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Fia. 27 A. A typical tuned radio-frequency amplifier
Lz C1== the tuned-grid circuit L: = input primary coil
R: = cathode resistor Li = input secondary coil
C: = cathode bypass condenser (1 Cs = tuning condensers
C: = screen bypass condenser C+ = plate bypass condenser
R: = screen dropping resistor L: = output secondary coil
Ls = primary of output transformer R+ = Dbleeder resistor
Ls C's = second-stage tuned-grid circuit Rs = gain control resistor
—— ==metal shields

Bypass condensers C,, C,, and C, should have low reactance at the
frequencies to be amplified; 0.01 xid. for ordinary communication pur-
poses. The cathode resistor R, should establish the minimum bias volt-
age recommended for the particular tube used. In applying Ohm’s
law to calculate R,, do not forget that both the screen and plate cur-
rents flow through R,. Ohm’s law is also used to calculate R,, such that
the voltage drop in it due to the screen current, subtracted from the B
voltage, leaves the correct screen voltage. The tuned circuits should
have a fairly high L/C ratio. L, is usually coupled as closely to L, as
possible and contains 70 to 80 per cent of the number of turns on L,.

With variable-mu tubes, the gain control is accomplished by chang-
ing the C-bias voltage. There are three currents passing through the
control resistor R,, i.e., the bleeder current through R,, the screen, and
the plate current. The total drop across R, should be about 50 volts.
Maximum gain occurs when the sliding contact on R, is at the grounded
end. In multistage amplifiers, the lower ends of the various cathode
resistors are sometimes connected together and then to the sliding con-
tact on R,. The left end of R, must then have a current-carrying ca-
pacity sufficient for all the tube currents plus that of the bleeder R,.
27.3 LF. Class A Amplifiers. There is a type of radio-frequency am-
plifier which is designed to amplify only one frequency region. This
means that, once its circuits have been properly adjusted, they need not
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be changed again. As used in certain broadcast receivers, this fre-
quency region is centered at 455,000 cycles per second (455 ke.), a value
which is the intermediate between audio and broadecast frequencies;
hence the name intermediate-frequency amplifiers. There are two
main types of i.f. amplifiers, one for phone reception, where the fixed

band of frequencies has a definite

width, over which the amplification is

as nearly uniform as possible, and the .

other for the reception of dots and

dashes where the band width is made " Frequency > *_

ag narrow as possible. These cases are 450 ke. 460 ke,
illustrated in Fig. 27 B. 455 kc,

LF. amplifiers usually contain Fro. 27B. 1. F. band widths
one or two stages. Figure 27 C shows the circuit of a one-stage i.f. am-
plifier of the type which covers a band of frequencies.

It is to be noted that the circuit differs from that of a tuneable r.1f.
amplifier only in that there are additional condensers C'C' across the
primaries of the transformers, and that a decoupling resistor R has been
added to prevent stray feedback. The tuning units in the shields
{dotted lines) use air-core or powdered-iron-core universal-wound
coils, the latter offering greater selectivity and gain. The adjustment
of these tuned circuits is made by varying the inductance of the iron-
core coils or by changing the capacitances across their primaries and
secondaries. High stability is important in order to keep all resonant
circuits tuned to the same frequency. Any frequency “drift” will
reduce the selectivity and gain. More complicated LC circuits are
sometimes used to sharpen the sides of the frequency response curve
(Fig. 27 B(a)) and to make its top flatter.

Gain

Fra. 27 C. A one-stage if. amplifier. T = variable-mu pentode. Typical values;
Ci, Cs, Cs, Cs == 0.1 pfd at 455 ke. (= 0.01 pfd at 1600 ke. or higher) ; Ra = 300 ohms,
Re=101 megohm R = 2000 ohms
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In other i.f. amplifiers, it is desirable to sharpen the tuning as much
as possible, as in Fig. 27 B(b), in order to amplify only one, rather than
a band of frequencies. Crystal filters offer the best method of obtain-
ing this high selectivity. It is to be remembered that a quartz crystal
acts like a series circuit of very high . A erystal of proper thickness
to resonate at the desired i.f. is inserted in the coupling circuits between
two tubes, as in Fig. 27 D. It will be noticed that the coupling circuit

Ty E(
Ls Cy L
C, L 8 C,
4
C,

Fre. 27 D. A crystal-filter circuit. 7T:= center-tapped if. input transformer with
high-L  primary closely coupled to secondary. C: and C:=100 puf. C>= 10
to 15 uuf.

forms a bridge, with the upper and lower halves of L, on one side of
ground and with the crystal, X, and condenser, C,, balancing each other.
Adjustment is made so that C, is equal to the capacitance of the holder
of the crystal. This balance prevents undesired frequencies from reach-
ing the output circuit. Condenser C, is used to control the selectivity
of the eircuits, 1.e., the sharpness of the response curve, (b) in Fig. 27 B.
The selectivity is a minimum when the circuit L,C, is tuned to the
crystal frequency, and increases as C, is changed from this condition.

27.4 Neutralization. Amplifier circuits tend to oscillate because of the
feedback through the inter-electrode capacitances of the tube itself,
because of the electrostatic and electromagnetic feedback external to
the tube, and because of improper connections whereby currents of the
input and output circuits flow through a common wire or through a
portion of the shields from one grounded point to another. This is par-
ticularly true of radio frequency amplifiers which have tuned-grid and
tuned-plate circuits. The feedback through the tube itself is largely
alleviated by using tetrodes and pentodes, with condensers (C, of
Fig. 27 E) shunting r.f. currents directly to ground from the screen and
suppressor grids. Even so, certain of these tubes (6L6, 6V6, 616, and
the like), designed for audio frequency use, do not have sufficient
screening for use as r.f. amplifiers unless additional precautions are
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taken. Many of the tubes designed for handling large amounts of
power, as in the amplifier stages of transmitters, are merely triodes.
For these, it is imperative that “ neutralization” circuits be used to
prevent oscillation,

:E:L é Qutput

r.f.c.

0 0,
[0}

+Screen +Sup. +B —B +Scr, +Sup. —B +B
Fie. 27E. R.F. amplifier circuits. C1=0.01 ufd. C>=0.001 pfd. or more

Neutralization consists of feeding some of the r.f. voltages from
the output or from the input of the amplifier to the other side in such
a manner as to cancel the r.f. voltage developed through the grid-to-
plate capacitance of the tube itself. There are three main methods,
called plate, grid, and inductive neutralization.

In the plate-neutralized circuit of Fig. 27 F, the r.f. voltages in
the tank circuit LC induce voltages in the closely coupled extension of
L. These voltages are of opposite polarity to those on the grid (which
originally caused them). They are fed back to the grid through the
neutralizing condenser C,, to balance that which reaches the grid
through the grid-plate capacitance of the tube. Neutralization is
satisfactory only over a small range of frequencies.

L
O—v e
3 F Output
Input s
P = (3 0utput E:
o—J = g E
X
>
L

=

= » -
o + - B -B
{7 +8-B Cbias +

Fic. 27 F. A plate-neutralized rf. Fe. 27G. A grid-neutralized rf. am-
amplifier circuit plifier circuit
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In the grid-neutralized circuit of Fig. 27 G, the rise and fall of the
plate potential is transferred by the neutralizing condenser C, through
the grid coil, to counteract the voltage changes transferred by direct
capacitive coupling inside the tube from plate to grid. In general, grid
neutralization is less satisfactory than plate neutralization.

-1|1-

+
Fi1a. 27 H. Inductive neutralization of a r.f. amplifier

" Figure 27 H shows an inductive-neutralization circuit, whereby
“link coupling ” is used between the grid and plate circuits. This type
of neutralization is also complete at only one frequency.

Two condensers (C.C,) are needed to neutralize a push-pull cir-
cuit, as in Fig. 27 1. The capacitances of the two condensers are nearly

il
4 | 1]
Cn

Ly

oﬂ_l

-B +8B
Fia. 27 1. Neutralization of a push-pull amplifier

equal to each other and to the tube’s grid-plate value. When the tubes
are electrically identical and the circuits are layed out symmetrically,
neutralization can be complete and also be independent of frequency.
At the very high frequencies, push-pull circuits are the only type which
can be satisfactorily neutralized.

In order to neutralize an amplifier, the filament is heated and r.f. is
applied to the input terminals. The plate voltage is to be zero. A d.c.
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milliammeter is connected in series with the C-bias circuit. The plate
tank circuit is tuned back and forth through resonance and C, is ad-
justed until the d.c. grid current no longer changes, or, at most, shows a
small gradual rise and fall, with a maximum at resonance. The circuit
is then neutralized.
27.5 R.F. Linear Amplifiers. These are the same as R.F. Class B am-
plifiers and were discussed in Sec. 23.6. In general they are not as
stable as the amplifiers discussed in the next section.

) ]
Cut-off
2 x cut-off
C-bias l
i Eg time ——p=-

Or ! 1804
1807 — 1zo° to
o) 50°
< 3607 Input grid | 602
swing | = orone cycle

.

|
Q_i
L;

Fia. 27 J. Operation of Class C amplifiers

time—<—

27.6 Operation of R.F. Class C Power Amplifiers. Radio-frequency
amplifiers are sometimes called upon to handle many watts of power.
They must then be designed particularly with an eye to efficiency.
Class C amplification is commonly used. Inasmuch as the plate current
flows only during a portion of the positive half-cycle of input voltage
to the grid, and is zero during the remainder of the cycle (see Sec. 23.7),
the steady d.c. plate load loss of Class A is avoided. On the other hand,
the grid is driven positive in Class C operation and the resultant grid
current causes power losses in the grid circuits. The net result, the-
oretically and experimentally, is that Class C amplification is more effi-
cient than B or A. You get a larger fraction of watts-out per watts-in
with Class C than in the other cases.

Improper adjustment, however, can result in very low efficiency.
It has been found that optimum conditions exist when the plate current
flows from 33 to 47 per cent of the time of one cycle. This means that,
of the total of 360° corresponding to one cycle, the grid voltage reaches
and remains above the cutoff point for 120° to 150°, as shown in Fig.
27 J. For 120°, the r.f. grid voltage reaches 50 per cent of its peak value
at cutoff, and for 150°, it reaches 25 per cent at cutoff. The correct
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C-bias is therefore equal to the cutoff plus 25 to 50 per cent of the peak
r.f. grid voltage.

Because power is consumed in the grid circutt (and to allow for
contingencies), the “ driver” or input source should be designed to
give an amount of power equal to two or three times the expected grid-
circuit losses. This is particularly true at the ultra-high frequencies
where the losses occur not only in the wires themselves but also in the
dielectric of the glass envelope of the tube.

The plate ecircuit of an r.f. Class C amplifier contains a resonant
circuit, as at LC in Fig. 27 G. When tuned to the frequency of the in-
put signal, this circuit acts like a pure resistance whose value, including
the “ reflected impedance ” (Secs. 6.2 and 7.2) of the output load, is usu-
ally of the order of a few thousand ohms. The more power delivered by
the amplifier to the output circuit (say the antenna of a transmitter),
the lower this resistance, and vice versa. For good efficiency this resist-
ance should be relatively high. Its best value is such that the maximum
r.f. grid voltage is equal to the minimum instantaneous plate voltage.

The direct pulsating plate current shown on the right of Fig. 27 J
causes the tank circuit currents to oscillate back and forth, transfer-

ring energy alternately from the con-

‘ET N (- denser to the coil and back again in
5 “Y 7+ With a load the usual fashion. The periodic (and
e No load properly timed or resonated) pulses of
T

plate current make up for the circuit
and load losses so as to keep the circuit
Fig. 27 K. The plate cwrrent dips in oscillation. The fluctuating mag-
gserﬂil: f&iﬁ% c;giﬁ:fgﬁfrzsgiéigph' netic field of coil L cuts the turns of

wire in the output coil (see Fig. 27 Q)
to set up an em.f. and to drive a current in the output circuit. It is de-
sired that the wave-form of this output should be a replica of that ap-
plied to the grid of the amplifier, and hence be free of distortion or har-
monic content. This is not possible; yet the harmonic content will be
reasonably low when the Q (= 2xfL/R) of the tank circuit is high.
Transmitting coils, which largely determine the @ of the tank circuit,
usually have a Q ranging from one hundred to several hundred, with no
load, but drop to much lower values when power is drawn from the am-
plifier, due to the reflected impedance. This change with load can be
shown in terms of the sharpness of resonance as in Fig. 27 K. The @
of the tank circuit should be 12 or higher.

Tuning capacitance ~—:



CHAPTER 28
THE MODULATION OF R.F. AMPLIFIERS

28.1 Introduction. The Principle of Amplitude Modulation was dis-
cussed in Chapter 16 and should now be reviewed. The following
chapter contains a description of the commonly used circuits and some
of their details.

In the plate-, and the plate-and-screen modulation systems, the
audio power, which is found later in the sidebands, is entirely supplied
by the modulators. On the other hand, in the grid-modulation system,
the audio unit, in considerable part, acts by varying the efficiency of the
modulated r.f. amplifier unit.

Class-C Amplifier

Fic. 28 A. Plate modulation of a rf. Class C amplifier

28.2 Plate Modulation. Figure 28 A shows the circuit of a Class C
amplifier with plate modulation from a Class B modulator. The ele-
mentary form of this circuit was given previously in Figs. 16 F and
16 G.

In the design of “plate-modulated ” r.f. amplifiers we are con-
cerned with the following problems: (1) that the modulation shall be as

213
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nearly 100 per cent as possible, (2) that the output audio wave-form
shall be as nearly a replica of the a.f. sound input to the microphone as
possible, (3) that the power output for a given set of tubes in the circuit
shall be as great as possible.

In order to attain these objectives we must concern ourselves: (1)
that the amplifier tube (which is to be modulated) is properly biased;
(2) that the strength of the radio frequency from the driver ahead of
this tube is sufficiently great; (3) that the audio frequency voltages
from the modulator tube are sufficient but not too great for the most
suitable B voltage; (4) that the loading on the amplifier tank circuit
is of the proper amount; (5) that the radio frequency circuits are all
properly tuned; (6) that the filtering chokes and bypassing condensers
are suitably chosen and placed, that all radio frequencies stay where
they belong, and all audio frequencies, and all direct currents remain
in their proper channels,

Some of the details of the circuit in Fig. 28 A are given in the fol-
lowing paragraphs.

The tube manufacturer usually supplies data on the proper grid
bias and grid current for the Class C modulated tube. A well-filtered
C-Dbattery supply, having good regulation, should be used to bias the
grid to cutoff; and this should be supplemented by the voltage drop in
the grid leak so as to make the total grid voltage between two and three
times the cutoff value,

If triodes are used, as in Fig. 28 A, the neutralization of the ampli-
fier must be very nearly perfect. See Sec. 27.4.

The voltage of the r.f. driver ahead of the modulated tube should
be sufficient to drive the grid of this tube somewhat positive during its
peak positive half-cycle, and its power should be two or three times
greater than that which is normally consumed in the grid circuit.

The plate bypass condenser, C of Fig. 28 A must have a high re-
actance for audio frequencies in order to provide tube safety and good
modulation. Values less than 0.002 pfd. are satisfactory.

The output peak voltage of the modulator must be such that the
a.f. voltage on the plate of the amplifier tube is equal to the d.c. plate
voltage if 100 per cent modulation is to be obtained. Then the r.f. out-
put will fluctuate between twice the unmodulated r.f. voltage and zero.
If the audio signal is a pure sine wave, the modulator must, furnish an
amount of power equal to 50 per cent of the d.c. plate power put into the
amplifier stage. Thus, if the amplifier is rated at 1,000 watts input, it
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is necessary that the audio amplifier put out 500 watts. For complex
speech waves the average power of the modulator need be only one-half
of the former figure, but its instantaneous power output must still be
the same as for the pure sine wave. In order to adjust the circuits for
the above stated conditions (which yield 100 per cent modulation), the
load on the amplifier is varied until the product of the d.c. plate voltage
and the d.c. plate current is of the desired value. Keep the tank circuit
tuned to resonance while changing the load. When the amplifier is
properly adjusted, the d.c. plate currents will be the same with or with-
out modulation.

Class-C Amplifier Class-C Amplifier

r.f.
\nput

o—
=% 4 =

R
Class-A Modulator 1

&)

-C -B -B +B
+C

Fic. 28 B. Choke-coupled plate-modu- Fig. 28 C. Plate and screen modula-
lation of a r.f. amplifier tion of a pentode amplifier

28.3 Choke-Coupled Plate Modulation. In place of the modulator por-
tion shown at the bottom of Fig. 28 A, it is possible to use the choke-
coupled system shown in Fig. 28 B. Here the choke L must have a
high impedance at audio frequencies. In order that there shall be 100
per cent modulation, i.e., in order that the peak a.f. voltage developed
across the choke L shall be equal to the d.c. voltage on the amplifier
tube, it is necessary that the voltage on the amplifier plate be reduced
from that on the modulator tube by means of the resistor R,. Con-
denser C, is used to bypass audio frequencies around R,. Condenser C,
on the other hand, must not pass appreciable a.f. and should be 0.002
wfd. or less. This type of modulation is rarely used except for very
low-power sets of the portable type,
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28.4 Modulation of a Pentode Amplifier. Pentode and beam-tetrode
tubes can be used in a Class C plate-modulated amplifier if the audio
frequency modulation voltage is applied in series with both the plate
and screen grids, as in Fig. 28 C. Here, the value of the resistor R is
chosen in the usual way so as to establish the screen grid at its normal
d.c. voltage. In computing the power input to the amplifiers, use the
sum of the d.c. screen and plate currents. The plate and screen-grid
bypass condensers C, and C, (0.002 pfd. or less) must both have high
reactance for audio frequencies to provide both tube safety and good
modulation.

28.5 Grid-Bias Modulation. Figure 28 D shows a Class C amplifier
modulated by the grid-bias method. In this circuit it is necessary

Ctass-C Amplifier

+B +C01__

Fic. 28 D. Grid-bias modulation of a rf. Class C amplifier. The by-pass con-
denser C should not be greater than approximately 0.002 ufd.

that the plate supply of the modulator should have good voltage regu-
lation, and that the grid-bias source for the amplifier should have low
resistance. A battery might well be used, or a rectifier with regulated
output. A grid-leak bias should not be used. The C-bias should be
two or three times the cutoff value.

28.6 Suppressor-Grid Modulation. Figure 28 E shows the complete
circuit of a system which operates along the same lines as that of the
grid-bias modulator, but is somewhat simpler to adjust for proper oper-
ation because the modulating, the r.f., and the plate circuits are all
three separate and more or less independent of each other.
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Class-C Amplifier

a.f.
fnput

Suppressor =
bias

Fic. 28 E. A suppressor-grid modulation circuit. Condenser C should not be
greater than 0.002 ufd.

28.7 Cathode Modulation. The details of a cathode-modulation sys-

tem are shown in Fig. 28 F. It is {o be noted that, when filament-type

tubes are used, there is need for a separate filament transformer in the

modulated stage of the r.f. amplifiers. The bypass condensers for this
Class-C Amplifier

Oo—
r.f.c.
r.f. R
Input Gridg
‘ Leak - ¢ or.f.c.

= 8 +B

Fil. Trans,

+C

Fic. 28 F. Cathode-modulation. Both of the condensers C' should be less than
0.002 ufd.

filament should not have a capacitance greater than 0.002 pfd. in order
to avoid bypassing the a.f. When the proper operating conditions have
been established, the cathode current will be nearly constant, with or
without modulation.



CHAPTER 29
FURTHER DISCUSSION OF OSCILLATORS

29.1 Electron-Coupled Oscillators.* One of the outstanding problems
in the design of vacuum-tube oscillators is that of keeping the fre-
quency constant despite mechanical vibrations, temperature changes,
voltage variations in the supply lines, and changes in the amount of
power taken out of the circuit by the load. The effects of variable
loading are greatly reduced by the use of electron coupling. Let us
imagine that in the Hartley circuit of Fig. 14 B the actual metal
¥

F1a. 29 A. Electron-coupled oscillator circuits

plate is replaced by a grid of wires. The stream of electrons reaching
this electrode increases and decreases in number at the frequency of
the oscillating circuit in the usual manner. But, with a grid of wires
- rather than a solid metal plate, a part of this stream of fluctuating elec-
trons passes through the “ plate ”” and can be used in a later portion of
the tube. It is as though we had a “virtual 7 ¢athode, emitting elec-
trons, whose number varied from maximum to minimum periodically
at a high rate. Of course it is impossible to heat and cool an actual
cathode at high frequencies. Yet the combination of the Hartley cir-
cuit with a grid which acts as the “ plate "’ serves the same purpose. In
the circuit on the left of Fig. 29 A, the fluctuating electron current,
which has passed through the grids, reaches the solid plate and passes on
to the tuned circuit LC. When the periodic fluctuations of the electron

* Commander J. B. Dow, U. S. N., Proceedings of the Institute of Radio
Engineers, Vol. 19, page 2095 (1931).

218



219 ELECTRON-COUPLED OSCILLATORS 29.1

stream correspond to the natural frequency of the tuned circuit, they
serve to supplant the losses in this resonant or tank circuit and keep it
in oscillation. An important feature of this arrangement is that the
upper grid is operated at ground r.f. potential, and hence acts as a
shield between the output or load circuit coupled to LC and the oscil-
lating circuit itself. In this way, variations in the load current are
prevented from reacting upon the oscillator circuit and changing its
frequency. We see in this circuit that the oscillator operates very much
in the usual manner, but that the load circuit is “ electron coupled ”
rather than direct, capacity, or magnetically coupled to it.

At the right of Fig. 29 A, an untuned output circuit is shown. In
this case, the output voltage and power are lower, lacking the “ build
up ” which a tuned circuit gives, but the plate circuit has better isola-
tion from the oscillator, and hence the frequency stability is greater.

Ordinary tetrodes and pentodes can be used in these oscillators.
With a pentode, the suppressor grid should be grounded and not con-
nected to the cathode, in order to give additional internal shielding of
the load circuit from the oscillator eircuit.

Granting that the electron-coupled feature just described largely
solves the problem of stabilizing frequency against load variations, we
still have left the other possible influencing factors for consideration.
First in importance among these is the @ of the tank circuit of the oscil-
lator. This must be as high as possible. It can best be obtained by
making the L/C ratio of the circuit as low as possible. The resistance
of the cireuit is to be made low by winding the coil with large wire and
by using condensers in which the dielectric losses in the insulation are
low. The effective @ of the circuit is increased by using a high value
of grid-leak resistance and by using the least possible feedback which
will maintain stable oscillations. Frequency stability will be greatest
when the ratio of the plate to the screen voltage is about three to one.
The plate supply should be free from ripple and may well be voltage-
stabilized.

In order to maintain frequency stability, constant strength, and
freedom from harmonics, oscillators of the type just described should
not be built to deliver large amounts of power. They should be fol-
lowed by power-amplifying equipment.

Mechanical vibration, which causes frequency instability, can be
avoided by care in the constructional details as, for example, the use
of short leads, heavy chassis and panel materials,
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It will be noticed that in Fig. 29 A, the cathode is above ground
potential for r.f. The chance for 60-cycle hum from the filament heat-
ing supply is reduced by means of the bypass condensers indicated.
29.2 Negative Resistance or Dynatron Oscillators. Any electrical de-
vice which has a “ negative resistance ” can be used as an oscillator.
An electric are and a sereen-grid tube have
this characteristic. “ Negative resistance ”
means that, as the voltage across the de-
vice increases, the current through it de-
creases, and vice versa. This is true over
the region AB of Fig. 15 B, which shows
the characteristic curve of a screen-grid
Fra. 29 B. A negative-resist-  tybe. Throughout this region, the screen
ance or “ transitron ” oscillator L. ...

grid is more positive than the plate, and
hence &ttracts not only electrons from the filament but also secondary
electrons emitted from the plate. A tuned circuit may be connected in
the grid cireuit, as in Fig. 29 B. The grid electrons, accumulating on
condenser C, lower the positiveness of the screen grid so that it cap-
tures fewer electrons. The condenser C' discharges through L after
which it refills, and the process starts 2
over again. The rate at which the cycle Optical |
occurs is determined by the resonant fre- =
quency of LC. The tuned circuit can
also be in the plate circuit, but it is neces-
sary in only one of the two positions. It
might be said that, since the secondary
electrons are alternately shifted back and
forth from the grid to the plate, that this
type of oscillator is secondary-electron-
coupled. Yy \
29.3 Crystals for Oscillators, Figure Mechanical
29 C shows a quartz crystal and Fig. 29 D
shows the manner in which three types of
cuts are made in it to yield suitable slabs for use in the frequency control
of vacuum-tube oscillators. The cuts which are commonly used are des-
ignated as X, Y, AT, V, and LD. The first two mentioned can be made
to oscillate easily and vigorously but their natural frequency of vibra-
tion changes slightly with temperature, whereas the latter three types
have very low “ temperature coefficients.” The temperature coefficient

——=-X.
Electrical
axis

Fic. 29 C. A quartz crystal
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is defined as the change of fre- X cut Y cut
quency of vibration, in cycles fre-
quency change per megacycle, for
each degree centigrade temperature
change. If the frequency increases
with temperature, the coefficient is
said to be positive, and vice versa.
Table 29 A lists the range of tem-
perature coefficients for different
crystals. F1a. 29 D. Some crystal cuts
The frequency at which the

crystals vibrate depends mainly upon the thickness of the cut, being
inversely proportional to the thickness. Thus we may write, f = k/¢,
where f is the frequency in megacycles and ¢ is the thickness of the crys-
tal in thousandths of an inch. Values of the constant k are given in
Table 29 A.

TABLE 29A, QUARTZ CRYSTALS

Temperature
Cut k Coefficients
X 112.6 —15t0 —25
Y 77.0 —20 to +100
AT 66.2 Near zero
v L. Near zero

The crystal is placed between two metal plates. In one case the
upper plate is pressed lightly against the upper surface of the crystal by
means of a spring. In another case, a small air-gap is left between the
metal plate and the crystal. In both cases, the metal plates must be
quite flat. The pressure type of mounting offers greater rigidity, and
hence may be used for portable or mobile installations. The air-gap
mounting, however, can be used to advantage to change the frequency
of oscillation over a limited range (about 5 ke. for a 3.5 Me. crystal)
by changing the length of the air-gap. This does not mean that the
crystal itself has a different frequency of vibration, but that the crystal,
together with the small series capacitance of the air-gap, has a slightly
different frequency of vibration.

If the crystal vibrates with too great an amplitude, it will crack.
The safe amount of radio frequency current which can pass through the
crystal ranges from 50 to 200 milliamperes, depending upon the type
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of cut. Small flashlight bulbs can be used in series with the crystal,
their brightness indicating the r.f. current. And, by proper choice of
the bulb, it can be used as a fuse, burning out before the crystal is
damaged.

Quartz crystals have two, and sometimes three, widely separated
possible frequencies of vibration. By utilizing the different modes of
vibration, different crystals can be manufactured to oscillate at different
frequencies throughout the range from 16 ke. to 30 Me. For example,
at the lower frequencies, say from 16 ke. to 250 ke., the crystals are
cut as “ bars,” whose frequency of oscillations is largely determined by
the length rather than the breadth or thickness. The bars are usually
mounted upon knife edges located at the nodal points of vibration, For
the very high frequencies, the crystals would be exceedingly thin and
fragile unless special cuts were used or the circuits were made to oscil-
late at harmonic frequencies of the crystal.

-B +Screen +B
Fic. 29 E. A beam-tetrode crystal oscillator circuit

29.4 Crystal Oscillators. It is advantageous to use pentode or beam-
tetrode tubes in crystal oscillator circuits (Fig. 29 E) because they
have a high power sensitivity. This means that the power output will
be large for a comparatively small grid voltage. The small grid volt-
age is necessary in order not to damage the crystal. With pentode
tubes having a plate voltage of about 300 volts, 4 or 5 watts output will
be obtained. Beam-tetrodes, such as the 6L6, will deliver about 15
watts when maximum plate voltage is used. The screen voltage is usu-
ally made from one-third to one-half that of the plate. Because the
r.f. is grounded through a bypass condenser, the screen plays no part
in the operation of the oscillator other than to set the operating char-
acteristics of the tube. A feedback condenser C, (Fig. 29 E), of lowest
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possible value for stable oscillation, will probably be required to give
sufficient feedback for oscillation at the lower frequencies.

In order to adjust a crystal oscillator, a d.c. milliammeter is con-
nected in series with the plate supply. The tuning condenser C, (Fig.
29 E) is then varied until the plate current
dips as in Fig. 29 F. Maximum power is de- T
veloped at the point A, but it is best to oper- Plate
ate somewhere between B and C, where the  current
oscillator is more stable and the crystal cur-
rent is smaller. The dotted curve of Fig.
29 F is for the case when the oscillator is de-
livering power. The dip will be less pro-
nounced the greater the load. The crystal
current, and hence its heating, the cause of breakdown, will be less when
the oscillator is loaded, than when it is unloaded.

Figure 29 G shows another type of quartz-crystal oscillator which
does not require tuding control. It is the equivalent of the ultraudion
circuit, with the tuned circuit replaced by the crystal; or of a Colpitts
oscillator with the crystal displacing the tank coil inductance. Con-
densers C, and C, are in series with the crystal, from the plate to the
cathode. Hence these condensers determine the feedback. As tuned
tanks are not used in this simple circuit, a wide range of frequencies,
one for each crystal used, can be obtained without serious change in
the circuit values. The circuit is limited to low power outputs, and
must be carefully adjusted to avoid damaging the crystal.

29.5. The Tri-tet Oscillator. Figure 29 H shows the circuit of an oscil-
lator in which the same tube is used both as a triode and as a tetrode.
It is a combination of the triode crystal oscillator (Sec. 14.7) and

T cz-[—L2
A {

= 0
-B +B -B +B

With foad
- (v,
No load"§-7/C
B
A

Max. Tuning capacity

Fic. 20 F. Adjustment of a
crystal oscillator

Min,

Fia. 29 G. The Pierce crys- Fic. 20 H. A tri-tet oscillator circuit
tal oscillator
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the electron-coupled oscillator (Sec. 29.1). The output cireuit L,C,
is electron coupled to the oscillator and electrostatically shielded
therefrom by the suppressor and screen grids. One of the outstanding
features of this oscillator is that the tank circuit L,C, can be tuned to
either the fundamental crystal frequency or one of its multiples. The
cathode tank circuit L, C, is tuned to a frequency somewhat higher than
that of the crystal.

The tuning procedure for this oscillator is very much like that of
the previously described crystal oscillators. The plate current dip
however is symmetrical. After initial adjustment, the cathode con-

Detector

. '—-o
Variable © 0y Amplifier with
Oscillator ol_l Gain control Output
-3
Fixed © Buffer o
Oscillator o. oAmplifiero]

Fiq. 291. A beat-frequency oscillator

denser C, is to be readjusted to obtain maximum power output. Its
value should be as small as possible in order to prevent overheating the
crystal.
29.6 Beat-Frequency Oscillators. In Fig. 29 I, the voltage output from
two oscillators is fed into a common detector. The result is a
“beat-note ” whose frequency is equal to the difference in frequency
between those of the two oscillators. This can be understood from
Fig. 29 J. By simple addition, point by point, of the voltages of the
two oscillators, the detector’s input voltage can be plotted, as in the
third curve from the top. It will rise and fall at the difference-fre-
quency previously mentioned. Because the detector passes only the
positive half-cycles, and because condenser C (Fig. 29 I) bypasses the
higher frequency pulses, the voltage fluctuations across B follow only
the average, rectified curve (dotted line Fig. 29 J) of the input voltage
(as indicated in the fourth curve down from the top of Fig. 20J). The
fluctuating voltages across R are passed through a condenser to the
amplifier and on to the output circuits.

Suppose the frequency of the fixed oscillator of Fig. 291 were
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established at 200,000 cycles per second, while that of the variable oscil-
lator was changed (by varying its tank condenser) from 200,000 to
210,000 cycles per second. Then the beat-frequency heard in a loud-
speaker connected to the output terminals would change from zero to
10,000. Thus, with a single dial control on the condenser of the vari-
able oscillator, the entire audio band LALLM, 7
can be covered. HH\H!HHH!HHH!HH bseiiator
When the two oscillators have 1
nearly the same frequency, they v Second
tend to “ pull-in,” the stronger one WAUAVAVBVAVAVAVAVAUAVAUBV oscillator
foreing the weaker one to assume its
frequency. This tendency can be
overcome by use of a buffer-ampli-
fier (which is just like any other
amplifier covering the proper fre- T S 7 S Voltage

L . I across R
quency range) and by injecting the

hY
rae INPUL TO
detector

two oscillator voltages into the de- L

tector on two separate grids, with a i/A\/-\\ Output
screen grid between, as indicated in

Fig. 29 1. Fic. 29 J. Principle of beats

The production of beats is referred to as a heterodyne process.
Hetero means to mix and dyne is a unit of force; hence — a mixture of
the outputs of the two oscillators.

Suppose the fixed frequency was 1,000,000, and the other frequency

was 1,000,401 cycles per second. The beat-note would have a fre-
quency of 401 cycles per second. Let this be beat a second time against
a 400-cycle oscillator. The second beat-note would be 1 cycle per
second. Now change the variable oscillator by only one part in a mil-
lion, to 1,000,402. The second-beat would change from 1 to 2 cycles per
second, a very noticeable difference. It does not require a very large
change in the capacitance of an oscillator to shift its frequency by this
small amount. If the plates are moved closer together by one one-
millionth of an inch, the change can be detected. Any other shift in the
variable oscillator, in its capacitance, resistance, inductance, or volt-
ages can be observed with equal delicacy.
29.7 Phase and Voltage Considerations, There are three necessary
conditions for oscillation: (1) an amplifying device such as a vacuum
tube; (2) sufficient yet not too much feedback action; (3) proper polar-
ity of the feedback.
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In order to understand the phase or polarity relationships, let us
imagine that the grid of an oscillating tube becomes more positive than
its normal d.c. operating value. This will cause an increase in the plate
current. This causes a potential drop across the plate load (for ex-
ample, the tickler coil of the circuit shown in Fig. 14 A). The end of
the load connected to the plate of the tube will become less positive.
When the grid potential goes toward positive, the plate potential de-
creases, and vice versa. This may be stated in different words: namely,
the grid and plate fluctuating voltages are 180° out of phase with re-

Plate voltage

voltage

= - ——— Time—>
- C-blaj{ \
Grid voltage

Fic. 29 K. Voltages on the plate and grid of an oscillating vacuum tube
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spect to each other. This is illustrated in Fig. 29 K. It is to be recalled
that the plate current is a maximum at the same instant that the plate
voltage is & minimum. It is at this time that energy from the plate
battery is given up to the oscillating circuit. It is also to be noted
that the grid of the oscillator becomes positive, and that a certain
amount of grid current flows. For optimum operating conditions, the
peak value of the grid voltage should amount to approximately 80 per
cent of the minimum value of the plate voltage.

29.8 Harmonic Distortion versus Feedback Voltage. If a C-bias volt-
age is used instead of a grid condenser and resistor, it is necessary to
adjust its value to a proper operating point on the characteristic curve
of the tube in order to avoid distortion of the wave-form of the oscil-
lations. For example, if the grid bias is adjusted to too high a value,
and if the voltages fed back from the plate to the grid are strong, the
lower halves of the plate current will be cut off. This unsymmetrical
wave-form is equivalent to an alternating current of a certain fre-
quency, plus harmonics of that frequency, plus a d.c. component of cur-
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rent. Under these conditions, a d.c. milliammeter in the plate circuit will
show an increase when the oscillations start. On the other hand, if the
grid is not sufficiently negative, and if the feedback voltages are large,
the tops of the plate current curves will be squared off at saturation.
This is also due to the fact that the positive grid extracts electrons from
the plate current. Then, a d.c. meter in the plate circuit will decrease
when oscillations start. Again, if the grid bias is properly established,
near the center of the characteristic curve, but the feedback voltages
are very strong, the tops and bottoms of the plate current will be
squared off ; the oscillations will not be of pure sine-wave form, but will
contain harmonics. The maximum amplitude of currents in the plate
circuit is obviously equal to one-half the saturation or emission current.

The discussion of large-amplitude oscillation given in the preceding
paragraph must not be applied to transmitters where the tuned cou-
plings strengthen the fundamental and reject harmonics born of distor-
tion. This is also the case in frequency meters, where the harmonics
are useful rather than detrimental.

29.9 Power Output and Plate Efficiency. The power output is defined
as the useful a.c. power consumed by the load connected to the osecil-
lator. The plate efficiency is defined, as in the case of amplifiers, as the
ratio of the output power to the d.c. plate input power. For oscillators,
the efficiency is usually about 50 per cent; a low value because the
oscillator has an appreciable grid current.

29.10 Frequency Stability. A low L/C ratio and a light load tend to-
ward greater stability of the frequency of an oscillator. Also, it is
desirable to use a comparatively high value grid leak and a relatively
high plate voltage.

Temperature changes, because they take place slowly, cause the

frequency to drift. Mechanical vibrations will cause the frequency
to change at corresponding rates.
29.11 Constant-Current Systems. Our commercial power supply sys-
tem is built in such a fashion that the voltage remains constant regard-
less of the current load upon it. The lights in a house may dim a little
if we draw too much power, but this is due to the voltage drop along
the feed wires. The voltage of the generators at the powerhouse is
constant at about 115 volts.

There are certain applications which require the current to remain
constant despite changes in the resistance of the load. The voltage
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may go up or down, but the current must be constant. This is the case
with the power supply of high-powered oscillators, and with certain ap-
plications of arc lamps.

Figure 29 L shows circuits whereby a constant-voltage system may
be transformed into a constant-current system. The reactances of the
inductance L and of the capacitance C are made equal to each other at

L
L > o
Constant voltage in I
input C Constant current & > R c
T Output ZR
c;

O---~--~Load
Resistance

F1e. 29 L. Circuits for changing from a constant-voltage supply system to one of
constant output current under varying loads

the supply frequency, i.e., 2rfL = 1/27fC. When the output resistance
R is small, the voltage across it decreases, but the current through it
remains constant, and vice versa. A short-circuited load is not dan-
gerous but an open circuit will develop high voltage, and perhaps punc-
ture C. The constancy of the current is vitiated somewhat by the fact
that the coil has resistance as well as inductance and by the fact that its
inductance changes slightly when different currents pass through it.



CHAPTER 30
SOME SPECIAL CIRCUITS

30.1 Square Waves Produced by Clipper Action. Suppose a com-
paratively large sinusoidal voltage is applied to the grid of an amplifier
tube. When the grid goes negative beyond the cutoff point, plate cur-
rent ceases to flow and the bottoms of the sine curve are clipped or
squared off. When the grid goes positive to the saturation region be-
yond the upper knee of the characteristic curve, the plate current is
limited and the tops of the sine curve are clipped off.

Voltage —»} Clipper }e—Amp. amd sharpener——rr— Cutput
rampli(ier !

o BF8G— 2 Auf

duf C R 1 Co
5
Sine wave 1 10,000 IOO'OOO:E«_O
input meg: R, 12 1w 0000 = Square wave
" meg. < output

o—t + : €—- : —5
= —T————l—'vww-o+400 v.
5,000

F1a. 30 A. A circuit for changing 60-cycle sine waves into 60-cycle square waves
by clipper action. (Martin, Electronics, July 1941)

When sharp cutoff tubes are used, the bottoms of the sine waves
are squared off with reasonable sharpness. On the other hand, the
tops of the waves are not sharply squared off because of the grid current
which flows when the grid goes positive and extracts electrons from
the plate circuit, as well as develops a C-bias across the input resistors.

Figure 30 A shows a circuit which gives both square tops and
bottoms. A comparatively large sinusoidal potential of 166 peak volts
from the 60-cycle line is applied to the grid of the first half of the twin-
triode tube 6F8G. During the positive half-cycle, the grid would be-
come very positive were it not for the resistor B. When the grid be-
comes slightly positive, grid current flows through R (and through the
usual grid resistor R,). Then a negative voltage is developed on the

229
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orid which acts as a variable C-bias as in Fig. 30 B to limit the positive
voltage on the grid. The resultant plate current then has a slightly
rounded top as shown in the figure.

During the negative half-cycles, electrons on the grid condenser,
C of Fig. 30 A, flow to ground through resistor B, and develop a C-bias
of essentially constant amount, as indicated at C in Fig. 30 B. The
constancy is due to the fact that the discharge time of C through R,
(0.1 sec.) is large compared with the period of the input voltage.

When the grid of tube 1, Fig. 30 A, goes positive, its plate current
rises, the upper end of R, becomes more negative, and this voltage

I

-} )

-
F1c. 30 B. Action of the first tube in Fic. 30 C. Action of the second
Fig. 30 A ‘ tube in Fig. 30 A.

change feeds through C, to the grid of tube 2. In other words, there is
a phase reversal of 180° between the plate current of 1 and the grid
voltage of 2.

The time it takes to discharge C, through the grid leak of the sec-
ond tube is chosen quite long so that a comparatively fixed and large
C-bias is established on 2, as indicated in Fig. 30 C. Its value is con-
trolled by the strength of the input voltage and is such that the positive
peaks just drive the grid of 2 slightly positive. ‘

Note, in Fig. 30 C, that only the square bottoms of the plate cur-
rent of the first tube are used to give plate current in tube 2. Hence
both the tops and bottoms of the current through R, are sharply square,
Note, also, that the time constant of the output circuit is very large, so
as to retain this squareness.

30.2 Square Waves Produced by Blocking Action. In Fig. 30 D, the
110-volt, 60-cycle current is rectified by the 6H6 tube and develops a
direct pulsating voltage across R,. The 6SJ7 tube operates with zero
bias. The strong negative pulses from R, drive its plate current to
zero, i.e.,, block the tube. The resultant voltage changes across R, are
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of reasonably square wave-form. With a large time constant RC in the
output circuit, this wave-form appears across the output terminals. R
can be 100,000 ochms and C can be 4 ufd., as in Fig. 30 A. Obviously
both of the square-wave generators just described can be operated at
other than 60 cycles by suitable changes in the various circuit constants,

Large RC
—P e,
'] C
1
100,000 )

R

Output
8 100,000 +300v. P

O

Fra. 30 D. A circuit for changing 60-cycle sine waves into 60-cycle square waves
by blocking action. Sharp pulses will be obtained if the time constant RC is made
very small

30.3 Square Waves Produced with a Multivibrator. The multivi-
brator circuit, as is well known, develops an irregular wave-form which
is rich in harmonics. See Sec. 14.8. With proper C-bias on the tubes,
the output can be made to approximate a square wave-form. A cir-
cuit for this purpose is shown at the left in Fig. 30 T, and is discussed in
Sec, 30.8.

304 Testing Amplifiers with Square Waves. The human ear distin-
guishes one sound from another by the pitch and intensity not only of
the fundamental, but also of the various overtones, i.e., by the shape of
the composite wave-form. Although a plot of the db. gain over the
audio-frequency range serves as some indication of the faithfulness of
an a.f. amplifier, it does not tell the whole story. The phase shift, as
will be recalled, of an R-C coupled amplifier is approximately 180°
per stage. But it is not exactly 180°, nor exactly the same for all fre-
quencies. Since some frequencies are shifted differently from others,
the wave-form is not retained, even though the amplitude response is
flat over the entire range. Square waves, which are rich in harmonics,
offer a simple and rapid means of testing both the amplitude response
and the phase shift in a single test. If a square wave is sent into the
amplifier and a square wave comes out (as seen on a cathode-ray tube,
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for example), the wave-form has been preserved and the amplifier is

a good one. It is to be noted, in choosing a suitable fundamental fre-

quency for the test, that square waves contain only the odd harmonics,

f, 3f, 51, etc., and not the even harmonics, 2f, 4f, ete.

30.5 Pulse Generators. The blocking circuit of Fig. 30 D may be used

to generate a succession of sharp pulses if the time constant RC of the
output circuit is made small (B = 10,000 ohms,

2, 2 3 4 mme C=0001 ufd). The voltage changes across

@ 3 L T — R, of this circuit are shown at (a) in Fig. 30 E.

When the plate current of the 68J7 tube sud-

o \_ fn‘-;a" denly drops to zero, the upper end of R, rises

| ( in potential where it remains while the tube is

! < blocked. The sudden positive pulse on the left

©) ' plate of C draws electrons to its right-hand

i d plate at time 1 (Fig. 30 E). During the time

] RC the tube is blocked, these electrons leak off of

( : large (' through E, at a rate depending upon the
R K S S

product RC (the time constant). The smaller
Fig. 30E. Output wave- the RC product, the faster C discharges
forms from the circuit through R, and vice versa. This flow of cur-
of Fig. 30D as RC is . .
changed , rent, through R gives a potential drop across
R of the same shape as that of the discharging
current. This is indicated at (b) in Fig. 30 E for the case when RC is
small; at (c¢) when EC is of medium value and at (d) when it is large.
- If desired, an additional rectifier can be used after the circuit of
Fig, 30 D to eliminate the negative or the positive pulses. Also, if short
square-topped pulses are desired, the sharp-pointed pulses may be
amplified and applied to a “limiter ” tube so that their peaks are
squared off,

I % b,
Cbias Cut-off ——g—— l
\_Eg) LN
L A
.
<
T (a) (b)
1 — 1

Fia. 30 F. The biasing method of producing sharp pulses
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Instead of producing pulses by applying square waves to an EC
circuit, as just described, a second method may be used where a sinus-
oidal em.f. is applied to the grid of a tube biased way beyond cutoff, so
that only the tips of the applied wave cause plate current to flow. This
is illustrated at (a) in Fig. 30 F. With this biasing method, pulses of
from 100- to 500-microseconds duration can be produced, spaced at
small or large time intervals T one from the other. A circuit for this
purpose is shown in Fig. 30 G, where the tube at the left is biased well
beyond cutoff. It will be noted that the resistor B is connected at P

R 1 meg:
AAAAAA
YYVYYY O.I}Lf
Olpf 6C5 P
Cq 2|
1 meg. RZ Out
005 0.5 meg.
r

-B +B
Fic. 30 G. Biased-tube method of producing pulses

instead of at 4B, as in the usual amplifier circuit. Then, when a pulse
of current flows through R and R,, the added voltage drop across K,
assists in sharpening the pulse.

- In another circuit, the pulses may be sharpened to only a few
microseconds width by applying the output of a full-wave rectified
sine wave (through a phase-inverting tube) to a highly biased amplifier -
tube, as indicated at (b) in Fig. 30 F,

30.6 Some Applications of Pulses. A saw-toothed wave-form may be
produced by sending pulses into the input of the circuit of Fig. 30 H.
Tube 1 is normally biased to cutoff. The positive pulses e, charge C
quickly through R,. After the brief charging, C' empties slowly through
R. For a reasonably linear sweep, the time constant RC must be great
in comparison with the time between pulses. The output current 7 can
be used in the magnetic deflecting coils of a cathode-ray tube for tele-
vision purposes. The flyback time is ¢, and the scanning time is ¢ in
the figure.

In the pulse method of Breit and Tuve, for measuring the height
of the ionosphere, short pulses are radiated from a transmitter, A
nearby receiver picks up the direct pulse almost immediately, and
then the echo pulse returning from the ionosphere at a later time. The
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time delay between the two pulses is measured with a string or cathode-
ray oscillograph and is a direct measure of the “ virtual ”” height of the
ionosphere above the earth. Similarly, pulses from an airplane, re-
flected from the ground, can be used to measure its altitude. Indeed,
the distance out to any object capable of reflecting the pulses can con-
ceivably be measured in this fashion,

Fia. 30 H. Pulses are converted into saw-toothed waves with this circuit

A direct measurement of the velocity of radio waves over short

paths has been made * by sending out pulses from a fixed station. These
were received at a portable station and re-radiated back to the first
station. The time delay represented that taken by the radio wave in
traveling twice the distance to the mobile station plus the delay time
in the electrical circuits. The latter was eliminated by taking observa-
tions with the portable unit at two different known distances. The
velocity of radio waves was found to be 2.985 > 10'° cms. per sec.,
which is in essential agreement with that of light.
30.7 Counting Pulses. There are many occasions which demand the
counting of a succession of events which occur rapidly one after the
other, such as the number of packages passing a given point each sec-
ond along a conveyer belt, or the number of atmospheric static pulses
picked up in a receiver each second, or the number of smashed frag-
ments of an atomic disintegration, or the number of alternations in a
¢yclic current (frequency counting), ete.

1 Proceedings of the Institute of Radio Engineers, March 1942,
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A simple thyratron counting circuit was described in Sec. 19.1.

The impulses which are to be counted may come from a micro-
phone, a photocell, a manually or motor operated switching device, an
iconoscope, a Geiger-Mueller tube (detecting elementary atomic par-
ticles), the power supply line, an audio oscillator, ete. The pulses may
be of constant amplitude and equally spaced; they may be of constant
amplitude and irregular spacing; of variable strength but constant
spacing; or they may be entirely random in nature.

.01
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F1e. 30 1. A circuit to convert random pulses into uniform pulses. Also, a frequency
meter. (See Rev. Sci. Inst., Dec. 1936)

30.8 A Circuit to Convert Random Pulses into Uniform Pulses. The
left half of the circuit of Fig. 30 I will convert random pulses of from
30 to 3,000 counts per minute into pulses of uniform length and ampli-
tude. It is basically a multivibrator, but possesses one marked differ-
ence from the usual form of this circuit; namely, that the grid of tube 1
(part of a 6N7 tube) is biased negatively beyond cutoff, whereas the
grid of tube 2 is at the more usual zero bias voltage. This is accom-
plished by passing current from the B supply through R, via the 50,000-
ohm resistor. Thus, at the start, 1 is off and 2 is on. A positive pulse
on the grid of 1 trips this tube, current flows through R,, reducing the
voltage on the plate of 1. This sends a negative pulse through C, onto
the grid of the tube 2. The plate current through 2 is thereby reduced
and its plate voltage increased. This positive pulse passes through C,
to the grid of 1, augmenting the original input pulse. The interaction
continues until the plate voltage on 1 is very small. The circuit re-
mains in this condition until the charge on C, leaks to the cathode
through B,. When the grid of 2 reaches a certain critieal voltage, the
entire process reverses itself to restore the original conditions (1 off
and 2 on).
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Thus an input pulse of any size or duration (within limits) initi-

ates a series of events wherein 2 is turned off and then back on again
sharply after a definite time interval determined by the circuit constants
and not by the input pulse. The resultant potential variations across
E;, and across the output terminals shown in Fig. 30 I, are of square
wave-form,
30.9 A Frequency Meter. The circuit on the right of Fig. 30 I can be
used to indicate the average number of impulses received at its input
each minute provided the impulses are of a uniform and not of a ran-
dom nature. The pulses of current sent through R are smoothed out
by condenser C so that the reading of the meter M is an average value.
Note that the time constant RC is very large (30 sec.).
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F1g. 30J. A coincidence counter circuit. (From E. & N. P.)
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30.10 Coincidence Counters. The principle of a coincidence-counter
circuit may be understood from Fig. 30J. At the left there are two
G-M counter tubes, but any other sources of pulses can be used. It is
seen that, by means of resistance-capacitance coupled amplifiers, the
impulses are applied to the grids of two tubes (labeled 1 and 2). Of
major importance, note that the output plate circuits of these two tubes
are connected in parallel. Voltage changes across R are coupled to a
thyratron tube in whose output plate circuit some kind of mechanical
counting device has been installed. At the start, the grid of the thyra-
tron T is highly biased so that its plate current is zero.

‘When impulses are applied to just one of the two joint circuits, say
the upper one, the plate current in tube 1 is momentarily interrupted.
The voltage drop in R is such that its upper end becomes less negative
by a certain amount. However, with tube T adjusted well below its
starting voltage, the small impulse across B proves insufficient to start
its plate current. ‘

On the other hand, if impulses occur simultaneously in the two input
circuits, due perhaps to the passage of a single particle through the
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two G-M tubes or perhaps to the incidence of light simultaneously
upon two photoelectric cells located at these points, then the plate cur-
rents of both tubes are reduced at the same time and the voltage drop
across R becomes sufficiently great to start a current in the plate circuit
of T, operate a recording mechanism and give a coincidence count.

Due to the necessary time for the various condensers in these cir-
cuits to discharge through their various resistors, the exact simultane-
ity with which the events occur at the input cannot be established
closer than about 1/10,000 of a second.

o0
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Fra. 30 K. A scale-of-two counter. (From E. & N. P.)
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30.11 Scaling Circuits. Tt is sometimes desired to count a succession
of impulses occurring more rapidly than can be followed by even the
most, delicately constructed mechanical counter. Then one may use a
modification of the inverter circuit so that the mechanical counter is
operated by every other input impulse. Such circuits are consequently
called scale-of-two circuits. Furthermore, by cascading a number of
scale-of-two circuits, scale-of-four, -eight, -sixteen, and -thirty-two
counters have been built. In the last case the mechanical counter’s
reading is to be multiplied by thirty-two to give the actual input num-
ber of impulses.

Referring now to Fig. 30 K, at the start the gas-filled triode, 1, is
conducting while 2 is shut off. The plate current of 1, flowing through
r,, has produced an ir drop which charged C positively on the bottom
plate and negatively on the top plate. An impulse at the input, which
makes A positive, does not alter the plate current of 1, but does make
the grid of 2 less negative, so that, if 2 were nearly ready to strike before
the pulse came in, it will be turned on by the impulse. When 2 is

turned on, the mechanical counter M is operated and an ir drop is pro-
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duced across r,, with positive at the top and negative at the bottom,
which is the reverse of that across r,. For a moment then, the drop
across r, drives a current through r, into C, producing a total voltage
across r; which is so great that, subtracted from the battery voltage, the
plate voltage across 1 falls to zero or even to a negative value. Thus,
by this indirect action, the process of starting tube 2 and reversing
the polarity of condenser C, automatically shuts off tube 1.

A second impulse, positive on 4, starts tube 1 and, in so doing, shuts
off tube 2, resetting meter M. Thus the meter counts every other im-
pulse.

When several scale-of-two circuits are connected in cascade and
the counting rate becomes very high, the necessary de-ionization time

o

]

+B
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% % frequency
pulses
+ out

' Trigger Multivibrator
Fie. 30 L. A frequency divider. (See R.C.A. Rev., p. 57, July 1940)

High
frequency
pulses

in

of the first stage gas-filled tubes limits the frequency response of the
unit. In addition, gas-filled tubes are notably subject to temperature
variations, Hence it has been considered desirable to devise a scale-
of-two ecircuit, using vacuum rather than gas-filled tubes. A circuit
of this type ? is described in the next section.

30.12 A Frequency Divider. In the circuit of Fig. 30 L, a rapid succes-
sion of square pulses is sent in at the left and a slow succession of
square pulses is given out at the right. The output pulse rate is a defi-
nite sub-multiple of the input rate. The operation of the circuit is as
follows: Negative halves of the input pulses are shunted to ground by
the diode 1. Positive pulses pass through diode 2 into condenser C.
The trigger tube is biased well below cutoff. When a sufficient number
of positive pulses have entered C to raise the potential of the trigger
tube to cutoff, its plate current starts to flow. This causes the multi-
vibrator to produce one pulse. The number of pulses which had to be

2 See also Review of Scientific Instruments, 8, 414 (1937).

’
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sent into C to cause this one pulse is the frequency-division-number.
Note that the second grids of the multivibrator serve as the usual plates
and that the actual plates are used, one for the output circuit, the other
to pass electrons back to C to neutralize its charge and restore the
initial conditions.

F16. 30 M. Double tracing on a single-beam cathode-ray tube

30.13 Electronic Switches. It is possible to use electron tube circuits
instead of hand-operated switches or motor-driven devices to connect
alternately first one and then another input signal to a common cir-
cuit. As an example, we may consider the simultaneous observation
of two different wave-forms on a single cathode-ray screen. Now there
are special cathode-ray tubes with two and even three separate beams
(and deflecting plates) in a single glass envelope operating onto a single
fluorescent screen. With a switch, however, a single-beam tube may
be used to compare two wave-forms by alternately switching the ver-
tical deflecting plates from one input to the other in rapid succession.
This is called double-tracing. If the switching is accomplished slowly,
each wave-form appears as a dotted line, as in Fig. 30 M, whereas, if
the switching occurs with sufficient rapidity, the traces appear to be
essentially solid lines. '

The circuit diagram of a particular electronic switch is shown in
Fig. 30N. A sinusoidal wave applied at S is amplified and then
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Fra. 30 N. An electronic switch

clipped by the twin diode 6H6. Thus positive half-cycle square-waves
appear across AC and negative half-cycle square-waves across BC.
The 6C5 tubes on the right are biased at or beyond cutoff, When the
input from 6H6 makes 1 conductive, a signal at S, will pass on to the
output terminals. When the input from 6H6 makes 2 conductive, a
second signal at S, will go to the output but, since 1 is non-conducting at
this time, the signal at S, does not go out. Thus, signals at S, and S,
are passed on, alternately, and at a rate of succession determined by
the frequency of the switching control S.

In other electronic switches,® multi-grid tubes are used instead of
the 6C5 tubes at the right of Fig. 30 N, so that the input signals from
8, and S, can be injected on separate grids from those which un-bias the
tubes. Also, a multivibrator circuit is sometimes used instead of the
clipper-tube to generate the square-waves for un-biasing the switching
tubes.

30.14 An Interval Timer. Time intervals ranging from 0.001 to 0.2
second have been measured with the circuit of Fig. 300 with an

. 1 BG - 2-:

o—i

Input 1 o-C Input2

+
.

Fic. 30 0. An interval timer

3 See Review of Scientific Instruments, April 1941.
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aceuracy of 1 per cent. At the start, the gas-filled tubes 1 and 2 are
biased by their C batteries below the striking voltage so that no plate
current flows in either tube. A positive impulse on the grid of 1 starts
its plate current. Shortly thereafter, a second impulse on the grid of
2 starts its plate current. The total current from both tubes, flowing
through R, sets up a sufficiently large IR drop to lower the plate poten-
tial of 1 below zero and stops its current flow. The deflection of the
ballistic galvanometer B@ is proportional to the total quantity of elec-
_ tricity @ which surges through it during the time interval (¢) between
the two pulses (Q = It). The circuit locks out and cannot be excited
by a second set of events until the plate current of 2 is turned off with a
switch, The input pulses may come from photocell, microphone, coun-
ter-tube, or other pick-up device, so that a wide variety of timing
applications are possible.

Load

Fi1q. 30 P. A glow-tube regulator

30.15 Voltage Stabilizers. There are many cases in receivers and
transmitters where it is necessary that the voltage of the power supply
unit remain constant even though large changes occur in its output
load or in its input voltage. For small voltages and currents, glow-
tubes may be used, as in Fig. 30 P. The nature of the discharge
through the gas in the tube G is such that, when an attempt is made
to raise the voltage across its electrodes, more current passes through
but the voltage drop retains its original value. This constancy is only
true over a limited range of voltages for any one tube, so that various
tubes must be used for stabilizing various voltages. For example, the
VR 150-30 tube regulates voltages in the neighborhood of 150 volts.
The number 30 refers to the maximum current in milliamperes which
can be passed through the tube without shortening its life. If the
series resistor B in Fig. 30 P is as small as 3000 ohms, the voltage
control of the VR 150-30 will be limited, whereas, if R is 20,000 ohms
or more, the control range around 150 volts will be much greater. The
control feature is lost if the current through the tube falls below 5 ma.
Two or more glow-tubes may be connected in series to handle larger



30.15 SOME SPECIAL CIRCUITS 242

voltages. Taps may be taken off between the glow-tubes to obtain
various desired voltages.

Figure 30 Q shows a circuit which will stabilize at 300 volts to
within 1 volt for line or load changes of 25 per cent. The regulator
tube acts like a series resistor. Its resistance is changed by the grid-

+

o]
From +
rectifier-
filter Output
circuit 10k
Contro}
tube
65J7 20k
15k
VR105
' : 10k
- N -
O X O

F1a. 30 Q. A voltage stabilizing circuit. (¥ = 1000 ohms)

bias change developed across B by the plate current of the control tube.
In turn, the change of resistance of the regulator tube changes the volt-
age across the control tube and hence its plate current. Thus, if the
voltage at the top of R should increase, the bias voltage and the in-
ternal resistance of the regulator tube will be increased and the voltage
at the top of R will return to its proper value. The remainder of the
circuit serves to apply the proper voltages to the grids of the 6SJ7 tube
to assist in the stabilizing action. The constant voltage drop across the
VR 105 glow-tube maintains the cathode of the control tube at a fixed
voltage above ground,

Fi. 30 R. A voltage-stabilized C-bias supply circuit. (k = 1000 ohms)
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The grid current of a tube flows, in the conventional sense, from
the grid to the cathode. Hence, the current flow from a C-bias pack
is in the reverse direction to that from a B power supply. In the cir-
cuit of Fig. 30 R, the grid current through resistor B makes the grid of
the regulator tube 6B4G go positive, which lowers its internal resist-
ance. Thus the regulator tube acts as a variable bleeder resistance
across the output of the rectifier circuit and automatically maintains
a constant output voltage. In the circuit shown, changes of the 300,000-
ohm resistor (rough adjustment), and the 50,000-ohm resistor (fine ad-
justment), give voltages from 100 to 600. The maximum grid currents
permissible for these voltages are 100 ma. and 25 ma., respectively.



CHAPTER 31
TRANSMITTERS

31.1 Introduction. In preceding chapters, the component parts of
transmitters have been presented in some detail. Here, the method of
linking oscillators, amplifiers, modulators, antennas, and microphones
into a single unit, called a transmitter, becomes the main problem to-
gether with observation of any new phenomena which result from the
mutual influence of these parts upon each other. In a broad way, we
realize that the transmitter must contain an oscillator in order to gen-
erate currents whose frequency is sufficiently elevated that appreciable
electromagnetic radiation can take place from a suitably designed an-
tenna, and that some means must be devised to add human intelligence
to the emitted energy. Our transmitter (of the amplitude modulated
type) must be so desighed and adjusted that its frequency will remain
constant; also the carrier wave, when unmodulated, must not change
in amplitude. In other words, we desire stable output. If we at-
tempt to devise a single oscillator of great power, we find a unit which
is beautifully flexible, but not particularly stable. Hence it has become
recognized that a more satisfactory plan is to use a very low-power oscil-
lator, with inherent self-stability, followed by either straight amplifiers
and/or frequency multiplying stages. Between the oscillator and the
frequency multiplier, it is found necessary to introduce a buffer ampli-
fier to prevent interaction of the load upon the oscillator.

In planning a transmitter, one of the first steps is to choose the
frequency at which the oscillator is to be operated. The circuit, the
tube or tubes, and the numerical values of the component parts can
then be determined. The second step in planning the transmitter is
the choice of the output power of the entire unit. This, of course, fixes
the requirements of the final amplifier stage. For this stage, a suit-
able circuit is chosen, and a suitable tube capable of handling the de-
sired power. From the tube manufacturer’s data one can determine the
required grid driving-power. This sets the requirements for the pre-
ceding stage. The design is then followed, stage by stage, back to the

244
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low-power “ master ” oscillator. If the intelligible message is to be

transmitted by means of code signals, it is necessary to decide at what
point, and how, to break the carrier wave up into the dots and dashes.
This is generally accomplished at a low-power stage in the transmitter.
On the other hand, if the communication is to be carried on by means
of a phone, one must plan the point at which the modulator tube ties
into the radio frequency assembly. If the speech amplifier has but small
output, then low-level modulation must be used. It is often common
practice, however, to modulate the r.f. at or near the final amplifier
stage (high-level modulation) ; in which case the speech amplifier must
of-itself have considerable output power.

(A) ( B) Amplifler

Driver Amplifier Driver

A1
v

F1es. 31 A and 31 B. Direct, capacity-coupling between a driver and an amplifier

31.2 Interstage Coupling Methods, There are two commonly used
methods of coupling between stages in a transmitter. These are of the
capacitive and link methods mentioned in Sec. 7.1. Typical circuits
are shown in Figs. 31 A, B, C, D, and E. In the first two, the con-
denser C serves as a coupling device and also as a blocking condenser to
keep the d.c. plate voltage of the driver off the grid of the amplifier
stage. The amount of voltage exciting the amplifier can be controlled
by moving the tap on the driver’s tank coil. In Fig. 31 B, the two taps

Amplifier Driver

il

Lk —C

Fies. 31 C and 31 D. Link coupling between a driver and an amplifier
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should be equidistant from the center of the coil. Capacitive coupling
is not particularly satisfactory at the higher frequencies. In this case,
link coupling is used. The latter reduces the effects of the amplifier
tube capacitances on the L/C ratio of the tank circuit of the driver.
With link coupling, the various stages can be constructed as separate

Driver Amplifier

F1a. 31 E. Complete symmetry in coupling

units and then assembled on a common rack. The link coupling coils
consist of a turn or two of wire mounted close to that point of the
tank circuit where the r.f. potential is least. In the single-ended driver,
feeding the push-pull amplifier of Fig. 31 D, one link coil is mounted
at the bottom of the driver’s tank circuit, and the other is at the center
of the amplifier'’s grid tank. In the double-ended driver of Fig. 31 E,
complete symmetry can be attained. The
r  Wwires between the coils of the link are
ct m  closely spaced and parallel to each other. A
method of changing the coupling between
Fia. 31 F. Asimple “dummy the link and the tank coils i1s necessary.
antenna” circuit used t0  This can be accomplished by spreading the
measure the power output . . .
and to adjust the trans- vUIDS of wire, rotating them, or moving them
mitter. LC is the tank cir- farther away from the tank coil.
cuit of the last stage of the 313 Measurement of Power Output. In or-
transmitter
der to measure the power output of the
transmitter, a “ dummy antenna ” is used instead of a regular antenna.
The dummy is supposed to have the same electrical characteristics as
those of the real antenna, except that it does not radiate energy. There
are certain “ standard ” dummy antennas, whose design can be found in
more advanced books. However, a simple dummy suitable for compari-
son purposes can be built of a non-inductive resistor R, in series with an
r.f. ammeter M and a few turns of wire. This circuit is coupled to the
tank circuit as in Fig. 31 F. The coupling is adjusted until the amplifier
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draws its rated plate current when tuned to resonance. Then the power
output P, in watts, is given by P = I’R, where I is the current in am-
peres as read on the r.f. ammeter, and R is the resistance in ohms of the
non-inductive resistor. Special resistors for this purpose, with resist-
ances ranging from 73 to 600 ohms, and for power ratings up to 100
watts, can be purchased on the market. Higher power requirements
can be met by the use of series-parallel combinations of these units.
For crude work, incandescent lamp bulbs may be used in place of the re-
sistor and meter. '

31.4 Harmonics. The power stages of the r.f. amplifier of a transmit-
ter are usually operated Class C. In this method, the plate current
consists of a sueccession of pulses equivalent to d.c. plus a large number
of strong harmonics. All but the fundamental or

first harmonic are suppressed by tuning the plate Output
circuit and hence do not pass to the next stage. Tank
In order that this be essentially true in practice, Shield

should have a @ of 12 or more when the circuit is )
.loz‘zded, i.e.,'when the next stage is connected and o 2/ ¢ The use of
1s in operation. a Faraday shield to
The harmonic feed from the final tank cir- reduce the harmonics
cuit to the antenna can be kept to a small value [Tom @ transmitter
by use of capacitive coupling. With magnetic coupling, an electrostatic
shield may be used, as in Fig. 31 G. The shield is constructed as fol-
lows: Insulated wire is wound in a single layer on a suitable form and is
scraped bare along a single straight line parallel to the axis. A stiff
straight wire is then soldered along this line, making contact with every
turn. The wires are then cut along one side of the soldered line and the
coil is flattened out. Insulating “ dope ” is used to keep the wires in po-
sition. The net result is a comb-shaped Faraday shield. The wire
which was soldered on, and forms the back of the comb, is connected to
the ground.
31.5 Parasitic Oscillations. Spurious oscillations, whose frequency is
neither that of the fundamental nor harmonics thereof, often occur
when a transmitter is first built. They are called parasitic oscillations,
They extract energy from the desired operating frequency, throwing it
away in non-useful form, and also interfering with transmission on
other channels, Hence they are undesirable and must be removed.
They are due to the excitation of various circuits at the natural reso-

the plate tank circuit of each amplifier stage f—%cz
- Out
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nant frequencies of these units. The elimination of parasitics consists
of introducing properly located resistances, chokes, or bypassing con-
densers, so as to prevent the offending element from oscillating at its
own frequency. The location and elimination of parasitics is an art in
itself, much of which can only be acquired from actual experience. One
can detect the existence of parasitic oscillations by running a receiver
through wide frequency ranges on the sides of the carrier frequency.
These oscillations are often of considerable strength, whereas harmonics
are usually quite weak in comparison with the fundamental frequency.
Furthermore, parasitics generally have poor stability. Often, when a
transmitter cannot be tuned or adjusted properly by the customary
procedures, the trouble will be found to be due to the existence of
parasitic oscillations.

31.6 Frequency Multipliers. In a frequency multiplier, the plate’s
tank circuit is tuned to a harmonic multiple of the frequency applied
to the grid. The appearance of the circuit diagram of such a multi-
plier is the same as that of an ordinary amplifier and hence need not be
repeated here. See Fig. 13J. Since the grid and plate circuits are
tuned to different frequencies, it is not necessary to neutralize the
amplifier, even when a triode is used. Frequently, multipliers operate
on the second harmonic, and as such are called frequency doublers.
Push-pull amplifiers can only be used for multiplication of the odd har-
monics because the even-numbered harmonics are almost completely
cancelled out in the tank circuit. With doublers, the C-bias, the r.f.
input voltage, and the grid driving power must be considerably greater
than the usual values for normal Class C amplifiers. The efficiency of
these circuits ranges from 40 to 50 per cent. The tank circuit should
have a high L/C ratio.

31.7 A Complete Phone Transmitter. Figure 31 H shows the wiring
diagram of a 400-watt plate-modulated phone transmitter. The radio
frequency units are across the top portion of the figure. The crystal-
controlled oscillator in the upper left-hand corner is capacitively-
coupled to the HK54 or 35T amplifier, which is link-coupled to the
Class C modulated output amplifier stage containing the 100TH or
HK254 tubes.

In the central portion of the figure, the output of a crystal micro-
phone is amplified by the 6J7 and 6C5G tube circuits to operate a
push-pull 2A3 circuit which drives the modulator (203Z tubes).

The various voltage supplies are shown in the bottom portion of
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Fic. 31 H. The circuits of a complete transmitter. The rf. units are at the top,
af. in the middle and power supplies at the bottom. (Courtesy The “Radio”
Handbook, Eighth Edition, Santa Barbara, Calif.)
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the figure. Circuit constants and assembly details of this transmitter
will be found on pages 369 to 374 of The Radio Handbook (eighth edi-
tion).
31.8 Checking Phone Transmitters. There are two methods of meas-
uring modulation percentage by means of an oscilloscope. These are
known as the wave-envelope and the trapezoid methods.

For the first of these methods, a small amount of the transmitter’s
output is picked up with a few turns of wire and fed by a parallel or
twisted wire or concentric line to the vertical deflecting plates of the

Antenna
Oscilloscope
i | ® mm ) {

R.F.Amp. /ov H° No carrier Carrier only 100% modulation
Pick-up Ioop; 0:

Under Over
modulation modulation

Fro. 31 I. Oscilloscope ecircuit and wave-envelope patterns for checking the modu-
lation of a transmitter

oscilloscope, as in Fig. 31 I. A horizontal sweep is used at audio fre-
quencies. R.F. harmonics can be eliminated from the vertical deflec-
tions by using & tuned circuit at the input terminals of the oscillo-
scope. The various patterns which will appear on the screen of the
oscilloscope are shown in Fig. 31 1. A gap appears in the pattern when
the transmitter is over-modulated, as shown at the bottom right of the
figure. If a constant intensity tone source is operating in front of the
microphone, and the sweep-frequency of the oscillator is properly ad-
justed, then a stationary pattern will be obtained which looks like that
in Fig. 16 C. As explained in Sec. 16.8, one can apply an equation and
compute the percentage modulation. It is to be made as nearly equal to
100 per cent as possible. . Adjustments for bringing this about have
been described in Sec. 28.2.

The second method of checking the modulation, the so-called trape-
zoidal method, differs from the one just described in that, instead of the
linear horizontal sweep, the beam is deflected horizontally by the audio
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frequency from the speech amplifier. A suitable circuit for this pur-
pose is shown in Fig. 31 J. The sum of resistors B, and R, should be
-sufficiently great that only a small fraction of 1 milliampere flows
through them. Roughly, their resistance should amount to one-quarter
of a megohm for each 150 volts of modulator output. The blocking
condenser C should be 0.1 ufd. or more. The patterns which appear on
the screen are shown in the figure and should now be examined with

care.
Antenna Oscilloscope
Tank | l
R.F. Amp ,ov HO No carrier Carrier only 100% modulation
To R. F Amp. T I @
Under Over
Modulator modulation modulation

Fic. 31J. Oscilloscope circuit and trapezoidal patterns for checking the modula-
tion of a transmitter

Of the two methods, the latter is easier fo interpret. Sometimes
the sloping slides of the trapezoid are not perfectly straight. This may
be due to imperfect neutralization of the amplifiers. (See Sec. 27.4)
Or it may be caused by incorrect C-bias, or weak excitation of the
modulated amplifier, or both. If the amplifier is perfectly linear, which
1s the correct operating condition, the sides of the trapezoids will be
perfectly straight. Sometimes the patterns on the oscilloscope differ
radically from those shown in the figure. In this case one should seek
for stray r.f. induced into the horizontal deflecting circuits of the osecil-
loscope, or for some trouble in the oscilloscope circuits themselves.

If the power supplies applied to the transmitter have not been
sufficiently filtered or if they have not been shielded from the r.f. cir-
cuits, an audio frequency hum will be superimposed upon the r.f. This
modulation can be detected by listening with a receiver. If hum has
been detected, proceed in the following manner: shut off the modulator;
if hum persists, check the filtering of the power supplies of the different
r.f. stages. Next, add the modulator, but not the speech amplifier. If
the hum has still not been eliminated, the trouble lies in the speech
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amplifier or in the microphone. An oscilloscope, instead of a receiver,
may be used in these tests for hum.

Unless properly shielded from each other, r.f. voltages will be in-
duced into the speech amplifier from the r.f. circuits, with the result
that an audio frequency oscillation or “ howl” will be set up. This will
modulate the carrier frequency. The microphone, its cord, and the
speech amplifier must be shielded and grounded to prevent this r.f.
pickup.

A G

e ng? L
;

Fic. 31 K. Coupling the transmitter to a transmission line
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Trans. line -
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31.9 Output-Coupling Devices. As will be explained later, antennas
are very frequently adjusted to resonate with the carrier frequency.
When so doing, like lumped circuits, they act as pure resistances.
These pure resistances are connected across a transmission line (which
is used to feed power to it from the transmitter). By properly design-
ing the transmission line {see Chapter 35), essentially all of the power
leaving the transmitter, passing through the transmission line and ar-
riving at the antenna, will be absorbed by the antenna and radiated
out into space. Our immediate problem, therefore, is properly to couple
the transmission line to the output stage of the transmitter. There are
a wide variety of methods for doing this. In the first place, we may
place a few turns of wire near the grounded end of the tank circuit and
connect their ends to the transmission lines as in Fig. 31 K. A little
eare in the adjustment of the spacing between these turns and the coil
in the tank circuit will suitably load the plate circuit of the tube so that
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its current will have the correct value, as specified by the manufacturer
of the tube. It is also possible to connect to the transmitting line
through series condensers. In addition, it is possible to use a coupling

i

I T

F1c. 31 L. A pi network for coupling the transmitter to the antenna. A commonly
used circuit in commercial practice

unit consisting of a coil and a condenser. A third method, that of link
coupling between the tank and the transmission line, is sometimes used
and has great flexibility. Figures 31 L and M show two coupling meth-
ods commonly used in commercial practice.

+B

F1a. 31 M. A capacitively-coupled antenna circuit



CHAPTER 32
RECEIVERS

32.1 Introduction. In the preceding chapters, the component parts of
receivers have been presented in some detail. In this chapter we pro-
pose to study the most suitable combinations of radio, intermediate, and
audio-frequency amplifiers, and also oscillators, for the amplification
and detection of the weak voltages picked up by the receiving antenna.
The simple crystal detector circuits deseribed in the chapter on Prin-
ciples of Detection are hardly suited for modern reception.
When a radio wave cuts across the wires of the receiving antenna,
the voltages generated will only drive an exceedingly small current
through the receiver’s input end. It is necessary to resonate or aug-
ment these by means of inductance-capacitance tuned circuits. In
addition, the use of a “ pre-selector ” circuit at the beginning of a re-
ceiver makes it possible to tune in only one of the many carrier waves
_which may be on the air at the same time.
The next step is to amplify the voltages developed across the ca-
pacity in this tuned circuit, and to extract or unscramble the useful in-
_telligence which was superimposed upon the carrier wave at the trans-
mitter. Figure 32 A shows one of the simplest receiver circuits which
has proven satisfactory after much experimentation with different kinds
of circuits. This is seen to be a regenerative circuit of the type pre-

I
i
Regenerative Detector | A. F. Amplifier
o
]

= g'l ﬁ:m(.)

LI LN
r.f.c. 2.5 mh.
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Fic. 32 A. A simple receiver circuit
254
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viously deseribed in Secs. 13.9 and 17.5, together with a one-stage audio
amplifier. For the very high frequencies, the simplest usable circuit
has been found to be the super-regenerative type discussed in detail in
Sec. 17.6.

Ant. ===

= Regen. control

Gain
control

+B -B
180-250v.

Fio. 32B. A simple receiver consisting of a one-stage r.f. amplifier, a detector,
and a one-stage a.f. amplifier

In order to increase the amplification and the ability of the re-
ceiver to select but one of several carrier waves, cascade amplifying
systems have been built. A simple receiver will consist of a three-
stage unit, as in Fig. 32 B. The first stage is the radio frequency
amplifier, with its resonant circuits; the second stage is a simple de-
tector circuit, serving to rectify the signals so that its output consists
only of the audio or modulated signal, and the last stage is an audio-
frequency amplifier of the “ power ” Received C. W. ﬂ [H\

type. The function of the latter is M\ ﬂ ﬂ ﬂ ﬂ ’\ ﬂ ﬂ n ﬂ n M\

to deliver enough power to operate

e LR RARRUAL]
If a continuous wave (dots and

dashes = c.w.) is received with the

circuit of Fig. 32 B, it will be found Re"t‘f'ed C. W.

that sound will not come out of the mu\ H ﬂ n Aver A

loudspeaker. The reason for this yuyyyy J UE,_

. will be clear from a study of Fig.

32 C. If, however, a local oscillator Telephone Current

is used in connection with the detec- -

tor, as suggested in Fig. 32 D, and .
Fic. 32C. An  unmodulated carrier
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signal by some convenient audio frequency (say, 500 to 1,200 cycles),
then a beat-note will be produced, as was described in Sec. 29.6. This
audio-frequency beat-note is amplified and delivered to the loudspeaker.
Therefore, when continuous waves, such as dots and dashes of a code
message, have appeared at the input of the receiver, beat-notes will be
produced throughout the comparatively long time intervals of each dot

R. F. Amplifier Detector A.F.
or “preselector” etec Amplifier

i

Local
Oscillator

F16. 32 D. For the reception of c.w.

and each dash, thus rendering the signal audible. The local oscillator
must not be used, of course, when voice modulated waves are received,
for then the beat-note will be superimposed upon the speech, and will
cause a jumble of sound. It is possible to have the local oscillator in op-
eration if its frequency is adjusted to be exaxctly that of the carrier, for
then the beat-frequency will equal zero. In this case, the signal strength
will be augmented. Due, however, to the difficulty of maintaining both
frequencies continuously at the same value, this method is not com-
monly used.

Before we approach our study of the more common modern type
of receiver (the superheterodyne), we must specify certain desirable
properties of a receiver more accurately than we have yet done.

32.2 Sensitivity and Circuit Noise. The sensitivity of a receiver is de-
fined as the minimum input signal voltage which will deliver a standard
output signal voltage. A receiver will be more sensitive if it has a large
radio-frequency amplification. The limit of sensitiveness is set by the
various noises which are picked up in the antenna, be they man-made or
natural atmospherics, and by the noises developed in the receiver itself,
particularly in the first-stage r.f. amplifier. Hence, particularly for
long-distance reception, where the incoming signal comes in very weak,
studies of the signal-to-noise ratio become of importance. Man can-
not do much about the external natural noises, but he can reduce the
internal noises of the receiver considerably. However, even with a
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very carefully constructed receiver, where all joints have been prop-
erly soldered and where all parts have been designed to have high sta-
bility, a definite amount of noise will be heard. This will sound like a
hiss. It is due to the thermal motions of the electrons in the input
circuit of the first tube (see Sec. 2.2), and to the short-time sporadic
changes which occur in the space charge of the first tube (a phenomenon
called “tube noise ”). In addition, any mechanical vibration of the
circuit parts, or of the internal electrode structures, especially in the
first tube, will change the normal current flow in these circuits. Upon
amplification through the rest of the receiver, these appear in large
volume in the loudspeaker. These are called “ microphonics,” and are
eliminated by properly supporting and shielding the first stage from
mechanical vibrations.
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Fic. 32 E. A selectivity curve of a modern receiver

It is found that these noises are distributed more or less uniformly
over the entire frequency spectrum. Hence the signal-to-noise ratio will
be improved if the receiver is adjusted to respond to only an exceedingly
small band of frequencies.

32.3 Selectivity. The selectivity of a receiver is defined as the ability
of the receiver to differentiate between a desired signal and other signals
or other disturbances occurring at a different frequency. The overall
selectivity of a receiver depends upon the sharpness of the resonance
curves of the individual tuned circuits and upon the number of such
circuits cascaded one after the other in the receiver. The selectivity
curve of Fig, 32 E is much like an inverted resonance curve. It is ob-
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tained by measuring the r.f. input voltage to the receiver needed for the
delivery of a standard output voltage at various frequencies in the
neighborhood of the carrier frequency. The selectivity curve may be
exceedingly sharp (i.e., the band-width can be very small) for c.w.
reception, whereas it should be broader for phone reception, where the
audio signals use a channel of approximately 5 ke. on each side of the
carrier frequency. For the reception of frequency modulated signals
(Chap. 33) the band-widths must be even greater, say 30 or 40 ke.

Let us suppose that the receiver has been adjusted for the reception
of signal number 1, but that a second transmitter is operating at the
same time on a nearby carrier frequency.| The response of the receiver
for these two signals will be in proportion to the arrows 1 and 2 shown
in Fig. 32 F. From this consideration, the more selective a receiver,

Response
of Receiver

¥12

Frequency—>

F1c. 32 F. The reception of a desired (1) and an undesired (2) signal

the greater will be its ability to receive the desired signal in goodly
strength and to exclude the undesired signal.

32.4 Fidelity. The fidelity of a receiver is its ability to reproduce in
its output the wave-form of the modulations which were superim-
posed upon the carrier wave at the transmitter. A receiver which did
not amplify the high-pitched notes to the same degree as the low-
pitched notes would sound “ boomy,” whereas, if the reverse were true
and the low-pitched notes were incorrectly suppressed, the high pitches
would make the reception sound “tinny.” For phone reception, then,
the selectivity curve should ideally be such that equal intensity signals
over the entire audio range would give the standard signal output. This
ideal, however, need not be fulfilled in practice, because, especially with
speech, most of the energy in a sound wave is carried in the lower fre-
quency range. For example, the average peak of energy of a man’s
voice in speaking is around 130 cycles per second, while that for a
woman’s voice is around 300 cycles per second. Therefore, the rounded
curve of Fig. 32 E is permissible in practice. With e.w. reception, these
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considerations do not apply and the resonance curve can well have
great sharpness.

32.5 Stability. The stability of a receiver is its ability to deliver the
same output over a considerable period of time, when a standard signal
of constant strength and frequency is applied to its input end. Tem-
perature and voltage changes and mechanical structural features deter-
mine the stability of a receiver.
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32.6 The Superheterodyne Receiver. The essential idea of the super-
heterodyne receiver is to change the radio frequency of the signal to a
lower, fixed value, where the amplifying circuits can be designed to have
great, stability and gain, and proper selectivity and fidelity. These
circuits constitute the intermediate frequency (i.f.) amplifier discussed
in Chapter 27. They operate at a frequency above (super) audibility,
say at 455,000 cycles per second. The change of frequency just before
the i.f. amplifier is accomplished by a beat or heterodyne circuit, called
a frequency-converter. This contains a local-oscillator and the first-
detector or mizer. The sequence of circuits in a “ superhet ” is shown
in Fig. 32 G. The r.f. amplifier ahead of the converter is sometimes
called the preselector. Figure 32 H shows the action of the circuit when
receiving a c.w. signal. ‘

Ag an example, assume that the incoming signal frequency is 1,500

ke., and that the local oscillator 1s adjusted to 1,955 ke. Then the mter-
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mediate frequency will be 455 ke., which 1s the difference or beat-fre-
quency between 1,955 and 1,500. If a signal at 1,600 ke. is to be re-
ceived, the r.f. stages are tuned to this new value and the local-oscillator
is adjusted to 2,055 ke. The i.f. will be the same as before, i.e., 455 ke.
The i.f. amplifier can, therefore, be built to operate on this one fre-
quency (including the band of frequencies in the immediate neighbor-
hood). Once the i.f. stages have been properly “ aligned,” they can be
sealed in a shielding metal can and left untouched from then on.

Pre-
selector

- |
M; m ! +PW’W )

Sound
1,500,000 ¢ sec s waves
450,000 % 106 Sec- J

Radio frequency Fixed intermediate frequency - Audio freq y l

Fia. 32 H. Superheterodyne reception of c.w. signals

Suppose that two transmitting stations simultaneously delivered
equal-strength r.f. signals to the converter stage, and that the carrier
frequency of one is 1,500 ke., that of the other 2,410 ke. Then, with the
local oscillator set at 1,955 ke., a beat-note of 455 ke. (1,955 — 1,500)
would be produced by one station and a beat-note of 455 ke. (2,410 —
1,995) would be produced by the other. With an i.f. amplifier set at 455
ke., both stations would “ come in ” in equal strength at the same time
and a jumble of sounds would come out of the loudspeaker. If it is
intended that only one signal be received at a time, say the lower, at
1,500 kec., then the other at 2,410 ke. (or image frequency) must be
eliminated. This is accomplished by means of the preselector. The
preselector furnishes selectivity and eliminates undesired signals whose
frequencies differ appreciably from that at resonance; the i.f. amplifier
rejects frequencies which differ but slightly from that at resonance.

The image frequency. always differs from the desired signal fre-
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quency by an amount equal to twice the intermediate frequency. If
equal strength signals (desired and image frequency) are applied to
the converter, the ratio of the output voltages is called the signal-to-
image-ratio, or image-ratio. Within limits, the higher the if., the
higher the image-ratio. Practically all good preselector circuits give
high image-ratios.

Spurious reception can be had from beats with harmonic fre-
quencies of both the received signal and the local oscillator. Proper
preselector circuits and good shielding, especially in the converter stage,
to prevent stray pick-up, will eliminate these undesired effects.

For very high frequencies, the incoming frequency is sometimes
reduced with a converter to a lower r.f. (1.5, 5, or 10 Mec.) and this, after
amplification, is again lowered to the usual 455 ke. The receiver is
then called a double superheterodyne or double-detection receiver.
32.7 Frequency-Converters. The frequency-converter may use two
tubes, one as the oscillator, the other as the first-detector or mixer.
A typical mixer circuit is shown in Fig. 32 I, where both the signal and
the local-osciilator voltage are applied to the same control grid of the
pentode. The tube acts as a plate-detector. (See Sec. 17.3.) Instead
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r.f. Input

r.f. Input

1]

< = = ZC
+B
Osc. voltage Osc. voltage +B
F1e. 321. A frequency-mixer circuit Fic. 32J. A frequency-mixer circuit

using a pentagrid tube

of the capacitive coupling C to the oscillator, inductive coupling may
be used. The oscillator should deliver as high a voltage as possible, up
to the point where the sum of this voltage and that of the signal are
equal to the C-bias on the control grid. Actually this voltage is quite
small. The oscillator need not deliver power.

In Fig. 32 J, the signal’s voltage and that of the local oscillator are
applied to separate grids of a pentagrid-converter tube (penta means
“five ”). A small amount of power must be supplied by the oscillator.
This is an excellent circuit.
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Although more stable operation 1s obtained with a separate oseil-
lator and mixer tube, it is possible to combine these functions into a
single tube. A typical circuit is shown in Fig. 32 K, where the cathode
and first two grids are used in the oscillator circuit. The first grid acts
like the usual control grid of the oscillator, while the second grid acts
like the usual plate. The oscillator circuit shown is of the tuned-grid
or tickler type discussed in Sec. 14.2. The electrons which pass through
the second grid, en route to the plate, increase and decrease in number
at the frequency of the local oscillator. They are still further controlled

%.
T E 3

Fie. 32 K. A typical pentagrid converter

=3 Tt

L
It

L]

by the signal voltage on the fourth grid. The latter is carefully shielded
from the oscillator by the third grid and from plate voltage fluctuations
by the fifth grid.

Voltages of signal and oscillator frequency are bypassed to ground
in the plate circuit because they are not wanted in the i.f. stages; only
the beat-frequency is to be passed on. Hence the plate tank circuit
of the mixer tube is tuned to the intermediate frequency.

, When the i.f. output voltage is large for a given r.f. input voltage,
the conversion efficiency is said to be high. This is desirable.

Sometimes, tuning the grid circuit results in changes in the fre-
quency of the oscillator. This is bad. It is called pulling. It is les-
sened with careful shielding and with smaller difference between signal
and oscillator frequencies.

32.8 Alignment Methods. In order to operate several stages of tuned
r.f. amplifiers with a single control, the tuning condensers are mechani-
cally coupled together. Often these “ ganged” condensers are all
mounted on a common shaft. It is necessary that, as the control knob
is turned, the various stages shall all ““ track ” or tune to the same radio
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frequency at every position on the knob’s scale. When this is true, the
circuits are said to be “ tracking ” each other. In order that this shall
be possible, the coils must be as nearly identical as possible and the
capacity of the individual condensers in the gang must all increase at
the same rate as the knob is rotated. Even so, the circuits may not
track because of differences at the zero setting of the condensers, where
the small capacities are not all the same. These differences are ad-
justed by connecting {rimmer condensers of comparatively small ca-
pacity ¢ in parallel with the main tuning condenser C, as in Fig. 32 L.
A test oscillator, adjusted to the highest
frequency to be received, is coupled to the ———
last stage of the r.f. amplifier. The tuning E l

: prter. c 3
condenser C is set at its minimum value T
and the trimmer ¢ is adjusted until maxi- ¢
mum output is obtained from the receiver, Fie. 32L. Tracking with a
i.e., until maximum hiss is heard, or, bet- "mer
ter, until an “ output meter "’ reads maximum. The next to the last r.f.
stage is added and its trimmer adjusted in the same manner. This is
repeated stage by stage to the input end of the receiver. Next, the con-
trol knob of the ganged condensers CCC is turned to the other end of its
scale, the test oscillator is adjusted to the lowest r.f. to be received and,
stage by stage, the trimmers are adjusted for maximum output. If,
during this test, a particular trimming needs to be changed from the pre-
vious h.f. setting, the tuning coil should be altered. When larger trim-
mer capacitance is found necessary for the low-frequency than for the
high-frequency end, increase the inductance until the original value of ¢
is restored, and vice versa. When the tracking has been attained at the
end frequencies, it is usually sufficiently accurate throughout the entire
tuning range for all practical purposes,

In the case of a superhet, it is also necessary that the frequency
of the local oscillator be changed simultaneously and by such an
amount that the beat or intermediate frequency shall always be of
a fixed amount regardless of the signal frequency. Figure 32 M shows
a typical converter circuit with its padding condensers C;. In this com-
bination, C; consists of a small fixed condenser paralleled by a still
smaller variable condenser. The trimmer condenser C, is first adjusted
at the high-frequency end of the tuning range so as to deliver the cor-
rect i.f. (maximum output). The low-frequency end is then adjusted
by means of C, to give the same i.f, (maximum output).
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When a receiver has to cover a wide range of frequencies, the tun-
ing coils are changed either by means of a switch or by a plug-in ar-
rangement. For ease of tuning with a given coil, it is desirable that
one rotation of the condenser should cover a definite band of frequen-
cies, In order to spread these frequencies out over the entire dial of
the condenser, small trimmer and/or padding condensers are used.
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F1a. 32 M. Tracking a converter

Grid

To first
detector tube

Cathode

For the i.f. alignment :

1. A test oscillator is set at the 1.f. and is connected, with one ter-
minal to the grid of the last i.f. stage, the other to the chassis. The
trimmers of the output i.f. and input second detector unit are ad-
justed for maximum audio output. The automatic-volume-con-
trol featured on some receivers should be disconnected during the
if. alignment described here. If the receiver has an automatic
tuning unit, this may be used instead of the output meter, in
which case the a.v.c. is left on.

2, The test oscillator is similarly connected across the grid circuit of
the next to last i.f. stage and the grid trimmers between the last
and the next to last 1.f. tubes are adjusted for maximum output.
As one progresses towards the converter, the test oscillator’s out-
put should be decreased to prevent overloading the tubes and
causing distortion.

3. When aligning the first i.f. coupling unit, the test oscillator is con-
nected across the mixer grid; in which case it is often necessary
to disconnect the mixer’s grid-tuning circuit in order to be able to
apply sufficient voltage to the tube.

4, If the i.f. amplifier has a crystal filter (Sec. 27.3), set the test
oscillator as closely as possible to its frequency, switch out the
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crystal and align as above. Switch in the crystal and vary the test
oscillator’s frequency to maximum output. Then repeat the com-
plete alignment again.

The usual alignment sequence is: (1) 1.f., (2) local oscillator, (3) mixer,
(4) r.f. But differing sequences are used by different operators.

32.9 A Bird’s-Eye View — Looking Backwards and Forwards. It is
interesting at this point to glance back for a moment to several subjects,
scattered in this book, but related in basic thought (the feedback prin-
ciple). For example: with a single tube we used feedback to increase
the gain in regenerative and super-regenerative circuits and also to pro-
duce self-sustained oscillations; with several tubes we have used feed-
back of the degenerative type to produce stability in amplifiers and,
combined with regeneration, to create planned amounts of equality or
inequality of gain over a range of frequencies.

Then, too, we have studied filters, made of LCR combinations,
which can separate one class of currents from another: d.c. from a.c.;
a.f. from r.i.; or even pass or eliminate a narrow band of frequencies.
In our studies of Detectors we have seen how to “ pull-out ” a.f. from a
mixture of a.f. and r.f. (modulated carrier). With Frequency Con-
verters, we have supplanted one carrier frequency with another. With
Modulators we have injected one frequency (a.f.) upon another (r.f.).
And we have combined these basic processes into our final transmitters
and receivers.

We now look ahead to the possibility of applying the feedback
principle to the combinations of r.f,, i.f., and a.f. units which make up
our receivers (and transmitters). We are confronted with the interest-
ing possibilities of feeding back i.f. onto the r.f. stages; or a.f. to the
previous i.f. or r.f. circuits; or even of rectified average values of a.f.
and 1.1. to the earlier stages.

Nor is this the end: we must consider the inverse possibilities of
feeding from the front end of a receiver toward its output end; of di-
verting some of the modulated carrier to a special circuit which removes
all but a certain component, and of re-injecting this component beyond
the diversion point. To cover this general class of circuits we shall use
the term feedahead principle.?

There are many useful feedback and feedahead circuits. We
proceed to a detailed discussion of only one, automatic volume control,
and shall then but briefly outline some of the others.

1 The term “feedahead ” has been coined by the author.
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32.10 Automatic Volume Control (a.v.c.). Due to fading (Sec. 9.3),
the carrier frequency often varies in amplitude. This causes undesir-
able changes in the volume of sound radiated from the loudspeaker.
The fading sometimes occurs too rapidly to be compensated for manu-
ally by a gain-control system. Within limits, an a.v.c. circuit auto-
matically keeps the output at constant volume.,

In Fig. 32 N, the diode-detector rectifies the r.f. (or the 1.f.) cur-
rents and develops a d.c. voltage across resistor R,, with negative at its

r.f. by-pass
ki

a.v.C. Rz Ry
AAAAA AAA. AAA
- WWWy WWWW, -0
Out

C .
2 J_-_a.f. by-pass o

Fia. 32 N. Principle of automatic volume control (a.v.c.)

ungrounded end, and of an amount proportionate to the audio signal
plus the fading modulation on the carrier. The audio component is by-
passed through C, (the r.f. goes through C; and is kept out of C, by
resistor R,), leaving the undesired fading voltage to continue to the
left as indicated by the arrow marked a.v.c. If the carrier strength in-
creases, the voltage across R, increases proportionately, and that part

Fic. 32 0. Effect of a.v.c. voltage on the r.f. (or if.) pentode
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due to the undesired changes (fading) is fed back as a negative value
onto the grids of the r.f. and i.f, amplifiers, to undo the increase. This
can be understood from Fig. 32 O which shows the dynamic curve of
a remote-cutoff pentode used in an r.f. or i.f, stage. With a weak car-
rier e,, the plate current has a certain value 7,. A stronger carrier
e, swings the grid more, but also increases the C-bias, so that the plate
current i, remains of about the same strength. The changes in this
figure are exaggerated. In practice it is found necessary to apply the
a.v.c. voltage to several stages simultaneously in order that the ac-
cumulated effect will be satisfactory.

001 I ;E.om utd,

34 meg.

Fic. 32 P. A modern second-detector circuit with delayed a.v.c.

The a.v.c. system just described operates on weak as well as on
strong carrier waves, and hence makes the circuit less sensitive than
desired. In the delayed a.v.c. circuit of Fig. 32 P, the a.v.c. action does
not occur unless the signal strength is above a predetermined minimum
value. In this figure; one of the diodes serves as a rectifier, one for
a.v.c., while the grid and the regular plate are used as the first audio
stage; the a.v.c. resistor is R,, the r.f. bypass is C,, the r.f. blocking
resistor is R, and the a.f. bypass is C,. The bias voltage developed
across R, is applied to the a.v.c. diode plate through R,, Ry, and L, so
that no rectified current flows until the input voltage has become equal
to or greater than this bias voltage.

32.11 Some Special Features of Receivers. Noise-limiters are used to
suppress strong impulses of short duration, such as those from spark-
ing contacts and atmospheric static. In one circuit, Fig. 32 Q, a part
of the i.f. is diverted along a path paralleling the regular i.f. amplifier.
It reaches a detector tube which has been heavily biased; so much so
that the 1.{. signal in this path stops at this point. If, however, a sud-
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den sharp pulse raises the detector tube above cutoff, the pulse passes
through and is fed back in reverse phase to block the pulse which tries
to earry through the regular i.f. amplifier.

Noise-limiter

Amplifier ——{ Detector —

S~

2, .,

Regular 1. F. Amplifier

Fra. 32 Q. Block diagram of a noise-limiter

Sometimes, suitable combinations of resistors and condensers,
called scratch-filters, are used in the audio output stage to eliminate
the high-pitched audio-frequency band of “scratchy ” noise from a
phonograph pick-up.
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Fia. 32 R. Threshold curves of hearing and feeling

The human ear has a peculiar response to just barely audible
sounds of different pitches. It is found that more energy must be used
at low or at high frequencies than at intermediate values if the thresh-
old of hearing is to be reached. See Fig. 32 R. A series condenser and
inductance are shunted across part of the gain control of a receiver, and



269 SOME SPECIAL FEATURES OF RECEIVERS 32.11

adjusted for resonance at approximately 1,000 cycles per second, where
the ear has a low threshold. Then the audio frequencies in this inter-
mediate region are bypassed more than those at the higher and lower
ends. This is called compensated volume control.

A variable resistance and a fixed condenser tied across the primary
of the output or speaker transformer can be used to emphasize the low-
or the high-pitched sounds. This is called a tone control system.

A d.c. meter in the plate eircuit of an r.f. or an if. circuit, or a
miniature cathode-ray tube, called a “ magic eye,” can be used to show
when the circuits are in resonance with the received signal. These are
called tuning indicators.

Regular A, F. Amplifier

a.f. in a.f. out
Joel —

R-C |—- Rectifier ]

Amplifier

Volume-expander

Fic. 32 8. Block diagram of a volume expander

A receiver can have automatic tuning such that by pushing a but-
ton, a mechanical system, sometimes a motor, moves the tuning con-
densers to their proper positions for the reception of a desired station.

It is desirable to increase the loudness of the loud sounds and to
soften the weak ones, especially in phonograph amplifiers. Automatic-
volume expanders have been developed for this purpose. Their opera-
tion can be understood from Fig. 32 S. Part of the a.f. at the input end
of a regular audio amplifier is diverted to the volume expander where
it is amplified and rectified. The output voltage is greater if the a.f.
is of greater strength, and vice versa. This is fed back to the regular
amplifier (via one of the grids of a multi-grid tube) in such phase as
to aid the regular signals. In this way loud signals are aided a great
deal, while soft sounds are only increased by a comparatively small
amount.

In order to keep the intermediate frequency of a superhet cen-
tered on its band, automatic-frequency control (af.c.) is used. This
is very useful to compensate for frequency changes in the local oscil-
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lator, and especially with circuits which have automatic tuning. De-
tails of its operation can only be understood after studying the chapter
on Frequency Modulation, but the principle can be learned from Fig,
32T. If the if. shifts off the center of its band, the “ discriminator ”
(a rectifier) turns the frequency change into a proportionate voltage

Regular Superhet

R.F. : I, F. Second A.F,
> Amplifier Mixer > Ampiitier [ Detector [ Ampiifier [TLI<
Local Frequency [
Oscillator Control Discriminator
a.f.c. Circuit .

Fra. 32 T. Block diagram for automatic-frequency control

change. This voltage is fed to a tube in the “frequency control”
which, together with a condenser and resistor across the tank circuit
of the local oscillator, changes the reactance (but not the resistance)
of the tank and hence the frequency of the local oscillator. When prop-
erly adjusted, any shift in the if. is applied through the a.f.c. circuit
so as to bring the local oscillator frequency to just the correct value
to re-establish the i.f. on the center of its channel.



CHAPTER 33
FREQUENCY MODULATION

33.1 Introduction. First re-read Sec. 16.2.

The amplitude of the carrier wave remains constant in the fre-
quency-modulation secheme. The frequency is varied from the mean
or “ carrier ” value by an amount called the deviation frequency. If
the deviation frequency is directly proportional to the amplitude of the
audio signal, the transmitter is operating properly or linearly.

33.2. A Reactance Modulator. A reactance modulator changes the fre-
quency of the tank circuit of the oscillator by changing its reactance.
This is accomplished by a combination of a resistor, a condenser, and
a vacuum tube (the modulator) connected across the tank circuit of the

Oscillator

o o
(o] L Modulator —«—{  Speech Amplifier EK
© o

Microphone

Frc. 33 A. Principle of a reactance modulator

oscillator as in Fig. 33 A, and so adjusted as to act as a variable induec-
tance or capacitance. The net result is to change the resonant fre-
quency of the LC circuit by amounts proportional to the instantaneous
a.f. voltages applied to the grid of the modulator tube, without chang-
ing the resistance of the LC circuit or the amplitude of the oscillations.

A modulator eircuit is shown in Fig, 33 B. The voltages supplied
to both the modulator and oscillator must be carefully stabilized to pre-
vent undesired frequency changes. The speech amplifier (Fig. 33 A)
does not have to deliver any power and need supply only a small output
voltage, say 10 or 15 volts. A pentode and triode, R-C coupled, will be
sufficient even with a sensitive microphone and a high-powered oscil-
lator. The frequency change of LC per volt change on the a.f. grid of
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the modulator tube will be greater when C,, Fig. 33 B, is made smaller.
The blocking condenser C, has a comparatively high value, and hence
offers but small reactance to r.f. currents.

In Fig. 33 B, the radio-frequency voltages which are developed
across the tank in the oscillator circuit also appear across the RC, cir-
cuit and across the parallel 6L7 modulator tube. Now look up the
phase-shifting circuit of Fig. 19 H. The resistance r has been replaced
by the internal resistance of the modulator tube of Fig. 33 B. The volt-
age drop across C, is 90° out of phase with the tank voltage. It is

Oscillator

Fia. 33 B. A reactance modulator

applied to the control grid of the 61.7 whose r.f. plate current responds
in the same phase. Thus this current is made to lag 90° behind the tank
voltage. The r.f. plate current flows through the tank circuit and, com-
bined with the current therein, is equivalent to a new current whose
phase differs from the normal value just as though an additional re-
actance (not resistance) had been connected in with L and C. This, of
course, changes the frequertcy of the LC circuit and hence of the trans-
mitter. When a.f. is fed into the modulator tube, it causes proportion-
ate changes in the r.f. plate current and hence in the equivalent re-
actance of the LC circuit.

33.3 Deviation. The ratio of the maximum deviation frequency to the
maximum audio frequency is called the deviation ratio. Values from
1 to 5 are used in practice. With a value of 5, if the maximum voice
frequency is 4,000 cycles, then the deviation frequency will have a maxi-
mum value of 5 XX 4,000 = 20,000 cycles per second on either side of the
carrier. A 40-ke. channel must then be allotted, and all r.f. and i.f.
amplifiers must have frequency response curves wide enough to give
nearly equal gain throughout this width of band, as contrasted with
the usual 10-ke. band for amplitude modulation.
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It is not necessary to change the frequency of the oscillator by the
total amount of the frequency deviation, say 30 ke., because frequency
multipliers may be used. Suppose, for example, that the oscillator’s
frequency is changed by the a.f. input by 5 ke., and that its output is
multiplied fourfold. Then the frequency deviation will be increased
fourfold to a frequency of 20 ke.

An advantage of the frequency-modulation method over the ampli-

tude-modulation scheme is the reduction of noise at the receiver. The
ratio of strength of the signal to that of the noise is greater with the
f.m. scheme than with the a.m. scheme under certain conditions. With
a fairly large deviation ratio, say 5 to 1, the signal-to-noise ratio of
f.m. is better than with the a.m. method out to a considerable distance
from the transmitter, after which the two become comparable. With
weak signals, a deviation ratio of 1 to 1 is preferred.
33.4 Checking the Transmitter. In order to check the linearity of the
fan, transmitter, a highly selective receiver which has an internal
oscillator is tuned to the carrier frequency. If frequency multiplication
is used in the transmitter, the receiver can be tuned to any one of the
frequencies of the successive stages. An audio tone source of constant
frequency is then placed in front of the microphone and increased in
intensity until the carrier frequency is found to change. This will be
noted by a change in the loudness of the output of the receiver. In
using the transmitter, the sound intensity should always be kept below
this level.

In order to check the frequency deviation, repeat as above, leaving
the audio level just below the point where non-linearity begins, but this
time slowly change the audio frequency from zero to higher and higher
pitches until there is no sound output from the receiver. The audio fre-
quency at this point, multiplied by 2.4, is the frequency deviation. If
measurements are made in front of the output stage of the transmitter,
be sure to multiply by the frequency multiplication, in order to get the
total frequency deviation.

An unchanged antenna current, with or without audio input, indi-
cates that the transmitter is free from amplitude modulation.

33.5 Differences Between F.M. and A.M. Receivers. Superheterodyne
receivers are used in the reception of frequency-modulated signals, as
in Fig. 33 C. Although much like those used with amphtude modula-
tion, they differ in several important points.

1. Since f.m. is used at the ultra-high frequencies (28 Me, or higher)
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where there is sufficient room for their wide bands, the intermediate
frequency is usually chosen between 4 Mc. and 5 Me.

2. The r.f. and i.f. tuned circuits must respond equally over the com-
paratively wide band which is used (20 ke. to 40 ke.).

3. The i.f. stages must apply a large voltage to the “ limiter,” even
with weak input signals.

4. A limiter is used, over and above the usual circuits of a superhet.

5. A special detector, called a “ discriminator,” is used. The a.f.
stages are the same as for amplitude-modulation receivers.

o

R.F. I.F. AF.
-5 Amplifier Converter —7 Amplifier Limiter [~»{Discriminatorf—- Amplifier —>E|§

Frc. 33 C. Block diagram of an f.m. receiver

33.6 The Limiter. In order to eliminate any possible variation in the
amplitude of an {.m. signal before it is detected, a circuit called a “ lim-
iter ” is used. The strength of the input voltages to this stage are so
great that they saturate the tube, and the tops and bottoms of the
waves are clipped off. A circuit of this type was described in Chapter
30 for the generation of a square wave. In the present case, however,
the plate circuit contains a tank eircuit which resonates sharply to the
carrier wave and its accompanying band of frequencies. Thus the har-
monies, produced by cutting off the tops of the waves, are not empha-
sized (by resonance) and do not pass on to the next stage in the receiver.
Fig. 33 D shows a typical limiter circuit.

\.F.
Qutput

1
100 paf. -2000 50,000 Lf JLutd,
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F1c. 33D. An f.m. limiter cireuit
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33.7 The Discriminator. A typical detector or discriminator circuit is
shown in Fig. 33 E. The secondary of the input transformer is center-
tapped and is adjusted to resonance by condenser C, to the same fre-
quency as the primary, i.e.,, the center of the i.f. band. The voltages on
the plates of the diodes are those induced in the secondary of the input
transformer, together with those developed across condenser C, and
fed back through the radio-frequency-choke, r.f.c. When the input
signal is at its center (unmodulated) frequency, equal and opposite

approx. 50 uuf, 2.5 mh,
Cs
| i ] r.f.c. 1 meg. °
P P ‘E I
Limiter Plate RS C, 100,
- 3 Audio Output
s
+B R, 2 C, 100 puf.
1megs

.,;_l_|

Fie. 33E. A typical discriminator circuit

voltages are set up across R, and R, and there is no output. This ig the
case when there is no modulation at the transmitter. When, however,
the signal’s frequency changes, one of the diode’s voltages lags behind
the other. Thus, at a given moment in a eycle, the voltage on one of the
diode plates is greater than that on the other. The output voltage
is then the difference between the voltages across R, and R,. The faith-
fulness with which the output voltage changes in strength with change
of input frequency is called the “ linearity " of the detector. Itis greater
if the Q’s of the input transformer’s primary and secondary are small
and if they are closely coupled.

33.8 Aligning the Receiver. The alignment up to the limiter is the
same as for an a.m. superhet. A sensitive d.c. milliammeter is con-
nected in series with R, of Fig. 33 D, at the grounded end, and a test
oscillator injects a series of frequencies (into the input end of the i.f.
stages) which cover the full band-width (usually 30 ke.). If nearly
symmetrical readings of the meter are not obtained on both sides of the
center frequency, the if. trimmer condensers must be readjusted. At
the edges of the band, the output should not be down by more than
about 25 per cent.

To check the limiter, disconnect C; of Fig. 33 E, also the upper ends
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of R, and C,, and insert a sensitive rectifier milliammeter in series with
R, at the grounded end. The meter should show no change as the fre-
quency of the test oscillator is changed over the band. Now restore all
broken connections.

With the meter in series with B, as before, and with the test oscil-
lator at center-frequency, adjust the trimmer condensers of the dis-
criminator until the meter reads zero. Then note the meter readings
when the test oscillator is set on the two frequencies (one above, the
other below the center-frequency) which correspond to the desired fre-
quency deviation. (The meter terminals will have to be reversed.) If
the meter readings are not the same, adjust the primary trimmer, then
readjust the secondary trimmer for zero reading as above and repeat.



CHAPTER 34
DIRECTION FINDERS

34.1 Loop Antennas. Consider a loop of wire placed in the path of a
vertically polarized * radio wave. If its plane is set at right angles to
the wave, equal voltages are induced in the two vertical arms, none
in the horizontal wires. But the two voltages are in opposite directions,
so that current cannot flow into an attached receiver, even if it is tuned
to the transmitter; and there will be no output of sound, or any reading
on an output electrical meter.

I »~ Radio Wave

v

~—

F-Loop Compass

Loud Speaker

Receiver or Meter

kAxis of rotation

F16. 34 A. Directional prinéiple of a loop antenna

On the other hand, if the plane of the loop is rotated about a cen-
tral vertical axis until it is the same as that of the oncoming radio
wave, the opposing voltages will not be equal in amount at a given
instant and a current will flow through the tuned receiver ecircuits.
This is illustrated in Fig. 34 A. As the wave passes over the loop, the
voltages induced in one of the vertical wires alternate at the same fre-

1 In a vertically polarized wave the electric field is straight up and down,
perpendicular to the earth’s surface. There is no electric field in the horizontal
plane nor is there any in the direction of a propagation of the wave. The ground-
wave (Sec. 9.1) is vertically polarized. This is because all horizontal electric
fields are short circuited by the earth, which has quite good electrical conduc-
tivity. It has good conductivity because of its water-dissolved and undissolved
mineral contents. On the other hand, when a sky-wave approaches the receiver,
coming down from a reflection in the ionosphere or from an airplane in flight,
its electric field is at an angle with the earth’s surface; or, if %you will, the sky-
wave’s electric field has a vertical and a horizontal component.
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quency as that of the radio wave, and in an amount proportional to its
field intensity. But the voltage in one vertical wire reaches its peak
value at a different moment than that in the other vertical arm of the
loop. Hence we may say that the two voltages are out-of-phase with
each other. When the plane of the loop is at right angles to the wave,
the voltages are 180° out-of-phase (crest over trough), whereas with
the plane of the loop the same as that of the oncoming wave, they are
somewhat less than 180° out-of-phase.

If the distance between the vertical arms were one-quarter wave-
length, the crest of the waves would exist at one arm when zero existed
at the other. Then the voltage in the first arm would be a maximum,
that at the other would be zero; we would say that the two voltages
were 90° out-of-phase or in “ phase-quadrature.” If the loop were one-
half wave between vertical arms, the induced voltages would be of

Top view of Zero €
the loop

Ve

Max.e

Frg. 34 B. Ideal response curve of a loop antenna

equal strength and in the same direction, i.e., the phase difference would
be zero. Except at the very high radio frequencies (= short wave-
lengths), the construction of a loop of dimensions comparable to the
wave-length becomes an expensive problem. We shall, therefore, con-
fine our present discussions to loops which are small in comparison with
the wave-length. :

The voltages induced in the loop are very small; a good deal of
amplification is needed in the receiver. By using a large number of
turns of wire instead of a single loop, this voltage can be proportion-
ately increased. There is a limit to the number of turns which can be
used, set by the necessity of tuning the loop to resonance with the
highest frequency to be received.

Another way of describing the directional receiving ability of a
loop antenna is in terms of its response curve. As indicated in the
idealized case of Fig. 34 B, maximum reception, and hence maximum
output of the receiver, occur when the wave is in the plane of the loop,
and zero reception occurs when it is at right angles to this plane. If
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the wave comes in from some intermediate direction, say @, the net
voltage e from the two arms will be intermediate in value and of an
amount represented by the length of the arrow marked e in this figure.
342 The Radio Compass or Goniometer. In order to determine the
line of direction of a given transmitter, the loop is slowly rotated about
a vertical axis. When the output of sound, or the reading of an output
meter is a maximum, the plane of the

loop is in line with the transmitter. (V-¥) Max.

When the output is a minimum, the
plane of the loop is at right angles to
the line of propagation. In practice it Min. Min,

is found possible to judge the minimum Angle of loop to radio wave

more accurately than the maximum, ¥ie. 34C. Intensity of output as
The reason for this will be clear froma  the 100P is rotated

study of Figs. 34 C and D. A horizontal pointer is fixed to the vertical
shaft of the loop and moves over a circular dise marked off in degrees.
The loop is rotated until the radio signal can no longer be heard, or is as
faint as it can be made. At that position, the plane of the loop is at right
angles to the line joining the receiver and the transmitter. The use of
the minimum has the disadvantage that it may be obscured by back-
ground noises from other stations, static, ete.

This simple compass, however, shows only the path of the radio
wave. It does not tell whether the transmitter lies ahead of, or behind,
the receiver.

Cross bearings may be taken on two transmitters. The receiver
is tuned to one station, its loop is rotated to a minimum, and the angle

A-B-C-D—0Oncoming
radio waves

Fic. 34 D. Sh{n'per direction finding can be obtained using the minimum rather
than the maximum output of a loop
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noted. This procedure is repeated for the second transmitter. The two
directions are then laid out on a map. Their intersection is at the loca-
tion of the receiver. See Fig. 34 E.

A different method, often used by commercial airlines in the
United States, when a plane is flying along a known path, say along
a radio beam, is to fix the loop with its plane the same as the heading of
the airplane and to tune the receiver to a station located somewhere off
the known path. See Fig. 34 F. Then, just as the airplane passes di-

First

Transmitter Transmitter Q

Second

Transmitter Path of flight

Receiver
Fiq. 3¢ E. The method of cross- F1¢. 34 F. Position
bearings fixing

rectly opposite the transmitter, the signal drops to a minimum. From

his maps, the pilot may then say that he is on such-and-such a path

and is so-and-so many miles due south, say, from the particular town
where the transmitter is placed.

34.3 Sense Determination from a Fixed Position. It is possible to de-

termine from a single fixed position the sense of the signal, i.e., whether

the transmitter is ahead of or behind the receiver along the line of

propagation of the radio wave. This can be accomplished by using a

vertical antenna in conjunction with the loop. As in Fig. 34 G, a short

Vertical Antenna

Top
~xof Loop
—> < \
Loop
. Vertical
Antenna
Resultant Loop Antenna Antenna Antenna
cardioid voltage too large voltage too small
(a) (b) (c)
Frc. 34 G. A sense- Fig. 34 H. Principle of sense determination

determining radio-
compass
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vertical wire is placed along the axis of the loop. The voltages induced
in the directional loop and in the non-directional vertical antenna are
combined in the mutual inductance M to give response curves of the
types shown in Fig, 3¢ H. If the vertical antenna voltage is equal to
that of the loop, the two will add on the left, Fig. 3¢ H(a), and cancel
on the right, to yield the cardioidal (heart-shaped) response curve
shown. If the antenna voltage is too great, the curve of Fig. 34 H(b)
will be obtained, while if too small there will be appreciable intensity
of reception from the right. The coupling at M is adjusted until Fig.
34 H(a) is most nearly obtained. Then, for a radio wave approaching
from the left, the signal will be strong, while if it is arriving from the
right, the signal will be weak or zero. It is only necessary that the
signal be noticeably stronger in the sense (direction) of the transmit-
ter than in the reverse direction for this method to succeed, so that pre-
cise adjustment of M is not required. The procedure, then, is to deter-
mine the line of reception by the minimum method, with the loop alone,
then switch on the vertical antenna and set for a maximum to get the
sense. The procedure may obviously be reversed; the sense may be
found first and then an accurate line obtained by the minimum method.
34.4 Errors Due to Background Voltages. Often, extraneous or back-
ground voltages are induced in a simple loop antenna. These enter in
equal strength from all directions. They, therefore, act in the same
manner as the pickup voltages from a vertical antenna, as discussed in
the preceding section. If the spurious voltages are in-phase with those
of the loop, a response curve like that of Fig. 34 I (at the left) will be
obtained. It should be obvious that the two minimal or zero intensi-
ties of reception are not diametrically opposite each other. In the
figure, they are 15° off the vertical, on each side of the loop; but note
that they are on the left of the vertical in both cases. In case the

L! Vertical Antenna Loop Antenna
15° effect effect
15 180°

Fic. 341. Effect of background voltages when in-phase (left) with the loop volt-
ages, and at 90° (quadrature, on the right)
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spurious and loop voltages are in quadrature (90°) (right figure of
Fig. 34 I), the minimae will be opposite each other but will not be sharp.
Then, the correct line of propagation will be obtained, but the accuracy
will be greatly reduced because the minimae are not sharp.

The in-phase errors are corrected by balancing the loop with, say,
condensers, and by using an electrostatic shield, as in Fig. 34 J. The

e

F1c. 34 J. A balanced and shielded loop

out-of-phase voltages are frequently caused by the re-radiation of the
energy of the oncoming wave from nearby conductors, which produce
small currents, which re-radiate as feeble waves of the same frequency
as that being received directly from the transmitter. With the loop
installed in a given setting on an airplane or on a ship, compensating
loops of wire are added to the main loops, nearby rigging is broken up
with insulators, and, if necessary, a vertical antenna is added such that
its voltages counteract the spurious ones. Finally, for 1° accuracy,
the dial of the compass is calibrated by direct visual observation of the
position of a nearby transmitter, located, for example, on a ship which
circles the receiver.

34.5 The Shore Effect. If the radio waves pass along the shore of a
body of water, their slightly higher velocity over the water than that
which they possess over the land causes them to be bent shorewards.
The error which this introduces into radio direction finders is shown in
Fig. 34 K. The same trouble is encountered among the valleys and
peaks of mountainous country. The use of transmitters operating on
the higher frequencies, say 125 Me. (= 2.4 meters wave-length), helps.
These short waves are not as much subject to bending or refraction as
the longer waves.
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34.6 The Night Effect. At sunset, at night, and at sunrise, it has been
observed that signals from a fixed transmitter appear to come from
one which is slowly moving back and forth in a line at right angles to
the transmitter-to-receiver direction. This has been found to be due

Direction Finder

Transmitting */
Station .~

Fic. 34 K. An explanation of the ¢ shore ” effect

to the presence of the sky-wave, which is particularly strong at night,

for frequencies below 500 ke. It also appears when bearings are taken

on an airplane in flight. The student should now read the footnote

at the beginning of this chapter. The horizontal component of the

electric field will induce voltages in the horizontal arms of

the loop, while the vertical component will produce volt-

ages in the vertical arms. The combination of these volt-

ages, added according to their relative strengths and

phases, determines the output signal. Obviously, if the

ratio of the vertical to the horizontal electric field compo-

nents changes, the output will change. The ratio will Reconver

change as an airplane transmitter flies overhead, or as the

sky-wave returns from reflection from different places in Fic. 34 L. A
. simple form

the ionosphere. ( of the Ad-
The Adcock antenna, Fig. 34 L, uses two loops so cock  an-

placed and so phased with respect to each other that the tenn®

voltages in the horizontal arms cancel each other, while those in the ver-

tical arms do not. '

34.7 Homing Devices. A homing device is mounted on a moving body

and continuously points the way home to a fixed transmitter. In this

apparatus, a loop and a vertical antenna are used to produce a cardioidal

response curve like the one at the left in Fig. 34 H. A switch is incor-

porated in the circuits which automatically reverses the polarity of the

loop at an audio-frequency rate. The response curve then shifts back
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and forth between the two patterns, solid and dotted, of Fig. 34 M. The
loop voltages, which are thus reversing in direction at an audio fre-
quency, are amplified, rectified, and passed into a meter whose zero is
at the center of its scale. If the two voltages e; and e, are equal in
amount, as is the case when moving directly toward the oncoming radio
wave, the meter reads zero. If, however, the ship or airplane is mov-
ing to the right of the true course, the two voltages e, and e, (see right
side of Fig. 34 M) are not equal, and the pointer on the meter moves to
. the right. If off-course to the left, the pointer moves to the left of zero.

Off course
motion

Top view
of loop

Radio Wave
D ol

On course [f
motion

e

)
\\ ll ’, \“~--—‘,
~

F1e. 34 M. Principle of a homing device

In a slightly different form, a double loop gives two currents which,
at an audio rate, are alternately connected to flow through two magnets,
one to pull a pointer to the right, the other to pull it to the left.

The extent of the left or right movements of the pointer is not a
satisfactory measure of how far from the left or right the body is mov-
ing from the on-course path. An automatic homing device has been
devised to overcome the difficulty. The pointer is fitted with contacts
which turn on a battery to run a motor in one direction or the other.
The motor is fastened to the shaft of the double loop and automatically
rotates it into a position pointing to the transmitter whenever it gets
out of line. The pilot does not need to turn the loop manually; he
merely notes the angle of the loop as registered on its dial. If he
changes his heading, the loop rotates so as to point toward the trans-
mitter, and the dial reading measures the amount by which he is off-
course.

Two complete automatic direction finders, tuned to two separate
transmitters, are used in one device to control two electron beams in a
vacuum tube. Two lines of light appear on the fluorescent screen at
the end of the tube, giving the bearing of the stations. A map of the
flight area is projected at the same time on the screen so that the pilot
sees his location as the intersection of the two lines on the map. The
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apparatus is controlled in position with a gyro compass so that north,
for example, is always at the top of the screen, regardless of the
direction of flight. # »
34.8 The Principle of the ‘‘ A and N ’’ Radio Beacon. Instead of using
a loop as a receiving antenna, one may use it as the transmitting radi-
ator. A transmitting loop does not send out the same strength signal
in all directions. The radio wave is stronger in the plane of the loop
and falls off to zero at right angles, yielding a radiation pattern of the
same shape as the receiving response curve.

Fi1c. 34 N. Principle of the A and N beacon

A second loop, placed at right angles to the first one, will give a
similar field-strength pattern, but rotated by a quarter of a turn.
In use, energy from a common transmitter is connected first to one loop,
then the other, back again to the first, and so on. While connected to
the “ A ” loop, Fig. 34 N, it transmits a dot (of one second duration)
and a dash (three seconds), the International Morse code for the letter
A; and while on the other loop, a dash and a dot, the letter N. A plane,
flying in the A-A direction, will pick up a series of A’s; while one flying
in the' N-N direction will pick up the N signal. Along the A-N line
of flight, however, the A’s and the N’s will both be heard in equal
strength and, because they are properly interlaced, will give a continu-
ous buzzing sound. The pilot follows a path which gives him a steady
note in his earphones. He knows when he is off the beacon for then
he will hear an A on one side or an N on the other. The farther off the
beam, the more prominently does the letter sound above the steady
background note.

At present, the beacon transmitters are located approximately
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every 125 miles apart along the main air lanes. Each transmitter has
its own frequency, in the range from 200 to 400 ke., corresponding to
a wave-length range of from 750 to 1,500 meters.

In order to overcome the troublesome night error, it has been found
greatly helpful to eliminate those parts of the loop which radiate energy
in an upwards direction. This has been accomplished by the use of
four towers arranged in pairs like those in Fig. 34 O, each supporting a
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Fia. 34 O. One-half of an A and N Fi16. 34 P. Simultaneous message and
transmitting antenna system beacon transmission

vertical antenna wire, with each pair replacing a single loop. The
power from the transmitter is earried to the towers in buried coaxial
transmission cables, a system which prevents the radiation of energy
vertically. Opposite towers of a given pair are so “ phased ” that the
horizontal field strength pattern is like that from a loop.

By changing the phase of the currents in the various towers, it is
possible to so orient the field patterns as to give equi-strength or on-
course signals in any of the preferred directions from the antennas.
34.9 Simultaneous Weather and Beacon Transmission. The govern-
ment radio beacons, established for the guidance of aireraft, are also
used in peacetime for the very important purpose of broadcasting
weather reports. Formerly it was necessary to interrupt the beacon
signals in order to transmit the weather reports. When the pilot was
working an orientation problem, this interruption made it necessary
for him to circle until the broadcast was complete. This waste of fly-
ing time, and of gasoline, made for unsafe conditions. In order to
transmit both beacon and weather signals simultaneously, a fifth tower
has been added to the previously described antenna array, as shown
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in Fig. 34 P. The carrier frequency sent out from this new tower
differs in frequency from that of the beacon by only 1,020 cycles per
second. Combining with that from the bearon, it gives a 1,020-cycle
“ beat-note ” in the receiver. This is a moderately high-pitched note.
The central tower’s carrier wave is modulated by the weather report,
covering all audible frequencies exeept for a very narrow band in the
neighborhood of 1,020. The re- '

Filter; Passing only

moval of this note by means of a 1020 Cycle

band elimination filter does not af-

fect the intelligibility of the speech, -
The output of the aircraft receiver ’,/ Recelver
is passed through two separate fil- \L(f+1020

ters, as in Fig. 34 Q, one of which al- T e—E v
lows only the 1,020-cycle note to F'ge:;lﬁulg';g"’ Beacon

pass and is used for the beacon sig- .

nals. When desired, the pilot may g;‘;;fﬁ Q- Reception of message or
turn a switch and listen to the

weather reports coming through the other filter, the one which passes all
audio notes except 1,020 cycles.

34.10 The Reduction of Static. The static electricity in the air, which
in concentrated amounts causes lightning strokes, has been a source
of noise in receivers, masking the desired signals, especially while a
plane is flying near or through certain types of clouds. This has been
greatly reduced by enclosing the receiving loop in a metal shield. The
hollow, metal, doughnut-shaped shield completely surrounds the loop,
except for a narrow transverse gap, and cuts off practically all electro-
static (but not magnetic) fields.

With high-speed airliners passing through regions in which rain
or snow is falling, the shielding of the loop has been found to be insuffi-
cient. The removal of some of the “ precipitation ” static has been
accomplished by trailing behind the plane a very fine wire in series
with a high-value resistor. The theory behind this device is that the
wire acts as a lightning rod to prevent the accumulation of high voltages
on the plane. The resistor prevents the electrical discharges from the
fine wire from becoming oscillatory in such a way as to produce radio
waves of static.

34.11 Markers. Above the beacon transmitters (of the type which sup-
press the sky-wave) there is a “ cone of silence.” This may be used by
the pilot to inform him that he is passing over the station. It is not
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infallible, because the silence might also be due to a breakdown of the
receiver or of the transmitter.

Radio markers are sometimes used. They consist of narrow pen-
cils of radio waves transmitted vertically at 75 megacycles (wave-
length of 4 meters). These are about 1 mile wide at 1 mile up. Near
an airport there is an outer marker, about 5 miles out, and near the
edge of the field there is an inner marker.

34.12 Instrument Landing. At certain airports, a radio wave is trans-
mitted on 93 megacycles (wave-length of 3.23 meters) to provide a
glider path for “ blind 7 or instrument landing. The pattern of field
strength sent out for this purpose is indicated in Fig. 34 R. A pro-
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In the horizontal plane In the vertical plane A double
intensity meter

F1c. 34 R. Glider path and indicator for instrument landing

cedure for establishing the proper field pattern is deseribed under Wave
Guides, Sec. 38.6. The glider path is indicated by the dotted lines of
Fig. 34 R. If the plane is too far to one side of the correct path, a
white-line pointer on the “ intensity "’ meter in front of the pilot moves
to one side, the movement resulting from the radio wave modulated
by either a 62- or a 58-cycle note. Also, if the plane is too high or too
low, a second pointer built into the same instrument will be moved up
or down. The pilot need only keep the intersection of the two white
pointers over the center dot. He will then glide onto the airport at
the proper angle and in the path of the runway. Readings up and
down are correct to within 50 feet. It must be a day of very poor visi-
bility indeed if this is not close enough to see the land and bring the
plane safely to earth.

34.13 A Cathode-Ray Direction Finder. In one system of direction
finding which has been applied to the reception of atmospheric pulses
(static) and other equally important work of similar nature, two loops
or directive antennas are mounted on the same shaft, at right angles
to each other. Assume that one of these has its plane in the north-
south line, the other in the east-west line, and that they are connected
through suitable amplifiers to the deflecting plates of a cathode-ray
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oscillograph, as in Fig. 34 S. Voltages in the N-S loop move the spot
vertically while those induced in the E-W loop give a horizontal de-
flection. If the signal arrives from the east, a horizontal line appears
on the screen, of a length proportionate to the strength of the signal.
Tf the signal is from the north, a vertical line is formed. If the signal
arrives from the northeast, the spot is deflected simultaneously in both

Vertical Antenna

Phase Sense Amplifier Cat_lloggay
Shifter Superhet - Control grid
N-S N-S Amplifier
Loop Superhet - ]a Cathode ray
Deflecting
plates

Test ‘
Oscillator b
E-W E-W Amplifier >
Loop Superhet =

Fia. 34 S. A cathode-ray direction finder

directions and therefore travels along a line at 45° to the E-W or
N-8 line. If the signal arrives from some other direction, say more
nearly north, the voltages in the N-S loop will be greater than those in
the E-W loop, the spot will be deflected by a larger amount in the
vertical than in the horizontal direction, and will mark out a line on
the screen which literally points out the line of transmission and has
a length proportionate to the strength of signal.

In order to determine the direction or sense of the transmission
along this line, a non-directive single-wire antenna is mounted along
the vertical axis of the loops. Voltages from this are amplified and
applied to the control grid of the cathode-ray tube so as to change the
brightness of the light on the screen. The signal from the vertical
antenna is properly phased with the signals from the loops. Suppose,
then, that the signal comes in from the east, not from the west. The
E-W loop moves the spot into a horizontal line while the single-wire
antenna brightens it from the origin to the right and back again, but
dims or cuts it off entirely to the left of the origin.

Certain necessary adjustments must be made for proper operation
of this system. It is assumed that the X-plates give horizontal lines
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and the Y-plates give vertical lines. To test this point, a and b of
Fig. 34 8 are joined together and to a single alternating source. Then
the line on the screen will be formed at its true “ 45° 7 position (even
if the tube be rotated about its axis). A scale marked off in degrees is
then set with its 45° mark coinciding with the line. There are electri-
cal methods of setting the line at any desired angle: by keeping the
phases on @ and b the same, but changing their relative strengths. Fur-
thermore, the gain of the N-S and E-W amplifiers must be the same.
To be sure of this, a common test oscillator is used to inject equal volt-
ages into the two loops, at which time the line on the screen must appear
at 45°, or the gain of one of the amplifiers must be altered until it is at
45°, If the pattern is an ellipse instead of a circle, the N-S and E-W
units do not have the same time delay or phase relationship. (In fact,
the ellipses have been used as a means of studying phase shifts.) Phase
correction can be made by changing the capacitance of a condenser
connected across one pair of the deflecting plates. The test oscillator
should be applied to the input of the superhets, while the loops are
shorted ; then, with the loops in operation, in order to check for unsym-
metrical conditions in them. It will be found that “ closing the ellipse ”
is a sharper and better final check on the complete identity of the two
systems than the angle setting. One-half a degree phase difference will
noticeably open a straight line into an ellipse. Complete screening of
the test oscillator is essential,

To adjust the phase and magnitude of the control-grid voltage
from the vertical or “ sense ” antenna, the test oscillator is applied to
it, and to first one of the loops, then the other. The sense system is
altered in gain and phase until the line (E-W or N-S) is undistorted
and extends only from the origin (center of the screen) in one direction.
For the final checkup, all three systems are put into operation and a
test oscillator (not wired to any portion of the outfit) is moved around
the loops, while directions are observed on the screen. In this, and
in practical operation, the loops will need to be set by hand, with their
planes roughly at 45° to the oncoming signal. This is to prevent
the strong signal from the loop whose plane is more nearly that of the
direction of transmission, from becoming so great as to overload the
amplifier. Such distortion will give false direction readings.



CHAPTER 35
LONG-LINES

35.1 Introduction. In this chapter we shall consider systems of con-
ductors whose lengths are great in comparison with the wave-lengths of
the radio waves with which they are associated.

Much of the study of “ radio ” is concerned with the opposite case,
where the length of the conducting systems is very short in comparison

\=30,000 cm. AJ‘
% The Circuit \_/
e L
10 cm,

Fic. 35 A. A system of conductors is called a “ circuit ” when the wires in it are very
short compared with the wave-length of the radio waves

with the wave-length of the associated wave. In Fig. 35 A, the shaded
square represents any one of the conventional amplifiers, oscillators,
transmitters, or receivers which have been studied in the preceding
chapters. If one of the wires in it is 10 cms. long, while the radio wave-
length is 30,000 cms., corresponding to a frequency of 1,000,000 cycles
per second, then their ratio is 1 to 3,000. The term circuit is usually
used when this ratio is much less than unity, whereas the words long-
line are used when the ratio is considerably greater than unity. Later
we shall consider the case when the circuits and the waves are of com-
parable lengths; called short-lines or linear circuits.

Long-lines have two uses: (1) to transmit power with as little loss
as possible from one point to another, as from a transmitter to an an-
tenna or from an oscillator to an atom-smashing cyclotron or from a
telephone in one city to another in a distant city; (2) to serve as an-
tennas to radiate as much electromagnetic energy as possible. We
shall be concerned here more with transmission lines than with antennas.

291
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35.2. Types of Transmission Lines. One of the main problems in the
design of a transmission line is that there shall be as little loss of energy
as possible, either by radiation, or by heating in resistances or in neigh-
boring conductors or dielectrics. There are several types of transmis-
sion lines whose losses are small: (1) the open-wire line consisting of
two parallel wires; (2) the twisted-pair line of two insulated wires
twisted together; (3) the concentric cable or coaxial line, where a cen-
tral wire is mounted along the axis of a metal tube, (@) with insulating
spacers every so often, (b) with continuous rubber insulation along the
line (usually used with a flexible outer metal mesh) ; and (4) a single-
wire feeder, where radiation is kept low by keeping the current in it
small, the ground serving as the return wire.

X XX

Fra. 35 B. A transposed open-wire transmission line

In order that the losses shall be small, transmission lines have their
go and return wires very close to each other in comparison with the
wave-length. Then the magnetic and electric fields of one wire cancel
or nearly cancel those of the other and radiation does not occur in appre-
ciable amount.

For the open-wire line a spacing of 2 to 6 inches is used, the smaller
values at the higher frequencies.! In order that the line shall be elec-
trically symmetrical with respect to its surroundings, a transposition
system is sometimes used. This is illustrated in Fig. 35 B. The method
proves more useful on longer than on shorter lines, i.e., when the line
has a length greater than one or two wave-lengths.

35.3 Non-Resonant Transmission Lines. At the top of Fig. 35 C there
are two parallel wires extending from the generator at the input end at
the left to infinity at the right. The separation between the wires is
only a fraction of one wave-length. At a given moment, when the top
of the generator is positive and the bottom is negative, the electric and
magnetic fields at the left end of the wires will appear as in Fig. 35D,
the dotted lines representing the magnetic field. As time goes on, these
fields progress down the wires. Since they are set up by the moving

1 The open-wire line cannot be spaced so closely if considerable power is to be
transmitted. One must either use larger spacing, with larger wire to keep down
the impedance, or use an enclosed line under (gas, usually nitrogen) pressure to
avoid flashing and brushing,
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i ”Two parallel wires To infinity —-
-Zi y 2N, -
i \Spaced a fraction of one wave-length apart

Fic. 35C. A “long-line ” is long in comparison with the wave-length associated
with it

charges (currents) in the wires, they are constrained to follow the wires,
be they straight or curved. Thus a long-line may be thought of as, and
in truth is, a wave-guide.

As the electromagnetic field travels down the wires, the currents
which give rise to it also move down the wires, with the current in one
wire always flowing in the opposite direction to that in the other wire.
This follows from the simple fact that
the wires are hooked onto the opposite
terminals of the generator. Because the
magnetic field of one current is always
reversed from that set up by the other
current, a negligible amount of radiation
takes place. This is but another way of
saying that the wires, by preventing out-
ward radiation, serve as wave-guides. :

The outward prog.ression of energy igi'fggl)ds?;ﬁ;‘g t;‘;dpagﬁii
from the generator or input terminal of jires
the line may be represented as a sinus-
oidal wave, as in the central part of Fig. 35 C. The solid wave repre-
sents conditions at a given moment, a flashlight picture or instantaneous
view, while the dotted wave shows its position a short time later. If we
could observe the impulse as it moved down the line past a fixed point,
say P in the figure, we would find that the current had a maximum value
in one direction, decreased to zero, reversed its direction and increased
to a maximum, then dropped to zero, repeating a complete cycle once
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for each period of the generator. The current in the other wire would
do the same, but would always be directed oppositely to the first
one.

As the wave progresses along the line, some energy is lost in the
form of radiation, some in heating the wires, some in leaking through
the air or other insulation between the wires. This loss of energy takes
place “exponentially ” or “logarithmically ” along the line, and is
represented in Fig. 35 C by the gradual decrease in the amplitude of
the wave from left to right. Thus, on a long-line we have a damped,
progressive wave.

The velocity with which the wave progresses down the line is less
than that in free space; that is, it is less than 3 X 10" cms. per sec.
The numerical value of the velocity can be computed from the geometry
of the line and the nature of the conductors and dielectrics between the
conductors. The equation for the velocity is v = 1/V/ LC, where L and
C are the distributed inductance and capacitance of a one-centimeter
length of the double line. Formulas have been derived for L and C in
terms of the size of the wires, their magnetic properties, their spacing,
and the kind of insulation between them. Inasmuch as the frequency
of the generator is a fixed quantity, whereas the velocity along the wires
is less than that in free space, the wave-length A along the wires is less
than that in free space. Since the frequency of the oscillator is con-
stant, whether it sends its energy into the transmission line or out into
free space, we may write

f =L or, V=22
¢

=2
TN
For a long-line of the parallel wire type which we are considering here,
made of copper wires spaced from 2 to 6 inches apart, A’ is approxi-
mately 0.975)1 or, in other words, the wave travels down the wire at
about 97.5 per cent the velocity of light.

Although the amplitudes decrease as the wave goes out along the
line, the ratio of the voltage across the line to the current at any one
point in the line is the same as that at another point. This ratio is
called the characteristic impedance, Z,, of the line. Just as the velocity
of propagation is determined by the geometry of the line and the medium
between the conductors, so also we find that Z, can be computed in
terms of the “ line constants.” The equation is Z, = \/L/C. Values of
this important quantity are shown in Fig. 35 E. In this figure it will
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be noticed that it is possible to design a line by choosing the sizes of
the conductors and their spacing so as to obtain a desired characteristic
impedance anywhere from a comparatively small value up to several
hundred ohms.
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Fic. 35 E. Characteristic impedances of parallel wires and concentric cables with
air insulation. The impedance of a single wire transmission line is about 500 ohms,
that for a lamp cord is about 130 ohms. (Courtesy of “ Electronics,” page 48, Jan.
1942)

In practice, transmission lines are not infinitely long. However,
if a resistance numerically equal to the characteristic line impedance
is connected across the output end of a transmission line of finite length,
the line will act at its input end exactly like one of infinite length. A
wave which has traveled the length of the line will be completely ab-
sorbed in the terminating impedance. No reflection will occur at the

output end. The line is said to be non-resonant.
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The length of a line can be expressed in feet, meters, or other units.
Because of the vital importance of the relative length of the line and
the length of the radio wave, it is often given in terms of the number
of wave-lengths which, laid end to end, would reach from the input to
the output terminals. A little care is needed here, because the wave-
length of the waves along the line (A’) is somewhat shorter than that
of the waves radiated outwards into free space (A} as shown in Fig.
35 C. If I stands for the actual length of the line in feet, and f for the

Fi1c. 35 F. The actual or physical length of the line is 1, whereas I’ is its “ electrical
length ”

frequency of the generator in megacycles, then the number n of free-
space waves (each of length A) which could be used end to end to
measure [ is given by n = If/984. In other words, the physical length
of the line is I = 984/f. A line 984 feet long would be 10 wave-lengths
long if used with an oscillator whose frequency was 107 cycles per sec.
(A = 30 m.) and it would be 100 wave-lengths long for a frequency
of 108 (A = 3 m.).

Because the wave-length along the line is not that in free space,
but somewhat less, the “ electrical ”’ length is sometimes used. Refer-
ring to Fig. 35 F, we see in the lower part an imaginary line of such
length that the same number (n = 4) of shortened (A’) waves will fit
along it as the number of free-space waves (A) fit along the actual
line I. The electrical length of a line, in feet, is given by

o) (),
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where f is the frequency of the generator in megacycles, v is the velocity
of the waves along the wires, and ¢ is the velocity in free space.

The energy lost along a line can be expressed in decibels per unit
length (mile, meter, or free-space wave-length). The values given here
will be in db. per wave-length. For a transmission line we wish to lose
as little energy as possible, whereas with an antenna the radiation
“loss ” must be as great as we can make it. The following losses are
for transmission lines: non-resonant parallel wires, about 0.14; rubber
insulated twisted-pair or coaxial, about 1.00; dry lamp-cord, 1.4; dry
air-insulated coaxial, very small. Losses are directly proportional to
the length of the line. Thus a dry lamp-cord 3 wave-lengths long will
have a loss of 3 X 1.4 = 4.2 db.

35.4 Resonant Transmission Lines. Non-resonant lines are either so
very long that the energy has all been lost along the line before reach-
ing the end, or they are terminated by an impedance equal to that of
the line so that the energy is all absorbed in the load at the output end
and none is reflected. If, however, these conditions are not fulfilled,
the waves will be reflected, at least in part, from the output end and
travel back toward the generator. If the impedance of the generator
is the same as that of the line, the energy will be absorbed at this point.
But, if neither input nor output ends are matched to the line, the waves
travel back and forth repeatedly to set up a complicated system of
waves. This is analogous to moving a piston inside an organ pipe or
fog horn. If the length of the line, the pipe, or the horn, is adjusted
correctly so that a wave from the source starts out just when the return-
ing wave has reached it and is ready to travel down the system again,
the two waves will add to each other, crest for crest, trough for trough.
This reinforcement or resonance builds up a much greater final ampli-
tude than that of one wave alone. Under these conditions, the line is
said to be resonant to the generator and the waves along it are called
standing-waves. In this way the sounding board of a piano reinforces
the weak sound waves of the vibrating strings to make them easily
heard throughout the room. ,

When exact resonance has been produced along a line, it will be
found that the current at certain points is zero, and remains at zero at
all times. These are called current nodes. At other points, one-
quarter of a wave-length (A’, not A) away (halfway between the nodes),
the current will be & maximum. These are called current loops or anti-
nodes. The voltage across the line also varies from zero to a maximum
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and back again as one progresses down the line. The voltage loops
oceur at the same points as the current nodes, and the voltage nodes are
at the same place as the current loops.

When exact resonance has not been established, and it never is in
practice, the value of the current (or voltage) at a node is not exactly
equal to zero. The standing-wave ratio is the ratio of the current (or
voltage) at a loop to the value at a node. It is determined by the
terminal and by the characteristic impedances. It is equal to the char-
acteristic impedance of the line divided by the terminating impedance
or resistance, or the inverse, according to which gives a number greater

F A
S

F
F1a. 35 G. Lecher wires are used to measure wave-length (X)

than 1. A 500-ohm line terminated in a resistance of 50 ohms, or a
50-chm line terminated in a 500-ohm resistance, both have a standing-
wave ratio of 10. If the terminal impedance matches the characteristic
line impedance, the standing-wave ratio is unity, all energy passing
down the wire 1s absorbed at the terminus, and there is no reflection at
this point. A line in which the standing-wave ratio is about equal to 1
is said to be non-resonant. If this ratio is fairly large, the line is said
to be resonant. The losses of an air-insulated parallel-wire transmis-
sion line increase slowly from 0.14 db. per wave-length as the standing-
wave ratio increases from 1 to about 15, after which they increase
rapidly.

A transmission line may be used to measure the length of the waves.
In Fig. 35 G, an r.f. meter M, or a glow-lamp, is shorted across the line
and moved along until a maximum reading or glow is observed. The
location of this point can be made quite accurately because the peaks
are very sharp. M is then moved along the line to a second peak. The
distance between the two positions is equal to one-half wave-length.
Lines so used are sometimes referred to as Lecher wires.
35.5 Long-Wire Antennas. In transmission lines, the two conductors
are kept close to each other in order that their fields will cancel and
radiation will be kept to a minimum. With antennas, the conductors
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are separated from each other in order that as much radiation as pos-
sible can be secured. Figure 35 H shows the current distribution along
an antenna in which the wires have been opened up to the fullest extent.

Pt = P N Pt
T~

=\

Fic. 35 H. Current distribution along a center-fed 7/2-wave antenna

A quarter-wave resonant feeder is used to connect the antenna to the
transmission line. With proper connections, these antennas may be fed
from the end or from any of the points one-quarter wave-length apart
down the wire. Sometimes the conductors are not opened up fully 180°
from each other. The V and the rhombic or diamond antennas of Fig.
351 are of this type. The V antenna directs the transmitted energy

Fic. 351. “V” and Rhombie types of antenna

more or less sharply in both directions along the line bisecting the
angle between the wires, while the rhombic antenna is uni-directional
ag indicated by the arrow. Further discussion of the directive prop-
erties of antennas will be given later.



CHAPTER 36
SHORT-LINES

36.1 Introduction. In the 1880’s, Hertz carried out the first radio ex-
periments, with damped waves only a few millimeters long. For many
vears thereafter, the trend was to use longer and longer waves, up to
20,000 meters or more. During the past twoscore years, the reverse
trend has been followed, back again to the “ microwaves,” but with the
important difference that undamped waves are used and that the tubes
and circuits have been so thoroughly studied that accurately control-
lable and predictable operation can be obtained.

In this chapter we shall be concerned with the systems of con-
ductors whose physical lengths are comparable to the wave-lengths of
the radio waves. It is difficult to call these systems “ circuits” or
“lines ” in the conventional sense, so the term “ short-line” will be
used. As in the case of long-lines discussed in the preceding chapter,
short-lines may be designed either to prevent or to favor radiation. In
the latter case they are called short-antennas, while in the former they
are called linear-circuits (sometimes “ feeders”). In practice, both
types are operated in the resonant rather than the non-resonant condi-
tion.

36.2 Linear-Circuits. A linear-circuit can be made of two short parallel
wires or of a section of coaxial line, whose length is approximately
one-quarter, one-half, etc., the wave-length of the radio waves with
which it is resonant. The physical appearance is so simple that one
can easily miss the necessary fundamental principles involved in its
design. What we need is a system of conductors which:

1. will have the least possible radiation of energy,

2. will resonate accurately with the generator so as to build up the

voltages and currents to as large values as possible,

3. will have low ohmic, eddy-current, and dielectric losses.

In order to satisfy the first requirement, it is necessary that ad-
jacent conductors shall carry currents which at every point and at
every instant are out-of-phase with each other; one current flows to

300
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the left, while the other flows to the right. Suppose we had two hollow
pipes, side by side, and that you blow a puff of air into one of them
while I suck on the other pipe. The puff will move down the pipe and
so will the vacuum in the other tube. The air continually flows toward
the vacuum, trying to fill it, and, in so moving, creates a new vacuum
farther down the tube. The currents of air in the two pipes are flowing
in opposite directions. The positive terminal of the h.f. oscillator at
the left of Fig. 36 A draws (“ sucks ”) electrons to it, while the nega-
tive terminal drives them away. Thus the currents which start out

f< 2 >
—————— Current '
<—|~ ““““ -~ 1
——————— Volaze 2
—————— e 4
-~ = p—
T v
————— Current Voltage
Loop
Current
Loop
Fic. 36 A. Current and voltage distri- Fr1a. 36 B. Current changes along a
bution along a quarter-wave folded quarter-wave line during one cycle
resonant-line eircuit of the generator

from the end of the linear-circuit are 180° out-of-phase, and continue
80 to the end of the conductors. With suitable choice of the length of
the line and its terminations, standing waves will be produced as dis-
cussed previously in Sec. 35.4. Then, not only will the currents which
are reflected back and forth keep this out-of-phase relationship at all
points and instants, but also, by adding together in their to-and-fro
motions, will build up to very large values in the loops. In Fig. 36 A,
note that the voltage at the right-hand end of the wires is much greater
than that of the generator at the left end. Note that the currents are
greatest where the voltages are least, and vice versa. Also note that the
currents and voltages at all points along one of the wires are out-of-
phase with the corresponding values along the other wire. As time goes
on, the current in each wire at the input end passes from the maximum
value shown in Fig. 36 A to zero, to a reversed maximum, and back
again during each cycle of the oscillator. As shown in Fig. 36 B: at
the start, the currents are 1 and 1’ in the two wires; at the half-cycle
they are 2 and 2’ and are still out-of-phase with each other. Finally,
therefore, the currents in a quarter-wave resonant line are out-of-phase
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with each other not only at every point along the line but also at every
instant. Under these conditions, the magnetic and electric fields sur-
rounding the two conductors are always in opposing directions and the
radiation from the system is kept to a minimum.

The desirable condition of standing-waves can be produced with
short-lines which are any multiple of one-quarter wave-length long.
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F1a. 36 C. A short-line closed at Fig. 36 D. Tuning a short-line to an

both ends and resonating to its oscillator of fixed frequency

fundamental and overtones
One may start with a line of fixed length and vary the frequency of the
oscillator to find these ““ modes of vibration,” or one may use a generator
of fixed frequency and change the length of the line. Figures 36 C and
36 D illustrate these two possibilities. In Fig. 36 C, the frequency of
the source is supposed to be steadily increased; or the wave-length is
decreased. When the length of the wave (A) is twice that of the line
(1), the fundamental or first-harmonic mode of vibration is attained.
With the ends of the line shorted, as shown, the voltage at these points
is always zero, as indicated by the dotted (E) line. As the wave-
length is further shortened, a second harmonic standing-wave will be
produced when the line and the wave are of the same length. Then,
too, the voltages at the ends will be zero, whereas the currents will
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have maximum value. Figure 36 D shows a “ trombone ” line, whose
length can be progressively increased, while the frequency (f) of the
source remains fixed. The first three harmonic or resonant conditions
are shown in the figure.

The physical length of a short-line is never exactly equal to one-
quarter (or a multiple of A/4) because of end-effects and because the
waves do not travel along the wires as fast as they do in free space.
The effect of the velocity retardation has been discussed in the chapter
on Long-Lines. For a quarter-wave line, n = A’/4, so that, if the elec-
trical length is I/ and the physical length is I, we have I’ = (246/f)
(v/c) =1 (v/c), where f is the frequency in megacycles and the ratio
(v/c) has the following approximate values: for parallel wires, 0.975;
air-insulated concentric lines, 0.85; rubber-insulated concentric and
twisted pair, 0.60. The end-effects can be understood by referring to
Fig. 36 E. A voltage induced at point P must travel along the end-

Fi1e. 36 E. End effect on short-lines

shorting-bar before reaching the line itself. There is, then, a correction
equal to one-half the separation of the wires. Even this is not an exact
statement, for the bends in the wire distort the field from what it would
have been along a straight wire. We can only say that at a short-
circuited end, the correction is approximately equal to one-half the line
spacing. Similarly, a correction is needed at the open end. If a con-
denser is fastened across the open end, the correction can become com-
paratively large. When the wires are farther apart, the closed-end
corrections become larger, but the velocity -of propagation along the
wires becomes more nearly that of light; hence the equation and
numerical values given above serve well for practical purposes for
lines of the type shown in Fig. 36 E.

In order to keep the radiation to as small a value as possible, the
paraliel wires should not be farther apart, center to center, than 10 per
cent of the wave-length. Also, they must not be placed too close to-
gether in comparison with their diameter, for the following reason:
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The h.f. currents are confined to the skin of the conductors; their pene-
tration is only one one-thousandth of a millimeter at the ultra-high

‘l

frequencies (A = 10 m. or less). See Fig. 36 F. The fields of these cur-

rents extend throughout the space, not only

around the outside of the wires, but also inside

I.’ / the conducting layer. Outside, there may be

) / only small conduction or dielectric losses in the

/ / / insulation (air), but inside, the fluctuating

magnetic fields set up eddy currents which ab-

Fic. 36 F - End  view of g1} energy from the line and dissipate it in the
parallel wires which are too . . .

close together form of heat.” One obvious solution to this

difficulty is to use hollow tubes. In practice, at

the ultra- high frequencies, large copper tubes are used. They offer

large surface area (low ohmic losses), small internal losses, and desir-

able rigidity for stabilization of the line (both mechanical and elec-

trical).
In order to reduce the radiation of energy from parallel wires, they
can be enclosed in a metal shield, as in Fig. 36 G. Then the electric

M4

| |
. I\‘ /_q—"__“_\,_j
A e——
] —————r”
-;.- High impedance Short
Fia. 36 G. Metal box to shield a line Fi1e. 36 H. A concentric resonant-

line
field of the line does not affect neighboring eircuits; nor do external
fluctuating electric fields affect it. But the eddy currents set up in
the shield cause losses from the line; the more so the closer the shield
is to the line. The problem of shielding has been solved much more ele-
gantly by the use of concentric-lines, as in Fig. 36 H. The central
metal rod is one wire and the hollow metal tube is the other “ wire.”
Between the two, a standing-wave of electric and magnetic fields is set
up. Energy in this field which tries to radiate away is absorbed in the
outer cylinder; the eddy currents produce fields back into the inside
of the line. In other words, radiation losses are greatly reduced. Of
course, the eddy currents suffer ohmic losses, but only on the large
inner surface of the outer cylinder. The total loss in concentric cable
is appreciably less than in a corresponding length of open, parallel
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wire line. Another way of saying the same thing is that the @ of a con-
centric line is very high, as much as 15,000 or more.
Suppose we have a line which is one half-wave long, or any integrat——

multiple of a half-wave in length. Then the impedance, as measured
at the input end, will be equal to the impedance connected to its output
end. With a condenser at the output, whose reactance is given by
1/2xfC, the system will act capacitatively on the load, and with a value
equal to 1/2xfC ohms. With an inductance at the output, the system
will have an inductive reactance of an amount given by 2xfL. With
a pure resistance load (R), the input impedance will equal B ohms.

N4 A4 |

et

l
<0
| . T3
SOIE l Sourcel
l DR Ok D B__
! Q‘%ﬂ i -------- i

Fic. 36 I. A quarter-wave line as a “linear ” transformer

With a resonant LCR load, the input impedance will be a pure resistance
equal to R, because the capacitive and inductive reactances cancel each
other. In other words, a half-wave line acts like a one-to-one trans-
former.

With a line which is one-quarter of a wave long; or any odd mul-
tiple of a quarter-wave, the input impedance Z; is given by Z; = 2%,/ Z;,
where Z, is the characteristic impedance of the line and Z; is the output
impedance. The line acts, therefore, as an impedance-transformer
for coupling a source of one impedance to a load of a different imped-
ance. By introducing the source or the load at various suitable points
along the line, as in Fig. 36 I, adjustments can be made so as to match
the impedance of the source or the load. In these cases, the impedances,
looking into the line in either direction from the selected point, are
equal to each other. In Fig. 36 I, the left circuit is sometimes used to
feed an antenna (the load). The right circuit has been used to pro-
duce high output end-voltages in a cyclotron (the “ dees ” are at the
output end). In this case, tapping the fixed voltage of the source onto
the line at (b) gives a voltage distribution (B). Moving the tap closer
to the shorted end, the same voltage source results in the distribution
shown at (4) and hence gives much higher voltages at the open end.
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Fic. 36 J. Half-wave antennas

36.3 Short-Wire Antennas. The half-wave Hertz type of antenn.'a is
used extensively today. Figure 36 J shows the current distribution on
end-fed and center-fed half-wave antennas, together with the resonant
quarter-wave feeders and the coupling condensers and inductances.
The actual length [ of the wires in a half-wave antenna és some-
what less than one-half the wave-length of the radio wave in free space.
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Fie. 36 K. Non-resonant line  Fia. 36 L. Matching impedances with
feeders linear-transformers
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Tt is given jp feet by 1 = K/f, where f is the frequericy of the radio
waves in mgg%@ycles and K is a constant ranging from 468 to 462, the
larger value for frequencies below 30 Mec.,.the smaller values for ‘We-
quencies around 60 Mec.

The feeders may be one-quarter of a Waﬂength long, or any
whole number multiple of a quarter-wave. Series tuning is used when
the bottom of the feeder has high current and low voltage (low im-
pedance), as on the left side of Fig. 36 J. Parallel tuning is used when
the current is a minimum (voltage is a maximum) at the'bottom of the
feeder, as in the right-hand side of this figure. The end-fed antenna is
also called a ““ Zepp ” or voltage-fed.antenna. The center-fed system
is sometimes referred to as a current-fed system.

Non-resonant lines may also be used to feed from the transmitter
to the half-wave antenna. From top to bottom, in Fig. 36 K, they are
called: single feed, twisted pair, concentric, and delta matched feeders.
The adjustment of the antenna’s impedance (to be taken up shortly)
to that of the line can be accomplished by means of a linear-trans-
former, as in Fig. 36 L. The point at which the untuned line is attached
to the quarter-wave feeder is adjusted until all energy fed from the
line is absorbed into the antenna. The output impedance of the non-
resonant line is then equal to its characteristic impedance (see Long-
Lines). The lower system in Fig. 36 L is called a “ J ” antenna.

An antenna must radiate as much energy as possible in the form of
an electromagnetic wave. In the case of.a resistor, we have spoken
of its ability to dissipate energy in the
form of heat by using the term  resist- B\
ance ” (= watt-lost divided by current-
squared). Itis common practice to use a
fictitious “ resistance,” called radiation-
resistance, to measure the amount of ra-
dio power sent out from an antenna. All
other factors being the same, the greater
the radiation-resistance, the better the
antenna. The value for a half-wave an-
tenna in free space, measured at the cen- T L
ter of the wire where the current is Height above ground in weve-lengths
greatest, is 732 ohms. The value Iw©.36M. Radiation-resistance

. of a half-wave horizontal an-
changes as the antenna is moved closer to

tenna at various distances above
the ground, because energy reflected from  the ground LN
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the ground sets up voltages in the antenna. See Fig. 36 M. The value,
measured at the end of a half-wave antenna in free-space is approxi-
mately 2,400 ohms. Other losses from an antenna, such as those due to
ohmic resistance, corona discharge, and insulator losses are small, say
5 per cent of the power put into the antenna.

The half-wave antenna may be mounted vertically or horizontally.
With the wire straight up and down, it radiates (and receives) equally
well from all directions. When horizontal, however, it sends out more
energy (and also receives better) from the direction at right angles to

54°

A
A
2

Fie. 36 N. Top view of the field patterns of straight wire, horizontal, isolated an-
tennas of various lengths

the wire. The field patterns “laid down ” by isolated antennas, one-
half, one, and two wave-lengths long, are shown in Fig. 36 N. A line
from the center of the antenna to the curved “ lobes” is proportional
to the strength of the signal radiated in that direction. It will be no-
ticed that the half-wave antenna gives bi-directional, “ broadside ”
radiation. When a longer antenna is used, the radiation is broken up
into & whole lot of weaker radiations, scattered at various directions.’
In other words, if you want to direct the radiation (more or less
sharply), use a quarter-wave antenna, but if you wish to broadcast the
energy, use a longer one.

By combining half-wave antennas, at correct spacings and with
their currents properly phased, strong radiation can be obtained either
broadside to the array or in its line (“end-fire” systems). Figure
36 O shows the field patterns when eight vertical dipoles are used. In
the end-fire system at the left, the currents in adjacent dipoles are 180°
out-of-phase with each other and the pattern is fairly broad. At the
right of Fig. 36 O, the currents in all dipoles flow in the same direction
at the same time (in-phase) and a sharp broadside radiation takes place
on both sides of the antenna. Figure 36 P shows the top view (the dots)
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Fra. 36 O. Bi-directional patterns of vertical Frqa. 36 P. Unidirectional pattern
dipoles with half-wave spacings of vertical dipoles with quarter-
wave spacings

of a row of vertical dipoles spaced one-quarter wave from each other
and with currents in quadrature (90°) (max. in one, when min. current
in next wire). In this case, a broad beam is obtained, but it is in only
one direction, say east, and not along a line, say east-west. In Fig.
36 Q, the sharpness of the broadside antenna of Fig. 36 O and the uni-
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oe J
oe —_—
A—Lo@
2 [e)C]
T
3 Director
Reflector “Antenna (half-wave)
Fic. 36 Q. Sharp, unidirectional F16. 36 R. Use of para-
pattern, using parasitic wave re- sitic reflectors and direc-
flectors behind a broadside an- tors with a half-wave an-
tenna tenna

directional feature of Fig. 36 P have been combined by using tuned wire
reflectors one-quarter of a wave behind a broadside antenna. The
more dipole and reflector wires used, the sharper the beam and the
smaller the side lobes. Figure 36 R shows a half-wave antenna with
two parasitic elements. This system is directive towards the right, in
increasing amount as more and more directors are added (with the
same spacing).

36.4 Coaxial Line Filters. It is possible to build filter circuits (see
Chapter 7) out of resonant coaxial lines, of such a nature as to provide
comparatively sharp cutoff; to pass certain frequencies and suppress
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F1c. 36 8. A coaxial filter equivalent to a shunt impedance, Z

others. Figure 36 S shows the construction of a coaxial element which
is the equivalent of a shunting impedance, and Fig. 36 T shows a pos-
sible structure for a series impedance. The dimensions are such that
the branches operate essentially as quarter-wave resonant lines. Com-
binations of these elements have been used as high-pass filters in the
frequency range from 40 to 100 Mec. Obviously, the physical dimen-
sions will be less as the frequency is raised.
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Fig. 36 T. A coaxial filter equivalent to a series impedance, Z



CHAPTER 37
U.H.F. TRANSMITTERS AND RECEIVERS

37.1 Introduction. Now we are to consider the transmitters and re-
ceivers for use at frequencies higher than 30 megacycles, corresponding
to wave-lengths shorter than 10 meters. The division at 30 Mec. is en-
tirely arbitrary and must not be considered as a sharp boundary line.

The circuits used at the lower “ communications "’ frequencies and
at the ultra-high frequencies are very much the same, but the construc-
tional features change progressively as the frequency becomes higher
and higher. For example, the physical size of a grid condenser in a re-
ceiver is of minor importance at low frequency, despite the small
capacitance which exists between it and its surroundings (the grounded
chassis or shields). As the frequency increases, the reactance (1/2=fC)
of this shunting capacitance becomes smaller and smaller. Very high
frequency currents will be shunted to the ground in appreciable amount.
Then, the voltage on the grid of the tube will be small and the grid-
tuning circuit will be heavily loaded, have a low @, and poor selectivity.
In other words, the set will not operate properly unless the condenser
is made physically small and is kept well away from the ground.

At the higher frequencies, the size and relative location of every
part of a transmitter or receiver becomes of great importance.

Furthermore, as the frequency becomes higher, the capacitances
and inductances needed to tune the circuits become smaller and smaller.
A single, short, straight wire instead of a coil and condenser will be
sufficient if the frequency is very high because it has the necessary
distributed inductance and capacitance. There is capacitance between
every point on the wire and all of the objects which surround it.

It is to be remembered that, as the frequency increases, the cur-
rents travel more and more on the skin of the conductors. The resist-
ance can only be kept down by using conductors with large surface
areas. Large copper tubes, isolated from other parts of the circuit as
much as possible, are used both to maintain high @ and to give freedom
from mechanical vibration. Quarter-wave concentric lines prove to
be particularly desirable as tuning circuits at the very high frequencies.

311
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To build a transmitter for the very high frequencies (say 300 Mc.)
one needs to be as much a mechanic as an electrician; and the physieal
appearance of units, with their large metal tubes and concentric lines,
is very different from that of the units used for communication frequen-
cies where lumped inductors, capacitors, and resistors are connected
to each other by small wires.

In the ultra-high frequency region, the physical dimensions of the
circuits become comparable with the wave-lengths to be handled.
Standing-waves are common, with the result that the currents and volt-
ages are not of the same magnitude at one point in a wire as they are at,
another (see the chapter on Short-Lines).

|
! |
RF  [™ Mixer 10 Mc Mixer 455 Kc Second AF
amp. #1 i \F amp. #2 IF amp. detector amp. i

il |

Osc. | | Osc.

#1 | #2
|

< Converter # Communication receiver ————

Fia. 37 A. Block diagram of a 5-meter, double-superheterodyne receiver

As the frequency is increased to the order of one hundred million
cycles per second, the time for the electrons to travel from the filament
to the plate in a vacuum tube becomes an appreciable part of one cycle.
A voltage on the control grid may change the number of electrons flow-
ing to the plate, but this change will not affect the plate current until
some time later. Thus the transit time of the electrons can be thought
of as the equivalent of an inductive lag in an ordinary circuit. If the
time delay exceeds one-quarter of a cycle, it will act capacitatively.
The tube capacitances and the transit time effects can be reduced by
building tubes with smaller electrodes and by bringing out their leads
80 that grid and plate wires are distant from the cathode and from each
other. The “acorn” and “ doorknob ” tubes (954, 955, 316A, 368A)
are of this class.

37.2 U.H.F. Receivers. Superheterodyne receivers are used exten-
sively for frequencies up to 60 Mec. (A = 5 m.) and occasionally for
frequencies up to 100 Me. (3 m.). The customary procedure at 60 Me.
is to use two intermediate frequencies, as in Fig. 37 A. A converter
is employed to amplify the incoming signal and replace its carrier fre-
quency with an “ intermediate "’ value of say 10 Mc. (30 m.). Thisi.f.
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is then fed into a regular short-wave receiver tuned to the 10 Mc. Of
course, a special 1.f. amplifier tuned at 10 Me. (or other suitable fixed
- value) may be used instead of the usual r.f. stages of a regular receiver.
Since the f.m. and a.m. receivers differ only in the last i.f. and in the
detector stage, the addition of a converter to the regular set is all that
is required. The circuit of an excellent 56-mec. converter with an r.f.
amplifier is shown in Fig. 37 B.

w I.F. Output

6K8

Oscillator

u.htf L
Input -

.
+
N
[42]
o

r.f.c.g
+250
Super-regenerative circuits are often used for the reception of fre-

quencies from 100 Me. to 300 Mec. (3 m. to 1 m.). A circuit using a self-
quenched detector and two a.f. stages is shown in Fig. 37 C,

+250

Fic. 37 B. Circuit of an uwh.f. amplifier and converter

r.f.c. 8 mh,

Ant.%

AAA

1 meg.

F1a. 37 C. Circuit of an uwhf. super-regenerative receiver

At still higher frequencies, the circuits must be of the linear type
and the tubes must be of special design. Figure 37 D shows a quarter-
wave concentric line used as the grid-tuning circuit of a simple “ acorn ”
tube detector.*

* Circuit constants and constructional details for receivers and transmitters

like those of Figs. 37 B, C, D and E will be found in The Radio .Amateur’s Hand-
book and in The “ Radlo » Handbook,
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Fi1c. 37 D. An ultra-high frequency receiver using a quarter-wave concentric line
in the tuning circuit
37.3 An U.H.F. Transmitter. The circuit diagram of the uh.f. trans-
mitter of Fig. 37 E looks the same as though the unit had been built for
operation at much lower frequencies. There is a crystal oscillator
(lower half of the 7N7 tube) whose plate tank LC is tuned to twice the
fundamental frequency of the crystal. The r.f. voltages across LC are
fed through C, to the grid of the first amplifier (upper half of the TN7
tube). The h.f. is then coupled through a tuned transformer to the 7C5
Push-pull Amplifier
7N7 Amplifier 7¢5 Amplifier [

[ Vpwd L
T - [o] T
rfc.| \ w— ! I
a L 1-
X ¢ 1 ) I £
+275 I +275 +275 1275 =

Oscillator, Doubler

Fic. 37 E. Circuit diagram of an uh.f. transmitter

beam-power second-doubler amplifier and 1rom there to the neutralized
push-pull amplifier using an 815 double-beam-power tube. At the
ultra-high frequencies, the tuning condensers are small both electrically,
(10 to 100 pef.) and physically, but the coils, while small electrically,
are comparatively large in physical dimensions, the more so the higher
the frequency. Around 100 Me., for example, the 815 tank coil may
consist of a foot and a half of quarter-inch copper tubing bent into a
circle six inches in diameter, with a quarter of an inch spacing between
turns. This gives the completed transmitter an entirely different ap-
pearance from one operated at lower frequencies. At the higher fre-
quencies, the tank circuit of the 815 tube may well be replaced with a
parallel-line linear-circuit in order to attain lower losses and higher
output.
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37.4 The Use of Linear-Circuits in U.H.F. Oscillators. The use of a
quarter-wave parallel-wire line as a tuning unit has been discussed in
the chapter on Short-Lines, where it was pointed out that these “ cir-
cuits ” have comparatively high @ even at the higher frequencies.
Their great length (A/4) prevents their widespread use at lower fre-
quencies. But when the wave-length is only 1 meter or thereabouts,
the line has reasonable physical dimensions. And it is just in these
regions that the requirement of high @ becomes difficult to attain with
ordinary circuits.

L and C are distributed along
L and C are lumped this quarter-wave line

P
'1' Shorting Bar  C

(b) uw.h.t

Fic. 37 F. Comparison of low and high frequency ultraudion oscillator circuits

Our purpose now is to learn how to connect a quarter-wave line
to a vacuum tube to form an efficient oscillator for the production of
ultra-high frequencies. The student should now turn back to Fig. 14 E
and study the parallel-fed ultraudion oscillator circuit for a few min-
utes. Series feed is also possible, as in (a) of Fig. 37 F. The lumped
L and C of this circuit is replaced by the quarter-wave line of (b) for
wh.f. Compare (a) and (b) part by part. In general, the LC circuits
used in the various types of oscillators of Chapter 14 can be replaced
by quarter-wave lines.

In the u.h.f. oscillator of Fig. 37 F, large copper or brass tubes may
be used for the line. The lead wires to the tube are made as short as
possible. The shorting bar can be shifted along the line (within limits)
to change the frequency. The plate and grid leads are tapped onto the
line as close to the shorted end as possible in order that, for a given
voltage from the tube, the open-end voltage may be as high as possible.
The effect is shown in Fig. 37 G. High voltage at the open end means
strong electrostatic fields, and this means large electrostatic energy.
This is similar to the action of a large flywheel in stabilizing the rota-
tion of a machine. It results in frequency stability in the electrical
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case. On the other hand, if the tap is too close to the shorted end, the
energy from the tube may not be sufficient. Thus, if a loop of wire
is placed near the line to pick up energy for delivery to an antenna, the
power output may be so great that the feedback voltages of the tube
cannot keep the large storage “ tank " filled.

Same voltage P Then oscillations cease; the circuit is over-
f"i'“ tube o7 emmmTT loaded. In practice, the taps are shifted
.y LX- toward the shorting bar, with full load on,

- until oscillations cease. The tap is moved

______ back a little, or the power supply on the tube
o """ is increased until oscillations again take
~. Dplace. It might be added that the imped-
TF16. 37 G. The effect of tap- ance of the line is the same when looking in
ping onto a quarter-wave line  either direction from the taps.

close to the shorted end A small capacitance may be connected
across the open end of the line in Fig. 37 F. It is then necessary to
shorten the physical length of the line in order that its electrical length
shall remain one quarter-wave. The losses in the condenser lower the Q
of this tuning circuit appreciably. Inone application, the capacitance at
the open end consists of the “ dees "’ of a cyclotron. R.F. potentials of

f\

L A4 - } A4 .
—1iu—o
=0

Output
Shorting Bar Shorting Bar
= O+B

=~

Fra. 37 H. A tuned-grid, tuned-plate, push-pull wh.f. oscillator

the order of several hundred thousand volts have been built up between
the condenser plates (between the dees) by this method.

It will be noticed in Fig. 37 F, that the filament leads of the u.h.f.
circuit contain coils and condensers. The effective or electrical length
of this circuit is one-half wave-length. Then the FF terminals will
be at the same potential as that at the shorted end of the line. In
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practice, this condition is found by changing the coils until maximum
power output and stability are realized. In general, at the ultra-high
frequencies, it is necessary to tune not only the plate and grid circuits
but also the filament circuit. Usually, only two of the three circuits
are tuned with high-Q resonant lines.

Figure 37 H shows a push-pull circuit in which the grid and plate
circuits are tuned with quarter-wave lines, while Fig. 371 shows a

- Shorting Bar

Shorting Bar<,

II +B

- Output
Fr1e. 37 1. A tuned-filament, tuned-plate, push-pull uhf. oscillator

similar circuit with the filament and plate circuits tuned in this man-
ner. These circuits have the advantage of symmetrical structure and
increased power (two tubes). Furthermore, in Fig. 37 H, the grid line
is not loaded by the output and hence has a high-Q. A @ of 500 or
more is necessary in the grid circuit for good frequency stability,
whereas a @ of 12 or more is sufficient in the plate circuit. Hence, push-
pull circuits like that of Fig. 37J sometimes use a line in the grid

Lumped
LC tank

Quarter-wave line

Fie. 37J. A line-tuned-grid-tank, lumped-tuned-plate-tank, push-pull u.hf. oscil-
lator

circuit and a lumped LC tank plate circuit. It will be noticed in this
figure that the grid lead wires are made short by folding the quarter-
wave line. Further details of this type of oscillator may be seen in
Fig. 37 K.
There are two alternative ways of saying the same thing:
1. A circuit loses very little energy in the ohmic, hysteresis, eddy
current, dielectrie, or radiation forms;
2. A circuit has high-Q.
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F1e. 37 K. A push-pull 224 Mec. oscillator and its semi-schematic diagram.
(From The “ Radio ” Handbook, 8th edition)

The @ of a concentric line is generally higher than that of a parallel-
wire line because all energy remains in the concentric line whereas
some energy is lost by radiation from the “ open’ parallel-wire line.
Above 300 Me., the losses of the latter become appreciable and @ drops
rapidly with increasing frequency. The use of concentric lines becomes
essential.

Figure 37 L shows a tuned-plate, tuned-grid oscillator which uses
a concentric line to tune the grid circuit. Compare with Fig. 14 D, for
lower frequencies. The circuit of Fig. 37 L may be tuned by means
of condenser C or by the use of a sliding piston at the shorted end of

F1c. 37 L. A concentric line as the resonant element of the grid circuit of a tg.t.p.
oscillator
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the line. If a metal piston is used, great care must be taken that
spring contacts insure good contact with both the outer cylinder and

the central rod.
Figures 37 M and 37 N show the photograph and circuit of a com-

F1e. 37 M. Cut-away view of the G-R u.hf. oscillator. (Courtesy of the General
Radio Co.)

Counter
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F1o. 37 N. Schematic circuit diagram for the uh{. oscillator of Fig. 37 M
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mercial u.h.f. oscillator for the frequency range from 150 to 600 Mec.
(A = 200 to 50 em.). The frequency is changed by a variable piston,
and is marked on a scale along the top of the concentric line. A type
316A tube is used; 1 to 4 watts are developed, the smaller output at the
higher frequency.

Figure 37 O shows an uw.h.f. oscillator circuit for use up to 1,700 Me.
(wave-length about 17 cm.), while Fig. 37 P shows a ¢ door-knob ”’ tube
suitable for this circuit.

ih > p.c.
Fi!aﬁﬁg}itl\mg r ‘L%Fllament
Supply Supply

0-20 Ma D.C.

0-100 Ma D.C.
R.F. :I:
Output ==

(Coupled to Plate Lead +B
or Getter Spot)

F16. 37 O. Concentric lines are used to tune the filament, grid, and plate circuits of
a 368A “ door-knob ” tube

Fig. 37 P. Type 368A tube
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CHAPTER 38
MICROWAVES

38.1 Introduction. Radio waves whose length is less than approxi-
mately 1 meter are variously designated as microwaves, quasi-optical
waves, centimeter or decimeter waves, and hyper-frequency waves. In
the preceding chapter, a few oscillators were described which can pro-
duce these waves. In this chapter, additional methods of generating
microwaves will be described, together with a brief treatment of their
peculiarities.

38.2 Positive-Grid Oscillators. A type of oscillator was discovered in
1920 by Barkhausen and Kurz, which is variously known by the name
of B-K, retarding field, or positive-grid oscillator. It differs from the
usual oscillator in that the grid, instead of being negative, is positive;
while the plate, instead of being positive, is at the potential of the fila-
ment or somewhat negative thereto. A majority of the electrons from
the filament are accelerated toward the grid by its positive potential.
They pass through its meshes into the retarding field between the grid
and the plate and stop just before reaching the plate. Reversing their
direction, they are accelerated back toward the grid. As before, a
majority pass through the meshes and enter the retarding field between
the filament and grid. Again they stop, just in front of the filament,
and, replenished by a few new electrons from the filament, return
toward the grid. Thus the cloud of electrons oscillates back and forth
between the filament and the plate, picking up a few new electrons
from the filament and losing a few to the grid each eycle.

An explanation of the processes whereby the oscillating electrons
extract energy from the batteries and deliver it to associated high fre-
quency circuits is not at all easy to give. The exact mathematical
treatment is very complicated and does not assist greatly in the prac-
tical operation of the oscillators. Suffice it to say that, due to the
pendulations of the electrons back and forth about the grid, high
frequency oscillations are produced in a tuned circuit connected

322
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across the grid and the plate. A circuit of this type is shown in
Fig. 38 A.

The period of the oscillations which are generated is equal to the
time taken by the electrons for one complete excursion inside the tube.
Because the electrons travel very fast, this time is exceedingly small;

—

=+ \\\~|
—~=Hjifi »

Fic. 38 A. A Barkhausen-Kurz. oscillator circuit

}—

hence the frequency of the radio waves is very high. The resonant
circuits should, therefore, be of the linear-circuit type, as shown in
Fig. 38 A. The intensity of the oscillations can be increased by using
a double-ended tube, as in Fig, 38 B, where there are two wires from the
plate and two from the grid. These are taken out on opposite sides
of the glass envelope.

e e e e e

F1a. 38 B. Double tuning of a B-K oscillator

Peculiar non-harmonic oscillations are sometimes generated in
B-K tubes. They have been found to be due to parasitic oscillations
whose frequencies correspond to the natural electrical periods of the
electrode structures inside the tubes, such as the filament lead wires
and so on. These are, generally, of comparatively long wave-lengths.

The wave-lengths radiated from these oscillators are very short,
ranging from a few meters down to approximately 10 cms. If the grid
is equidistant from the filament and plate, and if the plate is at the same
potential as the filament, then the following simple equation can be
used to predict the wave-length A (cms.) of the oscillations:

D
= 1000 — ,
VE,
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where D is the inside diameter of the cylindrical plate, in cms., and
E, is the potential of the grid, in volts.
Referring now to Fig. 38 A, let us measure the wave-length pro-
duced as the condenser across the two parallel wires is moved outward
from the tube. The curve in Fig.
G-M 38 C shows that for a short distance,
marked B-K, the wave-length gen-
A erated is independent of the external
tuning circuit. Suddenly, however,
.~ Tube end the wave-length drops to a smaller
Distance along the parallel wires value, after which it rises along a line,
Fig. 38 C. Effect of moving conden- marked G-M, to its former value. In
ser C' of Fig. 38 A along the parallel the G-M condition, the external cir-
wires cuit obviously influences the oscilla-
tions inside the tube so that they take place differently than they did by
the pure B-K method. This operating condition was first discovered
in 1922 by Gill and Morell (hence the initials G-M). It is found in
practice that the G-M oscillations are not only shorter than the B-K
type but also are very much more intense. Their wave-length, how-
ever, is subject to changes in the external system, whereas the B-K
oscillations are determined exclusively by the voltages upon the given
tube.

B-K

)i

Fig. 38 D. A magnetron

38.3 The Magnetron. Figure 38 D shows a magnetron tube. This
consists of a cylindrical plate and axial filament in a highly evacuated
tube, located between the poles of a strong magnet. The filament, the
plate, and the magnetic lines of force are all in the same direction. In
the absence of the magnetic field, electrons from the filament travel
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outward to the plate, radially like the spokes of a wheel. With a small
magnetic field, the electron paths are curved. At a critical field
strength, the electrons just miss the plate. At this point the plate cur-
rent 7 suddenly drops to zero. This cutoff is indicated at H, in Fig.
38 E.

38.4 The Magnetron Oscillator. Let us suppose that the magnetic
field has been adjusted to the cutoff value described in the preceding

@/End % magnetmn\

i \'
L

Magnetic field —= 1 He H—

Fic. 38 E. Plate current ¢ of a magnetron as the magnetic field strength H is changed

section. It will be found that very high frequency radio waves are then
generated. Their frequency is determined by the time it takes an elec-
tron to move around a heart-shaped path, from the filament outward
toward the plate and back again toward the filament. This time-of-
running can be made very short by applying high voltages to the tube.
Of course, when two to three thousand volts are used to accelerate the
electrons, strong magnetic fields are required to curve the electrons suf-
ficiently that they just miss the anode. By using high voltages, strong
magnetic fields and very small-diameter anodes, however, the world’s
shortest undamped radio waves have been generated. These are just a
little under one-half centimeter in length.

The wave-length which will be generated can be predicted from
the following equation:

AH, — 13,000,

where A is the wave-length in centimeters and H, is the field strength in
oersteds. This is only an approximate equation, the constants ranging
from 10,000 to 16,000, according to the temperature of the filament,
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Figure 38 F shows a split-anode magnetron. The shaded area rep-
resents a tuned circuit. This can be sufficiently small for the short
waves generated that it can be built right inside the vacuum tube.
With the split-anode type of magnetron, the tuned circuit interacts
upon the electrons in such a way that they move along a spiral trajec-
tory, as indicated at the right of the figure. Magnetrons with three

el A
O

Fra. 38 F. The split-anode magnetron

’

four, five, and six slits have been constructed. The three-slit magne-
trons have been used to produce three-phase high frequency currents.
The electrons which return toward the filament often bombard it
with sufficient energy to raise its temperature appreciably and cause
the emission of a larger number of new electrons. Thus, just at the be-
ginning of the cutoff, the plate current can be made to rise in the man-
ner shown at (b) in Fig. 38 G. The intensity of the oscillations be-
comes increasingly great from (a) toward
(b) but so does the danger of burning out i b
the filament. Hence in practice, the tubes
are generally operated at a point just to
the right of (a). The intensity of the
oscillations can be increased very much,
either by tilting the axis of the tube to
about 5° from the direction of the mag-
netic lines of force, or by the addition of ¥ 38G. The effect (at a b)
X of electron bombardment of the
end-plates. An end-plate magnetron 18  flament
shown in Fig. 38 H, where it will be ob-
served that one of the end-plates is positive and the other negative.
The electric field between the end-plates causes the electrons to move
axially while they are executing their customary cireular motions. This
is the same net result as produced by tilting a simple tube in the mag-
netic field. Apparently, for maximum radio frequency output, the
electrons must not be allowed to accumulate around the filament after
their excursions to the plate and back. A more advanced magnetron
has been built in which the end-plates were divided up into a number

H
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of segments. Then, as the electrons rotated in their orbits while ap-
proaching the end-plates, they induced charges on the segments. The
resultant u.h.f. potentials are built up to considerable magnitude by
attaching linear circuits to the segments

The place of the magnetron in the present- day picture of miero-
waves can be simply summarized as follows: the tube will produce the
shortest known wave-lengths, but,
because of the necessary high volt-
ages and strong magnetic fields, it
is a comparatively heavy and cum- ¢
bersome unit.
38.5 Cathode-Ray Oscillators. — y
The Klystron. Let a parallel beam Y
of electrons, moving with constant
velocity, pass through two wire gy 33H. An end-plate magnetron
gauzes connected to a high fre-
quency oscillator, as in Fig. 38 I. The high frequency electrostatic field
between the grids is parallel to the electron stream and will accelerate
the electrons at one moment, retard them at another. We assume that
the change of velocity of the electrons produced in this manner is an
appreciable, but not too large, fraction of their original velocity. The
electrons which leave the grids at the higher veloeity will catch up with
electrons ahead of them, while those at lower velocity will be bunched

e > Metal grids
| g
Electron —»

ooooooooooolooo
beam

® 600 & 600 & 900 0 000 & 00—
——

‘V\\Bunched electrons/

Fia. 381. Velocity modulation of a cathode ray

with those behind. Thus the emerging electrons will be grouped to-
gether in bunches along the direction of motion. This is referred to as
velocity modulation.

If a velocity-modulated beam of electrons passes through two
gauzes, as at 2 in Fig. 38 J, the higher and lower speed electrons will -
induce different amounts of potential between the gauzes. These al-
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ternating potentials may be strengthened by an LC circuit tuned to
the frequency of the bunched electrons, i.e., to the frequency of the r.f.
generator at 1 in this figure.

Next, it is desired that the h.f. voltages of 2 in Fig. 38 J shall be
fed back to 1 in such a phase and strength that they will serve to re-
place the r.f. generator. Then, if energy conditions are satisfactory,?
a self-generating device will be available. Inasmuch as the electron
transit time down the tube is very small, it is obvious that the scheme is
useful at the ultra-high frequencies,

) “Buncher” *“Catcher"
Electr_oq gun 1 2

Ny —
N B
"ol Ryl

L
Fra. 38J. The principle of the klystron

We recall that, at ultra-high frequencies, the “ circuits ”’ should be
of the econcentric-line type in order that the losses shall not be too great,
i.e., that @ shall be high. As the frequency is raised higher and higher,
the distance between the inner and outer conductor of the concentric
line becomes more and more nearly comparable with the wave-length
involved. It is necessary to consider not only the length but also the
transverse dimensions, because standing waves can exist in the air be-
tween the inner and outer conductors as well as longitudinally. In fact,
the inner conductor can be removed, leaving only a hollow tube, and
still have suitable resonance conditions. Not only hollow tubes, but
many other shapes, such as spheres, ellipsoids, ete., have been used.
They are called cavity resonators. The electromagnetic field patterns
inside these systems are often complicated (they are in three dimen-
sions). Their study follows the same lines of reasoning used in the
study of the acoustics of rooms, where the sound waves reverberate
back and forth from the walls, floor, and ceiling. If the physical dimen-

1 The theory by which more energy is given up by an electron to the tuned

circuit than is given to it by the “ buncher ” is not easy to explain in non-mathe-
matical form.



329 CATHODE-RAY OSCILLATORS.— THE KLYSTRON 38,5

sions are properly chosen for the wave-lengths involved, three-dimen-
sional standing-wave patterns are set up which greatly strengthen the
sound intensity; and similarly strengthen the electric and magnetic
fields in the electrical case. Cavity resonators may be likened to three-
dimensional resonant short-lines, while the wave-guides (see later sec-
tion) are like long-lines.

Electron
path

"~~~ Doughnut shaped
cavity resonator

Fic. 38 K. A cavity resonator

Cavity resonators have been used as the tuning “ circuits ” of the
buncher and catcher systems, in the manner shown in Fig. 38 K. A
complete oscillator of this type, called a klystron, is shown in Figs.
38 L and 38 M.

----------- Feed bock
Buncher’. “‘Catcher”
Rhumbatron £ ““"Rhumbatron

777

i

VM s

’

i
Cathode-- =2 i

/ .

Y y 4
/ A

Control grig~==-%-—-- A Collector--+ Fing ¢

load

F1c. 38 L. Cross-sectional view of a klystron. (Courtesy of Electronics)

The method of feeding energy from the catcher to the buncher,
and also of removing energy to a load, such as an antenna, is shown
in Fig. 38 L. The distance between the grids of the buncher is made
less than the distance traveled by an electron in a half-cycle, i.e., less



38.6 MICROWAVES 330

than vA/2c centimeters apart, where v — electron velocity, ¢ = velocity
of light, A = wave-length generated. The grids of the catcher may be
spaced vA/4c cms. apart. The @ of the cavity resonators is approxi-
mately 1,000. Considerable power has been generated at microwave-
lengths as short as 10 cms. The klystron can also be used as an ampli-
fier and as a detector. '

Fig. 38 M. Photograph of a klystron (cutaway). (Courtesy of Electronics)

38.6 Wave-Guides. An electromagnetic wave, traveling outward from
a transmitter on the earth’s surface, is guided by a double layer of con-
ducting materials, i.e., the ground and the ionosphere, to curve and pass
beyond the bulge of the earth. Let us imagine that we shall build a
small scale model of this double conducting layer, out of sheets of tin,
galvanized iron, brass, or copper. We must use a tiny dipole antenna
and a very short wave-length. For simplicity, we shall not curve the
metal plates into spherical form but shall leave them flat. It might
profit us to keep the waves from spreading sideways, by using a second
set of plates at right angles to the first. This would give us a long
rectangular metal box which would confine the waves and, by reflecting
them back and forth, as in Fig. 38 N, force them to travel down the
length of the box. The waves would be guided; this is a wave-guide.
A cylindrical or an elliptical metal pipe may also be used.
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The iqnosphere

Transmitter Receiver

Dipole

radiator A metal box

The earth

Fia. 38 N. Two shapes of conducting surfaces which will guide electromagnetic
waves

It is necessary to understand that the same guide can operate with
several types or modes of vibration of the three-dimensional electric
and magnetic field patterns. Fig. 38 O shows various methods of feed-
ing energy into a rectangular wave-guide, together with the resultant
field patterns of the E,, and the H,, waves inside the guide. The elec-

Connection to

tscillator U\ 7. ’M
Coaxial JE ﬁ’:\\ W fr_‘?\ a
line E 11
Side view
—- Top
ol 2117 - R
g Top view
+ s orzaxmg
- 4
= _JI-J —— Electric intensity

~==Magnetic intensity

Hi2

Fic. 38 0. Methods of launching electromagnetic waves into a rectangular wave-
guide, together with the E;; and Hy; field patterns. (See references to Barrow at
end of chapter)

tric fields are shown by solid lines, the magnetic fields by dotted lines or
by small dots and circles. These are the patterns at a given instant;
actually, the waves are in rapid motion down the guide at velocities
somewhat less than that of light. In Fig. 38 P, the structures for launch-
ing waves down a cylindrical wave-guide are shown, together with the
corresponding field patterns, in the respective cases,
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F1a. 38 P. Various feeding methods and the resultant field patterns for a cylindrical
wave-guide. Electric lines of force, solid; magnetic lines, black dots when toward
observer, small circles when away. (See references to Southworth at end of chapter)

The same electrode structures shown in Figs. 38 O and 38 P can
be used for the reception of their corresponding waves, the oscillator
being replaced by a crystal or diode detector. Figure 38 Q shows a
detector mounted in a resonant cavity of a cylindrical guide for the
reception of H, waves. In order that the reception shall be strong,
the electrode used must not only be of the same type as that used at the

AUDIO OUTPUT

Fia. 38 Q. A receiver for the H! type of waves in a cylindrical guide. (Southworth;
Bell System Tech. Jr. April, 1936)
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transmitter, but it must also be oriented in the same direction. Differ-
ent types of waves may thus be transmitted down the same tube and
sorted from each other at the receiving end.

It is only possible to transfer energy down a wave-guide when the
wave-length is sufficiently short. As shorter and shorter wave-lengths
are applied to the end of a guide, a critical value or cutoff wave-length
is found. All waves shorter than this will pass down the tube, all
longer waves will not; the system acts like a high-pass filter. Table
38 A gives the equations for the cutoff frequencies. It will be observed

TABLE 38 A — CUTOFF WAVE-LENGTHS

Cylindrical Wave-guides Rectangular Wave-guides
A= A= When a = b
E* 131 dvie Bn —22 1414
a’ + b*
E, 0.82 dV ue E: _2ab 0.9 a
Via? + b
H, 0.82 dvue Hqn* 2b 20 a
2ab
H, 1.71 dv/ ue Hy vﬁ 141 a
a, b=inside height and width of
rectangle
d = diameter of pipe p=e=1
uwe = permeability and dielectric constant of material inside the guide. For air
p=e=1,

N = wave-length in free space. Inside the guide, the waves are shorter, due to
their lower velocity.

* Frequently used modes of vibration.

that the wave-length must be approximately equal to or less than the
opening of the pipe before energy will pass down the guide.

When sufficiently short waves are used that the guide is reason-
ably small and not too costly, wave-guides prove to be unusually satis-
factory as paths for electromagnetic energy because their losses can
be made smaller (by proper operation) than with other forms of con-
ducting systems. The loss of energy ini a wave-guide depends on the
mode of vibration and on the frequency. A typical attenuation curve
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is shown in Fig. 38 R. Also, the loss depends on the metal used in the
construction of the guide. In the case of an E, wave, the minimum
attenuation in decibels per mile, is as follows: copper, 1.9; aluminum,
2.5; lead, 6.5; iron, 45. The value of 1.9 just cited may be compared
with that of 8.3 for a two-and-one-half inch diameter copper coaxial
line, and of 25 for a No. 6-gauge open line,

|
a2t |
|

Attenuation in db per mile

N —

Min. attenuation

L 1 1 Il

16x10°
Freq.—>

Cut-off cycles /sec.

L 1 1
4x10%° 8x10"°

F1a. 38 R. Loss in a square wave-guide, H o waves

The same guide may be used for the simultaneous and independent
transmission of several waves. At the receiving end, short waves can
be separated from longer ones by using a constriction in the wave-guide,
or a diaphragm with a hole in it. Only waves shorter than that per-
mitted by the cutoff values of Table 38 A will pass beyond the con-
striction or hole. Also, filtering action may be accomplished so as to
pass one mode of vibration and restrict another. For example, if a
series of radial wires are mounted in a plane at right angles to the axis
of a cylindrical tube, the E, waves will be reflected whereas the H,
waves will pass through and continue on down the tube. If a series of
parallel wires are mounted transversely across the tube, H, waves will
pass through at one position of the wires but will be cut off when the
wires have been rotated 90 degrees. An examination of Fig. 38 P will
show that this filtering action occurs when the electric vector of the
electromagnetic wave is parallel to the conducting wires of the filter.

If the end of a wave-guide is left open, radiation will take place
into the space beyond the mouth of the guide. The end of the guide
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may be flared in a simple manner, as in Fig. 38 8, or in more compli-
cated fashions, such as the exponential horn, in order to obtain either
broadeast or highly directional radiation of microwave energy.

38.7 Properties of Microwaves. In many ways, microwaves act like
light rays. They can be focused with lenses made of wax or paraffin.

Closed end Exiting rod

Ground plate

Coaxial line to
apparatus

Adjustable sides

Fic. 38 S. An electromagnetic horn and its field patterns for various flare angles ¢-
(See reference to Barrow at end of chapter)

They can be refracted with prisms of these materials. They can be
reflected from large, plane sheets of metal, as light is reflected from
plane mirrors. Metal parabolas may be used to produce parallel beams.
(The maximum diameter of the parabola should be greater than two
or three times the wave-length if reasonably parallel beams are to be
obtained.) The waves can be diffracted by slits in metal surfaces.
Interferometers can be constructed for their use. In many ways, the
name quasi-optical is justified. On the other hand, microwaves will
pass through dry wood, whereas light waves will not. The dielectric
constant of pure water for 1-meter waves is around 80; it is around 1.3
for 1-centimeter radio waves and for light waves. Apparently the
electrical constituents of water molecules cannot vibrate faster than
about 1 billion times each second. Likewise, the elementary magnets or
“ domains ” of a piece of iron cease to follow an applied magnetic field
if the oscillation rate is of this same order of magnitude,
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PROBLEMS AND QUESTIONS

1.1 — A 1000-volt battery is connected between the filament and plate of the
vacuum tube shown in Fig. 1 B. Compute the velocity and energy with which
the electrons strike the screen. Compare your computed velocity with that
given in the graph of Fig. 1C.

1.2 — A moving electron has an energy of 500 e.v. What is its velocity in
cmg. per sec. and in miles per hour?

1.3 — Ten coulombs equal one “em.u.” of electricity. From the numbers
given in Sec. 1.2, compute the ratio of em.u. to electrostatic units. Compare
with the velocity of light and with the velocity of radio waves. This com-
parison led Maxwell to the prediction of radio waves in 1864.

2.1— A No. 14 copper conductor is 200 feet long, a second No. 14 copper

conductor is 600 feet long.

2.1a — How will the resistance of the second compare with the first?

2.1b — If the first has a resistance of 0.516 ohm, what is the resistance of the

600-foot length ?

2.1¢ — In general, how does the length of a conductor affect its resistance?

2.2 — The theory of metallic conduction tells us that the resistance of a con-

ductor decreases as the cross-section or area of the conductor increases. (The

mathematician calls this an inverse relationship.) No. 10 copper wire has a

cross-section of 10,400 circular mils (abbrev. CM.), while No. 16 has a cross-

section of 2,600 CM. (Both values are approximately correct.)

2.2a — How should the resistance of 500 feet of No. 16 copper wire compare

with that of 500 feet of No. 10 copper wire?

2.2b — If the resistance of 1,000 feet of No. 10 copper wire is 1 ohm, what is

the resistance of 500 feet of No. 16 copper wire?

2.3 — Copper wire is the kind most frequently employed in radio apparatus.

Discuss several reasons why this metal is used.

2.4 — A resistor of 4 ohms is used in the filament circuit of a vacuum tube to
- limit the current to 0.3 ampere.

2.4a — What is the voltage drop across the resistor?

2.4b— What is the power in watts dissipated in the resistor?

2.4¢c — If the battery voltage is 6.2 volts, what is the voltage applied to the

tube?

2.5 — Two 10,000-ohm, 1-watt resistors are connected in parallel.

2.5a— What is the effective resistance of the combination?

2.5b — What is the wattage dissipation of the two in parallel ?

2.6 — Two 5,000-ohm, 2-watt resistors are connected in series.

2.6a— What is the effective resistance of the combination?

2.6b— How many watts can the combination dissipate?

337
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2.7 — A 6,000-ohm, 10-watt resistor is connected in series with a 4,000-0hm,
10-watt resistor.

2.7a— What is the resistance of the combination?

2.7b — If 40 milliamperes flow through the combination, determine the volt-
age drop across each and the power dissipated in watts by each resistor.
2.8 — The two resistors of 2.7 are connected in parallel and 40 ma. flow into
the combination.

2.8a — What is the resistance of the combination?

2.8b— What is the voltage drop across the parallel circuit?

2.8¢c — What current flows in each branch?

2.8d — How does the sum of the branch currents compare with the current
flowing into the combination?

2.8¢ — What is the dissipation in watts of each resistor and of the combination ?
2.9 — A 5,000-ohm, 10-watt variable resistor is used in a certain experiment
to regulate current.

2.9a — What is the maximum safe current when using all the resistance ?
2.9b — What is the maximum safe current when using 2,500 ohms of the
rheostat? (Hint: Half the resistance means half the wattage rating. Why?)
2.10 — What is the voltage drop across the rheostat under the conditions stated
in 29?

2.11 — Show the most economical connection for the filaments of three type-
807 tubes (6.3 volts at 0.9 amp.) and 1 type-6C8 (6.3 volts at 0.3 amp.) if
they are to be operated off 32 volts d.c. Determine the proper values of all
resistors employed.

2.12 — The battery supply-leads to a transmitter have a total resistance of
0.0125 ohm and carry a current of 65 amperes. (a) Calculate the voltage drop
in the leads. (b) Caleulate the power loss in the leads.

2.13 — Four resistors are placed in parallel. The first has a resistance of 36
ohms, the second a resistance of 30 ohms, the third a resistance of 16 ohms,
and the resistance of the fourth is unknown. The current through the entire
circuit is 7 amperes, through the 16-ohm resistor it is 2.5 amperes. Determine
the value of the unknown resistance and the currents through the branches.
2.14 — The combined resistance of two resistors in parallel is 750 ohms. One
has a value of 1,200 ohms. What is the other resistance?

2.15 — A broadcast station increases its power from 50 kw. to 500 kw. Deter-
mine the power increase in decibels.

2.16 — An amateur has a transmitter which produces an antenna current of
1.3 amperes. He rebuilds his transmitter and then obtains an antenna current
of 3.1 amperes. Determine the gain in decibels. The antenna remains the
same.

2.17 — An audio transformer has a 3-to-1 turns ratio. If 0.4 volt is applied to
the primary, determine the db. gain of the transformer.

2.18 — The output of a receiver is 2 watts into a 600-ohm load. A second
receiver with the same input delivers 5.3 watts into a 2,000-ohm load. What is
the qutput level of the first receiver with respect to the second? What is the
output of each receiver with respect to 6 mw.?

2.19 — An amplifier has a rating of 12 watts output and a gain of 60 db.
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Calculate: (a) output level, (b) input level in db., (¢} input power in watts,
(d) If the input and output impedances are 250 ohms, determine the voltage
gain in db., (e) the power gain in db.

2.20 — A carbon microphone has an output of 10 millivolts and a condenser
microphone has an output voltage of 0.5 millivolt, both measured across equal
impedances. Determine the level of the condenser microphone with respect
to the earbon microphone.

2.21 — A thermocouple-galvanometer has a scale of 100 equal divisions. Its
resistance is 4.5 ohms and full scale deflection current is 125 ma. Determine
the current when the meter deflection is 35 divisions.

3.1 — What is the practical unit of capacitance?

3.2 — When is the microfarad used in radio work? What is the symbol ?

3.3 — When is the micromicrofarad used? What is the symbol ?

3.4 — Why are air dielectric condensers physically so much larger than equiva-
lent capacitance mica or paper dielectric types?

3.5 — Show various symbols which would appear on a schematic diagram for
a variable eondenser and a fixed condenser for the following types: variable
air, variable air split-stator, compression-type variable mica condenser, fixed
mica or paper condenser, fixed electrolytic condenser,

3.6 — What is the praectical unit of inductance?

3.7 — When are the millihenry and the microhenry used?

3.8 — What is the symbol for a fixed air-core inductance, an air-core tapped
inductance, an iron-core inductance?

3.9 — What types of windings for inductances are employed principally for
radio work?

3.10 — What is meant by the term “ Time Constant ”?

3.11— What is the time constant for an R-C circuit of 005 ufd. capacitance
and 0.5-megohm resistance?

3.12 — What is the effect on the T'C of increasing either R or C?
3.13 — When testing iron-core filter inductances with an ochmmeter (a milli-
ammeter, resistor, and low-voltage dry battery in series), it is frequently ob-
served that the needle on the meter changes quite slowly. Comment on this.
3.14a — Two coils, well shielded from each other, are connected in series. One
has an induetance of 250 ph., the other an inductance of 120 ywh. What is the
inductance of the combination?

3.14b — The coils of problem 3.14a are connected in parallel. What is the
effective inductance of the combination?

3.15 — A condenser of 600 ppf. is connected in parallel with one of 400 ppf.
3.15a — What is the capacitance of the two together?

3.15b — If these condensers are charged across a source of 100 volts, what is
the charge in coulombs in each?

3.16 — The two condensers of problem 3.15 are connected in series across the
same 100-volt source. (The leakage is neghglble )

3.16a— What is the capacitance of the series combination?

3.16b — What is the charge in each condenser?

3.16¢c — What is the potential across each condenser?
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3.17 — Show by means of a cketeh how you would conneet four 0.002-.fd.
condensers to obtain a resultant capacitance of 0.002 ufd. This arrangement is
sometimes used in transmitters. State several reasons why it is a useful device.

4.1 — A 4-pole alternator rotates at a uniform speed of 600 r.p.m. Determine
the output frequency in cycles per second.

4,2 — An a.c. motor operating on 60 cycles per second rotates at the rate of
3,600 r.p.m. Determine the number of poles.

4,3 — What is the least number of poles that an a.c. synchronous motor can
have to operate on 60 cycles?

4,4 — What is the effective value of a sinusoidal a.c. voltage which can pro-
duce the same degree of lamp brilliance as a 120-volt d.c. source produces?
What is the maximum value of this a.c. voltage? What is the average value of
the a.c. voltage averaged over the complete cycle? Why?

4.5 — Make a sketch showing an a.c. voltage in phase with an a.c. current.
4.6 — Make a sketch showing an a.c. voltage leading an a.c. current by 30°.
4.7 — Make a sketch showing an a.c. current leading an a.c. voltage by 60°.
4.8 — A radio-frequency ammeter, measuring sinusoidal current, reads 11.5
amperes. What is the peak value of this r.f. current?

4.9 — A peak-reading voltmeter reads 156 volts. Determine the effective value
of this voltage, which is known to be sinusoidal.

4,10 — Make a sketch of a wave which has a peak value of 100 volts but whose
effective value cannot be 70.7 volts.

4.11 — Make a sketch of an a.c. current whose value, averaged over a cycle,
cannot be zero.

4.12 — Make a sketch of an a.c. wave whose peak and effective values are
identical.

4.13 — Make a sketch of a series of unidirectional pulses, each a half sine-
wave in shape, and indicate as nearly to scale as you can the average value.

5.1 — A 5-ufd. condenser is used as an a.f. “ bypass ” condenser. What is its
reactance at 100 cycles and at 4,000 cycles?

5.2 — What is the reactance of a 0.01-ufd. condenser at 456 kilocycles? At
3 Me.?

5.3 — Determine the reactance of a 3-henry choke coil at 120 cycles and a
120-ph. coil at 3 megacycles.

5.4 — Coils for use at radio frequencies are often “ doped ” or dipped in wax
to impregnate them. What effect will this have on the coil @ (= Xu/R) and
the distributed capacitance?

5.5 — A coil has a reactance of 40 ohms and a resistance of 30 ochms. Deter-
mine the impedance of this coil.

5.6 — A condenser of 10-ufd. capacitance is connected in series with a 100-ohm
resistor across a 50-volt, 1,000-cycle source. Find the circuit impedance, the
circuit current, the voltage drop across the condenser, and the voltage drop
across the resistor.

5.7 — A vacuum tube has both d.c. and a.c. in its output. Show by a sketch
how a coil and a condenser could be used to separate the a.c. from the d.c.
5.8 — A coil has an inductive reactance of 100 ohms and a resistance of 10
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ohms. Determine the impedance of the coil. How does this value of impe-
dance compare with the coil reactance? .

5.9 — Under what conditions may the resistance of a coil or a condenser be
neglected in comparison with its reactance value? (Hint: the answer to problem
5.8 will help.)

5.10 — What factors influence the voltage ratio of an iron-core transformer?
What is the relation between the primary current and the secondary current
in a voltage step-up transformer? Express the voltage and current ratios as
a statement that the two ratios are equal.

5.11 — Since the magnitude of impedance can always be expressed by |Z] =
E/I, state why a transformer may be regarded as an impedance-changing
device.

5.12 — A transformer is wound with 20,000 primary turns and 200 secondary
turns. What is the impedance transformation ratio of this transformer?
5.13 — A certain vacuum tube requires a load impedance of 7,000 ohms and
is to operate a 10-ohm permanent-magnet type loudspeaker. What is the
proper turns ratio for the “ matching transformer ”?

5.14 — The voltage across a 2.5-ohm voice coil with a 400 cycle-sinusoidal
voltage is 1.5 volts rm.s. (a) How much power is supplied to the voice coil ?
(b) What is the peak value of the a.c. voltage?

5.15 — Why is an ordinary low-frequency a.c. ammeter or a.c. voltmeter use-
less at radio frequencies? What type of meter is used at radic frequeneies?
What is the principle upon which it operates? Make a neat sketch of the
scale of a 0-3 ampere radio-frequency ammeter showing the positions of the
0-, 1-, 2-, and 3-ampere positions.

6.1 — A series circuit has a 253-ph. inductance and 100-ppuf. condenser. The
radio frequency resistance of the coil is 8.2 chms. One volt is applied to the
circuit. . :
6.1a — What is the resonant frequency of the ecircuit?

6.1b — What is the circuit @?

6.1¢c — What is the voltage appearing across the condenser at resonance?
6.1d — What is the voltage across the.coil at resonance?

6.2a — If the coil and condenser of problem 6.1 are connected in parallel, what
is the resonant impedance of the combination ?

6.2b— 1,000 volts at the resonant frequency is applied to the parallel cir-
cuit. What is the current through the coil and what is the current through the
condenser ?

6.3 — A parallel circuit, resonant at 1,000 cycles, is required. A 0.2-pfd. con-
denser is available. What value of inductance will be required for this circuit?
6.4— The output circuit for a transmitter has an inductance of 4.2 ph. in
one branch and a capacitance of 120 uuf. in the other branch. When the cir-
cuit is properly loaded, the resistance in the inductive branch is at 10 ohms.
6.4a — At what frequency is the circuit resonant?

6.4b — What is the impedance of the parallel circuit when loaded?
6.4c — When the load is removed from the circuit, the resistance in the in-
ductive branch becomes 0.8 ohm, What is the impedance of the circuit un-
loaded?
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6.5—A coil has an inductance of 180 ph. and a resistance of 10.2 ohms at
1,200 ke. Determine the coil @ at this frequency.

6.6 — A coil has an inductance of 2.5 henries and a resistance of 2,000 ohms
at 400 cycles. Determine the @ of this coil.

6.7 — Determine the resonant frequency of a coil of 200 yh. in series with a
0.0002-yfd. condenser.

6.8 — What value of coil is required to resonate with a 25-yuf. condenser at a
frequency of 15 Me.?

6.9 — The minimum capacitance in a tuned-circuit, tuned by a variable con-~
denser to cover a band of frequencies beginning at 1,700 kc., is 40 uuf. The
maximum capacitance is 400 puf.

6.9a — Determine the inductance of the coil required.

6.9b — Determine the frequency range covered by the coil and condenser.
6.10 — A “ wave trap ” may be either a series or a parallel resonant circuit.
When such a series trap is connected across the input of a receiver, and tuned
to an interfering signal, the interference is considerably reduced. A 10- to
250-puf. variable condenser is available. Determine how much inductance
would be required to trap out an interfering signal on 1,420 ke. and discuss
the action of the wave trap. Comment on the reasons for your choice of L
and C values.

6.11 — A certain antenna circuit looks like a 20-ohm resistance and a 200-ohm
capacitive reactance at a frequency 3,105 ke. Determine the inductance re-
quired to resonate the antenna circuit. If this circuit has induced in it from
the transmitter a voltage of 50 volts, what will the antenna ammeter read at
3,105 ke.? How much power will be delivered to the antenna ?

6.12 — Why are quartz crystal resonators used in receiving apparatus? By
means of two curves, compare the selectivity of an ordinary tuned circuit with
that obtained when the crystal filter is introduced.

6.13 — What factors affect the sharpness of resonance of a tuned circuit?
What determines the value of the current at resonance in a series resonant
circuit? Why is a high ratio of L to C desirable in a tuned circuit? What
factor or factors control the practical limit of the L/C ratio?

6.14 — Under what conditions does a series circuit present minimum impedance
which is entire resistance? At what frequencies will it present inductive re-
actance and at what frequencies will it present capacitive reactance? At what
frequencies is the current almost solely determined by the reactance?
6.15 — Under what conditions does a parallel circuit present maximum im-
pedance entirely resistive? At what frequencies will it present inductive re-
actance? At what frequencies will it present capacitive reactance ?
6.16 — Any inductance coil has distributed capacitance. Can you show that
any coil will have an apparent inductance greater than its true inductance
at certain frequencies, that it may appear as a pure resistance at certain dis-
creet frequencies, and as a capacitance at other frequencies?

7.1 — When a coil used at radio frequencies is placed inside a shield: What is
the effect on the coil’s inductance? What is the effect on the coil’s resistance?
What is the effect on the distributed capacitance?
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7.2 — At af., the use of non-magnetic materials for coil shielding is practi-
cally useless, while at radio frequencies the use of non-magnetic materials such
as copper or aluminum is required. Explain why this is so.

7.3— An rf. shield with seams of high resistance running lengthwise of the
shield is very detrimental, while the same type of seam running around the
shield has little effect on the shielding. Account for this behavior.

7.4 — Indicate by a diagram how you would connect coils and condensers
to make a n-type low-pass filter, a high-pass “ T "-type filter.

7.5 — What class of filter would you employ to separate a zero frequency
(d.c.) eomponent from a number of a.c. components?

7.6 — What class of filter would you use to separate an r.f. component at
3,500 ke. from an a.f. component at 5,000 cycles?

7.7 — Show by a diagram how a low-pass x-type filter, with cutoff frequency
of 3,000 cycles, could be combined with a high-pass =-type, with cutoff of 2,000
cycles, to pass a band of frequencies approximately 1,000 cycles wide. Explain
why the effect is “ band pass.”

7.8 — Show by the use of a diagram how a low-pass T-type filter and a high-
pass T-type could be connected to eliminate a band of frequencies from 1,500
cycles to 2,000 cycles but pass all other frequencies from 100 to 5,000 cycles.
Indicate the approximate cutoff frequency of each type and explain the op-
eration.

7.9 — When is more than one filter section required?

7.10 —1If one filter section provides an attenuation of 60-to-1 of an unde-
sired voltage, how much attenuation will two similar filter sections provide?
7.11 — A low-pass filter working from 5,000 ohms into 5,000 ohms is to cut
off at 4,000 cycles and be of the z-type. Determine the values of L and C
required.

7.12 —Determine the constants for a T-type high-pass filter to cut off at
5,000 cycles working from 100,000 ohms into 100,000 ohms.

8.1a — What is the distance in feet from “ crest-to-crest ” of a wave-length of
4,000 meters, 500 meters, 200 meters, 40 meters 7.5 meters and 20 centimeters?
8.1b — Determine the frequency in kilocycles for each, of the above wave-
lengths.

8.2 — What is the wave-length in meters of a 2,000-ke. wave? Of a 7-Me,
wave, of a 120,000-ke. wave, of a 5,000-Me. wave?

8.3a — A certain antenna acts in such a way that each meter of its length is
equally effective in having a voltage induced in it by a passing wave. If it
has induced in it a voltage of 72 pv. and has a length of 8 meters, what is the
field strength?

8.3b — If this antenna is connected to a receiver, what voltage will appear
at the receiver input posts if the field strength of a broadcast station at that
locality is 0.4 millivolt per meter?

8.4 — What is the effect on the operation of an antenna when its electrical
wave-length is the same as that of a passing wave?

8.5 — Suppose that a transmission line is 4 wave-lengths long and that energy
18 sent down the line. The end of the line is open circuited. Comment on
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the distribution of voltage and current on the line for this open cireuit con-
dition. ]

9.1 — What part of the radiated wave energy is a low-frequency radio tele-
graph or a broadecast station particularly interested in? Why?

9.2 — Explain why the ionosphere is useful for radio communication.

9.3 — What approximate frequency band is useful for long-distance, low-power,
daytime communication? Night-time? Do the seasons affect the useful fre-
quencies? Illustrate.

9.4 — How can fading in the broadcast band, at distances approximately 70
miles from the transmitter, be explained?

9.5 — How does fading probably oceur on the high-frequency bands where
only the sky-wave is received ?

9.6 — State several striking differences between transmission on 7,000 ke.
and 60,000 ke.

10.1a — Under what conditions will the anode current be independent of
anode voltage in a high-vacuum tube?

10.1b — Under what conditions will the anode current be dependent on the
anode voltage? :

10.2 — What is meant by “ space charge ”? In the presence of space charge,
where is the most negative space in the tube?

10.3 — What type of cathode is most commonly used in receiving tubes and
some low-powered transmitting tube types? What type is most frequently
used in most glass envelope transmitting types and what type is used in high-
power types? Discuss the probable reason for this.

10.4 — Which type of filament can be damaged by overload? What can be
done in some cases to repair this condition? What is this process called ?
10.5 — Distinguish between direct and indirect heating of the cathode. What
class of tubes mostly employ indirect heating of cathode. Where would you
expect to find practically all types directly heated? What advantages are
possessed by indirect cathode heating?

10.6 — What is meant by “ cathode leakage”? In what tube types would it
be found ?

10.7 — Suggest a possible condition whereby a meter inserted in the anode
circuit might indicate a direction of electron flow opposite to that ordinarily
expected. Account for this behavior.

10.8— Why must thoriated tungsten filaments be operated at specified volt-
age whereas the filament voltage on the other types is not so critical?

11.1 — A half-wave, single-phase rectifier tube is used with a condenser-input
type of filter. The r.uns. value of the voltage is 117 volts. Why is the peak
inverse voltage applied to the tube considerably greater than the peak value
of the peak a.c. voltage from the supply source? What is the greatest value
that the peak inverse voltage could attain?

11.2 — A full-wave, center-tap single-phase rectifier uses a transformer and
an 80-type tube. The rectifier operates into a »-type condenser-input filter.
The r.ans. secondary voltage per half is 300 volts. Represent the load by a
5,000-ohm resistor.

11.2a — Make a diagram showing the apparatus properly connected.
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11.2b — Trace the current flow for each alternation and show that the cur-
rent in the load is unidirectional.

11.2¢ — Make a diagram to show why the current through each half of the
rectifier is peaked and explain why it flows for less than half the time per
alternation.

11.2d — Explain in your own words the purpose of each filter element (ie.,
choke and condensers).

11.2e — State why the output voltage will increase as the load current de-
creases and why the output voltage decreases as the load increases.
11.2f — What factors will influence the regulation of the output voltage?
11.3 — Why is a three-phase rectifier system preferable to a single-phase full-
wave rectifier system in higher power units?

11.4a — What are the two principal types of vibrators? -

11.4b— Why is the polarity of the supply voltage very 1mp0rtant for one
type but unimportant for the other?

11.4¢c — Make a schematic circuit diagram for each type and explain the op-
eration.

11.4d — State the important points in the care and maintenance of a vibrator
power supply.

11.5 —D.C. core saturation of the transformer secondary is a limitation in
the operation of a half-wave rectifier. How is this limitation removed in the
full-wave connection ?

12.1 — In general, how would you determine the cutoff bias for a triode tube?
12.2a— From the characteristic curves for a typical triode tube, determine
the amplification factor graphically.

12.2b — Also determine the a.c. plate resistance.

12.2¢ — From these two, determine the transconductance.

12,3 — What feature of the I,-E, characteristic curves indicates whether the
tube has relatively high or low plate resistance?

12.4 — What is meant by the “linear portion ” of the characteristic?

12.5 — Under what conditions may the so-called “ static ”’ characteristic curves
for a tube be considered as the “ dynamic ” characteristics?

12,6 — Which of the tube constants g, 75, gm, gives the maximum voltage am-
plification most readily? Why?

13.1 — State the characteristics of “ Class A ” operation.

13.2 — What are the important factors affecting the input capacitance of a
triode tube ?

13.3 — One stage in a two-stage resistance-coupled amplifier has a measured
gain of 60, and a second has a gain of 12. What is the total voltage gain of the
amphﬁer‘?

13.4a— A d.c. meter 1nserted in the plate circuit of a Class A amplifier, with
proper bias and excitation, will show negligible change in reading. Explain.
13.4b—If the bias is excessive, the meter will show an increased reading
with normal excitation. Explain.

13.4c — Simularly, with too low bias, the meter will show a decrease with
normal excitation. Explain.
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13.5—Make a diagram, with time as horizontal axis, to show the instan-
taneous relations in the grid and plate voltage. Use a sinusoidal a.c. com-
ponent of excitation and show (not necessarily to scale) the average bias
voltage, the excitation voltage, the average plate voltage, the instantaneous
plate voltage, the average and instantaneous plate current. From this diagram,
chow that the a.c. voltage in the plate circuit is 180° out of phase with the a.c.
grid voltage.

13.6 — Explain in your own words why the omission of a cathode bypass con-
denser will decrease the gain of a stage.

13.7 — What is the essential difference between Class A power amplifier tubes
and Class A voltage amplifier tubes?

14.1 — State in your own words how you distinguish a Hartley type oscil-
lator circuit from a Colpitts type.

14.2 — What is the principal function of an oscillator ?

14.3 — What is the effect on oscillator operation of an excessively high value
of grid-leak resistor?

14.4 — A pendulum clock has a pendulum, a main spring, and escapement
movement. An oscillator circuit comprises a tube, an L-C circuit and a “B”
battery. Pair up the analogous parts.

14,5 — Make a schematic diagram of a tuned-plate Hartley-type oscillator em-
ploying a 6J5GT tube and a series feed of the power supply. (This circuit is
often found in superheterodyne receivers.)

14.6 — How is the feedback voltage controlled in the Hartley, Colpitts, and
tuned-grid tuned-plate types of oscillators?

14.7a — How can a two-stage resistance-coupled amplifier be converted into
a multivibrator ?

14,70 — What are some uses of the multivibrator? How can the frequency
of a multivibrator be controlled ?

14,7¢ — Why do the values of R and C in the grid circuits of a multivibrator
influence the output frequency ?

14.8a — Under what conditions do you think the use of a push-pull oscillator
desirable?

14,8b — When is a single-ended oscillator more advantageous than a push-pull
oscillator? Justify your statements.

15.1 — What are the characteristics of a tetrode tube which make it superior
to a triode as an r.f. amplifier? Explain.

15.2 — Why is the pentode superior to both the triode and tetrode as an r.f.
amplifier? Explain.

15.3 — Show by means of the characteristic curves for a triode and a pentode
why the a.c. plate resistance of the pentode is much greater than the triode.
15.4 — Discuss the difference between a variable-mu pentode and a sharp cut-
off pentode and state where each type would be most advantageously employed.
15.5 — What advantages does the beam tube possess over other tube types?
Where are beam tubes principally employed?

15.6 — List several combination tubes and state the uses to which each type
may be put.
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15.7 — What is the effect of gas in a high-vacuum type of tube? How can the
presence of gas in such a tube be detected and what is the principal remedy
for dealing with a gassy tube?

16.1 — A carrier wave on 3,000 ke. is amplitude modulated with a 1,000-cycle
tone.

16.1a — State the frequencies appearing in the output.

16.1b— What are these additional frequencies called?

16.1¢ — What determines the width of the transmission band required for a
radio telephone transmitter using amplitude modulation?

16.2 — A carrier with peak voltage of 50 volts is amplitude modulated. The
peak r.f. voltage at the modulation crest is 90 volts, at the trough is 10 volts.
16.2a — Make a diagram to scale showing the modulated wave.

16.2b — Determine the percentage modulation produced.

16.2¢ — What would be the crest voltage for 100 per cent modulation?
16.2d — What would be the trough voltage for 100 per cent modulation?
16.3 — Why must the r.f. driver stage for a grid-modulated Class C amplifier
have good regulation?

16.4 — Why cannot suppressor-grid modulation be employed with a triode
tube?

16.5 — Suppressor-grid modulation is similar to control-grid modulation of a
triode. Explain.

16.6 — Cathode modulation is said to embody simultaneous grid and plate
modulation. Explain why this is true.

17.1 —1In the diode detector, there are at least three components appearing
across the diode load resistance when an amplitude-modulated signal is de-
modulated. Consider a carrier on 2,500 ke. with tone modulatlon at 1,000 c.ps.
17.1a — What are these three components?

17.1b — If the carrier has a value of 20 volts peak and the modulation is 50
per cent, what is the peak value of the 1,000-cycle tone appearing across the
diode load resistance? Show by a diagram why this is so.

17.2 — Explain why the grid-leak detector is more sensitive than the plate
detector.

17.3 — By a diagram show how the plate detector rectifies the signal applied
to it.

17.4 — Why does the tuned circuit supplying the plate detector have better
selectivity than the same circuit applied to a diode detector?

17.5 — What is the principle upon which the regenerative detector operates?
17.6 — Make a schematic diagram of a regenerative detector using a pentode
tube. Control the regeneration by controlling the screen voltage.

18.1 — Draw the circuit of a relaxation oscillator using a glow-tube, and a
graph of the voltage across the condenser vs. time.

18.2 — A small wheel, with one spoke painted white, is rotated by a motor.
When illuminated by a Strobotac whose flashing rate is 3,600 per min., two
stationary white spokes are seen, diametrically opposite each other. Explain,

What is the r.p.m. of the motor?
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18.3 — Mercury vapor is used in the larger thyratrons. What advantage and
what disadvantage does it have in comparison with the argon used in the very
small tubes?

18.4 — What precautions must be followed in the operation of gas-filled tubes
and in the design of their circuits to prevent damaging them?

19.1 — Draw diagrams such as those of Figs. 19 E and F to illustrate a few of
the possibilities of applying a.c. on the grid, the shield-grid, and the plate of
a gas-filled tetrode.

19.2 — Draw the circuit of a full-wave rectifier using gas-filled two-electrode
tubes and state the precautions which must be taken in its operation.

19.3 — Why does a tuned output transformer in an inverter circuit yield com-
paratively pure sinusoidal output voltages?

20,1 — Describe several applications of photocells, stating the type of cell
which would preferably be used in each case.

20.2 — Draw a circuit for photocell control of an a.c. operated thyratron.
Hint: see Phase Shifters.

20.3a — Ten foot-candles are received on a surface 2 ft. from a source. What
is the candlepower? What will be the illumination at twice this distance?
20.3b — What will be the light flux in lumens passing through an area of 1 sq.
in. at a distance of 4 ft. from the source in problem 20.32?

20.3¢ — What is the total flux in lumens from the source in problem 20.3a?
20.3d — The source of light in 20.3a is used to illuminate a photocell of area
1 sq. em. and sensitivity of 40 microamperes per lumen. If the cell is at a
distance of 1 ft., what is the output current from the cell?

20.4 — Under what conditions does a photo-multiplier tube prove to be espe-
cially advantageous?

21.1 — State at least two precautions which must be followed in order to pre-
vent damaging a cathode-ray tube.

21.2 —1If the electric deflection sensitivity of a cathode-ray tube is 0.1 mm.
per volt, how long a line will appear on the screen when the 110-volt a.c. supply
is connected across the deflection plates?

21.3 —State two methods of changing the brightness of the light on the
screen of a cathode-ray tube.

22.1a— How could the CRO be used as a voltmeter? Would it read peak or
r.ms. volts?

22.1b — How could it be used as an ammeter? Show by means of a diagram
how you could observe the shape of the charging current to a storage battery
from a half-wave Tungar rectifier.

22.2 — What is the main reason for the use of a linear sweep-circuit? What
is the principal limitation of the linear sweep-circuit in most modern oscillo-
scopes? :

22.3a — How can Lissajou figures be employed to check the frequency of an
audio-frequency oscillator? Make a diagram to show the connections of the
apparatus employed.

22.3b— Could the same scheme be used to check the frequency of a crystal
oscillator against a standard frequency? Explain,




349 PROBLEMS AND QUESTIONS

22.4 — A square wave of 100 c.p.s. is applied to VERT. plates while a linear
saw tooth of 200 c.p.s. is applied to the HOR. plates. Show by a diagram the
pattern resulting.

22.5 —Develop graphically the pattern resulting when two equal but 90°
out-of-phase voltages are applied to the VERT. and HOR. deflection plates of
the CRO.

23.1 — Distinguish between a linear circuit element and a non-linear circuit
element. Give an example of each.

23.2a— How can amplitude distortion be produced in a Class A amplifier?
How is it minimized ?

23.2b— How can frequency distortion be produced in a Class A amplifier?
23.3 — What is the approximate upper limit of distortion permissible in tri-
odes? Pentodes?

23.4a — What is meant by Class AB operation?

23.4b — Distinguish between Class AB, and Class AB, amplifiers.

23.5 —Class C amplifiers operate with the highest power output and plate
efficiency of all types. Explain how this is accomplished.

23.6 — The plate current in a Class C amplifier is rich in harmonics. Explain
how these harmonics are greatly reduced by the use of a tuned “ tank circuit.”

+24.1 — Make a schematic diagram of a Class A voltage amplifier using a
cathode bias and a resistance-capacitance coupling to the following stage. In-
dicate approximately suitable values for the circuit elements. Use a pentode
tube.

24.2 —In the resistance-capacitance coupled amplifier, the grid blocking con-
denser must have a very high leakage resistance. Tell why this is so.
24.3 — In most applications of tubes as amplifiers, the Tube Manual makes
the statement, “ The grid leak must not exceed 1 megohm,” or some similar
value. Can you suggest why the grid-leak resistance must not exceed a certain
value?

24.4 — The value of the actual plate voltage available at the plate of a re-
sistance-capacitance-coupled pentode amplifier must be maintained at a fairly
high value, thus limiting the maximum plate loading resistor. Explain why
this is true.

24.5 — Why are plate and grid filters essential in high-gain amplifiers? Make
a diagram to show an amplifier with grid and plate filtering.

24.6 — Resistance-capacitance-coupled amplifiers are commonly called “re-
sistance-coupled ” amplifiers. Differentiate between these and true resistance-
coupled amplifiers, both in their circuits and in their applications.

25.1 — What is the equivalent electrical circuit of a transformer-coupled am-
plifier ?

25.2 — What is the controlling factor in frequency distortion of a transformer-
coupled amplifier?

25.3 — Compare the single-button carbon, dynamie, and erystal microphones
as to (1) relative output, (2) output impedance, (3) frequency range, (4) cost,
(5) maintenance, (6) ruggedness.
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25.4— What is meant by the term * pre-amplifier ”? When is the pre-
amplifier used ?

25.5 — Make a diagram of a typical two-stage speech amplifier which could
be used with either a SB carbon or a dynamie microphone. Include a gain
control which is practical.

25.6 — What is meant by “ packing ” in a carbon microphone? How would
such a condition oecur, how would you test for it, and how can such a condition
be remedied?

26.1 — Compute the effective gain of a degenerative (and of a regenerative)
feedback amplifier whose voltage amplification is 50, when the feedback volt-
age is 1 per cent of the output voltage.

26.2 — Discuss the tendency of feedback amplifiers to go into oscillation.
26.3 — Compare the circuit of a regenerative feedback amplifier with that
of a multivibrator.

26.4 — State the advantages of a feedback amplifier which has both regenera-
tion and degeneration.

27.1 — How does a radio-frequency amplifier differ from an audio-frequency
amplifier ?

27.2— Why are radio-frequency amplifiers as used in receivers usually op-
erated Class “A "7

27.3 — What is meant by “ sharpness of resonance ”?

27.4 — What is a band-pass radio-frequency amplifier ?

27.5 — How does the amplification and selectivity of a radio-frequency am-
plifier vary with frequency? Why?

27.6 — What is the effect of regeneration in a radio-frequency amplifier ?

27.7 — What class of radio-frequency amplifier is generally used for transmit-
ting purposes?

27.8 — What is the average efficiency of radio-frequency power amplifiers?
27.9 — Why is it necessary to neutralize a triode radio-frequency amplifier
both in receivers and transmitters?

27.10 — What are the two principal types of neutralizing circuits employed
in practice? Make a diagram of a typical amplifier for both types.

27.11 — State, in the proper order, the steps necessary to neutralize a triode
amplifier.

27.12 — How would a sensitive thermocouple milliammeter be used in the
neutralizing process? Could a CRO be used as an indicator of neutralization?
If so, show how it should be connected to the amplifier being neutralized ?
27.13 — A Class C, r.f. amplifier supplies 140 watts to an antenna with a plate
efficiency of 70 per cent. If the d.c. plate voltage is 1,250 volts, what is the d.c.
plate current?

27.14 — Distinguish between plate efficiency and power amplification ratio.
What class of amplifier has the highest efficiency? What class has the highest
power amplification ratio?

28.1 — In a plate-modulated Class C, r.f. amplifier what is the source of the
energy for modulation?

28.2a — The plate input to a Class C amplifier unmodulated is 200 watts.
How much audio power is required for complete modulation?
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28.2b— If the plate efficiency of the amplifier in problem 28.2a is 75 per cent,
how much power will be supplied to the antenna if the coupling circuit is 95
per cent efficient?

28.2¢ — How much power is present in the radiated sideband energy when
the modulation in 28.2b is 100 per cent?

28.3 — Itemize the required conditions to be fulfilled for a Class C amplifier
to be capable of practically distortionless modulation characteristios.
28.4 — Why do the readings of the plate current and grid current meters in
a Class C plate-modulated amplifier remain substantially constant regard-
less of the presence or absence of modulation?

28,5 — Show by means of a block diagram how to use a CRO in checking the
modulation characteristics of a telephone transmitter.

28.6 — State the cause and remedy of three defects that can produce “ down-
ward modulation ” in a radio telephone transmitter.

28.7a— Using the Heissing “ common choke ” method of plate modulation,
with the same d.c. voltages on the modulator and modulated amplifier plates,
why is it impossible to obtain 100 per cent modulation without severe distor-
tion ?

28.7b — How is the condition of 100 per cent modulation obtained in practice
when the above scheme is used?

28.8 — A Class C, r.f. amplifier is to be plate modulated 100 per cent using
the common choke method from a Class A modulator, type 845. For a plate
supply voltage of 1,250 on the 845, the RCA Trans. Tube Manual states that
the undistorted power output is 24. watts when working into a load of 16,000
ohms. Find:

28.8a — The proper value of plate voltage for the r.f. amplifier.

28.8b — The proper plate current for the r.f. amplifier.

28.8¢ — The value of the dropping resistor between the modulator and the
modulated amplifier.

28.8d — What size and voltage rating bypass condenser would you recom-
mend for bypassing the resistor of problem 28.8¢?

28.8¢ — What current rating and inductance would you recommend for the
modulation choke?

28.9 — When using a tetrode or pentode modulated amplifier why is it ad-
vantageous to modulate the plate and screen simultaneously ?

28.10 — How is grid modulation of a Class C amplifier accomplished?

28.11 — What factors determine the degree and linearity of modulation in a
Class C amplifier?

28.12 — What methods of coupling the modulator to the modulated amplifier
are commonly used? What are their relative advantages and disadvantages?
28.13 — A Class C modulated amplifier operates with E, equal to 2,000 volts,
antenna current unmodulated being 6.4 amperes. If the plate voltage is re-
duced to 1,250 volts, what is the unmodulated antenna current for the new
plate voltage condition?

28.14 — With a d.c. grid current of 15 ma. average value, what grid-leak re-
sistor will be needed to furnish an operating bias of 75 volts?

28.15— A Class B audio amplifier has an output transformer with taps at
5,000 and 10,000 ohms. It is to be used to modulate a Class C amplifier. The



PROBLEMS AND QUESTIONS 352

28.15a — What Class C amplifier input will this amplifier modulate completely ?
28.15b — Under what Class C amplifier operating condition would you use
the 5,000-ohm tap and when the 10,000-ohm tap?

28.16 — Discuss the necessary relationships which must exist between the
modulator and the modulated amplifier in a Class C plate modulation system
for optimum operation of both.

28.17 — Compare plate modulation, grid bias, and suppressor-grid modulation
methods with respect to their practical advantages and disadvantages.

29.1 — Make a workable schematic diagram of an electron-coupled oscillator
using the Hartley circuit. Indicate the parts of the circuit which determine
the frequency and the parts associated with the “ work ” circuit.

29.2 — In the practical version of the electron-coupled circuit, approximately
where should the cathode tap be placed from the ground end ?

29.3a — Why is the use of a voltage divider advisable in supplying voltage for
the screen grid of the electron-coupled oscillator tube rather than the use of a
series resistance?

29.3b — What advantages does the electron-coupled oscillator possess over
other types of self-controlled oscillators?

29.4a — What characteristic of the quartz crystal makes it excellent to control
the frequency of oscillators?

29.4b — Why are the low temperature-frequency-coefficient quartz crystals
superior to other types in crystal-controlled oscillators?

29.5 — An X-cut crystal has a temperature-frequency coefficient of —18 cycles
per megacycle per degree C. and is operating in an oscillating circuit at
1,410 ke. at a temperature of 50° C. What is the frequency if the temperature
changes to 85° C.?

29.6 — An AT-cut crystal has a thickness of 1.27 mm. Determine its ap-
proximate operating frequency.

29.7 — What defect of the standard quartz crystal circuit does the Tri-tet
circuit overcome? Explain why this is so.

29.8a — Name five important uses of oscillators.

29.8b — Comment on the need in certain cases for a high order of frequency
stability in an oscillator, whereas in certain other cases the power output may
be paramount.

29.9a — What phase relation must be observed between the grid and plate
voltages? How is this obtained in a “ tickler ” feedback oscillator ?

29.9b — What is the usual order of plate efficiency in an oscillator?
29.9¢c — A 203A tube requires 7 watts to supply the grid losses and this tube
delivers 120 watts to its tank circuit. The plate voltage is 1,000 volts and the
plate current is 170 ma. The tank circuit absorbs 10 watts in inherent losses.
How much power will be supplied to the load? What is the plate efficiency ?
29.10 — A power-type Hartley oscillator is to be used in a transmitter for
the master oscillator stage and is to cover a frequency range from 250 ke.
to 550 ke. What considerations should be made with respect to obtaining
reasonable efficiency and frequency stability ?

30.1 — What alterations should be made in the circuit of Fig. 30 A to change
it from a square-wave to a pulse generator?
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30.2 — Explain in detail how a multivibrator oscillates.

30.3 — Plan the circuits of a “ fathometer,” wherein a succession of short sound
pulses sent to the bottom from a ship are reflected back and picked up with
a microphone. Compute the time delay between the direct and reflected pulses
when the depth is 100 fathoms.

30.4 — Compute the virtual height of the ionosphere when the echo delay
time of the pulse method is 0.001 sec.

30.5 — What type of circuit needs to be added in front of the circuit of Fig. 30 I
to use it as a frequency meter for alternating current?

30.6 — Draw the circuit of a triple coincidence counter using photocells at the
input. Explain how it might be used to determine the direction of a distant
light source.

30.7 — In how many steps will the condenser of Fig. 30 L be charged for each
discharge if the input pulse rate is 20,000 and the output rate is 4,000?
30.8 — Draw the circuit suggested at the end of Sec. 30.13.

30.9 — Draw a time-delay circuit operating on the principle that it takes time
for a condenser to fill up through a resistor.

31.1a— Why do modern transmitters employ an oscillator and one or more
stages of power amplification rather than having the oscillator work directly
into the antenna?

31.1b — What factors govern the number of stages a transmitter will require?
31.2 — What factors govern the choice of a buffer amplifier to be used as a
driver stage?

31.3 — What is the essential difference between r.f. amplifiers in transmitters
and r.f. amplifiers in receivers? Why should this difference exist?

31.4— An r.f. amplifier is supplied in the plate with 200 ma. at 475 volts. If
the plate efficiency is 65 per cent, what power will be supplied to the tank
circuit ?

31.5a— What condition must be fulfilled in the plate circuit if the amplifier
tube is to operate with maximum efficiency for a given set of bias, excitation
and supply voltage values?

31.5b— How is this condition realized in practice?

31.6a — What does the term “ parasitic oscillations ” mean?

31.6b— What operating characteristics of an amplifier leads one to suspect
the presence of parasitics?

31.6c — At what frequencies do parasitic oscillations occur? What is respon-
sible for their presence? Why may they appear to be entirely absent in low-
power stages yet pronounced in higher-power stages?

31.7a — Why is it unnecessary to neutralize a frequency multiplier stage?
31.7b — Why is it necessary to operate a frequency multiplier at a high bias
voltage ?

31.7c — What tube types make better frequency multipliers than others?
What tube types should follow a multiplying stage?

31.8 —A crystal oscillator operates on 2,200 ke. It is desired to have the
output of the transmitter on 13.2 Mc. Explain how this could be done.
31.9a— Explain what is'meant by “ high-level ” modulation,

31.9b — A transmitter has a crystal-controlled oscillator, two buffer stages
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and a power-amplifier output stage. The second power-amplifier stage is plate
modulated. What class of telephone transmitter is this? What class of
amplifier operation must the P.A. stage be?

31.10 — State the steps necessary to place a high-level telephone transmitter
“on the air.”

31.11 — Explain the procedure to adjust properly a Class B, r.f. amplifier for
proper operation as an amplifier of a modulated wave.

31.12a — Why cannot a Class C amplifier be used to amplify an amplitude-
modulated wave?

31.12b— Why is Class B the type of operation for amplification of a modu-
lated wave?

32.1a — What determines the usable sensitivity of a receiver?

32.1b— What noise voltages are generated in a receiver?

32.1c— Why is the first stage in a receiver the important stage from the
standpoint of inherent noise?

32.2 — What simple test could you make to determine whether the noise is
being generated in the first tuned circuit or the tube?

32.3— Why is a receiver with at least one stage of radio-frequency amplifica-
tion less noisy (even though more sensitive) than a receiver in which the first
tuned circuit feeds the mixer tube directly ?

32.4a — Discuss the selectivity requirements for a receiver to be used for
telegraphy, communication telephony (150-3,000 cycles), normal broadcasting
(100-10,000 cycles), and high fidelity broadeasting (30~15,000 cycles).
32.4b— What part (or parts) of the receiver is (or are) mainly responsible
for the selectivity ?

32.4c —Is the use of a narrow band-pass filter in the audio section of the
receiver ever employed? What is the advantage of such a scheme?

32.5 — Discuss a method to measure the over-all fidelity of a receiver. State
what equipment is required and how you would conduct the test.

32.6 — A superheterodyne receiver is tuned to 2,738 ke. The intermediate
frequency is 475 ke. To what frequency is the demodulator circuit tuned?
32.7 — A superheterodyne receiver has an if. of 465 ke. and is tuned to 1,712
ke. What is the frequency of the high-frequency oscillator circuit?

32.8 — A superheterodyne receiver is tuned to 1,450 ke. It has an if. of 456
ke., and is experiencing “image’ interference. Determine two possible
“image ” frequencies to cause this interference.

32.9a — State cause and effect of space-charge coupling in a converter tube.
32.9b — At what frequencies in the range of an all-wave receiver is this trouble
most likely to be serious?

32.10 — State the principal reasons for the development of the pentagrid
converter tube.

32.11 — What is the principal reason for the use of a separate oscillator tube
when used with a pentagrid mixer tube‘? What defect will the use of a separate
oscillator not eliminate?

32.12 — What are the principal problems to be considered in the design of an
oscillator to be used in the frequency conversion system of a superhet receiver?
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32.13 —1If the gain of an rf. stage is 5, mixer gain is 15, and an if. amplifier
per stage is 100, and two i.f. stages are used, what is the over-all gain?
32.14 —What are three conditions which must be fulfilled if two tuned cir-
cuits are to track?

32.15 — The high-frequency oscillator of a superheterodyne receiver is almost
universally operated at a higher frequency than the received signal. Why is the
procedure justified economically?

32.16a — A broadcast receiver with one tuned circuit between the antenna
and the mixer grid receives a local broadcast station (assigned frequency 1,500
ke.) at both 1,500 kc. and 570 ke. The receiver’s i.f. is 465 ke. Explain why
this occurs. ‘

32.16b — How could this defect in the receiver operation be remedied?
32.17a — What apparatus is required to align a receiver?

32.17b — A receiver is to be aligned. The aligning frequencies are 2,850 ke.
and 1,750 ke. The receiver if. is 456 ke. and has one r.f. stage, a mixer stage,
and a separate h.f. oscillator stage. Make a schematic diagram of the circuits
to be aligned, indicating the aligning condensers.

32.17¢ — Outline, step-by-step, the alignment process.

32.18 — In many multi-band superheterodyne receivers, there is no provision
for oscillator alignment at the low frequency end of the higher frequency bands.
Account for the reason why these are not required.

32.19a — What are the important requirements of an a.v.c. system?
32.19b — What is meant by “straight a.v.c.”? “ delayed a.v.c.”? “ amplified
av.e?

32.20a — What is the principal defect of an a.v.c. system which has too small a
Time Constant?

32.20b — What is the prinecipal defect of an a.v.c. system which has too great
a Time Constant ?

32.21 — Why do not a.v.c. systems, of the type ordinarily used, work satisfac-
torily for the reception of telegraph signals?

32.22 — State two important results in the use of r.f. amplification ahead of a
detector stage in a t.r.f. receiver.

33.1 — What are some advantages of fm over am.? Why is narrow-band
fm. (=#15 ke.) better than wide-band (=75 ke.) for communication circuits?
33.2a— How might a condenser microphone be used with a low-power oscil-
lator to produce a frequency modulated signal ?

33.2b — What are the methods employed commereially to produce frequency
modulation?

33.3 — What is meant by a reactance tube modulator?

33.4 — A reactance tube modulator produces a total swing of 2 ke. about a
mean frequency of 4,800 ke. How may this frequency-modulated oscillator be
used to produce a signal on 38.4 Mc. and what will be the total deviation?
33.5 — If the highest modulation frequency is 4,000 cycles, what is the devia-
tion ratio of the above transmitter?

33.6 — Why is it not possible to employ a CRO to check an f.m. transmitter?
What class of amplifier operation would be used in all stages of the f.m. trans-
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mitter? Why can an amplifier tube be more completely utilized in an fm.
transmitter than in an a.m. transmitter?

33.7a — What variation will be observed in the d.c. plate and grid current
meters on an f.n. transmitter? Explain.

33.7b— What variation will be observed on the antenna current ammeter?
Explain.

33.8— Compare the modulator power needed for an f.m. transmitter as con-
trasted with the modulator power needed for a.m. transmitters.

33.9 — Qutline 2 method for measuring the deviation linearity of an f.m. trans-
mitter. State the equipment required and show by means of a block diagram
how it would be connected.

33.10a — To receive frequency-modulated signals, the tuned circuits of the
receiver must be much wider than for the reception of amplitude-modulated
signals. How is this accomplished in the f.m. superheterodyne and what cir-
cuits are considered ?

33.10b — What other differences exist in the superheterodyne receiver for the
reception of fm. as contrasted with a.m. receivers?

33.11a — What is the purpose of the limiter tube in an f.m. receiver? Why is
a cascaded two-stage limiter superior to a single limiter stage?

33.11b — How is limiter operation accomplished in the tube operation?
33.12 — Explain why no special a.v.c. circuit s required in the f.m. receiver.
33.13 — A receiver designed for reception of wide-band f.m. (=75 ke. swing)
can be used for the reception of narrow-band fm. (%15 ke.), but a narrow-
band receiver will not receive wide-band signals without excessive distortion.
Comment on the results to be expected with either type receiver when receiving
signals for which it is not designed.

33.14 — The input signal which will saturate the limiter (or second limiter)
will determine the ultimate receiver sensitivity. Why is this so?

33.15 — State the method you would use and the equipment required to adjust
a frequency modulated receiver for proper operation,

34.1 — A ship fixes its position by cross-bearings on two known transmitting
stations. As a check, another bearing is taken on a third transmitter. The
three lines do not intersect at the same point. What would you do?
34.2 — Would you ground or open all other antenna circuits when taking a
bearing with a direction finder? Why?

34.3 — A direction finder has just been installed aboard a ship. State the pro-
cedure for its calibration.

34.4 — Why are marker beacons installed at frequent intervals in mountainous
country ?

34,5 — Why does the accuracy of the A and N beacon increase as you ap-
proach the transmitter?

34.6 — What advantage does the vertical antenna radiator system possess
over the crossed-loop antenna system ?

35.1 — A power amplifier tube is designed to work into a load of 4,000 ohms.
The antenna, resistance at the point of coupling is 24 ohms. The P.A. output
circuit is a parallel resonant circuit inductively coupled to the output which
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consists of a coil and condenser in series-with the antenna circuit connected
conventionally. Explain clearly how the 24 chms at the antenna are trans-
formed into a 4,000-ohm load for the tube. ’

35.2a — What is the difference between a resonant and a non-resonant trans-
mission-line system ?

35.2b— Why does any transmission line which is terminated in its character-
istic impedance look like a line infinitely long to the source of energy?

35.2¢ — What is the effect on transmission-line operation if a transmission line
is not terminated in its proper impedance? How could a line be checked to
determine if the line termination is correct?

35.3 — What is the difference in the operation of a line which is an odd num-
ber of quarter wave-lengths long as compared with one which is an even num-
ber of quarter wave-lengths?

35.4 — An ungrounded antenna is operated on its eighth harmonic at a fre-
quency of 21.2 Mc. Determine the antenna length required.

35.5 — Make a diagram of the voltage and current distribution on a grounded
antenna which is being operated on its third harmonie. Also make a diagram
for the voltage and current distribution on an ungrounded antenna operated
on its third harmonie. If both antennas are operating on the same frequency,
how do their physical lengths compare?

35.6 — If a concentric line is to have a characteristic impedance of 75 ohms
and the inner conductor is 1/4 inch in diameter, what is the proper value for
the inner diameter of the outer conductor?

35.7 — State several uses of transmission lines for both resonant and non-
resonant applications.

36.1a— A \/4 wave antenna has a natural wave-length of 120 meters. What
is the natural frequency of this antenna?

36.1b — If the antenna of problem 36.1a is operated on a frequency of 2,200 ke.,
what kind of reactance will the antenna present at the coupling point?
36.1¢ — Similarly, if the antenna is operated at 2,800 ke. what reactance will
appear at the base?

36.1d — What kind of loading is required to make the antenna of problem
36.1a resonant at 2,200 ke.? At 2,800 ke.?

36.2 — A resistance of 2,500 ohms is to be matched to a 100-ohm resistance
by means of a quarter-wave transmission line at a frequency of 8,210 ke. De-
termine the proper value of the line’s characteristic impedance and the line
length. If the line is to be constructed from No. 10 wire, what is the proper
value for the line spacing?

37.1— A uhf. transmitter is to supply a half-wave antenna at a frequency
of 240 Mc. The transmitter will be crystal controlled. Determine the ap-
proximate length of the antenna, taking into account the decreased velocity
of the waves at this frequency.

37.2 — Show by block diagram the circuit you might use for the transmitter
of problem 37.1 if the highest frequency at which the crystal will oscillate is not
greater than 10,000 ke., even at harmonic operation of the crystal,
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37.3a — Outline briefly the limitations of regenerative oscillators and ampli-
fiers at the ultra-high frequencies.

37.3b — Discuss briefly the present approaches to the solution of these limita-
tions.

37.4 — State four distinct uses of transmission lines at ultra-high frequencies.

38.1 — A positive-grid oscillator tube has a cylindrical anode whose diameter
is 1 em. and whose potential is the same as that of the filament. What grid
voltage will be needed to generate 50-cm. waves? What would be the wave-
length if the anode diameter were 2 mm.?

38.2 — What is to keep the grid of a B-K tube from overheating under elec-
tron bombardment?

38.3 — The magnetic field intensity applied to an oscillating magnetron is
2,000 oersteds. What wave-length is being generated?

38.4 — An electron has been accelerated by a 200-volt battery. How far will
it travel during one period of a 50-cm. wave?

38.5 — State in your own words why a cavity resonator is used to tune micro-
waves.

38.6 — Compute the cross-sectional dimensions of cylindrical and rectangular
wave-guides which will just admit 50-cm. waves of the E, and H,, modes of
vibration, respectively.

38.7 — Why is a wave-guide built of galvanized iron superior to one built of
plain iron sheeting?
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rays 147 :

Analyzer, frequency 204
Anti-nodes 297
Atmospherics

see static
Antennas

Adcock 283

broadside 309

coupling to transmitters 252

direction-finding 277-282

directive antennas 308

directors 309

dummy 246

end fire 309

feeders 306

field patterns

directive 308
loop 278-281, 285

half-wave 306

Hertz 49, 306

impedance matching 307

J-type 306

length of 307

long-wire 298

loop 277

Marconi 48

parasitic 309

radiation resistance 307

rhombic 299

short-wire 306-309

simple 48

tuning of 307

V-type 299

vertical 280

Zepp 307
Array

directive 50

broadside 51
Attenuation

of filters 4043

of lines 294, 297, 304, 311, 398

in wave-guides 333
Audibility, threshold curve 268
Audio

INDEX

amplifiers, simple 84
frequencies 23
oscillator 92
transformers 31
Audio-frequency
amplifiers, simple 84
see amplifiers
choke 29
range of 23
Audio-frequency amplifiers 187-192
balanced feedback 200
blocking 190
blocking action 230
clipper action 229
complete unit 229
degenerative 198-204
design of 188
feedback 198-204
for microphones 194
for pulses 190
for speech 196
frequency response 189
high- and low-pass 200
impedance-coupled 192
limiter action 229
linear 191
parallel plate feed 193
R-C coupled 187-192
R and C values 188
resolving time 190
selective 203
shielding 190
speech input 194
testing with square waves 231
transformer-coupled 194
video 192
wide-band 192
see modulators
Automatic
direction finders 284
frequency control 269
switching 239
tuning 269
volume control 266
volume expanders 269
a.v.c. 266
Average value 24

B battery

common 86

eliminators, see power supplies
Back em.f. 18

360
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Background noises Capacitators 30
in loops 281 Capacitive reactance 27
Balanced Carbon microphones 194
d.c. amplifier 184 Carrier wave 106
feedback amplifier 200 Cascade amplifiers 83
loop antennas 282 . Catcher 327
see Class B amplifiers Cathode
see pushpull amplifiers bypass condenser 74
Band-spread in receivers 264 — resistor 74
Band width 113 Cathode modulation 111
in fn, 272 details 217
in receivers 258 Cathode-ray direction finder 284, 288
Barkhausen-Kurg oscillators 322 Cathode-ray oscilloscopes
Barrow 331, 336 see oscilloscopes
Beacons 285 Cathode-ray tubes 147-161
Beam multiplier tubes 104 control of brightness 154
Beam power tubes 101 control of focus 154
Beams, radio 285 deflection sensitivity 153
Bearings, cross 279 double sweeping 168
Beat-frequency oscillator 224 electron guns 151
Beats 225 electron microscope 160
for c.w. reception 256 electron telescope 158
Bias for grid 75 iconoscope 156
Bird’s-eye view 265 image dissector 157
Bleeder resistor 71 kinescope 155
Blocking action klystron 327
square wave production 230 magnetic focusing 158
sweep-circuit 167 operation of 162-175
Breakdown patterns on screen 171-175, 250
of condensers 15 photograph of 160
Breit 233 picture of 153
Bridge rectifier 67 picture tubes 155
Bridge, Wheatstone 10 scanning 168
Broadside antennas 308 screen classification 153
Buffer amplifier 224, 244 screen materials 152
Buncher 328 sweep-circuits for 162-168
Bypass synchronization 170
condenser 29 uses of 162
cathode 74 velocity modulated 327
voltage supply circuit 154
C Bias 74 see oscilloscopes
voltage stabilization 243 Cathodes, types of 60
c.ps. 47 virtual 218
C.W. receivers 255 Cavity resonators 328, 332
Capacitance 15 Centimeter waves 322
coupling 36 Channel width 113
distributed 26 see lines Characteristic
in parallel 16 chart 295
in series 16 equation 294
input of tubes 82 impedance, of a line 51
of simple condenser 16 Characteristic curves

phase lead 26 of diodes 62



of triodes 74
thyratron 125, 126
Characteristices of filters 4043
Charge of electron 1
Charging .
of a condenser 19
Chart
condenser discharge 20
decibel 11
line impedance 295
Child 63
Choke
audio-frequency 29
radio-frequency 29
Choke coupling
audio amplifiers, simple 84
for modulation 215
Circuit elements
linear 176
non-linear 176
ohmic and non-ohmic 176
Circuits
coupled 36
loaded 35
parallel 34
resonant 33
tuned 33
Circuits, a.c. 27
output 87
Class A amplifiers 80
audio 84
characteristics of 179
degenerative 87
direct current 83
distortion 178
filters for 85
intermediate frequency 206
multistage 83
phase reversal 86
plate efficiency 179
power amplification 179
power output 87, 179
push-pull principle of 88
radio-frequency, simple 85
regenerative 87
simple 80-89
simple feedback 87
Class AB amplifiers 181
Class B amplifiers
advantage of 180
audio-frequency 179
characteristics of 180

INDEX | - 362

comparison with A and C 180
double-ended 179
input ability 180
plate efficiency 181
power amplification 180
power output 180
principle of 177, 180
radio-frequency 181
reduction of harmonics 181
single-ended 181
Class C amplifiers
adjustment for 100 per cent modula-
tion 215
characteristics of 182
operation of 211
plate efficiency 152
power output 182
principle of 182
Clipper action 229
Close coupling 37
Coaxial cable
see concentric lines
see transmission lines
Code reception 255
Coated filaments 60
Coils
distributed capacitance of 26
Coincidence counters 236
Color of light 140
Colpitts oscillator 92
Comparison detectors 119
Compass, radio 279
Complex current
separation of components 29
Complex wave-forms 24
Concentric lines 50, 292, 304
advantages 304
feeders 306
filters 309
impedance chart 295
impedance matching 305
length of 296, 303
modes of vibration 302
quarter-waves 304
standing waves 302
tuning circuits 318
see transmission lines
Condenser
actual 30
breakdown of 15, 35
bypass 29
charging of 19
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chart 20

discharging of 19

equation of 16

ganged 262

in parallel 16

in series 16

padding 263

resonant voltage 35

simple 15

trimmer 263
Condenser microphones 195
Conductance

of triodes 78
Conduction, metallic 6
Constant

constant current 227

constant-current system 227

dielectric 15

time 19

see voltage stabilizers
Constants of

pentodes 100

tetrodes 99

triodes 76-79
Control of gas-filled tubes 128-132
Control ratio of grid 125
Conversion efficiency 262
Converters, in superheterodyne receiv-

ers 261, 313

adjustment 263

in u.h.f. receivers 312
Coulomb 8
Counters

coincidence 236

of pulse 190, 234

scaling 237

see frequency meters

see scaling circuits
Counting ecircuit, simple 127
Coupled

circuits 36
Coupling

coefficient of 37

critical 37

electron 218

for output stage 87

in transmitters 245

interstage 83-85, 190

methods 36, 218

transmitter output 252
Critical

coupling 37

frequency of ionosphere 55

wave-length of wave-guides 333
Cross bearing 279
Crystal microphones 195
Crystals

amplifier 197

cuts 220

filters 208

frequeney range 222

microphones 195

mounting 221

oscillator, simple 95

oscillators 222

Q of 94

resonators 35

Rochelle salt 195

safeguarding 221

temperature coefficients 221

thickness coefficients 221
Current

complex 29

constant system 227

diode 59

direction of flow 9, 58

distribution along lines 293, 301

Eddy 38

limiting tube 166

magnetic field of 17

photoelectric 137-142

saturation 61
Currents, alternating 22
Cutoff

frequency of filters 41

of triodes 74, 77
of wave-guides 333

Cyeclotron, basic law 159

high voltage for 305, 316
Cylindrical wave-guides 332

db. 12
gain in amplifiers 189, 201-204, 207
line loss 294, 297, 298, 304, 311
Decibel 11
see db.
Decimeter waves 322
Decoupling resistors 85, 188
Decrement 35
Deflection sensitivity 153
Degeneration in amplifiers
simple 88
Degenerative amplifier 198-204
Delayed a.v.c. 267
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Design of R-C coupled amplifiers 188
Detection, principle of 114-119
Detectors
comparison of 119
crystal 114
diode 114
double 312
for {.m.275
full-wave diode 116
grid-leak 116
input ability 119
linearity of 119
plate 115
regenerative 118
sensitivity of 119
super-regenerative 118, 313
types of 119
Deviation
checking 273
frequency 271
ratio 272
Dielectric constant 15
loss 39
Diffraction of radio waves 53
Diode 58
detector 114
rectifiers 65
Dipoles
see short-wire antennas
Direct current amplifiers 183-186
balanced 184
multistage 185, 186
simple 183
stabilized 184
Direction finders 277-290
A and N beacon 286
automatic 284
background noises 281
beacon 285
cathode-ray 284, 288
cross bearings 279
errors 281
goniometer 279
homing device 284
instrument landing 288
loop antennas 277
markers 287
message and beacon 286
night effect 283
of pulses 288
position fixing 280

prineiple of 277

radio compass 279

sense determination 280

shielded 282

shore effect 282

static reduction 287
Directive antennas 50, 309
Directive horns 335
Directors, parasitic 309
Discharging

of a condenser 19
Discriminators 275
Disintegration voltage 123
Dissector, image 157
Distance, of transmission

ground wave 53

ultra-high frequency 56
Distortion

due to grid current 178

in Class A amplifiers 178

in Class B 178

in Class C 182

in oscillators 226

reduction of

by feedback 198
in Class C amplifier 212

Dividers

frequency 238

voltage 10
Doorknob tubes 312, 320
Double-button microphones 194
Double-pulse 178
Doublers, voltage 68

frequency 248
Double-superheterodyne 312
Double-tracing 239
Dow,J.B.218
Drift, in 1.f. amplifiers 207
Dull emitters 60
Dummy antenna 246
Dynamic curves 75
Dynamic microphones 196
Dynatron oscillators 220

Eddy currents 38

emf 8

esu. 8

Effective
input capacitance of tubes 82
value of 24 .

Effective resistance 38
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Efficiency

conversion 262

modulation 111

of Class A amplifiers 179

of Class B amplifiers 181

of Class C amplifiers 182, 211

of filaments 60

of frequency multipliers 248

of oscillators 227

plate 87
Electric

field intensity 47
Electrical fields 14

polarization of radio waves 277, 283
Electrical units 8
Electromagnetic

field 45, 46

horn radiators 335

waves in guides 331
Electromotive force 8
Electron 1

charge of 1

free 7, 59

mass of 2

secondary, in tetrodes 99

velocity of 4

volt 5
Electron-coupled oscillators 218-224
Electron coupling 218
Electron guns 151
Electron lenses 148-150
Electron microscope 160
Electron-multiplier tubes 102-105

in image dissector 157

photoelectric 144-146
Electron oscillators 322-330
Electron rays, analogy with light rays

147

Electron telescope 158
Electronie switch 239
Electrostatic focusing 149-152
Electrostatic induction 13
Electrostatic lenses 149-152
Eliminators

see power supplies
Emission

field 63

secondary laws 63

in multiplier tubes 102
in photo-multiplier tubes 144-
146

End-effect of lines 303
End-fire antennas 308
End-plate magnetrons 326
Equations
a.c. values 24
audio transformer 31
B-K oscillator 323
capacitance 16
capacitive reactance 27
coupling coefficient 37
effective peak average 24
feedback amplifier 198
for long-lines 294-296
for short-lines 303, 305
frequency 47
gain of amplifiers 82
general resistance 29
heating 9
high-pass filters 42
impedance 28
inductive reactance 27
klystron 330
LC 35
low-pass filters 41
lurped voltage 77
magnitron oscillator 325
modulation percentage 111
mu of tubes 76
mutual conductance 79
parallel impedance 34
plate current 78
plate resistance 78
positive grid oscillators 323
power 9
power factor 29
Q35
quartz crystal 221
resistances 10
resonant frequency 33
secondary heating 38
series impedance 27
simple filters 40
transmitter power output 247
wave-guides 333
wave-length 47
Equipotential
cathodes 61
lines 13
E-region 54
Errors, in direction finders 281
Evaporation theory 59



Expanders, automatic-volume 289
Extinction voltage 120

F-region 54
Fadeouts 54
Fading 56
Farad 16
Faraday 18
Faraday shield 247
Feedahead system 265
Feedback
degenerative 87, 198
distortion due to 226
effective capacity of 82
inter-electrode 208
regenerative 87,198
simple amplifier 87, 198
see amplifiers
Feedback amplifiers 198-204
balanced 200
band-pass 203
degenerative 198
equation 198
high- and low-pass 201
principle of 87,198
pure sine wave 204
regenerative 87, 198
selective 202
Feeders :
for antennas 292, 299, 306
for wave-guides 31
Fidelity
receiver 258
Field emission 63
Field intensity 47
Fields
electric 14
from wave-guides 335
in wave-guides 331
magnetic 17
of antennas
directive 308
loop 278-281, 285
of parallel wires 293
polarization 277, 283
Filaments 59
electron bombardment of 326
Filtering
of complex currents 29
of voltage supplies 85, 241
Filters
amplifiers 201~204

INDEX

band-pass 43

concentric line 309

crude 40

crystal 44

band-elimination 43

for amplifiers 85, 188

for rectifiers 68

for voltage supplies 85, 241

high-pass 42

idealized 40

low-pass 41

seratch 268

simple 29

use of 39

wave-guide 333, 334
Flux, luminous 136
Flyback time 165
Focusing

electrostatic 149-152

magnetic 158-161
Folded patterns 170
Foot-candle 137
Frame, in television 157
Frequency 23, 46

audio 23

critical, for ionosphere 55

cutoff of filters 4142

deviation 271-273

image 260

intermediate 23, 259

maximum usable 55

microwave 322

multiplication 248, 273

of human voice 258, 268

radio 23

ranges of 23

resonant, equation 33

ripple 66

sweep 170

uhf. 311

versus wave-length 47
Frequency analyzer 204
Frequency control

automatic 269

366

Frequency control of gas-filled tubes

129
Frequency converters 261
Frequency divider 238
Frequency division number 239
Frequency doublers 248
Frequency drift 207, 227
Frequency meter 236



367 INDEX

Frequency mixers 261
Frequency modulation 271-276

alignment 275

checking transmitter 273

comparison with a.m. 273

deviation frequency 271

deviation ratio 272

discriminator 275

limiter 274

principle of 107

reactance modulator 271
Frequency multipliers 248
Frequency response

broad-band 200

if. amplifier 207

of feedback amplifiers 200-204

of photocells 139, 144

of receivers 257

R-C coupled amplifiers 189
Frequency stability

of oscillators 227
Full-wave detectors 115
Full-wave rectifiers 66

-Gain of amplifiers
equation 82
frequency response 189, 198, 201-204,
207
overall 196
simple amplifier 82
Galvanometer 17
thermocouple 30
Gas-filled tubes 120-126
glow-tube 120
grid control ratio 125
grid-glow tubes 123
negatively controlled 125
positively controlled 125
striking potentials 124
strobotron 121
tetrodes 126
thyratrons 123
Gas-filled tubes,
135
a.c. on plate 128
counting circuit 127
frequency control 129
inverters 133
phase control 130
rectifiers 132
self-stopping circuit 127
Geiger-Mueller tube 235

operation  of 127-

Generator, a.c. 22

see amplifiers
Gill-Morell oscillations 324
Glider path 288, 335
Glow-tube 120

for Lecher wires 298

in d.c. amplifiers 186

in voltage stabilizers 241
G-M oscillator 324
G-M tube 235
Goniometer 279
Grid bias 74

details 216

modulation, principle of 109
Grid control of space charge 73
Grid-control ratio 125
Grid current distortion 178
Grid current in oscillators 226
Grid-glow tubes 123

de-ionization time 120

in sweep-circuit 163

operation of 127-135
Grid leak 75
Grid-neutralized amplifier 210
Ground wave 52

polarization of 277,283
Guns, electron 151

Half-wave rectifiers 65
Harmonic distortion

see distortion
Harmonics, 25

Class C amplifiers 182, 212, 247

in wave-guides 331

on antennas 299, 306

on short lines 302

square waves 232

transmitter 247
Hartley oscillator, simple 91
Heating

effect of current 9
Heaviside 53
Height, of ionosphere 54
Henry 19, 37
Hertz 45, 49, 136, 300
Heterodyne 225

see superheterodyne
High frequency

ranges of 24

thermocouple-ammeter 30
Homing devices 283

Horng, electromagnetic 335



Hum, reduction of 61

in transmitters 251

in tubes 65
Hyper-frequency waves 322

Iconoscope 156
LF. see intermediate frequency
Tllumination
definition 137
proper amount of 137
Image dissector 157
Image frequency 260
Image ratio 261
Impedance 27
characteristic of a line 51, 204
-coupled amplifiers 84, 192
coupling 36
for max. power transfer 31
for modulators 215
input of lines 305
matching 295, 303-306
output of long-lines 295
output of short-lines 305, 316
parallel circuit 34
reflected 31
Impedance-coupled amplifiers 192
Inductance 18
in parallel 19
in series 19
mutual 37
phase lag 26
powdered iron-core 207
self- 18
unit of 19, 37
Induction
electrostatic 13
heater38
magnetic 18
Induction field 46
Inductive neutralized amplifiers 210
Input ability of detectors 119
Input capacitance of tubes 82
Input impedance of lines 305
Instrument landing 288
Insulators
properties of 15
Intensity
electric field 47
of light 136, 138
meter, double 288
Intermediate frequencies 24

INDEX 368

Intermediate frequency amplifiers 206
alignment 264
drift 207
gain 207
in superheterodyne receivers 259
selective 208
typical circuit 207
with crystal filters 208
International candle 136
Interstage coupling
in amplifiers 83-85, 190
in transmitters 245
Interval timer 240
Inverters 133-135
Ion7
Ton sheath, positive 124
Ionization 7
Tonizing potentials 122
Tonosphere 53
measurement of height 233
vs. wave-guides 330

J-antenna 306

k.c. 47
Kennelly 53
K-H layer 53
Kinescope 155
Klystron 327

L to C ratio 35
for frequency stability 227
in frequency multiplier 248
in oscillators 219
of long-lines 294
Landing, instrument 288
Langmuir 63
Law
of magnetic induction 18
Ohm’s 9
Laws for resistances 10
Lecher wires 298
Lenses, electron 148-150
electrostatic 148-150
magnetic 152, 158-161
Length, electrical vs. physical
antennas 306
long-lines 296
short-lines 303
Light
intensity of 136
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radiation from sources 140

units of 136

velocity of 46

wave-length of 140
Limiters

alignment 275

f.m. receivers 274

principle of 177

square wave production 229
Line-of-sight distance 56
Linear amplifier 191
Linear circuit elements 176
Linear circuits 300-305

as filters 309

as transformers 305

as tuning elements 314-320, 323

concentric 304

current and voltage distribution 301

end-effects 303

feeding 305

impedance 305

input impedance 305

in whf, 314-320

length of 303

loading 305

losses 304

modes of vibration 302

principles of 300

shielding 304

standing waves on 302

trombone 303
Linear sweep-circuit 165-168
Linear transformers 305, 306
Linearity

of detectors 119

of f.m. transmitters 273
Lines

as filters 309

concentric 50

equipotential 13

long-, 291299

losses on 294, 297, 298, 304

non-resonant 50

of force 13

parallel wires 50

resonant 50

see antennas

see transmission lines

short-, 300-310

transmission, simple 50

untuned 50

Link coupling 36
Lissajou patterns 171-175
summary of 174
Load
on simple circuit 35
Loftin-White circuit 186
Long-lines 291-299
see antennas
see transmission lines
Long-wire antennas 298
Loop antennas 277
Loops of current and voltage 297, 301
Loose coupling 37
Loss, dielectric 39
Losses
along lines 294, 297, 208, 304, 311
in R-C coupled amplifiers 189
in wave-guides 333
See gain
vs. @ 317
Lumen 136
Luminous flux 136
Lumped voltage 77

Magnetic

focusing 158

lenses 158-161

radiating field 46
Magnetic field of eurrents 17
Magnetostriction oscillators 95
Magnetron 324
Magnetron oscillators 325
Me. 47
m.c.w. 106, 182
Marconi 48
Markers 227
Mass

of electron 2
Matter

structure of 6
Maximum usable frequency 55
Maxwell 45
Metallic conduction 6
Meters

d.c. 17

double intensity 288
Microampere 17
Microfarad 16
Micro-microfarad 16
Microphones 194-196
Microphonics 257
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Microscope, electron 160
Microwaves 322-336
frequency
range of 24, 322
references 336
Milliampere 17
Mixers in superhet receiver 261
in uwhf. receivers 312
Modes of vibration
in wave-guides 331
on antennas 299, 306
on lines 302
Modulated carrier wave 106
Modulation
adjustment for 100 per cent 215
amplitude, details 213-217
principle 106-113
cathode 217
frequency
principle of 107
details 271-276
grid-bias 216
low- and high-level 245
measurements of 250
of pentode amplifiers 216
of rf. amplifiers 213-217
percentage 111
plate-and-screen 215
requirements for 100 per cent
214 S
suppressor-grid 216
under- and over-, 250
velocity 327
Modulator 108
output voltage 214
reactance 271
requirements of 214
see modulation
see speech amplifiers
Multi-electrode tubes
high-vacuum 98-105
Multi-hop 55
Multipliers, frequency 248
Multiplier tubes 102-105
in image dissector 157
photoelectric 144-146
Multistage amplifiers 83
d.c. amplifiers 186
Multivibrator
details 235, 238
simple 94
Mutual

conductance 78
inductance 37

Navigation aids 277-288, 335
Negative feedback

see degenerative amplifiers
Negative resistance 100
Negative resistance oscillators 220
Neighboring bodies

effect of 38
Neon tubes

see glow-tubes
Neutralization 208-211

erid

induction 210

of push-pull amplifier 210

plate 209

procedure 210
Night effect 283
Nodes and loops 297
Noise

in f.m. transmission 273

in loops 281

in receivers 256

limiters 267

thermal, in amplifiers 8
Noise limiters 267
Non-harmonic oscillations 247, 323
Non-linear circuit elements 176
Non-ohmie circuit elements 176
Non-resonant lines 50, 202-297

Oersted 17
Ohm 9
Ohm’s law 9
for a.c. circuits 28
Ohmic circuit elements 176
Open-wire lines
see parallel-wire lines
Orbital-beam multiplier tubes 104
Oscillation
frequency of 33, 91
large amplitude 227
parasitic 247, 324
square wave 229
Oscillators
adjustment of 223
audio-frequency 96
Barkhausen-Kurz 322
beat-frequency 224
cathode-ray 327
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cavity resonators 328
Colpitts, simple 92
constant-current supply 227
converter 261, 313

erystal circuits 222

crystal, simple 94

crystals for 220

distortion in 226

dynatron 220
electron-coupled 218
frequency drift 227
frequency modulation of 271
frequency stability 227
General Radio 319
Gill-Morell 324

grid current 225

harmonic distortion 226
Hartley, simple 91
heterodyne 225

klystron 327

large amplitude 227

linear circuits for 315

local 256-263
magnetostriction, simple 95
magnetron 324-327

mixer 261

multivibrator, details 235, 238

multivibrator, simple 94
negative resistance 220
phase and voltage 225
Pierce 223

plate efficiency of 227
positive-grid 322

power output 227

pulse 232

pure sine wave 204

INDEX

ultra-high frequency 315
velocity-modulated 327

Oscillograph

see oscilloscope

Oscilloscopes

cathode-ray tubes for 152

checking phone transmitters 250

circular pattern 173
crenellated pattern 175
direction finders 284, 288
double sweep 169

double tracing 239

elliptical pattern 174
folded pattern 169

hum tests 252

linear sweep-circuit 165-168
Lissajou pattern 171-174
modulation measurement 250
multiple frequencies 170
operation of 162-175
patterns 171-175, 250
scanning 169

spiral pattern 175
sub-multiple frequencies 170
sweep-circuit 163-168
synchronization 170
trapezoidal method 250
uses of 162

wave-envelope method 250

Output

amplifier circuits 87
impedance of lines
long-, 295
short-, 305
see power output
transmitter circuits 252

push-pull simple 97 Oxide-coated filaments

ultra-high frequency 314, 316-

318 Padding condenser 263
relaxation 121, 163 Parallel
retarding field 322 capacitances 16
saw-toothed 234 resistances 10
simple 90-97 resonant 34

square wave 229
sweep 163-168, 234

Parallel-wire lines
characteristic impedance

tickler circuit 90 chart 295
transitron 220 equation 294, 305
tri-tet 223 feeding 305

tuned-filament, tuned-plate 317
tuned-plate tuned-grid simple 92
ultra-high frequency 315-321
ultraudion, simple 93

fields around 293
impedance matching 305
Lecher wires 298

length 296, 303



Imear circuits 300
long-lines 291-298
losses 297, 298, 304
non-resonant 292-297, 300-305
progressive wave 293
resonant 297
shielding 304
short-lines 300-305, 315-317
spacing 292, 304
standing waves 297, 301
termination 295, 303
transformers 305
transposed 292
tuning elements 315, 323
tuning circuits 315-317, 323
velocity along 294
wave-length on 294
Parasitic
directors and reflectors 309
oscillations 247, 323
Patterns
from wave-guides 335
in wave-guides 331
on cathode-ray tubes 169, 171-175
radiation 278-288, 308
Peak-inverse voltage 66.
Peak value 24
Pentode amplifiers
Class C 213-217
modulation of 216
Pentodes 100
Perentage Modulation 111
Period 23
Phase 25
in oscillators 225
measurement 162, 290
quadrature 278, 309
reversal per stage 86
Phase control of thyratrons 130, 133
Phase shifters 131
Phase-splitting circuit 174
Phone transmitter, 248
checking 250
Photoconductivity 143
Photoelectric cells 136-146
color response
emissive 137
frequency response 139, 144
internal resistance 144
max. safe voltage 139
multiplier type 144-146
photoconductive 143

INDEX

photo-voltaic 143
photronic 143
practicable circuits 143
selenium 143
simple 137
simple circuits 142
spectral selectivity 141
threshold 142
time of response 139
vacuum vs. gas-filled 139
yield 142
Photoelectric current 137-142, 146
time factor 139
total 142
vs. battery voltage 138
vs. color of light 140
vs. light intensity 138
vs. wave-length 140
yield 141, 142
Photoelectric effect 136
Photomosaic 156
Photo-multiplier tubes 144-146
in image dissector 157
multiplier tubes 102-105
Photo-tubes .
see photoelectric cells
Photo-voltaic effect 143
Photronic cells 143
Picture tubes 155
Pierce crystal oscillator 223
Plate control, of space charge 62
Plate current
vs. filament temperature 59
vs. plate voltage 62
Plate detectors 115
Plate efficiency 87, 227
Plate modulation
details of 213
principle of 108
Plate-neutralized amplifiers 209
Plate resistance of tubes 77

372

Polarization of radio wave 53, 177,

283

Position fixing 280
Positive feedback 87, 200
Positive-grid oscillators 322
Positive ion sheath 124
Potential 8

disintegration 123

dividers 10

drop 9

extinction 120
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ionizing 122
starting 120
striking 120
Power 9
factor 29
max. transferred 31
modulator requirement 214
Power amplification 86
Power amplifier
audio 87
rf. Class C 211
Power output
Class A amplifiers 87, 179
-Class B amplifiers 180
Class C amplifiers 182
measurement of 246
of oscillators 227
transmitter 247, 252
Power pack 65-72
Power sensitivity 87
Power supplies
current-regulated 227
filters for 69
rectifiers for 65-69
regulation 71
three-phase 68
typical circuit 69
vibrators 72
voltage doublers 67
voltage-regulated 241
Power tubes
beam 101
Preselector 254, 256, 260
Problems 337
Propagation
of radio waves 52
ultra~high frequency 56
Pulling
in beat-frequency oscillators 262
in converters 262
Pulse amplifier 190
Pulses ]
applications of 233
counting of 234
direction of arrival 236, 288
generators 232
random 235
Push-pull amplifiers
frequency multipliers 298
neutralization of 210
simple 88
Push-pull oscillators 96, 316

INDEX

Q 34,317
of amplifier tank 212, 247
of concentric line 305
of quartz crystals 94
values of 35
Quartz crystals
see crystals
Quasi-optical waves 322, 335
Questions 337

Radiation
directed 49
explanation of 45
field 46
from wave-guides 835
high-angle 49
low-angle 49
patterns
antenna 278-288, 308
wave-guide 331, 335
polarized 277, 283
reduction with lines 304, 317
resistance 307
uni-directional 51
Radio aids to navigation 277-288
335
Radio beacons 285
Radio beams
A and N 285
from horns 335
landing 288
see antennas
Radio compass 279
Radio frequency
adjustment for 100 per cent modula-
tion 215
ammeter 30
amplifiers, details 205-212
amplifiers, simple 85
choke 29
ranges of 24
Radio frequency amplifiers
Class A for receivers 205
Class C 211
details 205-212
linear 191, 211
modulation of 213-217
neutralization 208
power 211
simple 85
Radio markers 287
Radio wave 46
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polarization 277, 283
velocity of 46
Random pulses 235
Range of transmission
ground wave 52
ultra-high frequency 57
Ratio
LtoC35
standing wave 298
transformer 31
R-C coupled amplifiers
see resistance-capacitance-coupled
amplifiers
Reactance 27
capacitive 27
coupling 36
examples of 28
inductive 27
modulator 271
Reading list, microwaves 336
Receivers
alignment methods 262
amplitude modulations 254-270
automatic frequency control 269
automatic tuning 269
automatic volume control 266
band-spread 264
comparison with f.m. 273
compensated volume control 269
conversion efficiency 262
crystal, simple 114
fidelity 258
for c.w. 255
for code 255
for wave-guides 332
frequency-converters 261
frequency modulation 273-276
alignment procedure 275
comparison with a.m, 273
discriminator 275
for u.hf. 313
limiters 274
ganged condensers 262
if. amplifiers for 206
microwave 332-336
noise in 256
noise-limiters 267
pattern condensers 263
rf. amplifiers for 205
scratch filters 268
selectivity 257

sensitivity 256
simple cireuit 254
special features 267
stability 259
superheterodyne 259-265
tone control 269
tracking 263
trimmer condensers 263
tuning indicators
ultra-high frequency 312
concentric line tuning 314
converter circuit 313
design principles 311
double superheterodyne 312
super-regenerative 312
tube for 312
volume expanders 269
Rectangular wave-guides 331
Rectification 65
Rectifiers
component parts 69
diode 65-72
filters for 68
regulation 71
thyratron 132
typical circuit 70
vibrator 71
voltage stabilization 241
Reduction of static 287
rfec.29
References, microwaves 336
Reflected
impedance 31
Reflectors
for microwaves 335
parasitic 309
Refraction of radio waves 53
Regeneration in amplifiers
simple 87
Regenerative detectors 118
Regenerative receiver 254
Regulator
of current 227
of voltage 241
see glow-tubes
Relaxation oscillator 121, 163
Remote cutoff tubes 77
Resistance
coupled amplifiers 83
h{. of a coil 30
laws 10
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negative 100

of tubes 77

photocells 144
Resistance-capacitance-coupled ampli-

fiers ’

balanced feedback 200

blocking action 230

characteristics 187

clipper action 229

decoupling 188

degenerative 199

design of 188

feedback 198-204

filtering 188

for pulses 190

frequency response 189

high- and low-pass 201

limiter action 229

linear 191

R and C values 188

resolving time 190

selective 203

shielding 190

simple 80

speech input 195-197

testing with square waves 231

typical circuit 187

video 192

wide-band 192

with microphones 195-197
Resistance-coupled amplifiers

see also resistance-capacitance-cou-

pled amplifiers

see also direct current amplifiers
Resistors

coils in radio circuits 30

decoupling 85 -
Resolving time of amplifiers 190, 237
Resonance

along lines 297, 302

effective 38

generalized definition 39

in cavities 328

series 33

sharpness of 34

with various couplings 37
Resonant

circuits 34

circuits with load 35

frequency 34

lines 50, 297, 300-305

voltages 35
Resonators
cavity 328, 332
crystal 35
short-lines 302
Response curves, of loops 278
Retarding-field oscillators 322
Rhombic-type antenna 299
Ribbon microphone 196
Richardson 59
Ripple
elimination of 241
frequency 66
per cent 66
rms. 24
Root-mean-square value 24

Saturation currents

for diodes 61

for triodes 74
Saw-tooth wave-form 165

double sweep 168

from pulses 234
Scale-of-two circuit 237
Scaling circuits 237
Scanning 157, 168
Scratch filters 268
Screen-grid tube 98
Secondary emission 63

in multiplier tubes 102

in photo-multiplier tubes 144-146

laws of 63
Secondary electrons

in tetrodes 99
Selective amplifier 203
Selectivity 34

and detectors 119

of receivers 257
Selenium ecells 143
Self-induction 18
Self-stopping circuits 127
Sense determination 280
Sensitivity

deflection 153

of detectors 119

of receivers 256

power 87
Separation

components of complex current 29
Series

capacitances 16



resistances 10
resonance 33
Sharpener
of pulses 232
of square waves 229
Sharpness of resonance 34
in receivers 257
Sheath, positive ion 124
Shielding 39
Faraday 247
in amplifiers 190
in converters 262
in transmitters 252
of loop antennas 282
of parallel wires 304
Shore effect 282
Shore-lines 300-310
see antennas
see transmission lines
Side-bands 112
Signal-to-image ratio 261
Signal-to-noise ratio 256
in f.m. transmission 273
Sine curve 22
Sine waves
addition of
at right angles 172
in series 25
simple 22
Single-button  carbon
194
Single-wire feed 292, 306
impedance of 295
Skin effect 30, 304, 311
Sky wave 53, 55
polarization of 277, 283
Small current amplifier 183
Solenoid
magnetic field 17
Southworth 332, 336
Space charge 62
grid control of 73
plate control of 62
Space-charge-grid tube 100
Speaker, dynamic 196
Spectral distribution 140
Spectral distribution curves
photoelectric 141
Spectral selectivity
of photo-cells 141
Spectrometer 140
Spectrum

INDEX

visible 140
Speech amplifiers 196
Split-anode magnetron 326
Spurious oscillations 247
Square waves
amplifier testing 231
applications of 231, 240
production of 229
Stability
of amplifiers 184, 248
of oscillators 227
of receivers 259
Stabilized
current system 227
d.e. amplifiers 184
voltage 241
Stabilizer
current 227
voltage 241
Standing waves 48, 207-306
ratio 298
Starting voltage
of a glow-tube 121
of thyratrons 125
Static
direction finding 288
method of study 169, 175
reduction, of aircraft 287
Static curves 74

microphone  Strength

of radio waves 47, 52
Striking curve
of a gas-filled tetrode 126
of a glow-tube 121
of a thyratron 125
Striking voltage
of a glow-tube 121
of thyratrons 125
Stroboscope 121
Strobotac 122
Strobotron 121
Sunlight, intensity of 138
Super-control tubes 77
Superheterodyne receiver 259-265
alignment 262
conversion efficiency 262
double detection 261, 312
for c¢.w. reception 260
for phone reception 259
for uhf. 313
frequency converters 261
image frequency 260

376
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image ratio 261
principles of 259

Super-regenerative detector 118, 313

Supersonics, 96
Supply
B-voltage, common 86
Suppressor grid 100
Suppressor-grid modulation 111
details 216
Sweep-circuits
amplitude change 164
double 168
frequency change 164
linear 165-168
multiple 170
simple 163
Switch, electronic 239
Synchronization 170

Telephone transmitter 248
checking 250
Television tubes
see cathode-ray tubes
scanning 169
telescope, electron 158
thyrite ridge 178
Temperature dependence
of thermionic currents 59
Tetrodes 98
Theory
evaporation of electrons 59
of matter 6
of metallic conduction 7
Thermal noise, in amplifiers 8
‘Thermionic emission 59
Thermocouple-ammeter 30
Thoriated filaments 60
Three-halves power law 63
Three-phase rectifier 68
Threshold
of feeling 268
of hearing 268
photoelectric 142
Thyratron 123
de-ionization time 167
grid control ratio 125
in sweep circuits 166
shield-grid type 126
striking curves 125
tube 123
Thyratrons, operation of 127-135

a.c. on plate 128

INDEX

counting circuit 127
frequency control 129
inverters 133
phase control 130
rectifiers 132
self-stopping circuit 127
Tickler 87
Tickler circuit oscillator 90
Tilt magnetrons 326
Time constant 19
blocking action 167, 230
chart for 20
in pulse generators 232
in R-C amplifiers 188
in square wave oscillators 230
Time factor
in photoelectric cells, 139143
Timer, of intervals 240
Tone control 269
Tracking 263
Transconductance 79
Transformer
-coupled amplifiers 84
impedance, line 305
see amplifiers
Transformers 31
audio 31
coupled modulators 213-217
coupling 36
d.c. 135
impedance ratio 31
interstage 81, 84
voltage ratio 31
Transition oscillator 220
Transmission
distances 52, 56
range of 52, 55, 56
ultra-high frequency 56
Transmission lines 291-298
characteristic impedance 294, 305
concentric 304 )
coupling to transmitter 252
damped progressive waves 293
distributed capacitance 294, 311
electrical length 296
feeders 306
fields around 293
impedance matching 305, 306
Lecher wires 298
length 296, 303
loading 305
losses 204, 207, 208, 304
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nodes and loops 297
non-resonant 292, 295
resonant 297
shielded 304
short-lines 300-305
simple principles 50
spacing 292, 303
standing wave ratio 298
standing waves on 297, 301
termination 295, 303
transposed 292
types 292
velocity of propagation on 294
wave-length along 294, 298
waves on 293
Transmitters, a.m. 244-253
buffer amplifier 314-321
checking modulation 250
circuits 249
complete unit 248
coupling methods 245-252
design steps 244
doublers, frequency 248
frequency multipliers 248
harmonic production
see distortion
harmonic suppression 247
hum eliminaton 251
interstage coupling 245
low- and high-level modulation 245
modulation measurement 250
output coupling devices 247, 252
parasitic oscillations 247
phone 248
power output measurement 246
telephone 248
typical circuit 249
ultra-high frequency 314-321
Transmitters, fm. 271
checking 273
deviation 272
reactance modulator 271
Transmitters, u.hf. 314-321
design principles 311
with linear circuits 315
see microwaves
Transposed lines 292
Trapezoid
modulation measurement 250
Trimmer condenser 263
Triodes 73
characteristic curves 74

Tri-tet oscillator 223
Trombone line 303
Tubes
acorn 312
B-K 322
beam power 101
cathode-ray 147-161
cathode-ray oscillator 327
code numbering 102
combination 102
diodes 58
doorknob 312, 320
effective capacity of 82
electron microscopes 160
electron telescopes 158
FP 54, 183
gas-filled 120-216
Geiger-Mueller 235
glow- 120
grid-glow 123
iconoscopes 156
image dissector 157
inter-electrode 208
kinescopes 155
klystron 327
magnetron 324
microphonies 257
multi-electrode 98-105
multiplier 102-105
in image dissector 157
photoelectric 144-146
neon, see glow-tubes
noise in 257
orbital-beam multiplier
pentodes 100
photo-multiplier 144-146
picture 155
positive-grid 322
reactance modulator 271
retarding field 322
screen-grid 98
space-charge-grid 100
strobotron 121
tetrodes 98
gas-filled 123
thyratron 123
triodes 73-79
gas-filled 123
two-electrode 58
velocity-modulated 327
voltage regulator 241
Tuned circuit 33
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Tuned lines 50, 207, 300

Tuned-plate, tuned-grid oscillator 92,

316
Tuning
alignment methods 262
automatic 269
band-spread 264
indicators 269
Tuve 233 '
Twisted-pair 292
impedance 295
losses 297
Two-electrode tube 58

U.H.F. 311
receivers 311-314
transmitters 314-320, 322-330

Ultra-high frequencies 24
range of 24, 311

Ultraudion oscillator 93

Units, electrical 8

Untuned lines 50

V-type antennas 299
Vacuum
diodes 58
triodes 73
Variable-mu tubes 77
Velocity
along transmission lines 294
of electrons 4
of light 46
modulation 327
Velocity microphone 196
Vibrators 72
Video amplifier 192-200
Virtual cathode 218
Virtual height 54
Visibility eurve
of eye 140
Voice, frequency of 258, 268
Volt 8
Voltage
amplification constant 76
B-supply 65-72
disintegration 123
distribution along lines 293-301
~doublers 68

INDEX

extinction 120
filter regulation 71
gain per stage 82, 198
ionizing 122
lumped 77
modulator requirement 214
peak-inverse 66
stabilizers 291
striking 120
Voltage dividers
breakdown of dielectrics 15
Voltage stabilizer 241
Voltmeter 17
Volume control
compensated 269
receiver 255
Volume expanders
automatic 269

Watts 9
Wave envelope
modulation measurement 250
Wave-forms, complex 24
pulse 232
saw-tooth 165, 234
square 229
Wave-guides 330-334
long-lines 293
Wave-length 46
along transmission lines 294
measurement, Lecher wires 298
of B-K oscillations 323
of light 140
of magnation oscillators 325
of microwaves 322
of uhf.
vs. frequency 47
Waves
electromagnetic 46
polarized 277, 283
standing 48
Weather transmission 286
Wide-band amplifier 192, 200
Work function 60

Yield
photoelectric 141, 142








