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PREFACE

- It is the aim of the authors to bring together in one volume a discussion
of the principles and equipment covering the many specialized fields of
. - electronics and communications. Circuits and equipment are described
. for essentially all modern. applications. These include amplifier and

- receivers and transmitters, industrial electronic devices, electronic. naviga-
tional aids, tgst instruments, and electronics in military applications. .
The book is so arranged that equipment circuitry is not discussed until
the necessary foundation material (amplifiers, tubes, transistors, etc.) has
"been fully covered. - This epables the reader to deal easily and logically
with such diverse .subjects as superheterodyne receivers and industrial
confrol circuits. Once the reader has fully mastered the fundamental
principles underlying all electronic circuits, he will be capable of shifting
from subject to subject with confidence and understa.ndmg
A practical approach is employed in this book designed specifically for
technicians and servicemen. Mathematics is kept to a minimum and is
- brought in only where it is essential to an understanding of the particular
. Subject matter. . However, knowledge of elementary electricity and
electronics, as covered in Basic Electronics by Bernard Grob, is assumed.
Special self-examination questions are given at the end of each chapter,
together with longer, essay-type questions for classroom use or for those
who wish to test themselves more extensively. Summaries are placed
at the ends of chapters and related chapter groups. Bibliographies
~ are included, too, together with an extensive appendix of supplemental

i e e

the book.
. Special acknowledgment of assistance is due to M. Goldstein, American
Institute of Engineering and Technology; Jerome R. Balton and Nathan
e Buch, RCA Institutes, Inc.; Edwin J. Williamson, RCA Communica-
*“%dons, Inc.; and Melvin Whitmer. The authors are also indebted to the
mmany orgamzatlons which provided photographs, opera,tmg manuals, and
charts. Special acknowledgment in each 1nsta.nce is made with the
appropriate 1llustrat10n
BERNARD GROB v
"Miuron 8. KIvER

rectifier circuits, low- and high-frequency oscillators, communications -

material. The answer key for self-exammatlon questions is in the back of



CONTENTS

1 Vacvum-tube Amplifiers
2 Transistor Amplifiers
3 Audio Circvits

Review of Chapters 1 to 3

4 Radio-frequency Circuits
5 Oscillators
é Power Supplies

Review of Chapters 4 to 6

7 Modulation and Tr itters

8 Transmitter Circvits

e ™9 Antennas and Transmission Lines

Review of Chapters 7 to 9
10 Principles of Recelver’s
11 Superheterodyne Receivers

12 Receiver Circuits
Review of Chapters 10 to 12

13 Test Instruments ~

14 Pulse Circuits
15 industrial Electronics

Review of Chapters 13 to 15

355

407 .

411

449
480

518

16 Military Electronics
17 Electronic Navigational Aids

-n

Review of Chapters 16 and 17

» Appendix

Electronic Frequency Spectrum
FCC Frequency Allocations
Logarithms

Decibel Table

Universal Time-Constant
Graph for RC or RL Circuits
Resistor and Capacitor Color
Codes L
Abbreviations and Symbols

international, or Continental,

Morse Code

Index .

Answers to Self-fxcmina'ion

Questions

522
554
595

g ggsg

614

618

619

PRPLN




1

VACUUM-TUBE AMPLIFIERS

s

Introduction, This unit explains how any vacuum tube with a control grid can
amplify its input signal, ‘The tube and its circuit components then form an
amplifier stage. Tnodes, tetrodes, or pentodes can be used. Furthermore, we
can have d-c amplifiers or a-c amplifiers for either r-f or a-f signal vamtlons
Figure 1-1 shows a typical audio-amplifier chassis with its power supply The
topics are a8 follows:

1-1 -Amplifier Requirements
1-2 Voltage Gan
1-3 Types of Amplifiers
1-4 -Methods of Coupling
1-5 Classes of Operation
1-6 Methods of Bias
1-7 Fixed Bias
, 1-8 Cathode Bias ) .
R 1-9. Grid-leak Bias et

b . 1-11  Amplifiers in Cascade

1-12 Direct-coupled Amplifiers

1-13. Cathode-coupled Stage .

1-14 Direct and Alternating Voltages in the Amplifier
1-15 Load Line

1-16 Troubles in Amplifier Circuits’

1-1  Amplifier Requirements, The amplifier is the foundatlon on which
the entire science of electronics js built. Without this ability, vacuum
tubes and electronic devices would have only limited application. Com-
munications as we now know it would not exist, and industrial control
“would have to rely on mechanical, pneumatic, and hydraulic systems -
_ mﬁ]m operation. Because the amplifier is so important, a careful study
be made of it in its most common forms. The primary funetion of
an amplifier is to receive a small signal at its input and provide a much
larger ‘version of it at the output. In the voltage amplifier shown in
Fig. 1-2, an input signal of 1 volt apphed to the grid circuit, is amphﬁed

1-10° Contact Biasg w\\”m S



2 . VACUUM-TUBE AMPLIFIERS

to provide a 40-volt signal in the plate circuit. Therefore the amplitude
of the signal voltage has been multiplied by the factor of 40. The same
amplification applies to rms (root-mean-square), peak, or peak-to-peak
values of the signal. A typical circuit to provide this amplification is
shown in Fig. 1-3. The principal component of the stage is the vacuum
tube itself, which is the amplifier. A triode, a tetrode, or a pentode can
be used.

5V4-G 6L6 .
POWER POWER

FILTER RECTIFIER AMPLIFIERS
CAPACITORS P

TRANSFORMER
12AX7

VOLTAGE
AMPLIFIER

SHIELD

T16. 1-1. Audio-amplificr chassis, with power supply. (Heathkit Corp.)

Plate Load. Resistor Ry, is placed in the plate circuit so that the plate
current can produce a voltage drop outside the tube. When the voltage.
across the resistor (;,R;) varies, the net plate-cathode voltage also
varies, since this equals the fixed B+ voltage minus the 4R drop. For
this reason, the amplified signal-voltage output from plate to chassis
ground has a polarity opposite the grid-signal voltage input. Capacitor
(. transfers the a-c component of the fluctuating d-c plate voltage, which
is the amplified signal-voltage output, to the next stage while blocking
the steady d-c component. Note that without this load resistance, the .
plate current can be varied by the grid voltage, but no amplified output
voltage will be obtained. ‘ ; A

B+ Voltage. The B supply is required to produce plate current. The £
B+ voltage, applied between the plate and cathode, enables plate current 5
to flow from the cathode to the plate, then through R. and the B supply,
and finally back to the cathode again. This current can flow only in
one direction. In essence, it is a fluctuating direct current, containing a
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strong d-¢ component on which is superimposed a smaller a-¢ (th:at} is,
signal) component. It'is this a-¢c component which produces the signal-
voltage drop across R;. .
Grid Bias. A low-voltage battery (commonly called a C battery) is .

insertéd between the control grid and cathode. Its purpose is to bias
the control grid negative with respect to the cathode. The bias is nega<
tive because the minus terminal of the C battery connects to the eontrol
grid, while the positive terminal reaches the cathode through the chassis

P S f—
AN Amplifier
- Output =
Input=1 volt rms o— /> 40 voits

rms

Fia. 1-2. The amplifier increases the amplitude of the 1-volt input signal to provide
40 volts output signal. -

80 volts,
peak

F1a. 1-3. Circuit of a triode amplifier stage.

ground. With the control grid biased negative, there is no grid current
and no d-c voltage drop across the grid resistor R,.

The bias voltage is large enough so that the input signal cannot make
the net grid veltage positive, even during the positive half cycle of the
a-c voltage. As a result, equal variations of the a-c grid-signal voltage
produce equal increases and decreases in the plate current. A grid
resistor is inserted in the circuit in order to present a load to the incoming
signal and to place this signal in series with the d-c grid bias. :

"How the Control-grid D-c Bias and A-c Stgnal Combine. The a-c signal
voltage applied to the control grid is developed across the grid load
resistor R,. The C bias supply has a negligibly small impedaiice.
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Therefore the d—¢ bias voltage of the C supply and the a-c pignal voltage
across R, are in series with each other between grid and cathode (Fig.
1-4a). The resultant net grid-cathode voltage e, then, is the combination
of the d-c grid voltage E. and the a-c grid signal ;. The bias is negative
all the time. When the signal voltage is negative, it adds to the bias;
when the signal is positive, it bucks the bias. In Fig. 1-4b, the net values
of e, are tabulated for the zero and peak values of the a-c signal. Note

—-
Time

v

: A-c signal
2 ”‘2}(5' eg ACT0SS
pea "Ry Net

voltage

Grid voltage, e,

ta) , b {e)
F1a. 1-4. How the bias and signal combine in the grid-cathode circuit. (a) D-c bias E.
in series with a-c signal e, (b) Tabulation of peak and average values for net grid
voltage e;. (c) Graph of e, values.

that at no time does the combined grid voltage become- positive with

respect to the cathode. '

. Grid Drive. The a-c signal input is called the grid-drive voltage, since

it makes ¢, vary about its bias axis. 4 ’ ,
Piaie Current. With B+ voltage applied, plate current flows.* When

the signal drives the net grid voltage less negative, the plate-current

increases; when it drives the net grid voltage more negative, the plate .

current decreases. It is important to note, however, that the plate cur- ’“

rent itself is not the output-signal voltage. ~ The plate-load resistor Ry is

needed to provide the amplified output-signal voltage.

1-2 Voltage Gain. How the amplifier produces an output voltage
greater than the input voltage is illustrated by the waveshapes in Fig.
1-5, corresponding to the current and voltage values listed in Table 1-1.
These are calculated for the amplifier circuit in Fig. 1-3. . In Table 1-1,
the vertical columns list the values of grid-signal voltage €, d-c bias E,,
and the cordbined grid voltage e,. The corresponding values of plate”gg
current are listed also, together with the resultant voltage drop whe *
across the 20,000-ohm plate-load resistor. Finally, the net plate-cathode
voltage e is given. This is equal to the:B- value of 280 volts minus“the

* The instantaneous values of total plate current are generally indicated by the
letter symbol 4;; the symbol 4, is for the a-c signal variations in plate current..

-
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%Ry voltage drop. This is sub-
tracted from B+ because the volt-
. age drop across Ry, reduces the plate
voltage. .

The signal voltage e,, given in the
first column, has a peak voltage
swing of 2 volts, positive and nega-
tive, from its. zero axis. The d-c
bias voltage E. stays steady at —3
volts. The combined grid voltage
. then varies between —1 volt and —5
volts. In the next column are the
corresponding values of plate cur-
rent. The average value is 8 ma,
set by the —3 volts bias. . When the
grid voltage varies 2 volts, the plate
current changes by 4 ma, in this ex-
ample. A grid-signal swing from — 3
volts to —1 volt increases 7, from 8
to 12 ma; a grid-voltage change
from —3 to —5 volts lowers 4, from
8 to 4 ma. The column of voltage-
drop values across R, simply equals
the product 4R;. For the average 7,
value of 8 ma, determined by the
bias, the voltage drop across the
20,000-ohm Ry is 160 volts. These
voltage values vary as 1 is varied by
the grid voltage. Finally, the net
plate-cathode voltages in the last

" * column are calculated by subtracting

each 4Ry voltage drop from the

2 7 ‘ ,
£ 0 =
&L N Time
2 0 =
2 [ Time
W —3
2 oF =
'g' =27 N\ §jaia_xis_nm°
& -4

12
g gD Average axis
2,

0} _—

240+ Time

0 S

F1e. 1-5. Voltage and current wave-
forms for amplifier circuit in Fig. 1-3.

From top to bottom: a-c signal voltage -

input to grid e,; d-c grid-bias voltage E.;
instantaneous grid voltage e.; instan-
taneous plate current #; net plate-
cathode voltage e, :

Table 1-1 Voltage and Current Values for Amplifier in Fig. 1-3*

- €, E,, €ey i,
volts | volts | volts ma

0 -3 -3 8
+2 -3 -1 12
0 -3 -3 8
—~2 -3 =5 4
0 -3 -3 8

whRy, es, volts
volts | = 280 — iR,

160 120
240 40
160 120
80 200
160 120

* B+ = 280 volts, 1 = 20,000 ohms.

Time -+ -

-

i
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fixed B+ value of 280 volts. For the average #R. drop of 160 volts,
as determined by the grid bias, the net plate—cathode voltage equals
280 — 160 volts, or 120 volts.
~ As the a-c signal drives the grid voltage e. 12 volts about the bias axis,
the plate current swings +4 ma about the 8-ma axis. The plate-current
variations follow the grid signal, increasing when e, becomes less negative
and decreasing when e, becomes more negative. Because this is a varia-
" tion of current, however, its amplitude cannot be compared with the
input voltage. It is the varying net plate-cathode voltage e; that is the
amplified output-signal voltage. The plate voltage has peak variations

of 80 volts from its average axis. From 120 volts, e, swings down to 40

volts and up to 200 volts, corresponding to a swing of +80 volts.. |

.Gain of the Stage. Compared with the grid-input swing of +2 volts,
the plate-voltage swing of +80 volts is 40 times as great. This is the
voltage gain of the stage. Its symbol is A:

signal-voltage output

4 = voltage gain = signal-voltage input (1-1)

* The output and input voltage amplitudes can be compared in rms, aver-
age, peak; or peak-to-peak values as long as the same measure is used for
both. In this example,

‘ A= output _ 80 volts, peak _ 40
’ input 2 volts, peak

There is no unit for 4, since it is a ratio of two voltages. It should be
_ fioted that the voltage gain A is not the same as the amplification factor

x. The gain depends on the circuit, while the u is a characteristic of the

tube. These two factors ure related, however, by the formula

where Ry is the external plate-load resistance of the circuit, and R, is the
internal plate resistance of the tube. The gain can be equal to.4 or smal-
ler but never greater. For example, with a tube having a u of 80 and R,
of 20,000 chms when it is used in the circuit of Fig. 1-3 w1th an Ry, of
20,000 ohms, oo

R 20,000 _ 8o (20,000
“H*R.FR, 20,000 + 20,000 10,000 2.

—80x3=40""

a2

%,

2

The higher the value of Ry, compared with R, the higher is the gain as.'it"':

approaches the value of u for the tube.
-Phase Inversion. The plate-voltage variations of e, in Fig. 1-5 have
opposite polarity from the grid-voltage signal ¢,. '{‘hxs phase inversion
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stems from the fact that the amplified output signal is produced by the
varying voltage drop across R;. As the 7R, drop becomes greater with
more current, the net plate-cathode voltage is smaller; when less plate
current produces a smaller 3B, voltage, the plate voltage rises. With a
sine-wave signal, the amplified output voltage in the plate circuit can be
considered 180° out of phase with the input voltage in the grid circuit.
Fluctuating D-c Plate Voltage. The amplifier plate voltage e is a fluc-

tuating d-c voltage with a steady d-c average value and an a-¢c component

varying about this axis. If you measure from plate to cathode with a
d-c voltmeter, it will read the average d-c value of 120 volts. An a-c
voltmeter connected across the same two points reads the rms value of
the a-c component. This value equals 0.707 X 80, or 56.56 volts here.
All values of plate voltage are positive, but the variations below the aver-
age can be considéred negative with respect to the axis. When the
steady d-c component is blocked by the coupling capacitor C., these varia-
tions below: the axis provide the negative half cycle of the a-¢c component
coupled to the next circuit, while the variations above the axis correspond
to the positive half cycle. The a-¢c component is the desired output
voltage, but there cannot be any signal output unless direct current flows
to produce the fluctuating d-c¢ plate voltage.

Summary of Amplifier Operation. The ampllﬁcatlon can be considered
in the following steps: .

1. The grid signal varies the instantaneous values of grid voltage above
and below the negative bias voltage axis.

2. The variations in grid voltage produce corresponding changes in
plate current.

3. The plate-current variations vary the voltage drop across the plaw-
load resistor R;.

4. The net plate-cathode voltage is equal to the B+ voltage minus the
voltage drop across R;.

5.. Therefore the plate-cathode voltage varies. This varying voltage
is the amplified output signal. -

The output-signal voltage is an amplified. duplicate of the grid-signal

- voltage, but with opposite polarity. - For the one cycle illustrated in Fig.

1-5, every variation in grid voltage, whether at the peak or intermediste
values, has a corresponding variation in plate voltage. The same varia-
tions are repeated every cycle. Therefore the variations in plate voltage
provide an output signal with the same frequency as the input signal.

Before we continue with the discussion, mention should be made of the
common practice of using the term amplifier to mean both a single stage
and a complete system, containing a number of amplifier stages. Thus,
when you speak of a high-fidelity system as consisting of an amplifier, a
record changer, and a loudspeaker, you mean an amplifier system where

{a
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there are several amplifier stages. On the other hand, in this cha.pter, the
term amplifier is meant to mean a single stage. Surprisingly enough,

this practice does not lead to ambiguity, and the reader will have very’

little difficulty understanding what-is méant when he meets the word.
However, he should be aware of this dual usage. - S

1-3 Types of Amplifiers. Different names are assigned to amplifiers in
- order to describe a feature of the circuit or to indicate its function. For
instance, sn audio amplifier amplifies a-c signal voltages in the a-f range.
An r-f stage amplifies r-f signal voltages. Because they deal with higher
a-c signal frequencies, r-f amplifiers generally use pentodes instead of
triodes. With their lower grid-plate capacitance, pentodes can provide
more stable r-f gain. Pentodes can also be used for audio amplifiers.
Triodes are preferable, however, for either a-f or r-f amplifiers where
reduction of tube noise is important.
R-f amplifiers practically always employ tuned circuits. In the con-
trol-grid circuit, a tuned circuit can provide maximum r-f signal voltage
at the resonant frequency; in the output circuit, parallel resonance allows

maximum plate-load impedance at the desired frequency. As a result, .

the circuits are generally different for a-f and r-f amplifiers because the
-a-f stage must amplify a broad range of audio frequencies, while the r-f

stage amplifies a band of frequencies centered about the resonant fre- -

quency of its tuned circuit.
For either r-f or a-f circuits, a stage can be considered a voltage ampli-
fier or a power amplifier. Both amplify the input-signal voltage, but a

_power amplifier is required to supply appreciable signal current in the out-

put rather than high voltage. A good illustration is the final audio ampli-
fier that supplies signal to drive a loudspeaker.. A speaker requires high
current, Therefore the audio-output stage is a power amplifier. High
values of output current are obtained by using a power tube, which is
physically larger than a voltage amplifier tube, atid by using a relatively

low plate-load impedance. For example, where an a-f voltage amplifier

may have a plate-load resistor of 0.5 meg, an audic-output stage generally
has an external plate-load impedance of 4,000 ohms. A compauson of
tube sizes can be seen in Fig. 1-1.

1-4 Methods of Coupling. Several methods may be used to transfer
or couple a signal from one circuit to another. ' These are: resistance-
capacitance, or RC, coupling with a plate-load resistor Rr; impedance
coupling, where a choke replaces R.; and transformer coupling. R-f

amplifiers generally have tuned coupling circuits. Such tuned amplifiers

may be impedance-coupled or transformer-coupled. With any type of
circuit, triodes or pentodes can be used.

-
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RC Coupling. This method of coupling is generally used with a-f volt-
age amplifiers because it provides the same amount of gain for 3 wide range
"of audio frequencies. In Fig. 1-6a, Ry is the plate load in series with the
plate and the B+ supply. Since B, presents the same resistance to all
audio frequencies, the RC amplifier provides equal gain for different fre-
quencies. This is called uniform, or flat, frequency response. As indi-
cated in Fig. 1.6b, this a-f amplifier has a flat response from 100 to 5,000
eps. .
Amplifier response is limited at low frequencies by coupling capacitor
C.. . Capacitive reactance rises as the signal frequency drops, causing
more of the output-signal voltage to appear across the coupling capacitor

ch . ’ -
0.05 uf

Flat response

Loss due to Co Loss

due to
C:

!
1
i
|
I
1
)

100 cps 5000 cps
Frequency —>
{a) (%)

Fie. ‘1-6. RC-coupled amplifier. (a) Circuit for a typical audio amplifier. Ry is the
resistance plate load and C,, the output coupling capacitor. (b) Response curve
showing gain of amplifier at d_iﬁere_nt audio frequencies..

“and less across the following grid resistor R,,. At the opposite end of the

. frequency range, amplifier response decreases because of stray distributed
capacitance in the plate circuit. This capacitance, labeled C. in Fig. 1-6a,
is the total capacitance shunted across the plate-cathode circuit. Typical
values for C are 20 to 40 uuf, but at high frequencies even this small
amount of capacitance can effectively bypass signals around a high-valued
R..* '

One disadvantage of the RC amplifier is the fact that the 7 oRr, voltage
drop reduces the average plate voltage available for the tube. - The
amount of plate current that flows is determined by the voltage actually
at the plate, with respect to cathode. In an RC amplifier, this average
plate-cathode voltage is much less than the B-supply voltage. For exam-
ple, if the average plate current in Fig. 1-6a is 0.8 ma with a 250,000-ohm
Ry, the average IR, voltage drop equals 200 volts. The average plate-

* As a matter of fact, when a circuit designer wishes to extend the frequency range -

) of an amplifier~one of the first things he does is lower R;. This makes the shunt
eapacitance C; less effective until the frequency rises to a higher value. -
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cathode voltage is then only 100 volts, equal to 300 volts minus the 200-
voit IR, drop. Thus, R cannot be made too high. Note the low watt-
age rating required for B;. With an average voltage drop of 200 volts
and an average current of 0.8 ma, its EI product equals 0.16 watt dissi-
pated in heat. Typically, a 34- to 1-watt carbon resistor would be used
here. : s

The function of the coupling capacitor.is illustrated in Fig. 1-7, where
C corresponds to C., and R is equivalent to R, in the RC amplifier. The
voltage applied to this RC circuit is the fluctuating d-c plate voltage e;.
In this example, e, has an average value of 100 volts, varying from 150 to
50 volts as the signal varies.

c
H
L lOO,J w 0
von§ =z
> 0
R§ 5‘
80
i i

Fiq. 1-7. How an RC circuit couples the a-e component of e, across R,, while thed-¢
eomponent is blocked by C..

Since the charge or discharge path is the same for the RC cireuit, ¢
soon charges to the average value of the applied voltage, which equals
100 voits here. With C charged to 100 volts, when the applied voltage

‘@ increases, it produces a charging current that develops a positive

voltage across R; when & decreases below 100 volts, C discharges,
and its discharge current produces a negative voltage across B. As
a result, as ¢, varies from 50 volts above to 50 volts below the 100-volt
axis, the increases produce the positive half cycle of voltage ez, while
the decreases produce the negative half cycle.” The voltage across
R is an a-c voltage varying above and' below zero, which is the
chassis ground reference. The average d-¢ Jevel of the fluctuating
d-¢ input is the 100 volts across C. Therefore the steady d-¢c component,

s blocked as the voltage across C, while the a-c component is passed as

the a-c voltage across R. This voltage is the amplified a-c signal to the -
control grid of the next stage. N '
Impedance Coupling. The circuit shown in Fig. 1-8 uses an inductance
as a choke for the plate-load impedance, instead of Ry in the RC amplifier.
The coupling capacitor C. is still needed, however, to block the steady d-¢

- component of plate voltage. Either an iren-core choke can be used for

an audio amplifier or an air-core choke for an r-f amplifier. The advan-
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tage of a choke for the plate load is that it has low d-c resistance but can
provide the high value of an a-¢ impedance required for high voltage gain.
Single-tuned Stage. The r-f amplifier in Fig. 1-9 uses a single parallel-
resonant circuit to provide the required plate-load impedance for the a-c
signal. The d-c resistance of the r-f coil L is negligible, and the average
d-c plate voltage is practically equal to B+. However, the parallel LC
circuit provides a high impedance at the resonant frequency. . -

AL Output
Al -
C(;2
Choke L Rg,
for plate~
load ==
impedance
B+
300 volts

F1a. 1-8. Impedance-coupled amplifier with audio choke as plate-load 1mpednnoe
An r-f choke can be used mstead for an r-f amplifier.

\ Output
7 >
Tunéed piate
load impedance Ce, R )
=\ Es =100 volts R | |
L £ '
L - 3 !
- ,‘t——
!
1
H
B+ . fr
300 volts . Frequeqcy —
{a) ()}

" Fia. 1-9. Smgle-tuned r-f amplifier. (a) Circuit. (b) Frequency response.

The response curve in b is the same as the resbnance curve of the tuned
circuit. For parallel resonance, the impedance is max1mum at f,, decreas-
ing to very low values at frequencies far off resonance. Since the gain -
of the amplifier is proportional to the amount of plate-load impedance,
the response of the amplifier for different frequencies corresponds to the
response of the parallel-resonant circuit. That is, the tuned amplifier
can provide gain only for frequencies at and near the resonant frequency.
The bandwidth of the resonant response depends on the Q of the LC
circuit.

. Pentodes are generally used for r-f amplifiers The only addntlonal
need of the pentode circuit is a positive d-c screen-grid voltage. In Fig.
1-9, R, is the screen-dropping resistor. The screen voltage is equal to the
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B+ valtage minus the I,R, voltage drop, where I, is the screen-grid cur-
rent. Assuming 4-ma screen current, the dropping resistor must be
50,000 ohms for a 200-volt IR, drop, with 100 volts left for the screen
grid. C, is the screen-bypass capacitor. Its reactance must be low
enough to bypass R, for the lowést frequency amplified in the stage.
Transformer Coupling. TFigure 1-10 shows a typical audio power-out-
put-stage transformer coupled to a loudspeaker. The primary winding

Output
traf}sformer
Cc
_,______) Lp for
Input plate load éL s Output .
impedance

B+
300 volts

F16. 1-10. Transformer-coupled amplifier with audio tra.nsformer An r-f transformer
would be used instead for an r-f amplifier.

Interstage
transformer

Blue “Green ]

. - !

l 74 Output § :

c LpQ BLs |Cs i

s Red Black ’ ! .
- 5 or white :
L L | : !
B+ fr
‘300 volis Frequency —»

Fia. 1-11. Doubie—tuned,r-f amplifier. (a) Circuit. (b) Frequency response.

L, is the plate-load impedance. This arrangement has the advantage of
low d-c resistance, resulting in a high value of E;, which is important for
maximum power output. The a-¢c impedance of the primary is usually
2 ,000 to 5,000 ohms, this value being high enough because the requu'ement
is power output rather than voltage gain. The a-c component of ‘the mg—
- nal eurrent in the primary L, induces the desired signal voltage in the .
secondury winding L, by transformer action. Since the secondary isiso- .
lated, the steady d-c component of the primary current is blocked.
Therefore the secondary has a-c signal only.

Double-tuned Stage. The circuit in Fig. 1-11a is a transformer-coupled
amplifier, but both the primary and secondary of the r-f transformer are
tuned. Because of the isolated secondary winding, no blocking capacitor .
is needed. The primary-tuned circuit L,C, is the plate-load impedance



