






































































































































62 RADIO-FREQUENCY AMPLIFIERS 

rupling, greater bias and correspondingly increased drive is required. 
Table 2 shows these relationships clearly: 

TABLE 2 

CLASS-C TRIODE AMPLIFIERS 

Grid Bias (X cutoff) 
Plate efficiency (approx.) 
Plate-current angle 
Relative output 

Fundamental 
2 

75% 
150° 

100 

Doubler 
IO 

50% 
goo 
70 

Tripler 
20 

55% 
70° 

35 

Frequency multipliers generally need not be neutralized since the 
grid and plate circuits are not tuned to the same frequency so that 
there is little danger of instability due to positive feedback. 

A rather unusual and interesting frequency multiplier is illus­
trated in Fig. 28. In this arrangement, the grids are connected in 
push-pull and the plates in parallel. The plate-tank circuit, in the 
setup given here, is tuned to the second harmonic of the fundamental 
frequency while the grid circuit is adjusted to resonances at the fun­
damental. In this way, the plate-tank circuit is given a "push" on 
each half-cycle rather than on alternate half-cycles. Thus, there is 
a full cycle of output produced for each half-cycle of input, and fre­
quency doubling results. Even without a tuned plate circuit, this 
arrangement provides a recognizable frequency multiplication and 
is, therefore, sometimes used when the input signal is not a single 
frequency. 

It is sometimes thought that frequency multipliers amplify the 
harmonics fed to them from the previous stage. Although a slight 
contribution might be made to the multiplied output from this 
source, almost all of the harmonic content of the final signal is gen­
erated right within the frequency multiplier itself, so that it is of 
little benefit in feeding an impure signal to its grid. 

33. Beam and Tetrode Class-C Power Amplifiers 

Beam and tetrode transmitting tubes are available up to a plate 
dissipation rating of about 250 watts. For low- and medium-power 
class-C amplifiers, such tubes are generally preferred to triodes be-
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cause they do not require neutralization except at very high fre­
quencies and may be driven more easily with less excitation power. 

This is especially true of beam-power tubes. These tubes employ 
beam-forming plates and careful alignment of control grid and 
screen wires so that the electron current from the cathode is focused 
into a series of beams passing between the grid conductors. The 
screen-grid current is thus reduced, and suppressor action is obtained 
by space-charge effects produced between the screen and the plate. 
The plate characteristic curves of beam-power tubes approach ideal 
pentode curves in that the knee occurs at quite a low voltage per­
mitting increased plate voltage swing, screen dissipation is reduced, 
and the efficiency is increased. High-power sensitivity accounts for 
the ease with which beam-power tubes may be driven to full output. 

Circuit and power conditions for pentodes and beam-power tubes 
are similar in many respects to those encountered in setting up triode 
class-C power amplifiers, with these exceptions: (1) The d-c screen 
voltage is an important factor in tetrode and beam-power amplifier 
design. This voltage should be considerably larger than the maxi­
mum grid potential attained with excitation (Emax). In this way, a 
desired value of total cathode current - i.e., current flowing from 
the cathode to the control grid, screen grid, and plate - may be ob-

RF7 IN::__j 

GRID BIAS 

Fig. 21, Push-pull frequency multiplier. 

l B+ 

tained without excessive control grid current and with little exciting 
power. The screen voltage must also be considerably smaller than 
the plate supply voltage to keep screen dissipation sufficiently small. 
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(2) The minimum instantaneous plate voltage should not be al­
lowed to drop too low during operation. If this precaution is not 
observed, there is danger that a virtual cathode condition will occur. 
This effect, of ten observed in beam tubes and pentodes, is the re­
sult of low plate voltage and large space current in the tube; electrons 
on their way to the plate slow down or come to a halt on the screen 
side of the suppressor (or virtual suppressor in true beam tubes). 
These electrons then return to the screen, increasing the screen dissi­
pation unduly. This space-charge effect is valled a virtual cathode 
because the electrostatic field conditions in the vicinity resemble 
those encountered around an actual cathode. (3) A more serious 
condition than this occurs if the plate voltage of a tetrode is allowed 
to fall too low. If the minimum instantaneous plate voltage drops 
below the screen potential, secondary emission electrons will leave 
the plate and go to the screen, again causing excessive screen dissipa­
tion and possible tube burnout. 

A typical beam-power class-C amplifier is shown in Fig. 29. For 
low power applications, screen voltage is obtained from the plate 
supply through a series resistor of the proper value, and the screen 
is carefully bypassed to common ground through a sufficiently large 
capacitor. Since the plate-grid capacitance of a tetrode or beam tube 
is very low, danger of instability or self-oscillation does not become 
serious except at frequencies above about 25 me. When necessary, 
neutralization is handled in exactly the same manner as in triodes, 
except that considerably smaller neutralizing capacitors are called 
for. 

34. Linear-Tuned Class-B Amplifiers 

A class-B amplifier is defined as an amplifier in which the grid 
bias is approximately equal to plate-current cutoff so that the plate 
current is approximately zero when no exciting grid voltage is 
present. The plate current in a class-B stage flows for approximately 
one-half of each cycle when an a-c grid voltage is applied. Such an 
amplifier yields a pulse of plate current in which both the peak and 
average values are proportional to the amplitude of the excitation 
voltage. For this reason, such amplifiers are often conventionally 
termed linear amplifiers. 

It is often desirable to amplify an r-f voltage after it has been 
amplitude modulated rather than before modulation. Although it 
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B+ 

Fig, 29, Beam power class-C amplifier. 

is common practice to modulate the final output amplifier in low­
and medium-power transmitters, the audio power requirements in 
high-power systems becomes prohibitive in many cases if this same 
procedure is attempted. For example, a transmitter having an input 
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Fig. 30. Grid input waveform (modulated) lo a class-C power amplifier and the 
corresponding plate voltage waveform of the same amplifier showing modulation 

distortion. 
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power to its class-C r-f amplifier of 100 watts requires 50 watts of 
peak audio output power for 100% modulation. This audio power 
is not difficult to obtain by using small receiving tubes, such as 
6L6's, in push-pull parallel. On the other hand, the 500 watts of 
audio power needed to modulate a I-kw output stage fully necessi­
tates the utilization of much costlier components; the cost-to-power 
ratio rises rapidly for r-f input powers in excess of a few kilowatts. 
Thus, a considerable economy could be effected if it were possible 
to modulate a 100-watt r-f driver and then build up the modulated 
power output to a higher value. 

Unfortunately, however, a class-C power amplifier cannot be used 
to amplify a modulated voltage without intolerable distortion of the 
audio component. Figure 30 illustrates why this is true. 

Since a class-C amplifier is biased well beyond cutoff, the instan­
taneous value of the signal grid voltage must rise above a certain 
minimum figure before plate current begins to flow (Fig. 31). Only 
the positive peaks of grid voltage large enough to overcome the bias 
sufficiently to reach or exceed the cutoff value will result in plate­
current pulses. Assuming that the input voltage from the previous 
modulated stage falls below plate-current cutoff (as in the area be-
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Fig, 31. Plate current pulses due to grid input voltage in class-C amplifier. 
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tween Band C in Fig. 30), then for this area, the output in the plate 
circuit will be zero (B' to C'). For distortionless output, it is neces­
sary that the fluctuations in carrier voltage at an audio rate due to 
modulation be reproduced exactly so that the envelopes of the waves 
are identical in shape. Obviously, this cannot be expected to occur 
in a class-C amplifier for the reasons just given. In Fig. 30, the dif­
ference in these envelopes is clearly discernible. 

A class-B amplifier, on the other hand, is biased at or near cutoff. 
For this condition, plate-current pulses flow for all positive values 
of the impressed signal voltage, producing a plate-circuit voltage that 
duplicates the input insofar as the upper envelope waveform is con­
cerned. Since the essential difference between class-C and class-B 
operation is the bias adjustment, the same circuits may be used for 
either type of amplifier. Class-B amplifiers for amplitude-modulated 
inputs, however, operate at a substantially lower plate-circuit effi­
ciency than class-C stages. In the latter, the alternating plate voltage 
is constant so that the design of such an amplifier may be aimed to­
ward maximum efficiency. 

In the case of a class-B amplifier handling, as input, a modulated 
r-f signal maximum efficiency can be realized only at the peak of the 
modulation cycle. As the instantaneous efficiency at all other times 
will be directly proportional to the instantaneous plate-voltage 
amplitude and hence less than peak efficiency, the average efficiency 
of the class-B stage will be less than that of its class-C counterpart. 
The maximum efficiency of a practical class-B amplifier may range 
from 60% to 65% during normal operation. Since the efficiency 
ranges from zero to maximum for l00% modulation, the average 
efficiency is in the order of 30% or slightly better. This should be 
contrasted with the normal operating efficiency of approximately 
80% for a class-C amplifier. 

The required bias for a class-B amplifier cannot be obtained by 
the grid leak method, since this method assumes fixed grid drive. 
As we have seen, a class-B amplifier driven by a modulated r-f signal 
receives grid voltage of varying magnitude ranging from zero to 
twice the carrier voltage for I 00 % modulation. Thus, class-B stages 
are generally biased by a fixed source such as a battery or a separate 
power supply. 

The peak power output of a linear class-B amplifier does not differ 
materially from that of an equivalent class-C stage operated under 
the same conditions of plate voltage and plate current. On the other 
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hand, the peak power of a 100% modulated r-f wave is four times 
greater than the unmodulated carrier power. Thus, a tube used for 
linear amplification of an a-m wave is capable of delivering only 
about one-fourth as much carrier power as the same tube would pro­
vide in class-C operation. 

35. Push-Pull Class-C Amplifier Considerations 

The conventional method of neutralizing push-pull class-C ampli­
fiers was described in Section 30. Let us investigate other considera­
tions that apply to push-pull operation. 

Even harmonics should not appear in the output of a properly 
balanced push-pull class-C amplifier because harmonic currents flow 

c- B­
C+ 

Fig. 32. Use of Foraday shield to reduce harmonic radiation. 

in opposite directions through the two halves of the tank coil, caus­
ing cancellation of magnetic fields (Fig. 26) . When the load circuit 
is coupled equally and symmetrically to each half, there should be 
no even harmonic voltage set up in the load. To insure the neces­
sary symmetry and to provide a low-impedance path to ground for 
the harmonic currents, push-pull amplifier tuning capacitors are 
usually of the split-stator type shown in Fig. 32. Another significant 
advantage of split-stator tuning is that it permits the capacitor rotor 
to assume ground r-f potential without disturbing the symmetry of 
the tank circuit. 
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When strong harmonics are still found in the output of push-pull 
stages, they may be attributed to stray capacitance between the plate­
tank circuit and the coupling circuit to the next stage. With respect 
to capacitive transfer of harmonics, the two tubes behave as though 
they were in parallel and feed the next stage (or the antenna) a 
substantial harmonic amplitude. 

To avoid capacitive transfer, push-pull amplifiers should always 
have an electrostatic shield (Faraday shield) between the tank coil 
and the antenna coupling circuit (Fig. 32). This will eliminate 
capacitive transfer almost completely and the residual harmonic 
will then be a function of the symmetry of balance between the two 
tubes and their associated components and wiring. In transmitters 
where the installation of a Faraday shield is difficult or impossible, 
recourse is sometimes taken to link coupling in which one side of the 
link is grounded. With sufficient isolation between the output tank 
coil and the antenna coupling coil, link coupling is capable of pro­
ducing a large reduction in harmonic radiation. 

Although the power output of a push-pull stage is twice that of a 
single-ended stage operating under the same conditions, the excita­
tion power requirement is also doubled. This is not usually a prob­
lem since exciter stages are designed to provide more driving power 
than necessary for a single-ended stage so that reserve is almost al­
ways available. 

Another advantage of push-pull class-C amplifiers using neutral­
ized triodes should not be overlooked: in addition to the fact that 
a stage balanced to ground is easier to neutralize perfectly, this 
symmetry makes it possible to feed bias and plate voltages to the 
tubes through centertapped coils rather than coils that arc tapped 
some odd fraction of their lengths up from the grounded end. This 
feature makes band switching far easier in transmitters where fre­
quencies must be changed quickly since the class-C stages need be 
neutralized on one band only and the neutralization will hold for all 
the others. 

36. Parasitic Oscillations 

Parasitic oscillations occur at some frequency other than the fun­
damental or harmonic frequency. When a transmitter acts in an 
abnormal fashion without apparent cause, the trouble may often be 
traced to parasitics. 
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Each complete r-f transmitter represents a special case in itsel£; 
no one can hope to define the specific causes of parasitic oscillations 
in a specific class-C amplifier, but the general principles are known 
and several of the more common causes are easily remedied: 

(1) If any portion of the plate circuit - this includes connecting 
wires as well as lumped components - is close to resonance with any 
part of the grid circuit, parasitic oscillations may occur, since these 
sections may form a tuned-plate, tuned-grid oscillator if a feedback 
path is available. 

(2) If any element of the amplifier tube tends to display negative 
resistances and if there is a resonant circuit in series with this ele­
ment, parasitic oscillations are almost certain to ensue. 

Consider the well-designed amplifier circuit given in Fig. 33. This 
is a grid-neutralized (Rice) circuit with parallel-feed (shunt-feed) 

L5 LG 

Fig. 33, Class-C amplifier of good design. 

of d-c plate potential through an rfc. Shunt feed is a useful method 
of applying plate voltage in many circumstances because it makes 
possible a tank coil that is at d-c ground potential on both sides, thus 
eliminating the shock hazard. Shunt feed is also used £or grid bias 
through the second rfc. 

In assembling transmitter components, grid and plate-supply 
filters may be placed close enough to each other to cause parasitic 
trouble at frequencies around 25 to 35 cps. Figure 34 represents a 
portion of the amplifier of Fig. 33 redrawn to show the possible low­
frequency parasitic oscillation circuit that may result from magnetic 
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CB 

C9 Fig. 34'. Filter networks 
forming a part of the 
plate and bias power 
supplies may sometimes 
cause low-frequency par• 

asitic oscillations. 

coupling between filter parts. A design remedy, of course, consists 
of locating the offending components as remotely as possible from 
each other and using adequate shielding if required. The values of 
the capacitances and inductances may also be changed to make the 
filter sections resonant at different frequencies. 

Whenever parallel-feed is used, there is danger of resonance and 
oscillation due to the presence of the rfc's. This is particularly true 
at high frequencies where the interelectrode reactance of the tube 
is small and feedback may easily occur. The relevant sections of Fig. 
33 have been redrawn in Fig. 35 to illustrate one of the possibilities 
for parasitic resonant circuits. Oscillation due to resonant circuits 
of this sort usually takes place at a frequency that is somewhat lower 
than the fundamental rf of the system with normal components. 
The remedy in this case is to select different values of inductance for 
the rfc's in the grid and plate circuits, always making the plate-circuit 
rfc higher in inductance. 

A frequent cause of high-frequency and uh£ oscillations may be 
traced to the inductance in grid and plate leads of oscillator tubes. 
Even a short length of wire possesses measurable inductances which 
may be resonant with the interelectrode capacitances to form uh£ 
tuned-plate, tuned-grid oscillators. Tubes connected in parallel for 

Fig. 35. Circuit that 
makes possible parasitic 
oscillations due to reso­
nant combinations formed 
by rfc's and associated 

capacitors. c- B+ 



72 RADIO-FREQUENCY AMPLIFIERS 

class-C amplification are particularly susceptible to parasitics of this 
nature. The accepted procedure for eliminating these parasitic oscil­
lations seems to involve the use of a small inductance in series with 
the plate lead, connected as closely as possible to the plate terminal 
of the tube. Such an inductance detunes the lead by resonating it 
at a lower frequency then the grid lead. A low-value carbon resistor 
is often connected in parallel with the auxiliary inductance to form 
a "parasitic suppressor." This resistor acts as a "losser" for the para­
sitic oscillation which is forced to take this path due to the inductive 
reactance offered by the inductance in the alternate path. 

Negative resistance parasitic oscillations are much more common 
in tetrode and beam-power amplifiers than they are in triodes. I£ 
the screen voltage of a tetrode is higher than the minimum instan­
taneous plate voltage, normal dynatron action may occur, producing 
spurious oscillation of the parasitic type. The same effect may also 
occur when the plate voltage of a triode is driven below the grid 
voltage on negative modulation peaks. 

It sometimes happens that when the grid of a triode is driven far 
into the positive region, secondary emission may begin from the grid 
wires, causing a diminution of grid current. This effect may go 
sufficiently far so that an increase of positive voltage on the grid 
produces a decrease in grid current. This is a negative-resistance 
reaction. Under these conditions, any resonant circuit in series with 
the grid may go into oscillation. Modern tubes are carefully designed 
to minimize secondary grid emission, but trouble may still be en­
countered if tubes are used for the wrong purposes. For example, a 
tube intended specifically for audio applications should not be used 
at radio frequencies unless precautions are taken to prevent grid 
emission. 

37. Frequency Limitations 

Stray inductances have already been mentioned in connection 
with parasitic oscillations. 

Vacuum tubes, coils, resistors, w1nng, transformers all have the 
common failing that stray capacitances as well as stray inductances 
make an appearance due to the nature of their structure. Although 
stray capacitance is sometimes utilized in high-frequency tuned cir­
cuits, making it possible to omit a tuning capacitor, even this ex­
pedient fails when the frequency rises sufficiently high. This is the 
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result of the fact that the stray capacitance, small as it may be, is 
often still too high for tuning purposes. The various significant in­
ductances and capacitances are shown in Fig. 36. The lumped com­
ponents inserted intentionally for frequency control are L1, L2, Ci, 
and C2• In the other cases, Le is the inductance of the leads of the 
capacitor, Lw is the inductance of connecting wires, Lt is the induc­
tance of the tube leads and elements, Cs is stray capacitance, and 
Cgp, Cgk• and Cpk are the respective interelectrode capacitances. To 
improve vhf operation, a rather tedious redesigning procedure is 
required. 

By careful construction of Ck and Cb (bypass capacitors) , the re­
spective Le's can be reduced materially; new shapes and structures 
for the tuning capacitors C1 and C2 have led to great reductions in 
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Fig. 36. Inductances and capacitances in a high-frequency amplifier circuit. 

the associated inductances Le. By careful layout, the wiring can be 
shortened to reduce each Lw, thus approaching the merging of Cpk• 
C2, and Cs. As this step-by-step procedure is carried on, the frequency 
of satisfactory operation continues to rise until L1 and L2 have be­
come small hairpin loops and C1 and C2 have completely vanished 
leaving only the stray and tube capacitances for tuning. This is the 
limiting frequency, and, if a further increase in frequency is re­
quired, changes in tube structure must be made. 

Improvements in tube design have fallen into four categories: 
(a) wire-lead placement, (b) internal tube capacitance. (c) transit 
time, and (d) principles of operation that differ from conventional 
vacuum tubes. 
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Wire-lead placement - Many new high-frequency tubes are 
equipped with double leads going to a single grid, plate, or cathode. 
The twin-lead arrangement often shortens connecting wire lengths 
appreciably and minimizes the possibility that a single cathode wire 
will become a common impedance for grid and plate circuit and 
thus a source of feedback and instability. 

Internal tube capacitance - Modern tetrodes and beam-power 
tubes have greatly reduced internal capacitances and have much 
lower losses in the glass. This has resulted in a surprising aggregate 
improvement in high-frequency operation. Constant redesigning of 
essentially the same tube type has, for example, brought reliable 
high-frequency operation up gradually from 30 me to better than 
800 me. 

Transit time - At extremely high frequencies the time required 
for electrons to travel from the cathode to the plate (transit time) 
becomes an appreciable fraction of the period. At uhf's the alter­
nating grid voltage changes so rapidly that electrons leaving the 
cathode under the influence of a positive cycle cannot reach the grid 
before it changes polarity. No output can be obtained under these 
conditions. For satisfactory operation, the transit time should be 
less than 0.1 the time for one cycle of the uhf signal. The transit 
time is fixed by the geometry of the tube and the applied voltages 
and its effect is to decrease the input impedance of the tube. For 
example, one tube displays an input impedance of over I megohm 
at I me; at 100 me, however, the input of the same tube drops to a 
few thousand ohms. This diminished impedance makes it almost 
impossible to supply the required grid driving voltage and causes 
a serious power loss. 

By making the tube elements much smaller in size and reducing 
the spacing between them, transit time has been cut down until 
reliable operation at reasonable efficiency up to 1500 me has been 
made possible if the output is confined to a few watts. Efficiency is 
poor because close spacing raises both capacitance and grid tempera­
ture. 

For higher frequencies, conventional vacuum tubes can no longer 
be used. It has been found necessary to go to tubes such as klystrons, 
magnetrons, traveling wave tubes and related types to realize satis­
factory operation at the "super-high" frequencies. 

High-frequency tubes - A detailed discussion of these special­
purpose tubes is not within the intended scope of this book. Men-



OPERATION OF CLASS-C POWER AMPLIFIERS 75 

tion is made of them, however, so that the reader may direct his 
study in this direction if he wishes. A general class of tubes which 
make use of the fact that an electron induces a charge of metal elec­
trodes in its path is known as the velocity- modulated group and in­
cludes the klystron as its major constituent. Magnetrons are tubes 
in which the action is based upon the magnetic effects of electrons 
in motion. Others such as the traveling-wave tube are dependent 
upon complex wave factors for their operation. 

38. Grounded-Grid Amplifiers 

In certain applications, particularly in high-frequency f-m and 
television tuners, triode r-f amplifiers may be used without neutrali­
zation if the control grid is maintained at ground potential. When 
so connected, the control grid behaves as a shield between the input 
and output circuit as well as a control electrode. A typical basic 
circuit is given in Fig. 37. 

The type of input circuit used to drive a grounded-grid amplifier 
may take any form, but provision must be made for a d-c return 
path from the cathode to ground. This function is performed by Rk 
in Fig. 37. In a circuit of this nature, Rk would have to be selected 

Fig. 37. A triode-grounded 
grid amplifier may be used 
in r•f applications without 

neutralization. 

L OUTPUT 
eo 

l 
to provide the correct d-c bias for the tube; should a high-impedance 
input be desired, Rk could be replaced by a resonant circuit - such 
as the tuned circuit of the preceding stage - and d-c bias established 
by a battery in series with the cathode ground return. 

Since the control grid is at ground potential for both d-c and sig­
nal voltages, any feedback current from the plate to the grid will 
return to the plate circuit directly through ground rather than 
through the input circuit as in normal grounded-cathode amplifiers. 
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The grid, therefore, functions as a shield between the input (cath­
ode) circuit and the plate circuit, preventing positive feedback that 
may encourage instability. 

Since a grounded-grid amplifier is rather unconventional in opera­
tion, a brief analysis of its gain capabilities will help the reader 
appreciate its performance and suitability for special uses. 

The equivalent circuit of this amplifier is shown in Fig. 38. The 
input voltage from the previous stage is e1, the plate voltage of the 
tube is represented by the equivalent generator -µeg, the plate re­
sistor by rp, and the tuned circuit acting as the plate load by RL. The 
algebraic signs on the equivalent generators are based upon the fact 
that the input transformer is connected so that a positive input 
voltage e1 makes the cathode negative with respect to ground. On 
this basis, the grid is positive with respect to the cathode at the same 
instant. Since the signal is applied between cathode and ground, it 
may be considered to be in series with the plate circuit and is thus 
shown in the equivalent circuit. 

We can express the Ohm's law relationships in this equivalent 
circuit by means of the equation: 

(72) 

From the circuit diagram in Fig. 37, it is evident that the input volt­
age and the applied grid voltage are equal in magnitude but opposite 
in sign. Thus: 

(73) 

The value for eg in equation (73) may be substituted in equation 
(72) to yield: 

e1 + µe1 = iP (rP + RL) 

Solving for e1, we have: 

(74) 

(75) 

The output voltage e0 is, as usual, the product of the instantaneous 
plate current iP times the load resistance Rt, so that the gain may be 
determined by: 

Gain (76) 

or simply: 
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Gain - RL (I + µ) (77) 
rP + RL 

The significance of equation (77) can be appreciated by comparing 
it with the gain equation for a conventional grounded-cathode am­
plifier: 

Gain = -µRL 
rP + RL 

The equations differ in two respects: first, the gain of a grounded­
grid amplifier is slightly greater than the conventional type in that 
the number I is added to the amplification factor before multiply-

Fig, 38, Equivalent circuit of 
the basic grounded-grid ampli­

fier. 

ing by RL; second, the grounded-grid amplifier produces zero phase 
inversion in contrast to the 180° inversion found in grounded-cath­
ode amplifiers as is evident from the absence of the minus sign in the 
numerator of equation (77). Both equations assume resistive loads; 
this would, of course, be the case when the tuned circuit that forms 
the plate-load is in resonance with the exciting voltage e1• 

Grounded-grid amplifiers find application in circuits of relatively 
high frequency where a tuned amplifier without neutralization is to 
be used and where the noise level of pentodes is too high to be toler­
able. Input resistance is relatively low while the output impedance 
is quite high. At extremely high frequencies, some neutralization 
may be necessary due to the unavoidable coupling between wires, 
socket lugs, and so on, but the neutralizing capacitance in such cases 
is usually very small, making neutralization appreciably easier. 

39. Cathode Followers 

In a sense, the cathode follower is an inversion of the grounded­
grid amplifier. Where the latter presents a low impedance to the 
driving source and a high output impedance, the cathode follower 
displays a high input and a low output impedance. Ordinarily used 



78 RADIO-FREQUENCY AMPLIFIERS 

specifically in audio- and low-frequency circuits, cathode followers 
may be applied advantageously to certain types of r-f amplifier cir­
cuits, particularly in combination with a grounded-grid amplifier 
as described in the next section. A cathode follower is illustrated 
in Fig. 39. The cathode follower differs from a conventional triode 
amplifier in that output is taken as a voltage drop across an un­
bypassed cathode resistor rather than from a plate load. As an am-

Fig. 39. Fundamental 
cathode-follower circuit. 

INPUT 
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B- B+ 

plifier with 100% inverse feedback (degeneration voltage equal to 
the output voltage) , its gain may be found by substituting a feed­
back factor of I into the equation for the gain of an amplifier with 
inverse feedback. That is: 

I 
B+ 

VI ---I~ 
V2 , O 

OUTPUT 

Fig. 40. A cathode. 
coupled amplifier as an 

r•f amplifier. 
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Gain of any feedback amplifier = 1 _: A~ (78) 

in which ~ is the feedback factor expressed as a fraction, and A is 
the gain without feedback. 

With ~ = I, then: 

A 
Gain of cathode follower = 

1 
_ A (79) 

From equation (79) it is seen that, as A is allowed to grow larger 
and larger, the gain of the cathode follower approaches unity but 
can never exceed it. Thus cathode followers are not used as volt­
age amplifiers, although substantial power amplification is possible. 

The real value of a cathode follower lies in its usefulness as an 
impedance transformer. It may be shown that the cathode-follower 
amplifier is the equivalent of a conventional amplifier which employs 
a tube having an apparent amplification factorµ' such that: 

µ' = µ 
l + µ 

and an equivalent plate resistance rp' 

rP rp' = ----'--
1 + µ 

(80) 

(81) 

Equation (80) verifies the previous statement that the gain of a 
cathode follower cannot ever reach unity since µ' must always be less 
than I. If a tube having a high µ is used, the equivalent plate resis­
tance becomes very small as implied by equation (81). Thus the 
output impedance is quite low compared to a conventional ampli­
fier so that the cathode follower finds much application as a high- to 
low-impedance transformer. 

40. Cathode-Coupled R-F Amplifier 

One of the most interesting applications of cathode followers to 
resonant r-f circuitry is that of the cathode-coupled amplifier shown 
in Fig. 40. 

The low input impedance of a grounded-grid amplifier is often 
undesirable. This objection is nicely overcome by utilizing a cathode 
follower as a driver stage for the grounded-grid amplifier as in the 
cathode-coupled amplifier in Fig. 40. Since the cathode follower has 
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a high input impedance, it is well suited to serve as an amplifier 
after some input device such as a tuned receiving antenna or a radar 
antenna; its low output impedance matches the input impedance of 
the grounded-grid amplifier so that the cathode follower forms a 
highly satisfactory impedance transformer. When the two triodes 
are enclosed in one envelope (e.g., a 6SN7, 12AU7, etc.), the result­
ing two-stage amplifier has both a high input and a high output 
impedance, gain that compares with that of a pentode, good stability, 
and low noise level. Both tubes are biased by the common network 
comprising Rk and Ck. The cathode follower is tuned by L1 and C1, 

power being coupled into the grounded-grid stage directly from the 
cathode of V1. The load impedance for the grounded-grid amplifier 
is the resonant combination L2-C2• Power is fed to the final load via 
coupling capacitor Cc. 

41. Review Questions 

I. Explain how the tank circuit of an r-f amplifier discriminates against har­
monic output. 

2. Discuss the relative advantages and disadvantages of high L-C and low L-C 
ratio. 

3. Why is link coupling favored in large transmitters over straight inductive or 
capacitive coupling? 

4. Draw a schematic diagram of a typical triode class-C amplifier. Using this 
drawing to assist you, explain why neutralization is necessary, tracing the 
feedback path or paths in the amplifier. Why do pentodes work satisfactorily 
without being neutralized except at the very high frequencies? 

5. Using a diagram to help, explain how bridge neutralization operates in either 
the grid circuit or the plate circuit of a triode. 

6. Describe the process of neutralizing a push-pull stage by the Ballantine 
method. 

7. Explain why radio amateurs prefer bridge neutralization to coil neutraliza­
tion; explain why broadcast stations favor coil neutralization. 

8. With the aid of a diagram, explain how a push-push doubler produces har­
monic output. 

9. Describe the operation of a linear-tuned class-B amplifier following a modu­
lated class-C stage. Why is linearity necessary in this application? 

10. What are parasitic oscillations? What are the usual steps taken to prevent or 
cure them? 

11. Why are push-pull class-C amplifiers popular in small and medium-powered 
transmitters? 

12. How arc the frequency limitations imposed on designers by equipment gradu­
ally being overcome? 

13. Describe fully the operation and usefulness of a cathode-coupled amplifier. 



Chapter 5 

TRANSISTOR R-F AMPLIFIERS 

42. Introduction 

Perhaps the most phenomenal aspect of transistor development in 
recent months is the way in which the high-frequency barrier has 
been overcome. In the initial stages of transistor research, point­
contact types had a considerable advantage over junction transistors 
as high-frequency amplifiers. By bringing the emitter and collector 
electrodes very close together, point-contact transistors could be 
made to oscillate without difficulty up to 100 me or more while 
junction transistors had a useful frequency response appreciably 
below 1 me. This limitation was largely the result of undeveloped 
manufacturing processes which have since been perfected. 

Frequency restrictions on transistor amplifiers do not appear to be 
more severe than those encountered in the use of vacuum tubes at 
the present time. Ingenious fabrication methods and high-quality 
engineering are advancing the upper frequency limit insistently as 
research goes on. In this chapter, we shall be concerned particularly 
with transistor high-frequency amplifiers, recommended circuits for 
high-frequency applications, and the problems encountered in the 
design and construction of such amplifiers. 

43. Factors Governing Frequency Response 

The movement of holes or electrons from the emitter through the 
base layer to the collector requires a definite time. As short as this 

81 
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time may be, it must be taken into consideration when thinking in 
terms of frequency limitations. It has been shown that electrons 
diffuse through a semiconductor such as germanium at a velocity in 
the order of 3500 to 4000 cm/sec for each volt of potential difference 
(pd) per cm. Holes, on the other hand, move much more slowly. 

A representative figure for the positive carriers is about 1800 cxn/ 
sec/volt/cm pd. This signifies, of course, that in either point­
contact or junction transistors, signals whose frequencies demand 
that the carriers traverse the required distances in less time than this 
cannot be handled. This situation is analogous to transit time effects 
in vacuum-tube amplifiers. 

The current carriers do not have clear and unobstructed paths 
from the emitter to the collector. Thus, the transit time is not the 
same for all current carriers at any given instant. Since the carriers 
do not all take the same route, those produced by a specific pulse of 
signal at the emitter do not all manage to reach the collector at the 
same time. The differences in arrival times are very small and may 
be ignored at audio and low radio frequencies. At high frequencies, 
however, these differences take on added significance because they 
result in interference between carriers. When the effect becomes 
sufficiently severe (its severity being a function of frequency), the 
output signal waveform becomes dispersed so that it may no longer 
be a recognizable reproduction of the input signal. In addition, the 
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amplitude of the output signal diminishes with consequent loss of 
gain. 

Another important factor to be recognized in discussing transistor 
frequency limitations is the capacitance of the collector junction. 
This capacitance may be regarded as a shunt across the collector 
resistance as shown in Fig. 41. In the equivalent circuit diagrams, r., 
is the emitter resistance, rb is the base resistance, re is the collector 
resistance, a 0 ie is a constant current generator in which the current 
is the product of the low-frequency current gain (a0) and the emitter 
current (ie), and Cc is the collector junction capacitance. Cc takes 
on various values depending on the transistor type and method of 
manufacture. For example, for a grown-junction transistor, Cc may 
be of the order of 8 µµf while its value may rise to 20 µµf in the case 
of a fused-junction type. 

The effect of Cc is reduced if the source impedance is decreased to 
as low a value as possible. As may be seen from the equivalent cir­
cuits, the base resistance rb is in series with the source impedance; 
thus, good performance at high frequencies demands that the base 
resistance be very low. To reduce transit time effects to a minimum, 
the base should be made as thin as manufacturing processes permit, 
but when this is done, the base resistance increases. Since these 
changes are opposed with respect to improving frequency response, 
early designs of high-frequency transistors were based upon com­
promises between them. Today, degradation of frequency response 
is avoided by incorporating new principles in transistor manufacture. 
Some of these will be discussed later in this chapter. 

44. Effed of Transit Time on Alpha Cutoff Frequency 

The time required for the current carriers to move across the base 
causes large numbers of them to become trapped in the base material. 
With the minority carriers present in the base for longer intervals, 
a greater number of recombinations occurs with a consequent loss 
in current amplification (alpha) . An approximate relationship for 
determining the current gain under actual operating conditions is 
given by: 

(82) 
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in which a is the current gain under operating conditions, a 0 is the 
low-frequency current gain, f is the operating frequency and fa is the 
frequency at which the current amplification is 0.707 of its low­
frequency value. It will be recalled that this is the standard method 
of determining the significance of a loss of gain and that 0.707 rep­
resents a condition of 3 db down from the initial value. 

Problem 9. Find the current gain of a junction transistor at 5 me, if the current 
gain for low frequencies is 0.95 and the alpha cutoff frequency is 
IO me. 

Solution. 
0.95 

a=---;===== 

/ix (150)" 
0.95 

- 1.12 

= 0.85 

45. High-Frequency Amplifier Circuit Considerations 

Selection of the transistor - Modern rate-grown n-p-n transistors 
such as the 2Nl68A, surface barrier units such as the SB103, and 
drift transistors typified by the 2N384 (Fig. 42) are now being 
utilized in high-frequency transistor amplifiers over a wide range 
of radio frequencies. The alpha cutoff frequencies of these typical 
transistors are: 

2Nl68A .......................................... 8 me 
SB103 ............................................ 75 me 
2N384 .. ..... .. .. ...... .. .. .. ..... .. .... .. ...... .. 100 me 

In selecting a transistor for a given r-f amplifier application, atten­
tion should be given to other considerations as well as alpha cutoff 
frequency, although the latter is definitely the prime requisite for 
acceptable performance in the r-f range. For example, transistors of 
the 2Nl68A group are fabricated with extremely low collector capa­
citance to eliminate the need for neutralization in many circuits. 
The collector-to-base capacitance of the 2N 168A is only 2.4 µµf as 
compared with 7 µµf for a 2N335, another transistor recommended 
for use as an r-f amplifier. 

Another important factor is power gain, usually measured at 455 
kc for r-f transistors. For the 2Nl68A the power gain is 39 db (mini-



TRANSISTOR R-F AMPLIFIERS 85 

mum), while that of a 2N384 is 34 db. On the other hand, the col­
lector capacitance characteristics of the drift transistor are not nearly 
as good as those of the 2Nl68A. In common with all design prob­
lems, certain compromises must be effected to realize optimum per­
formance in all respects. The decisive factor is, of course, the mini­
mum cutoff frequency permissible for the particular application; 
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Fig. 42. Start of the junction diffusion proceu in the manufacture of alloy 
junction transistors. 

from this point, the designer must look for acceptable capacitance 
characteristics, power gain, supply-voltage characteristics, and cost. 
A transistor produced by a reputable manufacturer and operated 
within the ratings given by the maker should, in general, provide as 
good performance as any other transistor designed for the same 
application. 

Impedance matching - In r-f and i-f amplifier applications, im­
pedance matching problems are encountered in the design of inter­
stage coupling networks_ and antenna coupling systems. The ground­
work for proper matching has already been accomplished by coil 
and transformer manufacturers so that very little of this task re­
mains for the circuit designer. Unlike vacuum tubes, transistors in 
r-f amplifiers cannot be coupled through double-tuned transformer 
systems because their input and output impedances are considerably 
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lower. Hence, modern transformer design generally is based upon 
a single-tuned input winding and an impedance-matching output 
winding as will be shown in the discussions that follow. 

Neutralization - This problem has been mentioned in the dis­
cussion of collector-to-base capacitance. When instability exists -
even in the case of low-capacitance transistors - neutralization to 
prevent regeneration may be required. This is a relatively simple 
matter, yet it adds considerable complication in mass production of 
transistor radios. Often, what is correct neutralization for one tran­
sistor may not be correct for another of the same type, making re­
neutralization necessary when an i-f or r-f transistor is replaced. 

It might be added that the normal precautions regarding lead 
length and dress, shielding, etc., when working at high frequencies, 
must be observed with transistor equipment to the same degree as 
with vacuum-tube circuits. 

46. Tuned R-F Amplifiers 

Tuned r-f amplifiers in transistor radios can improve the gain, 
the overall signal-to-noise ratio, and the selectivity. In portable and 
automobile broadcast band radios, transistors can do as creditable 
a job as vacuum tubes, with substantially less power usage. A com­
mercial type of tuned r-f amplifier used as a preselector in an auto­
mobile radio is illustrated in Fig. 43. 

Certain features of this circuit, common to most transistor ampli­
fiers for any frequency, are the base bias resistors R 1 and R 2 set up 
as a voltage divider in the standard manner; Ra is the d-c stabilizing 
resistor which makes the circuit relatively insensitive to ambient tem­
perature changes, and C2 is the signal bypass capacitor to prevent 
degenerative effects that might reduce the gain of the stage. R 4 and 
Ca together comprise a decoupling network to isolate the collec­
tor from the base of the transistor and thus minimize one source of 
positive feedback that might lead to instability. 

The coupling between the tuned circuits and the corresponding 
transistor electrodes deserves special study. Mention has been made 
previously of the need for impedance matching. Here we see one 
way in which it is accomplished. By tapping down on the secondary 
winding of the input tuned circuit, the signal source impedance -
in this case, the lower section of the tuned coil, L2 - is made rela­
tively small (about 500 ohms) to match the input impedance of the 
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transistor. The tap on La is adjusted so that the lower section of 
this coil presents an impedance of approximately 25,000 ohms to 
match the collector output impedance. The coil winding data for 
this circuit is: 

L2 ................ 145 turns, tapped 15th turn from lower end. 
La ................ 145 turns, tapped 80th turn from lower end. 

Note how many more turns are included in the load coil section (80 
turns to match 25,000 ohms) than in the source coil section (15 
turns to match 500 ohms). 

Either a 2N94A or a 2N 169A n-p-n transistor may be used in this 
circuit. When tuned from 500 to 1700 kc, a power gain of approxi­
mately 20 db may be anticipated. Input coil (L1) is wound 
to have an impedance of approximately 500 ohms in this band of 
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Fig. 43. An r•f amplifier used in an automobile radio. The transistor must be a 
high-frequency type having a high alpha cutoff frequency. 

frequencies; the same is true of the output impedance at the termi­
nals of L4• At about I me, the bandwidth of the amplifier exceeds 
20 kc at 3 db down from the maximum amplitude at the center fre­
quency. The current drain of the tuned r-f stage is approximately 
12 ma from the 6-volt battery source. 

If a 2NI69A is used, the neutralizing capacitor (NC) could prob­
ably be eliminated; if needed at all its value would be in the vicinity 
of 3.0 µµf. Note that the capacitive feedback through NC must be 
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out of phase with the collector-to-base feedback which tends to cause 
oscillation. This makes it very important to connect NC to the 
proper lead of L4• In all instances where manufactured coils are 
utilized, the winding terminals will be found to be color-coded so 
that errors may be prevented. 

47. Converters 

Transistor radios normally make use of a converter system in 
which the functions of local oscillator, mixer, and i-f amplifier are 
combined in a single stage. Engineering practice at present tends 
toward a rather standard converter design as shown in Fig. 44. 

The mixer (or r-f amplifier) terminates at the input end with the 
tuned circuit consisting of L1 and C1• L1 is tapped near its "lower" 
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Fig, 44. Standard transistar superheterodyne converter stage. The converter 

combines the functions of oscillator, mixer (r-f amplifier), and i-f amplifier. 

end at a point that will permit matching to the base of the transistor, 
a 2N I 68A in this case. R1 and R 2 comprise the base-bias voltage 
divider with the values so chosen that the transistor is biased in a 
relatively low current region. By selecting proper values for R 1 and 
R 2 (approximately 25K for R 1 and IOK for R2), the input character­
istics of the transistor become nonlinear, thus establishing the correct 
conditions for mixing. 
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The mixer section of the 2Nl68A operates in the common-emitter 
configuration. Ra provides the required d-c stabilization as in previ­
ous circuits studied. L2 and La taken together form the oscillatory 
circuit, with L2 serving as a "tickler" winding; here again, we find a 
tap on L2, placed correctly to match the impedance of the coil to 
the emitter circuit of the transistor. 

As in all converter circuits, the output section of the stage - in 
this case, the collector circuit - is made resonant to the difference 
frequency (i-f) of 455 kc. A single-tuned i-f transformer (L4 and 
Ls) is employed for reasons outlined in the previous section; the 
ubiquitous matching tap again appears, this time on L4, so that the 
collector impedance may be properly matched to the tuned i-f 
circuit. 

C2 effectively brings the base of the 2Nl68A to d-c ground poten­
tial so that the oscillatory portion of the circuit is set up in what 
amounts to the grounded-base configuration. Similarly, Ca bypasses 
the stabilizing resistor (Ra) to ground making the mixer section a 
common-emitter amplifier. R 4 and Cs compromise the familiar de­
coupling network intended to prevent undesirable feedback from 
later stages from reaching the mixer collector circuit through the 
common battery impedance. For sustained oscillation, La and L2 

must be properly phased to produce positive feedback. 
For those interested in transformer selection or design, the input 

and output impedances of the transistor used become important 
factors. For the 2Nl68A used as a converter, the design center 
characteristics are: 

Input impedance (le l ma, Ve = 5 v, f = 455 kc) 

= 400 ohms 

Output impedance (same constant as above) = 12,000 ohms. 

48. 1-F Amplifiers 

Transistor i-f amplifiers differ but little in major respects from cor­
responding vacuum-tube amplifiers, as the circuit of Fig. 45 dis­
closes. 

The collector current is adjusted by the proper selection of R 1, R 2, 

and Ra. 1-f amplifiers are generally operated at or very close to the 
class-A condition, so that these values will be different for an i-f 
amplifier as contrasted with the mixer described in Section 47. The 
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n-p-n transistor in this circuit, a 2N293, is specifically designed for 
i-f amplifier applications and requires resistors of the following 
values for class-A bias: 

R 1 .............................................. l0K ohms 
R2 .............................................. 81K ohms 
R3 ....•.•............•.........•....•....•.... 470 ohms 

The collector capacitance for this transistor is sufficiently small 
(2.4 µµ£) and controlled in maufacture to such low variation toler­
ances that neutralization is unnecessary to obtain an i-f amplifier 
with relatively high gain and excellent stability. In a typical i-f test 
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Fig. 45. A representative 1-f amplifier for a broadcast band superheterodyne 
receiver. 

circuit, the minimum power gain was found to be 28 db for several 
production units tested. The average power gain as given by the 
manufacturer is 39 db, while the power-gain range of variation in 
representative i-f circuits is stated as 3 db. 

Except for broadcast radios used in the vicinity of transmitting 
stations, as in large cities, the i-f amplifier just described does not 
generally provide sufficient gain for satisfactory operation. Power 
gains up to 60 db are easily realized by employing two transistors in 
cascade in the i-f amplifier section. Each of these stages may be 
designed according to the circuit of Fig. 45; no circuit value changes 
are required when two stages are cascaded, provided that the i-f 
transformers permit proper impedance matching at both input and 
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output. Neutralization is necessary only when transistors having 
relatively high collector-to-base capacitances are used. As previously 
stated, rate-grown n-p-n units with low capacitance are now com­
mercially available. On the other hand, p-n-p transistors have larger 
inherent electrode capacitances and do require neutralization as a 
general rule. 

49. Automatic Gain Control of R-F and 1-F Amplifiers 

Transistor radios are subject to the same changes of received 
signal strength as are vacuum-tube receivers. To compensate for 
carriers of varying power and the objectionable effects of fading, 
transistor receivers must be equipped with some form of automatic 
gain control. 

Several different circuit configurations are possible. In each type, 
a portion of the detector output is converted into a steady d-c voltage 
proportional to the strength of the received carrier. This voltage is 
then applied to one or more i-f (or r-f) amplifier stages to control 
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their gain. In vacuum-tube amplifiers, the control voltage is applied 
as a negative potential to the tube grids, thus varying their trans­
conductances and hence their voltage amplification. A transistor 
r-f or i-f stage must be treated somewhat differently. 

As the emitter current of a common-emitter stage is reduced, the 
power gain diminishes. This characteristic is widely used in com­
mercial receivers as the basis for the design of age systems. Referring 
to Fig. 46, it may be seen that the power gain of a typical converter/ 
i-f transistor drops sharply when the emitter current is reduced from 
1 ma down to values in the vicinity of 0.1 ma. By feeding back a 
negative potential from the output of the detector, a fair amount of 
age is realized. 

A typical circuit in which emitter-current age is used to control 
the performance of a broadcast receiver is shown in Fig. 47. For 
the moment, ignore the auxiliary diode (D) and its connecting 
leads. A negative voltage from the detector is filtered and smoothed 
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Fig. 47. Emitter-current age system. The diode, labeled D, is used to ensure 
good age action when the signal level is high. 

by R 3 and C1• This potential is then applied to the base of the i-f 
transistor via the secondary winding of T 1• The larger this potential 
becomes, the greater is the diminution of gain as a result of the 
reduction of emitter current with increasing negative base voltage. 

Unfortunately, this form of age works well only with medium to 
weak signals but fails completely when the signal level is high. This 
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effect is the result of the flow of collector leakage current (lc0) , 

making it impossible to cut a transistor off completely. Hence, when 
the signal level exceeds a definite value, age is no longer effective 
and overload distortion is apt to set in. 

Diode D is connected into the circuit to prevent this undesirable 
limitation from having a serious effect. Initially D is reverse biased 
by the voltage drops across resistors R 5 and R 1• For weak and 
medium signals, D does not conduct and so represents an open cir­
cuit across the primary of T 1• Under these conditions, D has no 
effect on circuit performance. As the signal level rises, however, the 
emitter-current age system reduces the current, thereby causing a 
reduced voltage drop across R 5• When the signal has risen suffici­
ently, D begins to conduct and shunts a portion of the signal to 
ground; the net effect is that the input signal to the i-f transistor is 
reduced and further age action occurs. The use of combined emitter­
current and diode age provides good control over a very wide range 
of signal strengths. 

53. Review Questions 

I. Why is transit time an important consideration in the design of transistor 
circuits for high-frequency amplification? 

2. Explain why the capacitance of the collector junction should be made as 
small as possible for high-frequency transistor applications. 

3. Determine the current gain of a transistor at 10 me if it has the following 
low-frequency characteristics: a = 0.92, fa = 12.5 me. 

4. Explain why the alloy-junction process is capable of producing very thin 
layers of base material. 

5. Why is the surface-barrier transistor capable of good performance at high 
frequencies? 

6. What specific constructional feature of a drift transistor enables it to perform 
well at very high frequencies? 

7. Why is it common to find coupling transformer coils in transistor r-f and i-f 
amplifiers tapped? 

8. Explain why neutralization is required in some r-f and i-f amplifiers and not 
in others. 

9. What is the basis for most age systems in transistor radios? 
10. What is the limitation imposed on the effectiveness of age by 100? How is this 

limitation overcome? 
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siderations, 84, 85, 86 
High-frequency amplifiers, I 
High-frequency tubes, 74 
High-impedance circuits, 53 
High-Q r-f amplifier, 16 
Hysteresis losses, 5 

1-F amplifiers, 89, 90, 91 
Impedance-coupled amplifier, 17, 18, 19 
Impedance matching, 85 
Importance of L-C ratio in tank 

circuit, 50, 51 
Inductive coupling, 53 
Induced voltage, 7 
Infinite resistance, 9 
Instantaneous current, 8 
Instantaneous plate voltage, 38 
lnterelectrode capacitances, 71 
Interelectrode reactance, 71 
Intermediate power amplifier, 52 
Internal tube capacitance, 74 
Iron losses, 5 

L-C circuit, 17 
Linear amplifiers, 64 
Linear-tuned class-B amplifiers, 64, 65, 

66,67,68 
Link coupling, 54 
Litz wire, 3 
Load resistance, 51 
Loose coupling, 31 
Lower limiting frequency, 21 
Low-frequency amplifiers, I 
Low-impedance line, 54 
Lumped components, 70 

Magnetic saturation, 47 
Magnetrons, 75 
Maximum amplification, 15 
Maximum instantaneous plate 

current, 38 
Mutual conductance, 23 
Mutual inductance, 7, 25 

Neon lamp, 60 
Neutralization, 44, 86 
Neutralization adjustments, 60, 61 

Neutralizing capacitor, 57, 87 
Neutralizing circuits, 56, 57, 58, 59, 60 
Neutralizing coil circuit, 59 
Norton's theorem, 18 

Overcoupling, 28 
Overdrive condition, 48 

Parallel excitation, 8 
Parallel resonance, 11 
Parasitic oscillations, 69, 70, 71, 72 
Parasitic suppressor, 72 
Peak output a-c current, 41 
Performance criteria, 15, 16, 17 
Plate circuit r-f indication, 60 
Plate current, 38 
Plate efficiency, 41, 47 
Plate-load impedance, 38 
Plate-tank circuit,functions of, 49, 50 
Plate voltage, 37 
P-N-P transistors, 91 
Positive feedback, 33 
Power amplification, 16 
Power and efficiency, 39, 40 
Power factor, 6 
Power output, 41 
Preventing oscillation in r-f amplifiers, 

33,34 
Push-pull class-C amplifier, 68, 69 

Q of a coil, 4 
Quality factor, 4 

Radar and pulse amplifier 
apparatus, 15 

Radio-frequency choke, 44 
Radio receiver coils, 5 
Radio receivers, 15 
R-F band, I 
Rate-grown n-p-n, 91 
Regenerative feedback, 33 
Remote-control equipment, 15 
Resonance Q, 19 
Resonant frequency, 15 
Review <1uestions, 13, 14, 34, 48, 80, 93 
Rice neutralization, 56, 59 

Safety bias, 45 
Series excitation, 7 
Signal current, 6 
Signal voltage, 6 
Single-layer solenoids, 3 
Single-tuned amplifiers, 17 
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Single-tuned impedance-coupled r-f 
amplifier, 25 

Single-tuned r-f amplifier, 20, 31 
Skin effect, 3 

INDEX 

Triode amplifier, 33 
Tuned circuit excitation, 6, 7, 8 
Tuned r-f amplifiers, 86, 87, 88 
Tuning capacitance, 17 

Stagger-tuned bandpass amplifiers, 31, Tuning capacitor, l 
32,33 

Stagger-tuning, 32 
Stray capacitance, 18 

Tank-circuit efficiency, 49 
Transformer-coupled amplifier gain, 

23,24,25 
Transistor, 17 
Transmission line, 54 
Transmitter power amplifiers, 35 
Transmitter tank coil, 6 
Transit time, 74 
Transit time effect of alpha cutoff 

frequency, 83, 84 
Traveling-wave tube, 75 

Tuning inductance, 2 

Underdrive conditions, 47 
Upper limiting point, 21 
Useful power, 40 

Vectorial representation, 55 
Vector diagram, 55 
Velocity-modulated tubes, 75 
Virtual cathode, 64 
Voltage amplifiers, 16 
Voltage and current relations, 36, 37, 38 

Wide-band performance, 32 


