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DESIGN FEATURES AND ADJUSTMENTS OF TRANSMITTER CIRCUITS

SCOPE OF ASSIGNMENT

This assignment will continue
the discussion of Class B and C
amplifiers with a study of tank cir-
cuits and associated equipment. The
Q of the tank circuit is important
in determining the "flywheel® effect
and hence how pure the output wave
is, but it cannot be too large for
otherwise the side bands may be un-
duly attenuated. These matters are
therefore discussed at length in
this assignment.

Next comes a description of the
practical adjustments that have to
be made in putting a transmitter into
operation. These include the tuning
and loading of the tank circuit and
neutralizing of the stage;, such
adjustments check the soundness of
the Class-C stage design.

The third item to be discussed
is harmonic suppression. The filter-
ing effectof the tank circuit itself
is analyzed, andit is shown that the
higher the loaded Q of the circuit,
the greater is the harmonic suppres-
sion. The use of a pi network
is analyzed with regard to its
filtering action and its impedance
matching properties. Then the use
of special trap circuits is studied.

The next section has to do with
practical examples of tank circuits,
in which the applicationof the fore-
going principles are illustrated.
No attempt is made to develop the
methods by which the various elements
of an array are fed, but the com-
ponents used to feed a single antenna
are discussed in detail.

The final section has to do
with the design and application of

impedance matching units, such as
Tee sections. In conjunction with
this, practical data on antenna
characteristics are presented to
enable representative problems to be
solved.

TANK CIRCUIT DESIGN

GENERAL CONSIDERATIONS.—The
preceding design assumed a tank cir-
cuit as shown in Fig.1. Here ZT
represents the load resistance
presented to the tube. This has
been designated in other assign-
ments, such‘'as on Audio Amplifiers,
by the symbol R, .

The parallel with ZT is the
tank inductance L, and the tank
capacitance C , tuned to the fre-
quency of the incoming signal.
Since these are shown as having no
losses, they presumably draw no
line current, and hence the need for
their presence may be questioned by
the student.

Fig. 1. —Equivalent tank cireculit.

However, it must be remembered
that they act as a filter, and con-
vert the plate current pulses into
sinusoids. More specifically, they
act to produce a sine-wave voltage
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of fundamental frequency across Z,
so that the latter has a sine-wave
current of fundamental frequency
flowing through it instead of a
pulse-shaped current.

The actual tank circuit is
Oordinarily quite different, even
though its action is quite similar
to the one shown in Fig.1; indeed,
the latter is essentially equivalent
to any tank circuit normally em-
ployed. However, actual tank cir-
cuits perform two important functions
not indicated in Fig. 1:

1. They match the impedance
and phase angle of the antenna, or
the transmission line feeding it, to
the load impedance Z, required by
the tube, and

2. They serve to attenuate
harmonic components in the current
that would otherwise be radiated by
the antenna. The circuit in Fig.1
accomplishes a good deal of attenua-
tion of harmonics by virtue of the
filtering action of LT and C,; in-
deed, this is the main reason for
their presence in the circuit, but
many Class C amplifier circuits use
additional components to increase
the filtering action.

Often additir =21 circuit ele-
ments are employed, »uun as phasing
units. This is the case where
several elements of an antenna array
have to be fed currents of different
magnitudes and phase in order to
obtain the desired directional
pattern. These elements, however,
will not be discussed here, as they
will be treated in a later assign-
ment.

HARMONIC DISTORTION.— Suppose a
broadcast fundamental frequency of
550 KC is to be radiated. Then the
second harmonic is 2 x 550 = 1100 KC,
and the third harmonic is 3 x 550
= 1650 KC, or both are in the same

broadcast range, and would cause
interference with some other broad-
cast station. (Of course, such
harmonics could cause interference
with other services even if they
were not in the broadcast range,
since all parts of the spectrum are
being utilized).

Similar considerations apply to
the television services. The third
harmonic of Channel 2, for example,
is 3 X 61.25 mc = 183.75 mc, and is
in the middle of the band occupied
by Channel 8, which is from i80 to
186 mc. As another example, the
second harmonic of Channel 6, (82
- 88 me), is from 164 - 176 mc, and
infringes on the band of Channel 7,
which is from 174 to 180 mc. Final-
ly, the second harmonic of Channel 2
is in the range 108 to 120 mc and is
just on the fringe of the f-m band,
and the second harmonics of f-m
stations (88 to 108 mc) are from 176
to 216 mc and can cause trouble in
the television channels 7 to 11, in-
clusive. All this clearly demon-
strates the impcrtanceof suppressing
the radiation of harmonics of the
generated wave.

EXAMPLES OF TANK CIRCUITS.—The
tank inductance and capacitance, it
has been pointed out, act to convert
the pulse output of the Class C tube
into a sinusoidal current and volt-
age, and thus in themselves tend to
suppress harmonics, as was stated
previously. The action is sometimes
referred to as a flywheel effect, in
that the flywheel of a gas engine,
for example, converts the abrupt
taps on the pistons from the explod-
ing gas mixture into continuous
rotation.

However, the action in the tank
circuit can perhaps better be com-
pared to that of the pendulum of a
clock, which converts the taps from
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the escapement wheel into swings to
and fro. 1In this case energy is
first stored as kinetic energy in
the moving pendulum, then as po-
tential energy at the extremes of
the swing. Similarly, the tank
capacitor stores the r-f energy dur-
ing one part of the cycle in elec-
trostatic or potential form, and
then this energy is converted into
kinetic form (1/2 LI®) as the capac-
itor discharges through the tank in-
ductance. The action is exactly
analogous to that of a pendulum.

First, however, is to be noted
that two methods of d-c feed are
employed for tank circuits. Fig.2
(A) and (B) illustrate what are
known as series and shunt feed, re-
spectively. In (A) the d.c. current
is fed through a radio-frequency
choke coil (RFC) and the tank in-
ductance L, to the plate of the
tube. A by-pass capacitor Cb serves,
in conjunction with RFC, to "bottle
up" the r-f currents in the stage
and to keep them out of the power
supply.

& >
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Fig. 2. — Series and shunt feed as
employed in Class C tank circuits.

In (B), the r-f choke RFC acts
as an r-f shunt across the tank cir-
cuit and feeds d.c. directly to the
plate, and Cb now acts as a blocking

capacitor to keep the d.c. outof the
tank circuit, but permit the r-f
energy to pass through. Although
the series-feed arraugement provides
perhaps better filtering of the r-f
current from the power supply, the
shunt-feed arrangement of (B) in
conjunction with C, keeps the d-c
potential off CT and LT, so that a
cheaper and more compact tank ca-
pacitor and inductance can be em-
ployed. Moreover, there is no ap-
preciable charge collected on CT
after the equipment is turned off,
and this facilitates the servicing
of the stage.

TANK CIRCUIT Q AND EFFICIENCY. —~
In order to provide adequate filter-
ing and Class C performance, the
energy stored in LT and C,p should be
several times that expended in ZT.
This is best expressed in terms of
the tank circuit Q, as this is a
measure of the energy stored to the
energy dissipated.

The energy dissipated, however,
consists of two parts: that dissi-
pated in the tank circuit losses,
and that expended usefully in the
load, whether that be an antenna,
a dielectric material to be heated,
or perhaps the grid driving power of
a following stage.

Thus, as is shown in Fig. 3(A),
the actual load impedance r. is
coupled into the tank circuit by
virtue of the mutual inductance M
existing between LT and the coupling
coil LR. Instead of a load r, con-
nected to L., there may actually be
a transmission line connected to LR
and terminated in one way or another
by an antenna in its characteristic
impedance, which then becomes the
resistance r, seen at the coupling
coil end.

However that may be, r. and the

L
inductance LR of the coupling coil
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in series can be reflected as an
equivalent reactance in SERIES with

LT. The formula is
. M2 wM?r
L= - = 2
r, tjwl, 1?4+ «fL
wl (1
-jr2+:PL2
L R

after multiplying numerator and de-
nominator by the conjugate (r,
= ja)LR) of the denominator. The
second form of Z; shows that Z, con-
sists of a resistor and capacitive
reactance in series with LT. (This
was also brought out in an earlier
assignment on inductive coupling.)
Let the resistive part be denoted by
R,; it is the reflected value of r,.
The capacitive reactance can be
regarded as cancelling part of the
inductive reactance of the tank coil
LT, thereby throwing the tank coil
somewhat out of resonance. This ef-
fect is normally small, and easily
compensated for by a corresponding
small change in Cy- Alternatively a
capacitor in the coupling circuit
can be used to tune out L_.

other resistance R, represents the
losses in the tank coil. These are
ohmic resistance losses modified by
skin effect at the operating fre-
quency. Normally these represent
the total losses in the tank cir-
cuit; the losses in the tank capac-
itor CT are usually negligible, at
least at broadcast frequencies.

In passing it is to be noted
that R, + R, in series with L, can
be replaced with an equivalent re-
sistor paralleling LT and C;» as was
shown in Fig.2 by Z,. At this point
in the analysis the circuit shown in
Fig.3(B) is better suited to bring
out the two values of tank Q in-
volved.

If no load is coupled into the
tank circuit, r is infinite, and R
consequently zero. This leaves only
R, in series with L., and the cir-

T
cuit Q is given by

wl
Q= —= (2)
R"l‘

On the other hand, when the tank
circuit is loaded down with R the
circuit Q is given by

& l 4

RECTY G Wi
R,

Lf-[bé X g

(8)

Fig.3.—Tank circuit coupling and equivalent loaded circuit.

Hence, as shown in Fig. 3(B),
the coupled load r; appears as a
resistance R; in series with L, and
the coupled-in reactance is absorbed
by LT and C, and is not shown. The

wl

Q = —— (3)

Ry * Ry

and is lower than before. It is
quite apparent that the greater R,
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is compared to R,r (or the smaller R.r
is compared to R;), the smaller are
the tank losses compared to the use-
ful power delivered to the load, and
the more efficient the tank circuit
is.

The efficiency of the tank cir-
cuit is given by

Eff_ = Q—‘Q;J- x 100 per cent (4)

As an example, suppose L, = 253.3
phenries, f = 1000 KC, R, = 11 ohms,
RL = 100 ohms. Then, from Egs. (2)
(3), and (4

27 x 1000000 x 253.3 x 107°

& - 11
= 144.6

27 x 1000000 x 253.3 x 107°
QL i 11° 100
= 14. 44

144.6 - 14. 44
Eff, = ——————— 90%
144. 6

To obtain maximum efficiency,
Q1 should be as high as possible
(Ry as low as possible), and Q.
should be as low as possible (R, as
high as possible). However, there
are economic limits to the magnitude
of Q. for R, cannot be reduced in-
definitely without the coil becoming
inordinately large and expensive.
In fact, there is an upper limit to
the size of a coil for a given in-
ductance.

There is a lower limit to Q.
This is that the filtering action
for harmonics will be reduced; the
impedance to the harmonic current
components will be too high. On the
other hand, if Q 1is low, it means
that the ratio of reactive to active
or wattage energy is low. This in
turn means that the volt-ampere
rating of L and C, will be less,
and that these items will be cheaper.

Since a large transmitter is an
expensive item, any saving in L, and
Ce is particularly welcome here, and
so for very large push-pull Class C
amplifiers,*® Q may be as low as 2
or 3, whereas for ordinary size
amplifiers, Q is in the neighbor-
hood of 8 or 10.

In designing a Class-C ampli-
fier, Prince and Vodges determined
in a paper entitled *"Vacuum Tubes as
Oscillation Generators,® in the
General Electric Review in 1929
(pages 35-44), that the ratio of
stored to dissipated energy per cycle
in a self-controlled oscillator
should be 2 in order to obtain
stability and a minimum of harmonic
output.

They showed that the ratio of
stored to dissipated energy percycle
is E.I_/27P_, where E_1is the tank
voltage, [= (B, - e o,0)/ V2], I, 1is
the circulating capacitor or tank
current, and Po is the power output
(assumed to include the small tank-
circuit losses). It can also be
readily shown that the Q of the tank
circuit when loaded (Q) is equal to
the ratio of the stored to the dis-
sipated energy, or Q = ETIC/PO.

Hence, from the rule for oscil-
lators that E,I _/27P_ =2, or EI /P,
= Q, = 47, we have the simple rule
that the loaded Q should be 47 or
about 12. For a driven Class C
amplifier, a valueof 1.5 rather than
2 can be used, so that Q = 37 or
about 9 to 10. This is because the
coupling system and even the antenna

*A push-pull amplifier dces not
have any second-harmonic power in the
output, hence less filtering is
necessary since the second harmonic
is the strongest and lowest frequency
?armonic present; hence QL can be

ess.
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load has a certain amount of re-
actance and therefore energy storage,
and moreover, harmonic filters can
be incorporated without upsetting
the behavior of the driven stage at
the fundamental frequency, as might
happen to a self-oscillator.

There is a further objection to
the use of a higher QL than 37 be-
sides that of cost, and that is that
the tank may become too selective
and the side bands may be ®"clipped®
or attenuated. In the case of a-m
broadcasting, a Q, = 37 will in
practically all cases afford suf-
ficient bandwidth, particularly if
the additional damping of the source
(tube) is taken into account. In
f-m broadcasting a greater sideband
width is required, but fortunately
the carrier frequency is higher—g88
to 108 mc, and hence there is little
difficulty in maintaining the neces-
sary QL for harmonic attenuation and
"flywheel® effect.

It is in television, particu-
larly in the lowest channel (#2) that
side band clipping may occur because
of the relatively low carrier fre-
quency (61.25 mc) and the large
bandwidth of close to 6 mec. It is
here that a push-pull stage is of
advantage, because as mentioned pre-
viously it eliminates the second
harmonic and therefore permits a
lower QLfOX'bandwidth purposes with-
out compromising the attenuation of
the third and higher odd harmonics
This assignment, however, will be
concerned with audio broadcast trans-
mitters.

COUPLING CIRCUITS.—A large
number of coupling circuits have been
developed for transferring the energy
from the tank circuit to the load
(usually an antenna). Fig.3 showed
a very common method, that of in-
ductive coupling. If the reactance,

such as L., of the coupling circuit
be tuned out or else absorbed in the
tank circuit, then the value of the
mutual inductance M necessary to re-
flect r; clear back to the tube as
ZT, the resonant tank-circuit im-
pedance, is given by

" - (Ly - R,CZH 1y &

«PC Z,

where LT and C,r are the tank in-
ductance and capacitance, respec-
tively, R, is the resistance of the
tank coil, and w of course the
angular frequency. Note that M is
given in terms of the resistance r.
in the coupling circuit and the re-
sistance Z, presented to the tube
rather than the resistance R re-
flected in series with L,. This is
illustrated in Fig. 4.

Fig. 4, —Load r in conjunction with

L'
coil loss R’r’ reflects as a resist-

Z'r to the tube.

As an example, take the tank
circuit whose efficiency was calcu-
lated previously. We had L, = 253.3
phenries, f = 1000 kc, and Ry = 11
ohms. Let Z = 5000 ohms, and ry
= 25 ohms. The value of C, can be
found with sufficient accuracy from
the ordinary resonance formula:

1 1
L, (27710%)2 253.3 x 107°
= 100 uuf.
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Then, from Eq. (5)

(253. 3x10~%-11x100x10~'2x5000) 25
(2 x 109)2 x 100 x 107'2 x 5000

(253.3 - 5.5) x 1078 x 25
4am® x 5 x 10°

= 17.72 phenries

For design purposes it is not par-
ticularly important to include the
tank coil losses RT, so that Eq. (5)
can be simplified to

L.r
~ T L
i ‘wzc z )
T T

The value of M calculated from this
simpler formula is

253.3 x 107% x 25
(2710%)2 100 x 1072 x 5000
= 17.9 phenries

which is close enough to 17.72
jhenries.

Fig.5 shows a direct or imped-
ance coupling method that can be
employed instead of the inductive
coupling method. Actually the
coupling is inductive, too, but is
an auto-transformer arrangement as
compared to the two-winding arrange-
ment shown in Fig. 4.

i ' l | »;an
- — o L a
Inpu R = lrﬁ o0

+[66

Fig. 5. —Direct (impedance) coupling
of an antenna to a tank circuit.

The tapped coil La constitutes
an adjustable inductance used to tune
out any capacitive reactance inherent
in the antenna. Particularly in the
early days of radio, when the fre-
quency of operation was low, antennas
were considerably below one-quarter
wave length in height and hence pre-
sented a capacitive reactance to the
transmitter.

The coupling arrangement shown
here is satisfactory so long as the
load impedance R, is not too low.
If R, is very small, M must be small,
and this in turn means that the tank
coil L, must be tapped down prac-
tically at the bottom turn, lower
than this the coupling cannot be
decreased. However, very low values
for R, present a particularly diffi-
cult problem in any event, mainly
because R is associated usually
with a large amount of capacitive
reactance, which in turn requires a
large coil L, whose resistance in-
herently will tend to exceed R, .

Fig.6 shows the direct coupling
method employed in conjunction with
a push-pull amplifier. Direct d-c
feed through the tank coil is shown.

& L g
g Yooced
= %Té{ g, Ffégge
AT

Fig. 6. —Direct coupling to a push-
pull stage.

hence the coupling taps 1-2 are con-
nected to the output through capac-
itors Cb to block the d-c potential.
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Although tap 1 or 2 could be moved
up to the center point (r-f ground)
of the coil, thereby furnishing an
unbalanced-to-ground output, it is
perhaps preferable to have both taps
the same distance on either side of
the center point so as to couple
equally to both halves of the coil.
In this case the output is inherently
balanced to ground and therefore
suitable for feeding a two-wire line
to a load.

TRANSMITTER ADJUSTMENTS

GENERAL CONSIDERATIONS. — Ad-
justing a transmitter presents prob-
lems because the various waveforms
cannot be readily observed with an
oscilloscope, particularly at f-m
and T-V frequencies, and it is not
easy to measure, or at any rate
to determine quickly how much load
impedance is coupled into the tank
circuit and thence presented to the
tube, and whether or not it is re-
sistive in nature.

Furthermore, as was seen in the
discussion of Class C amplifier de-
sign, there are many variables in-
volved, such as grid bias, grid
swing, plate voltage, etc., and these
all have profound effects upon the
operation of the stage. Hence
care must be exercised in adjusting
a transmitter, and a thorough know-
ledge of its operation is indispen-
sible in enabling the operator to
interpret from the meter readings
just what is going on in the cir-
cuits.

TUNING PROCEDURE.—1f the Class
C stage is very much out of adjust-
ment, then dangerously high currents
will flow and considerable damage to
the tube and other components can
occur, or else the circuit breakers

will open and shut down the stage.
In the process of setting the stage
into operation, therefore, it is
necessary to start with a low value
of r-f grid excitation, say about
50% of normal, in order that a mod-
erate amount of both grid and plate
currents flow even if the stage is
grossly out of adjustment. Also, for
safety purposes, the plate supply
voltage should be reduced to about
25% of its normal value.

Furthermore, no load should
be initially coupled into the
tank circuit. This has two ad-
vantages:

1. The tank impedance will be
much higher, and hence the plate-
current pulses will be smaller. This
means less d-c current drawn by the
stage, and hence indirectly less
plate dissipation.

2. The unloaded tank has the
higher Q denoted previously by Q,
on the order of 100-150, instead of
the loaded value of Q, on the order
of 10 or thereabouts. This means
that resonance will be sharper and
therefore more precise, although
resonance is admittedly sharp for a
Q of 10. On the other hand, the
grid current is higher for the un-
loaded tank than it is for the load-
ed tank.

If the tank circuit is initially
out of tune, then its impedance will
be low and either predominantly in-
ductive or capacitive, depending
upon in which direction it is mis-
tuned. Such a tank circuit will
draw a large fundamental component,
and hence a large peak current, and
this also means that it will draw a
large d-c component from the plate
power supply. The latter fact will
be noted very readily by the d-c am-
meter in series with the plate
supply.
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As the tank is tuned to reso-
nance at the grid excitation fre-
quency, the plate current will drop,
and it will be at a minimum at
resonance. Hence minimum Ib indi-
cates resonance, and the d-c plate
meter is a simple and satisfactory
device to be used for tuning the
tank circuit.

The grid circuit can also be
adjusted for resonance. Here, as
the tuned driver circuit is brought
into resonance, the voltage Eg
applied to the grid increases, (see
Fig.7), and the grid draws more
current from the cathode. This in
turn is reflected in an increased
reading of the d-c grid meter, indi-
cating a higher d-c grid current. In
order that the latter be not exces-
sive, it is desirable to have plate
voltage applied, as stated previously,
so that the plate will divert space
current to itself and thus keep the
grid current down.

Driver slage

T ERad
= | 7]
~-C

Fig.7.-—Conditions in the tuned grid
circulit.

In connection with this, note
that the d-c grid meter can also be
used indirectly as a check on reso-
nance of the tank circuit. When the
tank circuit is resonant, I, is a
minimum, and also €hmin has its
smallest value because of the in-
creased r-f voltage drop in the tank
circuit. When e is low, more of

bmin
the space currzat is diverted to the

grid, as can be checked from the
positive grid curves for any tube in
the Tube Manual.

As a result of this, Ic in-
creases somewhat as resonance is
approached, so that tank circuit
resonance is indicated both by an
increase in the d-c grid meter
reading as well as a decrease in the
d-c plate meter reading. However,
if the stage isnot properly neutral-
ized, the maximum and minimum read-
ings may not coincide; this will be
discussed subsequently.

LOADING THE TRANSMITTER.—Load
can now be applied to the transmitter
stage. First, since the tank circuit
has been resonated, Ebb can be in-
creased to its normal value. Ib
should increase, and Ic should de-
crease, since the plate is diverting
more of the space current to itself.

Loading is accomplished by in-
creasing the coupling of the load
circuit to the tank circuit. Where a
two-winding transformer is involved,
as in Fig.3(A), the coupling (and M)
are increased by rotating LR so as to
enable it to link moreof the flux of
LTv Where taps are employed, as in
Figs.5 and 6, loadingis accomplished
by moving the taps closer to theplate
end of the tank coil.

In the case of Fig.6, the two
taps should be moved equally toward
the respective plate endsof the tank
coil in order to maintain balanced
lcading. This will be further indi-
cated, if separate plate meters are
used in the push-pull stage, by equal
d-c current readings. Another check
can be obtained by inserting an r-f
meter in series with each tap to see
if equal readings are obtained.

If the stage under adjustment is
a driver stage feeding the grid or
grids of a succeeding stage, then the
proper amount of loading can also be
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told by the d-c grid-current reading
of the following stage. Where push-
pull grids are involved, the adjust-
ment must aim for equal grid-current
readings.

Where the actual load is an
antenna, which exhibits marked re-
actance characteristics, it is ad-
visable to employ a dummy load as
indicated by dotted lines in Fig.8.
However, the final full power adjust-
ments will probably have to be made
using the antenna, especially in a
large installation, since a dummy
load of sufficient power dissipation
may not be available,

Fig.8.—~Test set up for adjusting a

Class-C stage, showing connection of

& dummy load, or alternatively, the
antenna.

As load is coupled in, the im-
pedance Z, presented to the plate of
the tube decreases from a very high
value (owing solely to the tank coil
losses) down to the value specified
by the manufacturer or calculated on
baper. The d-c plate current I
rises and the d-c grid current Ic
drops. If the grid excitation is
still maintained at a low value as
during the tuning procedure, the two
currents should be less than the
rated values.

As load is coupled into the
tank circuit, the tank coil reactance
may be reduced in accordance with

b

Eq. (1), and hence detuningmay occur.
A slight adjustment of the tank
capacitor CT may therefore be neces-
sary to bring the circuit back to
resonance, and this can be told as
before by Ib being a minimum and I,
a maximum while C, is varied and the
coupling adjustment temporarily held
fixed.

If the loaded tank Q is very
low, maximum impedance doesnot occur
at unity power factor. 1In this case
the tank circuit is tuned for maxi-
mum power into the load (as indicated
by a maximum reading on r-f ammeter
A), rather than by minimum Ib and Ic.

The grid excitation is now in-
creased, and Ic, Ib, and IL, (the
load current as measured on the r-f
ammeter, A, of Fig.8), all go up.
Loading now consists in juggling the
excitation voltage and coupling of
the load into the tank circuit until
the r-f meter indicates that the
power output I?R_, the d-c plate
current Ib, and the d-c grid current
Ic are at approximately their rated
values,

Slight adjustments of the tuning
control may also be necessary from
time to time. The main object is to
get the rated power output with the
rated d-c plate current Ib, hence
the rated power input, plate effi-
ciency, and plate dissipation, with-
out the d-c grid current Ic being
excessive,

Suppose the power output is
calculated to be the rated value,
but the plate current is low and the
grid current is too high. This in-
dicates that the tank impedance z,
is still too high, but that by
excessive grid excitation sufficient
plate current flows to furnish
enough fundamental component to yield
the desired power output. Yet the
plate current is not up to the rated
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value since if Z, is high, Ip and
also I, can be less and still fur-
nish rated output.

The remedy is to increase the
coupling of the load to the tank
circuit, and thereby lower Z,. Now
Ib and I, will increase and Ic will
decrease. An increase in I, means
more than rated power output, hence
the excitation should now be de-
creased. This will reduce Ib, I,.
and Ic; by proper adjustment of the
coupling and excitation or grid
drive, the rated values forall three
can be obtained. In connection with
this the plate dissipation should be
watched as well as Ic, to see that
neither is excessive so that neither
the grid nor plate electrodes are
damaged.

Where bias is obtained solely
or in large part from a grid-leak
resistance, the procedure begins
with the calculated value of grid-
leak resistance, and the preceding
sequence followed. There is now
another variable to take into ac-
count, namely the grid bias. This
is calculated from the known d-c
grid current I, and grid-leak re-
sistance R8 (E, = IcRg), and if it
is not the specified or calculated
value, Rg is altered correspondingly
and the adjustments repeated. Ulti-
mately after a series of trials the
proper values for I, I, I,, and
plate and grid dissipations can be
obtained.

NEUTRALIZATION. —The theory of
neutralization has been covered else-
where, hence only the procedure for
neutralizing a Class-C stage will be
described here. Assume for con-
venience a specific form of stage,
such as that shown in Fig.9. A
neutralizing coil L, is closely
coupled to the tank coil L;., so that
at least over a narrow range of fre-

quencies about resonance, the voltage
induced in L is practically 180°
out of phase with that in Lr'

Fig.9.—Class-C stage showing neu-
tralizing circuit components.

The voltage induced in L& is
applied through the neutralizing
capacitor CN to the gridof the tube.
It acts to oppose the r-f feedback
voltage applied to the grid from the
plate via the plate-to-grid capacity
(not shown). By adjusting CN to the
proper value, neutralization is
accomplished, and the stage is free
of feedback. As a result it is
stable and not prone to oscillate in
spite of the presence of tuned cir-
cuits both in the grid and plate
circuits.

To neutralize this stage, first
tune it as described above and then
disconnect the plate supply, thus
removing EL. The filament, however,
is energized. Normal grid excitation
is then applied, and a neutralizing
indicator is coupled to the tank
circuit. The neutralizing capacitor
Cy is adjusted for zero indication
of the neutralizing indicator.

The latter can be of various
forms: a neon bulb, a single-turn
loop connected to a flashlight or
dial lamp, or a low-reading r-f gal-
vanometer, which may be temporarily
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substituted for the normal r-f am-
meter A in Fig.9. Still more sensi-
tive indicators that may be used are
a communications receiver, or a tuned
signal tracer of the type commonly
employed in radio and television
servicing.

If the neutralization is cor-
rect, no variation in I, will be
noted when C, is tuned through
resonance. If this is attained, Ebb
may then be applied, and I, and I
noted carefully as CT is again tuned
through resonance by a small amount.
If maximum I, occurs at exactly the
same point as minimum Ib, the circuit
is satisfactorily neutralized.

SUMMARY OF TUNING PROCEDURE. —
Refer to Fig.9. It is assumed that
the filament is on, all stages in-
cluding the one under consideration
are neutralized, and the preceding
stages have been tuned. Proceed as
follows:

1. With no E, ,» apply about
half normal excitation.

2. Apply about 25 per cent E .
and tune C, for maximum dip of the
plate current meter.

3. Increase Ebbto about three-
quarters normal value, and retune C,
if necessary.

4. Increase M by whatever form
of adjustment is provided for this
purpose, and simultaneously adjust
La for maximum antenna current as
indicated on the r-f ammeter A.

5. Increase Ebb, Eg (the exci-
tation), M, and adjust LA until Ic,
Ib, and the power output are as cal-
culated or specified by the manu-
facturer.

SIDE BAND DISTORTION. —1t was
brought out previously that the tuned
behavior of a tank circuit tended to
discriminate against the sidebands
produced by the higher modulation
frequencies because these side bands

were farther away from the carrier
in frequency. This is minimized by

keeping the tank circuit Q down to’

10 or less; in this range of Q there
is little if any sideband "cutting"
or attenuation even at 10 kc audio
frequencies or higher in the stand-
ard broadcast band. In large trans-
mitters, where the Q may be as low
as 2, sideband cutting is particu-
larly slight.

There is a rule usually em-
ployed for band width which relates
the Q of the circuit to the frac-
tional bandwidth Af/f as follows:

A/, = 1/Q )

where, as illustrated in Fig. 10, f,
is the resonant frequency at which,
say, maximum tank voltage ET occurs,
and fL and fh are the extreme lower
and upper sideband frequencies at
which the tank voltage drops to
/2 = 0.707E;, and f, - f = Af is
the bandwidth by arbitrary defi-
nition. At fh and fL the power drops
to one-half its value at f, (half-
power points),

Fig. 10. —Relation between bandwidth,
center frequency, and half-power
points.

From Eq. (7) it follows that as
Q is increased, Af decreases for a
given value of fc. Hence it would
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appear relatively simple to deter-
mine the value of Q required to cause
the power to drop to any small frac-
tion of its carrier value at the
extremes of the given audio band-
width when the value of Q for a 50
percent power drop is given by Eq. (7).

There is, however, one hitch to
this, and that is that the Q of Eq.
(7) refers to the ratio of the re-
actance of either C, or L,r relative
to the TOTAL shunt resistance. The
total shunt resistance involves not
only the load resistance, reflected
to the tube as Z,, BUT ALSO THE TUBE
RESISTANCE Rb IN SHUNT WITH Z,.

In other words, the source or
generator internal resistance aswell
as the load resistance are involved,
and therein lies the complication.
The tube resistance R is not the
ordinary plate resistance Rp, but
involves R_ and also the angle of
flow 6_. This is because the tube
conducts for only a portion of the
r-f cycle, and is anopen circuit for
the remainder of the cycle. The
average resistance is therefore
higher than R_, which is the plate
resistance for Class A operation,
when the tube conducts over the en-
tire cycle.

Everitt* gives the following
relationship between Rb and Rp:

TR (8)
P

R, = BR_= .
L P Gp - sin Gp cos ep
Note that R_ refers to the value for
positive or peak grid voltages, where
it is usually much lower than for
negative grid biases used in Class A
operation. This tends to compensate
for the factor 3, but the point is
that R, is not readily determined,
and is a function of Gp and hence of

*Communication Engineering,
p. 568.

the tube potentials and load im-
pedance.

For this reason no attempt will
be made to determine the optimum
value of Q so far as sideband cutting
is concerned, so longas such cutting
is not appreciable. This is gener-
ally the case, and the values of Q
recommended previously are generally
satisfactory so far as bandwidth is
concerned.

As a matter of interest, the
circuit shown in Fig. 11 was set up
in the CREI laboratory. A type 801
tube, operating at 2 mc, was em-
ployed, and the applied frequency
was varied from 200 kc below to 200
kc above the resonant frequency of
2 mc in 25 kc steps.

4
8o/
23ub
e wrcg 2ol
135v 5000
—100v = Fype 380V B

Fig. 11. —Experimental Class-C ampli-
fier setup to measure sideband
cutting.

A Boonton Q meter was used to
measure the tank Q under unloaded
conditions; its value was found to
be 170. The tank impedance Z, was
found to be 2500 ohms. This was
determined by inserting a resistance
of 767 ohms (measured on a General
Radio r-f bridge) in series with the
tank and measuring the voltage across
the tank alone and across it and the
resistor. The ratio of the voltage
gave the value of Z., and the loaded
tank, exclusive of the tube, was
found to be 8.62 when a dummy load
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resistor of 500 ohms was connected
as shown.

As the grid excitation was
varied, the tank voltage E. varied
as shown in Fig.12. From the band-
width determined by the half-power
points, namely 384 kc, the Q was
found to be 5.2 (= QLb)ox'with the
tube in the circuit as compared to
8.62 for the loaded tank (= Q). This
reduction is due to Rb, which can
then be calculated, since Z, = 2500
ohms, and the two Q s are known.
Thus,

Z
p e s o
Q, - QLb
or
5.2 X 2500

Rb = ——— = 3,810 ohms
8.62 - 5.2

This compares with the value of 4300
ohms for Class-A operation as given
by the manufacturer, but it must be
remembered that a much lower Rp for

200 e

positive grid potentials is involved
in determining Rb.

An important thing to note from
Fig. 12 is that for a range of fre-
quencies * 50 kc from the 2-mc car-
rier value, the tank voltage does
not appreciably vary, and over the
normal +10 kc audio range, the vari-
ation is insignificant. Since the
operating values for the 801 tube
were typical, one may conclude that
normally no concern need be felt
concerning sideband cutting.

In connection with this it may
be pointed out that the Q enc auntered
in actual practice involves that of
the antenna, which is not a pure re-
sistance, and the associated trans-
mission line. The reactances in
these components, as well as phasing
and matching networks, represent
additional energy storage and hence
an increase in the Q of the tank
circuit as compared to a load re-
sistance Z, connected directly across
the tank circuit.

7 Vg
& (i
170 -

¥
160 il
/50 Wil ) B 11 Rl LI I

e s
T i s e o R T

140 i i )

¥ | 1}
250  froo -1 frio0 TS0k
Frequency

fr+200

Fig. 12, —The overall selectivity curve of the test circuit of Fig.31.
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However, even in this case no
serious sideband cutting over the
audio band is encountered. The an-
tenna itself has a Q of 6 or less,
although this depends upon its radi-
ation resistance and hence upon its
height. For all except perhaps the
shortest antennas, such as those
used in mobile installations at
relatively low frequencies, the Q is
sufficiently low so that even in
conjunction with a moderate length
of transmission line, it does not
raise the overall Q to too high a
figure. Since the calculation of
such an overall Q would be very in-
volved, it is fortunate that this
factor is not an appreciable limi-
tation to the operation of the sys-
tem.

TAVK CIRCUIT DESIGN.—1n de-
signing a tank circuit, one must
first assume or have given certain
initial values. From the Class-C
amplifier design, Z,., the resistance
presented to the plate of the tube
by the tank circuit, has been cal-
culated. Also, from the same design,
the tank voltage E, = (Eb - ebmln)
is known, asisalso the frequency f.

One then chooses Q. the loaded
tank Q, in accordance with the con-
siderations presented previously.
This information is sufficient, al-
though a further point is to deter-
mine the tank losses. This will then
give Q.. the unloaded Q, and then the
tank-circuit efficiency can be cal-
culated. Or alternatively, the tank-
circuit efficiency can be chosen, Q,
then calculated, and the tank coil
losses (resistance) then deter-
mined.

The following formulas give the
values of the tank circuit constants
in terms of the factors assumed
above (see Fig.13).

The tank capacity:

Cp = QL/(Z'anT) (10)
The tank coil inductance

L, = ZT/(ZWfQL) (11

The total resistance in series with
LT:
R=R, +R =L/CZ (12

Reflected load resistance:

o*‘\
Y i
% TC¢r Rr
N R
"
o—_ 7

Fig. 13. —Factors involved in tank
circuit.

As an example of the application
of these formulas, suppose f= 1.5 mc
and a Type 826 tube is employed.
Let E, = 1250 volts, E, = -125 volts,
and Z, = 2540 ohms. Assume Q, = 10,
and an efficiency of 909%.

From Eq. (4), Q,r may be solved
in terms of the efficiency and Q:

Q, = Q/(1 - Eff.) (14)
Then
Qy = 10(1 - .90) = 10/0.1 = 100

T

From Egs. (10), (11), (12), and (13):
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C, = 10/27 x 1.5x10° x 2540

= 417 pef.
L, = 2540/2 x 1.5 x 10% x 10
= 27 ph.

R = 27 x 1078/417 x 1072 x 2540

= 25.9 ohms.
1

417 x 10712 x 2540

= -8
R, = 27 x 10 (

= 23.4 ohms.

27 X 1.5 X 10°)
100

In the case of a push-pull cir-
cuit, the two tubes may be regarded
as essentially in series, and the
value of Z, calculated for Class-C
operation of either tube alone must
be doubled. This in turn means that
for the same loaded tank Q, namely
Q.. the tank coil inductance L, must
be doubled, and the tank capacitance
C, must be halved. (Note that 2L,
and Cr/2 resonate to the same fre-
quency as L, and C..)

The reader may question this on
the basis that each tube, looking
into half of the tank coil, sees
1/4 L, instead of 1/2 L, as it
should in order to operate under the
same conditions as when it is oper-
ating by itself. The answer to this
is that owing to the presence of the
other tube, it sees 1/2 L, and not
1/4 L, because the other tube helps
furnish half of the inductive volt-
amperes. Thus, although normally
half the turns gives one-quarter the
inductance, in the presence of an-
other generator (tube) connected
across the other half of the coil,
half the turns gives half the in-
ductance.

As a result, each tube of the
push-pull pair faces a load and tank

Q exactly the same as if it were
operating by itself. The p wer out-
put is doubled; corresponding to this
one requires twice as great an in-
ductance, and half the capacitance,
BUT ITS R-F VOLTAGE RATING MUST BE
DOUBLED. This can be obtained by
using TWO tank capacitors and con-
necting them in SERIES.

It is thus apparent that the
tank circuit requirements, so far as
volt-ampere ratings are concerned,
are equal to those for two tubes in
parallel (and double those for one
tube alone). The only difference
between push-pull and parallel oper-
ation is that in parallel operation
C, must be doubled (two C,’s in
parallel), Z, must be halved, and L
must be halved, BUT MUST THEN BE
CAPABLE OF CARRYING TWICE AS MUCH
CIRCULATING CURRENT.

HARMONIC SUPPRESSION

PRELIMINARY CONSIDERATIONS. —At
the International Telecommunications
Conference in Atlantic City in 1947,
it was agreed that between 10 and
30,000 kc the power of a harmonic or
a parasitic emission supplied to an
antenna must be at least 40 db below
the power of the fundamental. In no
case shall it exceed 200 milliwatts,
mean power. This, of course, was to
prevent a high-powered station from
producing ncticeable interference to
a weak station operatingat say twice
the frequency.

Fundamentally, the harmonic
problem begins with the Class-C
amplifier. The distorted plate-
current pulse is the source of the
harmonic current; hence the ampli-
tude of the latter depends upon the
distortion and therefore the angle
of flow 6;.
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Ordinarily the second and third
harmonics are the only ones having
appreciable amplitude and therefore
requiring attention. For that rea-
son, the ratio of either to the fun-
damental current, or Ipn/Ip (where n
is the order of the harmonic and
equals either 2 or 3 in the figure)
has been plotted versus the angle of
flow ep in Fig. 14.

Note that these ratios represent
their values in the plate-current
pulse. The tank circuit thereupon
filters out the harmonics, so that
their ratios to the fundamental in
the antenna circuit are much less.
It will be of interest to calculate
this filtering action.

In Fig.15 are shown the tank
circuit impedances and the tank cur-
rents. In (A) the fundamental cur-
rent Ip is shown. The capacitive
reactance is X ., and a leading
current I flows through it. The
inductive reactance is X, - and a

lagging current I flows through it.

For tuned conditions, Ic = IL, since
Xep = Xpp = % their common value at
resonance.

In (B) are shown the relations
for the n'" harmonic. The capacitive
reactance is 1/n*" of X, or X ./n.

(A) Fundamertal (B) Harmornic

Fig. 15. —Impedance and current re-

lations in a tank circuit for the

th

fundamental and the n harmonic.

/ J

100°

Fig.14. —The relative amplitude of the 2nd and 3rd harmonic components
pulse as a function of ep.
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If n = 2 (second harmonic), then the
capacitive reactance is one-half of
its value at the fundamental fre-
quency, since the capacitive react-
ance varies inversely as the fre-
quency. On the other hand, the in-
ductive reactance goes up to nXLT or
n times its fundamental value.

This means that Icn is not equal
to ILn, asis the case for the funda-
mental components; instead Icn is
increased to n times the value it
would have if the tank were tuned to
n times the fundamental frequency,
and I is reduced to 1/n*" the value
it would have at resonance, so that
Icn = nzan'

At harmonic frequencies the tank
circuit (tuned to the fundamental)
is so far away from resonance that
its reactances predominate, and its
resistances can be ignored. Hence
the impedance ZTn of the tank circuit
is X, ,/n and nX; . in parallel, or

(-jXCT/n)(anLT) . X
=jXeq/n tinX . n®-1
(15)

We can now find the relation be-
tween the harmonic amplitude of the
line current, I ,» and the amplitude
of the inductive component ILn, which
current is assumed to flow in the re-
flected load. The ratioof these will
indicate the attenuation produced by
the tank to the n*™ component.

The ratio of a branch to a main
or line current is in INVERSE pro-
portion to the impedances they face.
From Eq. (15), the harmonic line
current I . faces the impedance
nX/(n®-1).  The harmonic component
in the inductive branch faces the
impedance nX. Hence

Tn

Thus, for the second harmonic
(n=2, I /I =1/(2*-1) = 1/3.
Suppose the angle of flow is 130°.
Then from Fig.13 Ipn/I = 0.668, and
in the induc¢tive branch this is
further cut down so that I, = 1/3
X 0.668 Ip =0.223 Ip. In words, the
second-harmonic current through the
inductive branch is 0. 223 of the
fundamental line current I if the
angle of flow is 130°.

However, there is still a
further effect that must be taken
into account, and that is the Q of
the tank circuit at the fundamental
frequency. This in effect multiplies
the fundamental line current I to Q
times that value of IL, that is I,
= QLIP, where Q; as before is the
loaded Q of the tank circuit.

Since the inductive currents.

should be compared, we have

I, o
e (17)
I Q(n*-1)

where & is the ratio of Ipn to I as
obtained from Fig.14. If Q = 10,
the ratio of harmonic to fundamental
load current for Gp = 130° becomes
0.223/10 = 0.0223. The power ratio
is the square of this, and in db.
Eq. (17) becomes
I

DB = 20 log —=® = -20 log I /I
IL Ln

= =20 log Q(n%-1)/a (18)
In the example just given,

DB = -20 log 1/.0223 = -20 log 44.8
= (-20)(1.6513) = 33.0 db.
Note that this is 7db short of
meeting the standards set by the

1947 conference, so that further
filtering is necessary.



HARMONIC SUPPRESSION 19

For the third harmonic,

I .28
Ly - = 0.0035

I, 10(9-1)

DB = -20 log 1/.0035 = -20 log 286

= -20(2.4564) = -49.1 db

which is clearly greater than the
40 db limit. Normally harmonics
above the third have negligible out-
put and may be disregarded.

It should also be noted in
pasuing that the amplitude of any
harmonic becomes greater, the smaller
the angle of flow, since the plate
current pulse becomes more distorted.
For example, Fig.14 shows that if ep
= 70° (a value admittedly too low)
@ = 0.9, or the amplitude of the
second harmonic is initially 90% of
that of the fundamental.

PUSH-PULL OPERATION.—The push-
pull amplifier has a very important
advantage as regards harmonic sup-
pression. Since it inherently
balances out all even order har-
monics, it inherently reduces the
worst offender, the second harmonic,
to a very low value without any need
for high-Q tank circuits or other
filters.

The disadvantage, of course, is
that two tubes are required for a
given power output instead of a
single larger tube, but where the
power output requirements fall
squarely on the combined ratings of
two tubes, and an available single
tube might be of such design as to
require a much higher plate-supply
voltage, the use of two tubes is
justified.

So far as the amount of sup-
pression produced by a push-pull
stage is concerned, this is a diffi-
cult matter to determine. If the
tubes were perfectly matched, and
the circuit components (each half)

were matched as well, the even-
harmonic outputs would be all zero.
However, owing to unavoidable un-
balances in the tubes and circuit,
some second harmonic current is found
to be present.

In audio work, the output trans-
former is designed to operate satis-
factorily if the tubes areunbalanced
no more than 5%. In Class C work,
jndividual grid bias adjustments
permit the unbalance to be kept per-
haps within the same limits. This
means that the net fundamental com-
ponent responsible for the unbalance
is 5% or 1/20 of the fundamental
current of either tube, and that the
unbalanced power is (1/20)% = 1/400
of the power output of either tube,
or 1/800 of the power output of the
stage.

This corresponds to an initial
suppression of -10 log 800 = 29 db,
which approaches the 40 db limit.
Since this is further increased by
the factors involved in Eq. (18), it
can be seen that second harmonic
disturbances should normally be of
no concern, and only the third har-
monic need probably be checked in
the design of the stage.

o1

S -
4
Cp o 17
- g %
= ¢ 3
E% 9 T 2E S
: 3

Fig. 16. —Push-pull Class-C amplifier
stage, showing use of two neutral-
1zing capacitors.
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One further advantage of push-
pull operation is its ease of neu-
tralization. This is illustrated in
Fig. 16. Since each a-c plate voltage
is 180° out of phase with that of
the other, each serves as a source
of neutralizing voltage for the
other tube’'s grid. Hence no addi-
tional coil is required to couple to
the tank coil; by cross-connecting
the neutralizing capacitors C, as
shown, neutralization is obtained.

PI TANK CIRCUIT.—A simple
modification of the ordinary L-C
network provides increased harmonic
suppression, as well as a measure of
impedance matching. Reference is
made to the pi-type tank circuit,
also known as the Collins coupler.
This is illustrated in Fig.17. In
(A) is shown the pi network as nor-
mally drawn: C,, L, and C_ form
the three impedances arranged in the
form of the Greek letter pi (m).

G

\
Al

(A)

Normally R, is a low resistance,
such as the 50 ohms characteristic
impedance of a coaxial transmission
line, and Z, is desired to be on the
order of several thousand ohms to
mmatch" the tube. Hence C_ is rela-
tively large, and its effect on the
resonance of the circuit is therefore
relatively small.

This is better seen from the
alternative representation of Fig.
17(B). Here it is evident that if
C, is large and its capacitive re-
actance therefore low, it will sub-
tract very little from the inductive
reactance of L. This means that
approximately LT and CT resonate by
themselves to the driver frequency.

It is also clear from this
figure that since R, appears in
series with L., the circuit is very
much like the ordinary tank circuit,
the only modification being that C,
is present here to shunt RL.

«’

Fig. 17. —P1i tank eircuit, drawn in three different forms.

By suitable choice of Cp LT,
and Cw, an impedance, such as re-
sistance R,, can be made to appear
as a higher impedance ZT presented
to the tube (shunting Ch. The
appropriate formulas will be given
farther on, but it may be noted here
that C, must be greater than C, to
make a lower resistance R, appear as
a higher resistance Z,.

It is also clear from this
figure (B), how harmonic suppression
is improved. In the previous analy-
sis for the ordinary tank circuit,
the suppression came about from the
fact that the harmonics encountered
a low impedance to ground inthe path
containing C;, and a high impedance
in the path containing L, and R;, so
that much less harmonic current

G N N BN S N B A D DR B e E BE EE e
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flowed in Ry compared to fundamental
current.

In the pi tank circuit, further
suppression comes about in that any
harmonic current that forces its way
through LT, is bypassed by C, around
RL, so that even less gets into
RL than in the case of the ordinary
tank circuit not having C,-

The representation in Fig. 17(C)
is a third way of drawing the pi
network, and is shown so that the
reader will recognize it as such if
he sees it elsewhere. However, it
does not reveal the action of the
circuit as clearly as (A) and (B) do.

PI-TANK FORMULAS. —The following
formulas apply to the pi tank cir-
cuit, but curves will be furnished
to facilitate the actual design of

Fig. 18. —P1i tank circuit. I 1s the

actual load resistance, which 1is re-

flected by the pl network to the
tube as ZT.

this type of circuit. The values of
reactance rather than the actual in-
ductance or capacity are given, but
the latter can readily be calculated
since the frequency is known.

Xep = Z4/Q (19)

(20)

O = Y —— Tl (21)

where X . = 27fL,, X,, = 1/277fCT

and X, = 1/2waW. As before, Q,
the loaded Q of the tank circuit, is
chosen anywhere from 2 (for very
large push-pull stages), to 10 or
perhaps even 20, in the case of an
oscillator.

Figs. 19, 20, and 21 represent
suitable plots of Egs. (19), (20),
and (21), and Fig.22 enables the
suppression of the second harmonic
to be determined. As an example of
its use, suppose Z, = 2540 ohms,
f = 1.5 mc, and Q = 10. Also let
RL = 50 ohms. In Fig.19, follow the
ordinate representing 2540 ohms up
to the line designated by Q = 10,
then go across to the left, and read
off the X.p ordinate the value 255
ohms. Then

1 1
C, = =
27 £X,, 27 x 1.5 x 10% x 255

= 417 upf.

Next calculate the ratio R /Z.
This is 50/2540 = 0.01969. Now
refer to Fig.20. Proceed up the
ordinate corresponding to 0.01969
(practically 0.02) until the Q = 10
curve is reached. Now go across to
the left, and obtain X‘LT/ZT = 0. 109.
Hence X, ., = 2540 x.109 = 277 ohms,
from which

L, = 277/2m % 1.5 x 10°

= 29.4 uhenries

To find X, use Fig.21. Fol-
low the ordinate corresponding to
0.01969 up to the Q = 10 curve, then
across to X, /Z, = .02. Hence Xem
= 2540 % .02=50.8 ohms, from which C,
= 1/27m x 1.5 x 10%® x 50.8= 2100 Wuf.



22 DESIGN FEATURES AND ADJUSTHMENTS OF TRANSHITTER CIRCUITS
1000 —T T = o ) e r—T T T
e = Er e — A
700]— | ,F—_l = 1 — NEEEE :}Zd‘
=00 0 T A T AA
Ee) Z, =CpCre I / { A ,//
-wc~ ! M : ! ! g Y
PRI A
300 i | ! 0.‘) ! E /‘ ) |
- _ . : A — LA -
ik A A
200 1Th S y' ! ‘ i
| /A 7 '
) - - ‘A/l A 5 T
£ / s ‘ |
S /
- / // 1
Nu 122 I__L 7F + T /;; —;/I 1 i 3 ;
806 T ! i [l_/{l_// : | : T )
[0 A AT /4 - R
T 1 I T [ | B
(39 | 1 J ‘ | AN ) I S B I JE
50 I T } [ 1 ; ; I I T
T ; ! |
0 = FEEE R
L/ A AL [NEREEEREREIN
. A AT ‘ T
N A ! iin
L A L gl
/| | | |
20 /
A/ iR
//’ /
K:'OO / 200 300 400 500 700 1000 2000 3000 4000 5000 7000 0000
Z. (Ohms)

T

(Courtesy CQ)

Fig. 19. —Relation between input impedance and near-end shunt capacitance for a
pi1 tank circutit.

Now find the second harmonic
distortion from Fig.22. Use the
same valueof R.L/Z,r as before, namely
0.01969, and locate the corresponding
ordinate. Proceed up to the Q = 10
curve, then go across and find that
the second harmonic distortion is
34 db. down or belowits level at the
input. To this is to be added the

amount by which the second harmonic
is below the fundamental at the plate
of the tube, for a given ep. This,
it will be recalled, is found from
Fig. 14. The value of o and Q gives
the db attenuation as

db = -20 log %% (22)
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Fig.22. —~Db second harmonic distortion plotted against impedance ratio RL/ZT for
a pi tank network.

The total attenuation is then this
plus that found from Fig.22. For
example, if ep = 130°, a = 0.223,
and if Q = 10, Q /a = 10/0.223
= 44.8, and from Eq. (22)

db = -20 log 448 = -(20)(1.6513)
= -33 db.

The total attenuation is therefore
-33 - 34 = -67 db, which is more
than sufficient.

The third harmonic will be 12 db
down on the second, or 79 db down on
the fundamental, and the fourth har-
monic will be found to be 20 db down
on the second, or 87 db down on the
fundamental. As stated previously,
if the second-harmonic attenuation
is sufficiently great, the attenu-
ation of the higher harmonics will
be more than ample.

PI TANK ADJUSTMENTS.—The pi
tank is quite easy to adjust. To
tune, C, is turned to a maximum
(minimum reactance), and then Cy is
turned until resonance is obtained,
as is indicated by a minimum value
for I,. With C, at a maximum, the
load R, is shunted out by it to a
maximum degree, so that the loading
on the tube is at a minimum (ZT very
high).

To make the tube take on load,
(}77 is now decreased. R, now reflects
as a lower value of ZT to the tube,
and the latter startsto draw current
(I, increases). Some further small
readjustment will have to be made to
CT to maintain resonance.

There is a limit to the ratio
of RL/ZT that the pi network can
match. The minimum value of RL that
the pi tank can possibly transform
to give a desired value of ZT is
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slightly greater than Z,/Q®. For
example, if Z, = 2540 ohms, and
Q, = 10, the minimum R that can be
matched is 2540/100 = 25.4 ohms.

If it is attempted to use a
smaller value of RL,it will be found
that to increase the load on the
tube, C_must be INCREASED rather
than decreased. Nevertheless, the
pi tank affords a sufficient im-
pedance range for most practical
applications, and employs the fewest
number of circuit elements for a
maximum of harmonic attenuation.

It is not, however, as satis-
factory as an ordinary tank circuit
for the suppressionof sub-harmonics;
i.e., frequencies equal to one-half,
or one-third, etc., of the driver
frequency. For that reason it is
not suitable to be driven by a
doubler stage, since the subharmonic
frequency that has been doubled by
such a stage is still present in
appreciable amounts in the output,
and would be further accentuated by
the pi network stage.

HARMONIC TRAPS. —VWhere harmonic
suppression has to be very great, as
in a high-power low-Q installation,
or where occasionally a given har-
monic of a transmitter causes inter-
ference with another station oper-
ating at or close to that harmonic
frequency, special means must be
taken to reduce this harmonic to the
required degree. Often this is a
rcustom" problem to be handled by
the consulting engineer for the
station.

This is usually a cut-and-try
process, because the trap circuit or
circuits employed for the purpose
may resonate with the antenna load
at the harmonic frequency and enhance
rather than decrease the inter-
ference. Fig.23 shows some of the
schemes employed.

In (A) a parallel resonant
filter circuit composed of LF and Ce
are in series with the Class-C tube
and its pi tank circuit. LF and CF
are resonant at the harmonic fre-
quency, whereas they act as a low
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Fig.23.—~Four different kinds of harmonic traps used for suppression purposes.
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impedance at the fundamental fre-
quency. The harmonic is thus blocked
from entering the tank circuit; then
C77 of the tank circuit produces
further filtering.

In (B), a series circuit LFCF
resonant at the harmonic frequency
is shunted across the line and acts
as a short circuit to the harmonic
and thus prevents it from entering
the antenna. A similar series
resonant shunt is employed in (C),
out here the resonant circuit is a
.ransmission-line section that is a
quarter wave in length at the har-
monic frequency. Such a section,
when open-circuited at the far end,
acts like a short circuit at its
near end, and thus short circuits
the main line to the antenna at the
harmonic frequency. Note that it
also shorts-circuits the supply line
at ODD multiples of the given har-
monic frequencies; that is, at fre-
quencies where its wave length is
3\/4, 5M\/4, etc. For example, if it
is cut to be A/4 at the second-
harmonic frequency and therefore to
act as a short circuit at this fre-
quency, it will also act as a short
circuit at the 3 x 2 = 6*" harmonic,
tenth harmonic, 14'" harmonic, etc.
Usually, however, the attenuation is
ample at these higher frequencies
without the use of this filter.

A quarter-wave section is
rather bulky at low frequencies, but
has a relatively high Qand therefore
makes a very effective shunt at the
harmonic frequency. It is particu-
larly useful at high frequencies
where lumped inductances and capaci-
tances are difficult to build in the
small values required.” The Q is
also much higher than that of a
lumped circuit.

In (D) are shown modifications
to a pi tank circuit that make it

more effective as a harmonic filter.
The capacitive reactances Xer and
XCW required in Egs. (19) and (20)
need not be just capacitances; in-
stead they can be a series combi-
nation of LFl and C, and C, and LF2
such that for each pair the net
reactance at the fundamental fre-
quency is the value required by the
tank.

At the same time, values can be
found for these such that each pair
SIMULTANEOUSLY resonates at the har-
monic frequency. The two pairs
therefore act as the short-circuiting
elements shown in (B) and (C). Note
however, that there is no saving in
circuit elements; in (A) and (B) an
extra capacitance and inductance are
required; in (D) two extra induc-
tances are required.

In passing, it may be noted
that the values for LFl (or LF2) and
C, and C_ are given in terms of the
angular fundamental and harmonic
frequencies w, and @, respectively,
and the reactances X.p O X, re-
spectively, as follows:

wf
Ley = Xeq (a—)”:_a_)f)

PRACTICAL EXAMPIES OF
CIASS-C AMPLIFIERS

THE GE BT-22-A TRANSMITTER. —~
Fig. 24 shows a photograph of a
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General Electric Type BT-22-A trans-
mitter. Its modern styling conceals
the many circuits and components re-
quired in such a unit. It consists
of three main sections which contain
respectively the exciter modulator,
power amplifier, and rectifier-
ontrol units, all forming a unified
assembly mounted within a cabinet
finished in two-tone blue smooth-
surfaced baked enamel with an opal-
escent pattern effect. The trim is
brushed stainless steel.

Air cooling is used throughout.
It is supplied from a central blower
system and directed to the modulator
and power amplifier tubes by means
of ducts. Filters of the cleanable
metallic type are provided for re-
moval of dust from the cooling air,
and in cold weather the exhaust air
can be used to heat the transmitter
building.

Tubes are visible through win-
dows in the front panel, and central-
ized supervisory lights indicate the
status of the control circuits, as
well as the exact circuit in which
an overload or other trouble arises.
Fach audio and r-f tube is indi-
vidually metered, and all necessary
tuning, neutralizing, and bLias con-
trols are brought out to the front
panel for convenient adjustment with
power supplied.

High-speed overload relays pro-
tect all high-power circuits; other
circuits are protected by circuit-
breaker-type automatic-trip switches,
so that there is no need for fuses.
Instantaneous change from 5 kw to
1 kw output is obtained by operating
a switch on the front panel. On the
other hand, by adding a second power
amplifier in a space pravided, and
installing larger modulation and

rE T

-
=

Fig.24. —The GE Type RT-22-A 5 KW AM broadcast iransmitter.
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rectifier plate transformers, con-
version to 10-kw operation is easily
obtained.

A very important and new feature
for transmitters of this size is the
arrangement whereby the high-power
tubes may be simply and quickly
switched in or out of the operating
circuits in the event of tube
failure. Thus, spare tubes may be
quickly switched into the circuit
and normal operation continued,
saving valuable program time. Yet
the filaments of the spare tubes do
not have to be on all the time be-
cause high-reactance current-limiting
transformers allow the filaments to
reach operating temperature quickly
and safely when switched into the
circuit,

Fig. 25 shows the circuit em-
ployed in the final amplifier stage.
It will be observed that a pi tank
circuit is used, in which L, is
fixed, and C, and C_ are variable
for tuning and loading the trans-
mitter. The pi tank feeds an antenna
Oor transmission line through the
adjustable inductance L,.

61892R % .
l To anfenrna
4 or
#FCS T o fransmission line

= oy =

Fig.25.--Circuit diagram of the
final stage, showing the pi tank
circuit and the antenna reactor.

The specific function of L, is
to tune out any net capacitive re-
actance of the antenna or trans-
mission line. It is true that the

transmission line should be termi-
nated inits characteristic impedance
to eliminate standing-wave losses,
and therefore should appear as a pure
resistance at its input end. 1In
case, however, the impedance is some-
what capacitive, L, can be used to
tune it out.

If the transmission line pre-
sents an inductive reactance to the
tank, then it in conjunction with
the proper amount of I..A and part of
C, will act as an "L" network to
produce a pure resistance of differ-
ent magnitude to the rest of Cﬂ.
The latter than, in conjunction with
L, and C,, transforms it into the
desired value of Z, to present to
the tube.

THE RCA BTASF TRANSMITTER.—1In
Fig. 26 is shown the RCA BTASF 5 kw
A-M transmitter final output stage.
Here C, and C, are fixed in the pi-
tank network, and L, is adjustable.
As can be seen from the figure, it
is made up of three adjustable in-
ductors in order to provide suf-
ficient fineness of control in
tuning.

Observe also L&, the inductance
employed either to tune out antenna
capacitive reactance, or more usually
to tune out any net capacitive re-
actance of the transmission line
owing to inability to match it per-
fectly at its far end. An additional
element is the Tee matching network
preceding the antenna. It is for
the purpose of matching the antenna
to the characteristic impedance of
the line and also cancelling out any
reactance of the antenna.

The circuit detail designated
"For open-wire line" is for the pur-
pose of enabling a balanced-to-ground
open-wire line to be connected into
this inherently unbalanced-to-ground
system. Since it involves trans-
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mission-line theory, it will not be
further discussed at this point. 1In
the case of a coaxial cable, which
is inherently unbalanced to ground,
the inner conductor is connected in
series between L, and Ll, and the
sheath is simply grounded.

892-R

ﬁVC%

|

69!

+ph %I

and other components are accessible
from the front.

The transmitter, composed of
four main sections can have cabinet
extensions added to either or both
ends for phasing, monitoring, test,
and audio equipment. A desk-type

For open~ 4 Ls
~Wire fine

Fig.26. —Circuit diagram of the Class C output stage of an RCA BTASF 5 kw A-M
transmitter.

As is clear from the diagram,
it is composed of the fixed shunt
element C (two capacitors in paral-
lel), and the two variable series
inductors, L.  and Lz. By varying
these in the manner to be described
in the next section, the antenna
impedance can be made resistive and
matched to the characteristic im-
pedance of the line. It is to be
appreciated that this network can
also be used with the G.E. or other
transmitter.

FPig. 27 shows an inside view of
the transmitter. The bottom compart-
ments have solid metal covers, but
the upper compartments have doors
that are composed of vertical alumi-
num slats that slide to the left
much in the same manner as the wooden
slats of a roll-top desk. Similar
doors are used in the rear, and thus
no clearance is required as for
swinging doors. All controls, tubes,

control consoleis also provided with
the transmitter and provides all
mixing and switching facilities for
normal operation.

The output stage uses a single
RCA 892-R tube operated Class C, as
is indicated in Fig. 26, but the
latter diagram does not indicate
(for the sake of clarity) the fact
that the stage is plate-modulated by
two 892-R audio tubes operating
Class B. The use of the same tube
in the modulator and r-f stages
makes for tube economy; only 24 tubes
total are used, and these consist of
but six different types.

The use of variable inductors
throughout instead of variable ca-
pacitors is claimed to result in
more trouble-free operation in that
there are no air capacitors to col-
lect dust, bugs, lint and other
foreign particles that may cause a
flashover. Motor-driven tuning of
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Fig.27.—~The RCA BTA-5F 5 kw A-M transmitter, showing the components comprising
the transmitter.

the driver plate tank and output
tank inductances is controlled by
push button switches on the front
panel, and variable adjustment of
the load coupling is also provided.

Two crystal oscillators employ-
ing 807 tubes are used, and these
can be instantly switched by a se-
lector relay operated by a push
button located on the transmitter
front panel. They are followed by
an 828 tube in a buffer stage, which
then feeds two 810 tubes in parallel
acting as a driver stage.

AUXILIARY EQUIPMENT

ANTENNA MATCHING NETWORKS. —
These networks can be of the L, Tee,
or Pi configuration, and can serve
for three purposes:

1. To cancel out any reactance
in the load (antenna) circuit ard
thus make it appear to be a pure
resistance at the operating fre-
quency,

2. To transform this load
resistance to the value ZT required
to face the Class-C tube, and

3. To produce a phase shift
in the transmitter wave. This
latter role is mainly employed when
several antenna elements of an array
are to be fed currents of certain
desired amplitudes and phase for
proper operation of the array. Phase
shifts between 0° and 180° can
occur.

Consider the Tee network shown
in Fig.28. 1t is of the low-pass-
filter type, but is here employed
for impedance matching. The series
inductance of reactance X2 can be
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used in part to cancel the reactance
of the antenna as well as to act
with Xl and X3 to effect an impedance
match from the antenna resistance R,
to the characteristic line resistance
R .

o

<z

WU@—O \r
f. A e
Ik

oo

L

Fig. 28. —Tee matching network.

Thus, suppose the antenna has
an impedance which can be expressed
as a capacitive reactance X.. in
series with a resistance Ra repre-
senting its radiation resistance.
Then part of X2 can be used to cancel
X, . and thus leave a pure resistance
R, to be matched by the rest of X2
in conjunction with X1 and XT

On the other hand, suppose the
antenna has an impedance which can
be expressed as an inductive re-
actance XLa in series with Ra. Then,
providing XL. is not excessive, it
can be used to supply part of the
inductive reactance required by the
right-hand series arm of the tee;
i.e., X2 itself is reduced to a
value where it plus Xia furnishes
precisely the amount of reactance
required. Thus in this case too
there remains a pure resistance R,
to be matched to Ro.

Let B be the phase shift through
the network. This can be chosen
arbitrarily, values from -180° (cut-
off) to 0° are possible. The re-
actance values to provide an im-
pedance match depend upon the

value of B chosen. The magnitudes
of X, Xz, and Xa are then given by:

VR R (1 - cos B)L/RU_/R‘

! sin B
. - YRR (1 - cos BWR /R,
2 - sin B

(22)
X, = +VR,R /sin B

If B = -180° or 0°, sin =0,
and Xl, X2 and X3 become infinite.
If B is close to these values, these
reactances become very high, and this
is particularly undesirable in the
case of X, and Xz, since it means
coils of high inductance are re-
quired.

Hence, unless some special
value of 3 is desired, it is best to
operate with B = -90°, in which case
sin 8 = -1, and Eq. (22) simplifies
down to:

X = +vRR
1 o a
X, =+ VR R (23)
x3 =< \/RoRa

Note the negative sign for X_ is
capacitive. Should these lead to
inconvenient values of Xl, X2, or
X,, a different value of B can be
chosen.

Two examples will now be worked
out using a value of = -90°. As-
sume first that the transmission line
has a characteristic impedance of 52
ohms, and that the antenna has a
length of 0.22\ (wavelength) and is
of the guyed-mast type. Refer to
Fig.29, where are shown the reactance
anc resistance of both self-supporting
and guyed-mast types of antennas for
various electrical heights from 50°
to 200°.
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Fig.29. —The resistance and reactance of a self-supporting and a guyeda-mast
antenna as a function of electrical height.



AUXILIARY EQUIPMENT 33

The antenna height is given
in wavelengths; it can be con-
verted to degrees by the following
formula:

H = h x 360° (249)

where h is the height in wavelengths.
Here h = .22, hence H = .22 x 360
= 79.92°. From Fig.29 it is found
that for H = 79.2°, R, = 28 ohms and
Xh = -28 ohms or 28 ohms capacitive
reactance. This will have to be
cancelled out by a corresponding
portion of X, and X1 will have a
value:

X, = VRR, = V52 x 28 = 38.1 ohms,

This means that the total reactance
of X2 will have to be

X, = 38.1+ 28 = 66.1 ohms.
Reactance X3 will have the value -X,
or -38.1 ohms, - that is, 38.1 ohms
capacitive.

The second example is that of a
sel f-supporting antenna A/4 long.
Here H = (360)(1/4) = 90°, and for
this type antenna R, = 40 ohms, and
X = + 35 ohms or inductive. Let

a
R 52 ohms as before. Then

o

n

X, = V52 x 40 = 45.6 ohms

X, = 45.6 - 3 = 10.6 ohms net in-
ductive reactance. In other words,
the antenna supplies 35 ohms of the
required 45.6 ohms inductive re-
actance, so that the right-hand
series coil of the tee network need
supply only the remaining 10.6 ohms
inductive reactance. Then finally
X, = 45.6 ohms of capacitive re-
actance. It is then, of course, a
simple matter to find the values of
L and C, once the frequency is
specified.

ADJUSTMENTS OF TEE NETWORK.-—An
r-f bridge will facilitate the
tuning procedure very much, and is
therefore recommended. The object
is to adjust the inductances to tune
out the antenna reactance and match
the antenna resistance to the line.
Note that the inductances are the
variable elements; the shunt capaci-
tance is chosen in accordance with
the preceding calculations.

The tuning unit is normally
housed in a weatherproof metal box,
and is designed to be mounted either
below or adjacent -to the antenna
base. Often a small house is pro-
vided (so-called "dog-house"), par-
ticularly if an array is involved
which requires several tuning and
phasing units. Otherwise the unit
may be mounted on wooden posts or
upon a wooden platform or steel
cradle.

The antenna wire is brought out
through a ceramic bowl insulator,
for the r-f field is intense and the
dielectric stress high. An opening
in the bottom is also provided for a
coaxial cable, and in the event of a
two-wire line, a second ceramic bowl
insulator is used.

A thermocouple for a remote r-f
ammeter is provided, together with
an r-f meter and a S.P.D.T. make-
before-break type knife switch to
disconnect the meter when readings
are not being taken, (see Fig.30).
This feature protects the meter
against lightning surges, and in
addition further protection is af-
forded by the horn gap on the out-
side of the tuner housing near the
antenna bowl insulator.

To adjust the network with an
r-f bridge, the circuit arrangement
shown in Fig.31 is employed. After
the necessary calculations have been
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Fig.31. —Test setup for adjusting
a tuning unit with the aid of an r-f
bridge.

Then the transmission line is
disconnected, andthe r-f bridge used
to measure the input impedance of

¥
—| K-8880943

Schematic diagram.

the tuning unit with the antenna
connected. (If desired, the bridge
can also be used to measure the
antenna impedance, as well.) The
input impedance should equal the
characteristic impedanceof the line,
such as 52 ohms or whatever it may
be.

If not, L1 and L, have to be
readjusted by a process of trial-
and-error until the correct im-
pedance is dtained. The line is
then reconnected and the r-f bridege
removed from the circuit, and oper-
ation beguin at a low power level.
If everything is all right, full
power can then be applied.

A calculation of the current in
the capacitor C should be made to
insure that the rating of the ca-
pacitor, both in voltage and current,
is not exceeded. The company Dro-
vides capacitors on the basis of
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information received with the order;
this calculation acts as a check on
the information furnished.

TUNING PROCEDURE WITHOUT R-F
BRIDGE.—1f an r-f bridge is not
available, a simple substitution
method may be employed. The circuit
is shown in Fig.32. Here a small
carbon resistor is employed in place
of the tuning unit and antenna, de-
pending upon which way the switch is
thrown. Since the resistor has a
rating of but a few watts, reduced
power should be applied, such as
from a low-level stage. The test
coupler and series tuning capacitor
are for this purpose.

é

Fig,32. —~Test setup for adjusting
a tuning unit when an r-f bridge is

,”}_4

not available.

With the switch set first in
one position and then in the other.
the line current is observed on
meter G. If it is the same in either
position, the tuner is in proper ad-
justment.

Suppose the switch is set in
the resistor position. Capacitor
C, is then tuned for maximum current
reading. The switch is then shifted
to the tuner input. Suppose C, now
has to be increased to obtain a
maximum current. This indicates
that the tuner load has capacitive

reactance as well as resistance, and
CT had to be increased in order to
decrease its reactance by the amount
present in the tuner. Appropriate
changes must then be made in the
tuner components.

On the other hand, suppose C,
has to be reduced. In this case the
tuner impedance is inductive, and
again the appropriate changes must
be made in the tuner components.
Finally, C, may not have to be re-
adjusted, but the current may in-
crease as the switch is shifted from
R to the tuner load. This indicates
the latter is resistive in nature,
but of a lower magnitude than the
desired value R.

If the current decreases on
shifting the switch, it of course
indicates that the tuner load is a
resistance higher than R. In either
case appropriate corrections must be
made to the tuner adjustments, but
note that this substitution method
enables one not only to determine
when the adjustments are correct,
but also when incorrect, which way
the error is and hence how to cor-
rect for it. In fact, this method
may in general be used to determine
unknown resistances and reactances
in terms of a calibrated resistor
and capacitor.

RESUME '

This concludes the assignment
on the design features and adjust-
ments of transmitter circuits. It
covered not only the conventional
tank circuit design and adjustments,
but also push-pull considerations
for the same type of tank circuit.
Following this the pi type of tank
was analyzed, and its ability to
match impedances as well as to
suppress harmonics was demonstrated.
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The practical adjustments of a
Class C amplifier are important, and
a considerable portionof the assign-
ment is devoted to this topic, both
as regards the ordinary tank, the pi
tank, and the tuning units. The
readings of the various meters afford
an indirect clue as to the tuning
and lcading of a unit, and hence as
to whether or not the stage is being
operated in accordance with the cal-
culated design or the manufacturer’ s
specifications. Along with this the
subject of neutralization was
covered, showing how this is accom-
plished in practice.

Harmonic suppression was further
explored in this assignment, and
various types of trap circuits, as
well as a modification to the pi
tank, were illustrated and discussed.
In the case of the pi tank itself, a
graph shows the amount of second-
harmonic suppression obtained for
various tank Q’s.

Two practical examples of trans-
mitter Class-C stageswere presented,
and the assignment concluded with a
discussion of the design and adjust-
ment of Tee matching or tuning
units.
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A 50 kw transmitter is two miles away from a receiver, and
on a frequency of 550 kec. It radiates second-harmonic power
that is 40 db below the fundamental in power. A small
station of 250 watts capacity is operating on 1100 kc. It
is 20 miles distant from the receiver. Assume that its sig-
nal strength varies inversely as the distance (power varies
inversely as the square of the distance), rather than at a
more rapid rate, as is the case if the earth does not have
100 per cent conductivity.

(A) How much second-harmonic power does the 50 kw station
radiate?

(B) What is the ratio of second-harmonic power to the power
of the 250-watt station at the receiver terminals?

A tank circuit has an inductance L, = 200 phenries, and a
resistance of 18 ohms. The load resistance reflected in
series with LT is 140 ohms. The frequency of operation is
1500 kec.

(4) What is the unloaded Q of the tank coil?

(B) What is the loaded Q of the tank coil?

(C) What is the efficiency of the tank circuit?

(A) In the above example, what is the value of the tank
capacitor C, that is required?
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(B) It is desired to present a resistance to the plate of
the tube of Z = 2500 ohms. The actual load r, coupled to
L, is the characteristic impedance of the antenna trans-
mission line Zo = 52 ohms. ¥hat value of mutual induc-
tance M is required between the transmission-line coupling

coil and Lg?

(C) Wwhat is the more approximate value of M, neglecting the
tank-coil losses?

Discuss briefly but in detail the procedure in tuning, neu-
tralizing, and loading a transmitter.
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4. {Continued)
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An ordinary type of L-C tank circuit is to be designed to
operate at 1000 kc. The load resistance to be presented to
the plate of the tube is 3500 ohms, and the loaded Q is to
be 8. The tank efficiency is to be 95%.

(A) Find the value of the tank capacitor Cy

(B) Find the value of the tank inductance L..

(C) Calculate the reflected load resistance R, in series
with L.

(D) Calculate the resistance R, of the tank coil.

(A) Suppose in the above problem that two tubes of the same
type as the one used there were employed in push-pull, and
under the same Class-C conditions.

(a) What value of LT would be required?

(b) What value of CT would be required?

(c) Wwhat value of Z, is required?
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(d) What value of Q, is required?

(e) How does the power output compare with that of the
single tube?

(B) Suppose instead of push-pull, two of the same tubes were
used in parallel. Answer the same questions (a) to (e) as
in (A) above.

(a)

(b)

(c)

(d)

(e)

An ordinary L-C tank circuit is used in a Class-¢ amplifier
stage. The angle of flow is 6_ = 140°, and Q, = 10. The
fundamental power output is 1 kw.

(A) Calculate the amount of db the second-harmonic power is
down on the fundamental power. Is this within the limits
permitted?
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(B) Calculate the actual amount of second-harmonic power
radiated. Is this numerical value within the limits per-

mitted?

Design a pi tank circuit to match 3,000 ohms to 50 ohms at
1250 kc. A loaded Q of 12 is desired. Find C;, L., and C_,
also the amount of second-harmonic suppression.
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It is desired to build a tank circuit of the form shown in
Fig.23(D) of the text. The tank capacitive reactance X , is
250 ohms; the pi capacitive reactance X, is 42 ohms, and
the fundamental frequency is 1250 kc. Find the values of
LFI, Crs er' and C_ that will give the required suppression
at the second-harmonic frequency.

Given an antenna that has the following impedance at 1.5%x10°
mc: R, *+ jX, = 40 + 335. Calculate the inductances and
capacitances required in a Tee network that is to match it
to a 52-ohm transmission line and is to have a -90° phase

shift.



