter can be keyed at point X, as it starts and 
stops quite rapidly. Keyed in this manner, there is no drain on 
the 6-volt battery when the key is open. For high speed and very 
accurate pulsing, as might be required for some proportional 
uses, keying should be done in the high-voltage side. 

Buying, testing, storing 
Since dry cells deteriorate even when not in use, make every 

effort to be sure they are as fresh as possible. Manufacturers used 
to put dates on their cells and batteries. Date codes are still seen 
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but are sometimes arranged in a manner that is incomprehensible 
to the purchaser. Thus, the best idea is to buy dry cells where 
there is a large turnover. 
Dry cells can be tested reliably only under load. Some test 

meters do apply a load, according to the voltage of the battery; 
others have a variable load switch that is rotated to pick the proper 
load for the voltage and capacity of the cell or battery. Small, low-
cost battery test meters can be purchased that have two scale 
ranges, and that will test both single cells (on a scale ranging up 
to perhaps 2 volts) and B-batteries on a 0 — 50-volt scale. Due to 
the type of meter movement employed, a fair load is put on the 
cells and batteries under test. Such a meter is not infallible but 
with practice you can get a very good idea of battery quality. 
Meters are also obtainable with ampere ranges of perhaps 0 — 35. 

Use these only on single dry cells and then only on the large sizes 
such as the D-cells and No. 6 dry cells (often used as a glow-plug 
engine starters) . 
One of the most useful checks of dry cells — either A or B — is 

simply to measure the voltage across them when they are operat-
ing your transmitter or receiver. In the case of B-batteries, depress 
the transmitter key to put full load on the battery. Test receivers 
with or without signal—whichever way produces the highest B-cur-
rent drain. 
Heat is one of the greatest enemies of any battery, dry or stor-

age type, simply because it increases the internal chemical reac-
tions. Heat will run dry cells down fast (even if they are not in 
actual use) and also causes a storage cell to self-discharge at a 

Fig. 911. Diode safety arangement 
protects cells, still allows some con-
trol if one cell goes dead in flight. 
Diodes draw no current in normal 
use, are left across cells permanently. 
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faster rate. Any cell or battery will last much longer if you 
keep it in a cool place. Placing them in the refrigerator is ideal — 
but don't put the batteries where they will be below freezing. 
About 40°F is a good temperature. 
Battery voltage will be lower when a cell is cold, higher when 

it is hot. If you take dry batteries out of the refrigerator, you might 
have to warm them to room temperature before they will produce 
the power needed. Similarly, when dry cells are used in cold 
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weather, they will have a fairly lower voltage than normal, nor 
can they supply as much current. It is quite possible that such 
units as the receiver or servos in your model will not even func-
tion. To overcome this handicap, you can use larger batteries than 
are normally needed or use more of the same size in parallel. Some 
modelers who fly in the northern states in winter have installed 
small chemical hand warmers in their models and transmitters; 

Fig. 912. Circuit cuts in small 
auxiliary cells, if main bat-
tery drops voltage (as when 
one cell goes dead) in use. In 
normal condition, main bat-
tery must have higher voltage 

than auxiliaries. 
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these produce quite an amount of heat for a considerable period 
and some are relatively small and light. 

Storage cells suffer from cold or heat the same way as do dry 
cells, though perhaps not to such a degree. Nevertheless, their life 
can be prolonged by storage in cool places, and they should be 
kept from high heat as much as possible. 

When storage cells are first purchased, coat the terminals with 
grease or petroleum jelly to prevent corrosion. It is difficult to pre-
vent slight seepage of the acid or alkaline solutions. These cor-
rosive fluids attack many metals, both on the cell and on holders 
and surroundings. The coating prevents rapid spread of the cor-
rosion, and should be wiped off and renewed occasionally. Even 
the so-called "sealed" ni-cad cells often develop corrosion around 
the seal or the terminals. Silicone grease is very useful for coating 
terminals as it does not become very soft or liquid at the higher 
temperatures as do grease and petroleum jelly, and it sticks tenaci-
ously to the cell surfaces. 

Safety diodes in power supplies 
It is difficult to determine the amount of charge in any of the 

very small storage cells — they hold a fairly constant voltage 
until they are almost fully discharged. Some modelers are very 
careful to record amount of use, amount of charge and so on. 
Others are careless, and the arrangement in Fig. 911 is especially 
useful for them. The idea is simply this: A high-conductance 
diode is connected across each cell in the servo supply in such a 
diiection that it will pass little or no current. Should one of the 
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cells suddenly expire during use, the diode across it will act as a 
bridge to pass along the current of the other cell in that pair. The 
servo would have only half voltage, of course, but this would 
probably be enough to land a plane without disaster. Since the 
diodes won't conduct under normal operation, they won't under 
charging either, so they can be left connected permanently. 
This arrangement not only protects the plane but the cells as 

well; when one cell goes dead the other one in the pair tends 
to try to force current through the dead cell in the reverse direc-
tion — usually damaging to a storage cell. The diodes prevent 
this reverse current flow by acting as a fairly solid short across the 
dead cell, as far as this reverse current is concerned. 
Another plane-saver idea is seen in Fig. 912. Diodes are used 

here, too, but in a different manner. The main cells on each 
side of the circuit could be the usual storage type, while the 
auxiliary cells would be penlights. Should one of the cells in the 
main supply go dead, the total voltage of that battery would drop 
drastically, and the associated diode would then cut in the 
auxiliary battery on that side to take over. The only precaution 
that must be observed here is that the two main batteries must 
have equal or higher voltage than the auxiliaries — otherwise, 
the latter would soon go dead trying to recharge the main cells. 
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chapter 4Ll'in 

relays 

HILE relays may look tiny and rather insignificant, they are 
the heart of our receivers and play an important part in 

transmitter pulsers too. Not only do they have to be set correctly, 
they must be mounted properly (which usually means carefully 
mounting the entire receiver to which the relay is attached) and 
they must be given regular maintenance. They are important 
enough to devote an entire chapter to them! 

Selection and adjustment 
When you make your own receiver, there is a good chance that 

any given relay you purchase will not be set up correctly for the 
particular combination of maximum and minimum current your 
set requires. Some receivers require top quality relays, since they 
do not produce very high current or a great current change. 
Others can do with less sensitive types because of the husky cur-
rent flow they afford. Present trends in receivers seem to favor 
the latter arrangement. Generally, the less sensitive relays are 
smaller and lighter. Power converters, transistors in the relay stage 
(which allow use of only 22 1/2 volts or even much less) and the 
increasing popularity of multi-control equipment, make it manda-
tory to use the smallest and lightest relays — even though they 
may be less sensitive and take more current from the B-supply. 
The subject of sensitivity is a rather vague one, but modelers 

look at it this way: If a given relay can be set to give very positive 
action with reasonable contact spacing, have high enough spring 
tension to make the relay fairly immune to engine vibration, and 
yet work on a very low current change (perhaps 0.75 ma or even 
less), it would be considered a "sensitive" type. In a broad sense, 
practically all the relays used in radio control are "sensitive" types, 
but most of them require much more than a 0.75-ma change (con-
sidering the widely popular 5,000-ohm style). Some of the smallest 
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ones must have 2- or even 3-ma current change to be considered 
"solid". Typical examples of very sensitive types are the Sigma 
4F and 5F (shown in Fig. 116) — the latter just about the best 
that can be purchased at a reasonable price. Both of these are con-
sidered too heavy for receiver use now, but are quite often put in 
electronic pulsers (where weight and size are no problem) and 
where their complete screw-adjustment facilities make them most 

Fig. 1001. The minute size of these relays 
by Lafayette, OS and Deans is emphasized 
by the AA penlight cell that is about 2 

inches long. 

useful. Fig. 1001 shows some small relays — the Gem, RBM and 

Babcock types are in Fig. 1002. 
The ability to adjust your relay (and know exactly what you 

are doing) is an absolute necessity if you expect to get the most 
out of your receiver and other control equipment. Some relays are 

Fig. 1002. Small relays in wide use today. Size AA pencell in background 
gives idea of sizes. 
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rather easy to work on, since the necessary adjustments are made 
by turning screws; on most of our existing types, though, various 
parts have to be bent to change adjustment. The general process 
of adjustment is the same for all types, and you should follow 
a definite routine when doing it. 
The electrical equipment for checking relays can consist simply 

of a small B-battery, a variable resistor and a meter. The battery 
can come from your transmitter or model, and the meter can be 
the one used to adjust your receiver. Fig. 1003 shows how the 

22-I/2-45V  5MA 

RI 

Fig. 1003. Relay testing circuit. The 
lamp bulbs are not needed, but make 
it easier to tell when contacts actually 
move. This circuit is for high resistance 
relays, 1,500 ohms and up. For those 
used in low voltage receivers, you'll 
need lower battery voltage and resis-

tor, higher range meter. 

I 5V BULB/ 

parts are connected. For a deluxe job, you can add a flashlight cell 
and a couple of lamp bulbs to show exactly when the contacts 
make or break. Many modelers make up a relay tester using the 
circuit shown, either with its own meter or a jack to accept the 
receiver test meter. Flexible leads with small clips allow connec-
tion to the relay. 
Incidentally, quick field or shop checks of receiver relay opera-

tion can be made simply with a variable resistor with clips on two 
terminals. Hook it up as in Fig. 1004; for tube circuits, clip onto 
the "ground" or filament side of the receiver circuit, and to the 
side of the relay away from the B-battery. The receiver test meter 
plugged into its normal jack shows current change and relay 
setting. Needless to say, don't try this system unless you are thor-
oughly familiar with your receiver and model wiring; also, always 
turn the variable resistor to maximum before clipping it on. 

Core gap 
The first thing to check is the core gap. Push the armature 

gently toward the core until the armature hits the normally open 
contact. Armature and core must never be allowed to touch physi-
cally, though they may be separated by only a few thousandths of 
an inch in some cases. Some relays have a rather flexible armature 
tip on which the moving contact is mounted. This is a good fea-
ture in some ways (the flexing as the contacts make and break 
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provides a slight rubbing action that tends to keep the contact 
points clean), but does make it possible for the armature to slap 
tight onto the core. On such relays, cement a piece of thin paper 
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RY 

RCVR 
TEST 
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Fig. 1004. If you a, e %we of connections 
in your receiver (so that you won't ruin 
the tube or other parts by inadvertent 
short) you can use resistor RI as shown, 
employing receiver test meter, receiver 
battery to check the relay. Filament circuit 

should be left open. 

to the core end or give it several coats of model dope. Even with 
more solid armature contacts, the dope on the core is a wise 
precaution. 
The actual core gap depends upon differential, which we'll 

discuss in a moment. Generally speaking, if your receiver allows 
a rather wide current change, the core gap may be quite small. If 
the current change from on signal to off is rather small, the core 
gap should be larger. 

Differential 
All relays pull in (close contacts when current is applied) at a 

higher current than when they drop out (armature moves away 
from magnet when current is reduced). The difference between 
the two currents is called the differential. What value you want 
to try for depends on your receiver; a large current change in the 
receiver allows a large differential (and the relay will be con-
siderably easier to set). If the receiver has a rather small current 
change — even though the average current may be quite high, you 
need a close or small differential. 
Differential is dependent upon the spacing between the fixed 

contacts. It is easier to get a small differential when the gap be-
tween armature and core pole piece is fairly large. 

Getting started 
You have to start some place, so connect your test circuit and 

reduce the resistor (RI in Figs. 1003 and 1004) until the armature 
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suddenly snaps to the other position; note the current required. 
Then slowly increase the resistance until the relay snaps open, and 
again read the current. Let's say the relay pulled in (or closed) at 
3 ma and dropped out (or opened) at I ma. If your receiver relay 
stage idled at zero or very close to it and the current rose to, say, 

ROTATE TO ADJUST  ADJUST THIS 
SPRING TENSION —  CONTACT TO SET 
CLOCKWISE TO RAISE  ARMATURE ss-i• 
PULL-IN  ."---  CLEARANCE 

4431 

ro7z, RA A-  
CI 

SIGMA 4F RELAY 

ADJUST THIS 
CONTACT TO 
SET GAP 

Fig. 1005. Adjusiments for a Sigma 
IF relay. 

5 ma on signal (or vice versa), this relay setting might be consid-
ered quite adequate and you could stop right there. But maybe 
your receiver goes up only to 2.5 ma maximum and idles at 0.5. 
Some changes must be made. First, the 2-ma differential indicates 
that: the gap between contacts is too large; the pole-to-armature 
gap is too small; or both. If the pole-to-armature gap looks fairly 
good when you press the armature closed with your finger, try 
moving the normally closed (NC) contact — the one against which 
the armature rests with no current through the coil — closer to the 
normally open (or NO contact) and try again. Perhaps this change 
will bring you down to 2-ma pull-in current — the 1-ma dropout 
should remain exactly the same. 
With that 0.5-ma receiver idling current, we should have a little 

higher dropout figure, so bend the NO contact closer to the NC 
one and try again. Maybe this brings the dropout up to 1.25 ma. 
Up to now, we haven't even mentioned spring tension. Provided 
it is not too far off, it's best to leave it alone at the beginning, since 
a change in tension will modify both pull-in and dropout figures, 
and each to a different degree. Reduce tension a bit now; a test 
might show that the pull-in has dropped to 1.75 ma, while the 
dropout might have been lowered to only 1.1 ma. 
At this point, a bit of judgment must come into the picture. 

Depending upon the relay itself, you must decide whether the 
armature movement is reasonable. Many of the small relays used 
today will operate reliably with a contact gap of only a few 
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thousandths of an inch. It should be large enough to see and to 
feel with your finger, of course. Next, consider the amount of 
spring tension. This is even harder to specify than contact gap, so 
one way to check — until you have adjusted and used relays 
enough to have a good working idea of what the tension must be 
for a given type — is simply to try the receiver in your model with 
the engine running. Run the engine over a range of speeds; almost 
always, there will be a point of rather heavy vibration somewhere 
in the engine speed range — and not necessarily at top speed. 
When setting a relay, you have to take into consideration the 

factors mentioned here plus others, too. Fifst, when you were 
setting it up, you probably kept the high and low currents pretty 
close to the pull-in and dropout points. But in actual use, the 
current will go quite a way above pull-in and below dropout. If 
you try the relay in your checker circuit using the actual maxi-
mum and minimum currents it will get in the set, you will gen-
erally find that it will pull in a tenth or two higher than you set 
it for and drop out another tenth or two lower. Keep this fact 
in mind when making your adjustments. Fig. 1005 shows the 
adjustment points of a Sigma 4F relay. 
Always mark the side of the relay that goes to the battery in 

your receiver and connect it to the checker with the same battery 
polarity. A reverse in polarity will make quite a change in some 
relays. 
Remember that receiver battery voltage drops as the batteries 

age; thus, the relay maximum current will also decrease. Make 
allowance for this in setting the relay. Most receivers give about 
the same current maximums and minimums regardless of whether 
they are getting a strong signal or a very weak one but, if yours 
is one which gives a lower current change with weak signal, this 
too must be accounted for in relay adjustment. Some sets get 
"hotter" or more sensitive as the batteries age; thus, you could 
find that your maximum relay current (in a receiver that gives 
maximum with signal) is decreasing but, due to more sensitive 
circuit conditions, the minimum might actually rise! It seems that 
everything that might happen is against the modeler! This is 
not strictly true, of course. But it does explain why the relay must 
be set to close at perhaps 2 ma and open at 1.25, when the actual 
receiver currents (with fresh batteries) could be 3.5 and 0.25 ma. 
Practically all relay adjustments interact, so it is simply a matter 

of going over and over the settings until you get them all as you 
wish. Once this is accomplished, the adjustments will usually hold 
for long periods of time, barring crackup or other damage. 
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Relay resistance 
For years the most popular relay has been the 5,000-ohm unit, 

a good value for use in tube circuits with 45 volts on the plates. 
With some output tubes, this combination might allow as much 
as 3 ma or more of relay current. When transistors came into 
radio control, the same resistance was used but the voltage (at 
least on the transistor stage) was dropped to no more than 22V2 
due to transistor limitations. With things working right, this 
voltage would produce about 4.4 ma, since transistors that are 
conducting fully act almost like a closed switch (unlike tubes 
which always have appreciable internal resistance). To save battery 
power, it is possible to go to higher-resistance relays in transistor 
receivers. The next step after 5,000 ohms is usually 7,500 with a 
transistor in the output stage. With 221/2 volts you could get almost 
3 ma with the higher resistance — enough for good relay operation, 
yet much lower B-drain. Even though the current is less, the 
7,500-ohm relay might give as good results in terms of contact gap 
and spring tension, due to the use of more turns of wire on the coil. 
Low-voltage receiver operation is also becoming more wide-

spread, with increasing use of transistors. All-transistor receivers 
now operate on 3 to 9 volts and, of course, relay resistances must 
be much lower. For the 3-volt sets, relays of around 100 ohms are 
generally specified, and the current could run up to 30 ma or more. 

Relay mounting 
Relays are almost always shock-mounted in models. Some prefer 

to mount the relay by itself, as this generally means a smaller mass 
that must be protected from vibration. Some modelers maintain 
that relays should never be mounted with the axis of the armature 
pivot in the same line as the shaft of the engine. Since the latter 
is almost always fore and aft of the fuselage, this means you should 
mount your relay so that the armature pivots in any other direc-
tion but fore and aft. While we have never seen test figures on the 
matter, it does sound reasonable. In any case, if you have vibration 
trouble traceable to your relay, try mounting it so the armature 

moves in a different direction; such a change has brought welcome 
relief for some harried modelers! 

Maintenance 
Relay maintenance consists mainly of keeping the points clean. 

Arc suppression should always be used (refer to the end of this 
chapter) even though many present-day commercial receivers come 
without it. Even with such suppression, it is wise to give the con-

223 



tacts a gentle cleaning occasionally. About the best thing to use for 
this is a fairly hard-surfaced (but not glossy) white paper. Cut into 
strips about y, x 2 inches, these can be slipped between the con-
tacts of most relays without changing the adjustment. If the paper 
slides in easily, press the contacts together with your fingers until 
you feel a reasonable drag on the paper, then pull it the full 
length of the strip. You will often see a dark spot on the paper 
where it has rubbed off dirt and corrosion. 
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Fig. 1006. Circuit for operating escapement without relay. This 
arrangement is intended for use with receiver that idles at high 
current with no signal. Output transistor may be smaller one, 

if escapement is high enough in resistance. 

Metal relay contact burnishers can be purchased, but they are 
too thick to go between the contacts of most small relays without 
opening them. Use them carefully! Even though they look quite 
smooth, they can remove a surprising amount of metal, especially 
the soft silver used in most contacts. 
Because they break quite a bit of current, contacts of transmitter 

keying relays (or contacts in mechanical pulsers) get quite dirty 
and often build up little points on one side, with a corresponding 
hollow on the other. To smooth such contacts, it may be necessary 
to use an auto ignition-point file, but again we caution — take it 
easy. Those files were designed to cut hard tungsten alloy — our 
points are mostly soft silver! Incidentally, where you have the 
buildup on one contact and hollow on the other, you can reverse 
the action by simply reversing connections to the two contacts. 
A few relays in use today have actual pivots of one sort or 

another to support the armature. These can be cleaned if you feel 
the relay action is sticky or sluggish, but never put oil on them. 
Dust, specks of lint, even metal chips can get between relay 

contacts or the armature and core, and cause malfunction. It is for 
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this reason that it is highly desirable to have your relays enclosed. 
This also prevents gummy fuel fumes from reaching them. 

Relayless operation 
Now that we have covered relays and all their little problems, 

let's see how we can go about eliminating relays entirely! Tran-
sistors make this quite possible, and many of the newest control 
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Fig. 1007. Trammel circuit gives action of a spdt relay, to operate 
magnetic actuator, which has special high resistance coils. This can be 

used with receiver that idles high or low. 

systems have no relays in either transmitter or receiver. If you 
want to operate an escapement, Fig. 1006 shows a circuit that will 
do it. This was originally used with a receiver similar to that in 
Fig. 413, with a 1AG4 tube in the set. Later a type CK6148 (10-
ma filament) was substituted with about the same results. The 
1.3-volt cell is a tiny mercury type which gives long life at the 
drain of about 1.75 ma through it. The receiver A- and B-batteries 
are also shown in Fig. 1006. Due to variations in transistors, it 
might be necessary to use other than 1,200 ohms in series with the 
mercury cell. To check this, leave receiver switch SW1 open, 
connect a 1-ma meter across SW2 and put a variable resistor of 
about 2,000 ohms or more in place of the 1,200-ohm unit. Reduce 
the resistor until the meter shows 0.7 to 0.75 ma; measure the 
resistor value and substitute the nearest fixed value you can get. 
This resistor will not have to be changed unless the transistor is 
replaced. 
To check the tripping point of the transistor stage, turn the re-

ceiver on, connect a 1-ma meter into the circuit at point X and 
vary the 10,000-ohm resistor. The escapement should operate when 
the meter indicates 0.7-0.75 ma and release when it shows 0.73-
0.78 ma. The resistor is set to hold the receiver idling current (no 
signal) measured at point X at about 0.85 to 0.95 ma. With a 
signal, the receiver current drops to around 0.2-0.3 ma, and the 
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escapement pulls in. If your escapement draws no more than 300 
ma or so (check it at point Y), you can use the smaller and 
lower-cost 2N 188A in place of the 2NI56. 

For use with same type of receiver, Fig. 1007 shows an arrange-
ment that will give proportional operation of a magnetic actuator 
(the type shown in Fig. 211, for example, but with higher resist-
ance coils) without the use of a relay. Receiver A- and B-batteries 
are connected as shown, and receiver plate current passes through 
resistor RI. Since it is necessary to have only about 1.3 ma through 
RI, the Mini-Mac could doubtless be operated on 30 volts or even 
less. The current drain on the 3-volt battery is very low and the 
tiniest penlight cells could be used here. 

With 6 volts on the transistors and with 200-ohm actuator wind-
ings, about 28-ma current was obtained; with 7.5 volts, the current 
rose to 34 ma. 

Another escapement circuit is seen in Fig. 1008. It was designed 
for use with a tone receiver and a frequency range of 1,000-5,000 

loon 

AF 

UTC 
DOT II OR EQUIV 

10K 
II 

2N213 

1008. For use either with tone or CW receivers (see text) 
this circuit acts as transistor switch to control escapement. For 
CW use, the transformer, two diodes and two electrolytics are not 

needed. 

cycles. The 2N241-A functions as a fast-acting switch and, though 
escapement current is considerably higher than its normal rating, 
the fact that this transistor switches from virtually nonconducting 
to full conduction so rapidly allows it to handle the higher current 
with little trouble. 

The only fussy component is RI; it is suggested that a variable 
of about 20,000 ohms be inserted here temporarily and adjusted 
until the escapement drops out at about 75% of the ac input value 
needed to make it operate. For example, if it takes I volt of ac at 
the transformer input to operate the escapement, set the variable 
resistor so the escapement opens at about 0.75 volt ac, then solder 
in a fixed resistor of the same value. The circuit can also be 
operated by dc. It takes about 0.3 volt applied between the base 
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and collector of the 2N 213 to do this, and the transformer, both 
1-pf capacitors and the two 1N457 diodes could be eliminated. 
With the circuit shown, the no-signal current through the escape-
ment is about 50 pa, while with signal on and a 6-ohm escape-
ment, the current is 470 ma. 

Relay arc suppression 
Since sensitive relays are used in most radio-control installations, 

we must consider means to protect the contacts from the sparking 

ESC 
COIL 

a 

IIESC  COIL 

Fig. 1009. Simplest arc suppressor is small carbon resistor across escapement 
(or actuator) coal, as at a. Even better is 1N91 diode (b). 

which occurs whenever contacts carrying current open. Some 
commercial receivers have relay arc suppression included in their 
circuitry, but many do not. Also, some commercial servos (but no 
escapements) have suppressors. Arcing occurs at contacts when 
they open and, if it is heavy, can result in relay failure; the contacts 
actually weld together (lightly, of course). The heavy arc causes 
great local heating and, when the contacts stick, they have to be 
opened manually. 
Fortunately, arc suppression is quite simple. In escapements, 

probably the easiest way is to connect a small carbon resistor of 
about 10 times the escapement-coil resistance directly across the 
escapement coil (not across the relay contacts!) . If you are in 
doubt, use a resistor of about 100 ohms; the 1/2-watt size is ample. 
This resistor will draw a small added amount of current, but not 
enough to reduce battery life to any extent. See Fig. 1009-a. 
Fig. 1009-b shows a method of reducing the arc to practically 

zero that does not draw any measurable amount of additional 
current. Here, we connect a diode across the coil (again, not across 
the relay contacts). It must be connected so that it does not pass 
the dc from the escapement battery — the cathode of the diode 
should go to the positive side of the battery. The cathode is 
normally marked with a K, or sometimes with just a circle around 
the diode at the cathode end. Be sure to connect it this way; 
reversing it will probably ruin the diode and also run your battery 
down very rapidly. 
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The best diode for this purpose in the 1N91, available at many 
hobby shops and radio supply stores. Type 1N56 will also do 
reasonably well. The diode operates to suppress the "inductive 
kick" (described in Chapter 2) the culprit causing the contact 

arcing. 

11ESC  OR 
MOTOR 

a 

Fig. 1010. Arc suppression at contacts 
of relay used in spst fashion is seen at 
a. When both relay contacts are used, 

you need extra capacitor (h). 

A third suppression method (Fig. 1010-a) is useful on both 
escapements and on electric motor devices. If both relay fixed 
contacts are utilized — as they are for many motor-driven devices 
—you can put a double suppressor on the relay as in Fig. 1010-b. 
The fixed-resistor method can also be used on motors, but the 
diode arrangement is usable only if the motor is to be run in one 
direction. If it is to be driven both ways (as is necessary in some 
of the control systems described in the next chapter), it is necessary 

to reverse the current flow, and the diode cannot be used. 
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chapter ,̀..,1117LA 

installation of parts 

CONTRARY to general belief, there is more to putting the var-
ious components of a radio-control system into a model than 

just stowing them in the most convenient spots. There are many 
factors to consider, depending upon what type of model we have, 
how it is powered, what sort of receiver and actuator are to be 
employed, and so on. Because they have limited space and because 
of the necessity for watching weight distribution, most of our 
remarks on location of parts will be directed to model airplanes. 

Linkages 
Let's start with the gadget that moves the rudder. Since this is 

an item of moderate weight, it can be put in the most convenient 
spot, considering that there has to be a link to the rudder itself, 
and wires running to the receiver and actuator battery. Let's say 
further that an escapement is to be used to move the rudder. This 
means we must have space to string out the rather lengthy rubber 
that turns it. If the escapement is located at the rear wall of the 
cabin, we will need a rod of some sort back to the rudder. 
There are two main methods of moving the rudder — push rod 

and torque rod. These are shown in Figs. 1101 and 1102. If a 
torque rod is employed and made of a length of music wire, there 
is often so much twist in the wire that the rudder will not turn 
sufficiently when the plane is in flight, even though the escapement 
has plenty of power to move it. The wire just winds up a bit, but 
the slipstream of air keeps the rudder from turning as much as 
desired. Some builders overcome this by making the main portion 
of the torque rod from square balsa, with wire ends bound on to 
fit in the two end bearings. See Fig. 1103. 
If a push rod is utilized, it is often necessary to put at least one 

extra guide between the two end supports, or the wire may tend 
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to bow when the rudder is moved in the direction which puts the 
push rod in compression. The center bearing may be very loose, 
and in fact it should be, so that it adds very little to the overall 
friction of the system. 
To use an escapement with a push rod, it is necessary to start 

the linkage with a bell crank since the escapement has to be 
mounted so that the rubber band may be run the length of the 
fuselage. When this arrangement is in use, you must take care to 

TOP VIEW 

SLOT 

ESCAPEMENT SHAFT WITH CRANK END 
i) 

BELL CRANK 

RUBBER HOOK AT REAR OF MODEL 

PUSH ROD  MOT ION—•-

.." 
CENTER SUPPORT IF REO'D 

EXTRA HOLES IN BOTH ARMS ALLOW FOR 
CHANGE OF TOTAL RUDDER MOVEMENT 

TURNED 90° 

Fig. 1101. To use most escapements with a push rod, some form of 
bell crank is required, since escapement shaft usually runs fore and aft 

in model. One make of escapement has a bell crank built in. 

have every moving part as free of friction as possible, since the 
motive power of the escapement (often just a single loop of 1/2 -inch 
flat rubber) is not very strong. There is far less chance of excessive 
friction in the torque rod method of rudder drive. 
Speaking of rubber, note that not all grades of a size — say 1/2 -

inch flat rubber — are the same; some may be thicker, others of a 
different formula, etc. Thus, while one batch of "1/2 -inch flat" 
might work your controls satisfactorily, a supply of supposedly the 
same material purchased at a different shop might not have enough 
pep, even though it is still perfectly good rubber. As rubber grows 
old, it loses strength, often becoming somewhat brittle and takes 
on a granular or cracked appearance. Naturally, such rubber is to 
be avoided. When you locate a size and grade of rubber that does 
the job for you, it pays to purchase enough for future use. It can 
be kept for long periods if stored in a small tightly closed jar, in a 
dark, cool place. Dust the rubber well with talcum powder before 
storing it to keep the strands from sticking together. 
Proportional actuators are linked to rudders and other control 

surfaces in the same manner as escapements, but here there is more 
leeway in mounting and placement since there is no need to con-
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sider the position of a rubber band. Both actuators and escape-
ments have been mounted in the cabin of the plane and in the tail 
section, adjacent to the rudder. In the latter case, the effect of the 
lumped weight so far from the center of gravity must be consid-
ered, and this position is seldom used. 
Rear mounting does simplify linkage problems. In this case, 

the rubber terminates in the cabin and is reached through one 
of the hatches. If the escapement is forward, the rear end of the 
rubber can be fastened to a plug that fits into the side of the 
fuselage. When the rubber is to be wound, the whole plug is 

TURNED 90° 

WIRE LOOP 

"ESCAPEMENT SHAFT 

kti 

BEARING 

PIVOT 

TORQUE ROD 
k.4 

RUDDER 

PIN IN RUDDER: BEND 
UP a DOWN TO ALTER 
RUDDER MOVEMENT 
TURNED 90° 

WIRE 
LOOP 

BEARING 

Fig. 1102. Escapements are normally linked to surfaces with torque rods, 
as seen here. Wire loops at each end of rod mate with pins on escape-

ment shaft and on rudder. 

pulled out and the loop of wire (the rearmost end of the rubber 
hook) is attached to the winder. 
Incidentally, it is wise to unwind the escapement rubber after 

every flying session rather than to leave it wound tightly till the 
model is taken out again. Also, a bit of lubrication on the rubber 
will preserve it and allow you to put in more turns. Just rub in 
a little glycerin thoroughly, then wipe off the excess. When wind-
ing, stretch the rubber out to about twice its normal length. The 
rubber loop should be about a quarter again as long as the length 
between the two hooks that hold it; what we want here is not 
tension but torque. 
Escapements or any other form of actuator should be firmly 

mounted on a strip of plywood. Some escapements are so con-
structed that if they are screwed tight against some rather yielding 
backing — such as balsa wood — they will be pulled out of shape 
enough to render them inoperative. 
It is often handy to have a fine adjustment for making trim 

adjustments in controls. Simply bend a small V in the pushrod 
(Fig. 1104-a), which allows adjustments as needed. A screw ad-
justment as in Fig. 1104-b is a more sophisticated way to do the 
same job. Bicycle spokes can also be adapted to such use, but add 
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a locknut as shown. Make torque-rod trim adjustments by simply 
bending one or the other of the vertical torque-rod members 
(Fig. 1102). 
A neat way to make a detachable end for a push rod is seen in 

Fig. 1105. The keeper wire is much lighter than the main rod 
and merely serves to keep the latter from coming out of the hole 

BEARING  TORQUE ROD (BALSA)  BEARING 

ALL OTHER DETAILS SAME AS Fig.I102  WIRE FITTINGS BENT, 
BOUND a CEMENTED 

Fig. 1103. Wooden torque rod (made of balsa, or a hard-
wood dowel) is much stiffer than music wire, also affords 
desirable "insulation" in system, to reduce electrical noise 

troubles. 

in the horn. It can be sprung aside when you want to detach the 
linkage. 

Electrical noise 
This problem was mentioned earlier and is due almost solely 

to control linkages and the escapements, actuators, etc., used to 
move the various controls. It is especially a problem when metal 
push or torque rods are used to connect the controls. The trouble 
comes about this way: Let's say an escapement is utilized to drive 
a rudder through a metal torque rod. The escapement is con-
nected to the batteries and to the receiver, so it can be considered 
a part of the "ground system" of the latter. The long torque rod 
is connected to the escapement and thus acts as a further extension 
of the ground connection. The trouble comes in the fact that 
several slip joints are in the "circuit" between the escapement 
and torque rod. When an installation is brand-new, these joints 
may be clean enough to offer little resistance, and hence there 
may be no trouble with electrical noise. However, as the parts 
get older, they corrode a bit and naturally get dirty. Thus the 
joints offer variable resistance as the escapement moves or as the 
motor vibrates. This is when real trouble can be experienced. 
Note that even though there is no electrical connection between 
the escapement winding (which is connected to the receiver) and 
the metal parts and the linkage, the capacitance between escape-
ment parts is often enough to cause the same effect as a direct 
connection. 
There are actually several easy ways out of this dilemma. One 

is bonding the moving parts. Fig. 1106 shows points that should 
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be bonded to offset electrical noise. While there is often a metal-
to-metal contact between the rear end of the torque rod and the 
metal loop on the rudder, the loop is so short that it doesn't 
appreciably extend the length of the torque rod, so generally, no 
bonding is needed between these parts. 
While it is often not so serious a source of noise, the linkage 

between an escapement and a motor throttle is also an occasional 
source of trouble. Bonding the linkage and the motor itself is 
often a help in a receiver bothered by this type of interference. 

TO 
SERVO 

t J 
RUDDER 

ADJUSTMENT 

a 

THREADED 
ROD 

LOCK 
NUT 

INTERNALLY 
THREADED 
TUBE 

1 11111 "\\\ 11. TO 
SERVO 

RUDDER 

REMOVABLE 
PIN 

Figs. 1104-a, -b. Small V in push rod (a) allows adjustments to be made. 
More precise adjustment (b) can be had with a threaded rod and tube. 

Latter can be made from a bicycle spoke. 

Bonding wires are effective but they must be arranged carefully 
to allow full movement of the bonded parts without any drag, and 
also so that the bonding wire can do its job well and yet last for 
a reasonable time. Needless to say, use the most flexible wire 
possible. It does not need to be heavy; fine multistrand is good for 
the job. It is usual to bond the escapement frame to the plane 
wiring. "Ground" is usually considered to be B-minus in planes 
using tube receivers. In transistor receivers ground can be con-
nected to plus or minus of the battery — it varies from set to set. 
The torque-rod bond wire can also be attached to the escapement 
frame. Solder the wire carefully to the torque rod and wrap a few 
turns around it to take some of the strain of the constant twisting. 
In place of bonding wires, some users prefer to insert insulation 

in the linkage "circuit" somewhere so that the long torque or push 
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rod is isolated from the escapement or other control unit. One 
way is to use a nonmetallic rod (Fig. 1103). If you use a metal rod, 
insulated ends can be put in; Fig. 1107 shows one way to do this, 
using 1/4 -inch thin wall aluminum tubing for the main part of the 

04 - 
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PUSH ROD 

CONTROL HORN 

BIND AND SOLDER    THIN MUSIC WIRE KEEPER 

Fig. 1105. To allow quick removal of push rods they can be 
fitted with "keeper" as seen here. Handy for quirk change of 
surface movement, where control horn has several holes in it. 

rod. Bind music-wire ends to the dowel pieces. The gap between 
the wire ends and the tubing serves as electrical insulation (also 
the capacitance is very low at these points). Another point where 
insulation could be put into the linkage might be at the bell 
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Fig. 1106. All-metal control linkage should be bonded togethe? as seen, 
including escapement metal frame. Wrap several loose turns of bonding 

wire around torque rod, to reduce load on soldered joint. 

crank (Fig. 1101); either the horizontal or vertical portion of the 
unit could be of a material such as linen phenolic. 
If it can be done, the insulation method is to be preferred to 

bonding wires. Wires have a bad habit of breaking and then, of 
course, all bonding effect is lost. 
Electrical noise can also be produced by small motors used for 

servos. Methods were presented in chapter 10 for overcoming 
relay-contact arcing but it is usually necessary to apply "hash 
filters" right at the motor itself to kill the interference at its 



source, before it can travel along the wiring. The easiest way is to 
hook a capacitor directly across the motor brushes with the short-
est possible leads (Fig. 1108-a). Sometimes two capacitors help, 
with the center grounded to B-minus, as in Fig. 1108-b. In stub-
born cases it might be necessary to use rf chokes as well. The size of 

BIND AND CEMENT 

MUSIC WIRE 

CLOSE FITTING HARDWOOD DOWEL 

34" LONG SLOT  14  THIN WALL 
ALUMINUM TUBING ONE SIDE ONLY 

Fig. 1107. Thin wall aluminum tubing is extremely resistant to twist-
ing. Can be fitted with wooden dowel ends, wire fittings attached to 
latter. Single slot does not weaken tubing much; binding thread clamps 

it tight to dowel. 

the chokes depends upon the receiver frequency; for 27 mc, it is 
customary to use chokes of 20 — 25 ph. Such chokes should be of 
as low resistance as possible so they do not reduce motor power 
appreciably. If a motor has a metal case, this can be grounded. 
In any installation, it is a wise precaution to keep the receiver 

antenna lead as far as possible from the low-voltage control-circuit 

MOTOR MOTOR 

RFC 

RFC 

GNI) TO 
METAL 
CASE 

Fig. 1108. Simplest motor noise suppressor (a) is single capacitor. In some 
cases, pair of capacitors (b) with center grounded is better. Bad cases have 

been cured with capacitors, rf chokes (c) grounded motor frame. 

wiring and especially from motors. There have been cases where 
a shielded antenna lead (with the outer shield grounded) helped 
relieve stubborn interference cases, but it is usually not necessary 
to go to such extremes. 
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Mounting batteries 
Batteries, since they are a concentrated weight, should be 

located with great care. It is best to place them against the rear 
face of a sturdy bulkhead to prevent them from flying forward 
in case of a crash or hard landing. Because of their weight, 
batteries are normally mounted forward in the fuselage. It is best 
to place the receiver behind them, so that in case the batteries tear 
loose in a crash, they do not mangle the receiver. In any case, 

SLIDE  FOAM RUBBER  TO BATTERY 
AND CONTROL 

SOCKET 

MAIN FUSELAGE, BULKHEAD 

GUIDE AND 
RETAINER STRIPS 

CEMENTED TO SIDE 

Fig. 1109. Receiver, batteries or both can be mount-
ed on wooden slide. If slide is directly back of a 
strong bulkhead, it may be of balsa. Some modelers 
mount entire radio installation on slides, for ease 

of removal. 

they must be fastened securely. The damage done by a flying 

battery must be seen to be believed! 
The widely used flashlight cells can be fitted into one of several 

sorts of holders. (Refer to chapter 9.) Some open holders made 
of sheet aluminum have a reputation of doubtful contact due to 
corrosion; the contact points must be checked frequently and both 
the holder and the cell ends cleaned with fine sandpaper. Many 
fliers prefer to solder directly to the cells. Although this makes it 
much more of a problem to change cells, it clears a potential 
source of trouble through the poor friction contacts that are 
found in some holders. In soldering to cells, clean the ends care-
fully with fine sandpaper, then tin with a hot iron. Try to do the 
soldering just as quickly as possible so as to limit the heat ap-

plied to the cell. 
Regardless of where you mount them, remember that batteries 

236 



must be checked frequently and replaced fairly often, so make 
your installation practical from a convenience angle. 

Mounting the receiver 
It used to be the practice to suspend a receiver with rubber 

bands and, while this did isolate it from vibration, the receiver 
could take severe punishment in hard landings by bouncing 
around the cabin. Present practice is for a much more "solid" 

SEE TEXT 

LUGS 

a 

LUG SEE TEXT 

Fig. 1110. Slide type switches come in many makes and styles, but best for R IC 
use are those which have knife edge contacts, as seen here. Edges slip between 

two spring contacts, assure good electrical circuit closure. 

mounting, with vibration absorbed by foam rubber. Since re-
ceivers (especially multicontrol types) are getting larger and 
heavier, these units are often mounted vertically on the rear of 
a bulkhead, in which position they can best absorb the shock of 
crashes and heavy landings. Receivers in plastic or metal cases 
are easy to mount: the case — or one cover of it — is attached to 
the foam-rubber pad with heavy-duty rubber cement. The pad 
can be cemented to the bulkhead. 
A more flexible mounting arrangement is to utilize a slide 

mount. The idea is sketched in Fig. 1109. The entire receiver, 
foam rubber pad and slide can be removed from the cabin as a 
unit. This allows for easy inspection and adjustment. Position 
the controls so that the set can be tuned without removal, 
however. 
This slide can be backed up against a bulkhead, in which case 

the slide can be lightweight plywood or even balsa. If there is no 
such backing, heavier plywood is required. Some builders also 
use the slide system to mount batteries in the model. They can 
be placed in their holders on the same slide that holds the 
receiver, if you wish. 
The modern trend is to make all parts of the control system 

easily removable. This includes everything — receiver, servos, 
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batteries — even wiring and switches. The various parts are con-
nected with small plugs and sockets. A completely removable 
system of this sort makes trouble-shooting very easy, as you can 
place the whole works on your bench and connect it to operate 
just as it would in the plane — but with plenty of room to work 
on it. 
One large plane-kit maker has popularized a form of box 

mounting in which all radio-control parts are in a single unit. 
Servos are included, and push rods to them terminate in ends 
as shown in Fig. 1105, so that the box may be removed as a unit. 
The box is a close fit in the central section of the fuselage and 
is made strong enough so that it serves to brace this area from 
twisting strains. 

Switches 
The various controls that must be reached from the outside 

of the plane in normal use, such as the battery switches and meter 
jack, should be mounted where they are most convenient for 
the owner. Switches are usually placed on the side of the plane 
and, if possible, should be on the side away from the exhaust 
of the engine. Any exhaust that gets into the meter-jack opening 
can make the installation inoperative due to dirtying of the 
contacts. The average installation requires two switches and a 
meter jack. The former should be placed where there is little 
chance that they will be accidentally flicked off as the plane is 
hand-launched. 
There is a big difference between switches. The slide type is 

widely used today, due to its light weight and small size. However, 
some kinds of slide switches are very unreliable. If they are used, 
make sure that your switches are of the knife type. Fig. 1110 
illustrates how these look in cross-section. The knife edges are 
self-cleaning and make very good contact. 
Other types of slide switches that appear something like Fig. 

1111 and have ball or rocking contacts have been found dangerous 
for model uses. Most toggle switches seem to work well, though 
they are a bit on the heavy side for small models. Some modelers 
use subminiature toggle switches. Although rather expensive, 
they seem to be very positive in action and, of course, are very 
tiny and light. 

Wiring 
Do all wiring in the model with flexible conductors; solid wire 

has a bad habit of breaking under heavy motor vibration, unless 
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it is fastened for its full length. The wire can be quite thin. 
Flexible wire as small as No. 24 (or even thinner) can be used for 
receiver A- and B-connections. Double this wire so that there is 
no large voltage drop in the case of conductors that carry current 
to several servos. It is desirable to terminate the wires from a 
receiver in a plug that fits a socket in the model; this makes 
it simple to remove the receiver for repairs or adjustments with-
out having to unsolder any wires. Use wires of various colors 

STRIP SNAPS 
UP El DOWN 

a 

Fig. 1111. Avoid slide switches with various types of ball contacts. They 
collect oil and dirt quickly, do not have desirable sliding action to 

clean it away. 

so that it will be easy to trace any particular circuit. Try to use 
the same colors in all your models. There is no special code for 
this except that B-plus is usually red, B-minus black and A-plus 
often yellow. 
Wires from the receiver to the plug should be evenly twisted 
(some builders take the trouble to braid or weave the wire to-
gether) and bound together with a wrapping of tape every few 
inches. The same can be done with wiring that is left permanent-
ly in the model. Fasten such wiring at intervals with sticky tape 
or other means that will hold it in place but will allow it to be 
removed easily if necessary. 
There is a material now available called Spectra-Strip. It con-

sists of 10 strands of flexible wire, each with insulation of a 
different color (the colors run through the color spectrum, hence 
the name). All 10 insulated wires are lightly fastened together 
in the form of a flat tape, but they can easily be separated if 
desired. This wiring material makes possible a very neat installa-
tion in your model. It can also be used to advantage in trans-
mitters; even to some extent in larger receivers. 
Model planes are now being built with more thought to the 
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factor of convenience in use. For example, many builders put a 
hatch on the bottom of the fuselage, and under it install all the 
batteries. This makes test and replacement an easy matter, and 
the wing doesn't even have to be removed to do it. As an aid to 
ease of use, some larger planes are even fitted with miniature 
milliameters that are always handy for measuring receiver current. 
Such meters are only about 1 inch in diameter and weigh about 
0.7 oz. They afford continuous check of receiver operation right 
up until the moment the plane leaves the launcher's hand. 
Though it is more a matter of plane design than of radio 
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Fig. 1112. Vertical antenna of stiff wire can be held in test prod chuck end; 
such ends come threaded for standard nuts. Chuck also makes neat and 

easily removable end. 

installation, be certain that the receiver controls and batteries 
are not mounted where they can be affected by fuel seepage from 
the tank or by oil from the engine exhaust. If it is necessary to 
run the engine with the cabin open or the wing removed to make 
vibration tests, be sure that the exhaust cannot get into the cabin 
or come in contact with any other parts of the electrical installa-
tion. Nothing will gum relay contacts and cause defective switch 
and escapement operation quicker than model-engine fuel, either 

fresh or out of the exhaust! 

Antennas 
It used to be thought that the receiver antenna in the model 

had to be of the same type as that at the transmitter. Thus, a 
vertical transmitter antenna would call for a vertical one on the 
model. Nowadays, almost all transmitter antennas are vertical; 
but model antennas are of all types, with the vertical probably 
in the minority. Actually, with a well-tuned and correctly-operat-
ing transmitter and receiver, the kind of antenna used for the 
latter makes little difference. In some receivers, length is fairly 
critical, as mentioned in Chapter 4. Some manufacturers specify 
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a minimum or maximum antenna length, or both. Generally 
though, a couple of feet of wire will do the job. In the case of 
the receiver, the total antenna length should be measured right 
from the set itself, along the full wire to the end. 
If a vertical antenna is used, it is ordinarily mounted to the 

HORIZONTAL TO RUDDER 

WINGS (A) 

a 

WIRE 

ADDED LENGTH, IF REO'D 
TRAILS FREE 

c 
Fig. 1113. Larger planes (a) can use wire running to tip of fin. If more antenna 
length needed (b) extend to tip. Small planes may require a wire to fin 

(c) and also to wing tipe, or to both tips. 

rear of the wing (Fig. 1112-a). In this case, the wire must be 
stiff enough to withstand the wind pressure (1/32-inch music 
wire or 1/16-inch aluminum rod are useful). A handy mount 
for a vertical antenna is seen in Fig. 1112-b. It consists of a small 
chuck taken from the end of the type of radio test prod intended 
to hold phono needles. These chucks will take a 1/16-inch 
diameter rod and hold tightly, but the antenna can be removed 
for transporting the model or storing it. Always bend the upper 
end of a vertical receiver antenna in a protective loop of about 
1/4-inch in diameter. A metal or plastic bead can be attached 
there. 
While it might be felt necessary to mount the chuck in Fig. 

1112-b on insulating material, a piece of plywood will do well 
enough. Moisture absorption is no great problem as the outer 
surfaces of the model are always well doped. 
Many builders run an insulated wire from the top of the 

fuselage (at the rear of the wing back) to the top of the fin (Fig. 
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1113-a). If more antenna length is desired, the wire can be con-
tinued to the stabilizer tip. A length of wire can be left to trail 
loose, but this can be troublesome in acrobatic planes. The loose 
wire has sometimes tangled in the control linkage and brought 
about disaster. 
On very small planes, it is often a problem to get sufficient 

antenna length. It sometimes helps to run one length of wire to 
the tail and another fastened to it but stretched out along the tail 
surface (Fig. 1113-b) or the trailing edge (Fig. 1113-c). 
Receiver antennas are seldom of the resonant type, although 

those on transmitters always are. Therefore, don't try to "tune" 
the receiver antenna to the operating frequency; to do so will 
make a superregenerative receiver useless. 
Theoretically, vertical transmitting antennas put out the strong-

est signal at a fairly low angle toward the horizon in every direc-
tion, but there is a dead spot right overhead (Fig. 1114). In 

LEAST PWR STRAIGHT UP 

ANT 

a 
TRANS 

TOP VIEW 

Fig. 1114. Ground type transmitter with vertical 
antenna puts out strongest signal towards hori-
zon, least directly overhead. Signal goes out in 
every direction, 360 degrees around antenna. 

use, the mounting of the antenna, the surroundings, the 
key lead held by the operator and many other factors all work 
to upset this theory, so we need not generally worry too much 
about the direction of signal propagation or dead spots. 
One last word on antennas in the model: Remember that the 

other wiring in a plane acts as part of the antenna system. For 
this reason, a receiver that has been tuned and found to work 
perfectly on the bench might be very balky when installed in the 
model. You may find that the antenna coupling will have to be 
considerably different for you to get the receiver working as it 
did before installation. If you later change some equipment in the 
plane, such as using a metal push rod to the escapement in place 
of a wooden one, this again can alter receiver operation until 
you have compensated by changing antenna length or coupling 
to get things back to the way they were. 
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chapter 4j1V/1 117 

adjustments and tests 

W HETHER you have made your receiver or purchased it, the 
first thing you will want definitely to know is — does it work? 

Preliminary tests can be made with the receiver, batteries, escape-
ment or servo mounted on your bench, and with temporary wiring. 
This will prove whether the equipment will work when it receives 
a signal from the transmitter you will use. Some receivers over-
load with a transmitter very close by, so take this fact into account. 
Also, if the test is made in your shop, most of the transmitter an-
tenna will probably be removed. This reduces the output so it prob-
ably won't bother the receiver, but make sure the transmitter is 
tuned to operate properly with the shortened antenna. If every-
thing seems all right, proceed to install the apparatus in your 
model. 

Installation tests 
First, double-check to be absolutely certain all wiring is correct. 

Then you can make a quick test to see if the control surfaces will 
work when you give the proper signal. Right here you should be 
alert for the first signs of trouble. The preliminary tests were prob-
ably made with just the escapement connected (if this is what you 
are using). But now you have the same escapement in the model 
and you should have all the linkage installed. 
Make the first check with the escapement batteries removed (or 

open the switch in this circuit, if you have one). With a test meter 
plugged in, key the transmitter to see if the receiver relay current 
follows the keying. You will probably have to retune the receiver, 
readjust the sensitivity control if it has one, readjust any antenna 
coupling capacitor, etc. In other words, you must set things up to 
satisfy the receiver as it is mounted in the model. If it follows your 
keying exactly, then switch on the escapement or servo power and 
try again. If all is well, your controls should follow the transmitter 
keying consistently. Key the transmitter repeatedly — as much as a 
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hundred times or more — and if you get even a single skip in con-
trol action, find out why. It might be the electrical noise we covered 
in Chapter 11, possibly an escapement with a binding linkage or 
one that needs a little adjustment, etc. But there is no sense going 
on until the controls are absolutely reliable at this point. 
When you are satisfied, try a distance check. For this, get out in 

the open, set the transmitter up with full antenna and then start 
walking away with the model. Have an assistant at the transmitter 
who knows your hand signals perfectly — or the tests will end in 

PHENOLIC STRIP 

METER 

CUT DOWN PHONE PLUG BOLTED 
TO STRIP 

Fig. 1201. Phone plug can be mounted 
directly on test meter, either with stiff 
wires or by means of phenolic plate, as 
seen here. Whole unit then slips into 

jack on model. 

utter confusion. You will find it useful to have the transmitter 
turned off as long as your assistant with the model faces away from 
from the transmitter. Some receivers require a check with no 
signal, after which the man with the model can turn toward the 
transmitter, as a signal to turn "on" and tap the key. This is most 
useful for CW transmitters. For tone outfits, you seldom need to 
check with the carrier off, so the transmitter can be turned on (but 
no tone transmitted) when the assistant with the model stops walk-
ing. When he turns toward the transmitter, key the tone on. 
It is usual to hold an arm up, down, right or left, according to 

whichever way you want the controls keyed. When 500 or 1,000 
feet away it is often difficult to see what the signals are calling for, 
so hold a hat or handkerchief in your hand to make sure your 

helper knows the score. 
Always do your final tuning of a receiver from a good distance 

— at least 500 feet away. Closer to the transmitter, a receiver may 
tune very broadly. Once you tune at a distance, don't "touch it up" 
when you get back near the transmitter. But do make a test for 
overloading. If your receiver is affected this way, you can still work 
in close proximity by holding one hand on the transmitter antenna 
(if it is of the MOPA type, this will greatly lower the output, but 
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generally will not cause detuning). Don't forget to let go of the 
antenna when the plane is a hundred feet or so away, after it is 
launched! 
But don't launch it yet! Still to be made is one of the most im-

portant checks of all — a trial of the equipment with the engine 
running. Some careful builders run through several tankfuls of 
fuel to make absolutely sure the equipment isn't bothered by vibra-
tion. If you see signs of trouble at this point, try to isolate it. Plug 
in a meter, turn off the servo circuits and note if the receiver be-
haves, as shown by the meter reading. If it still acts up, you might 

INSUL WIRE FROM ATOD  AA 

CONNECTION 

OTHER CONNECTIONS 

AA-SEVERAL LAYERS OF TAPE 
WRAPPED AROUND A  PLUG USED AS IT COMES 

Fig. 1202. So-called phono plugs and jacks widely used jot 
RIC. Open circuit jacks available everywhere, closed circuit 
type not so widely distributed. If you can't locate one, make 

it from open circuit unit, like this. 

check for linkage noise, install bonding, etc. A relay that is 
bothered by vibration is harder to spot, as the trouble will not 
show up with the servo circuits open. And don't forget that the 
escapements themselves can be bothered by vibration; you can 
check this with the motor running and no power to the receiver. 
An even tougher vibration test is to install the wing, then run 

the engine while the plane is held suspended by the wing tips or 
with the tips seated on thick pads of foam rubber. This scheme will 
sometimes show up vibration you can't notice with the plane rest-
ing on the ground, or when you hold it by the fuselage. 
If all goes well up to this point, you are ready to try glide tests 

(if you have not already done this), and finally, powered flight. 
Most of the tests mentioned have been for escapement or servo 

systems. Proportional actuators can't skip with vibration, of 
course, but you might find that the neutral is much different with 
the engine running than without, or that the neutral wanders 
from side to side. This can be caused by relay vibration or even 
mechanical vibration that directly affects the actuator or linkage. 
There should be no difference in rudder position with or without 
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the engine running. Always check rudder (and other control 
action) with the engine running and just before the plane is 
launched. Note carefully that the controls can be moved to full 
extremes and that they center perfectly upon your command, 
before the plane is let go. This holds true for the simplest and 
the most complex controls. 

Soldering 
The building and operation of radio-control equipment makes 

essential a fair knowledge of soldering, plus a certain amount of 
skill. All joints and connections must be soldered for maximum 
reliability, unless they are made by screws or binding posts. 
Twisted, unsoldered leads are a sure source of grief. Use only 
rosin-core solder in any radio equipment; never use soldering flux 
or acid-core solder, for these substances are corrosive. 
In making model receivers, which are usually small and rather 

delicate, a tiny pencil-type iron is a great help. Some of these 
have a socket arangement, so you can change the tip as desired. 
When making field adjustments and repairs, it is very handy to 
have a 6-volt or a 12-volt soldering iron which works from an 
auto storage battery. 

Meters 
The test leads to a meter used to check receiver operation in the 

field must be kept very short. In fact, they should be nonexistent 
for best results. This means that the meter should be attached 
right to the test plug itself, as shown in Fig. 1201. This is entirely 
practical. 

If an ordinary radio phone plug and jack are used in the plane 
test circuit, the meter can be mounted on the plug with a couple 
of heavy wires or perhaps with a piece of bakelite to hold both 
meter and plug. A meter rigged this way is normally used for no 
other purpose, but is kept strictly for receiver testing. 
Radio-control builders often use what are known as phono 

jacks and plugs for their test meter. If the former is small enough, 
it may be attached to the plug, but this is practical only for the 
tiny 1-inch meters, since these plugs and jacks are not as rugged 
as the radio plugs and jacks mentioned earlier. 

Phono jacks are available in both open- and closed-circuit types. 
but the former are more widely known. With the open-circuit type, 
you must insert a shorting plug when the meter is removed. You 
can change one of the open-circuit jacks to closed-circuit operation 
(Fig. 1202.) This is much more convenient and removes the chance 
that the shorting plug will be forgotten or mislaid. 
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It is necessary to make another part, A, from good spring brass 
or bronze (taken from a discarded radio jack or leaf switch), 
which is attached to the jack base with a 2-56 machine screw. The 
end is bent to make good contact with the lug B that was intended 
for connection to the outer portion of the jack; the new connection 

Fig. 1203. This 11/2 " meter with phenolic 
case is light enough to support on a phono 
plug and jack. Knob at rear of case is tiny pot 
useful for checking relay adjustment in some 

types of receivers. 

to this part is made to one of the bent-over ends C that crimp 
the metal to the jack base. 
The lug D for the center connection of the jack is bent outward 

to clear piece A. The latter must have insulation on it at point 
AA. You can cement on a piece of phenolic or just wrap it with 
tape. Properly made, a jack of this sort will prove absolutely re-
liable. Since part A makes a wiping contact on the lug B, it tends 
to keep the contacting areas clean and no maintenance is required. 
The meter in Fig. 1203 has a phono plug attached right to the 

case by a soldered-on flat washer. This is a very convenient setup, 
since the meter can be tucked in a pocket when not in use. 

Test phones 
Many tone receivers must be checked with an earphone rather 

than a meter, which means that your test jack should be of the 
open-circuit type. It is possible to check some types of tone re-
ceivers with phones, using a jack connected in the high-voltage bat-
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tery circuit. To do this, you must use a low-resistance earphone or 
a transformer with a low-resistance winding; putting any consid-
erable amount of resistance in series with the B-circuit of most 
receivers will make them inactive. With sets that use 22 1/2  to 45 
volts, the circuit seen in Fig. 1204-a will usually work. Note that 
the low-resistance transformer winding is in series with the B-cir-

TI 
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Fig. 1204. For high voltage receiver, use a tiny transistor 
interstage transformer such as the Lafayette TR-98, with 
lower resistance winding in B-plus line. Low voltage receivers 
require output transformer, T2 being plate or collector to 

voice coil unit (Lafayette TR-99). 

cuit; the earphone may be any high-impedance type, either mag-
netic or crystal. 
For low-voltage all-transistor receivers, the circuit in Fig. 1204-b 

may do the job. This does not give much earphone volume but 
enough to be usable. Some receivers will not tolerate even a few 
ohms in the battery circuit without malfunction. If your set will, 
though, you can often use the same jack for earphone checking 
and for use with a milliameter. 
Many tone receiver users carry hearing-aid type phones for field 

testing. But remember that such testing is often necessary with 
a motor running nearby (even the motor on your own plane), 
and it is useful to wire two such phones, either in series or parallel, 
so you can put one in each ear and shut out some of the external 
noise. 

248 



chapter 4Lil l'Ijk,i4I)L nt 

test instruments 

THE most elementary test instruments you can use are a low-
range milliameter to check your receiver and a higher-range 

milliameter for the transmitter. While the receiver meter is a 
plug-in type, it is highly advisable to build the transmitter meter 
right into the case so it can serve as a constant check on operation. 
Some builders have operated without either of these essentials, of 
course, but it certainly isn't advisable. You just can't tell what's 
going on inside your equipment without meters to take its pulse. 

Milliammeters and voltmeters 
Aside from low-cost surplus units, the lowest-cost meters are the 

iron-vane type. They give good service if you consider their short-
comings, the main one of which is that they have a relatively high 
internal resistance, especially in the 3- or 5-ma range used for many 
receivers. This resistance is enough to throw some receivers off 
adjustment when the meter is plugged in or removed. Wire a 
resistor into the meter jack circuit as shown in Fig. 1301; the re-
sistance is thus about the same with or without the meter in the cir-
cuit. The resistor's value should be as close to the meter resistance 
as you can get; a representative 3-ma iron-vane meter has about 
4,000 ohms internal resistance. These meters usually have an 
accuracy of about 5%, and the needle tends to oscillate a lot more 
than with moving-coil meters. Iron-vane meters are better than 
none at all, however. 
Moving-coil meters are generally more expensive. The accuracy 

of moving-coil meters is about 2%, and their low internal resist-
ance means they can be connected to receivers without disturbing 
the circuit. For high voltage receiver uses, a 0— 5-ma meter is 
suitable, while transmitters require meters of about 0 — 50-ma 
maximum scale. Tiny 1-inch diameter meters now available at 
reasonable cost are ideal to install permanently in your model; 
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this is not often done in planes, but model boat and car builders 
often use built-in meters. 

Built-in transmitter rf meter 
A plate-circuit milliameter is most useful in a transmitter but 

it will not, in all cases, tell you whether you are actually putting 
out a signal. Some transmitters, in fact, show almost exactly the 

TO RCVR 
 sAr 

METER 
JACK 

SAME RES AS METER 

Fig. 1301. With low cost "moving_iron" 
type meters, receiver test jack should have 
resistor that is cut into circuit when 
meter is not in use. In this way, receiver 
will operate same with or without meter 

in the circuit. 

same milliampere indication whether they are working normally 
or not at all. 
Many commercial transmitters have a tiny pilot bulb as an rf 

indicator. Some connect the bulb to a single turn of wire placed 
near the plate coil; it lights if any rf is being produced. A No. 48 
or 49 bulb is always used, as these are the lowest-drain types 

IN48 
TO  RI  CATH R3 

ANT 4700 

0-I MA 

GND ON CASE 

Fig. 1302. RI output meter can be built 
right into transmitter, using this circuit. 
Vary RI to get 1/2  to 3,4 scale reading with 
your particular transmitter.  This unit 
takes very little power from antenna. 

commercially available. Such a bulb can also be placed in series 
with the antenna circuit to show when power is being produced. 
This arrangement is even more foolproof than with the bulb 
coupled to the plate coil. In the latter setup, the bulb will light 
even if power is not going into the antenna — in fact, there will be 
more light with the antenna disconnected (and the plate circuit 
tuned to resonance). 
A circuit for an rf meter built right into the transmitter is 

shown in Fig. 1302, and a representative installation in Fig. 1303. 
The tiny 1-ma meter and the various small circuit parts were 
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mounted on a four-lug strip attached to the rear of the meter plate. 
This arrangement takes virtually no power from the transmitter 
output, in contrast to the pilot bulbs which can take as much as 
1/10 watt to light. Some hand-held transmitters don't put out 
much more rf than this! Tune the transmitter to show maximum 
meter indication with the arrangement in Fig. 1302, remembering, 
of course, that the crystal oscillator must be detuned slightly for 
stability. The circuit shown is for use on a transmitter with about 

Fig. 1303. Where room is not avaliable in-
side case, rf output meter can be mounted 
externally, as seen here. One side of cir-
cuit is grounded to case, the other attached 

to antenna itself. 

2-watts input. Resistor RI can be changed to accommodate differ-
ent powers and should be increased if the meter goes off scale. 

Field-strength meters 
These instruments are usually self-contained and have their own 

little antennas. They give a definite indication of transmitter out-
put, and sensitive types can be used up to 50 feet or more from 

Fig. 1304. Simplest field-strength 
meter is just a diode and a 
meter, with short antenna. Not 
very sensitive, even with 100 µA 

meter. 
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00-200µA 
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the transmitter antenna. A very simple field-strength meter is seen 
in Fig. 1304. Since it is an untuned type, it can be used on almost 
any frequency utilized for radio control. By the same token, it is 
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not very sensitive; you have to use a fairly long antenna or put 
the meter antenna close to that of the transmitter to get a high-
scale reading. Also, for good sensitivity you should use as low a 
range microammeter as you can afford; 100- and 200-pa meters 
are preferable and will do a good job. A 1-ma meter will work, 
but it would be necessary to hold the meter very close to lower-
powered transmitters. 
Much more sensitivity can be achieved with a tuned field-

strength meter, which also can give a rough indication of trans-
mitter frequency as well, so this type is recommended. With a 

Fig. 1305. Field-strength meter adapter makes use of usual 5 ma 
receiver test meter, has tuned circuit and transistor amplifier 
to boost sensitivity. Tiny case makes it handy for field uses. 

tuned circuit, even a 1-ma meter will give very satisfactory sensi-
tivity. Since most modelers carry around a meter of about 5-ma 
range to check their receivers, it would be handy to have an 
adapter that would permit fairly sensitive field-strength checks to 
be made with the same meter. Fig. 1305 shows such an adapter 
which boosts meter sensitivity by a simple transistor circuit. The 
whole instrument is built into a tiny case measuring 23/4 x 21/8 x 
1 % inches. Most of the parts are mounted on a chassis of 1/16-inch 
linen phenolic (Fig. 1306). The transistor acts as a dc amplifier for 
the current produced by the crystal rectifier (Fig. 1307). Parts 
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placement isn't fussy, and you can make a different arrangement, 
if you prefer. 
Because of the low current drain, two tiny mercury cells were 

used as a power supply. No switch is needed since the battery 
circuit is open unless the meter is plugged into the adapter jack. 
Mercury cells have an extremely long shelf life (they do not 

LI 

CI 

Fig.  1306. Parts placement inside field-strength 
meter adapter is not fussy. Mercury cells can be 
seen just to rear of banana jack and Li slug screw. 
No switch is needed; unit only draws current when 

meter is plugged in. 

deteriorate when not in actual use, as do dry cells) and are ideal 
for this purpose. However, a pair of subminiature penlight cells 
will do a fine job, too, and can be fitted into the same case. The 
mercury cells have solder tabs for making connections and are 
held in 1/2 -inch diameter holes in the bakelite plate. 
Almost any transistor will work in the unit; the high gain of 

more expensive types is not required. More sensitivity can be had 
with lower-milliampere-range meters. 
Antenna length also governs sensitivity, but you will seldom 

need to use more than 2 feet. Since you can't see any indication 
unless the meter is plugged in, don't leave the adapter sitting near 
a transmitter with the antenna in place. A powerful signal could 
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ruin the transistor and diode, and you would never know it. 
A socket was used in the unit shown, but the transistor might 

as well be soldered in place. Take the usual care to prevent heat 
damage to both transistor and diode when you are soldering them. 

Combination test meter 
A combination test meter that incorporates several volt and 

milliampere ranges, as well as a built-in field-strength circuit is 
shown in Fig. 1308. It uses a 500-pa meter. The case and several 
other parts came from a surplus BC-366 jack box (of which there 
seems to be an inexhaustible supply). The rotary switch in the 
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Fig. 1307. Circuit for field-
strength  meter  adapter  is 
simple. Most any p-n-p trans-
istor will do for VI; CK722 
2N107 etc. are useful. 
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BC-366 has enough positions for our use, but the lugs are arranged 
in a rather peculiar pattern so follow the circuit in Fig. 1309 most 
carefully. Also, remove the heavy detent spring that comes into 
play at one end of rotation and cut down the detent disc with a 
hand grinder, so that the last two positions may be located reliably. 
R1 and R2 are the voltage range resistors and should be of the 

low-cost carbon-film precision type, unless you have facilities for 
selecting accurate values in the normal 1/2 -watt carbon style. If 
other voltage ranges are desired, note that you can get what you 
want by making R1 and R2 2,000 ohms for each volt of full-scale 
meter reading. The voltmeter circuits do not apply much load to 
a dry battery under test. R5 and R6 can be provided to include 
such a load if desired, and you can further add SW2 (not built 
into the unit shown) to cut out these load resistors when desired. 
Resistors R3 and R4 are the milliampere-range shunts. The 

values shown were approximately right for the particular meter 
used. Other makes of meters (or other internal resistances of the 
same sort of meter) will require different shunt values. These may 
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Fig. 1308. Multirange test meter is made from surplus switch box 
(can be built from low cost new parts too, of course). Left-hand knob 
controls field-strength meter tuned circuit, right is for ranges. Plug 
and flexible lead.s are used only when utilizing volt or ma ranges 

of unit. 

be calibrated by the circuit shown in Fig. 1310. This requires a 
meter of known accuracy and the range you want the field-
strength meter to cover. Resistance wire for the shunts can come 
from old wirewound resistors. Some modelers find control line 
wire, either fine single-strand or a wire or two from the stranded 
type, useful for this purpose. Fine copper wire will also serve. 
Always open the battery circuit before you shift the clip along the 
resistance wire, or the 500-pa meter may be damaged. 
The tuned circuit is set up to cover the 27-mc radio-control 
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Fig. 1309. R3 and R4 will depend upon meter used. Might differ widely from 
values indicated, which were correct for 500 µA surplus meter. R1 and R2 
depend on voltage ranges desired and full scale current of meter. R5 and R6 

are optional load resistors, for use in checking voltage of dry cells. 

frequencies and a little on either side. A 2-foot antenna is normally 
used with this instrument, and has been found to give a good scale 
reading when the field-strength meter is 10 feet away from a 5-watt 
transmitter. 
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Fig. 1310. Setup for selecting meter shunts R3 and 
R4. After correct length of resistance wire is deter-
mined, wind it on any sort of insulating form, and 
make sure no adjacent turns are touching. High 
value carbon resistors are handy. As forms pick 

100,000-ohm resistors, or higher. 



Fig. 1311. Simple 27 mc direction finder with panel out of case. Due to 
size of case, subminiature parts are not required and over-all cost is 
low. B-battery gives very long life; A-battery will be as good, if recom-
mended mercury cell is used. If not, the "alkaline energizer" type of dry 

cell is best. 

The reading of any field-strength meter will depend upon how 
far it is from the transmitter, whether it is held in the hand or 
placed on the ground, etc. For comparative readings, therefore, 
you should always use the meter in the same way (for example, 
hold it in one hand a given number of feet from the transmitter). 
Make your frequency checks in the same manner, though here 
the distance from the transmitter makes little difference. 

Direction finding 
Small direction finders have been used by a few modelers, and 
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lost planes have actually been found with them. If the general 
vicinity where the plane disappeared is known and if the plane 
came down with receiver intact and still working, such direction 
finding work is feasible. The plane receiver acts as a very-low-
power transmitter, and the direction finder loop antenna allows 
you to "home" on the lost plane. Of course, you must get there 
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Fig. 1312. Loop is simply two spaced turns of flexible hookup wire 
on cover. Phenolic panel that comes with case (Waldom *BP-I39, 
to fit case *BC-I40 or equivalents) is used as chassis, drilled as in b. 

before the plane's batteries give out! Actually, most owners of 
direction finders of the type shown here use them as monitors to 
see what signals are on the air, and to trace interference. For the 
latter purpose, the loop offers the same directional properties as it 
does when you are looking for a lost model. 
The finder shown in Fig. 1311 is encased in a commercial phe-

nolic box which comes with a matching panel. The panel, sunk 
into the box a bit, is held on four angle brackets and carries all the 
parts except the loop and B-battery. A cover made of Masonite 
hardboard is hinged to one end of the box and has a snap catch to 
hold it closed. The loop is attached as shown in Fig. 1312-a. Spring 
clips hold the loop ends which can be easily detached to remove 
the panel for battery replacement. 
The single 3A5 tube (Fig. 1313) acts as superregenerative de-

tector and single af amplifier. The circuit provides good head-
phone output. The tuned circuit covers the 27-mc radio-control 
frequencies with a fair amount of leeway on both sides. The loop 
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antenna must be kept away from other circuit parts, and the 
cover should project straight away from the box (and be perpen-
dicular to the ground) when the finder is in use. 
Fig. 1312-b supplies drilling information for the panel. The 

tube socket is on an aluminum bracket, and the variable capacitor 
(Cl) is held as far from the panel as possible, on 3/4 -inch metal 
bushings. A phenolic shaft extension runs from the cutoff capacitor 
shaft to the knob. This mounting is designed to reduce hand-
capacitance effect as much as possible when tuning. 
Potentiometer R2 was made variable (Fig. 1314) since it was 

found that adjustment of this resistor makes it possible to peak 
the squeal picked up from some types of receivers. When R2 is 
turned to minimum, the detector functions as a regular oscillator 

3-1 40 TRIMMER I / 23A5   RFC  BLU TI GRN  I/23A5 

C2 2 
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3  .003 

LOOP  15iipf  C3 

5° " f RI 
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YEL  R3 
NOT USED 

5 
BLK  .18 MEG 

BE SURE THIS 
WIRE GOES TO A-

6 

KEY 
750K 

A+  A-  B+ 
I.5V  45V 

PHONE 
JACK 

Fig. 1313. Simple direction-finder circuit. Cl is mounted 
well below panel, and an insulated shaft extension (ICA 
#2110 or equivalent) used to carry knob. The A-cell is 
carried in Acme #11 holder. RFC is Miller *6152, T1 is 
Triad A3IX or any low cost 3:1 audio transformer. 

(not superregenerative) and the finder may then be used as a low-
power test transmitter. The most sensitive receiving condition is 
had with R2 set at the point where a loud hiss just starts in the 
phones. When using the direction finder as a transmitter, the af 
section of the 3A5 has no function and just draws current. The 
B-drain can be eliminated by pulling the phone plug from its jack. 
The layout of parts is not critical except that Cl and the tube 

are mounted near the edge of the box so the loop leads may be 
kept short. The B-battery will have a very long life, as drain is low. 
With R2 at full resistance and without the phones plugged in, the 
B-drain is about 0.1 —0.2 ma; turning R2 to zero resistance raises 
the drain to about 2 ma. The af section of the 3A5 also draws 
about 2 ma. The B-battery should give several hundred hours of 
service, but the single D-cell will last for only 10 hours or so. 
For longer A-battery life, consider installing a mercury cell, type 
RM42D, which should last for a hundred hours or so. 
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With a simple direction finder like this, the operator can tell 
along what line the lost plane is on, but it can be either in front 
or back of the loop. Note that the loop must be turned for weakest 
response from the signal you are trying to locate; this is because 
the weak signal — or null — is much sharper than the maximum 
signal, which is quite broad. As it is impossible to tell the "sense" 
of the signal location, it is necessary to take several fixes from 

Fig. 1314. 345 tube socket held on aluminum angle bracket. 
CI is Bud #LC-164I, C2 is CRL #827B. Snap connector for 
B battery seen at upper right. Panel must be cut out at cor-

ners to slide down inside case. 

different positions (Fig. 1315). Imaginary lines from the center of 
the loop at each location will then converge on the target. 
Direction finding of lost planes is made difficult by the fact that 

some radio-control receivers put out an extremely weak signal; 
others produce quite a strong output. Be sure, therefore, to check 
your own receiver before flying your model to see how it will work 
with the direction finder. Try it with R2 at different positions; a 
setting can usually be found that gives much louder squeaks and 
whistles than any other. Actually, most owners of such direction 
finders use the outfit much more often for checking interference 
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than searching for lost planes. But it's a most handy gadget to 
own in any case! 
An even more compact direction finder (Fig. 1316) is contained 

in a wooden case measuring only 51/2 x 4 x 15/8  inches. In this 

SIGNAL 

t  SIGNAL HEARD  " Nil .. ,.„LOST R/C 
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1  POINT WHERE  ...--- MODEL 
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f FROM EITHER DIRECTION  I  . 
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Fig. 1315. Note that direction finder loop an-
tenna is turned so signal is weakest, to get 
direction. Two or three "fixes" are needed to 

get actual location of the transmitter. 

one, too, the loop is attached to the case lid, which must be vertical 
when the instrument is in use. Subminiature parts and smaller 
batteries account for the difference in size, even though this unit 
has provisions to take in both the 27-mc frequencies and the 50-mc 
ham band. SW1 (Fig. 1317) on the cover takes care of this. Other-
wise, the circuit is much the same as for the direction finder in 
Fig. 1313. 
The B-battery compartment is large enough to hold a single 

22 1/2-volt battery of either the Eveready 412 or 420 size (or equi-
valent). To work at this low voltage, it was necessary to use a 
CK5676 high-frequency triode for VI to get good operation 
on 50 mc. If a 45-volt B-supply is used, it is probable that many 
other subminiature tubes would work as well, even on 50 mc. 
In the set shown, Cl is a split-stator type which was made by 

altering some of the plates of a commercial 25-ppf unit. This 
particular capacitor is no longer available, but it is possible to use 
a single-section unit of perhaps 10 or 15 tipf if it is mounted as 
far from the panel as possible and if an insulated shaft is used. 
R2 is a variable grid resistor used for the same reason as in the 
larger direction finder; when turned to zero resistance R1 acts as a 
transmitter grid leak for Vl. 

Tuning 
To tune up, you will need a signal in the middle of the 50-mc 

band. With R2 at mid-resistance (you should hear a loud hiss in 
the phones) and Cl at mid-scale, set C2 to pick up the signal at 
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about 52 mc. Then move bandswitch SW! to 27 mc, again place 
Cl at midscale and turn C3 to bring in the 27-mc signals. Actual 
tuning ranges of the direction finder shown are about 49.5 — 54.5 
mc on the high band and 26.9 — 29.2 on the low. 

TWO TURN LOOP 

STETHOSCOPE — TYPE  BAND 
FONES  SW. 

22.5V BAND—SET 
BATT CAPACITOR 

TUNING 

VARIABLE 
GRID LEAK 

FIL. SW 

FONE 
CORD CHOKE 

A.F. 
TUBE 

OSC. TUBE 

Fig. 1316. This direction finder is more com-
pact than that shown in Fig. 1311, but has 
switch to select, either the 27- or 50-mc range. 
On the unit shown, there is no connection to 
rotor of double-section capacitor Cl; "hand 
capacitance" effect is nil. Single section vari-
ble capacitor zvill work OK, used with in-

sulated shaft extension. 

CELL 

Many other subminiature tubes can be substituted for the 
CK533AX, but the CK5676 is the only one that will do the job as 
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VI — if you want the direction finder to work on 50 mc with 22 1/2 
volts. 

Transmitter output 
It is often desirable to measure the actual power output of 

radio-control transmitters with fair accuracy, to check between 
different tubes, crystals, circuits, etc. One way to do this is shown 
in Fig. 1318. This illustrates a photometer (an ordinary photog-
raphy light exposure meter will work as well) fitted with a holder 
for a small pilot lamp. To this is connected a series circuit includ-
ing a 3— 12-ppf ceramic trimmer and 4% turns of thin insulated 
hookup wire. The loop of wire is coupled to the plate coil 
of the transmitter output stage, and the trimmer is varied to load 
the transmitter to the desired input. (Loading can also be varied 
by moving the coupling coil either closer to or farther from the 
plate coil). 
Select a lamp that will light brightly at the power produced by 

the transmitter. Table 13 — 1 shows the calibration for several sizes 
of pilot lamps. To vary the range a bit, layers of white paper were 
put under each bulb and a recalibration made. These same pieces 
of paper should always be used thereafter. Also, for most accurate 

CK533AX 
CK5676  V2 
I RFC 

UTC SSO2 4 

I.5V 
5/50V 

Fig. 1317. Circuit diagram of the direction finder. The 
radio-frequency chokes are made of 135 turns of no. 34 
enameled wire wound on a form, 1/4 " in diameter and 1" 
long. The antenna is a double loop (31/2 " x 5") of no. 22 
double-cotton covered wire. The outer turn is used for 
50 inc, both turns in series for the 27.255-mc spot. 
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Table 13-1. Power Ranges of Various Bulbs 

No. 47 bulb — without paper filter  0.36 — 1.16  watts 
No. 44  " —  "  "  " 0.43 — 1.27  " 
No. 44  " — with one layer of paper  0.65 — 2.16  II 

No. 53  " —  "  "  "  "  " 1.15 — 2.7  " 
No. 53  " — with two layers of paper  1.33 — 3.50  " 

results, always use the same pilot lamps. They should be turned in 
their sockets so that the plane of the filament is parallel with the 
top of the photocell. 

TUNE TO 
RES. HERE 

COUPLING COIL 

EXTRA SOCKET FOR 
SCREW-TYPE BULB 

hg. 1318. Rf power output meter coil is 
coupled to transmitter plate inductance (re-
move antenna, push antenna coupling coil, if 
any, away). Coil and capacitor shown here 
must tune to output frequency. Cover is nor-

mally used over bulb to exclude light. 

Calibration 
The output meter must be calibrated, and Fig. 1319 shows how 

this is done. A calibration made on dc is fairly accurate for use on 
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Fig. 1319. Calibrating the rf power meter. The vari-
able resistor depends upon bulb being used and 
input voltage; must have resistance enough to dim 
bulb considerably. V and ma meters also vary with 
bulb. Don't put higher than about 8 volts on 6-volt 

lamps. 



27 mc and still not too far out on 50 mc. Absolute accuracy is not 
needed in most cases, as it is a comparison that we want. The read= 
ings of the volmeter and milliammeter are multiplied to get the 
wattage figure, and a record of this made for whatever points you 

RUDDER RELAY  ELEVATOR RELAY 
CONTACTS 

ON-OFF SW 

CONTACTS 

Fig. 1320. Circuit of dual pulse 
tester. 5K resistors are used to 
set zero center meters at desired 
maximum scale reading. Resistor 
values  would  be different  if 
meters of much different scale 
reading are employed. A single 
pulse tester is very useful, of 

course. 

wish to select on the meter scale. The bulbs should not be run at 
more than 8 volts. For very-low-power transmitters, you can run a 
calibration with No. 48 or 49 pilot lamps. To keep out external 
light, paint a small box dull black inside and always place it over 
the top of the meter and the bulb when the instrument is in use. 

Pulse checker 
For testing proportional pulsers and receivers, and even relays 

intended for this use, a means of checking the accuracy of pulsing 
is often needed. Suppose, for example, that you want a 50— 50 
on — off pulse for neutral; how can you be sure your pulser is 
producing exactly this? The ear is a rather poor judge, and an 
ohmmeter connected to the pulser isn't much better. 
Most proportional work makes use of both contacts of a spdt 

relay, and a reliable check of operation requires that the pulse 
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checker connect to both contacts too. Fig. 1320 shows one that 
does so. This circuit is actually a double unit and includes two 
complete pulse checkers, though both work from the same bat-
teries. The pulse checker can be attached to the rudder and ele-
vator relays of a dual proportional unit to check for interaction 
between the two. It is also sometimes helpful to connect one 
circuit to the pulser and the other to the receiver relay and to 

compare the two readings. 

Fig.. 1321. This pulse tester used surplus meters, is mounted in 
surplus meter rase. Actual scale reading is of no consequence, but 

it must be the same both sides of renter. 

Meter type 
Meters of any range can be used, but the lower-current-drain 

types make it possible to use the smallest batteries. The meters 
must be of the zero-center style, however. Fortunately, these are 
available at quite reasonable prices. The actual scale markings are 
of no consequence as long as they are the same on both sides of 

center. 
The circuit shows a 5,000-ohm variable resistor for each meter, 

used to set maximum scale deflection as desired. The switch opens 
both meter circuits. A finished test meter using this circuit is 
shown in Fig. 1321. Flexible leads terminating in tiny spring clips 
make it easy to connect to relays or other units under test. Since 
the meter scales are fairly linear, it is simple to estimate at what 
position either side of center the needle must be in to indicate, 
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say, a 25 — 75 pulse proportion or almost any other split. And, of 
course, a 50 — 50 pulse should move the meter needle evenly to 
both sides of center zero, regardless of pulse rate (at slower rates, 
the needle will swing farther to each side). 

150 P-PA  1464  20K 

I50µ/.f 
METER 

20K 

5K 

HV SW 
4. 45V 

B BATT 

PHONES 

Fig. 1322. Grid-dip oscillator used dual section 100 tijif 
midget tuning capacitor (C1) so that rotor could be 
grounded to eliminate hand capacity. Single section 
50 Ai d unit would be just as good, if used with insu-
lated shaft; even this not really necessary, as fingers 
touch only edge of "dial". V2 gets power from tube 

A-battery. 

A grid-dip oscillator 
One of the handiest instruments an electronic experimenter can 

possess is a grid-dip meter. Such units have been in wide use for 
years. Since radio-control equipment is strictly portable, it's a 
worth while project to make a fully portable dipper that is not 
tied to the power line. 
The circuit is not complicated (Fig. 1322). The 1AG4 acts as an 

oscillator (non superregenerative) tuned by Cl. Normally, a grid-
dip oscillator has a sensitive meter in the grid-leak circuit, but due 
to the low power available we must work a bit differently. The grid 
circuit is connected to a transistor (V2) with the meter in the 
collector circuit. This makes it possible to get full-scale reading 
with only a tiny grid current. The reading can be set as desired 
by adjustment of R2. The A-cell provides power for the transistor 
and meter, the 45-volt B-battery being used only for the 1AG4. 
(Construction details for Li are shown in Fig. 1323.) 

How the grid-dip oscillator works 
A grid-dipper works in a very simple way. If you bring coil Li 

close to a circuit tuned to the same frequency, some power will be 
absorbed from the dipper and as a result the dipper's grid current 
will drop a bit. This change in grid current is a much more sensi-
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tive indication than the corresponding plate-current change. In 
the circuit shown, we make it even more sensitive with the help of 
a transistor amplifier. The dipper furnishes its own power and does 
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Fig. 1323. Coils are wound on Am-
phenol #24-5H forms, held in #78-
RS5T socket. Several socket pins are 
removed to reduce capacitance. Forms 
are polystyrene. Socket is mica-filled 

phenolic. 

not require that the coil you are checking be in a "live" circuit. 
In fact, you can test a tuned circuit that doesn't even have a tube — 
or just a coil all by itself if you wish! This means that you can 
check rf chokes for resonant frequency— an important point in 
many receivers. 

The dipper is actually a miniature transmitter (Fig. 1324) and 
can be used to send signals to receivers for close-range testing. If 
you want a little more power output, attach a short antenna as in 
Fig. 1325-a. The tuned circuit you want to test may possibly be 
located in a rather inaccessible spot, as far as reaching it with 
dipper coil Li goes. In this case, you can use a link, as in Fig. 
1325-b. Crystals can be checked for frequency (Fig. 1325-c) but the 
indication will be extremely sharp, so tune slowly and carefully. 
All parts are mounted in an aluminum case measuring 51/4 x 3 

x 21/8 inches. For most convenient use, the coil socket is mounted 
on one end of this case and tuning capacitor Cl as close as possible 
to it. The tube socket plus C2, C3, R1 and R3 are attached to a 
small bakelite plate that mounts right on the bottom of Cl; thus, 
all rf "hot" components are kept in a compact group and isolated 
from other parts. The latter are mounted strictly for convenience, 
though the A-cell holder is attached to the case right under the coil 
socket. It will carry a single penlight cell, but the longer-life 
hearing-aid type should be used. For even better life, a Mallory 
RM502R mercury cell can be put in the same holder. 
The tuning capacitor has two 100-ppf sections. A single section 

50-p1f capacitor will work as well, especially with an insulated shaft 
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coupling to reduce hand-capacitance as much as possible. The dial 
is a disc of white cardboard cemented to the top of the case, while 
the "knob" is a disc of 1/8-inch-thick clear acetate sheet attached 
to the stub capacitor shaft with a small screw. This setup makes it 
very easy to hold the dipper in one hand and tune with the thumb 
of the same hand. A more conventional knob and dial or a smaller 
vernier dial would work fine, of course. 
The switch in the tube plate circuit has a center-off position; 

the lever will stay on if pushed one way, while the other way it 
springs back to off. This makes a handy "key" when testing 
receivers. With the high-voltage switch off but the filament turned 
on, the dipper can be used as a field-strength meter by turning R2 
to maximum resistance and noting the meter reading as the instru-
ment is tuned near a transmitter antenna. If a pair of magnetic 
phones are plugged into the jack, the presence of audio modula-
tion can be checked, again with R2 at maximum. 
So far, only two coils have been made covering the 27- and 50-

mc bands plus a wide range on both sides. The biggest problem 

Fig. 1324. Inside the grid-dip oscillator. Cl is fastened to the case. Plate 
with tube socket and small parts are attached to Cl. R2 is CRL sub-
miniature, held on bracket so edge of knob is outside case top. Case, 

Premier PMC-I006 or equivalent; 51,4 x 3 x 21/2 ". 
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with a unit like this is calibration. The job can be done using an rf 
generator, or any other source of variable-frequency rf. Actually, 
while it is handy to have, a full calibration is not really too 
essential. For radio-control purposes, what you want to know is 
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DIPPER 
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END 

TWIST 

3 TURNS 
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Fig. 1325. Antenna can be used for added pickup (or greater rf output 
for receiver testing) with coupling coil as at a. Link may he utilized for 
coupling to inaccessible coil as in b. Very close coupling (c) may be 
needed with some crystals (note that this will make calibration 

inaccurate). 

how far you are above or below the desired radio control spot. 
These spots can be calibrated by radio control transmitters fitted 
with the desired crystals. The circuit will oscillate to perhaps 100 
mc; for operation higher than this, a redesign of the tuned circuit 
would be needed, and perhaps the use of a tube better fitted for 
such frequencies. You can go much lower, of course, and coils all 
the way down into the broadcast band could be made and cali-
brated. 
Because of the transistor amplifier, the meter does not have to 

be especially sensitive. The one shown is a 500-pa unit, and it 
was shunted by R5 to bring the full-scale range up to about 1.5 
ma. Most any kind of p-n-p transistor will do, as a great amount 
of gain is not required. 

Propeller balancer 
While not an electronic test instrument as the others are in this 

chapter, the propeller balancer is something all radio-control 
model-plane builders should have. Many model-plane "props" 
are quite well balanced but some are far off. An unbalanced prop 
is one of the most likely causes of excessive vibration on a powered 
model. Because they provide longer life, nylon props are used on 
many glow-plug engines. Here again, some of the commercial 
props are rather badly out of balance and, with the relatively heavy 
nylon props, you can really have a vibration problem. 
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Prop balancing techniques 
The classic way to balance props has been to run a shaft through 

the hole and set the shaft on two upturned razor blades. This 
works fine but be extremely careful. The blades quickly become 
dulled and they have to be absolutely level to do a good job. 
The balancer sketched in Fig. 1326 is simple to make and easy 

to use. It consists of two upright posts set firmly in a hardwood 
base, with center-punch marks made on the two filed-flat upper 
ends. The prop slides on a cross-rod tapered to a fine point at each 
end, and is just long enough to fit into the punch marks without 
any binding. A separate cross-rod is required for each prop hole 
size (or you can cut "steps" in a 1/4 -inch rod to take the smaller 
props). About the only place where fair accuracy is required is in 
making the pointed tips on the rods. The side posts will spring out 
far enough for you to slip the cross-rods into the punch marks. 

POINT ENDS,\  

TO FIT 
PROP 

I/4'' DIR. HARD 
ALUM RODS 

74 2 CENTER 

IPUNCH 
NARKS 

HOLES 1/2" 
DEEP 

WOOD 
SASE 

Fig. 1326. This prop balancer is 
simple  unit  that works very 
well. Prop shafts should have 
slight end play in punch marks 
to make sure there is no bind-
ing. Aluminum welding rod will 

do for metal parts. 

This type of balancer has been found highly sensitive, enough 
so that it is an easy matter to balance nylon props as small as 41/2 
inches in diameter. It is not necessary to level the balancer to use 
it either. Hard aluminum for the side supports and hardened steel 
for the cross-rods would probably be desirable, but very satisfactory 
results have been obtained from such a balancer with all parts 
made from aluminum welding rod. The rods were pointed by 
spinning them in a lathe and holding various grades of files against 
the ends, finishing with very fine emery paper, then crocus cloth. 
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Conelrad monitor 
While it is not exactly test equipment, FCC regulations now 

require that a Conelrad monitor receiver be in operation at all 
times where radio-control transmitters are in use. This provision 
is easily met by carrying any sort of portable broadcast receiver to 
the flying site, and leaving it on during radio control transmissions. 

Cone!rad spot frequencies 
The Conelrad spot frequencies are 640 and 1240 kc but actually, 

if you listen to any broadcast station, you will be doing the job, 
since all such stations will immediately go off the air in the event 
of a national emergency that brings the Conelrad frequencies into 
use. Thus, as long as you can hear a broadcast station on your 
monitor on any other frequency than 640 and 1240 kc, you can 
feel assured it is all right to continue your transmissions. The tiny 
pocket all-transistor receivers are used by many radio-control 
groups for such monitoring. 

272 



chapter Lk.,kcy-Im4T n 

complete control systems 

W E have covered all sorts of individual radio-control com-
ponents, receivers, escapements, pulsers and so on, in 

previous chapters. But what about complete control systems? 
Several complete radio-control models might offer enough ideas 
to make their inclusion here worth while. Since most of the equip-
ment we have detailed was slanted toward model aircraft, and we 
have already given complete data for a simple model-plane con-
trol system, let's see first what can be done with boats and vehicles. 
Many radio-control experimenters are turning to boats as a 

most valuable test bed for radio-control equipment that might 
eventually be installed in a plane; boats do not "fly away" nor do 
they suffer disastrous vertical-dive crackups, as do planes with 
malfunctioning radio equipment. Thus, they offer the beginner 
as well as the more advanced hobbyist an invaluable means for 
learning how to handle equipment, make tests and adjustments, 
and vet not lose valuable apparatus if things go wrong. 

Radio-controlled boat 
A very elementary boat installation is illustrated in Fig. 1401. 

For simplicity and cleanliness, the boat is electrically propelled, 
the motor being an extremely economical type; the current drain 
is low enough so that the eight penlight cells connected in series-
parallel, to give 6 volts, will afford reasonable life. If longer life 
is wanted, you can install cells made for hearing aid use. These 
cost a little more, but give improved service. 
The boat is made from a kit, and is about 19 inches long. The 

equipment it carries weighs it down to a bit more than scale 
depth, and any heavier apparatus would make it sink still lower, 
destroying the scale illusion and making it harder to drive. For 
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small boats of this sort, where the drive power is a real problem, 
an ideal solution is the use of ultra-light rechargeable storage cells, 
the lightest available being the Silvercels. Four such cells in the 
nominal 0.5 ampere-hour size would drive this boat for at least a 
half a dozen hours, and weigh lots less than flashlight cells. The 
first cost, of course, would be rather high, though. 

The receiver 
The receiver is the same one described in Chapter 4 (Fig. 413). 

The eight penlight cells that run the drive motor and the rudder 

1113IN TOP WITH  
.'TACHED TO REC.fl 

ONG INS. 
SCREWDRIVER 

TEMPORARY 
T METER 

Fig. 1401. Very simple control system was used in this Sterling 
B-3 model Chris-Craft cruiser. Single hard tube receiver being 
tuned here; antenna must be attached when this is done. 
Meter leads end in phono plug which fits closed circuit jack 

in model. 

actuator are carried in two plastic holders, while the A- and B-
batteries for the receiver go in aluminum holders that are attached 
to a strip of plywood and held down just in front of the motor. 
The receiver is held on sponge rubber with a rubber band over 
the top of it. Rubber mounting is not used because of vibra-
tion when the boat is in action, but rather to give a bit of protec-
tion when the craft is being transported to and from the pond. 
There are only two control switches: one turns on the receiver 

and the actuator; the other controls the motor. These are Si and 
S2 in Fig. 1402. A closed-circuit phono jack (marked test jack in 
the diagram, Fig. 1402) is provided for checking the receiver plate 
current. 
For short-range work, it is sufficient to connect the antenna lead 

from the receiver right to the wire rigging on the stubby mast. 
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Longer range can be had if a vertical wire of 15 inches or so is 
installed. 
The control system is what we have called "semi-proportional"; 

that is, the signal from the transmitter is pulsed continuously to 
give neutral for centering the rudder. To get left or right turns, 
the signal is cut off completely or sent out continuously. If a true 
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List of parts for radio-control boat 
1 —Mini-Mac single hard-tube receiver; 1 — Southwestern R/C proportional actuator; 1--
dpst slide switch; 1 — spst slide switch; 1 — Aristo-Rev #1 drive motor; 1 — Sterling nylon 
1" dia. propeller; 1 — closed-circuit meter jack; 2 — Hillcrest 4-cell battery cases; 9 — 
Eveready 1015E hearing-aid style pencells; 2— Eveready 412 22.5-volt batteries; 1 — Acme 
holder for B-batteries; 1 — Acme holder for A-batteries; 1 — 100-ohm resistor; 2 — 350-ohm 
resistors (all resistors, lh watt); 1 — .01-0 ceramic capacitor. 

Fig. 1402. Though penlight cells (pencells) were used in original boat, rechargeable 
cells would be much more practical for drive and actuator power, and would reduce 
over-all weight. An all-transistor receiver to work on the same cells would further 

reduce weight, allow model to float higher in water. 

proportional pulser is used at the transmitter, the boat rudder 
can be operated proportionally, turning only as far from center as 
you wish. However, the control system shown is very fast and, if 
wide turns are desired, the steering level is just flipped on and off 
in the desired direction, the boat then making a fairly smooth 
wide turn. 
The rudder is operated by an economical commercial make of 

actuator, but it was found possible to cut down the current drain 
still further with a 100-ohm series resistor. This is shown in the 
wiring diagram of the complete boat system, Fig. 1402. A tiny 
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bar type permanent magnet is held to the deck of the boat near 
the actuator with adhesive tape; it serves to provide a definite 
neutral position for the rudder when the current is turned off. 
The particular style of actuator used doesn't have any centering 
action and, without this magnet, steering is a bit erratic. The 
rudder is of the balanced type; that is, about 25% of its area is 
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RECEIVER 
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VE B E-TS  , 

SWITCH EXTENSION 
RODS 

ACTUATOR 

RUDDER 
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Fig. 1403. Hull is pretty crowded with "machinery". The switches have wire exten-
sions, allowing them to be operated without removing boat cabin. Batteries can be 

placed so that boat balances correctly on water. 

in front of the pivot line. Note carefully the arc suppressors 
across the actuator windings in Fig. 1402. They are merely 350-
ohm 1/2 -watt carbon resistors and have about 10 times the resist-
ance of the actuator windings. They keep the relay contacts from 
sticking by greatly reducing the arc formed as the contacts open. 
The boat does not travel at a high rate of speed, but at that 

it probably goes at more than scale speed. It can be guided in 
and around buoys and obstacles in its path with real precision, and 
the only thing missing is means to start and stop the motor by 
radio. Such equipment could easily be added, but this was in-
tended to be an ultra simple job, so we have stuck to just steering. 
The transmitter normally used with it is the same one described 
later in this chapter for operation of the radio-control tractor, and 
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will not be covered now. Even though the transmitter works at 
very low power, it will control the boat up to a hundred feet or 
so, and with careful tuning, lots more range can be had. 

Tuning the receiver 
To start, tune the receiver with the boat in the water. The 

cabin comes off for access to the equipment. When the set is 
being adjusted, the cabin top is set crosswise on the hull sides, so 
that the antenna is in about the same position it normally occupies, 
and a very small test meter is plugged into the test jack. The 
sensitivity adjustment of the receiver is set first, then the tuning 
can be touched up, with the transmitter on, and at least 100 feet 
away. The receiver can't be used in its most sensitive condition, 
due to interference created by the brushes on the motor com-
mutator. The .01-pf capacitor across the brushes (Fig. 1402) helps 

rb RIVE MOTOR 

TEST METER JACK 

REC. AND ACTUATOR SW. 

MOTOR SW. 

LOOP 1(‘11 LiNK/AGE 
ALLOWS RUDDER 
ADJUSTM 

Fig. 1404. Most wiring in the boat terminates under the panel 
carrying the two switches and the meter jack. A few sockets 
and plugs (for receiver, as an example) would make service 

work easier. 

reduce this. It probably would be even better to put a small metal 
can over the brush end of the motor, and ground this and the 
motor metal frame to B-minus. Interior views of the boat installa-
tion are shown in Fig. 1404. 

Radio-controlled car 
If you wish to conduct your radio-control experiments on dry 

land (and not above it), the little car shown in Fig. 1405 may give 
you some pleasure. Though the mechanism of the car itself is 
rather complex — at least if it is compared to the boat we have just 
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described — the transmitter can be any at all, since just a plain 
pushbutton is needed, there being no pulsing requirements. The 
car was originally fitted with a box truck body, painted and let-
tered to represent a TV truck (Fig. 1406.) This body was made 

•-- ANTENNA 

WHITE GLUE AND FABRIC 
STRIP BODY 

DRIVE 
WHEEL 

CONTROL SWITCHES 
UNDER CHASSIS 

Fig. 1405. White glue and fabric body is very tough and strong, but was very difficult 
to smooth down. Fiberglass cloth and resin might be better materials to use. Finished 

model did look very realistic, however. 

out of sheet balsa and was a good quicky to cover up the works on 
the chassis. To dress the project up more, a scale Porsche sports-
car body was built (the chassis having been designed to accommo-
date this at the start). The Porsche body was built over a clay 
form by laying on strips of fabric soaked with white glue. After 
this was built up to the desired thickness, it was allowed to dry 
thoroughly, then removed from the form, and finished off with 
much sanding, followed by sealer and colored dope. 
The chassis is a piece of 3/8-inch plywood, which makes an ideal 

base upon which to mount all the parts. Details of the running 
gear are shown in Figs. 1407 and 1408. The motor drives one 
rear wheel by friction, the rubber-tubing diameter being chosen 
to give the car the speed desired (better start off with small-diame-
ter tubing, until you have mastered the trick of steering!). The 
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motor is hinged from two brackets so that most of its weight is on 
the drive shaft; a piece of sponge rubber at the free end regulates 
the actual friction on the wheel. 
The steering mechanism, shown in Figs. 1409 and 1410, is pat-

terned after that found in large cars. Each wheel is held on a 
pivoted stub axle, and the two are linked together in such a 
manner that they track quite well whether going straight or turn-

Fig. 1406. Quicky body for chassis in Fig. 1407 was just a balsa box, painted 
to represent TV mobile unit. Artistic finishing job made it look like the 

real thing. 143" thick sheet balsa used throughout. 

ing at any radius. The entire front-wheel assembly is moved from 
side to side by a geared-down electric motor. The motor may be 
stopped at any position, to allow the car to make constant large- or 
small-radius turns. Since the steering is too fast if the full 6 volts 
is put on the motor, an adjustable 10-ohm wirewound resistor is 
provided to slow it somewhat. This is shown in the top-view 
chassis layout, Fig. 1411. Limit switches are positioned so that they 
will open and cut off the current to the steering motor if a steering 
signal is held too long; however, the opposite steering signal will 
immediately start the wheels back toward center. You have to 
learn to anticipate a bit, since the motor coasts somewhat after the 
turn signal is stopped. After a good amount of practice, though, 
you can pilot your car almost as well as you might be able to 
drive a full-sized one. 
The steering motor is of the PM type, and gets its power 

through a reversing switch operated by an ordinary two-position 
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self-neutralizing escapement. The double-pole double-throw 
switch contacts are moved by a cam (Fig. 1412) fastened to the 
escapement shaft. The cam is sort of an egg-shape, so that in the 
two neutral escapement positions, the contacts are in mid-position 
and open. One operate position then drives the steering motor 
one way, the other moves it the opposite way. Since the escape-
ment is a sequence device, you have to learn an entirely new 
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DRIVE 

RUBBER 
FOR ESC. 

B BATTERY 

Fig. 1407. NT-6 surplus battery powered the drive motor; Aristo #64 battery 
would do a better job, is same size. Note escapement rubber running full length 
of chassis. Drive was by heavy duty 6 volt PM motor. Boat drive motors are 

ideal for this purpose. 
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Fig. 1408. Sieering linkage, motor and reduction gearing seen here. Motor is a 
IVilson 3 volt unit; HO model train gears give initial reduction. ED receiver 

probably not now available; a tone receiver would be best substitute. 

manner of driving — you can't do it as you drive your own car! 
The escapement also controls the driving motor through an-

other cam which opens the circuit in one of the two neutral posi-
tions; the drive motor thus functions in the other neutral, and in 
both turn positions. 
The entire radio installation in the car is a commercial job 

that came all wired and ready to use. It was put in just this 
way, with no changes whatever, except to add the cams to the 
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escapement shaft. The receiver is held on a piece of sponge rub-
ber by elastic bands; the two sockets (one for the test meter and 
one for the cable from the receiver) were raised above the chassis 
top by brass spacers and round-head wood screws. A small bracket 
holds the variable resistor, and the on — off switch goes through a 

Fig. 1409. Careful work 
on the steering assembly 
makes for smooth opera-
tion on the road! Tighten 
8-32 nuts so steering 
"knuckles" turn with no 

bind, no wobble. 

1/2" DIA. BRASS ROD 
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hole in the chassis, with the knob under the edge of the chassis. 
This equipment can be used with either a hard-tube or gas-tube 

receiver; we chose the latter, since gas-tubers are generally more 
tolerant to electrical noise made by opening and closing contacts, 
motor commutators and the like than are hard-tube receivers. 

IN LINE WITH CENTER OF REAR AXLE 
WHEN WHEELS ARE STRAIGHT AHEAD 

BEND HERE 
TO CENTER 
WHEELS AND 

GEAR 

FLATTEN ENDS, 
DRILL *44 FOR 
2-56 SCREWS 

3/32" DIA. BRASS ROD, 
BEND UP 90° AT REAR 
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TWO PC. I/8"X 1/4" 
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SCREWS IN SLOTS 

FOR ADJUSTING 

4 5/8" 

LAST GEAR 
FROM MOTOR 
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Fig. 1410. Two-piece lie rod allows Proper angu or adjust-
ment of the two front wheels so they will follow the 

necessary different radius curves on all turns. 

The receiver was unaffected by any of the contacts, and neither 
motor, rf filters or noise suppressors of any kind were needed. 
The chassis wiring diagram is shown in Fig. 1413. 
The antenna is a 1-foot length of music wire attached to the 
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Fig. H U. Escapement controls both drive and steering motors. Though they were not available when this car was built, 
much .simpler control of car could be had through use of such specialized units as Babcock Electric Compound servo or 

1.4  Cobb Hobby type BC servo. Both of these would give direct steering from built-in motor and gear train, and have contacts 
CO to control forward-off-reverse action of drive motor. 



body. The receiver has a variable antenna loading system that 
makes it possible to provide proper loading by shifting a tiny 
plug to any of five sockets. 
In view of the initial difficulty in learning to operate the car, 

it might be worth while to install a compound escapement; then 
you would always have, say, left with one pulse and right with 
two. The third position on the compound escapement could be 
wired to a second escapement to control the drive motor. If this 
second escapement were fitted with dpdt contacts as is the one for 
the steering motor, you would be able to run the car forward or 
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STEERING CAM 

RIGHT 
SIGNAL ON 

OFF 
SIGNAL OFF - 

LEFT 
SIGNAL ON 

OFF 
SIGNAL OFF 

CAMS ARE PUT ON ESCAPEMENT SHAFT 
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Fig. 1412. These cams are for 
use with a 2-arm or self-neutral-
izing escapement, as used on 
original car. Different shaped 
cams would be required for oth-
er styles of escapeinents; a com-
pound type would make for 
easier control, since it is not a 

sequence-operation unit. 

back and stop it at will. You could also use one of the neutrals of 
the second escapement to cut in a resistor, for slow-speed 
operation! 
Any CW transmitter of the proper frequency and a plain push-

button will be usable with this car. However, "driving" it would 
be a lot easier if the transmitter were fitted with a beep box to 
send the desired pulses automatically. 
There is plenty of room on the car chassis for a good-sized B-

battery. The A-supply is two large flashlight cells in parallel. 
The fairly high current drain of the drive motor is handled by an 
NT6 6-volt storage battery, which also runs the escapement and 
the steering motor. There is only a single switch for all these, 
since, if the escapement is stopped in the correct position, the drive 
and steering motors will be off when the receiver is turned on. 
Then, the first pulse you send starts things going. 
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The storage battery, available from most radio-control sup-
pliers, must be charged at a rather low rate to prevent damage. 
Don't hook it up to a regular car-battery charger unless you use 
a series resistor to limit the current to about 500 ma. A diagram 
for a charger using an ordinary 7.5-volt filament transformer is 
shown in Fig. 1414. 
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Fig. 1413. Wiring is quite straightforward, can easily be modified to use other 
receivers, control units, etc. If latter are of type suggested under Fig. 1411, 

separate limit switches will not be required, as they are built in. 

Radio-controlled tractor 
Another radio-controlled vehicle is shown in Fig. 1415. It is a 

caterpillar tractor, built up from a heavy-duty toy carried in most 
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Fig. 1414. NT-6 or Aristo #64 storage batteries 
may be charged with this setup. Rectifier can be 
International Rectifier Corp. type CI13. Charging 
rate should be no higher than 1/2  ampere. 

large toy stores. This is a rather ambitious project, if only be-
cause the tractor is rather small and everything has to be crammed 
in. The tractor can be made to start, stop, go forward or reverse, 
and can be steered in either direction instantly and without any 
sort of sequence — a lot of control to be crammed into such a 
small package and handled over a single radio channel. 
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Here again, commercial equipment was utilized. And for the 
same reason as in the radio-control car, a gas-tube receiver was 
fitted because it just isn't bothered by all those snapping relays 
and sparking motors. Just as insurance, a 100-1j1jf ceramic capacitor 
was connected across each motor (but they may not be really 
necessary). 
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Fig. 1413. Miniature caterpillar tractor steers just like the real thing. Made from 
a non-powered toy, considerable revision of wheels is required. Note set of Silver-
eels strapped in seat. "Track" is removed by pulling out special pin, as shown. 

Receiver and its batteries go under hood. 

A kit-type receiver was utilized, seen at the lower right in Fig. 
1416. It had an XFG-1 tube, Kurman sensitive relay and a circuit 
quite like that in Fig. 403. A more up-to-date circuit might be 
employed by anyone duplicating this project; for example, the 
Gazistor receiver (Fig. 406) would be a good choice and could 
be fitted into the available space. 
Unlike the car, steering a unit of this sort is somewhat of a 

problem, unless you want to do it as they do in the big Cats, by 
stopping one tread or the other. That's just what we do, and the 
little tractor slews around on the stopped tread in a most realistic 
fashion. It is lots of fun to run and, since you have full steering 
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control whether it is going forward or back, it can be maneuvered 
into unbelievably tight places. 
As purchased, the tractor had no drive mechanism, and the 

first task was to install the motive power. The front wheels turn 
freely, while each motor drives one rear wheel. See Fig. 1417. 
Tractors are supposed to move slowly, so we geared the drive 
about 800 to 1. A worm gear from an HO locomotive goes on the 
motor shaft, while the matching worm gear is attached to a small 
pinion. The worm and its gear have a 30 to 1 ratio, the next pair 
of gears are 41/2  to 1, while the final set are 6 to 1. Any combina-
tion that will give the desired overall 800 to 1 reduction will do. 
It is necessary to fit better axles for the wheels, and small rollers 
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Fig. 1416. Receiver is gas tube Super-Aerotrol, shown here on its mount, together 
with A- and B-supply. A tone receiver would be a good substitute; single hard-
tubers and noise-operated CW receivers not so good for this sort of application, 

due to their sensitivity to "electrical noise". 

were installed in the bottom of each track frame, so the tractor 
can climb over books and other objects placed in its path without 
stalling. The two rear wheels have plywood centers added; these 
were split in half and forced in between the wheel sides, with a 
generous application of model cement. When dry, the wheels 
were chucked in a lathe, and the wood centers trued up and 
grooved to fit the rubber tires. The latter were attached with heavy-
duty rubber cement and, after installation, the outer surfaces were 
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Fig. 1417. Dual drive motors are Wilson units, with HO train worms press-fitted to 
shafts. Plastic rollers seen at upper right were added so that tractor could crawl over 
books and other obstacles. SO2 is fastened to frame, to rear of motors; PL2 from 

control chassis plugs into it. 

cut crosswise with a high-speed hand grinder. All this work on 
the rear wheels is for the purpose of assuring a good grip on the 
inside of the articulated plastic treads. If the wheels are found to 
slip in use, the front axle should be moved forward a bit more, 
to tighten the treads on the rear-wheel tires. 
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Tractor motors 
The motors were found to be somewhat of a problem, since it 

is necessary to pick two that run at about the same speed. It is 
possible to insert a small resistance in series with one motor, if it 
is found to run faster than the other, but too much resistance will 
make the motor sluggish in starting. The holes in the HO model 

TRANSFORMER 

Fig. 1418. Control chassis has large space between RY4 and other parts for two 
reasons. Front axle must go across here; also, magnetic field from RY4 disturbs 

RY5 if they are too close. 

train worms are a bit too small to slide on the motor shafts. Each 
motor was run on 3 volts, and a very fine file held so as to taper 
the outer end of the shaft slightly. Then the worm was slid on 
and given a slight tap to seat it firmly. Screws (2-56) hold the 
motors to the chassis and allow a bit of movement, so the gears 
can be meshed properly. In addition, the chassis side holes through 
which the axles of the intermediate gears pass are made somewhat 
oversize, again to allow adjustment. There should be a slight 
amount of play between the teeth of all gears, when final adjust-
ments are finished, and the tracks must turn without any binding 
whatever. 
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The space beneath the hood which was occupied by a plastic 
copy of a diesel motor when we got the tractor is filled by the 
receiver and its batteries, as shown in Fig. 1417. In addition, 
there is an instrument panel holding two switches, a rheostat and 
a meter jack. The panel and base are cigar-box wood, and the 
batteries are held by rubber bands. The receiver is mounted with 
the phenolic base vertical, so that it can be tuned up when in the 
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Fig. 1419. Many of the small parts are attached to the vertical phenolic plate, which, 
in turn, is attached to aluminum control chassis. Socket for receiver plug is in fore-
ground. Sigma 5F probably a better choice for RY5, though the IF shown worked 

well. 

tractor. It takes a bit of juggling to get the receiver unit in and 
out when the batteries are in it, but it can be done once the trick 
is learned. 
The antenna is a 14-inch length of music wire, held in a piece 

of black phenolic rod, turned to represent an exhaust stack. A 
tiny clip on the antenna lead of the receiver permits quick de-
tachment of the antenna connection. There are three leads from 
the receiver to the control unit under the chassis, and they termi-
nate in a tiny three-prong plug. 
The control system is mounted on an aluminum plate, with 

many of the parts attached to a small bakelite panel. Note that 
reversing relay RY4 (Fig. 1418) is mounted as far from RY5 (Fig. 
1419) as possible; this is necessary to prevent interaction. 
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List of parts for receiver and control unit 
1 — Super-Aerotrol receiver kit with relay RY1; 1-XFG-1 tube; 1-half-wave rectifier, Raytheon 
CK705. Transformer—UTC type S03. 
Switches: Si and S2 spst toggle. 
Plugs and sockets: Miniature 3-prong plug and socket (P11, S01); miniature 4-prong plug 
and socket (P12 and S02). 
Relays: Price midget 6-volt, 105-ohms (RY2, RY3); reversing switch (RY4); 8,000-ohm Sigma 
4-F (RY5). 
Capacitors: 25044 6-volt electrolytic (Cl, C2); .144 midget, paper, (C3, C4, C6); 5044 
12-volt electrolytic (C5); 100444 ceramic (C7, C8). 
Resistors: 47-ohm 1/2 -watt, carbon (R2, R3). 
Batteries: 4-1/2 -volt power battery; 3 Silvercel 1R3 midget storage cells or D-size flashlight 
cells; 2-221/2 -volt hearing-aid B; 1—D-size flashlight cell. 
Fig. 1420. Three .S'ilverrels or lour nirkel-cadmium cells make a good power supply 
for the tractor. C3. C4 and C6, plus R2 and R3 are arc suppressorc. R Y-I is an 

American Flyer HO train reversing switch rewound to work on the 41/2-volt sop py. 

It might be suggested at this point that a Sigma 5F relay be 
used instead of the 4F fitted to the tractor shown. The 5F would 
be easier to set for the rather small current change produced in 
this circuit, and it would probably be less affected by the mag-
netic field of RY4. 
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Operation of equipment 

Before going further with a description of the construction, let's 
see how the equipment functions since it is quite different from 
anything covered in this book previously. For normal straight-
ahead running, the receiver gets a series of rather slow pulses, 
and receiver relay RY1 therefore continuously opens and closes. 
Each of the contacts of RY1 (Fig. 1420) connects to an auxiliary 
relay (RY2 and RY3). Since there are large electrolytic capacitors 
(Cl and C2) connected across each of these windings, they stay 
closed as long as pulses above a certain rate are received. When 

MOTOR CONTROL 
BUTTON 

Fig. 1421. Receiver is set up for proper operation with test meter plugged into 
panel jack. Music wire antenna projects from dummy exhaust stack, turned from 

phenolic rod. Object at rear of cowl is dummy air filter. 

both are closed, the two drive motors run steadily. Thus, each aux-
iliary relay governs the operation of one drive motor; when a solid 
signal comes in only one motor can run, while with no signal at 
all, the other motor runs. 

The common return lead from relays RY2 and RY3 goes 
through the primary of transformer T, before getting back to 
the minus of the 41/2 -volt battery. Every time RYI opens or 
closes, therefore, a pulse of dc goes through the primary of this 
transformer, where it is stepped up and put through a rectifier. 
The resultant dc goes to a very sensitive relay, RY5, which also 
has a capacitor, C5, across it to slow its action. Now, we don't 
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want this relay to operate when the straight-running pulses are 
coming, so its spring tension is such that it will not pull in no 
matter whether pulses or solid signal come in, as long as those 
pulses are slow. To work RY5, we must send rapid pulses; RY2 
and RY3 will close as we want with either slow or fast pulses, so 
fast pulsing affects only RY5. Normally, RY5 gets a current of 
about 0.5 ma, and the spring is set so that this will not pull it in. 
When pulses of about three times normal speed come in, RY5 
gets about 1 ma of current and closes. This action sends current 
to RY4 (which is a model-train reversing switch) and the two 
drive motors are stopped or reversed. 
RY4 must be rewound to work on our low voltage — 480 turns 

of No. 28 enameled wire allow it to work with a real kick on the 

ANTENNA 
TRANSMITTER 

TRANSMITTER 8+ LEAD SW2 st\ RIGHT 

STRAIGHT 

LEFT 

NORMALLY CLOSED PUSH SWITCH ( PRESS TO WORK RY4 

List of parts for transmitter and pulsing unit 
1—Super-Aerotrol transmitter kit; 1-3A5 tube; 2-1/2 -volt A-battery; 1-671/2 -volt B-battery; 
1 —8,000-ohm Sigma 4F relay; 1 —dpst switch (SW1); 1 —Switchcraft 3037 steering switch 
(SW2); 1—Switchcraft 103 normally closed pushbutton switch (SW3); 1-25,000-ohm potenti-
ometer (R); 1-2044f 150-volt electrolytic (Cl); 1-5-m,f 150-volt electrolytic (C2). 

Fig. 1422. Pulser circuit works on same 67 1/2  volt battery that supplies transmitter. 
.514/2 is main control switch; it allows even on-off pulsing in center position (shown 

here), cuts off transmitter signal in left, gives solid signal in right. 

41/2 -volt supply. RY5 is wired to cut the power to the two motors 
as soon as it is actuated, so there is no arcing whatever on the 
drum and brushes of RY4. The armature of the latter is held 
open by its own weight. The unit will not work correctly unless 
it is turned with the armature downward, a point to remember 
when you are first checking operation. It is a sequence device 
giving two off positions, a forward and a reverse. 
To facilitate easy removal of the various parts, two sets of plugs 

and sockets were used. The motor leads connect through PL2 and 
802, while PL1 and SO1 make connections between the receiver 
and the control unit. The battery plus lead also goes through 
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PL1 to the control unit, while the negative lead from the latter 
connects directly to the battery. 

Since it was expected that the tractor would be run for con-
siderable periods of time, it was felt advisable to fit it with storage 
cells that could be recharged; the power for all circuits except the 
receiver comes from three type LR3 Silvercels (3 ampere hours 
each) connect,ed in series. They are just the right size to fit into 
the space occupied by the seat, which was removed. They are 
held firmly by rubber bands so they will not drop out if the 
tractor is turned upside down. If you want a lower-cost power 
supply, you could use six or more size-D flashlight cells connected 
in series-parallel; even larger dry cells could be carried in a small 
trailer, which the tractor has plenty of power to pull. 

The receiver relay is set to operate according to the type of 
receiver used, but careful adjustments are needed for RY2 and 
RY3. Reduce the armature spring tension until the armature 
will just snap open reliably when the coil is not energized. Bend 
the upper contact down so that there is a gap of .006 inch be-
tween the armature and lower contacts when the coil is not 
energized. 

RY5 must work on very little current. Turn the normally open 
contact so that there is a gap of 0.010 inch between the armature 
and core when the former is held in by hand. Then set the other 
contact to give a spacing between contacts of 0.0025 inch with no 
current. Make the final adjustment of the tension spring after 
the equipment is set up for test. 

To get the entire tractor ready to go, tune the receiver to the 
transmitter. Pull PL2 from its socket so the motors won't run 
and turn on the receiver and transmitter; with the latter pulsing 
steadily (neutral or straight-ahead position of the control lever) 
both RY2 and RY3 should hold steadily in the closed position. 
When the steering control lever is moved first one way and then 
the other, one relay should open first and then the other. (Fig. 
1421.) 

To check the stop and reverse circuits, connect a milliameter at 
point X (Fig. 1420) in series with the winding of RY5, and turn 
on the transmitter and receiver; you should get a reading of about 
0.5 ma. If it is much less than this, try reversing the leads to the 
primary of T. Now push the forward-reverse button on the trans-
mitter. The relay current should rise to 0.9 ma or more, causing 
RY5 to close and, in turn, operating RY4. If RY5 doesn't release 
as soon as the transmitter button is released, a quick flip of the 
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Fig. 1423. Super-Arm/1-o/ transmitter case nornzally held two B-batteries; only one 
is needed for short range operation with tractor. Pulser fits in empty space. Any 
CW transmitter would do as substitute for this transmitter; Aristrol MOPA is closest 
in size to that shown here, has same battery arrangement. Its stable circuit would 

work fine on 67 1/2  volts. 

steering lever to either side will make it do so. 

Transmitter and pulsing unit 
The transmitter seen in the photo (Fig. 1421) was a companion 

to the kit receiver originally employed: this unit is no longer made 
but some may still be in dealer stocks In any case, only very low 
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power is required due to the short range. The transmitter was 
made to hold two 67 1/2 -volt batteries but only one was used. In 
place of the second 67 1/2  volt battery a small aluminum chassis is 
bent up and attached to the cover. This chassis holds pulsing 
relay RY (Fig. 1422) plus Cl, C2 and R. SW2 and SW3 are 
attached directly to the cover, while SW1 is a dpst unit that re-
places the original on—off switch of the transmitter. Bend the 
contacts of SW2 so that when the lever is centered, right will 
close the lower contacts and give solid signal while left will open 
the upper pair, giving no signal. 

Fig. 1424. Author's wife holds shoulder wing "Kickin' Duck" plane. Though 
much overweight, it was good performer. All low-voltage requirements of the 
plane, including receiver filament supply, were handled by a single LR-I Silver-

cel. This arrangement was used in effort to keep weight down. 

When SW3 is depressed, Cl is removed from the circuit and 
the relay pulses at a high rate. RY is adjusted the same as de-
scribed for the pulser in Fig. 811-a; be sure this relay is mounted 
on a piece of insulation, since the entire frame is "hot" Poten-
tiometer R serves to vary the pulses, best results being obtained 
when the pulses are roughly 50% on and off. R also changes the 
pulse speed, which is handy to get a close setting for operating 
receiver relay RY1. 

This same transmitter was used to work the little boat described 
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at the beginning of this chapter. As shown there, SW3 is not 
needed. When used with the boat, R is turned till the boat fol-
lows a straight path. It was found wise to reduce the value of Cl 
to 10 pf to speed up the pulse rate a bit. For the boat, SW3 and 
C2 could be omitted, with Cl connected directly across the relay 
winding. The transmitter is illustrated in Fig. 1423. 

Simple dual proportional setup 
Employing many of the pieces of equipment already described 

in this book, the shoulder-wing model plane seen in Fig. 1424 
was flown for many months with simplified dual proportional 
control. The rudder was operated by an actuator (Fig. 211) and 
the receiver was a modified Tech Two (Fig. 503). The plane was 
flown with just rudder control for an extended period, then was 
fitted with an inductive-kick elevator arrangement. During most 
of the flying, the transmitter was the Mac 50 (Fig. 715), while the 
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Fig. 1425. Compartment at left holds all batteries on ply slide; single LR-I and 
two 221/2 volt batteries can be seen. Chassis of Fig. 1427 fits on fuselage bottom 
under batteries. Receiver is packed in foam rubber in center compartment; 

rudder and elevator moving units at right. 

pulser used with this transmitter was the "compact" (Fig. 822). 
The latter already had the necessary pulse-rate change circuits built 
into it, so the only addition needed to the whole system was an 
elevator rate circuit and the elevator servo itself. 
The rate circuit was built on a separate small chassis with its 

own 221/2 -volt battery and foam-rubber shock pad. The complete 
unit fitted under the batteries in the forward fuselage compart-
ment (left in Fig. 1425). The edge of the elevator servo can just 
be seen at the bottom right in this same view. To the rear 
of the motor is the rudder actuator; on the fuselage side are 
the two on — off switches. The center compartment holds the re-
ceiver, well protected in foam rubber. 
The circuit of the control system is seen in Fig. 1426. Note 

that a single 11/2 -volt cell drives both rudder and elevator, and 
this cell is also used for the receiver filaments. An LR1 Silvercel 
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was used and was found ample for several hours of flying, the 
average current drain on it being about 450 ma (these cells run 
close to 2-ampere hours capacity when new). The plane itself had 
a wing area of about 400 square inches and was flown with a 
Cameron .19 engine. Overweight to start with, the plane gained 
still more weight from repairs until finally, the wing loading 
was around 27 ounces per square foot — a rather ridiculous figure 
for a plane this small (it had a span of 56 inches). Even so, it 
could be put through many of the maneuvers accomplished by 
planes with much more complex controls, including nice inside 
loops, slow and snap rolls, true spins, frightening vertical dives and 
prolonged inverted flight. 

Because it worked on the inductive-kick principle, the control 
system became known as the Kickin' Duck. It was set up so that 
at the lowest pulse rate (about 3 pps), the elevator gave solid 
"up"; it was also pretty solid "down" at the high rate of around 
12 pps. There was a slight amount of interaction between rudder 
and elevator, but so little that it was never bothersome. 
An examination of the circuit will show that the basic rudder 

arrangement is just the same as we have sketched in earlier chap-
ters. The receiver relay drives the actuator right and left, and 
1N91 diodes are connected across the coils for arc suppression. A 
new addition is the tiny transformer, T; this has a very low-re-
sistance winding in series with one side of the actuator (which 
incidentally was fitted with magnetic centering, per Fig. 214). The 
transformer is a transistor-type output-to-speaker-voice-coil unit, 
(500 to 3.2 ohms impedance). The higher impedance winding is 
connected to the transistor input circuit. Each time the receiver 
relay opens and closes the lower actuator winding circuit a kick 
is produced in the transformer. The diode, D, allows those of 
only one polarity to charge capacitor Cl, the rate at which the 
charge leaks off being governed by the setting of RI (and the 
transistor input resistance). The circuit thus acts to "stretch" the 
very short kick pulses; at low pulse rates, RY1 is open continu-
ously and the elevator gives solid "up." As the pulse rate is in-
creased, the kick pulses come closer together and relay RY1 is held 
on the "down" contact longer and longer, until finally, at top 
pulse rate, you get full down elevator. 

Essentially a very simple control system, there are some tricky 
points about it. First, even though there is a diode across the 
lower actuator coil, some of the inductive kick from this coil 
still gets into the rate circuit. Resistor R3 kills most of it. Al-
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though it takes a fair amount of current, it was felt to be worth 
while. 
With the pulser stick centered, the elevator can be brought 

to center by adjusting R 1. But when the stick is then pulled back 
to full up, it will probably be found that the elevator still flaps a 
bit. This is where R2 comes in; it should be reduced in value — 
and the elevator neutral is then reset with R1 each time — until 
the elevator just goes to solid up with the stick all the way back. 
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Fig. 1426. Complete circuitry (aside from receiver itself) used in simplified dual 
proportional plane. T is a Lafayette ARLO; RI is sub-miniature CRL type 
B!6-113. Motor chokes might not be needed in some installations, depending on 
type of receiver used. Actuator is magnetic type rudder described in Chapter 2. 

R2 could be a variable of about 500 ohms. A fixed resistor of about 
120 ohms was used in the original installation. 
To make it possible to use the equipment on a single cell, it 

was necessary to use a dpdt relay for the elevator motor, a Price 
unit of 6,500 ohms being fitted. This relay got a maximum cur-
rent of about 3 ma from its 22 1/2 -volt battery and was set to 
operate at 1.7 ma and open at 1.4. It proved to be extremely re-
liable. 
For any control circuit which depends upon pulse rate, it is 

necessary to have a receiver that can follow fast pulsing, and 
modifications were found necessary to the Tech Two to allow 
clean pulsing at the top 12-pps rate. The transistor version of this 
receiver is a much better pulser (Fig. 507), and this one is recom-
mended for the Kickin' Duck and similar circuits. 
In Fig. 1426, the two rf chokes and capacitors C6 and C7 are 

"hash filters" on the Mighty Midget elevator motor; C2, C3, C4 
and C5, plus R4 and R5 are relay-contact arc suppressors. The 
M-M motor (Fig. 1427) was fitted with a second set of gears that 
brought its total gear reduction to about 18 to 1 (the original 
gears on this motor have a ratio of about 7 to 1) and the linkage 
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used added another 2 to I. A centering arrangement is a must 
and that shown in Fig. 222 is strongly recommended. 
Though the system shown worked successfully on 11/2  volts, it 

must be admitted that to get it to do so was a struggle; it needed 
great care to reduce voltage drops throughout the system. It would 
be much more practical to set things up for at least 2.4 volts (two 
nickel-cadmium cells in series). Transformer T was picked for 
one reason — because it has very low dc resistance in the primary 
— about 0.3 ohm. Note that this transformer should be connected 
exactly as illustrated in Fig. 1426, too; many other small trans-
formers that were tried did not work as well. 

Fig. 1427. Dpdt re/ay is at left in foreground, AR-I19 at far right. 
221/2  volt power supply for transistor is in Acme holder at rear. Tran-
sistor is held in sub-miniature socket. Plastic dust cover goes over relay. 

'When first trying out a system of this sort, it is wise to connect 
the pulser relay contacts into the rudder circuit in place of the 
receiver relay. Presumably, there will be no trouble in getting 
the rudder to work properly. If there is trouble with the elevator 
circuit, a pulse checker (Fig. 1322) connected to the elevator 
relay will show if the kick circuit is working as it should. After 
things are working suitably, the receiver then can be connected 
up, and the pulser transferred to its usual position, controlling 
the transmitter. 
The four complete control systems shown in this chapter can 

be varied to make up an arrangement to suit your own purposes. 
And by addition of circuits shown in other parts of the book, you 
can assemble a bewildering array of control systems. It is the 
working out of complete control systems — and making them oper-
ate as you intended — that is the real fun of radio-control modeling! 
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INDEX 
A 
AA cell   199 
Actuator: 

Centering  41, 44 
Circuit   41 
Construction of Proportional   38 
Mounting   42 
Power   42 
Proportional  37, 230 
Trammell   225 

Actuators, motor-driven   46 
Actuators, proportional  37, 230 
Adjusting, relay   218 
Adjustment: 

Push-Rod   232 
Rudder Horn   7 
Torque Rod   232 

Aerodynamic balance of rudder   26 
AES receiver   103 
Af : 

Choke  98, 105 
Oscillator   146 
Receiver   115 
Tone   91 
Transformer  92, 99, 105 

Air gate control   57 
Alkaline Storage Cell  200, 203 
Amplifier, transistor relay  78, 89 
Antenna: 

Counterpoise   138 
Coupling   138 
Half- Wave   137 
Loading   137 
Mount   241 
Quarter- Wave   137 
Radiation   242 
Receiver   240 
Transformer   93 

Arc suppression   223 
Arc-suppressor capacitors   94 
Armature/core gap   219 
Audio: 

Choke  98, 105 
Oscillator   146 
Receiver   115 
Tone   91 
Transformer  92, 99, 105 

B 
Babcock escapement   64 
Balance of Rudder, Aerodynamic   26 
Balancer, propeller   270 
Batteries, B    206 
Battery: 

Bias    114 
Charger   142, 145 
Charging the   209, 268 
Mounting   236 
Soldering   236 
Storage   160 

Beep box   172 
Bell crank   230 
Bias battery   114 
Bleed line control   56 
Boat, radio-controlled   273 
Bomb-drop   65 
Bonding   233 
Burnishing Contacts   224 
Burnishing tool   224 
Button-type cell   206 

C cell   199 
Cadmium Cell, Nickel—   203 
Calibration   264 

Cam: 
Eccentric, Pulser   182 
Heart-Shaped    184 
Type Pulser   180 

Capacitors, arc-suppressor   94 
Car, radio-controlled   277 
Cell: 

AA   199 
Alkaline Storage   200, 203 
Button-Type   206 
C   199 
D   199 
Mercury   200 
Nickel-Cadmium   203 
Penlight   199 
Soldering   236 
Storage   160 

Cells, dry   199 
Centering: 

Actuator  41,44 
Control   32 
Motor   32 

Charge indicator   201 
Charger, battery  142-145 
Charging  209, 268 
Chart, tube   72 
Checker, pulse   265 
Choke, Af  98-105 
Choke, Rf   94 
Chokes, key lead   198 
Circuit: 

Actuator   41 
Direction Finder   259 
Grid-Dip Oscillator   267 
Relay Reflex   118 
Servo Switching   52 

Citizen-Ship servo   49 
Cleaning Relay Contacts   224 
Clips, flea   77 
Coil, Quench   86 
Combination test meter   254 
Compact pulser   186 
Compound escapement   12 
Conelrad monitor   272 
Connections, tube-pin   72 
Connectors, Flea Clip   77 
Construction of proportional actuator   38 
Contact burnishing   224 
Contacts, adding, to escapements   19 
Control: 

Air Gate   57 
Bleed Line   56 
Box   31, 169 
Centering   32 
Dual Needle-Valve   57 
Dual Proportional   297 
Engine   55 
Engine Speed   56 
Exhaust Throttle   58 
Failure Prevention   47 
Flap-Valve   56 
Fuel Line   56 
Galloping Ghost   52 
Multiple with Single Escapement   22 
Multi-Servo   61 
Proportional   31 
Pulse-Rate  62, 65 
Quick-Blip   60 
Rudder Trimming   189 
Semiproportional   29 
Spark Ignition   55 
Stick Assembly   187 
Stick Escapement Keyer   170 
Transmitter Crystal   127 
Twin-Needle    56 

Controlled Boat, Radio-   273 
Controlled Car, Radio-   277 
Converter, dc   210 
Converter, power   217 
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Core/armature gap   219 
Counterpoise   138 
Coupling transformer   92 
Crank, bell   230 
Crystal for transmitter control   127 
Current, relay   217 
Current savers   17 
CW   91 
CW receiver   102 

D 
D cell   199 
Dc converter   210 
Depolarizer   199 
Detector, pulse-omission   63 
Disc clutch   173 
Differential, relay   220 
Direction finding   257 
Doubler, oscillator   151 
Drive power, escapement   15 
Drum, keyer   173 
Dry-cell charging   209 
Dry cell testing  199,214 
Dry cells   199 
Dual proportional control   297 

E 
Earphones, test   247 
Eccentric cam pulser   182 
E.D. Relay   80 
Electrical centering   32 
Electrolyte   201 
Electromagnetic escapements   9 
Electronic pulsers   192 
Engine: 

Control   55 
Dual Needle-Valve   57 
Glow-Plug   56 
Spark-Ignition    55 
Speed Control   56 

Escapement: 
Adding Contacts to   19 
Babcock   64 
Compound   12 
Construction   24 
Delay   20 
Drive Power   15 
Four-Arm   II 
Governor   13 
Keyer   170 
Linkages   15 
Mounting   15 
Rubber   231 
Three-Arm   11 
Two-Arm   10 
VariComp   14 

Exhaust throttles   58 

F 
FCC   119 
Federal Communications Commission   119 
Feedback servo   51 
Field-strength meter   251 
Field strength meter adapter   252 
Filter, L-C   111 
Finding, direction   257 
Flap-valve control   56 
Flea clips   77 
Forms, license   121 
Four-arm escapement   11 
Frequency, Audio: 

Choke  98, 105 
Oscillator   146 
Receiver   115 
Tone   91 
Transformer  92, 99, 105 

Fuel line control   56 
Fuel line tee   56 

G 
Galloping Ghost control   52 
Gap, core/armature   219 
Gas-tube receiver operation   75 
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Gas-tube receiver, single   74 
Gate Control, Air   57 
Gazistor   77 
Gear-box shaft   30 
Glycerin   231 
Good pulser   186 
Government Printing Office   119 
Governor, escapement   13 
Grid-dip oscillator   267 
Ground conductivity   137 
Ground system   232 
Guide, rod   229 

H 
Hard-tube receivers  79, 83 
Hearing-aid tube   71 
Heart-shaped cam pulser   182 
High-frequency transistor   118 
Hiss   92 
Horn, adjusting the rudder   7 
Hybrid tone receiver   106 

I 
Ignition points, two-speed   55 
Indicator, charge   201 
Insulator, linkage   234 
Interstage transformer  92, 99, 105 

K 
Keeper, push-rod   234 
Key lead chokes   198 
Keyer, control-stick escapement   170 
Keyer drum   173 
Knupple pulser   178 

L 
Lamp power ranges   264 
L-C filter   1 1 1 
L-C ratio   76 
Leakage, transistor   109 
Lever control   31 
License forms   121 
Line control, bleed   56 
Linkage   229 
Linkage insulator   234 
Linkages, escapement   15 
Loading, antenna   137 
Loctal tube-pin connections   73 
Lubricant, rubber   231 

M 
Mac 50 modulator   155 
Mac-50 receiver   107 
Mac II modulator   145 
Mac II transmitter   142 
Master oscillator   131 
Mechanical pulser   180 
Mercury cell   200 
Meter: 

Adapter   252 
Built-in   250 
Calibration   264 
Combination Test   254 
Connection   244 
Field-Strength   251 
Grid-Dip   267 
Iron Vane   250 
Milliampere   249 
Mount   244 
Moving Iron   250 
Multirange Test   255 
Rf   250 
Shunts  255 
Test   246 
Transmitter   250 
Types   266 
Volt—   249 

Milliammeters   249 
Mini-50 receiver   87 



Miniature tube-pin connections   73 
Mini-Mac   84 
Modulator, Mac 50   155 
Modulator, simple   145 
Monitor, Conelrad   272 
MOPA    129 
MOPA, simple   131 
Motor: 

Centering   32 
Driven Actuators   46 
Driven Rudder   8 
Driven Servo   50 
Noise Suppressor   235 
Rubber   230 
Tractor   289 

Mount: 
Antenna   241 
Meter   244 
Slide   237 

Mounting, escapement   15 
Multi-Servo  27, 61 
Multivibrator: 

Oscillator   146 
Pulser   193 
Stability   147 

Mu-metal   93 

N 
Needle-valve control   57 
Neomatic relay   94 
Neon-tube pulser   195 
Neutral, return to,   32 
Neutralization   151 
Nicad    204 
Nickel-cadmium cell   203 
Noise, electrical   232 
Noise suppressor, motor   234 

0 

Oscillator: 
Af   146 
Crystal ..120, 125, 127, 130, 132, 143, 147, 152 
Doubler   151 
Grid-Dip   267 
Master   131 
Multivibrator   146 

Output, transmitter   263 

P 
Penlight cell   199 
Phones, test   247 
Phono jacks   246 
Plane-saver   216 
PNP transistor   110 
Power: 

Converter   217 
Measurement, Transmitter   263 
Supply. Numac II   144 
Supply, Vibrator   143 

Propagation, signal   242 
Propeller balancer   270 
Proportional: 

Actuator  37, 230 
Control   31 
Control, Dual   297 
Control, Failure Prevention   47 
Pulser   176 

Pulse: 
Checker   265 
Omission Detector   63 
Rate Control  62, 65 
Sender, Relay   175 

Pulser: 
Cam Type   180 
"Compact"   186 
Eccentric Cam   182 
Electronic   185 
Good   186 
Heart-Shaped Cam   182 
Knupple   178 
Mechanical   180 
Multivibrator    193 

Pulser (Cont.) 
Neon-Tube   195 
Proportional   176 
Quick-Blip   176 
Transistor   196 
Twin-Relay   177 

Pulsers, electronic   192 
Pulsing unit   293 
Push-rod   7, 9, 16, 229 
Push-rod adjustment   232 
Push-rod keeper   234 

Quench coil   86 
Quench transformer   83 
Quick-blip control   60 
Quick-blip pulser   176 

R 
Radiation pattern   139 
Radio-Controlled: 

Boat   273 
Car    277 
Tractor   277 

Radio frequency choke   94 
Ratio, L-C   76 
REM relay   80 
Receiver: 

AES   103 
Af   115 
Antenna   240 
CW   102 
Hard-Tube  79, 83 
Mac-50   107 
Mini-50   87 
Mini-Mac   84 
Mounting   237 
Quench Coil   86 
Reed    110 
Simple-Single   84 
Single-Gas Tube   74 
Subminiature   83 
Superregenerative   74 
Tech-Two   92 
Tone  103, 112 
Tone, Hybrid   106 
Transistor, Tone   116 
Tuning    277 
Two-Tube   115 
WAG   113 

Reed servo   50 
Recharging  208. 209 
Reed receiver   110 
Reeds, tuned   110 
Reflex circuit, relay   118 
Relay: 

Adjusting   218 
Adjustment   25 
Amplifier, Transistor  78, 89 
Arc Suppression   223 
Contact Burnishing   224 
Current   217 
Differential   220 
E.D.   80 
Gap   219 
Gem   77 
Neomatic   77, 94 
Proportional Pulser    176 
Pulse Sender   175 
Pulser, Twin-   177 
Reflex Circuit   118 
RMB   80 
Singing   75 
Substituting Transistor for   225 
Testing   218 
Transistor, Amplifier   89 

Relays   23 
RF Choke   94 
RFC   94 
Rod: 

Adjusting the Push   232 
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Rod (Cont.) 
Adiusting the Torque   232 
Guide   229 
Push-  7, 9, 16, 229 
Rudder-Control   16 
Torque  9, 16, 229 

Rotary selector   169 
Rubber: 

Escapement 
Lubricant   
Storage   
Winding   

Rudder: 
Aerodynamic Balance of   26 
Control Rod   16 
Gear-Box Control of   30 
Horn   7 
Motor-Driven   8 
Motor-Driven Control   34 
Return to Neutral   32 
Trimming Control   189 

S 
Safety   140 
Saver, plane-   216 
Savers, current   17 
Selector, rotary   169 
Sem iproportional control   29 
Sender, relay pulse   175 
Sensitive relay elimination   23 
Servo: 

Citizen-Ship   49 
Feedback   51 
Motor-Driven   50 
Reed   50 
Switching Circuit   52 

Shaft, gear-box   30 
Shunts, meter   255 
Signal radiation   242 
Silcad   203 
Silvercel    203 
Simple modulator   145 
Simple MOPA   131 
Simple-Single   79 
Simple transmitter   127 
Singing, relay   75 
Slide mount   237 
Soldering   246 
Solo-Mac transmitter   129 
Spark-ignition control   55 
Sparking, suppression of   223 
Specific gravity, electrolyte   201 
Spectra-strip   239 
Steering devices   7 
Steering, electromagnetic   7 
Storage: 

Battery   160 
Cell   160 
Cell, Alkaline  200, 203 
of Rubber   230 

Subminiature: 
Receiver   83 
Tube   71 
Tube-Pin Connections   72 

Superregenerative quench coil   86 
Superregenerative receiver   74 
Suppression, arc   223 
Suppressor capacitors, arc   94 
Suppressor, motor noise   234 
Switches   238 
Switching circuit, servo   52 

Table lamp power ranges   264 
Talcum powder   230 
Tech-Two   92 
Tee, fuel line   56 
Test: 

Meter 
Meter, Combination 
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Test (Cont.) 
Phones   247 
Vibration   245 

Testing dry cells   214 
Testing, relay   218 
Three-arm escapement   11 
Throttle: 

Bramco   59 
231  Exhaust   58 
231  Three-Speed   64 
230  Tone: 
231  Audio   91 

Receiver   103 
Receiver, Hybrid   106 
Receiver, Transistor   116 
Transmitter   167 

Torque rod  9, 16, 229 
Torque rod adjustment   232 
Tractor, radio controlled   277 
Trammell actuator   225 
Transformer: 

Antenna   93 
Audio  92, 99, 105 
Coupling   92, 99, 105 
Interstage  92, 99, 105 
Quench   83 

Transistor: 
Dc Converter   210 
High-Frequency   118 
Leakage    109 
PNP   110 
Pulser   196 
Relay Amplifier  78, 89 
Tone Receiver   116 

Transmitter: 
Crystal Controlled   127 
Key Lead Chokes   198 
Mac II   142 
MOPA  129, 131 
Numac II   142 
One-Tube   127 
Output   263 
Power Measurement   263 
Pulsing Unit   295 
Rf Meter   250 
Simple   127 
Solo-Mac   129 
Tone    167 
Tuning   128 
W AG   167 

Trimming control, rudder   189 
Troubleshooting electronic pulsers   192 
Tube: 

Characteristics   136 
Chart   72 
Hearing-Aid   71 
Subminiature   71 

Tuned reeds   110 
Tuning, receiver   227 
Twin-needle control   56 
Twin-relay pulser   177 
Two-arm escapement   10 
Two-speed ignition   55 
Two-tube receiver   115 

U.S. Government 
Federal Communications Commission 119 

U.S. Government Printing Office   119 

V 
Valve, dual needle control   57 
Valve, control flap   56 
VariComp escapement   14 
Vibration test   245 
Vibrator power supply   143 
Voltmeters   249 

WAG receiver   113 
  246  W AG transmitter   167 

254  Wiring   238 

Printed in the United States of America 
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adio Control handbook 

Radio control systems, 
equipment, gadgets etc., fully 
explained for those who have a 
modest knowledge of radio, 
little of R/C. Building data for 
many transmitters, receivers, 
and control units. 

More books for the hobbyist 
and experimentor: 

Radio Control Manual 
No. 91-192 pgs. $3.20 

Electronic Puzzles & Games 
No. 70-128 pgs. $1.95 

Marine Radio for Pleasure Craft 
No. 84-160 pgs. $2.95 

Fun with Electricity 
No. 83-128 pgs. $2.65 

Model Radio-Control 
No. 74-192 pgs. $2.65 

Electronic Hobbyists' Handbook 
No. 69-160 pgs. $2.50 

Transistors 
No. 94-96 pgs. $1.95 

Transistor Projects 
No. 89-160 pgs. $2.90 
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