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A PRACTICAL METHOD FOR REDUCING HARMONIC RADIATION 
USING TUNED FEEDBACK CIRCUITS 

TO CANCEL TRANSMITTER HARMONICS 
"TIN -CAN" WAVEMETER 

^. 
. J- 

Despite its humble origin. this easily built but extremely se,, ' "vr absorption type 
wavernrter is a "must" for tracking down offending harmonic radiation in transmitters. 

SELF-CONTAINED VFO DESIGNED 

FOR STABILITY ON ALL BANDS 
By ANDREW RAu, Ja- W3KBZ 

RCA Tube Department 

Even a confirmed proponent of crystal -controlled operation will 
concede that under present-day crowded band conditions, a really 
stable variable -frequency oscillator is indispensable. The com- 
pletely self-contained VFO described in this article includes a 
regulated power supply, provision for oscillator keying, band 
spread on the higher -frequency bands, control circuits for the re- 
ceiver and transmitter, and coupling by means of coaxial cable to 
the crystal socket of the transmitter. This method of Coupling 
permits locating the high -power rf section away from the operating 
position. 

A really satisfactory VFO has two 
basic requirements. The first of 
these requirements is relative free- 
dom front drift or instability, and 
the second is the ability to key 
without chirps or other transient 
effects. A careful choice of compo- 
nents with due consideration to 
layout, along with a "workmanlike" 
mechanical job will go a long way 
toward meeting. the first require. 
ntent. The recently publicized 
Clapp circuit 1't will assist in satis- 
fying the second requirement. 
Frequency Drift Considerations 

In addition to the effects of com- 
ponent choice, layout, and work- 
manship, the most troublesome fac- 
tors contributing to the instability 
of a self-excited oscillator arc the 
effects of humidity, temperature, 
and changes in operating condi- 
tions such as voltages, currents. etc. 
The effect of humidity can be min- 
imized by the use of high -quality 
components of ceramic or other 

low -loss material in the rf portions 
of the circuit. The effects of temper- 
ature are most satisfactorily mini- 
mized through the use of a fre- 
quency -determining coil wound on 
a ceramic form large enough to give' 
a high "Q" but which will undergo 
little change of inductance with 
temperature. In addition, the main 
tuning capacitor should be of 
sturdy construction with small 
plates well spaced in a (ratite with 
ceramic end plates and with two 
bearings. All. other capacitors 
should be silver mica or ceramic 
types with a low temperature co- 
efficient. 

Because fundamentally it is desir- 
able to obtain maximum "Q" in the 
oscillator tank circuit, it is im- 
portant to make all rf connections 
in this .circuit as short and direct 
as possible. Moreover, it is undo 
sirable to depend on a steel chassis 
to conduct rf tank currents because 

(Continued on Pore J. Column 2) 

By JOHN L. ReINAltrz, W3RB 
RCA Tube Department 

In the previous article on this subject it was pointed out that the 
generation of Harmonics in a class C stage is natural and must be 
expected. In fact, it is this harmonic generation that makes doubler 
and tripler stages possible. However, if the radiated power capable 
of causing interference must be kept to less than 0.01 microwatt, 
even such high order harmonics as the 8th or 16th from funda- 
mental operation at 7 or 3.5 Mc may cause television interference. 
Even more trouble can be expected from stages operating at 14 and 
28 Mc where the harmonic order that can cause interference is 
much lower and the amplitude much higher. The problem then is 
-what to do about these harmonic radiations that cause TV!. 

What To Do About It 
In Part I, it was pointed out that 

previous investigators advocated the 
use of complete shielding along 
with the installation of parallel - 
tuned series -inserted traps 11 and 
other bypassing devices which must 
also be shielded. The writer, how- 
ever, Itas had considerable success 
with another method of reducing 
harmonic radiation whiéh .does not 
depend upon shielding for its effi- 
cacy. This method involves the use 
of the tank -coil traps described in 
Part I but with one additional and 
important refinement in the method 
of connecting the traps together 
and grounding them. These tank - 
coil traps operate by absorbing the 
unwanted harmonics and cancelling 
them out by means of tuned feed - 

back circuits. But more of this 
later. Our first problem is to locate 
the offending harmonics. 

Locating the Harmonic 
In order to use this method, we 

must first locate the offending har- 
monic and utilize some method of 
measuring its relative amplitude. 
For this purpose an old standby, 
the universally used absorption - 
type wavemeter, comes intó play. 

A modified wavemeter that has 
proved extremely sensitive was de- 
vised by the writer. This unit. dia- 
grammed in Figure 1, consists of a 
resonant circuit IL,C,I for the 
frequencies under discussion, a 4 - 
turn 1/4" diameter coil of #20 enam- 
elled insulated wire IL:1 in series 
with the resonant circuit, a 1N34 

(Continued on Page 7. Column 1) 

STURDY AND STABLE 

-_ 

a 

Completely .self-contained, this efficient looking VFO has its own power supply. 
provision for oscillator keying, band spread on the higher -frequency bands. control 
circuits for both receiver and transmitter, and coupling by coaxial cable to the 

transmitter crystal socket.' 
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HARMONIC OUTPUT 
(Continued from Page 1. Column J) 

crystal and microamnteter in series 
connected across the 4 -turn coil, 
and a capacitor t G 1 connected 
across the meter. The microam- 
meter is connected to the tuned 
circuit by means of a flexible two - 
wire cord of any desired length. 
This arrangement allows the oper- 
ator to get much closerto circuits 
suspected of harmonic radiation 
than would be the case if the reson- 
ant circuit and the meter were in 
one container. The absorption 
meter may be built into a small 
metal can into which the pick-up 
loop for the particular frequency 

L, 10 turns #20 ECW, wound 
with Ih" dia. 

C, 3-30 µµf 

Figure 2. A paralleltuned trap circuit. 

range desired can be plugged. A 
photograph of the wavemeter is 
shown on Page E When a variable 
capacitor of 3.5 to 75 µµf is used 
together with a pickup loop 2" 
long, consisting of a single hairpin 
turn, the tuning range extends from 
50 to 150 megacycles. 

The hairpin pickup loop should 
be threaded with glass or porcelain 
beads or with some other insulating 
material so that when the wave - 
meter is used to probe near high - 
voltage points, direct contact will 
be prevented. -An additional, but 
very worthwhile precaution is to 
connect a flexible grounding, wire 
between the wavemeter can and 
ground. 

Because the 4 -turn coil is inside 
the can, it picks up very little 
energy from the fundamental fre- 
quency when the wavemeter hair- 
pin is held close to a tank circuit. 

Preliminary Checking 
The next thing to do is to make a 

preliminary check with the wave - 
meter to determine which har- 
monics are prevalent in the trans- 
mitter and where they are most 
prominent. A good place to check 
is near the plate connection of 
each tube. Caution must be exer- 
cised when high -voltage points are 
checked in order to prevent any 
accidental contact. 

As the check for harmonics pro- 
gresses, make a note of the location 
and relative value of the harmonics 
for future reference. Don't be sur- 
prised if harmonic indications are 
noted in the heater leads of heater - 
cathode -type tubes or at that end 
of a plate -tuning -capacitor frame 
which is not bypassed for rf ground. 
In order to cut doNn the harmonics 
at these points, connect a bypass 

capacitor of 0.001 µf and the proper 
voltage rating between the plate - 
tuning -capacitor frame and ground. 
Between the heater lead and ground 
use a 0.01 µf capacitor. A further 
check with the wavemeter at these 
points will in all probability show 
a substantial reduction in the har- 
monic amplitude. Any long lead 
under a chassis may also show har- 
monic voltages and should be sim- 
ilarly bypassed at readily accessible 
points. 

Tuned -Plate Traps 
After adequate bypassing is ac- 

complished, the first step is to in- 
sert parallel -tuned trap circuits in 
series with the plate leads of each 
class C stage. See Figure 2. These 
traps may be made readily with ten 
turns of #20 enamel (bated wire, 
wound with a 1/t -inch inside dia- 
meter and shunted with a 3- to 30- 
/44 trimmer capacitor for tuning. It 
will be found that the tuning range 
of this trap extends from 25 to 80 
Mc. 

Tank -Coil Traps 
The next step, which is something 

new in TVI reduction, is to utilize 
the previously mentioned tank -coil 
traps which absorb and cancel 
through negative feedback the un- 
wanted frequencies. These traps are 
positioned about 1/4" from the hot 
end of the plate tank coil at each 
stage. Each trap (see Figure 3) is 
made by winding a coil of as many 

.turns as can be made from 18 
inches of wire in the same direction 
and of the same diameter as the 
tank coil. 

Wire comparable in size to that 
of the tank coil should be used 
although it is not necessary to use 
wire larger than #10. The coil is 
then shunted with a 3- to 50-µµf 
tuning capacitor. The hot end of 
the coil is connected to the stator 
plate. This capacitor is mounted 
adjacent to but not more than 2" 
to 3" from the coil in such a man- 
ner as to be tunable from the front 
panel by means of an extension 
shaft. The rotor side of the vari- 
able capacitor is then grounded. 
Similar traps are mounted at the 

C, 3.5-75 µµf. National type 
UN -75 or equivalent 

C, 0.01 µf 
L, Hairpin pickup loop-Sec 

tent 

4 turns #20 lCW, I/j' 
die. 

D IN34 crystal 

L. 

TWISTED PAIR 

Figure 1. Wavemeter schematic. 

hot ends of the other plate tanks 
and the antenna coil as shown in 
Figure 4. Each trap is then coup: 
led by means of a 25-µµf fixed 
capacitor to a common line which 
is grounded at a point approxi- 
mately half way between any pair 
of 25444 fixed capacitors. 

LESS THAN 
3 INCHES 

I -I C3 (-; 
TO OTHÉR 

L2 C2 TANK -COIL 
TRAPS AND 
COMMON 
GROUND = CONNECTION 

L, 18 inches of wire wound as 
described in tent 

C, 3-50 µµt 
C, 25 µµf 

Figure 3. A tank -coil trap circuit. 

Connecting.the Grounding Wire 
A final connection completes the 

hookup. This connection is made 
to the trap in the tank circuit of 
the final and consists of a'ground- 
ing wire approximately ten inches 
long connected between the un- 
grounded side of the variable tun- 
ing capacitor and any convenient 
point on the chassis. Some experi- 
mentation may be necessary to 
locate the optimum grounding 

LOOKING INSIDE 

An interior view of the waremetsr shows placement of components. The rotor plates 
of the -variable capacitor may be trimmed in order to make the frequency response 

of the unit more linear at the highlrequency end. 

point necessary to produce maxi- 
mum harmonic attenuation. 

In push-pull stages only one tank - 
coil trap is required. If either a 
center -tapped antenna tuning unit 
or a split tank circuit is used, the 
tank -coil trap may be located at 
either end. 

Shielding Considerations 
Although the operation of this 

system of reducing harmonic inter- 
ference does not specifically re- 
quire shielding, it is advantageous 
to use a metal front panel in addi- 
tion to the usual metal chassis. The 
metal front panel minimizes the 
detuning effects of hand and body 
capacitances when the several air 
capacitors are adjusted. 

Tune Up 
The tune-up procedure is quite 

simple. The absorption -type wave - 
meter is tuned to the lowest har- 
monic causing TVI. It is then 
brought in close proximity to the 
tank circuit of the first stage in the 
equipment and the series -inserted 
plate trap is tuned to reduce the 
offending harmonic to a minimum. 
It will be found that several mini- 
mums will be noted as the 3- to 
30-µ4f trimmer capacitor is adjusted 
from minimum capacitance to max- 
imunt capacitance. In the doubler 
and final stages, however. care must 
be taken to avoid tuning to the 
output frequency so that the 3- to 
30-µµf capacitor will not tend to 
arc over and burn up. After testing 
over the entire range with the 
wavemeter, choose the setting at 
which all harmonics, even and odd. 
above and including the offending 
harmonic arc reduced to a mini- 
mum. The tank -coil trap is then 
tuned for still further harmonic re- 
duction. The process is repeated for 
each stage, in order, ending with 
the antenna -tuning stage. A further 
cheek is made at the antenna feed- 
ers to make sure that no harmonic 
emission is detectable. The final. 
and most important check, of 
course, should be made on the 
nearest television receiver. 

Field Tests 
In several rigorous field tests. 

this system of reducing TVI gave 
excellent results. One test was made 

(Continued on Price .1. Column 1) 



Jan.-Feb. 1949 HAM TIPS Page 3 

CRYSTAL 
STAGE 

LI 

L2 

B+ 

SEE 
TEXT 

DOUBLER 
STAGE 

Li 

L2 

8+ 

C, 3-30 ppf, National type M-30 or equivalent 
C, 3-50 ppf. Cardwell typo ZR-SO-AS or equivalent 
C; 25 opt. mice. "post ge stamp" typo 

FINAL 
STAGE 

SEE 
TEXT 

5 
B+ 

3 C3 1 

yANTENNA 
TUNING 

UNIT 

L, 10 turns *20 ECW, I/2" dia. 
L, See text 

Figure 4. Partial schema is of transmitter showing manner in which harmonic -cancelling traps 
me placed in circuit. 

HARMONIC OUTPUT 
(Continued front Page 2. Column 4) 

at the writer's home station in Lan- 
caster, Pa. The regular 20 -meter 
folded dipole 45 feet high was lo- 
cated within 50 feet of the tele- 
vision antenna also 45 feet high. 
The transmitter was operated with 
300 watts input and caused no in- 
terference on channels 3 and 6 
originating in Philadelphia 65 miles 
away. For these tests the TV screen 
was viewed at a distance of approx- 
imately 40 inches in order to obtain 
the standard 4 -to -1 viewing ratio 
for a 10 -inch kinescope. 

For a more strenuous test, the 
transmitter was then taken to Har- 
rison, N. .1., where it was operated 
in the same room with a commer- 
cial television receiver. All 6 chan- 
nels in the New York area were 
sampled and were clear of trans- 
mitter interference to a degree con- 
sidered unattainable before the tests 
began. 

In Lancaster, the system was tried 
and is still in use on a Collins 32V 
transmitter operating on 10 meters 
with equally satisfactory results. 

Although this system has worked 
remarkably well in every trans- 
mitter the author has modified, it 
should be recognized that each case 
of TVI presents special problems 
and requires experimentation. 

I'1 Mack Seyhold 'Curing interference to 
Television Reception." QST. August 1947 
Vol. XXXI. Pia. 8. pp 19-23. 

ECHOES 

The High -Fidelity Audio Amplifier 
described in the September -October 
1948 issue of HAM TIPS inadver- 
tently listed CI as a 0-01 of capaci- 
tor. Actually the capacitance should 
have been shoran as 0.1 uf. 

VFO UNIT 
(Continued from Page 1. Column 2) 

the high rf resistance of the chassis 
will cause a substantial reduction 
in ..Q. 

A large portion of the drift due 
to temperature changes results from 
expansion, twisting, and warping of 
the chassis and panel. The heavier 
the chassis and panel are, however, 
arid the more substantially they are 
fastened together, the less the fre- 
quency drift will be. To appreciate 
fully -the older of stability required, 
it should be remembered that a 
shift of only 500 cycles will be 4000 
cycles when multiplying from the 
3.5 -Mc band to 28 Mc. Also, it is 
not uncommon for receiver oscilla 
tors, particularly of the broadcast 
variety, to drift as much as several 
thousand cycles. 

Frequency drift due to changes 
in operating conditions is -mini- 
mized by using a well -regulated 
power supply. 

Circuit Details 
Excellent descriptions of the 

Clapp oscillator circuit are given in 
the references and need not be re- 
peated here. The complete circuit 
of the VFO is given in Figure 5, 
on Page 4. The frequency -determin- 
ing circuit consists of L,, C,, C., and 
the series -parallel combination of 
C, to C., all in series. Because the 
,capacitive reactance of C, to Cr 
cancels a portion of the inductive 
reactance of 'L,, a relatively large 
inductance may be used. This large 
inductance, plus the fact that the 
6AG7 grid No: 1 is effectively 
tapped across only a portion of the 
tank circuit, provides a circuit with 
extremely high "Q". When the 
6AG7 is connected as electron - 
coupled oscillator, it is possible to 
use a considerably larger coil for 
L, with a further reduction in the 
effects of voltage and tube changes 
on frequency stability. However, if 
such a circuit is used, the actual 

tuning capacitance becomes smaller 
and the effects of temperature and 
mechanical changes in the chassis 
and tank circuit are much greater. 

Switch S, is used in one position 
(A) for the 3.5 -Mc band. In the 
other position (B) the higher -fre- 
quency bands are spread out when 
multiplying in later stages to 7 Mc 
and higher. C. is the main tuning 
capacitor while C, and Cs are the 
band -spread padders. Considerably 
greater band spread could be ob- 
tained if the 11 -meter band were 
not included. C. is the 35 Mc hand- 
set capacitor. C, and C, compensate 
to some degree for changes in tem- 
perature. The oscillator operates 
with a screen current of about 1.5 
ma at 75 volts and a plate current 
of only 5 ma at 180 volts. Keying 
of the cathode circuit causes no per- 
ceptible change in frequency, and 
no chirp nor other transient. 

The 6AG7 was selected as a class 
A buffer because, due to its high 
transconductance, it is capable of 
about 3 watts output with negligible 
grid power or voltage requirements. 

Across a 10,000-oltnt load, about 70 
volts are developed at the output 
connections of this circuit. This 
voltage is more than sufficient to 
drive the regular crystal stage of 
a transmitter. 

The buffer amplifier plate and 
screen currents total about 20 ma 
with the plate operating at 250 
volts. A low -value coupling capaci- 
tor (Cm) plus the use of dropping 
resistor R, prevents the following 
stages from affecting the oscillator 
frequency. In fact, the frequency 
shift, from full load to no load 
(complete disconnection of the co- 
axial output lead) is only one or 
two cycles. The Output circuit, L, 
link -coupled through a coaxial 
feeder to L,, is low in capacitance 
and gives nearly uniform output 
over the entire 3.5 -Mc band when C and C arc stagger tuned. 

The voltage -regulator tubes largely 
eliminate the effect of variations in 
line voltage. A decrease of 20 volts 
in line voltage causes less than a 
10 -cycle shift in frequency. The 
power supply, conventional in de- 
sign, has a total drain in the order 
of 50 ma. Because it is often desir- 
able to provide complete control of 
the rig from the VFO unit, switch 
S, was added to provide switching 
circuits for the receiver and the 
power relay of the transmitter final. 
The standby position of the switch 
permits checking the oscillator fre- 
quency before the final is in oper- 
ation. 

Construction Details 
Ample room is provided by a 7" 

x 9"x 2" chassis, preferably of alu- 
minum, with welded or reinforced 
corners. If an 8"x 10" panel is used, 
the VFO will fit several types of 
small standard cabinets. Home-made 
side brackets of aluminum rigidly 
tie the panel and chassis together 
and, to a large degree, prevent 
warping and twisting. A National 
type ACN dial is directly calibrated 
for each band. A "U" -shaped alu- 
minum bracket supports the main 
tuning capacitor at the front and 
rear more rigidly than the brackets 

(Continued on Pnge 1. Column I) 

BEHIND -THE -PANEL VIEW 

t", 

Well planned design of the VFO provides ample space for mounting components. 
Band -spread and padder capacitors are fixed to a 4 -inch strip of polystyrene shown 

in center of photograph. 
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Figure 5. Schematic of variable frequency oscillator. 

VFO UNIT 
(Continued from Page 3, Column 4) 

supplied with the capacitor. In 
addition, the aluminum bracket 
provides a support for the coil 
clear of the chassis and panel there- 
by reducing the effect of tempera- 
ture changes. The band -spread and 
padder capacitors are mounted on 
a 4 -inch strip of polystyrene at- 
tached to the side of this bracket. 
(See photograph on page 3.) 

Switch St is mounted face down 
with the shaft extending through 
a hole in the top of the chassis. 
It is controlled from the front panel 
by means of a flexible shaft. The 
power supply components are 
mounted along the rear of the 
chassis with the filter choke on the 
underside. The 6AG7 oscillator is 
directly behind the panel. The two 
6AG7 tube sockets are oriented for 
the shortest possible connections. 
Except for the usual considerations 
of providing good mechanical rig- 
idity, short leads, and bringing the 
rf returns for each 'stage to a com- 
mon point, the wiring is simple and 
not critical. No trouble should' be 
experienced with self oscillation. 

L: is wound on a. medium-sized 
octal tube base from which the pins 

have been removed. The tube base 
is. then fastened to the chassis by 
means of a screw through the Bake- 
lite positioning plug. Capacitor Cta 
is mounted inside the coil. A three - 
turn link (La) wound on L: at the 
low -voltage end is connected to 
receptacle J. A suitable length of 
B & W Miniductor (one -inch dia- 
meter and having 32 turns per inch) 
may be substituted for L: if desired. 
A low -impedance transmission line 
of any reasonable length connects 
the output jack to Ls and L. Be- 
cause high "Q" was not particularly 
desired for L, it was random 
wound on a form together with 
its three -turn link, and inserted in 
a four -pin tube base with the pin 
spacing altered to fit the standard 
crystal pin spacing. If room per- 
mits, however, the use of a suitable 
plug-in type coil form will simplify 
the construction. 

The frequency drift, even without 
temperature compensation, will not 
be excessive. Some adjustment of 
the degree of compensation, how- 
ever, may be desirable and can be 
easily accomplished by changing 
the value of capacitor Cs. Any 
check of the keying characteristics 
should include listening on one of 
the higher -frequency bands because 
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centuated by frequency multiplica- 
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CI 

C2 

C3 

C4 

CS 

Co, 

C7, Ca 
C9 
CIO, Cll, 
C13, C14, 
CIS 
C12 
C16, C17 
C18 

PARTS LIST 
IS uuf, zero temperature. 
Centralab style NPO 
100 uuf. negative temperature. 
Centralab style N750 
6-75 out. Hammarlund type 
APC-75 or equivalent 
7-100 uuf Hammarlund type 
APC-100 or equivalent 
10-75 uuf. Bud flCE-2014 or 
equivalent 
5 -SO uuf. Hammarlupd type 
APC-SO or equivalent 
0.001 uf, silver mica 
100 uuf, silver mica 
0.005 uf, mica 

IS nuf, silver mica 
330 uuf. mica 
20 . uf. 450 working voila. 
electrolytic 

It l, 
112 

R4 
R6 
RS 
TI 

R3 100,000 ohm., 1,4 wall 
27.000 ohms. 1,4 '.alt 
100 ohms, 1/= watt 
15.000 ohms, I wall 
2.000 ohms. 40' watts 
Transformer, 333.0-330 volts 
at 90 ma., S volt. at 2 amps. 
6.3 v at 3.5 amps. Thordar. 
son No. T17R37 or equivalent 

Ls 28 turns. No. 18 enamel. 
spaced over 251". on 1%" 
dia x 31/2" National No. 
XR13 Ceramic coil form or.. 
equivalent 
No. 26 enamel close wound if" on Ifs" dia. form. B S 

W Miniduetor (Cat. 3016) 
may be substituted 

L3 3 -turn link wound on L2 at 
low -voltage end. 

Ls 56 tarns No. 26 enamel.ran- 
dom wound approx. 54" on 
l',4" dia. form 

L. 3 -turn link, wound onL. 
RFC, -RFC, Choke. 2.5 mh, 123 na 
Le Choke. 8.24 henry, 80 ma, 

Thordarson No. T20053 or 
equivalent 

St Switch, 4.position, 1-seetion 
Mallory Hamband switch. 

S2 Switch, 2 gang. 4 circuit. 4 - 

point rotary 
Closed circuit jack for key 

J: Coaxial receptacle 
P Coaxial plug 

L2 

VFO UNDER -CHASSIS 

1 

TJ.iT 
kt_ 

¡¡¡ ``''9 l1 
D 

il 

Aside from the usual considerations of providing mechanical rigidity, short leads, and 
bringing rf returns for each stage to a common point, the wiring of the VFO is 

simple and not critical. 
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