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UPOMA

This article is intended to introduce many of Grid
Leaks readers to an entirely mew thesis, and concept in
the field of radio control model flying. Some of this
concept does splash over on the freeflight modellers, as
well as control lime modellers as will be demonstrated.
However, im the main I firmly believe that practically
all radio control modellers have seen UPOMA at work if
they have attempted to fly a model aireraft by radio
control, I feel sure also that some modellers that have
not yst attempted to fly an R/C model have seen UPOMA or
at least signs of it.

UPOMA is evident in many forms around the home fly-
ing field, yet I believe that the average modeller has
seen this ceomcept aptly demonstrated most vividly at
large contests, It is here that even the experts find
UPOMA at work in the advanced stages. One might even
make the premise that UPOMA becomes more serious as the
number of stages in the receiver increases, also as the
number of control surfaces to be moved increases, Gen-
erally the mathematical relationship of this increase
follews the square of the stage of the receiver. To
illustrate, the normal receiver has a detector and one

AUTHOR WISHES REMAIN ANONYMOUS
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UPOMA would be given an &.vi=-

Now we add ome stage. UPOMA
automatically assumes the pr oo of 2 squared or 4
(tour). You can see how this . . ¢limbs as stages are
added, A rudder only model, with motor control would be
given a similar wvalue 2, and when the elevators are
added the proportiomal advance is the geometric mean, by
2, or four, Now we add two aileroms. (who ever adde
one), the value of UPOMA is now 6,

Since we have shown the mathematical prebability of
the concept involved here, it might be well at this
point to provide a sesries of examples of this mew theeory.
We will try to-illustrate UPOMA as it affects the vari-
our phases of R/C flying as well as C/L and F. F.

One of the first examples that comes to mind is the
model that has your pet motor im it. This motor has

stage of amplification.
trary value of 2(two).

“been used for several years, and always has been reli-

able, both in power output, gemeral rumning, extremely
easy to get a good low speed setting. It never kicks
back and breaks the fingers, snd most of all starts with
the well known single flip of the prop. TYou have
planned to go to the big meest and figure you have a good
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since there are lots
that have aimilar larceny in mind, the
¢ meet has established a time limit on
starting--4 minutes. Confidently you go to the starting
line, and when your number comes up you crank for 4 min-

chance to place high if not win,
of other chaps

director of the

utes but the motor will not start. It always starts
after 44 minutes. UPOMA of the first order,

You can readily see many examples of this effect,
for instance the free flighter that is flying in a lurge
field that has only one huge tree in the middle of it,
Any good model will always exhibit UPOMA, by laniing
guess where, right smack dab :
eat part of the tree. > f ;

The control line flier?? also comes int)
ture. Long before I wus indvctrinated to R/C.
opportunity of watching a reasl close~up §
I had been flying a Class C speed mode _
part of two years. Was doing real well with it at all
of the local meets. Naturally it had withstond the pull
test many times, So one weekend the gang took off for a
big meet in a town several hundred miles uway, so natch
I took old Black Maria, Imagine my surprise when the
pull test not only pulled out the wires, but the wing,
bell, crank and all, The surprise was simply that much
greater as the chap doing the pull test and myself slow-
ly picked ourselves up from the dust in the field.

If you think the previous examples of UPOMA are bad
just hang around the radio contrel group a bit. Here
are the lads that really suffer from it. 'ere's one
I've seen, Une chap has an R/C model thet: is flying
just great. It is way up high, he has been stunting it
all day, with no difficulty at all, [Me says to a by=
stander, in this case YOU, “Like to try it a bit?" and
hands over the atick, On the first turn the model spins
in under power from about 200 feet. Makes everyone
happy, just to think about it., How many times have you
put together a new receiver and made all the bench tests
etc., works fine, right up till the time you try to oper-
ate it at the flying field? The trouble is when you get

in the middle of the high-

" ever

back home everything is working again, and the next time
you tuke the ship out it will work 0. K. (or will it??).
You have a WAG TTPW rig, working pretty good, and you ge
to u meet, After two flights, you are in fourth place,
but only lu points behind the leader. 3o not wanting te
stay in number 4 slot, you elect to try again, It looks
like you are making up points about midway of the flight,
and the neutralizing rubber on the elevator breaks.
I'his just naturally leaves you with omly two horizontal
control positions, full up, and full down, nothing i®
between, LPOMA is here sgain. One of my buldies had &
nice flying rudder only pulse ship that performed like a
clock every time, He finally tried to improve the pulse
motor's mechanical setup, and sure enough you are right,
¢reamed it on the very mext flight.
Une of the most shining examples of LPOMA I have
had the distinction of witnessing, occurred to a
free flighter friend. Primping up for a contest om the
coming weekend, he was test flying and making last min-
ute adjustments one evening, when he hooked a slight
riser. No, he did not lose the ship. We watched it a
minute or so, and it seemed to be settling out of the
riser but over a small hill on the next farm. So my
friend took off in the well-known fashion, and was gone
for some time, Perhaps 30 minutes later he appeared at
the field again with but parts of the ship, ie. motor,
landing gear, tank, and timer, These were the only
parts of the model that the FIG> im the pen where the
model landed did not find digestible. rhis same chap
had UPOMA real bad since he later had a model fly imte
an Atomic MHesearch Laboratory, the only such place feor
miles, Fortunately he quit before getting involved im
R/C tlying, since [ hate to thinmk what might have hap=
pened to him.

I think I have rambled on now for some time and
just remembered that I never did tell you what UPOMA
means. It simply stands for UNCANNY PERVERSITY OF MODEL
AIRCRAFT. Of course if you slur the promunciation & bit
and add an N it comes out °*U' 'PO' °*MAN'
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McGEORGE AUDIO TRANSMITTER

SENTS SOME MEATY MATERIAL
,‘JERRY PRE S |

N

The writer nhas beenm interestei in the anplication
of LC filters to u/U receiver uesign for several years,
This is an intereatin: subject because the use of high
tiny toroius i1n the receiver's ftilter sectivn requires

audin tone frejuencies in the thousand's range for best
efficiencies, The full potential [ this nigh frequency
area nas nuot neen explored completely where -the first
Stage f the receiver 18 a superrezenerative detector,
Must of my early efforts to use high audio fre=-
tuencies for multi-channel were coneentrated on receiver
nedign, Shorte mings with reeciver performance regard-
les= nf the eireuwits tried finolly suggested o re-exumi=
natisn of the then existing transmitter with particular
ittention to the eharaeter and nality of the nudin sig-
nala omd tneir molulation of ‘the rf carrier., Scnpe
examination revealeu some rather weira looking dudio
dignals and modulation patterns so a uecisinn was made

to shelve the receiver project and concentrate nn the

design of un idewl amplicude modulateq transmitter using

currently nvailuble filament type tubes and components,
thuds hegan & series of transmitter experiments

where seemingly all kinas of rf carrier generators were
assemblea nn breadboard, these carrier generat 'rs were °
in  turn modulated with numerous at tone circuits as-

sembled on another board. The results of tliese experi-
ments were then studied in the light of sinplicity, dup-
licntibility, audio tone character and stability, and
eage of modulation adjustment. With due respect for the
compromises 8o necessary in electronic design the writer

believes that the circuits descrihed here approach these.

atandurds, st .
The rf section consisting of the cryétalﬂhé

and the rf doubler/amplifier is essentially the n

veloped by Walt Good for his TTPW system; A few '

cations have been made to the doubler/amplifier
to facilitute modulation percentage adjustment,.  0f all
the rf carrier seneratsr circuits examined this one is

outatanding [r many reasend and is highly recommended.
lhe af tone seetinn, on the other uand, represents

a bit of wriginel work on the application of estahlished

circuits assceioted with frequency-stable sine wave gen-

eration and distortion-free auplification te the extent
required for reliable R/C, Considerable space is de-
voted to the diseussion of this af tone sectinn and tie

modulation process haping that the radis-minded R/Cer
will find the information heipful in understanding audio
tone tranamitter circuitry where the rf carrier is grid
midulated with a sine wave signal,

It is not intendeu in "Cirenit Adjustment” to sug-
gest that an audin generator, scope and VIVM are abso-
lutely necessary for modulation adjustment or far proper
matchine of transmitter tones to tie receiver filters or
reeds.
methods and the results should be guite satisfactory,
The technique of using these instruments is presented as
a matter of record and for those furtunate enough to
have access to their uase, }

The parts list shows component values required for
52 mc operation since all experimental work was done on

this frequency, he open apaces on the parts list are
reserved f(for values associated with 27,255 me and they

can be determined by referring to page
eler, March 1957. The 27,255 mc rf
alightly different treatment but the
not be difficult,

lhe technique wused tn describe these circuits is
gaining im popularity. Whether or not it is helpful in
R C is left to the reader, Lxnerienced old timers could
find it  superfluous and rank besinners may find it be-
wilderinu., Perhaps it will appeal to the experimentally

24, American Mod-

cirecuit requires
cunversian shauld

A minded middle group, "

These objectives can be achisveud by cut and try 111
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‘Condenser

CIRCUIT DESCRIPTIONS

The Crystal rf fOscillator (upper left)

The 3V4 power pentode is connected as a triode in a
regenerative crystal oscillateor cireuit, This eir-
cuit is particularly adaptable to the use of over-—
tone crystals and is characterized in this cnse by
the leeation of the tap on (18) whieh is positioned
to provide just enough regeneration, or feedback,
to  assure easy crystal starting and satisfactory

nperati'n under load.

Resistor (1) is the grid leak., (4) is the plate
blocking e¢ondenser, |(5) is a current limiting re~-
sistor, Condenser (17) and inductor (18) in the

plate circuit are tuned to 26 me.

The main function of variahle condenser (18) is to
control the rf delivered to the grid of the final
rf stage which employs a« 3B4 beam pentode operating
as a:

Class C Grid Medulated rf Doubler—Ampli.ier {ugger
right).

This 8B4 circuit is perhaps the most important of
the four circuits in this R/C transmitter because
it is here that the tiny 26 mec rf signal from the
crystal oscillator {(Section I above) is doubled to
2 mec and =also amplified power-wise to the point
where a useful rf carrier is radiated from the an-
tenna. And it is here thet intelligence-bearing
audin tone signals are superimposed on the rf car-
rier. In other words, it is here that the carrier
is modulated, .
(19) is wvariable from 2,3 to 14.2 mmfd
getting uetermines the rf excitation of
(This is a key point in the modula-
reference is made to it in "CIR-
CUIT ADJUSTMENTS"). Rfe (20) in  conjunction with
capacitor (25) effectively leeps the 26 me signal
above ground, Automatic grid bias for the 314 is
developed across resistor (9). (10) is the screen
rf bypass condenser {11) is the screen voltage
dropping vesistor, Condenser (12) is the plate
blocking condenser, (21) is the plate ciremit tun-
ing condenser--Note: the rotor is grounded making
for easy construction amd leas critical tuning,
(23) is the antenna nickup coil located close to
the Jower end of the plate cirecuit induetor (22},
variaple condenser (24} permits antenna resonance
adjustment,
The 1ntelligence-beuaring audio tone modulating sig=
nals are applied at (M). These low frequency audio
tone signals iriginate in the:

and. ite
the 314 grid.
tion process ana

Audio tone Oscillator (lower left).
Which in this case is a two-tu'ie arrangcment Known
as a Frankiin oscillator. The cireuit produces

high quality sinc wave audi. signals with g.od fre-
tuency stability. A 3A5 dovhle triode is used,

The principal frequency rmining components in
this circuit are induetors (48) and capaciters (49}
Each Inductor (1) has a companion capacitor (C) and
this LC combination is called the "resonator",
When L and € are teamed together in the manner
shown then the frequency in cycles per second (cps)
is expressed as follows:

FREWUENCY = 1,000

: 2Pl x ¢

Where, L ia in henries and C is in microfarads
The Franklin oscillator is relatively simple and is
noted for its frequency stahility. The good fea-

.




tures of this two-tube af tone oscillator might be
hetter appreciated if you examine ths basie re-
quirements for any LC electronic ocsgcillator when
only one tube is used.

In order to obtain a sine wave output signal an
audin  nacillator ecircuit must have the fnllowing
elepenta: an LC resonator, an amplifier, a lnad, a
35 degrree phase reversal loop from input to output
haek ta input, and o de power supnly, Thus, an LC
oseill itor mwmitht be called an energy converter
whicli if fed de power will eonvert some aof it to ac
poser at o given frejuency vith sine wave charneter,
ihen  only opne tube is used in an LC audie oscilla=
Ltor cirenit =.me methiid must he established whereby
a bit of ecnergy from the pl.te of the tube ia fed
back to the grid in phase with the input grid sig-
nal at a particunlar in=tant, (Like npushing a kid
on a swing), and post single tube LU audic eseil--

lators used  in U emnl vy semewhere in their cir=
enit A  tappet transformer whieh pravides half of
this du) degree turnarsuml service. [he additional

I8 degree [lip recuired for turnaroand is provided
oy the “vuhy L taelr, [he llartley eirenit is o goad
exutinlel It usea .n iwduetiv: voltage divider, or
center tap, Annther example if the Colpitts ecir=
eurt whiecl wses o cavaeitive voltage divider across

the tvansformer, In either ecase the "center tap"
used for teedbuck purposes provides a relatively
casy  means for conversion of de power to ae power,
dut  fre uepey stability is sometiies aacrificbﬁ.
This sericu= shorteoting ¢ruld be due to the inti-
mate  relationahip, or loading elfleel, hetwren the

signils in the "tapped" transformer,
the twi=tuhe Franklin ascillator shawn lieve avoids
this alorteaming nicely becanse the firast .tuhe
flips the signal 18 degrees in normal fishiogn and
this signal in turn is fed to the second ube whiel

grid and olate

again Flins it I8 desrves makinz-ac totadoo ;
This eopplerely  turned ar nmlsiznalod
pach £ the grid o f tue firat tnbe th

the Kid on - the
transformer is
arauml.

H“' B H b
only one simple as ignment, namely to osend a bit af

awing a push but
used to aeconnlish this

in-phase sigual hack to the zrid f the first tube
to sustain oescillution, And it dnes this-in a
friemlly manncr hecause this zeeund tube is iso-
lated load-wise from the all important firat tuhe
whose wnly job is to oscillate at the freiunency

digtnted by the LU resnonator (48) and (49).
lesistor (40) and capacitor (29) est-blish grid
bias far the 3.5 first-half and alsc serve to ad-
Jjust the feedback power from the second-half auto-
mutically so that the amplitude of oseillatinn re-—
mains essentially constant. (32) is the pl: . load
resist r,

In the second-half, capacitor (36) intronduces the

first-half .utput siznnl tn the second-half grid #5,
provides proper .ias for the second-.

legistor (37)
half. it
llesistor (33) provides secund-half plate load.
Condenser (34) and resistor (31) comprise the feed-
back cirenit, . e

Wihen all keys are "up” the 6.8 meg resistor (28)
affects a slight positive charge on first-half grid
#3 and satops any tendency of the oscillator to
“motorhoat”, This is & highly desirable feature
because it permits installation of the LC resona-
tors in the transnitter box and rather long leads
out to the hand held control box. Ordinarily when
Inrng lines are extended from the grid of an af os—
cillator some truuble can be expected with low fre-
quency "put-putting”, ;

It is eisily avoided by doing two things: First,
use a shielded multi-wire cable between the control
box and fthe transmitter and connect the shield to
the chassis of both wunits, Be sure to install rf
chokes (5)) and (52). Second, experiment with the
value of resistor (28) after the control box and

;. ple phone tip jacks at both ends of

the second tube in a Franklin osgillatir has

cable assemhly has been connected, Something more
or less than 6.8 meg may be necessary to stabilize
grid #3. In gener:l the value should be made as
high as pessible,

Resistor (35) serves as a voltage dropper in the B
plus line to the af oscillator. Capacitor (38)
permits developmenl of the Franklin oscillator out-
put signal .ernss potentiometer (39). ‘''he position
of the slider on pot (39) determines the level of
af tone signal fed to the next af stage which is a:

v, Class A audio Amplifier-Modulator {lower right),

This 3V4 power pentnde operates as a Class A aundio
amplifier which means that its purpose is tn re-—
produce faithfully an amplified version of the sine
wave signal presented to it by the IFranklin nscil-
lator,

To do this, the grid of the #V4 is hiased 7 1/2
volts by C battery (42), The incoming signal at
grid #6 swings entirely in the negative grid region.
As u result the amplified output signal voltage de-
veloped across plate load resi:tor (43) is a faith-
ful reproduction of the lranklin oscillator signal
voltage.

the input signal voltuge level at grid #6 is deter-
mined by the setting of pot (39). Capacitor (40)
introduces this af voltage to the grid. (44) is
the screen dropping resistor. (45) is the screen
hypass capacitor, Capacitor (B) couples the output
of this af amplifier-modulator to the control grid
of the 3B4 rf doubler-amplifier at point M.

CIHMCUIT ADJUSTMENTS

. If 100 ohm 1/2 watt resiators are installed at
points A, 4, C, and D with provision to connect a milli-
pmeter across cach of them, then the B plus current
flowing in the four separate circuits may be read., Sim-
each of these four
the transmitter

esistor brings this information to

Set' condenser’ {(10) at about 1/3 mesh. Tune the
slug of (1o) vo the point of plate current dip as read
&t 1 and set it on the stable, 'r shallow part of the
curve. The current at B should ne in the order of 3.5
to 3.0 mils,
With full
fully meshed,

connected and coindenser (24)
¢ ndenser (21) to the lowest

antenna
next tune

point indicated by the current reading at J. This
should be between 14,0 and 15.0 mils, lune condenser
(24) to maximum radiation as indicated on a field
strengih meter, Now, jockey these two condenser (21)
and (24) tn completely satisfy the above mentiomed con-
ditions, Meanwhile in the audio seetion the current at
A shnuld stand a4till at between 4.0 and 6,0 mils and

that at C hetween 5.0 and 7.0 mils. The above described

conditions are with "no tone",

I111. Now set pot (39) at about mid-point and apply any

one of the to Headings at A, B, and C may drop
glightly but D should drep to abwut one-half of "no
tone" reading and you'll note that the field strength

meter does likewise, These negative deflections indi-
cate that modulation of the carrier is taking place. A
quick check on the uniformity of modulation for all of
the tones in the resonator section is indicated if each
trine depresses these reading: pproximately the same
amount. [his shows that the ac vultage developed across
pot (39) is approximately the same for each tone. ‘
Only two contrels ars involved in the modulation
pe centage adjustment, rthey are: Condenser (10) for ad-
justment of rf excitation of the control grid #3 of the
3B4 and pot (39) for the adjustment of the ac tone volt-
age developed across the 3B4 grid resistor (9) and
thereby superimpised on the rf carrier. We ve c?osen to
modulate control grid #3 because only a tiny hxt_of af
power is required to do the job. But by this Ch61?0 of
modulation methods, which is favorable to R/C ligiht-
weight construction, we've inherited the task_of balanc=
ing rf excitation against af tone imposition. These
conditions in the 3B4 circuit ar: controlled by conden=—
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ser (10) and pot (39) respectively.
only a modest discussion of modula-

IV, Space permits i
technigues. vetails will be found in

tion theory and _ay
and handbooks but a practical appreciation of

the texts

the modulation process can be developed if we use the
"back door" apprnach, meaning, let's start with the
audin tone receiver whether it he reed or filter type

and work back to the transnitter. o :

An audi. tone type receive. demndnlates or "detects
the modulated carrier, lifting out the audio signal for
presentation to the reeds or lilters. The front end of
an audin receiver is interested only in the variations
of the carrier and NOT in the carrier itself, It dis=
cards the carrier in fact as a useless thing at the de-

tector stage and passes on to the amplifier stages and
thenece to the reeds of filters only t nse vuariations
which it has recognized and which we call audio tones.

They are in the low frejuency uudible range and are pre-
sentable to low frequemey discriminating deviees such as
reeds or filters, sinee the carrier has been rejected
the onlv useful power in our awlio tone sy-tem lies in
these carrier veriations, And the power in these varia-
tisns with respect to corrier is expressed ag per cent
modulation, a numerical ratio. ;

The front end of an audion tone type receiver "sees"
nothing in an un-modulated carrier; tlere's nothing to
1ift out an! send on to the reeds or filters. Such a
condition is labeled zero per cent modulation. n the
other hand, it does indeed "see" sometliing in a 100p
moduluted carrier and if properly tuned the detector
circuit lifts out of this perfectly [ormed amplitude
modulated wave a full-powered audin tonme signal having
exactly the same wave form us the carefully formed modu-
lating signal generat:d in the af section of the trans-
mitter. :

Under-modulation, meaning less than 10i%, can be
tolerated amnid is indeed juite uscful inlﬂgﬁssy!tﬁmaiiﬁ
the power residing in the upper and lawer sid
(carrier variations) satisfies ' the reeds
Uver-modulation, meaning more than i10%, can npt he ti
erated under any circumstances since such practice vio-
lates FCC rules, {lur ohjective then is ta learn how to
adjust our transmitter for maximum radiated uszeful power
which occurs at 100% modulation.

Y. When the control grid of an rf amplifier is em-—
pluyed as the modulating electrode, the desirable car=
rier variations radinted by the transmitting antenna are
in accordance with the variations anplied to the eontrol
grid bias voltage of the rf amplifier, I|his ecstablishes
our objective.

In this J4B4 rf amplifier circuit the fixed nezative
grid wvoltage, or biaa at the #3 electronde, is :htained
entirely ftrom the voltuse drop across grid ro istor (9)
caused by the Fflow of rectified #3 grid current when the
B4 is being driven by the preceding rf stage, which in
our set-up is the V4 erystal .scillutor. The setting
of wvariable condenser (19) affects this frixei de grid
bias wvoltage of the 3B4. |(See again CINCUIT pESCRIP-
TIONS I}, Now that a fixed dc grid bias has been es=-
tablished the trick 1is to vary it, as mentioned ahowve,
in a desirable audio frequency manner, this is accom-—
plished by introducing at point M an audi) frejuency
\tone) current which uevelopes an .c voltage across this
same resistor (9), hus, an «sc vnltage is superimpnsed

on the fixed de¢ bias voltage at this point and the net
result 18 a wariation of grid bias which will appear

similarly as a carrier variatisn at the antenna, lhis
isa the theory of contrel grid modulation as appliea to
our JB4 rf amplifier.

V1. The only reliable method for modulation percentage
adjustment of an AM transmitter involves the use of an
oscilloscape, Ihe reasnn iz that the scope presenta an
immediate, precise picture story nf circuit ennditinns
in the rf amplifier, A scope will plot instantaneously
for our observation the rf conditions on the Y axis
against’ the af conditicne on the X axis. Since (10)

|1

controls the Y
proper setting

axis and (39) controls the X axis the
of the two controls for 100% modulation
can be observea, I'he test should be conducted with an-
tenna fully loaded. I'he insert drawing shows the scope
connections for this ohservation and a typical 100% mod-

ulation pattern, It is an isosceles triangle with one
point to the right. A small pickup loop of 3 turns of
hookup wire is placed near the plate end of (22),
Lhence through two ,UU5 capacitors the leadas are con-
nected uaireetly to the vertical plates of the cathode

ray tube at its socket, ‘the ground of the scnpe is con-
neeted to the ground of the transmitter. Ihe horizontal
input of tne scope is connected to &, Ihis so-called
trapezoidal modulation demonstration is daiscussed in
several popular texts including the ARHL llandbook and
Rider ftlectronic lechnology Series Booklet No, 166=Y,
"Amplitude Modulation'.

VII. the schematie shows five LC resonators in the
Franklin oscillator circuit, one LC combination for each

channel. rtor the purpose here tive channels can be con-
sidered typical for multi-channel work although many
more than five may be used depending nn the desirner's

ability to build an equal number of reed or filter chan-
nels into his receiver, Admittedly the LC resonators
shown here are deluxe class since the inductors are
variable providing fine tuning of each channel. They
are UTC variable inductors, type VIC and are available
in 22 values ranging from ,0085 mean henries to 130 mean

henries, The term "mean henries" suggest the ideal
point for which the inductor is designed but the set
screw adjustment permits a range of 85% above mean to

45% below mean thus permitting practical latitude for

matching transmitted tones to the fixed channels in the

receiver's audio discrimirator section, This can be a

highly desirable feature in R/C audio tone systems,

A resonant condition exists in an LC circuit when
inductive reactance XL equals the capacitive reac-

tance XC, So, when the formulas for these two reac-

tunces are set against each other and reduced to simp-

lest terms the frequency in eycles per second is,

f = 1,000 where, L = henries

2 pi yLC 3 C = microfarads

Tgia may be rewritien several ways,
f

‘the

5% "ar o 0
= 25,330 f ¥ 25,330 LC = 25,330 c 25.33
LC LC 12 221
L = 25|33'.]
f2€
Thus, when any two values are known the third_may be
found. For example; if an inductance of 2.5 henries and

a capacitor of .01 mfd are teamed together the frequency
of the resonator will be,

f =/35.330 = 25,330 =},‘1,013,_2—oo = 1,007 cps.
2,5 x .01 .025

are useful in the design of a trans-
mitter resonatur section if allowances are made for the
usual tolerances assigned to values of inductors and
capueitors, the number of freuuencies (tunes) that may
be had is entirely up to the designer. The writer pre-
fers a separate resonator, that is, one inducter and
capacitor for each tonme and again with preference for

The for: !las

VIC variable inductor. H *, other types of fixed
inductors or chokes may be wowd, The least costly ar=-
rangement would consist of a aingle inductor having

several selective capacitors in parallel, one for each
tone., DPage 25 of UIC Catalog 56C shows a reactance-fre-
quency chart whereby inductance, reactance, capacit§nce
and frejuency may all be equated by using a etraight
edge.

VIII., The problem of matching the several tones in the
receiver's discriminator to the resonators in the trans-
mitter's af section can be solved rather easily with the
aid of a scope, an audio generator and a VIVM (ac).

We will have to assume that a discriminator of one




type or another has been installed on the down stream
end of our receiver's audio amplifier section. If we
inject somewhere into the receiver's audio section ac
signals from an.audio generator the resonant points of
the several channels in the discriminat:r can be read
directly on the dial of the audio generator. These
readings should be recorded on paper for future refer-
ence, The injection ac voltage from the generator
should be of the same order as that to be expected in
the receiver circuit at point of injection, The VTVM
can be used here to good advantage, The trick in this
examination process is to try to simulate by means of
the audio generat:r the ac voltage values that would
normally exist if detection (demodulation) of the car-
rier was taking place. This suggests the desirahility
of working with minimum rather than maximum ac voltages
from the audio generator, When the diseriminator chan-
nels have been adjusted to dasirable frequency targets
and these readings have been recorded the next step is
to mateh the frequencies in the transmitter resonator
section to these receiver targets, this involves the
use of an audio generator and a scope and is really
quite simple,

The output of the transmitter af section is "stolen"

from point E on the schematic, E is connected to the
vertical input of the scope. The ground of the scope is
connectea to the ground of the transmitter. The output

of the audin generator (2 wires) is connected to the
horizontal input of the scope and the scope is set for
external horizontal frequency input, With this set-up
we are going to plot the af frequency of the transmit-
ter's resonator = section on the Y axis against the vari-
able frequencies offered b the audio generator on the X
axis, Thus,  at some point a condition will he found
where X matches Y and this is indicated whpn an 0 ap-
pears on the secreen., = - i :

So, hold down any one of the tone buttons and rotate
the dial of the audio gener.tor until this (0 appears.
At this point the frequency of the particular resonater
can he read directly on the dial of the audio generator.
In this manner all of the resonator frequencies in the
transmitter af section may be observed and recorded,
The next step is to adjust these chanuel frequencies, by
varying L or C of the respnators, +to match the frequen-
cies previously recorded in the receiver discriminator
examination outlined above.

This process requires & modest amount of practice
with the generator and scope bhut once mastered the
transmitter and receiver can be lined up to perfection.
In all instances (ie examination should be conducted
without driving either the vertical amplifier of the
scope too hard or the horizontal drive of the scope as
represented by the setting of pot (39), ! :ich can be
learned about class A audio amplification (and distor-
tion) in the 3V4 amplifier-modulator by observing the
shape of the 0 as pot (39) is adjusted, Ideally a per-
fect circle should be observed but it is seldom obtained
in actual practice. The objective should be a2 closed
loop with a minimum of deviation from a perfect circle.
Deviations indicate distortion of the perfect sine wave
and should be judged in the light of the final results
desired for the total R/C system.

The writer wishes to express his appreciation to Robert
Grabowski and Howard McEntee for their many suggestions
and helpful criticiam,
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19
20
21

22

47K, 1/2W

.01 mfd ceramic
168K, 1w

.01 mfd ceramic
2.2 meg, 1/2W
,001 mfd ceramic
33K, 1/2W

.001 mfd ceramic

5 mmfd, mica - Ao
16 turns No, 22 enameled
wire close wound on CYC,
3/8" red slug coil form,
tap at 41 from cold end.
2,3 - 14,2 mmfd Johnson.
var condenser, 15M11,

20 microh, Miller Type 6152
rfe. R

2,8 - 17,5 mmfd var conden-
ser, illammarlund HPF-15.

6 turns No. 16 airwound,
X/8% 1. D,

3 turns No, 16 airwound,
same direction as 22, 3/4"
1.D.,, at cold end of 22,

PARTS LIST

24

25
26
27

28
29
30
31
32
33
34
35
36
37
38

39

40
41
42

43
44
45
46
47

48

49
50
51
52

3/7 - 52 mmfd var condenser,
Hammarlund HF-50,

.0v]l mfd ceramic

9' = 10' whip antenna

7 microh Ohmite type

4-50 rfe.

6.8 meg, 1/2“

.01 mfd ceramic

100K, 1/2w

3.9 meg, 1/2W

22K, 1/2W

22K, 1/2W

.01 mfd ceramie

10K, 1w

.00]1 mfd ceramic

100K, 1/2w

.01 mfd ceramic

100K pot

.01 mfd ceramic

3.9 meg, 1/2W

5 pencells in series,

7 1/2 volts.

22K, 1/2W

22K, 1/2W

.1 mfd, 200 v.

.01 ceramic

Belden 6-conductor shielded
cable #8428, see text,

UTC Type VIC variable induc=-
tors, see text.

Ceramic condensers, see text,
100 ohm 1/2W, see text.

7 microh Ohmite type Z-50 rfc.
7 microh Ohmite type Z~50 rfec.
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~ Servicing RC Equipment
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BY DALE SPRINGSTED

The day was, when the novice R/Cer took a magazine

article to the nearest radio supply store, plunked it
down and asked, "Would you please fill this list of
parta?" A handful of condensers, resistors and the like

was handed over, nome of which bore any resemblance to
the current submini parts, now so familiar. After re-
turning home, and struggling for a while, maybe you had
a workable receiver, Thet some did have workable equip-
ment via this method is attested to by the results today,
in what appears to be the fastest growing hobby today.

The approach at present to R/C activity has changed
somewhat, The 1: ense free spot of 27,255, (now ex-
pundcd) brought to light new circuits, techniques, and
equipment of all sorts. You cen now walk into a store
and emerge with a practically built model, almost ready
to fly. Conversely you can also purchase the same
equipment in kit form comsisting of instructions, good
quality components, tested circuita, with varied amounts
of the more difficult tasks completed.

Notwithstanding all this, the kit menufacturer can
not place at your disposa)l the little special techniques
necessary to assure success every time. Perhaps the
most flagrant error made by the kit builder, is to NOT
follow the instructions to the letter. Conversely there
are some instances where you follow the instructions too
thoroughly., More on this later, After several years of
repairing and servicing the results of many builders,
the following items are prime examples of the what to do,
and what not to do. ;

First on the list, must come soldering know how., I
would be rehashing the subject, since an article on how
to do this appeared in the first issue of GRID LEAKS,
Volume I Number 1, There 1is no real way to learn this
other than practice. Appearance of the joints should
tell you if they are right or not. If it is all lumps
and gobs it is obviously a cold, poorly soldered joint.
An estimate by me would place 50% of the failures to
operate because of poor soldering. Consequently it
would seem that prior to attempting construction of an
R/C kit, it would behoove the modeller to practice up a
bit on his soldering technique.

A couple of observed examples might be interesting,
for instance, A glob of solder shorting the positive
filament connection to the adjacent pin, which places B
plue on the <filament. The brilliant white 1% "t that
appears momentarily is the tube filament burning cut and
only bhurts the eyeballa for a second, but the impression
on the pocketbook remains. The glob of solder that runs
down the pin and permanently solderas the tube in place,
then when you try to remove the tube, poof, no pin any
more, Result, new tube, The glob that runs down to the
chasais from a B plus connection and shorts the battery
to ground. This keeps the battery manufacturers in
business, the easy way.

Inverted components, This is another bugaboo for
the beginner, It is donme in two manners, Easiest and
moet common is to place paper and electrolytic capaci-

tors in the circuit with the wrong polarization. Paper
and electrolytics are marked clearly either positive or
negative sometimes with a plus sign, more commonly with
a band of contrasting color on one end. The band de-
notes the ground end, or negative end of the part.

-
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“tion for a

As the sketch shows, the common paper has the hand,
and direectly below this is the correct symbol for such a
capacitor, Not always are the small plus and minus
signs shown, but the proper practice is to show the sym-
bol with one straight bar, and one bar curved. The
curved bar is always the negative or ground end. It is
then a simple matter to note where this end goes and
place it properly in the circuit. Some circuits need
proper positioning like this to provide electrical bal=-
ance,

When wusing the common small disc ceramic or mica
capacitors, there is no polarity to concern ome. Here
the inversion is accomplished in a different manner,
The physical appearance of a 100 mmfd, disc, and a ,001
mfd disec is just about the same. Certainly it is easy
to transpose the two, but not if the capacitor value is
read correctly, As the sketch shows, the leads should
be held at the bottom, and the value noted. By turning
the sheet upside down we reverse these values, but not
the capacitors. Inverting these in a receiver leads to
disaster, A simple error, but a repetitious one.

If you have completed?? building the kit and have
left over, it is pretty generally true that you
The prime example of this is the number of Com-
mander Transmitters that turn up, with two small fibre
washers missing, from a location under the lug of the
binding post that supports the tank coil and capacitor
agsembly. This is another method of making the battery
people happy, since it results inm the battery being
shorted to ground, After this occurs and the set re-
fuses to function, the builder probes around a bhit and
further damage results, The moral here is to check the
building list carefully and be sure all the parts that
should be used are used.

Parts substitution is
easily made. 8i & certain
operate if only m..or changes
that if you so much as change even a small screw be sure
it is replaced with an exact duplicate. Does this sound
a bit rough? Perhaps, but a first class example will
illustrate. In the Commander Receiver kit, the guench
coil is held in place on a dowel which is in turn fas-
tened to the chassis via a bras= - »d screw. The simple
act of replacing this brass sc.. ith one made of steel
rendera the set useless, Everything else ias perfect,
but one little measly piece of steel 1/8" in diameter
3/8" long is added and the builder is cursing the kit
manufacturer for producing faulty gear.

The kit manufacturer does a lot of work for you,
such as winding coils etec. Did you notice that the ter-
minal connection, although bared of insulation was left
unsoldered? Did you solder it? Good! Others did not.
This goof results in intermittent operation. The trans-
mitter tank coil is supplied wound, you have counted off
the correct number of turns and bent the leads ou? prop-
erly., Did you half-heartedly clean the formvar insula-
poor joint, or did you really scrape the

coating off for a good one???

parts
goofed.

one more error that is too
circuits simply refuse to
are made, it is important




A small item that is sudden death to the proper
operation of any receiver, is to bring the antenna lead
out from the set in the same bundle of wires as the
power leads, It is commonly donme by many. Practically
any receiver will refuse to function, or if it does,
likely will have relatively poor range from this prac=
tice, It is proper to bring the antenna lead from the
receiver out away from all metalic objects, and in par-
ticular the rest of the model wiring.

d A little point that is commonly missed on building
printed circuit board type items, Where there are small
eyelets crimped through the chasses, and touching some
portion of the conper laminate, this point should be
touched with solder for a good electrical connection.
If not soldered, it will only be a short time before the
copper oxidizes a bit and thg contact that was there
dls§ppanra. I'his could oceur for instance when the mod-
el is 200 feet up. Sometimes tubes holding flea clips
go through the P. C, Board, and these also should be hit
with a bit of solder,

spring contacts

= ube .. _ipiJ

solder here

Speaking of flea clips. How many of you solder the
tubes in place rather than using the clips as the dia-
gram shows, which is the proper way? Why not solder
them, you ask? Several reasons, It makes tube changing
ditficult., [t very frequently results in permanc¢nt dam-
age being done to a tube or transistor as the case may
be. To explain, the glass is sealed around the tube
leads where these leads pass through the base of the
tube. This is dome with heat and pressure. Since many
materials expand with heat and glass and metal pins are
smong those that do, a bit too much heat near the tube
base opens the seal and allows the gas or vacuum to es-
cape. With transistors, too much heat while soldering
is ruination itself. Tf you must solder the leads as
certain eircuits require, use a heat dissipator called a
heat sink. Check the soldering article mentioned pre~
viously.

Getting along to transistors, one of the best ways
to damage these is simply to reverse the battery polar-
ity. The only trouble with this is that as in the case
of tube filaments, there is no bright light to tell you
that something happened, Make sure you do mot reverse.
I1f you are not sure of the basing diagram, take the
pains to look it up. Supposing you nave 4 transistors
at $1.90 each, the result of inversion only is costing
you #7.60,

I mentioned that points come up where instructions
are too well followed. Our friend the PC board is in
this one. Ihe directiona say to clean off the excess
solder and roughness with a file, after the job is com=
plete. This means that you should merely take off the
high spots, not grind the joints down to within 1/32' of
the board. When you take this much solder and lead mat-
erial off, nothing is left to hold the component in

" place, much less to make a connectionm.

Alright you have built a kit, and it does not work.
How far should you go in trouble shooting yourself?
This one is a toughie. It pretty much depends on how
much you know :bout the circuit you are dealing with,
but as a service manager my answer is send it in then,
not after attempting to resolder and change parts. Let
me put it another way.

I1f you have the following items you have it made.
A 1000 ohms per volt multimeter, a VIVM, an oscilloscope,
a grid dip oscillator, and perhaps an audio oscillater
as well, fine. 0f all of these instruments the two
which will have the most uses are the multimeter, and
the GDO or grid dipper. With the multimeter, you can
check tube filaments and check tubes for internal shorts
as well, You can determine if the circuit is function=-
ing properly by current measurements. You can check
battery woltages, under load please. The grid dipper
checks for resonant circuit values, and doubles as a
test transmitter, and will check crystal activity, in
addition to other maes which are not quite so common,
This will just about do it for you as long as you are
sticking with straight R. F. carrier gear. 1f, however
you happen to be using tome, then for trouble shooting,
the oscilloscope is a must for picking out the trouble,
Here the visual aid of the voltage picture on the mcope
screen quickly determines the problem stage.

How do you go about checking for trouble? I can
only gloss over the high spots. To give a complete de-
scription would fill a book. Briefly the basic checks
are these, First determine if all the components that
can be removed, tubes, crystals, transistors and the
like, are good, ‘sxt check the circuit in question for
continuity. Resistors, coils, chokes and the like,
Apply batteries and check for voltages as far as the
circuit with all parte installed. This is the point
when experience counts, since from here on it becomes a
test of skill at picking out a leaky capacitor, or a
shorted one, a bad choke, that may have a shorted turn
in it, or any one of a myriad sther things that can
go wrong, This is when it pays vo have a company ser-
vice representative look over the job for you.
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TRANSISTORIZING HARD TUBE RECEIVERS

18 to 24"

17v-
11 780

S
KFC

Ll-~15 turns #32 enamel g

on SPC2-2L Form
RFC~--See text A= A+
TR1--CKT21, CR722, AO1

ifransistorizing hard tube receivers seems to be a

popular puatine with the N/C fraternity Judging from re-

ports that we're getting Lere at Grid leaks, Volume 1
#2 of Grid Leaks

ply modified for a current rise,

Because of the extreme interest in this ai:_ ﬁ#f”
and excellent reports that are coming from all over the
country, Tucsun fTrain Shop at Tucson, Aarizona, Frank's

Model Shop in Roswell, New Mexico, Joe's iiobby Shop in

St., Charles, Illinois, Urumbeloe's Hobby Shop in Augusta,

Georgia, and countless individuals, we have been be=
sieged for copies of that particular issue.

However, all back issues of Grid Leaks now are fi=
nally exhausted and rerun is just currently not possible.
Due to many requests we are presenting the eircuit agaim
on the transistorised Commander whish eewld apply te

24"

RFC
L1-=25 turns =32 on
LIC 15M Red dot

RFC=-=3 "¢" x 5/8" form
woun:d full =34

Mini yJuench Coil

B—=221 Valts
A=e II Volts

B+ AB-—

R R e

showed how the Commander utght hu linr =
. may need to be changed, many go to a higher

TR1
o~
5K
30K .
wl el
224V 224y

many hard tubers, The ecircuit features an extremely
low idle through the relay which goes up to about 5 mils,
upon receipt of signal, As mentioned in the original
article where the sensitivity is lacking the rf choke
inductance,
although many people write us that they have had to make

‘mo changes whatever.

In Volume 1 #4 of Grid Leaks, one of our correspon=
dents mentioned the fact that he tried the 334 instead

of the 354 with even better results, However, the 354
is seeming to give excellent results for many users,
The reason for presenting this circuit is that

another such circuit came in using a sub-miniature tube
which has half the filament of the 354 and also it is a
simpler hook-up. We have not had the opportunity of anm
experiment with this circuit but it comesz to us from
Donald G, Leoliger, Wooster, Ohio, and Don saye of his
circuit, "The circuit is one I've just completed, I've
ground checked it at | mile with no noticeable decrease
in plate current change. I'm ueing a nurman relay that
has been modifieu to increase contnet ridigity. The re-
lay is set to pull in at 1.5 mile. and drop out at 1 mil,
the current change being trom practically zern tn over 2
milsa. I have 1 » meter im the ground circuit and use a
SPST switeh iu the common A=, B= lean to turn tlie re=
ceiver on and off.

"Tuning procedure is the same used on hard tube re-
ceivers, simply working the padder until the idling cur=
rent drops then key the transmitter an. tume the receiv=
er in with the enil,.

"This is my anawer to hb° the receiver with a cur-
rent rise instead of a decreasc, I have the equipment
in a three foot J}\ airplaune. The relay really hangs
when the trunsmitter is keyed, The receiver idle cur-
rent is very low and the collector current jumps to aver
2 mils. when the first stage drops. Since Lhe receiver
operates on only 22} volts, it is not necessary to carry
two batteries for the B supply.

"The performance of this receiver is as goed if not
better than any receiver I have ever used, There are
undoubtedly” many improvements that could be made, but I
find the receiver very satisfactory. It has no unusual
characteristics and is very easy to tune. After all what
do you need beside: range, large current rise, and easy

tuning?"




NEW RC FREQUENCIES

additional fre-

Effective September 11, 1958 five
quencieas were allowed for Hadio Control, These range
from 26,995 to the present 27,255 spot, In all there

are 6 channels now available,

Also effective on that date, all tolerances for the
crystals are ,01 for power under 3 wattas, and .001 for
power over O watts, This meuns that all transmittiers in
use will need to have the crystals checked since the old
tolerance was ,(04--a wide apread.

Additional info from Dr. Walter Good on this states
that all old 27,255 me gear usable until June 15, 1964-=
all transmitter equipment of the old ,04% crystal may be
used until this time if the equipment was in use before
September 1, 1958, so your customers don't have to rush
right out and buy the new tolerance crystals.

Our checks w:th Wright crystal engineers, show that
all Wright erystals which have been shipped from Ace
Radio Control within the past two years are already at
the .005 tolerance, However in single tube circuits this
is only true if crystal drive is limited to 6 milli=
wats, If more then crystal will drift off considerably,

Frequencics allocated are 26,995, 27.045, 27.085,
27.145, 27.195, and 27.255.

What does all this mean to you as an R/C fan? Sim-
ultaneous operation with present equipment?  lhe anawer
to that is a resounding no, The superregen receivers in
common mse today are simply not selective enough to dis-
criminate hetween even the two extremes of the 6 chan-
nels--28,995 and 27,255, % :

With present transmitters it does net pose too much
of a problem, only slight retuning is needed. This ap~
plies only if the transmitter is one of the more stable
typea.. It is nuite trans

Super-regen detectors which are used in almost 100%
of the receiveras used today tune roughly 600 to 8.0 KC
broad. Since the spots we have cover omly 250 KC or so,
it is readily apparent why the channels do not mean sim-
ulteneous operation. I1f this is the case, did the FCC
really do us a favor by granting the extra chanuels at
the cost of tightening up tolerance?

We feel they did--for the future. The R/Cer's in
the USA are a sharp bunch, and the snswers won't be long
in coming. We hear onme of our competitors is working on
a super het receiver. Also the Wright Electronic engi-
neers are working on a crystal pre-selector which would

couple into your present receiver to provide ths selec-
tion, This would consist of a tuned errr .1 eircuit
which would increase the #8electivity to tie required
selectivity.

It is almo possible that other answers will be
forthcoming. For the time being Ace R/C will offer only

two crystals, 2.6.995 and 27.255, and follow developments
closely before announcing the receivers or pre-selector.
We feel the FCC has definitely helped the situation for
future R/C uae and it is one of the best things to have

happened to Fi/C in its almost 8 year Citizen's Band life.

Walt Good suggests "It might be well to first en=-
courage worl aon receivers which will separate 26,995 mc.
from 27.255 mc. and fill in the other frequencies later.
In additiora, modelers having interference trouble on
27.255 me may find relief in switching to 26,995 mc sim-
ply by plugjging in a new crystal in the transmitter and
retuning tlie receiver.”

For the time being, all transmitter kits coming
from Ace will be 27,255 mc unless ordered otherwise. To
change fr'equency it will only be necessary to change
crystal amd retune. Many builders will probably mount
the crystial socket on the front panel so that fregquen-
cies may be shifted quickly.

possible to "pull” a transmitter
away from crystal frequency in the wrong type of cireuit. . -

Ace will also offer for the serious experimenter
one other frequency so that they may experiment and help
develop the required receiver circuitry.

Prices will be as follows: Wright Electronics
27,255 $2,.95, \Wright Electronics 26.995 $3,95, We will
stock only 26,995 and 27.255. Petersen Z9A crystals for
any of five new channels will be available on special
order only, We will stock the Z9A in 27,255 at & con=-
sumer net price of $5,50,

One important change on licensing should be noted.
Form 505 is being revised, but until it has been, old
forms may be used, Main change is in notary section
which details licensee is 18 years old. However, impor-
tant is the fact that ALL license applications now must
be sent to the Secretary, FCC, Washington 25, D.C. Do
NOT send them to the regional offices any longer.

- New vistas open up to the R/C in the immediate and
foreseeable future, More power is allowed, =80 new
transmitter designs will be forthcoming. Age limit has
been lowered to 12, so that means many of the younger
fry can get in on the K/C fun they've been wanting to
get in on for the past years,

: We feel R/C has made another giant stride., With
you we'll await the future with anticipation. Reat as-
sured, too, that as soon as new receivers or pre-selec-
tors are available, Ace will have quality kits for them,

ot

As an incentive to the serious R/C experi-
menter Grid Leaks is offering to the first per-
son to come up with a selective circuit which
will provide use of any one or more of the five
additional channels available to the R/C fra-
ternity, a complete WAG TTFW receiver and
transmitter kit.

Conditions of the conmfest are very simple.
We are not limiting the type of circuitry. It
may be & tuned rf stage, it may be a crystal
type pre-selector, an antenna trap, or it may

be a super het receiver which will utilize only
however, in

one e¢hs - ol, Qur main purpose,
this i. to strive to see if we cannot use
existing R/C equipment with selectors of some

type, crystal or otherwise to enable us to get

use of these channels.

Postmarks of submitted schematics and the
submitted gadget itself as well as complete
reliability when run = '-r tests will determine
the winner.

So come on you ardent R/C
Let's see what you can dream up! Grid Leaks
will spear-head the movement and award the WAG
TTPW receiver and transmitter kit ae the incen-
tive. Let's hear from you, gang!

experimenters!

O
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We were highly pleased to receive in the mail recently a copy of "Quick Blips", a pub=-
licuti n of Joe's llobby Center, 9810 Wyoming, Detroit 4, Michigan. It's a sprightly three
page mimeograph paper containing much information of a local nature and giving a sort of
preview of kits and new R/C items in the Detroit area, The thing that pleased us most
highly and flattered us was the comment in the beginning, the reasons for starting this
magazine "we wanted a sort of local 'GRID LEAKS' ",

With this issue we feel we are bringing you many exciting new things, There's a very
extensive article by dJerry McGeorge on his super-duper audio transmitter which has seen
years of developmental work, It is presented in its entirety since we feel that the ser=-
ious R/C'er sometimes is neglected by having to wait for the magazine to appear with a "to
be continued" type article, At the risk of leaving out a lot of general nature, we felt
that it was best to present this material in this manner so that the serious R/C fan would
have the complete article to digest, There is much in the article itself about the theory
and the development of audio work, the use of a scope in checking modulation which makes
good reading for all R/C fans be they beginner, medium, or expert.

The article on servicing by Dale Springsted should find a ready welcome for those who
experience difficulties, Red Costlow came through with some tips on building and servicing
the TR 4.5.

We feel Grid Leaks will present another first in an article by Ed Lorenz next issue,
This is one of two articles which will appear on this important subject. We've been re-
ceiving many re-suests on making printed circuit bases and when Ed volunteered the article
we were most delighted because he knows his way around PC.

With reference to the new R/C frequencies, we feel it advisable to point out that the
new tolerances, while they are mot absolutely required until 1963, cannot be observed even
with the new tolerance erystals in many of the existing circuits, Crystal drive must be
limited to 5 or 6 milli watts., This is the consensus of the opinion of both Petersen and
Wright KElectronics engineers, This means that many existing circuits which have a greater
drive than this begin to heat the crystal and as soon as heat is in evidence, the crystal
begins to drift frequency wise and is considerably off tolerance. It will pay you to check
your circuit,

MOPA circuits, it would seem, will come to the fore in the new spots. It is not near-
ly as necessary to drive the master oscillator as high to get relatively good output out of
an MOPA, Also, the 13 mc type doubler rocks will be used to a much greater extent for the
simple reason that the quartz is heavier and drift is virtually no problem at all because
it will take quite a bit of drive to go off tolerance, according to Wright.

We invite your attention to the contest Grid Leaks is sponsoring with reference to the
receiver or pre-selector design to enable us to use the five additional frequencies allo-
cated by the FCC.

We have been corresponding with Al Doig, of Los Angeles, who has developed a triple
proportional receiver being test flown by iloward Bonner with exceptional luck, Rights on
the schematic are restricted so we can't reproduce it he. ¢, But suffice it to say the re-
ceiver uses 30 transistors and the price of the transistors alone is $90.00. It requires
three special Bonner servos, the use of toroids and a number of diodes 80 we could defin-
itely say it is not a kit type project.

We'll keep you posted on developments, This is essentially the same circuit as was
block diagramed in the previous issue of Grid Leaks and is a move in the direction that
many L/C'ers are seeking. In the mean time if any of you have an; uits of this nature
that you wish to share with our readers, we'd be most happy to receive them.

That reminds us, this is definitely your magazine, It is designed for the exchange of
R/C information and circuitry among the K/C erowd in the U. 5. A. and in the world. Why
not drop us that favorite circuit or that favorite design of yours and let us share it with
our other readers.

Until another time

Yours sincerely,

\\:f{\f\\a/(--a

Paul F. Hunge
ACE RADIO CONTROL




SHORT CIRCUITS

MOTOR CONTROL LINKAGE

A REGULAR FEATURE OF GHID LEAKS, THIS PAGE PRESENTS SHORT NOTES OF
IMPROVEMENTS DEVELOPED BY OUR READERS.

SEND US YOUR BRAIN CHILD!

1/8" 0D BRASS TUBING
/

[

> =

77
(i '\f\
'
Y

ESCAPEMENT
MANY AS
/-C BENDS
(OPTIONAL
POSITION)
This hookup will work with an Escapem!nt on 1/8"

rubber or a servo, llas been tried with Bonner Single sN
kescapement and Debolt 3rdma,

the last 1/2" to " of the leadout should be filled
solder for stiffness where it is out of the tube.
the brass tube bends much easier if heated first
burner on stove and then cooled,

with
over
VR FOR PULSERS

TO
TRANS,

——

IN FROM YOUR
POWER SUPPLY

o

# Ry Pulser gl
‘—I Relay

5
VR-90 80v to
(0B3) PULSER
i 2
- T0 PULSER
AND TRANS,

In looking in Vol. 1 #4, 1 noticed an answer on 3v4
pulser on power supply. Tney recommend use of hatteries,
not so, unless you like to buy them. My transmitter has
operated a lot of days, four to five hours at a time,
wi?hout a skip, The fellowing may be of use Lo others,
being easy and inexpensive to use, the VR-90 (0B3) is
reliable,

Size of resistor Ri
from power supply.
ing right asize,

will depend on input voltage
trandpa vhms gives formula for rind-

R 1000 X {(Es-Erv)

Ees - Voltaze from the power supply.
Lrv - llegulated woltage - 90,
1 - Maximum tube Milliamps. (which is 40 ma)

Adjust tulbe to steady glow, also check with volt-
u?tnr u:?h vibrmtor on. BDe sure to use heavy enough re-
sistor ni to carry the large voltage drop.

Watts = ,040% X Ri
EEEP GHID LEAKS C¢OMING.

Best negards,

Dr. W. R. Hatton
Vevay, Indiana

MAY HAVE As HAS BEEN USED WITH AS
3 SMALL AS 1/2" RADIUS

SULLIVAN UR SIMILAR STRANDED
U CONTROL LEAD OUT WIRE THAT
CAN BE SOLDERED

S

L

FOX OR SIMILAR
EXHUAST THROTTLE
OR WORKS WELL ON
BRAMCO TYPE

This idea originally came from the Badaco bunch at
Shreveport but they were using 1/64" music wire in 1/16"
tubing with a Bonner Servo, This will not work on es-
capement though, not enough power; hence the flexible
stranded wire,

Dick Thompson, Alma, Arkansas

CONTROL BOX SENSITIVITY?

Regarding Tom Caruthers', Raleigh, North Carolina,
letter to G/L, asking for a geared stick box for TTFW
because the 60 degree pots are too sensitive.

I have had quite a season of flying a TTPW and ex-
perimenting with different actuators.

I find that sensitivity of controls is not in the
box, but in the actuators. Gear them down more,

At present 1 am flying a L/W Cruiser with Bonner
Servos on TTFW, Couple them close with short control
horns and put plenty of rubber on to limit the throw,
Don't let them travel too far or they will be too slow.

Lots of fellows are complaining about sensitive
control boxes on proportional systems. I hear it often
in our area. You people at G/L should mention this in
your next issue and set the fellows straight.

The actuator in G/L Volume 1 #8, by Jim Martin, is
one of the best I have seen and sensitivity can be ad-
justed by varying the length of the control horns.

My mnext project for this winter is the new L/W Cus-

tom Bi-Plane on TTPW with Jim Martin's actuators, This
should be a dream.
I also fly Galloping Ghost in a L/W Trainer. It's

sure a lot of fun.
Keep G/L coming, it's wonderful.

Happy Landings,

J. C. Lucas

COMMANDER ON 50 MC.

From £, Paul Johnson of Des Moines comes word about
the Commander working beautifully on 50 mc., This should
work equally well with the transistorized versions shown
in this issue,

Here is the quote from Paul, "1 bought one of your
Commander receivers at the hobby shop at the nationals,
When I got home I converted it to 52 me and it really
works swell. It's hard to find a receiver that doesn't
interact with my drop out mystem for intermediate but
the Commander really does the trick. I just removed 8
turns from the coil and put a 5 mmf in series with the
antenna, On 874 volts it idles at 6 mils, and drops to
below 2 mils. on signal."

O

O

O
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SIMPLE TRANSISTOR TESTER

CHECKS LEAKAGE AND RELAY STAGE OPERATION

Transistors are coming to the fore in R/C. This is
as it should be because they afford economy of operation
and now with lower prices and better dependability and
stability they offer many applications in R/C, !

However, transistors vary widely in their internal
.characteristics even from the specification sheets given
by the manufacturera, Most of the transxgtnls that are
used in R/C are low cost audin frequency types which
means that they are probably rejects or at least infer-
iors of a more expensive type branded WIth that particu=-
lar number,

While the manufacturers are making avery effnrt to
make the charucteristics of the transistors more uniform
many builders are finding that virtually all transistors
need to be checked before they are placed into n/c Cir=
cuits, This was particularly true when Marcy Inkman was
developing the MarcyTone Heceiver, Marcy developed the
circuit shown right to show how much relay current rise
he could expect or if there would be leakage iu-tha re=
lay stage, . ; ; i

The good hot T0'37, in this particular checker,
will rise up to 4 to 5 mils, depending, while a mediocre
one will only go to 2, : e :

With the button up, that dis with the pusbeswitel
off this checlier also tests leakage in an idle condition,

If the didle is high it means tle relay will idle
higher than the ecustomary ,2 of a milliamp.. :

We have built this checker and found it an extromes
ly handy gadget as well as very inexprﬁa'
there are many commercially nvaxlnhle che;
market, we feel this unit as designed hy iar
the perfecet answer to see how much of a rclnv nurrent
change the given transistar will provide, While the
figures given above are for the T0O037 other figures.cnn
be developed by experiment, Wor instance with the CK72
in this partieular circuit the beat rise you will get is
from 2 to 2! mils on a good hot (K722,

To construct this we used the Jud CU30NZ box which
is 4" long, 2 1/8" wide, 1 5/B" high. ;

It was drilled as shown on the draving, The . hox
holds the 30 wolt battery with the socket on. the top lid
so that the transistors may be easily inserted, tested,
and removed, ; ! ;

A Switcheraft 203 switch is used althoush only one

pesition of this switch is used as in sPsT

Two 4/49 x 1 bolts und nuts protrude frow one end
which are colored red and black so that the bench multi=
tester may be hooked on in the 0 to 10 milliamp, scnle.
These are insulated by fiber washers,

It was deemeu advisable to have this unit less mete
er so that the existing meters could be used to help
keep down the cost.

Cost for this circuit is very negligible since the
barest minimum of components are used, An Acme #19 box
is inside the case holding the 30 wvolt battery, the
switeh 203, and the 5 prong sub-mini socket, the bud
mini box, am SP3T, and a few assorted resistors and
you're in business,

We believe this little transistor checker will do
much to help you spot faulty transistors or transistors
mot up to par in the making of your R/C equipment and
will provide a wvaluable audition to your test kit of R/C
instruments,

Une word of caution-—turn off the switch before in-
serting thie transistor, Always make sure the SPST slide
switch is in an off position before transistor is in-
serted in the socket for test. This prevents accidental
wrong hole application and also gives the transistors a
better break,

30v
___i“FL
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470K « 1K

PUSH SWITCH

—— e————
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switch
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MARCYTONE TIPS

Considering the number
transmitter kits that you've sold,
me how few I have had in here for service, In view of
the service jobs, however, that I have had, here are
some hints for the boys that are having trouble with
their transmitters and receivers. If they followed in-
structions correctly, trouble shouldn't exist, Some of
the boys who buy kits should buy ready huilt units as
¥You and 1 both know. 5

50% of the gjobs or better that have come in for
Bervice have been poorly soldered. fhe wrong kind of
solder was used and it is quite apparent that a solder
gun of much heavier capacity than that required or de-
sirable was unsed,

We find the Ersin multicore solder to be an excel-
lent solder and Ungar pencil soldering iron to be an ex-
cellent woldering gun to use, : :

For best re:ults in tuning on both single and
multi-chaunel receivers, we find the tuning coil to ad-
Just on the grid side of the slug in,

If you do not seem to have enough gain in the six
channel on all channels, try +to boost the amplifier by
removing the 15K resistor in the second stage ([it2) and
replace it with a luK resister, This will give you over
all boost on all channels, i ;

1f you lose gain in cold weather try adding a 6.8
oT 10 meg resistor from the CK722 (TH1) base to B minus.
Leave the 100K resistor as is.

Un the six channel, it has been found desirable to
place the TOU37's on the outside of the case to prevent
them from over heating. It is quite alright to lay them
down on the hoaru, too, i ;

A8 in any kit when you are assembling the receiver
and transmitter, do not make the leads toc short, This
will pull the lea:s teo tight and th A age
parts when they're installed. i :

When you are tuning the pots on the DT mu
transmitter, make sure that you are not on a harmonic.
If the transmitter is too clese to the receiver you can
make a mistake in tuning the VFO control. For example,
the single channel receiver filter is 5400 cps, By tun-
ing the VFO you may accidently tune past 5400 cps to
2700 cps which is a harmonic. The meter may show a J-4
mil gain if the receiver is too near. As you range
check you should strive for 5400 cps because a harmonic
will not carry for as great a distance.

We also have good news for the 50 me boys, Take a
single or multi R/C receiver and convert it to 50 me by
taking off one-half of the turns on the tank coil of the
receiver, but remember the transmitter for 50 mc has to
be modulated 100%, S0 there 1is no problen zet the

Marcylone to work for the 50 me¢ men, If receiver lacks
sensitivity, try different lAG4 tubes. This is particu-
larly true in case of the 50 me not so much on the 274,

I hope this will help some of the hoys, 20 until
another time take care of yourself,

of MarcyTone receiver and
it is remarkable to

Sincerely,

Marey Inkman.
“TR 4.5 HERE TO STAY" :

We thought you would be interested in our bench
test results on the TR 4.5 receiver as it appears to be
one of the most flexible receivers that we have ever:
teated.

We shall start by saying that performance may vary
widely between receivers due to the broad spread of
transistor characteristics between individual units.

The enclosed graph shows the relay current va. re-
lay resistance. The so0lid curve shows the calculated
current if the output transistor is consgidered to be a
switch. (ie. opem circuit and short circuit alternately)

fﬁkle”a G
signal current

£i:h ut:er lwordl Do, or very low, internal resistance
=~ signa and infinite resiastance without signal).
. e above statement holds true with relay resistance of
too to 600 ohms or greater, however, relays with resis-
ances of the transistor becomes significant. The lower
the relay resistance, the more significant the internal
resistance of the transistor becomes as shown by the
dashed curve which is actual measured relay current at
several different relay resistances below 700 ohms, Re-
lays with resistance above 700 ohms fall on top of the
solid line for all practical purposes,

As will be noticed, the graph is a double scaled
one with the figures on the bottom representing relays
with resistance of 1000 to 5000 ohme, relay current to
be read on the scale on the left hand side of the graph.

If you know the current that you want to flow
through the relay you just pick out that line and follow
straight across to the proper curve, then down to the
bottom of the graph and read the relay resistance that
will give you this current.

Example
1 ma use solid curve 5000 ohm relay
5 ma use solid curve 1000 ohm relay
10 ma use dashed curve 400 ohm relay
20 ma use dashed curve 210 ohm relay
30 ma use dashed curve 130 ohm releay

If you have a relay of known resistance and want to know
the current that will flow through it just reverse the
above procedure.

The amazing thing about this receiver is its abil=-
ity to work on a wide range of relay resistance. In

fact, we have had it operating with good reliability
with 'relays from 35u0 ohms down to values much lower
than 100 ohms (3500 ohm relay draws 1.4 ma). Uur pet

! The on

rersion is now using a Sigma 4F 2000 ohm relay.
igr through the relay is 2,5 ma which gives
the relay a hefty whack and the signal off current is in
the low miecro amp. range. Total receiver drain is with
no signal 1.2 ma (with or without carrier). With signal
total drain is 4,7 ma, At the above drain you can prac-
tically forget about your batteries, in fact, pen cell
unita should last their normal shelf life.

All the above readings were made with 5 volts ap-
plied to the receiver. In conclusion we say "It looks
like the TR 4.5 is here to stay."”

Sincerely,

Jim Conklin
Uwensboro, Kentucky
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TR 4.5 TiPS

BY RED COSTLOW

In the short time that the "45" has been out, many
modellers have built the receiver from a kit or the cir=-
euit in Grid Leaks. 'he following notes are for those
who may encounter difficulties or the experimenter who
wishes to branch out in another directionm,

On construction, we have some techniques that might
be of interest, Strip and check all primary and secon=
dary leads of the ¢transtormer for continuity, It is
quite easy while stripping the leads to open the trans-
former. [his can be a real bother later on. Serape all
resistor and condenser leads, Also the lugs on the

transformers, This makes it a lot easier to solder to
the PC board. Check to see that all the enamel is off
the ends of 12 before soldering to the lugs. Atter the
construction is done, install the transistors with the

leads full length. Tack in the A0l and with the crystal
earphone connected from the collector to ground through
a ,002 capacitor tune for the tone, This will be very
faint, Repeat this step with the two audio stages and
the tone should get louder, With the relay transistor
in, the relay should operate, A xcope substituted for
the earphone makes it much easier, File off the  high
points of solder being careful not to damage the PC
board or to open any of the connections,.

Now you can install the transistors permanently.
Leave the leads long enough 8o you can get at them for
heat sinking. We use an old tooth brush and a small a-
mount of dope thinner to remove the flux and filings.

The TR 4.5 ia not fussy on voltage, The best cur=-
rent change and temperature stability will be with a 4.5
volt supply. We also uvse 3 Nicads with very good re-

sults, On some range checks we were still hearing the
tone with only 1,5 wvolts, The following figures were
made on several receivera for a comparison, The idle

current will vary on all receivers but the carrier and

tone values will be similar to these:

4.1 volte==idle 5.5 ma, carrier 2 ma, tone 42 ma,
3 wvolts-~idle 1.4 ma, carrier 1.2 ma, tone 32 ma.
2.1 volts--idle .7 ma, carrier .6 ma, tone 20 ma,

All receivers built were temperature checked and
were 8till working at 15 degrees and at 130 degrees,
The heat checks were in an electric range and the relay
was heard clacking with the door shut. Whenever making
any current measurements it may be necessary to put a 50
to 100 mf capacitor across the meter. Otherwise the re-
ceiver may break into oscillation,

Antenna length does not seem to be crit
have used from 24" to none at all,
Sterling American Scout.
a tendency to swamp near
hasn't shown wup on the
tenna around a 4 watt
operation.

Relay settings will depend on the supply
This is not eritical but we prefer a pull in at
ma, This seems to work fine for both 3 and 4.5 volt op=-
eration, Check +to make sure the braid on the armature
is free, When making any adjustments on the relay with
a batterv, pot and meter it is a good idea to disconnect
one side of the relay from the circuit. This lessens
any chance of damaging the +transistors, In some in-
stances the relay will chatter when the tone is released.
This indicates that the armature is touching the pole
piece. We make it a standard practice to slip a piece
of vinyl or cellophane between the two and gluing the

! and we
The latier was in a

Some high gain receivers show
the transmitter. To date this
iR 4.5, Even wrapping the an-
tranamitter whip did not affect

voltage.
about 18

ends to the coil with contact cement.

We couldn't wait to try the receiver out om pulse,
No changes were needed and followed a WAG pulser om all
speeds, It continued to track even when the voltage was
dropped to 2.4 volts (two Nicads), Pulsing the receiver
for two and three house had no effect on the supply
voltage. The transmitter batteries did give out. The
actuator used is from Grid Leaks Vol., 1 Number 8 by Jim
Martin,

At the time of this writing we haven't had a chance
to put one on 6 meters, Preliminary checks showed that

the A0l was @etill super-regening om B2 mo, With
SB 103's ete, available at & reasonable price this
should do the job.

Noise (electrical and mechanical) has on occasion

posed a problem, The changing of the ,005 across T3 to
a ,02 seems to have taken care of this. On some actua-
tors and escapements the brush noise of collapsing field
will trip the receiver and set up a "chain reaction”
This may happen if the receiver and actuator are very
close together, A ,0l capacitor on the relay points and
a diode across the escapement should cure this, This is
a good practice and should be used on all installations,
Un the Mighty Midget we use a ,01 which seems to do the
job, For pulse we use two .0ls and a 10 ohm resistor on
the relay. We might mention here that a common supply
for receiver and actuator is to he avoided.

Since the kit has come out some builders have found
the receiver oscillates on 4,5 volts but not on 4 volts.
|It may be on the threshold on 3 volts.) Reversing the
primary leads (red and green) of T3 will cure this, In
one case we found that we had to reverse the primary
leads on 12 instead.

1f grabbing the +transmitter antenna with tone on

causes the receiver current to go way down look for a
weak first audio transistor, The third and fourth
stages don't seem to be critical and just about any

transistors work here, We have yet to see a bad A0l and
all we've checked on a commercial checker showed very
low leakage and extremely high gain. The T0037's as a
rule show high leakage but very high gain, Some are
really phenomenal, To the "scratch builder" the Philco
2N223 shows great promise, both in the audio stages and
in the relay stage. It is low priced and appears to. be
quite uniform, While on the subject of "scratch build-
ers" if you substitute parts, you're on your own. In
general you will have to tailor the tank circuit to the
particular type of transistor you use (SB100's, 2N47's,
etc.). The RFC may vary from 200 to 500 uh,

Max Boal and Dale S$pringsted have made countless
tests in the field on the TR 4.5, The data they cel-
lected enabl: 48 to make more accurate comparisonas.
Dale has douc a great deal of work on various forms of
biasing. One is the use of a 200 to 470 ohm reaistor im
the emitter of the audio stages. This will cut the gain

a little but tends to stabilize the stage. This biasing
can be carried further and we might refer you to the GE
transistor Manual 3rd yn, This has an excellent
section devoted to biasing.

We would 1like to extend our deepest gratitude to
Dale Springasted, Max Boal, and Paul Runge for their
assistance on the TR 4.5,

Editor's Notes = It has bheen found that faulty connec-
tions between any of the transistor and beard will cause
oscillations,

Max Boal has had phenomenal

gsuccess with this cir-




cuit, First in Intermediate at the ‘NATS and two firstas
in Regional conteata aince.

In kits all transistors are tested for gain and seo
cannot he replaced, The A0l is checked for super-regen
activity and also cannot be replaced. Urdinary care
when soldering should be used, Heat sinks of wet cotton
of the old reliable method of using a pliers is a must,

For the convenience of readers we show a reproduc-
tion of the base view of the T0037,

Bottom View - 3 1

1. Collector . _—— Red dot
-2, Base ;r so0l-
3, Emitter er blob,

2

The GE 2N188, 2N188A, 2N234, and Philco 2N223 alseo
make excellent relay transistors since GE has discon=-
tinued the 2N192,
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