































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Electron-Tube Amplifiers 535

and other disturbances. If we send into the grid a voltage that is
equal in magnitude and opposite in direction or phase (180° out of
phase) to the voltage set up by the interelectrode capacitance, the
two voltages cancel each other out, and no feedback results. This
suppression illustrates the principle of neutralization.

Figure 39-25 shows how it is accomplished. Note that the vari-
able capacitor in the tank circuit has a peculiar form. In reality, it
is two variable capacitors in series, with their center going to the
ground. Note also that the B+ goes to the center tap of the coil.
The net effect of this hookup is to produce a condition similar to
that which exists across the center-tapped primary of the output
transformer of a push-pull audio-frequency stage of amplification
(Fig. 27-4). The voltages at both ends of the tank coil are opposite
in direction (180° out of phase).

If some of the voltage from the bottom end of the coil is fed
through a small variable capacitor (C,), called a neutralizing ca-
pacitor, onto the grid of the tube, neutralization is achieved. The
neutralizing capacitor con-
trols the amount of voltage
so fed to insure that it is
just enough to neutralize
that arising from the capac-
itance of the electrodes.
Since this neutralizing volt-
age comes from the plate
circuit, this method 1is
called plate neutralization.

Neutralizing ~ voltage  _ A
may also be drawn from the
grid circuit and deposited Fig. 39-26. Circuil showing grid neu-
on the plate. Such a method tralization.
is shown in Figure 39-26.

This method is called grid
neutralization, and operates the same as plate neutralization.

There is another method which is called direct plate-to-grid
neutralization. Here, use is made of the fact that the voltage drop
across an inductor is 180° out of phase with the drop across a
capacitor in that same circuit (see Chap. 35). If an inductor (L)
is placed across the plate and grid of the tube, the voltage drop
across 1t will be exactly opposite to the voltage drop across the grid
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and plate of the tube. This
is so because of the capaci-
tive effect of plate and grid.
If the inductor is carefully
chosen, the voltage drop
across it will also be equal
to the voltage drop across
the grid and plate. Thus,
the two voltages will cancel
each other out, and no feed- B+

back will result (Fig. 39- Fig. 39-27. Circuil using direct plale-lo-
27). The capacitor (C) in grid neulralizalion.

series with the inductor (L)

is used to keep the B+ off the grid of the tube.

In modern practice, however, radio-frequency amplifiers using
screen-grid tubes do not have to be neutralized. At radio fre-
quencies, the grid-to-plate capacitance of the screen-grid tube is
negligible,

Transistor Amplifiers. Transistor amplifiers, particularly the
common-emitter configuration which resembles normal tube opera-
tion, behave in many ways as electron-tube amplifiers. They may
be operated as a-f or r-f amplifiers. They may be operated in class
A, AB, B, or C.

SUMMARY

1. Vacuum-tube amplifiers may be classified under two headings:
(1) oudio-frequency and (2) radio-frequency.

2. Another classification is based on their function: (a) voltage
amplifiers magnify the input signal without regard to the power
delivered and (b) power amplifiers deliver a large amount of
power to a load—usually loudspeakers or antennas.

3. Audio-frequencies lie between 30 and 15,000 cycles, and radio
frequencies range from 15 ke up.

4. Amplifying tubes are classified by the Institute of Radio Engi-
neers as A, AB, B, and C, according to the operating conditions
for which they are adapted.

5. Briefly, these types are defined in terms of grid bias, alternating
grid voltages, and plate current as follows:

A class A amplifier is a tube in which some plate current flows
at all times.
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A class AB amplifier is a tube in which plate current flows during
less than the entire eyele but during more than half of it.

A class B amplifier is a tube in which plate current is approxi-
mately zero when no exciting grid voltage is applied; hence,
plate current flows only during half of each cycle.

A class C amplifier is one in which the grid bias is greater than
the cutoff value, so that plate current flows for less than half
of each input eyele applied to the grid.

6. Class C amplifiers are used in certain types of radio-frequency
amplifiers in transmitters, but not in audio-frequency work.

7. The general principle of the rating and use of amplifying
tubes is that of providing such a negative charge on the grid
(that is, grid bias) that the current in the plate circuit may be
controlled and directed for specific purposes.

8. The relation of grid bias to plate current is as follows: (1) The
smaller the negative charge on the grid, the more readily do
electrons pass through to the plate. (2) The larger the negative
charge, the less readily do clectrons pass through to the plate.
(3) When the grid bias is small, the alternating voltages from
the signal impressed on the grid make it easy for electrons to
flow during the positive half of the c¢ycle and may even permit
some current to flow during the the negative half of the cycle.

9. In general, when using an amplifier as a wvoltage amplifier we
should have the resistance of the load as high as feasible; when
power amplification is desired, the load resistance should be
about twice the plate resistance (R,) of the tube.

GLOSSARY

Audio-Frequency Amplifier: A tube amplifying frequencies from about
30 to 15,000 cycles per second.

Class A Amplifier: A tube amplifier so biased that plate current
flows at all times during the input voltage cycle.

Closs AB Amplifier: A tube amplifier so biased that plate current
flows for more than hali but not all of the input voltage cycles.
Class B Amplifier: A tube amplifier so biased that plate current flows
for only half of the input voltage cycle.

Class C Amplifier: A tube amplifier so biased that plate current
flows for less than half of the input voltage cycle.

Degenerative Feedback: Feedback of energy from the plate circuit
to the grid circuit in such phasc relationship as to weaken the in-
put signal. ’

Delay Distortion: Distortion due to transmission of different fre-
quencies at different speeds resulting in phase shifting.

Distortion: Change of waveform in the output of a tube as com-
pared with the input.
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Frequency Distortion: Unecqual amplification of different frequencies
by an amplifier.

Impedance Matching: Adjusting load impedance to generator im-
pedance to get maximum power output.

Inverse Feedback: Same as degenerative feedback.

Negotive Feedback: Same as inverse feedback.

Nonlinear Distortion: Distortion due to tubc operation on the bends
of a characteristic curve.

Overloading: Allowing too large a signal voltage swing on the grid,
resulting in distortion.

Phose Distortion: Same as delay distortion.

Power Amplifier: An amplifier designed primarily to furnish power
to a power-consuming device or circuit,

Radio-Frequency Amplifier: An amplifier designed to amplify {re-
quencies above 15,000 cycles per second.

Second Harmonic: A frequency twice the fundamental frequency.
Third Harmonic: A frequency three times the fundamental fre-
quencey.

Voltage Amplifier: An amplifier designed primarily to get a maxi-
mum voltage amplification from voltage on grid to voltage across
plate load.

QUESTIONS AND PROBLEMS

1. In terms of function, what is the difference between an r-f

amplifier and an a-f amplifier?

2. What is the difference between a voltage amplifier and a power

amplifier?

3. Explain what is meant by a class A ampiifier; a class B amplifier;

a class C amplifier.

4. Explain what is meant by a class AB amplifier. What is the

difference between a class AB, amplifier and a class AB, amplifier?

5. What determines in which class an amplifier will operate?

6. In a superheterodyne receiver, what class amplifiers may be
used for the r-f and i-f stages; for the first a-f stage; for the final
a-f stage?

. Explain the cathode-resistor method for obtaining grid bias.

. Explain the grid leak-capacitor method for obtaining grid bias.

. List and deseribe the different forms of distortion which may be
found in an amplifier.

10, What type of distortion results when the grid bias is too low?

Explain how it is produced.

11. Explain how distortion is produced when the amplifier is over-

loaded. What steps may be taken to remedy this distortion?

12. What type of distortion may be remedied by use of a push-pull

amplifier? How is this accomplished?

O 0N
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13.

14,

15.

16.

17.
18.

19.
20.
21.

Explain the need for impedance matching when power is trans-
ferred from one circuit to another.

Explain why a load impedance about twice as great as the
plate resistance of the tube may be employed for maximum
undistorted power output from an amplifier.

List and describe three types of amplifier-coupling circuits.
Give the advantages and disadvantages of each type.

By means of a simple diagram, explain the purpose of inverse
feedback in an a-f amplifier.

Why are resonant circuits used with r-f amplifiers?

Why is harmonic distortion a negligible problem with r-f am-
plifiers?

Explain the “flywheel effect” in a class C amplifier.

What is the purpose of neutralization of a triode r-f amplifier?
List and describe two methods of neutralization of a triode r-f
amplifier.
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PROBLEM. How are electron tubes made to serve as
oscillators?

What Is an Oscillator? In addition to serving as rectifiers, de-
tectors, and amplifiers, electron tubes may serve as oscillators. As
such, they act as generators of alternating current, usually of high
frequency and constant, equal amplitude. We call such a high-
frequency alternating current a continuous radio-frequency or car-
rier current. When modulated by audio currents originating in
the microphone, the carrier current becomes the modulated radio-
frequency current. This current, in turn, produces the modulated
radio wave that is radiated by the transmitting antenna and is
intercepted by the receiving antenna. In short, electron tubes as
oscillators generate the high-frequency currents for transmitters in
modern radio and television broadcasting as well as in modern
radio and television receivers.

Oscillators in the Superheterodyne and Regenerative Receiver.
We made the acquaintance of the electron-tube oscillator in our dis-
cussion of the superheterodyne receiver (Chap. 26). It was used to
generate the continuous radio-frequency current which was used to
beat against the incoming signal to produce the intermediate beat-
frequency current which was fed into the intermediate-frequency
amplifiers.

Before we studied the superheterodyne receiver, we met the
electron-tube oscillator (in a somewhat disguised form) as the regen-
erative detector (Chap. 16). Plate current was fed back to the
tuning circuit, by means of a tickler coil, to be reamplified, and
thus to produce a louder signal. You will recall that unless this

540
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feedback was carefully controlled, the tube would start to oscillate
and transmit a signal that could be received over a distance of
several blocks.

The Simple Oscillator Circuit. In its essence, the oscillator con-
sists of a coil and eapacitor hooked together (Fig. 40-1). Assume
that the capacitor is charged. Electrical energy is contained in the
dielectric or electrostatic field of the capacitor. The capacitor starts
to discharge. Eleetrons flowing through the coil set up a magnetic
field. The energy of the dielectric
field is then converted into the
energy of the magnetic field. As
the current starts to die down,
the magnetic field about the coil
collapses, and its energy Iis
changed back into dielectrie-field
energy as the capacitor is
charged once more, this time
Fig. 40-1. A simple oscillatory =~ Wwith opposite polarity.
circuil. The back-and-forth swings

of the electrons (called oscilla-
tions) continue at an extremely rapid rate and, were it not for the
presence of resistance in the circuit, these oscillations would con-
tinue indefinitely. Thus, an alternating current of extremely high
frequency circulates through the circuit, and this frequency is
determined by the value of the inductance and capacitance. As we
have seen,

1
2r VL X C
where f signifies frequency. The frequencies considered here are
radio frequencies (15 ke to 300 me and more). We can vary the
frequency of this alternating current by changing the values of
L or C. In practice, we usually use a variable capacitor to give
us our frequency changes.

How the Oscillator Works. The next step is to amplify this
alternating current. A class C amplifier is hooked across the capac-
itor (Fig. 40-2). The oscillating radio-frequency current in the coil-
capacitor circuit (called the tank) causes a radio-frequency voltage
(the signal or excitation voltage) to be placed across the input of
the tube. Grid bias is furnished by the voltage drop across the grid

J
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&)
Fig. 40-2. A class C am- OUTPUT
plifier is hooked across the
simple oscillalory circuil. \ ?
Ll
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leak (R). As a result, the signal, in greatlyﬁ amplified form, appears
at the output of the tube (Chap. 39).

A question now arises. Since soine resistance is always present
in every circuit and since energy is dissipated in this resistance,
what keeps the oscillations going? The answer to our question is
feedback. You will recall that in the case of the regenerative detec-
tor (Chap. 16) some energy from the plate circuit was fed back to
the tuning cireuit by mutual inductance. The same principle is
used here (Fig. 40-3).

Coil Li corresponds to the tickler coil of the regenerative
detector feeding back energy from the output, which overcomes the
effect of resistance and keeps the oscillations going. Since this is a
class C amplifier, plate current flows only during a small portion
of the cycle. But it is not necessary that energy be fed into the
tank during the complete cycle of oscillation. It is enough that
short pulses, in step with the oscillations, be fed in (see Chap. 39).

Lg;?’
:

Fig. 40-3. The oulput is
fed back inlo lhe oscilla-
lory circuil by means of an
inductor (1.).

Ly

Merely setting a current oscillating in the tank circuit does
not make a transmitter. The signal so set up must be passed on,
amplified, and ultimately radiated out as a radio wave. In other
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words, the oscillator must be coupled to the rest of the transmitter.
We shall discuss this matter of transmitters later in Chapters 41
and 42, but keep in mind that electrical energy will be drained off
the oscillator for this purpose. Because of this drain, feedback from
the plate must not only provide for losses resulting from resistance,
but must also provide for power handed on by the oscillator to the
rest of the transmitter.

The next question that arises is. what makes the oscillator
self-starting? In the case of the regenerative detector, the incom-
ing signal started a current flowing in the tuning circuit. But there
is no incoming signal here. The grid-leak bias does the trick for us.
Since, at the start, there is no grid current flowing, the voltage
drop across the grid leak is zero. Hence, the grid bias, also, is zero.
If you examine the characteristic curve for the class C amplifier
(Fig. 40-4), you will notice that when grid bias goes to zero. the
plate current becomes quite great. This current, starting to flow
through the feedback coil (L:1) of Figure 40-3, induces a voltage In
the tank circuit which starts the oscillations. Once started, these
oscillations are kept going, as we have seen above,

Another question is, what makes the peak amplitude of each
cycle of this oscillating current equal to its neighbor? Well, let us
see what happens if the amplitude of the radio-frequency current
oscillating in the tank circuits starts to die down. In Figure 40-4,
the signal voltage across the input of the tube starts to drop, and
the grid bias (because of the voltage drop across the grid leak) also
goes down. But as the grid bias approaches zero, the plate current
goes up. Thus, more current is fed back to the tank through coil
L: and the radio-frequency current rises back to its normal level.

The amplitude of the radio-frequency current cannot go up
because the plate current in the output is limited, as shown by the
top bend of the curve in Figure 40-4. Since the feedback depends
upon the plate current, the feedback, too, is limited, as shown by
the same bend of the curve. So, if the radio-frequency current in
the tank circuit rises, its losses rise, too, but the feedback cannot
go beyond its maximum value. The mounting losses quickly reduce
the radio-frequency current to its original value. You can see now
why the amplitudes of the peaks of the radio-frequency current
oscillating in the tank circuit are all of the same value.

We have stated that the frequency of this oscillating radio-
frequency current depends upon the values of inductance (L) and
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Fig. 40-4. Graph showing how plafe current goes up as the grid bias approaches
zero.

capacitance (C) in the tank circuit and is determined by the fol-

lowing formula:
1

/= 27 VL X C.
Actually, this formula is not strictly true. If we consider the plate
resistance of the tube (R,) and the resistance (R) of the tank eir-
cuit, including the resistance introduced 1nto the tank circuit when
it is coupled to a load, the formula for frequency becomes

R
_1 [TTE
2t NI, X C

where B/R, values are very small, usually much less than unity;
nevertheless, in the interest of frequency stability, we should seek
to keep the value of R as low as possible. Quite obviously, the load
should be kept as low as possible. Thus, the oscillator should not
be coupled directly to a radiating system such as an antenna.

For a particular frequency (which fixes the product of L X C)
and for a given @ (see Chap. 35), the value of R can be reduced
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Fig. 40-5. The Hartley
oscillator.
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and stability thus increased by using a low L (that is, a low L-to-C
ratio). The smaller the inductance, the smaller the dimensions of
the coil, and the lower the inherent resistance.

Types of Oscillator Circuits. Although electron-tube oscillators
may take many forms, they fall into two general types depending
upon how feedback is accomplished. One type depends upon the
inductive coupling between two coils to give us the required feed-
back. The simple oscillator shown in Figure 40-3 is of this type. A
variation of this simple oscillator that is in wide use is the Hartley
oscillator shown in Figure 40-5.

The novelty of this circuit lies in the fact that coil L is, in
reality, two coils in one. Thus the whole coil is the inductor of the
tank circuit, and the bottom part of coil I. may be considered as
the feedback coil corresponding to coil 1. of Figure 40-3. The fre-
quency of the oscillating current is determined by the values of
L and C. Output from this oscillator is obtained by inductive or
capacitive coupling to coil L.

A variation of the Hartley oscillator is the Colpitts oscillator
shown in Figure 40-6. It is quite similar to the Hartley, except that

RFC

T8+

L Fig. 40-6. The Colpilis
oscillator.
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the tap is not on the coil, but on the capacitor. This is accomplished
by using two tuning capacitors, C: and Ce. Just as with the Hartley
circuit, where the amount of feedback is controlled by varying the
tap point on the coil, so the feedback in the Colpitts circuit is con-

L1

Fig. 40-7. The tuned-grid-
tuned-plate oscillator.

N

——

‘ =i
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trolled by varying the ratio of the capacitances of C; and Cs. The
total capacitance of the tank circuit is the combined capacitances
of C1 and Cs, connected in series.

The second type of oscillator depends upon the capacitance
between the grid and plate of the tube to couple the feedback to
the tank circuit. An example of this type is the tuned-grid — tuned-
plate oscillator shown in Figure 40-7.

Fig. 40-8. The crystal os- =
Cillal()r. CRYSTAL—

1Lt

i

mr e

)

In this circuit, the frequency of the oscillating current is de-
termined jointly by the L X C of the grid circuit and the Z: X Ci
of the plate circuit. Hence its name: tuned-grid — tuned-plate. The
plate circuit should be tuned to the same resonant frequency as
the grid ecircuit, and feedback is accomplished through the eleec-
trodes of the tube. At high radio frequencies, the grid-to-plate
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capacitance of the tube provides sufficient coupling, but at lower
radio frequencies, a small capacitor may be needed across these
two electrodes of the tube to provide the necessary feedback cou-
pling. Output from this oscillator is obtained by inductive or ca-
pacitive coupling to coil La.

The crystal oscillator shown in Figure 40-8 is a variation of
the tuned-grid - tuned-plate oscillator. Certain crystalline sub-
stances possess the property of converting electrical energy to me-
chanical energy, and vice versa. We already have met such a
crystal in the Rochelle-salt phonograph pickup (see Chap. 17). The
quartz crystal is another. If a mechanical stress is applied to the
crystal, a dieclectric field appears between its faces (voltage across
the erystal). Conversely, when a voltage is applied to electrodes on
two parallel faces of the crystal, a mechanical strain occurs in the
erystal. As you already know, we call this the piezoeleciric effect.

Thus, electrical energy applied to two parallel faces of the
crystal produces a mechanical strain in the crystal. This strain,
in turn, produces a dielectric field which, in turn, again produces
a strain, This process goes on. At the natural period of the mechan-
ical vibrations of the crystal, the two actions may be made mu-
tually self-sustaining by feeding back a sufficient portion of elec-
trical energy to replenish the energy which is lost as heat during
each cycle.

The effect in the erystal circuit, then, is that we have an
oscillating current whose frequency is determined by the natural
frequency of the crystal. This frequency, in turn, is determined by
the mechanical structure of the erystal. Quartz crystals can be cut
whose natural frequency may be hundreds of thousands, and even
millions, of cycles per second.

Since we may consider the quartz crystal as a tuned circuit,
you can now sec the resemblance between the crystal oscillator
and the tuned-grid — tuned-plate oscillator. Quartz-crystal oscilla~
tors are noteworthy for their remarkably steady frequency output.
Output from the oscillator shown in Figure 40-8 may be obtained
by coupling to coil L.

Another type of oscillator that is widely used is the eleciron-
coupled oscillator whose circuit is shown in Figure 40-9. It uses a
tetrode tube and actually combines the standard Hartley oscillator
and a class C amplifier. The screen grid acts as a sort of plate and,
together with the cathode and control grid, forms a triode which
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funetions in the oscillator cireuit. Thus, the flow of clectrons within
the tube varies in step with the oscillations in the tank circuit com-
posed of capacitor C and coil L.. The actual plate of the tube has no
effect on thesc oscillations. However, since the screen grid is open-
meshed. most of the electrons flow through it to the actunal plate of
the tube.

The output from this oscillator is taken off across a load, con-
sisting of the tuned circuit made up of capacitor C; and coil ILa,
which are placed in the actual plate circuit of the tube. The oscil-
lator and output circuits are coupled by the electron stream within
the tube; hence the name electron-coupled. Since the effect of the
sereen grid is to shield the oscillations in the oscillator section from
the effect of the load, the frequency stability is rather good.

Transistor Oscillators. Transistors may be used as oscillators as
well as tubes., For every electron-tube oscillator circuit there is a
transistor counterpart.

SUMMARY

1. An aseillotor is a circuit for generating alternating currents, usu-
ally of high frequency.

2. Oscillations are started in a circuit by a strong plate current
fed back to, and setting up induced voltages in, a tank, or tuned
oscillator cireuit.

3. Once started, oscillations of electrons in an osciilator would
continue indefinitely except for resistance.

4. The supply of energy to overcome the losses and to keep the
oscillations going is furnished by the feedback cireuit.

5. A class C amplifier usually 1s used with this so-called tank,
or oscillator circuit.
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6. In all cases, the frequency (f) of the oscillating current depends
primarily upon the inductance (L) and the capacitance (C) of
the tank circuit as expressed by the formula

R
;oL J "R

2r NI X C
7. Several types of oscillator circuits in practical use are: (1) the
Hartley oscillator, whose principle is that one tapped coil serves
hoth as the inductor for the tank circuit and as a feedback coil
from the plate circuit; (2) the Colpitts osciilator; (3) the tuned-
grid —tuned-plate  oscillator. (4) The quariz-crystal oscillator,

which depends on the piezoeleetric effect. (5) The electron-coupled
oscillator.

GLOSSARY

Carrier: An alternating current of radio frequency and equal am-
plitude.

Colpitts Oscillator: An oscillator cmploying capacitive feedback
coupling instead of inductive feedback coupling as used in the
Hartley oscillator.

Continuous Radio Frequency: Same as the carrier.

Crystal Oscillator: A tuned-grid — tuned-plate oscillator, employing
a crystal as a tuned-grid circuit.

Electron-Coupled Oscillator: A stable oscillator in which a standard
oscillator and output circuit are electron-coupled within a tube.
Feedback: Coupling of energy from the plate circuit to the input
or grid circuit of a tube.

Hartley Oscillator: An oscillator in which feedback is accomplished
by mutual inductance.

Oscillator: A circuit used to generate alternating currents, usually
of high frequency.

Piezoelectric Effect: The effeet whereby certain crystals develop a
voltage aeross their faces when mechanically stressed and become
mechanically stressed when a voltage is placed across then.

Tank: An LC cireuit in which the electrons oscillate.
Tuned-Grid — Tuned-Plate Oscillator: An oscillator in which feedback
is by plate-to-grid capacitance and in which the plate and grid
circuits each contain an LC circuit,.

QUESTIONS AND PROBLEMS

1. Describe the behavior of a tube as an oscillator.
2. What is the function of a tube oscillator in the superhetero-
dyne reeeiver?
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10.
11.

12.
13.
14.

Electron-Tube QOscillotors

How may a regenerative receiver be made to oscillate?

In essence, what is an oscillator? Why must energy be fed into
it continually?

What is it that determines the oscillation frequency of a
resonant circuit?

What function does feedback perform in an oscillator?
Explain how the simple regenerative oscillator is made self-
starting and how oscillations of equal amplitude are main-
tained.

Why shouldn’t an oscillator be coupled directly to a radiating
system such as an antenna?

Draw a simple Hartley oscillator circuit.

Draw the circuit of a simple Colpitts oscillator.

Draw the diagram of a tuned-grid —tuned-plate oscillator and
describe its operation.

What is the principle of operation of a crystal oscillator?
Draw the circuit of a crystal oscillator.

Draw the diagram of an electron-coupled oscillator and describe
its operation.



41 The Continuous-Wave
(CW) Transmitter

GSOLINT WM [Tow are telegraph code signals produced
by radio transmitters?
QO LIVI WY Vhat principles are involved in continu-
ous-wave transmitters?

Kinds of Waves in Modern Transmitters. Modern radio trans-
mitters radiate waves which may be of two general types. One type
is the continuous or unmodulated radio wave whose waveform re-
sembles the radio-frequency current oscillating in the tank of the
oscillator discussed in Chapter 40. The amplitudes of all the cycles
are equal and frequency is constant. There is nothing to distinguish
one cycle from the next (Fig. 9-6).

The other type of radio wave is the modulated wave. In one
type, the amplitudes of the peaks may vary from cycle to cycle.
This type of modulated wave is called an amplitude-modulated
(AM) wave. In another type of modulated wave, the amplitudes of
the cycles remain constant, but the frequency is constantly chang-
ing. This is called a frequency-modulated (¥FAl) wave. More will
be said about these in the next chapter.

Radio Telegraphy. The continuous radio wave is used only for
radio telegraphy—that is, for the transmission of short and long
pulses or trains of waves to form the dots and dashes of a tele-
graphic code (Appendix). As the operator presses the key down
(closes the key), a train of these continuous waves radiates from
the antenna. When the key is raised (opened), the train of waves
ceases. By keeping the key closed for a shorter or longer period of
time, a dot (short train) or dash (long train) is radiated. Thus, if

551
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it is desired to send the letter A (dot-space-dash or - —), the
operator closes the key for a fraction of a second, opens it for the
same length of time, and then closes it for a period three times as
long as the first time (Fig. 41-1).

The frequency of the radio waves is radio frequency; the
train forming the dot, although of 1/10-second duration, may con-
tain thousands, or even millions, of cycles.

Why We Couple an Amplifier to the Oscillator. We may, of
course, connect the oscillator directly to the antenna and radiate
the radio wave. This, however, is rarely done. First of all, since the
radio-frequency currents in the oscillator are relatively weak, very
little power can be delivered to the antenna; the radiated wave,
therefore, would be quite weak. Furthermore, as we learned in
Chapter 40, putting a heavy load on the oscillator varies the fre-
quency to which it is tuned. The antenna is such a heavy load.
For these two reasons, then, it becomes important to feed the
oscillations into a radio-frequency amplifier before we send the
signal into the antenna. As we have learned in Chapter 39, the
radio-frequency amplifier usually employed in the transmitter is
of class C.

Methods of Coupling—Capacitive Coupling. There are a num-
ber of methods for coupling the oscillator to the radio-frequency
amplifier. Simplest is the direct or capacitive-couple method (Iig.
41-2). Here, the signal or excitation is fed from the tank circuit of
the oscillator, through the coupling capacitor (C), to the grid of
the amplifier tube. The coupling capacitor also serves to keep the
direct current of the oscillator off the grid of the amplifier tube.

Bias is supplied to the amplifier by means of the C battery
feeding through the radio-frequency choke (RFC). The purpose
of the choke coil is to supply a high impedance to the radio-fre-
quency excitation, and thus to keep i1t from leaking off the grid
of the tube. Capacitor C: across the B battery is used to offer an
easy path for the radio-frequency current, which can, therefore,
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OSCILLATOR R-F AMPLIFIER

Fig. 41-2. The direct or
capacitive method of cou-
pling the oscillator to the
radio-frequency amplifier.
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avoid traveling through the B battery to the cathode in order to
complete the plate circuit.

You will notice that the connection between the coupling ca-
pacitor (C) and the coil of the oscillator tank is adjustable. By
changing the point on the coil where contact is made, the amount
of excitation fed into the grid of the amplifier tube may be varied.
This variation controls the grid swing of the tube. The adjustment
should be varied until maximum excitation is achieved. (We shall
see how to fest for this maximum a little later.)

Inductive Coupling. Another method for coupling the oscil-
lator to the radio-frequency amplifier is the inductive method (Fig.
41-3). Both tank circuits are tuned to the same frequency. Cou-
pling takes place by mutual inductance. The coupling can be
varied by moving the coils nearer together or further apart or by
rotating one in relation to the other. The degree of coupling will
help determine the amount of excitation fed into the amplifier.

The inductive method of coupling introduces a difficulty. The
distributed capacitance of the coils may produce an unwanted
coupling effect upon each other. This undesirable feature may be
reduced by placing the coils further apart, but doing this cuts down
the efficiency of the transfer of excitation. However, by the use of
transmission lines, the two coils may be kept a considerable dis-

OSCILLATOR R-F AMPLIFIER
- 3’5 % Fig. 41-3. The inductive
— method of coupling the os-

cillator to the radio-fre-
quency amplifier.
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OSCILLATOR R-F AMPLIFIER
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Fig. 41-4. The malched-
impedance lransmission- /‘
line method of coupling. TRANSMISSION
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tance apart and yet be able to transfer the excitation from the
oscillator to the radio-frequency amplifier. Figure 41-4 shows one
type of such a transmission line.

The capacitor (C) is for the purpose of keeping the B-battery
voltage off the grid of the amplifier, not for coupling. The connec-
tion to cach coil is adjustable and should be varied until the proper
excitation is achieved. Care should also be taken to adjust these
connections (or taps) so that the impedances at each end of the
transmission line are equal for the maximum transfer of power.
This method is called matched-impedance coupling.

Another type of coupling is known as link coupling (Fig.
41-5). Here use is made of an inductive link between the two tank
circuits. The coupling ordinarily is made by a turn or two of wire
closely eoupled to the bottom ends of the coils of the tank circuits
of the coupled stages. The link line is usually two closely spaced
parallel wires or a twisted pair of wires connecting the loops. The
advantage of this system is that, since the voltage between the
link lines has been stepped down to a low value, radio-frequency
losses due to capacitance between the lines are small. Also, because
the link lines carry current in opposite dircctions, the counter elec-

OSCILLATOR R-F AMPLIFIER

Fig. 41-5. The link-
ﬂ! coupled transmission line.

LINK
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# Fig. 41-6. The push-pull
(s E OUTRUT  radio-frequency amplifier.
=]

BATTERY

tromotive forces induced in each are canceled out, thereby remov-
ing undesired inductance of the two long lines. The amount of
excitation fed.into the amplifier may be varied by varying the
number of loops at each end of the link and by varying the cou-
pling between these loops and their respective tank coils.

The Push-Pull Amplifier. As in the case of the audio-frequency
amplifier, the radio-frequency amplifier may be operated in push-
pull for greater power output. The push-pull eircuit may be op-
erated as a class C amplifier. Figure 41-6 shows a typical circuit.

The push-pull amplifier may be coupled to the oscillator or
driver amplifier in the same manner as the single-ended amplifier.
Figure 41-7 shows the direct or capacitive-coupled method. Figure
41-8 shows the inductive method of coupling.

Transmission lines, too, can be employed for coupling. Figure
41-9 shows the matched-impedance method of coupling. In Figure
41-10 is shown the link-coupling method.

Frequency Multipliers. Oscillators using a tuned tank in the
grid circuit are called self-excited oscillators. An example of such
an oscillator is the Hartley type shown in Figure 40-5. Oscillators

R-F AMPLIFIER

OSCILLATOR

Fig. 41-7. Direct or ca-
pactiive coupling for lhe
push pull radio frequency
amplifier.
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R-F AMPLIFIER

OSCILLATOR

Fig. 41-8. The induclive-
method of coupling a push-
pull radio-frequency am-
plifier to the oscillator.
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using erystals in the grid eircuits are called crystal oscillators (Fig.
40-8). The frequency of the self-excited oscillator can be changed
by varying the value of the coil or the capacitor or of both. But
a crystal oscillates only at its natural frequency. The higher the
frequency, the thinner the crystal must be,

To avoid the need for changing coils, capacitors, or erystals
in the oscillator when change of frequency is desired, use is made
of frequency multipliers. In the frequency multiplier, the har-
monics of the fundamental frequency are deliberately produced.
This practice is in contrast with the procedurc of eliminating har-
monics discussed in Chapter 39. Thus, if the oscillator frequency
(the fundamental frequency) is. say, 3.5 me, the second-harmonic
output is 7 me, and the third-harmonic output is 10.5 me, and so
on. Sinee harmonics drop off sharply in amplitude the further they
are from the fundamental frequency, harmonics above the second
are rarely used. For this reason, frequency multipliers are some-
times called doublers. Figure 41-11 shows a typical circuit.

The circuit of the frequency multiplier looks the same as that
of the ordinary radio-frequency amplifier. There arc several im-

R-F AMPLIFIER

OSCILLATOR é
(- Fig. 41-9. The malched-

o —
o
]
: i impedance {ransmission
B A line method of coupling an
3 oscillator lo a push-pull
radio-frequency amplifier.
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R-F AMPLIFIER

Fig. 41-10. Method of  osiiaror

coupling the oscillator lo
the push-pull radio-fre-
quency amplifier by means 3 7
of a link-coupled trans-
mission line. LINK
!
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portant differences, however. Whereas the tank in the grid circuit
1s tuned to the same frequency as is the oscillator (the funda-
mental frequency), the tank in the plate circuit is tuned to the
harmonic of that frequency (usually the second harmonic). To
obtain a rich harmonic output, we need a high negative grid bias
on the tube, considerably more than double the cutoff value. The
excitation_voltage must be quite high. (It is suggested that you
review Chapter 39 on amplifiers.)

If harmonics greater than the second are desired, the doubler
stage may be followed by another doubler, thus producing the
fourth harmonic of the fundamental frequency. The push-pull
amplifier is not suitable for second-harmonic output because this
type of amplifier suppresses the second harmonic. However, the
push-pull eircuit may be used to produce the third and other odd
harmonics.

Because the frequency of the plate circuit differs from the
frequency of the grid circuit, frequency multipliers, even those
employing triodes, do not have to be neutralized. In practice, since
the output of the frequeney multiplier is quite low, a final ampli-
fier is used between the frequency multiplier and the antenna.

Coupling the Transmitter to the Antenna. The method of
coupling the antenna to the transmitter depends upon the type of

E'aé
Fig.41-11. Circuitof the frequency-
mulliplier. The plate tank circuit f 5'{
is tuned to a harmonic of the fre- H
quency lo which the grid lank is il ||

tuned. C BATTERY B8 BATTERY
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antenna used. Although types of coupling are many and varied,
the simple examples given here will illustrate the method.

Figure 41-12 illustrates ther method of coupling a Marconi
antenna to the transmitter. Coupling coil L. consists of a few turns
of wire inductively coupled to the tank coil. Since its inductance
will increase the effective length of the antenna, the variable ca-
pacitor C (about 0.00025 uf) is used to bring the effective length
of the antenna down again until it is in resonance with the trans-
mitter. Maximum operating conditions may be achieved by vary-
ing the coupling between coil L
and the transmitter tank coil.

Since variations in the load
will change the resonant fre-
quency of the plate tank of the 7'!
transmitter, this tank must be
returned to resonance after A L
every change of coupling or of

FINAL
R-F AMPLIFIER

variable eapacitor C. The am-
meter is a radio-frequency type
and indicates the current flow-

Fig. 41-12. Method of coupling the
final radio-frequency amplifier lo a
Marconi anfenna.

ing into the antenna.

Coupling to a Hertz half-wave antenna depends upon
whether 1t is center-fed (current-fed) or end-fed (voltage-fed), and
upon the length of the transmission line (see Chap. 37). Figure
41-13 shows one method of coupling a center-fed antenna. When
the two radio-frequency ammeters show similar readings, it indi-

cates that the transmission

FINAL R-F ; ;

AMPLIFIER line and antenna are being
iVl A—s fed properly.

P W A 10 ANTENNA A circuit for couplin’g

W~ to an end-fed antenna is

! Y shown in Figure 41-14. In

I this case, L and C are ad-

B+ justed so that the circuit is

Fig. 41-13. One method of coup- in resonance with the trans-

ling the final radio-frequency amp- mitter

lifier lo a cenler-fed Hertz an-

tenna. Keying the Transmit-

ter. Since we are discussing
continuous wave transmitters, which send dot-dash messages,
we need a key in the circuit. The key is merely a device for closing
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and opening a circuit, but in radio transmitters, the key must be
connected in the circuit with regard for certain precautions. A good
keying system must fulfill four general objectives.

1. When the key is open, there must be no radiation from
the antenna.

2. When the key is closed, there must be full power output
from the transmitter into the antenna.

3. Keying should not cause clicks which may interfere with
other stations.

4. Keying should not alter the transmitter frequency.

Radiation occurring when the key is open comes from two
general sources. If the final amplifier of the transmitter is im-
properly neutralized. some energy may leak across from the grid
to the plate of the tube, because of the capacitance between these

FINAL R-F
AMPLIFIER

¢

)
®&—
L 3 TO ANTENNA

Fig. 41-14. One method ®&—
of coupling the final radio-
frequency amplifier to an

end-fed Her!: anienna.

B+

two clectrodes, and thus into the antenna. This creates a back-
ground signal, and the dots and dashes appear simply as louder
portions of the continuous wave. The obvious remedy is proper
neutralization,

Another source of this difficulty is the magnetic coupling that
may exist between the final tank coil and other parts of the trans-
mitter. The remedies are proper spacing of parts and shielding.

Key clicks occur because of sudden surges of high-frequency
electrical energy that may accompany the opening and closing of
the key. There are numerous ways of eliminating them. Figure
41-15 shows one method. Since these surges are of radio frequency,
the filter circuit shown above will filter them out.

Another bad effect that occurs when the key is opened and
closed 1s the production of surges of currents which contain many
new frequencies, These surges may cause interference with other
stations. The effect is eliminated by a type of filter called a lag
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RFC Fig. 41-15. A filler used

lo eliminate key clicks.

circuit, shown in Figure 41-16. The choke coil L (several henrys)
causes a slight current lag and blocks the radio-frequency surges.
As capacitor C (about 0.25 uf) is charged up, it absorbs the
blocked energy. This energy, in turn, is then dissipated in the re-
sistor R (about 100 ohms). This filter circuit and the one pre-
viously desecribed are often connected together in a keying circuit,
as shown in Figure 41-17.

IR %

KEY

i

22 ]

CIRCUIT c R
Fig. 41-16. Another |
method used to eliminate
key clicks The lag circuil.

In what stage should the key be placed? Since an open key
is required to cut off all radiation, it may be placed in any stage
and in any circuit of that stage which will make it inoperative,
thereby breaking the radio-frequency signal chain to the antenna.
It should be pointed out that if a stage is keyed, the succeeding
stages must have suflicient fixed bias to prevent the flow of damag-
ing currents, which would result from no grid-exciting signal.

Keying usually takes place in the plate or grid circuits of one
of the radio-frequency amplifiers. Thus, keying in the plate circuit
turns the plate voltage on and off. This method generally is not
preferred because of the large voltages across the key. Keying in

L

RFC
(S
A KEY
KEYED F—AaAA—
Fig. 41-17. Combined C’RS'U'T T T c R

keving circuil. ' " RFC
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Fig. 41-18. The blocked-
grid method of keying.
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the grid circuit controls the excitation to the grid of the tube.
Since the voltages involved in this circuit are relatively low, this
method of keying is preferred.

Figure 41-18 shows such a method. Assume the circuit shown
here. When the key is up, two thirds of the B voltage (1,000 volts),
or 667 volts, is across the 200,000-ohm resistor. This statement
means that 667 volts are on the plate of the tube. One third of
the B voltage, or 333 volts, is across the 100,000-ohm resistor.
Thus, the C-battery voltage (100 volts) plus the 333 volts supplies
a negative bias of 433 volts to the grid of the tube. This bias is
more than enough to cut off all plate current.

When the key is closed, the 100,000-ohm resistor is short-
circuited. The full 1,000 volts are now applied to the plate of the
tube. The negative grid bias drops to 100 volts (which we have
assumed is the normal bias for the tube). Plate current now flows.
This type of keying is known as the grid-blocking method.

Neutralizing the Radio-Frequency Amplifier. When the radio-
frequency amplifier tube is a triode, we must neutralize the feed-
back that occurs through the capacitance between the grid and
plate of the tube. We encountered this problem in the study of
receivers (see Chap. 23). Figure 41-19 shows the circuit employed
to neutralize the amplifier tube in a transmitter.

Although the circuit shown here is for plate neutralization,

100,0000

Lt

R-F AMPLIFIER

g o

Fig. 41-19. Circutit showing how a
radio-frequency amplifier is neu-
lralized.
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Fig. 41-20. Circuit show-
ing how neulralizing ca-
pactiors (Co) are hooked
up lto neutralize a push-

pall radio-frequency am-
plifier.

B+

the procedure ahout to be deseribed applies to all types of neu-
tralization.

First, operate the oscillator and amplifier normally. Next,
remove the B voltage from the amplifier. Now adjust the neu-
tralizing capacitor (C,) until the radio-frequency milliammeter
coupled to the plate tank coil of the amplifier through coil L gives
a minimum reading. At this point, the capacitance of C, and that
between the grid and plate of the tube are such that potential
variations coupled through them from the grid circuit into the
plate tank eircuit are equal and opposite.

To further check the neutralization, connect a direct-current
milliammeter in the grid circuit of the radio-frequency stage being
neutralized. With no plate voltage, there should be no movement
of the meter pointer as the plate circuit is tuned through resonance
if the stage is properly neutralized.

Thus, with direct-current voltage applied to the plate of the
amplifier, feedback from the plate circuit to the grid circuit
through the tube is exactly counterbalanced by that through C..
The amplifier now is nonoscillatory. You may, therefore, re-
place the B voltage and the transmitter is ready for operation.

Like the single-ended radio-frequency amplifier, the push-
pull radio-frequency amplifier employing triodes must be neu-
tralized to prevent feedback. Two neutralizing capacitors are
employed, connecting the grid of one tube with the plate of the
other (Fig. 41-20). The ncutralization procedure given above must
be made for both tuhes simultanecously, and the neutralizing ca-
pacitors should be adjusted each to approximately the same value
of capacitance.
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Fig. 41-21. Diagram showing the equivalent circuit of a radio-frequency am-
plifier. R, is the inlernal resistance of the {ube.

Testing for Resonance. The principle of resonance must be ap-
plied to continuous-wave transmitters. Let us investigate this
problem now. In Figure 41-21 we have a diagram of the radio-
frequency amplifier with its equivalent circuit. Note that the grid
tank circuit (L: and Ci) is a series resonant circuit, but that the
plate tank circuit (L2 and C.) is a parallel resonant circuit. Both
of these tank circuits may be tested for resonance by connecting
milliammeters in the grid and plate circuits as shown in Figure
41-22.

Since the grid tank circuit is a series resonant circuit, its im-
pedance is lowest at resonance. Thus, when the maximum current
flow occurs in the grid circuit (as shown by the milliammeter),
the grid tank is at resonance.

On the other hand, the plate tank circuit is a parallel resonant
circuit. At resonance, its impedance is at maximum. Thus, when
the minimum current flow occurs in the plate circuit (as shown by
its milliammeter). the plate tank is at resonance. The point of
resonance is shown by a sharp dip in the plate current (Fig. 41-23).

The Absorption Frequency Meter. It is very important that
the transmitter should operate only at that frequency for which

R-F AMPLIFIER

Fig. 41-22. Diagram
showing how direct-current
milliammeters are hooked
into the grid and plate cir- | i
cuils of the radio-frequency ' & 7

amplifier to lest for reso-
nance.

—
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it was designed. We may ecalcu-
late the values of all the parts
needed for that particular fre-
quency, but practice shows vari-
ations between the theoretical
frequency and the actual fre-
quency of the radiated waves.
Variations of coupling and load-
ing, as well as many other fac-
tors, all tend to create variations Fig. 41-23. Graph showing the dip

RESONANCE

PLATE CURRENT ~—»

FREQUENCY ———»

of frequency. in plate current which indicales
Thus. an instrument which that the plale lank circuil is af reso-
' nance.

checks the frequency of the

transmitter is an essential part of the transmitting station. Such an
instrument is the absorption frequency meter, a simple example of
which appears in Figure 41-24.

This meter consists of a coil (I.) and a variable capacitor (C),
tunable over the frequency range of the transmitter. The coil is
locsely coupled to the plate tank coil of the amplifier and when

this meter is tuned to the fre-

—— LAMP quency of the transmitter, a

small amount of energy will be
extracted from the tank.

This energy can be used to
light the small flashlight lamp.
When the frequency meter is
Fig. 41-24. Circuil of the absorp- tyned exactly to the transmitter
tion frequency meler. frequency, maximum current

will flow in the lamp. Thus, the
brightness of the lamp indicates resonance.

The frequency meter is calibrated so that for the particular
coll used, settings of the variable capacitor can be read directly as
frequency. The frequency (as shown by the frequency meter) at
which the lamp burns brightest is the frequency of the transmitter.

The Dummy Antenna to Measure Power Qutput. 1t 1s quite
essential also to know the power output of a transmitter. The
current flowing in the feeder lines (as shown by the ammeter in
Fig. 41-12) cannot give us this information because the resistance
of the antenna at the point measured is rarely known. Use, there-
fore, is made of a device known as a dummy antenna (Fig. 41-25).

o
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. L DUMMY ANTENNA
Fig. 41-25. Circuil of the B+
dummy anlenna.

This dummy antenna consists of a coil (L) which is indue-
tively coupled to the plate tank coil of the final amplifier of the
transmitter, a variable capacitor (C), a known resistor (R) of
about 25 ohms, and a radio-frequency ammeter. The dummy an-
tenna is tuned to the same frequency as is the transmitter. If we
now take the reading of the radio-frequency ammeter, we can cal-
culate the power in the dummy antenna from the following for-
mula:

Power =I* X R

where power is expressed in watts, I is the current as shown by
the radio-frequency ammeter, and R is the resistance (about 25
ohms). Since the power in the dummy antenna can come only
from the transmitter, this calculated value is the power output of
the set.

The Continuous-Wave Receiver. In concluding the discussion
of the continuous-wave transmitter, something must be said about
the reception of telegraph signals. The receiver for continuous-
wave radio-telegraphy presents a special problem. Since the car-
rier wave is unmodulated, it has no audio envelope to produce an
audio note in the specaker. The receiver, therefore, must have
incorporated in it a local radio-frequency oscillator, known as a
beat-frequency oscillator, similar to the type used in the super-
heterodyne receiver (Chap. 26). This oscillator produces a radio-
frequency current which beats against the incoming signal to pro-
duce a beat note whose frequency lies in the audio range.

Figure 41-26 shows the block diagram for such a receiver. It
is identical with any superheterodyne receiver, except for the beat-
frequency oscillator. For illustration, if the intermediate frequency
is 455 ke, then the beat-frequency oscillator would send a signal to
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the second detector at 456 or 454 ke. The beat note would be, as a
result, 456 — 455 (or 455 — 454), or one kilocyele. This is an
audio-frequency note which excites the audio-frequency amplifier
and produces a one-kilocycle note in the speaker.

SUMMARY

10.

. Radio waves sent out by transmitting stations may be either

of two types: confinvous (unmodulated) or moduloted.
A continuous-wave transmitter 1s used to send the dot-and-dash
signals of radiotelegraphy.

. The signals are produced by a key momentarily closing an

open circuit.

. Both the dot and the dash consist of pulses, or trains, of many

waves, but the dash is noticeably longer than the dot.

. A radio-frequency amplifier must be coupled to the oscillator

to produce greater energy for the antenna. This amplifier may
be coupled by capacitive coupling or inductive coupling.
Change of frequency may be produced by a frequency multiplier,
a system in which the tank in the grid circuit is tuned to the
fundamental frequency while the tank in the plate cireuit is
tuned to a harmonic—usually the second harmonic.

. The method of coupling the transmitter to the antenna depends

upon whether the antenna is the Marconi or Hertz type, and
whether 1t is current- or voltage-fed, as well as the length of the
transmission line.

. The key for sending must be connected so as to prevent radia-

tion when open, and to provide full power without clicks when
the key is momentarily closed.

. In continuous-wave transmission, feedback due to grid-to-plate

capacitance in a triode is usually prevented by neutralizing
each tube carefully.

The frequency of the transmitter is checked by a circuit con-
sisting of a coil, a small lamp, and a variable capacitor cali-
brated to read in frequencies. This coil is coupled inductively
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to the plate tank coil and is tuned by means of the variable
capacitor. The light is at its brightest when this circuit is tuned
to resonance.

11. Power output is measured by a dummy antenna coupled to the
transmitter.

GLOSSARY

Absorption Frequency Mefer: A resonant circuit calibrated to check
the transmitter frequency.

Continvous Radio Wave: A radio wave capable of inducing in a
receiving antenna a radio-frequency alternating current of uniform
amplitude.

Crystal Oscillator; An oscillator using a crystal in the grid circuit.
Doubler: A frequency multiplier generating the second harmonie.
Dummy Antenna: A nonradiating load, coupled to a transmitter,
which may be used to measure the power output of the transmitter.
Frequency Multiplier: An amplifier whose output is some harmonic
of its grid tank frequency.

Key Clicks: Radiations of noise due to surges of energy across the
key as it is opened and closed.

Link Coupling: Coupling between two coils through the agency of
two other coupling coils and a link line.

Self-Excited Oscillator: An oscillator using 2 tuned tank (LC circuit)
in the grid circuit.

Single-Ended Amplifier: A one-tube amplifier stage.

QUESTIONS AND PROBLEMS

1. What two general types of waves are radiated by transmitters
and where is each used?

2. How are dots and dashes produced in a radiated continuous
radio wave?

3. Why don’t we merely couple the oscillator to the antenna
and send out a continuous radio wave?

4. Explain with the use of a diagram the operation of a radio-
frequency amplifier coupled capacitively to an oscillator.

5. Substitute inductive coupling instead of capacitive coupling
In Question 4.

6. What difficulty arises with inductive coupling and how is it
remedied?

7. Explain with the use of a diagram the operation of a radio-
frequency amplifier coupled to an oscillator by means of link
coupling.
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13.
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16.
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18.
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20.

21.
22.
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. Show by diagrams a push-pull radio-frequency amplifier

coupled to an escillator by various coupling methods.

. How may the frequency of the self-excited oscillator be varied?
. What is the purpose of the frequency multiplier? Explain its

operation,

Why may the push-pull frequency amplifier not be used as a
frequency doubler?

Why is it not necessary to neutralize a frequency-multiplier
stage?

Describe several methods of coupling the transmitter to the
antenna.

List the four prime requirements for a good keying system.
What are the causes of and remedies for radiation from a
continuous-wave transmitter when the key is open?
Illustrate one method of eliminating key clicks.

Why is keying in the plate circuit not very desirable?
Desecribe the grid-blocking method of keying.

Describe the step-by-step procedure in neutralizing a triode
radio-frequency amplifier in a transmitter.

Describe the structure and use of an absorption frequency
meter.

Deseribe the strueture and use of a dummy antenna.

What special problem must the continuous-wave radio-tele-
graph recelver solve? How does it meet this problem?



Vi%2 B The Modulated-Wave

Transmitter

QNOLINIVMIN  How is the carrier wave of a transmitter
modified to transmit voice messages and
music?

ZNOLINI WY  \Vhat are the principles of transmission
by amplitude modulation (AM) and fre-
quency modulation (FM)?

Two Methods of Modulation. We must not lose sight of the
fact that the primary purpose of radio transmission is to convey
ideas or intelligible signals from the sender to the receiver. Thus,
merely to generate and radiate a continuous wave Is meaningless,
as meaningless as sending a letter that contains a blank sheet of
paper. Something must be done to the radio wave if it is to convey
a message.

In Chapter 41, we saw that if we break up the continuous
wave into a series of short and long trains (dots and dashes). we
can devise a code which will convey ideas to the person receiving
the wave signal. In this chapter, we will deal with another method
of saddling intelligence onto our winged carrier.

The continuous radio wave has two inherent characteristics
which lend themselves to our purpose. These are the frequency
and emplitude of the wave. Varying either of these characteristics
according to a prearranged plan will permit us to “write” on the
“blank sheet,” the continuous radio wave,

This process of varyving either the frequency or amplitude of
the continuous carrier wave is called modulation. Frequency modu-
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Fig. 42-1. How the con-
linuous carrier wave 1is
modulated by the audio-
Sfrequency note.
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lation is a comparative newcomer to the radio field, and since it
involves principles beyond the elementary stage, no attempt will
be made here to go into details concerning its operation. At the
end of this chapter, however, some of its basic principles will be
discussed.

This chapter will deal primarily with amplitude modulation,
which is characteristic of most broadecast stations. In essence, it
is a process whereby audio-frequeney fluctuations are impressed on
the continuous radio wave in order to cause corresponding varia-
tions in the amplitude of this wave. Changing the wave in this
manner is ecalled amplitude modulation, and the changed radio
wave 1s called an amplitude-modulaled radio wave.

This modulated radio wave produced at the transmitting sta-
tion is radiated by the transmitting antenna and received in the
radio receiver. The detector in the receiver separates the audio-
frequency variations from the carrier and passes on these audio-fre-
quency variations to the audio-frequency amplifier, where they
are built up to sufficient strength to operate the loudspeaker, thus
giving back to us the original message delivered into the micro-
phone at the transmitting station (Chap. 9).

In general, there are two types of audio-frequency variations
used to modulate the carrier wave. One is a steady audio-frequency
note (such as a 1,000-cycle note) (Fig. 42-1).

In the receiver, the detector removes the bottom half of the

Fig. 42-2. How lhe delec-
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lor demodulates the incom-
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Fig. 42-3. How the voice
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rier wave.
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incoming signal, removes the radio-frequency carrier wave (de-
modulation), and leaves the original 1,000-cycle audio-frequency
note (Fig. 42-2).

From the transmitting antenna, short and long trains of this
modulated wave (corresponding to the dots and dashes of the code
mentioned in Chapter 41) are radiated. This radiation results in
short and long sounds coming from the loudspeaker of the receiv-
ing set. These sounds are the 1,000-cycle note, or whistle. This
method of radio communication is called interrupted continuous-
wave (ICW) radio telegraphy. Note that no beat-frequency oscil-
lator is needed in the receiver in order to hear the signals.

You can see that other audio-frequency variations may be
impressed on the carrier wave. Thus, the audio-frequency fluctua-
tions caused by speech or music may be used to modulate the
carrier wave (Fig. 42-3).

Demodulation in the detector causes the reproduction of
the original audio-frequency variations. This method of radio
communication is known as radio telephony.

The Modulator: How We Get the Audio-Frequency Variations.
To modulate the continuous carrier wave in the transmitter for
interrupted continuous-wave radio telegraphy, a number of dif-
ferent devices are used. Since we need a constant audio frequency
(say, a 1,000-cycle note), any device which vibrates at that fre-
quency, a tuning fork, for example, can be made to vibrate at its
natural frequency in a magnetic field. As it cuts across this mag-
netie field, it will cause to be set up an alternating current whose
frequency is 1,000 cyecles. This alternating current may then be
amplified by an audio-frequency amplifier and the output used
to modulate the carrier wave.

Of greater interest to us is the process of modulating the car-
rier wave by means of audio-frequency currents whose variations
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conform to speech and music—that is, radio telephony. Refer to
Chapter 4 and you will recall that sound waves, striking the tele-
phone transmitter, cause corresponding variations in the electric
current flowing in the transmitter circuit. It is this fluctuating
electric current which we usually change into alternating currents of
the same waveform as the original sound, amplify in the audio-fre-
quency amplifier, and use to modulate the carrier wave. The
audio-frequency amplifier used for this purpose 1s ealled the mod-
ulator. Except for certain variations which we will discuss later in
this chapter, it is identical with the audio-frequency amplifier dis-
cussed in Chapter 17.

Side Bands. The combination of audio-frequency currents with
the radio-frequency carrier current is, in essence, a heterodyne
process similar to that which takes place in the mixer tube of the
supcrheterodyne recetver (Chap. 26). We, therefore, get beat fre-
quencies equal to the sum and the difference of the audio frequen-
cies involved. Thus, for each audio frequency appearing in the
modulating signal, two new radio frequencies appear, one equal
to the carrier frequency plus the audio frequency, the other
equal to the carrier frequency minus the audio frequency. These
new frequencies are called side frequencies, since they appear on
each side of the carrier. The groups of side frequencies representing
a band, or group, of modulation frequencies are called side bands.

Let us assume that the oscillator of the transmitting set
produces a carrier current whose frequency is 1,000,000 cycles per
second. If we were to modulate this carrier by an audio-frequency
current whose frequency is 1,000 cycles per second, we would get
two new radio frequencies, 1,000.000 plus 1,000, or 1,001,000 cycles
per second, and 1,000,000 minus 1,000, or 999,000 cycles per second.
These two new frequencies are the side frequencies.

If instead of using a 1,000-cycle note to modulate our carrier
current, we were to use audio-frequency currents created by sound
waves whose frequencies range up to, say, 5,000 cycles per second,
we would get, not two single side frequencies, but two whole bands
of side frequencies. One band would lie between 1,000,000 and
1,005,000 cycles, whereas the other would lie between 1,000,000
and 995,000 cycles.

Thus, a modulated signal occupies a group of radio fre-
quencies, or channel, rather than a single frequency as in the case
of the unmodulated carrier. The channel width is twice the highest
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modulation frequency. In the example given here, the channel
width would be twice 5,000, or 10,000 cycles.

Percentage of Modulation. In the radio receiver, the audible
output depends entirely upon the amount of variation in the car-
rier wave, not upon the strength of the carrier alone. We, therefore,
seek to obtain the largest permnissible variations in the carrier
wave. Let us sce how we do so.

You will note in Figure 42-4 that the amplitude of the carrier
current is measured by the distance a. The amplitude of the audio-
frequency current is assumed here to be the same value (a). Now
consider the positive half (above the X axis) of the carrier current.
If the audio-frequency current is added to it, the positive hali-
cycles of audio-frequency current will be added to the carrier
current to produce the peaks in the modulated current curve.
These peaks will be equal to twice the amplitude of the ecarrier
current.

The negative half-cycle of the audio-frequency current will
cancel out the carrier current (sinee the amplitudes are equal
and opposite) to produce the valley in the modulated current
curve. At this point the resulting current is zero. The same thing
happens to the negative half (below the X axis) of the carrier
current.

This condition, where the carrier amplitude during modulation
is at tiines reduced to zero and at other times increased to twice
its unmodulated value, is called 100 per cent modulation. It occurs
when the peak amplitude of the audio-frequency current equals
the amplitude of the unmodulated carrier current. The proportion
between the amplitude of the carrier and the peak amplitude of
the audio-frequency current is called the degree of modulation and
can be measured in percentages.

Thus, if the peak amplitude of the audio-frequency current
is equal to half the amplitude of the carrier current, we say we
have 50 per cent modulation (Fig. 42-5).



574 The Modulated-Wave Transmitter

L ]\ A Vaa
a
ALY N - 7 " I
Fig. 42-5. Undermodula- + +
tion. Fifty per cent modu- 1 Ya
lation.
CARRIER CURRENT A-F MODULATED CARRIER

CURRENT CURRENT (RF)

If, on the other hand, the peak amplitude of the audio-fre-
quency current exceeds the amplitude of the carrier current, we
have a condition of more than 100 per cent modulation. We say
we have overmodulated the carrier current (Fig. 42-6). You see
that during a considerable period of time, the output is completely
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cut off. The waveform of the signal heard in the loudspeaker of the
receiver will not be equal to that of the original. In consequence,
we have distortion.

Since we are seeking the greatest amount of variation, modu-
lation less than 100 per cent means we arc not getting the most
efficient utilization of the radiated power. On the other hand,
overmodulation produces distortion. It can be readily seen that
100 per cent modulation is desirable.

Power Relations in the Modulated Transmiiter. The amount of
power required to modulate a transmitter depends on the per-
centage and type of modulation. To modulate a carrier 100 per cent
with a single tone (as in Fig. 42-4) requires an audio-frequency
power equal to one-half of the radio-frequency carrier power. Here
is how 1t is calculated.

The peak amplitude of the modulated carrier current in 100
per cent modulation is twice that of the unmodulated carrier cur-
rent. Since the power P = /> X R, then if we assume the resistance
(R) to be constant, the power of the peaks of the modulated car-
rier is four times (2%) that of the unmodulated carrier. However,
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this value holds only for the peaks. It can be calculated mathe-
matically that the average power of the modulated carrier is one
and one half times that of the unmodulated carrier. Since this 50
per cent increase in power must come from the modulator, the
audio-frequency power must be equal to one-half the unmodulated
carrier power,

With voice modulation (Fig. 42-3), the greater portion of the
audio-frequency components will not modulate the carrier 100 per
cent, so that the power increase is considerably less than for single-
tone modulation.

Methods of AM Modulation. Perhaps the most common type
of modulation is the method whereby the audio-frequency current
is applied to the plate of one of the radio-frequency amplifiers to
cause the output of the transmitter to vary in accordance with the
audio-frequency variations. This method is known as plate modu-
lation. Application of the audio-frequency voltage to the control
grid of the radio-frequency amplifier is referred to as grid or grid-
bias modulation. The audio-frequency voltage may be applied also
to the cathode of the radio-frequency amplifier. This method is a
combination of plate and grid modulation and is known as cath-
ode modulation.

When a tetrode is used as a radio-frequency amplifier, modu-
lation may be applied to the screen grid as well as to the plate.
This method is a variation of plate modulation. Where a pentode
is employed, modulation may be applied to the suppressor grid
of the tube. This method is a variation of grid modulation.

Plate Modulation. I'igure 42-7 illustrates plate modulation.
The modulator consists of a stage of audio-frequency push-pull
amplification, The tubes are operated in class A, AB, or B (Chap.
39). The only difference between the modulator stage and an ordi-
nary audio-frequency stage of amplification lies in the fact that
whereas the audio-frequency amplifier feeds into an output {rans-
former, which, in turn, couples the loudspeaker to the amplifier,
the modulator tubes feed into a modulation transformer that
couples the audio-frequency variations to the plate circuit of the
radio-frequency amplifier.

Note that the plate voltage to the radio-frequency amplifier
is applied through the secondary of the modulation transformer.
The audio-frequency voltages in this secondary vary this direct-
current plate voltage, and the result is that a varying direct-cur-
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rent voltage (varying in step with the audio-frequency variations)
is applied to the plate of the radio-frequency amplifier. This varia-
tion causes the power fed into the antenna to vary with the audio-
frequency variations, and hence a modulated wave is radiated.

The radio-frequency choke coil between the secondary of
the modulation transformer and the plate tank of the radio-fre-
quency amplifier is used to offer a high impedance to the radio-
frequency currents, and thus keep them from flowing down into
the plate-voltage supply. Note that separate plate-voltage supplies
are indicated for the modulator and the radio-frequency amplifier.
This practice is followed where powerful transmitters are em-
ployed. For low or medium power, the same plate-voltage supply
may be used for both. The audio-frequency amplifier driving the
tubes of the modulator is an ordinary amplifier.

This method of coupling the audio-frequency variations to
the carrier is called transformer coupling. In Figures 42-8 is il-
lustrated another method of coupling which may be used in plate
modulation. Note that here the modulator consists of a single tube.
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To prevent distortion, this tube must be a class A audio-frequency
amplifier. Note also that the same plate-voltage supply feeds both
the modulator and the radio-frequency amplifier. The voltage
on the radio-frequency amplifier plate is constant as long as no
signal current flows in the plate circuit of the modulator tube. As
soon as such a signal current flows, it produces a large voltage drop
across the modulation choke. This voltage drop will vary in step
with the audio-frequency current of the modulator. As a result,
the plate voltage on the radio-frequency amplifier, too, will vary
in step with the audio-frequency current, and thus the output of
the transmitter will be modulated at this audio frequency.

For 100 per cent modulation, the audio-frequency voltage
applied to the r-f amplifier plate circuit must have a peak value
equal to the direct-current voltage on the r-f amplifier before
modulation (Fig. 42-4). To obtain this without distortion, the radio-
frequency amplifier must be operated at a direct-current plate
voltage less than the modulator plate voltage. The extent of the
voltage difference is determined by the type of modulator tube used.
To obtain this drop in voltage, the resistor R is employed. The
capacitor C permits audio-frequency voltages to flow around this
resistor. This method of modulation is called choke-coupled plate
modulation.

Grid-Bias Modulation. In Figure 42-9 is shown the circuit for
grid-bias modulation. Here, the audio-frequency voltages vary
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the grid-bias supply to the radio-frequency amplifier. This varia-
tion, in turn, varies the power output of this amplifier, which
causes a modulated wave to be radiated. But results are obtained
when the source of grid bias comes from batteries.

The modulator tube must be operated as a class A audio-
frequency amplifier. Since we are varying the grid bias of the
radio-frequency amplifier, we do not need as much power as is
needed for plate modulation. The comparatively low power output
of the class A audio-frequency amplifier is usually sufficient for
our purpose. On the other hand, the carrier output of the trans-
mitter that is grid-modulated is about one quarter that of the
plate-modulated transmitter.

In What Part of the Transmitter Is Modulation Impressed?
We have seen that the purpose of the modulator is to impress the
audio-frequency variations upon the carrier. We must decide
where, between the oscillator and the antenna, this coupling is to
take place.

The oscillator should never be modulated because, as we have
seen, change in load will seriously affect the frequency. Thus,
modulation of the oscillator will cause the signal to wobble, spoil-
ing the reeeption and causing interference with neighboring sta-
tions. As a matter of faect. in the interest of frequency stability,
the transmitter should be modulated as far away from the oscil-
lator as possible,

This requirement indicates that the final radio-frequency
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Fig. 42-9. Grid modulation, {ransformer coupling.
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amplifier should be modulated. This final ampifier may be a class
C amplifier with the advantage of greatest efficiency.

There is, however, a drawback to this procedure. Since the
carrier is being modulated at the point of its greatest power,
the audio-frequency power used to modulate it, too, must be at
its maximum. Sometimes, a compromise is made by modulating
that radio-frequency stage next to the final amplifier. Thus, less
audio-frequency power is needed.

Since the final radio-frequency stage in such a setup amplifies
the modulated carrier, it must be a hnear amplifier (class B). If
it were a class C amplifier, too much distortion would creep in.
Thus, the advantage of the greater efficiency of class C amplifica-
tion would be sacrificed. We would save in audio-frequency power
at the cost of output power.

If we modulate the final radio-frequency amplifier, we call
the modulation high-level modulation. Modulating in any other
stage is called low-level modulation.

It is in the interest of good frequency stability to insert at
least one stage of radio-frequency amplification between the oscil-
lator and the tube being modulated. Such a stage is called a buffer
amplifier. Figure 42-10 shows the block diagram for a radio-tele-
phone transmitter.

The Microphone Is the Beginning of the Modulation System.
As the radio-frequency portion of the radio-telephone transmitter
starts with the oscillator, the audio-frequency portion starts with
the microphone. This is a device used to change sound waves
into the fluctuating audio-frequency currents that are amplified
and used to modulate the carrier.

Five general types of microphones are in general use. The
carbon-grain microphone consists of two ecarbon disks, one fastened
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securely to the back of the microphone, and the other to a dia-
phragm. The space hetween these two disks is partly filled with
carbon granules. As the sound waves strike the diaphgram,
these earbon granules are pressed together with a varying pressure,
depending upon the sound waves. This varying pressure on the
granules changes the electrical resistance between the two disks.
If this device is hooked up in a eircuit such as that in Figure 42-11,
the sound waves cause a fluctuating current to flow in the circuit.

This fluctuating current varies in step with the sound waves
—that is, at audio frequency. By means of the transformer, this
audio-frequency current places a fluctuating charge upon the grid
of the amplifier tube. The 500,000-ohm potentiometer acts as a
volume control (see Chap. 17).

Another type of microphone is the piezoelectric crystal type.
We have already met this crystal in a phonograph pickup in
Chapter 17. If for the needle holder we substitute a diaphragm,
then sound waves striking this diaphragm set up a fluctuating al-
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ternating voltage across the faces of the crystal. These voltage
variations are amplified by the audio-frequency amplifier.

Still another type of microphone is the capacilor type. If a
small air-spaced capacitor, consisting of two metallic plates sepa-
rated by about 0.001 inch, is fixed so that one plate is stationary
and the other is movable, sound waves striking the movable plate
vary the capacitance of the capacitor. These variations are in step
with the sound waves. If this capacitor is hooked up as in Figure
42-12, these variations place a varying charge upon ihe grid of the
amplifier tube.

Still another type of microphone is the ribbon or welocity
type. Here, a thin metallic ribbon (usually made of duralumin,
an aluminum alloy) is suspended between the poles of a powerful
permanent magnet. Sound waves striking this ribbon cause it to
vibrate back and forth, cutting the magnetic field and setting up
an alternating current in the ribbon. This ribbon is coupled to the
tube of the audio-frequency amplifier by means of a transformer.

The dynamic mierophone is a variant of the velocity type.
Instead of a metallic ribbon, a small, light coil of wire moves across
the magnetic field. In fact, if you were to speak into the cone of
a small permanent-magnet dynamic speaker (Ifig. 22-5), you
would have a dynamic microphone.

Frequency Modulation (FM). As stated earlier in this chap-
ter, messages may be conveyed by varying the frequency of the
carrier wave in step with audio-frequency variations caused by
speech or music. This method of radio communication is called
frequency modulation. Although it is beyond the scope of this
book to go into the proecedure in detail, we shall attempt to out-
line the basie principles.

Figure 42-13 illustrates how the frequency-modulated carrier
wave differs from the amplitude-modulated carrier wave. In both
cases, the audio modulation is impressed on the unmodulated car-
rier. In the case of the amplitude-modulated (AM) wave, the
amplitude varies in step with the audio modulation, but the fre-
quency remains constant. In the case of the frequency-modulated
(I'M) wave, the frequency varies in step with the audio modula-
tion, but the amplitude remains constant.

The greater the amplitude of the audio modulation (the
louder the sound entering the microphone), the greater the fre-
quency variation, or deviation, of the FM carrier. The number of



582 The Modulated-Wave Transmitter

UNMODULATED
CARRIER
_/\/\/7 AUDIO
MODULATION

\ Fig. 42-13. Comparison
Wmﬂ ﬂﬂ Tm aveuTupe.  Delween  the  amplitude-
MODULATED  modulated and frequency-
CARRIER :
“ H UUU“HUUUUU UM modulaled carrier.

il

~

FREQUENCY-
MODULATED
CARRIER

such frequency variations per second is determined by the fre-
quency of the audio modulation. In Figure 42-13, two cycles of
audio modulation have been shown. Note that the frequency-mod-
ulated wave exhibits two sets of frequency deviations.

Another important difference between the two types of
modulation lies in the matter of side bands. In the ampli-
tude-modulated wave, the width of the side band is equal to the
highest audio frequeney (about 15 ke). Thus, the bandwidth of the
transmitted signal has a maximum width of about 30 ke. In practice
today, most broadcast stations operate on a bandwidth of 10 ke,
and thus the range of the audio signal heard in the speaker is
limited to about 5 ke.

In the case of the frequency-modulated wave, there is no
such limit, since the frequency of the audio signal does not vary
the frequency of the wave, but rather the number of frequency
deviations per second. Modern FM transmitters operate on a band-
width of 150 ke, thus permitting a frequency deviation of 75 ke
to cach side of the carrier frequency. To get the necessary wide
channels and prevent one station from interfering with another,
extremely high frequencies are employed, usually around 100 me.
This high frequency makes it necessary to transmit in a direct line
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rather than in accordance with the ordinary AM broadcasting
procedure (see Chap. 36).

An idea of how frequeney modulation is produced is illustrated
in Figure 42-14. You will recognize this diagram as the regen-
crative oseillator with a eapacitor microphone across the grid tank
circuit. As sound strikes the capacitor microphone, the capaci-
tance varies with the sound. The louder the sound, the greater
the variation in capacitance. The frequency of the sound deter-
mines the number of such variations per second. This capaecitance
variation, in turn, varies the total capacitance of the tank ecircuit,
thus varying the frequency of the oscillator.

In practice, this method of frequency modulation is not em-
ployed, and the illustration is used merely to show the principle
involved. It is beyond the scope of this book to discuss the actual
circuits employed.

To receive the frequency-modulated signal, we may employ
the ordinary superheterodyne receiver, but with a number of im-
portant changes. In the AM receiver, the tuned circuits are re-
quired to pass a 10-kc band, and hence selectivity is desirable.
The tuned circuits of the F'M receiver, on the other hand, are
required to pass a 150-ke band. Thus, they cannot be too selective.
Resistance is deliberately added to broaden the tuning curve.

Another difference is the intermediate frequencies employed.
AM receivers generally employ frequencies around 455 ke. FM
receivers may use intermediate frequencies as high as 10 me or
higher.

Still another difference lies in the method of demodulation, or
detection, employed. The AM receiver requires a demodulator
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whose output is determined by the amplitude of the signal. FM
receivers require a demodulator whose output is determined by
the frequency of the signal. This demodulator stage is called a
frequency discrimanator.

The circuit of one type of discriminator is shown in Figure
42-15. The primary of the discriminator transformer (Li) is fed
by the output of the final intermediate-frequency tube and is in-
ductively coupled to two secondaries (I.. and Li). This primary is
tuned to the intermediate frequency (assume it is 10,000 ke) by
means of capacitor Ci.

Secondary L is tuned to 75 ke above the intermediate frequency
(10,075 ke) by means of capacitor Cs and forms tuning circuit #1.
Secondary I.; and C; form tuning circuit #2, which is tuned to a
similar amount below the intermediate frequency (9,925 kc).

Diode #1 acts as a detector for tuning circuit #1, and its output
is developed across its load resistor Ry. Diode #2 performs a similar
function for tuning circuit #2, and its output is developed across its
load resistor Rs. Ry is equal to R, and thus we have a balanced
circuit.

If the output of the last intermediate-frequency stage is at the
intermediate frequency (10,000 ke), equal voltages will be induced
in L. and Ls, and the voltage drops across the load resistors R, and
R, too, will be equal. Since the polarities of these voltage drops are
in opposition to each other, the voltage drops will cancel out, and
no signal will be passed to the audio-frequency amplifier.

But if the output of the last intermediate-frequency stage is
higher than the intermediate frequency, a larger voltage will be
developed across tuning circuit #1 and its load resistor Ri than
across tuning circuit #2 and its load resistor Rs. Thus, the volt-
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age drops will no longer cancel out, and a signal will be passed to
the audio-frequency amplifier. The greater the frequency differ-
ence, the greater will be the signal.

Similarly, if the frequency falls below the intermediate fre-
quency, a signal of opposite polarity will be passed to the audio-
frequency amplifier. Thus, the output of the discriminator stage
is determined by the frequency of the signal. Since the frequency
variations are determined by the audio modulation, the audio
signal appears at the output of the discriminator stage to be am-
plified by the audio amplifier.

If the radio-frequency signal should contain amplitude as
well as frequency modulation, such amplitude modulation would
create a voltage variation across R: and Re that would interfere
with the audio output of the discriminator stage. It is the function
of the limiter stage to remove any amplitude modulation
which may be present in the signal before it reaches the diserimi-
nator stage.

The final intermediate-frequency amplifier is operated as such
a lmmiter stage. To do this, the tube is operated with a low plate
voltage so that the positive half-cycle of the signal quickly brings
the tube to saturation, and with a grid bias sufficient so that the
negative half-cyele quickly cuts it off. As a result, this stage limits
the amplitude of the signal it will pass.

One valuable function of the limiter is to eliminate static
which usually increases the amplitude of the signal. Since the
limiter action eliminates amplitude variations, the FM receiver is
singularly free of static.

A more recent type of FM demodulator is that known as the
ratio detector whose basic eircuit is shown in Figure 42-16. Coils
L1, Le, and Ls form the primary, secondary, and tertiary windings,
respectively, of a transformer. The primary L. is part of the reso-
nant circuit in the plate circuit of the last intermediate-frequency
amplifier. The secondary Lz is part of the resonant cireuit in the
input ecircuit of the ratio detector. The tertiary winding Ls is
closely coupled to the bottom of the primary winding. Both reso-
nant circuits are tuned to the intermediate frequency.

Note that Lz, diode Di, resistor R, and diode Dz form a series
circuit. If an unmodulated intermediate-frequency signal is im-
pressed across L., current will flow through this eircuit as indicated
by the arrows and, as a result, a voltage drop will appear across R.
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Fig. 42-16. The busic circuil of the ratio delector,
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Since capacitors C; and Cz are conneeted in series across R, this
voltage will appear across these eapacitors. Since both capacitors
are of equal value, this voltage will be divided equally between
both capacitors.

Should the amplitude of the intermediate-frequency signal
increase, the voltage across R (and, accordingly, C: and C:) will
inerease, too. Should the amplitude of the signal decrease, the
voltage will decrease. However, should any amplitude modulation
appear in the signal, such amplitude changes, which are merely
momentary changes, would be absorbed and ironed out by capaci-
tor Cs, which is across resistor R and which, generally, is quite
large (usually from 8 to 10 uf).

Thus, you see, we need no limiter stage to remove amplitude
modulation from the signal. The effect of R and Cs, then, is to
place a constant voltage across C; and C., a voltage that will vary
only with signal strength, not with modulation. This voltage, as
we have seen, is divided equally between Ci and Ca.

Now what happens when the signal is frequency-modulated?
Normally, the voltages across Ci and Cz would remain equal. But
note that Ls, which is induetively coupled to L1, has one of its ends
connected to the middle of L2 and the other end to the junction of
Ci and Ca. Thus, current flowing through Ls has two parallel paths.
One is through Ls, C2, De, the bottom half of L., and back to Ls.
The other is through ILs. the top half of Le, D1, Ci, and back to
La. Because of phase differences resulting from inductive reactance,
the current flowing in each of the two paths are unequal. Hence
different voltages will appear across C; and C.. These differences
will vary as the frequency variations of the modulated signal.
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Thus you see that, while the total voltage across C: and C.
in series remains constant (its magnitude depending upon the
signal strength), frequency modulation of the signal changes the
ratio in which the voltage is divided between C: and C:. Hence
the name, ratio detector. Thus the variations in voltage across one
of these capacitors (C., for example) will reflect the audio varia-
tions which frequency-modulated the carrier current at the trans-
mitter.

A practical ratio-detector circuit is shown in Figure 42-17.
Both diodes are contained in the envelope of a 6AL5 tube. The
audio signals are taken from the junction of the two 500-ppf ca-
pacitors. Since the voltage across the 30,000-ohm resistor is deter-
mined by the strength of the signal, we can obtain automatic-
volume-control voltage from the negative side of the resistor to
be applied to the preceding tubes.

= 500 puf -
e 3, 1048
30K +

It
1

Fig. 42-17. The practical |
circuil of the ratio detector. B+

< Lo

Modulation by the Effects of Light—Facsimile. The fre-
quency-modulation transmitter may be affected by audio-frequency
currents modified by light as well as by sound. If a beam of light,
say about 0.01 inch in diameter, is passed over a picture or photo-
graph, the beam will be reflected with a varying intensity accord-
ing to whether the spot on the picture is light or dark. If the spot
is light, much light will be reflected; if the spot is dark, little light
will be reflected. This reflected light is caused to fall upon a photo-
electric cell, a device which changes light waves into electric
current. The brighter the light striking this photoelectric cell,
the greater the current output of the cell.

As the beam of light traverses (or scans) the picture, the
reflected light varies in intensity with the light and dark spots
on the picture. The result is a fluctuating current output from
the cell. If this fluetuating current is used to modulate the fre-
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quency of the carrier, the wave will then contain frequency varia-
tions in step with the fluctuating current.

At the receiving end, the fluctuating current operates a stylus
that passes over a special chemieally treated paper in step with the
movements of the beam of light at the transmitting station.
The effect of the current is to cause a black spot to appear on the
paper, the density of the spot varying with the strength of the cur-
rent. Thus, the picture is reproduced at the receiver. This process
is called facsimile transmission.

SUMMARY

1. The continuous wave of a transmitter must be modified in
some way to convey intelligible signals.

2. Two methods of modulation (modifying the continuous wave)
are used: (a) omplifude modulation (AM) and (b) frequency
modulation (FM).

3. The common method used by broadcasting stations was, until
a few years ago, amplitude modulation. This method continues
to be the practice generally, but a number of stations transmit
also by frequeney modulation.

4. In omplitude modulation, the carricr current is maintained at a
constant frequeney, and the sound currents are impressed on
the carrier current so as to modify the amplitude. The pattern
of such currents shows an envelope on the carrier current hav-
ing fluctuations corresponding to the variations of the sound
waves.

5. The process of amplitude modulation consists of using in the
transmitter the principles of audio-frequency amplifier and the
beat system of the superheterodyne receiver.

6. The ideal condition for amplitude modulation is to have the
peak amplitude of the audio-frequency current ecqual the
normal amplitude of the carrier current. In this case, the total
amplitude at the peak will be two times the amplitude of the
carrier current, or 100 per cent modulation.

7. The power of the audio-frequency current will bring about
this ideal condition when it is one-half the unmodulated carrier
power.

8. The modulation may be applied as audio-frequency voltage
to the plafe, to the grid, or to the cothode of the radio-frequency
amplifier. For plate modulation, which is most common, the
modulator is essentially a stage of push-pull amplification that
feeds into a modulation transformer. This transformer couples
the audio-frequency variation to the plate circuit of the radio-
frequency amplifier.
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9. The modulator should not be coupled to the oscillator stage.
When the final radio-frequency amplifier is modulated, the
svstem is called high-level modulation. Modulation at any other
point is called low-level modulation.

10. Aicrophones have the function of impressing the energy of
sound waveg upon electrie currents. This funetion is the reverse
of the functions of loudspeakers. The principles used in micro-
phones are: (1) to vary the resistance of the electrieal cireuit
{carbon-granule type), (2} to vary the capacitance of a ca-
pacitor, thereby varving the amount of charge stored (capacitor
type), (3) to induce a voltage across a conductor as it
vibrates in a magnetic field (ribbon tvpe or dynamic type),
or (4) to create a varying voltage across a crystal by means
of sound vibrations.

11. In the frequency-modulation system of transmission, the carrier
current 1s maintained at a constant amplitude while the fre-
quency 1s varied by the audio-frequency modulation.

12. One method of producing frequency modulation is to connect
a capacitor microphone across the grid tank cireuit of a re-
generative oscillator. Here, the capacitance of the mierophone
varies the eapacitance of the tank circuit, which in turn varies
the frequency of the oscillator.

13. Frequency-modulated waves are usually transmitted in straight
lines to receivers, and transmission is limited, therefore, to
short distances.

GLOSSARY

Amplitude Modulation: Varying the amplitude of a carrier current
with an audio-frequency signal.

Capacitor Microphone: A microphone operating on the principle of
varying the thickness of the dielectric of a capacitor, thereby
changing its capacitance and producing a varving voltage output.
Carbon Microphone: A microphone operating on the principle of
varying the resistance of a container of carbon granules by means
of sound waves,

Cathode Modulation: A form of modulation wherein the audio signal
is fed into the cathode circuit of a radio-frequency amplifier.
Channel: A band of radio frequencies.

Crystal Microphone: A microphone operating on the principle of
making sound waves vary the compression on a crystal, thereby
producing a varying voltage across the faces of the erystal
Discriminator: A detector in a frequency-modulation receiver which
changes variations in the received carrier frequency into audio-
frequency changes.

Facesimile Transmission: Transmission of pictures by radio.
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Frequency Modulation: Varying the frequency of the carrier current
in accordance with an audio-frequency signal.

Grid Modulation: A form of carrier modulation wherein the audio-
frequency signal is fed into the grid circuit of a radio-frequency
amplifier.

High-Level Modulation: Modulation of the final radio-frequency
amplifier stage.

Interrupted Continuous Wave (ICW): Dots and dashes produced by
intermittent transmitting of a carrier modulated continually by a
single audio-frequency signal.

Limiter: A stage in a frequency-modulation receiver which limits all
signals to the same amplitude.

Low-Level Modulation: Modulation of a radio-frequency amplifier
stage before the last stage.

Microphone: A device to change sound into fluctuating audio-fre-
quency currents.

Modulation: Variation of the frequency or amplitude of a continuous
carrier current by means of an audio-frequency signal.

Modulator: An audio-frequency amplifier used to modulate a con-
tinuous radio-frequency eurrent.

Overmodulation: A condition of modulation wherein the amplitude
of the modulator current is greater than the amplitude of the con-
tinuous carrier current, resulting in distortion.

Per Cent Modulation: The percentage of inerease or decrease of peak
amplitude of the unmodulated carrier.

Plate Modulation: A form of modulation wherein the audio-frequency
signal is fed into the plate circuit of a radio-frequency amplificr.
Ratio Detector: A detector in a frequency-modulation receiver where
frequency variations in the signal produce changes in the ratio in
which the voltage is divided between two capacitors that form a
voltage divider.

Side Bands: The range of frequencies on each side of the carrier
frequency produced by audio-frequency amplitude modulation.

QUESTIONS AND PROBLEMS

1. By what two alterations of a continuous carrier wave may
modulation be affected?

2. What two types of audio-frequency variations are used to
modulate a carrier wave?

3. What is the interrupted continuous-wave method of radio
transmission?

4. What is meant by radio telegraphy? By radio telephony?

5. In its fundamental form, what is a modulator?

6. How do side bands arise when a radio-frequency current is
modulated in radio telephony?
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7. What is the channel width when a radio-frequency current

10.
1.
12.
13.

14,

16.
i7.
18.
19.
20.

21.

is modulated in radio telephony by audio-frequency signals up
to 4,000 cycles per scecond? Show how you derived this.

. What factor, in addition to the strength of the carrier from

the transmitter, determines what the strength of the signal
from the transmitter shall be?

. Draw a diagram showing a radio-frequenecy carrier 100 per

cent modulated, 50 per cent modulated, overmodulated. Which
is most desirable?

Deseribe, with the aid of a diagram, two methods of plate modu-
lation.

Compare plate modulation and grid modulation as to advan-
tages and disadvantages.

What is a buffer amplifier, and what is its purpose?

What is the originating source of the radio-frequency portion
of a radio-telephone transmitter? Of the andio-frequency por-
tion?

Explain the operating principles of five types of microphones
in general use.

. Give a short description of the form of a frequency-modulated

wave.
Compare bandwidths provided for amplitude-modulated sta-
tions and frequency-modulated stations.

Explain the operation of a diseriminator in an FM receiver.
Draw the diagram of a ratio detector used in an FM receiver.
What is the function of the limiter in the frequency-modulated
receiver?

In what manner does static affect the radio wave? How does
the frequency-modulated receiver eliminate the effects of static?
Briefly explain the operation of facsimile transmission.



VWS Y The Cathode-Ray Tube
and Its Applications

QNS INI "M What are the principles of the cathode-
ray tube?

PROBLEM 2. How is the cathode ray used in the oscil-
loscope to show pictures of currents in
radio circuits?

GO RI WM  How are television pictures produced?
QUL NI WM  How is the radio beam used to detect
and range distant objects?

Geissler Tubes, Up to now we have been considering such
applications of the electron tube as the amplifier, the rectifier, and
the oscillator. In this chapter, we shall consider a variation of
this marvelous device: the cathode-ray tube.

About the year 1874, an English scientist, Sir William
Crookes, was experimenting with some Geissler tubes. These are
simply long glass tubes into each end of which a metal electrode
1s sealed. The air inside these tubes is pumped out, and in its
place a very small amount of some gas like neon is inserted. When
a large voltage is placed across the electrodes, this gas glows just
as our present-day neon tubes do.

When the charge on the positive electrode gets great enough,
one of the planetary electrons of the gas atom near it i1s torn away.
The gas atom then becomes a positively-charged ion. As such, it
is repelled from the positive electrode (like charges repel), and it
rushes toward the negative electrode (unlike charges attract).

As it strikes the negative electrode, the ion regains its missing
electron from the great mass of them piled up on this electrode.

592
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RAY /POINT OF FOCUS

Fig. 43-1. The cathode
rays may be focused like
light rays.

1
CATHOOE GLASS TUBE - ANODE

Thus, the gas ion again becomes an atom. In the process of chang-
ing from an ion to an atom, energy is given off in the form of
light. The color of this light depends upon the kind of gas present
in the tube; neon tubes give an orange light.

Crookes Tubes and Cathode Rays. Sir William Crookes did
not know all this, but he noticed that if the tube was exhausted
to a very high vacuum, the glow of the gas disappeared, and in-
stead, the inside walls of the tube would start to glow with a
strange light.

Mysterious rays seemed to shoot out of the negative electrode
(the cathode) toward the positive electrode (the anode). If the
cathode was made conecave, these rays eould be focused to a point,
just as light is focused to a point by the conecave reflector of an
automobile headlight (Fig. 43-1).

These rays themselves are invisible, but if a picce of platinum
foil is placed at the point of focus, the concentrated energy of the
rays is great enough to melt the metal—just as sunlight, focused
through a lens, will burn a hole in a piece of paper held at the
point of focus.

About 1892, Sir J. J. Thomson, another English scientist,
proved that these rays coming from the cathode (and, therefore,
called cathode rays) are in reality a stream of free electrons. He
was able to make the path of this stream visible by placing in the
tube, parallel to the electron stream, a strip of mica whose surface
was coated with zinc sulphide. This chemical has the property of
glowing when struck by electrons. As the electron stream swept
past this mica strip, the electrons struck against the zine sulphide.
Thus, the path of these electrons was shown clearly (Fig. 43-2).

Deflection of Cathode Rays by a Charged Plate. Thomson
discovered another curious thing about these cathode rays. Ie held
a magnet near the glass tube. The path of the rays, as shown on
the miea strip, was deflected by the magnet. The stream of elec-
trons was deflected by the magnet, and the stronger the magnet,
the more the electrons were deflected (Fig. 43-3). This was be-
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MICA STRIP COATED WITH

SCREEN\ / ZINC SULPHIOE
g Fig. 43-2. llow the path
—_— + >
—_— of the cathode ray is made
( vistble.
CATHODE \HOLE \ILLUMINATED PORTION ANODE
OF RAY

cause the moving clectrons within the tube set up their own mag-
netic field which interacted with that of the magnet.

Tt also proved possible to deflect the cathode rays by elec-
trically charged plates. Since the cathode ray consists of a stream
of clectrons, then if a plate carrying a positive charge is placed
parallel to the stream, the ray will be attracted toward that plate.

MICA STRIP COATEQ WITH ILLUMINATED PORTION
ZINC SULPHIDE- OF RAY

Mg e — o

( A\ \
= | ' L - Fig. 43-3. How the elec-
. =S lron stream is deflected by
™ — a magnel.

CATHODE HdLE SCREEN ANODE

MAGNET

Similarly, if the plate has a negative charge on it, the ray will
be repelled from it (Fig. 43-4). Thus, by varying the charge on a
third plate other than the cathode and anode, the cathode ray can
be bent up or down. This plate is known as a deflecting plate.
Putting the Cathode Ray to Work. The next step in the di-
rection of making the cathode ray useful was to replace the cold
cathode described above with a heated filament similar to that

Fig. 43-4. A—The effecl on the eleciron stream of a positive charge.
B—-The effect on the electron stream of a negalive charge.
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used in an electron tube. This hot cathode, as we have learned in
studying electron tubes, is a more practical emitter of electrons than
a cold metal plate charged negatively. With such a hot cathode, a
smaller positive charge may be used on the anode than with the
tube devised by Crookes.

The Tuning-Eye Tube. An ingenious application of the cath-
ode-ray (or electron-ray) tube has been developed to aid us to
tune our radio receiver. In a glass bulb from which the air is
evacuated, a cathode is mounted in a vertical position. Around it
is placed a funnecl-shaped anode, tapering down. The inner surface
of the anode is coated with a chemical that glows when struck
by an electron stream. Ilectrons streaming off the heated cathode
strike the inner surface of the anode (or target), producing a ring
of light (Fig. 43-5).

Between the cathode and the anode a vertical deflector plate,
consisting of a thin wire, is inserted. If this plate is at the same
potential as the anode, it will have little effect on the electron
stream, and the glow will be an uninterrupted ring. But if the
charge on this deflector plate is less positive than that on the
anode, a dielectric field will be set up between it and the anode.
This field will repel electrons flowing toward the anode, and thus
the portion of the anode in line with the deflector plate will be
dark. The greater the potential difference between the anode and
the deflector plate, the greater the dark portion of the anode (Fig.
43-6). The electron-ray tube, thercfore, can be used as a voltmeter.
The dark round spot in the center of this ring of light in most
tuning-eye tubes i1s caused by a cathode light shield so placed as
to make the amount of deflection more noticeable.

CHEMICAL CATHODE LIGHT SHIELD

COATING

BULB
ANODE

DEFLECTOR Fig. 43-5. The tuning-eye

CATHODE PLATE {ube.
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-A-~ -B- Fig. 43-6. Top view of
luning-eve (ube.

A—Defleclor plale al
same polential as the
anode.

B—Deflector plaie al
lower polential than (he
anode.

Now turn to the ecircuit of the automatic-volume-control cir-
cuit (Fig. 24-10). The greater the signal strength in the detector
circuit, the greater the negative voltage in the automatic-volume-
control system. Thus, when a given station is tuned in at its maxi-
mum volume, the automatic-volume-control voltage for that par-
ticular station will be at its maximum.

If the deflector plate of our electron-ray tube is connected to
this source of automatic-volume-control voltage, the negative
charge on this plate will be greatest when the signal is tuned in at
its maximum. The dark portion of the ring then will be at its
maximum width,

In practice, the reverse of this action is used. The negative
automatic-volume-control voltage is placed on the grid of a triode
connected to the electron-ray tube, as shown in Figurc 43-7. As
the grid of the triode becomes more negative (station tuned in at
maximum volume), the plate current of the triode gets smaller.
The voltage drop across resistor R becomes less (£ =1 X R), and
thus the positive charge on the deflector plate of the electron-ray
tube gets nearer to that of the anode. Thus, the dark section of
the ring becomes smallest as the station is tuned in to its maxi-
mum volume,

This gives us a device for actually “seeing” when the receiver
is properly tuned. In modern practice, both the triode and the

R
—A\NNN— * B+

1 MEGOHM

Fig. 43~7. Circuil show-
ing how the tuning-eye is
connecled lo the automatic
volume-conlrol line.

ANODE
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g DEFLECTOR
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electron-ray tube are placed R B+

in one envelope (Fig. 43-8).

Such a tube is called a tun-

ing-eye tube. Examples are ANODE
the 613 and 6U5/6G5 29 DEFLECTOR
types. LINE PLATE

Modern Cathode-Ray
Tubes. Now let us go back
to the cathode-ray tube
shown in Figure 43-4. We Fig. 43-8. How the triode and luning
have already learned that eye are conlained in one envelope.
if the stream of electrons
strikes certain chemicals,
such as zine sulphide. it makes them glow. If we erect a screen
coated with these chemicals and focus a beam of cathode rays upon
it, we can see where the electrons strike it from the point of light
which appears. By observing the motion of this point of light to-
ward and away from the deflecting plate, we can visualize the vary-
ing charges on the deflecting plate.

Such a screen may be made by coating the inner surface of the
end of an evacuated, flared glass bulb (see Fig. 43-9) with these
chemicals (called phosphors). The cathode is a metal tube whose end
is coated with electron-emitting chemicals. The heater is coiled
inside this tube and heats the cathode until it is hot enough to
emit a stream of electirons.

This stream of electrons then passes through a hole in the end

CATHODE

e———ELECTRON GUN——~

|
| DEFLECTING SPOT
|
| HEATER PLATE L Tor
' CONTR TR LIGHT
PRONGS I //OR GngLELEC ope +
im}

™ re—

= =
BASE—/ / ZANODE -
FOCUSING ELECTRODE

CATHODE

DEFLECTING PLATE.

ELECTRON
BEAM

SCREEN—/

Fig. 43-9. The basic diagram of the cathode-ray lube.
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of another tube slipped over the cathode. This latter tube is the
control electrode, or grid, which controls the density of the electron
stream by varying the effective size of the hole through which it
must pass. If the control electrode is made negative enough, the
electron stream is completely cut off. If the control electrode is
made less negative, or positive, the effective size of the opening is
increased. Thus the density of the electron stream is increased.
Since the intensity of the spot of light produced where the stream
strikes the screen depends upon the density of the electron stream,
the intensity of the spot may be varied by varying the potential of
the control electrode.

After emerging from the control electrode the electron stream
passes through the focusing electrode. This is a hollow tube which
focuses the electron strcam to a very fine beam somewhat as a
light beam may be focused with a glass lens.

Next, the electron beam is attracted and accelerated by the
anode. This consists of a hollow tube upon which a high positive
charge is placed. Since the ends of the anode are open, the speeding
electrons pass through. The complete assembly of cathode, control
electrode, focusing electrode, and accelerating anode is called the
electron gun.

The voltage relationship between the various portions of the
electron gun is shown in Figure 43-10. The high-voltage end of the
power supply (which usually furnishes several thousand volts) is

CONTROL FOCUSING
ELECTRODE ELECTRODE
| ;
1
/ ,/ ANQDE
_'_/l 1 ]
— L * ELECTRON
STREAM

. 3B+ MAX, . B+ MAX,

[—'v\/vv\,——'vvvv\r—'vvvw

!

Fig. 43-10. Vollage relationship belween the various portions of the electron
gun.

iy
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D
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connected to the anode. The voltage on the focusing electrode
generally is about one-fifth that on the anode and this voltage
usually is made variable to facilitate focusing the beam so that the
end striking the screen is a pinpoint.

After emerging from the electron gun the eleciron beam passes
between a set of deflecting plates, as shown in Figure 43-9. Placing
opposite charges on the deflecting plates creates a dielectric or elec-
trostatic field between plates which tends to deflect the electron beam
passing between them toward the positively-charged plate. By vary-
ing the charges on these plates (and thereby varying the strength
of the electrostatic field), the electron beam is moved toward one
or the other, and the luminous spot on the screen moves likewise.
When they are placed so that the luminous spot moves in a vertical
plane (up and down), these plates are called the vertical deflecting
plates.

By placing two similar plates at the sides of the tube—that
is, to the right and left of the electron beam, the luminous spot is
also made to move in a horizontal direction or plane. These two
plates are called the horizontal deflecting plates (Fig. 43-11).

HORIZONTAL
DEFLECTING
ANODE PLATES
\ |
3 ; SPOT OF
1™ /0 eectron seamy T
5N
ey
FOCUSING VERTICAL
ELECTRODE DEFLECTING

PLATES
Fig. 43-11. The cathode-ray tube.

You will recall that the electron beam may also be deflected by
a magnetic ficld (See Figure 43-3). Accordingly, some cathode-ray
tubes do not have any deflecting plates. Instead, electromagnets are
mounted on the neck of the tube. Since the magnetic field can act
through the glass, varying the current flowing through these elec-
tromagnets causes corresponding variations in their magnetice fields.
As a result, the electron beam is deflected. This system is called
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Fig. 43-12. Commercial 21-inch calh-
ode-ray {ube.

Allen B. DuMont Laboratories, Inc

electromagnetic deflection, and tubes of this type are widely employed
in television receivers.

The Cathode-Ray Oscilloscope. We are now ready to under-
stand how an electric current can be made to draw its picture on
the screen of a cathode-ray tube. The machine which pictures the
movement of the electric current is called a cathode-ray oscillo-
graph or oscilloscope. Assume that there is no charge on any of
the deflecting plates. The electron stream will be focused to a pin
point of light appearing in the center of the screen (Fig. 43-13A).

If a voltage is placed on the vertical deflecting plates so that
the upper plate is positive and the lower is negative, the point of
light appears above the center of the tube (Fig. 43-13B). The
distance the point of light is moved above the center of the screen
depends upon the voltage on the vertical plates. The sensitivity of
the tube (that is, the number of volts required to deflect the
spot of light one inch) is given by the tube manufacturer. Thus,
with a tube that has a deflection sensitivity of 50 volts per inch,
if the spot of light has moved, say, an inch and a half above the

A R == =B= Fig. 43-13. View of screen
TN TN ] ] of the calhode-ray tube
a \ £ l \\ {/ \ (L:'—” - showing the positions of
\ T © N } b,

7) N I 1/ the spot of light

B L (L7 L
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center position, we know the voltage across the plates is 75 volts.
You see that we may use this tube as a voltmeter. For convenience
of measurement, a cross-ruled. piece of celluloid may be mounted
over the screen of the tube. T

If our connections are reversed so
that the bottom vertical deflection plate
is positive, the spot moves below the
center of the tube (Fig. 43-13C). If an
alternating voltage is placed on the J
plates, the spot of light will move up
and down in step with the alternations
of voltage. NREe

If the frequency of the alternating w

: Fig. 43-14. Trace de-
voltage is low enough, we can actually > .
: scribed by a sine wave.
see the spot move up and down. But if
the frequency is too high for our eye to follow, say, 60 cycles or more
per second, the moving spot will appear as a continuous vertical
line (Fig. 43-13D).

Of course, a corresponding effect can be had by using the
horizontal deflecting plates. Our spot then moves from left to right
or vice versa.

Assume that we have placed a 60-cycle alternating voltage
on the vertical plates. In 1/60 second, the spot will have moved
from the center of the screen, up to the top of its path, down to
the center again, down to the bottom of its path, and up again
to the center. You know, of course, that this sequence represents
one complete cycle. Assume that at the same time a constantly
increasing voltage is placed on the horizontal plates, which tends
to drive the spot from the extreme left of the screen to the right
in 1/60 second. As a result of these two voltages, the spot de-
seribes a sine curve (IFig. 43-14). The picture appearing on the
screen is called a trace.

If, at the instant the spot reaches the extreme right of the
sereen, the voltage on the horizontal deflecting plates drops to
zero and starts over again, another sine curve is traced over the
original one. This eontinues, and the effect is as if the curve stood
still, enabling us to inspect it.

The Sweep Circuit. The horizontal component of the move-
ment of the spot of light is a continuous, even, left-to-right mo-
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tion until the extremc right of the screen is reached. At that
mstant, the spot is returned to its original position at the extreme
left of the screen. This motion is deseribed as the linear sweep of
the cathode-ray tubec. The voltage waveform on the horizontal
deflecting plates to accom-
plish this sweep is shown
in Figure 43-15. Beeause of
the shape of this waveform,
the device that produces it
1s called a sawtooth oscil-
lator. Another name for it
is the linear timing axis os-
cillator or sweep oscillator.
Fig. 43-15. Waveform of the output of Neon-Bulb Oscillators.
a sawtooth oscillator. A simple sawtooth oscilla-

torisshown in IFigure 43-16.
Here, direct current flowing through a resistor (R) charges a fixed
capacitor (C). Across the capacitor is a neon bulb (). This bulb
has no effect on the capacitor until a voltage high enough to flash
the bulb (about 60 volts) is built up across the plates of the ca-
pacitor. When this voltage is reached, the gas within the bulb
1onizes. The bulb becomes a conductor, instantly discharging ca-
pacitor C.

As the voltage across the capacitor drops to almost zero, the
neon gas in the bulb deionizes. This suddenly makes the bulb
an insulator, and another cycle begins as the capacitor starts
charging up again,

The frequency of these cycles is determined by the length of
time it takes to charge the capacitor to the flashing point of the
neon bulb. By selecting proper values of capacitance and by mak-

VOLTAGE

TIME—

O— VWA
+
SAW-TOOTH
DC c— N DC
INPUT OUTPUT
o,

Fig. 43-16. A sawloolh oscillalor using a neon bulb.
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ing R variable, a sweep of any frequency from a few cyeles up
to many thousands may be obtained.

Figure 43-17 shows an improvement over the simple neon-
bulb oscillator. Substituted for the neon bulb is a tube that looks
like an ordinary triode. In this tube, however, a small amount of
some gas such as neon is introduced. This tube (which is called a
thyratron) remains nonconductive as long as its grid is negative
enough to cut off the flow of electrons through the tube. Once the
grid potential is raised to the point where the tube no longer is cut

THYRATRON ‘
Fig. 43-17. A sawlooth

SAW-TOOTH
DC

oscillalor using a thyra- + T¢ oueuT
tron tube. be aarSeRy =
INPUT ]q, l
o= —

off, the tube becomes conductive and remains in this condition
regardless of the voltage on the grid. The only way to stop condue-
tion through the tube, then, is to remove the positive plate voltage.

When used in the circuit shown in Figure 43-17, the C battery
1s adjusted to place a negative voltage on the grid sufficient to cut
the tube off. As capacitor C is charged up, the plate voltage of the
tube is raised to the point where the tube becomes conductive. This
discharges C, the plate voltage for the tube drops to zero, and the
tube becomes nonconductive. Then the entire cycle is repeated.

In practice, oscilloscopes are sold in compact units with knobs
for control and with means for connection to radio circuits. Ampli-
fiers are usually provided in commercial oscilloscopes to amplify the
input voltages to the vertical and horizontal deflecting plates. Our
complete oscilloscope then consists of the following parts:

Cathode-ray tube
Vertical amplifier
Horizontal amplifier
Timing-axis oscillator
Power-supply unit
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Fig. 43-18. Calhode-ray oscilloscope.
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Using the Cathode-Ray Oscilloscope. We cannot discuss here
all the tests which can be made with the cathode-ray oscilloscope.
Such a discussion is suited to a more advanced text. Indeed, entire
volumes have been written about this subject alone. We shall try
here to present some simple principles encountered as we operate
this marvelous deviee.

We alrcady know that we can use the oscilloscope to measure
alternating and direct voltages. Note that it is the peak alternating
voltage we measure here, not the root-mean-square voltage (as
measured by an alternating-current voltmeter).

We may examine the waveform of an alternating voltage by
impressing this voltage on the vertieal deflecting plates and im-
pressing the voltage obtained from the sawtooth oscillator on the
horizontal plates. If we make the frequency of the horizontal volt-
age equal to the frequency of the alternating voltage under test,
we get the picture of a single eycle of that alternating voltage.
This picture, or trace, scems to stand still, thus permitting close
inspection. Deviations from the true sine curve can be clearly
seen,

If we know the frequency of the sawtooth voltage, we can
tell the frequency of the alternating voltage. If the frequency of
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the voltage on the horizontal plates is a submultiple of the alter-
nating voltage under test (that is, 14, 14, 14, or the like), we get
2, 3, 4, or a corresponding number of cycles appearing on the
screen. As an example, assume we apply a 60-cycle alternating
voltage on the vertical plates. If the sawtooth voltage applied to
the horizontal plates also has a frequency of 60 cyeles per second,
we get one cycle on the sereen. If it has a frequency of 30 cycles
per second (14), we get two cycles on the sereen; 20 cycles per
second produces 3 cycles, and so forth.

Although the use of the linear timing axis (the sawtooth
voltage) is fairly general, there are some applications of the oscil-
loscope where 1t is not used. Thus, if we wish to see the phase
shift in an electrical device, we can show it pictorially by im-
pressing the input voltage to this device on one set of plates and
the output voltage upon the other set of plates.

Graphic pictures of sound waves also may be traced on the
screen by using the linear timing axis and connecting the output
of a microphone to the vertical plates. As stated, these are but a
few of the many applications of the cathode-ray oscilloscope.

Television. The fairy tales of all nations have had some tale
of men who could see what was happening at a great distance,
far beyond the range of human sight. The twentieth century has
scen this tale come true. The invention of television has been one
of mankind’s greatest achievements. Although the details of tele-
vision are beyond the scope of an elementary radio text, the prin-
ciples are quite simple, and we shall present them briefly here.

The eye sees objects by the light reflected from these objects.
If an object did not reflect light, it would be invisible. Assume
that we have a spot that is illuminated by a bright light. If this
spot is light in color, it will reflect a good deal of the light falling
on it, If it is dark, it will reflect but little of the light falling on it.

Further, assume that we have a device, such as a photo-
electric cell, which can convert light energy into electrical energy.
If the reflected light from the light-colored spot falls upon this
device, a relatively large current will flow. If the reflected light from
the dark-colored spot strikes this device, less current will flow.

A picture can be broken down into spots of light of varying
degrees of light and dark shades. If the device that changes light
energy into clectrical energy (the photoelectric cell) moves from
spot to spot successively (we call this scanning the picture), the
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FLUCTUATING CURRENT

PATHS OF Fig. 43-19. The basic
principle of lelevision. The
fwo spols keep in step wilh
each olher.

EXPLORING
SPOT REPRODUCING
SPOT

TRANSMITTER RECEIVER

current set flowing in the photoelectric device will vary in step
with the light and dark spots.

If this varying current is sent, finally, into a device whose
action 1s the reverse of the photoelectric device—that is, a device
whereby electrical energy is changed into light energy, and if this
reproducing device moves in step with the photoelectric device, the
picture may be reconstructed on a sereen (Ifig. 43-19).

This explanation covers the principle of television. The vary-
ing current may be sent over wires, it may be used to modulate a
radio wave and send the variations many miles through space. If
the secanning is rapid enough, pictures of moving objects may be
shown in rapid succession on the screen of the television reeceiver,

thus giving the illusion of motion just

COLLECTORy  (LGHT. SENSITIVE as motion pictures do.

The Iconoscope. There are a num-

— ber of methods for producing the vary-

i | PLATE ing current at the television transmitter.

One of these employs our old friend, the

To cathode ray, in a device called the

AMPLIFIER iconoscope, invented by an American
scientist, Vladimir K. Zworykin.

There are certain materials, such
as the metal cesium, which have the
peculiar property of shooting off elec-
trons when exposed to light. We call
such materials photoeleciric materials. The elcetrons thus discharged
are called photoelectrons. The greater the intensity of the light, the
greater the number of photoelectrons discharged.

Fig. 43-20. The tcono-
scope.
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In the iconoscope, a mica sheet is covered with millions of
tiny globules of silver, each coated with the photoeleetric metal
cesium. Each globule. which is called an element, is insulated from
its neighbors. The mica sheet, with its layer of photelectric
globules, is called a mosaic. The back of the mica sheet is coated
with a metal plate, called the signal plate.

The coated side of the mosaic (the photosensitized side) faces
the front of the bulb and an electron gun of the type previously
described. In front of the mosaic is mounted a metal ring called
the collecting ring. Electron gun, mosaic, signal plate, and col-
lecting ring are all mounted in a glass bulb from which the air
has been exhausted (Fig. 43-20).

When light strikes an element of the mosaic, photoelectrons
are emitted. The greater the intensity of the light, the more elec-
trons are shot off. This illuminated element of the mosaic thus
becomes positively charged. the value of this charge depending
upon the intensity of the light. Because each element is insulated
from its neighbors, its charge remains fixed. Thus the picture ap-
pears on the mosaic in terms of varying positive charges. The
function of the collecting ring (which is made positive) is to col-
lect the free photoelectrons and drain them out of the bulb.

As each element becomes positively charged, electrons will
be attracted and will flow up from ground through resistor R to
take their places on the signal plate opposite the charged element.
The number of electrons so attracted will depend upon the positive
charge on each element. and this depends upon the intensity of
the light striking each element. Thus, an electron image of the
picture forms on the signal plate.

The mosaic is swept by a thin stream of electrons emitted
by the electron gun. As this electron stream strikes a particular
element. it supplies the missing electrons, and thus the positive
charge is neutralized.

As each element is neutralized, the electrons it held in place
on the signal plate are released. These flow back to ground through
resistor R. The flow of these electrons sets up a current pulse
through the resistor, causing a voltage drop across R. This voltage
will depend upon the number of electrons flowing and thus vary-
ing voltages are set up as varying numbers of electrons flow
through the resistor. As a result, varying voltages are fed to the
amplifier. These voltages, fed into the amplifier, are used to modu-
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late a carrier current which, in turn, causes a modulated radio
wave to be radiated.

The electron stream from the electron gun sweeps across the
charged elements in a horizontal direction, traversing one hori-
zontal row after another. Modern iconoscopes utilize a beam which
can sweep or scan 525 rows of elements in 1/30 of a second.

The Television Reproducer. In the television receiver, the
cathode-ray tube is used as a reproducer. The tube is adjusted so
that the electron beam sweeps across the surface of the screen
in step with the beam in the iconoscope. After the modulated
wave has been received, amplified, and demodulated, the varying
current i1s fed to the control electrode or grid of the tube. This
electrode, you will recall, varies the density of the beam, thus
varying the intensity of the light produced on the screen.

For example, if at one instant the beam of the iconoscope dis-
charges an element which has received a large positive charge due
to the fact that a bright light had fallen on it, a relatively large cur-
rent flows from the screen to the modulator of the transmitter. At
the receiving end, the beam of the cathode-ray tube is at a position
on the sereen corresponding to the position of the beam in the
iconoscope. The large current flowing into the control grid causes a
bright spot to appear on the screen. Thus, dark and bright spots
appear on the cathode-ray sereen in step with the dark and bright
spots of the picture at the transmitting studio. Since these spots
constitute the picture, the picture is reproduced on the receiving
screen.

These spots merge to produce the picture because of two
factors. One is the persistence of human vision. The eye sces a
light for a fraction of a second after the light has disappeared.
Thus, we get an overlapping of spots which blend to give us the
picture. Similar to this is the persistence of glow which the chemi-
cals on the cathode-ray screen possess. The glow persists for a
fraction of a second after the electron stream has moved to the
next spot. Once again the spots merge to produce the picture. If
successive pictures are produced rapidly enough, we get the il-
lusion of motion pictures.

Radar. Radar—RAdio Detection And Ranging—is one of the
outstanding electronic developments in recent years. Essentially,
it is a device for detecting objects at a considerable distance and
for determining the direction and distance between the object and
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the radar station. Developed for war purposes, radar was quickly
adapted to peaceful needs, especially in the field of navigation.

A consideration of the actual circuits employed in radar equip-
ment is beyond the scope of this book. Instead, the general basic
principles will be presented.

Assume that an airplane is flying high above the earth on a
dark night. A searchlight station on the ground sends out a nar-
row beam of light. When this beam strikes the airplane, light is
reflected from the surface of the plane to the eyes of an observer
stationed near the searchlight. The plane is seen or detected.

With radar, a narrow radio beam is used instead of the light
beam. This invisible beam, striking the plane, is reflected to a radio
receiver located near the transmitter, and thus the plane is de-
tected.

Thus far, the radio beam acts like the light beam. However,
whereas clouds or fog renders the light beam inoperative, the
radio beam casily penetrates these obstacles. Further, the light
beam is visible; the radio beam is invisible, and the plane may be
detected even though its occupants may not be aware of the fact.

It is not enough to detect the plane. We must know how far
away it is, how high up, and its bearing (that is, its compass posi-
tion in relation to the observer). The searchlight only permits an
approximation of the answers to these questions, since it affords
no accurate information concerning the distance of the plane from
the observer.

With radar equipment, however, we are able to measure the
time it takes the radio wave to travel from the transmitter to
the plane and back again to the receiver. Knowing the speed at
which the radio wave travels (approximately 186.000 miles per
second), it is relatively easy to calculate the distance between the
plane and the observer at the radar station.

Because of the enormous speed of the radio wave, the time
intervals are very small—in the order of microseconds (a micro-
second is one-millionth of a second). The cathode-ray tube is used
to measure these small intervals of time.

Assume that at the instant the transmitter sends its radio
beam at the target, the electron stream in the cathode-ray tube
1s set moving horizontally at a rate which will make the trace move
across the face of the tube one inch per 100 microseconds. Further
assume that the target is such a distance away from the trans-
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mitter that the radio wave, traveling at the rate of about 328 yards
per microscecond, requires 100 microseconds to reach it. Since the
reflected wave will require the samne time to reach the receiver,
the round trip will consume 200 microseconds.

During this interval, the trace on the face of the cathode-
ray tube will have traveled two inches. If we had some method for
marking the trace so that it would record the instant the radio
wave was sent out, and the instant it was received, we would then
be able to tell the time required for the round trip (in micro-
seconds) by measuring the distance (in inches) between the two
marks.

The radio wave is sent out as a short pulse, or burst, of energy,
rather than in a continuous wave. The duration of this pulse
usually is only about one microsecond (abbreviated ps). Part of
this pulse is sent to the vertical deflecting plates of the cathode-
ray tube, and its effect is to produce a sharp bump, or pip, on the
trace. When the reflected pulse is received, it, too, goes to the
vertical deflecting plates of the tube. Thus a second pip appears
on the trace (Fig. 43-21).

In the 200 microseconds required for the radio pulse to reach
the target and be reflected to the receiver, the trace will have
traveled two inches. Thus the two pips will appear two inches
apart. By means of a scale printed on the face of the eathode-ray
tube, we can translate the distance between the two pips of the
trace into distance between the target and the radar station. Since
the radio pulse travels at the rate of 328 yards per mierosecond,
it will require one microsecond for the pulse to reach a target 164
yards away and be reflected to the radar station. Thus, in our
example, the distance between the two pips i1s two inches, the
elapsed time for the round trip’is 200 microseconds, and the dis-
tance between the radar station and the target is 32,800 yards
(328 X 100).

The radio pulses may be sent out several hundred times per
second. Since the sweep circuit of the cathode-ray tube is syn-
chronized to start with each transmitted pulse, all the traces will
coincide, producing the effect of a single trace.

Also, since the duration of each pulse is extremely brief and
the time between pulses relatively great, the average power con-
sumed is small. Thus, small tubes and other components may be
employed, even though the power of each pulse is large.
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Fig. 43-21. Trace on face
of cathode-ray tube show-
ing pips.

The radio beam must be narrow so that it may be directed
toward a particular spot, just as is the light beam of the search-
light. This requires special antenna arrays. To make the equip-
ment portable and to allow the beam to be rotated easily, the
antenna array must be quite small. This necessitates the use of
very high frequencies—thousands of megacycles. Because of these
high frequencies, radar operates on line-of-sight transmissions, sim-
ilar to light beams.

For peacetime use, radar equipment may be mounted on
ships, airplanes, or other vehicles to detect obstacles which nor-
mally would not be seen because of darkness or fog.

IFF. 1t is not enough to detect a target by radar. Before
opening fire on it, one should know whether the target is friendly
or hostile. To establish this identification, auxiliary apparatus has
been developed for use with radar. This apparatus is known as
Identification—Friend or Foe (IFF).

Essentially, it consists of an automatic receiver and trans-
mitter which are carried by all friendly ecraft. When the target
is detected by radar, a special coded signal, at a frequency other
than the radar frequency, is transmitted. This challenging signal,
when it is received by the receiver aboard the friendly craft, causes
the transmitter to send out automatically a coded reply which is
received by the receiver of the challenging station. If there is no
reply, or if the reply is not in the code previously agreed upon, the
craft is assumed to be hostile.

The cathode-ray tube is used here, too. If the reply to
the challenge is the proper one, a pip appears on the scrcen. If
there is no pip, the craft is hostile. In some installations, the reply
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signal is superimposed on the radar screen through suitable cir-
cuits. In this way it changes the echoing pip produced by the
target and thus identifies it as friendly.

In Figure 43-22 there appears a radar sereen containing a trace
showing two pips, and hence two targets, at different distances
from the radar station. The nearest target (#1) is friendly, as shown
by the downward pip appearing beneath the original pip. This
downward pip is produced by the answer to the IFF challenge. The
farthest target (#2) contains no downward pip and thus is assumed
to be hostile.

For peacetime use, the automatic receiver and transmitter
may be placed at definite, known points on the ground to serve
as beacons for aircraft. As an airplane flies overhead, it may send
out a challenging signal. The nearest beacon then would reply.
The reply of cach beacon would be coded differently for purposes
of identification. Since the pilot would know the locations of these
beacons from his maps, he thus would know his position.

PPI Radar. More wonderful than the ordinary radar is
the PPl radar (derived from Plan Position Indicator). With this
ingtrument a radio beam is sent out and brings back a picture of
the area surrounding the station.

Assume that a ship containing this apparatus is located near
shore (Ifig. 43-23A). The radar antennas are located at the top
of a mast and are rotated so that they point at, or scan, the
horizon. Below deck, and connected to the antennas, is the radar
equipment.

The cathode-ray tube employed is of a special {ype whereby
the electron stream sweeps from the center of the tube’s face,
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along a radius to the periphery, and back to the center (see Fig.
43-23B). Further, the stream can be rotated around this center. The
rotation of this clectron stream is synchronized with the rotation
of the radar antennas.

As the radar beam is transmitted from the antenna to a point
on the horizon, the electron stream of the tube starts from the
center toward a corresponding point on the periphery of the tube’s
face. The trace produced is just too faint to be seen. If the radar
beam strikes a reflecting object (A), the echo causes the trace to
brighten and a bright spot appears at a corresponding point on
the trace (A). Both the antenna and electron stream move to the
next angular position. The echo from point B produces a corre-
sponding bright spot on the trace (X).

This continues until a whole series of bright spots, eorrespond-
ing to the outline of the shore, have appeared on the screen of
the tube. Since the screen of the cathode-ray tube is of the high-
persistence type, the bright spots will remain for some time after
the sweep has moved on to other angular positions. The result
then would be a picture of the area surrounding the ship, whose
position Is indicated by the center of the screen.
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Fig. 43-24. PP/ radar screen lo-
caled in an airplane showing the
presence and location of storm
clouds ahead.

RCA Educational Services

SUMMARY

1. The Crookes tube is known as a cathode-ray tube because elec-
trons are given off from the cathode of the tube. The tube is
made by having two metal electrodes protrude into a sealed
tube from which most of the air has been pumped out. When
the ends of the metal electrodes are charged oppositely (by con-
necting them to a static electric machine or an induection coil)
with a high voltage, clectrons stream from the cathode to the
anode.

2. The deflection of the stream of particles both by magnetic fields
and by dielectric fields is evidence that the particles given off
by the cathode are electrons.

3. When the cathode is heated, the principle of the Crookes tube is
used as & modern cathade-ray tube for radio work.

4. The most important uses in radio for this cathode tube are for
the tuning eye, the cothode-ray oscillescope, television, and rador.

5. The principles of the cathode-ray oscilloscope are that (1) a
screen coated with fluorescent material glows when bombarded
with electrons of the cathode rays. (2) When the cathode rays
are focused to a narrow beam, a single point of light is formed
on the screen. (3) The beam may be deflected both vertically
and horizontally by properly placed deflecting plates. (4) When
these plates are charged by the varying voltages of radio circuits,
the screen may be used to show pictures of the sine curve, of the
current in an electron tube, and of other characteristics.

6. Television, or the transmission of pictures through space, is a
modern application of several principles connected with radio
and with electrons: In brief, television depends upon (1) the
fact that light causes certain substances to emit electrons pro-
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portional to the intensity of the light, (2) the electron impulses
can be amplified and transmitted as electromagnetic waves, and
(3) clectromagnetic waves can be detected, amplified, and trans-
formed into light varying in intensity just as did the original
light.

7. Rador (rodio detection and ronging) employs a cathode-ray tube
to measure the time it takes a radio wave to travel from the
radar station to the target and back again. Since the speed of
the radio wave is known, the distance between the station
and the target can be calculated. Also, since the radio wave can
be transmitted in the form of a narrow, directional beam, the
bearing of the target and its altitude (if it is an airplane) can
be determined as well.

8. To identify the target as friendly or hostile, an automatic re-
ceiver and transmitter are carried by all friendly craft. When
challenged by a specially coded radio signal, the recelver auto-
matically activates the transmitter, causing it to respond with a
coded reply signal. This reply signal can be seen on the screen
of the cathode-ray tube. Failure to receive a reply to a challenge,
or a reply that is improperiy coded, indicates a presumably
hostile target.

9. By means of the PPI radar equipment it is possible to obtain
upon a cathode-ray screen an outline picture of the area sur-
rounding the radar station.

GLOSSARY

Accelerating Electrode: The electrode in the cathode-ray tube which
speeds up the stream of electrons from the cathode to the plate.
Cathode Ray: A stream of free electrons.

Cothode-Ray Oscilloscope: A device which traces out on a fluores-
cent screen a graph, which may be used to interpret the nature
of a wave.

Cothode-Ray Tube: A tube in which a stream of electrons is deflected
in various directions under the influence of a set of nearby charged
plates to produce a trace on a fluorescent screen.

Collecting Ring: A metal ring which collects the electrons emitted
by the cesium elements in the iconoscope.

Conirol Electrode: A tube with a hole at the end of it placed between
the anode and cathode which controls the beam density in a cath-
ode-ray tube.

Deflector Plate: A plate in a cathode-ray tube which, by receiving
a charge, deflects the cathode ray.

Electron Gun: The complete assembly of cathode, control electrode,
focusing electrode, and accelerating electrode in a cathode-ray tube.
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Focusing Electrode: An electrode in a cathode-ray tube, used to
focus the cathode-ray beam on the screen.

Horizontal Deflecting Plotes: Electrodes in a cathode-ray tube which
serve to move the focused points from left to right across the
screei.

Iconoscope: A tube used in television transinission to pick up light-
image impulses and change them into cleetrical impulses.

IFF: Identification—Friend or Foe. A system for determining
whether a target located by radar is friendly or hostile.

Linear Sweep: Movement of the electron beam from left to right
and back.

Linear Timing-Axis Oscillotor: An osecillator which sweeps the focused
dot of an oscilloseope periodically across the sereen from left to
right.

Mosaic Screen: A screen in which are imbedded photoelectric par-
ticles insulated from each other and which change light encrgy
into electrical energy.

Oscillograph: Same as the cathode-ray oscilloscope.

Photoelectric Materials: Materials which convert light energy into
electrical cnergy.

PPl Rodar: A radar device for producing an outline picture of the
surrounding area on the face of a cathode-ray tube.

Radar: Radio Detection And Ranging. A device for detecting an
object by means of a reflected radio wave. Range i1s determined
by measuring the time it takes a radio pulse sent out by a trans-
mitter to rcach the object and be reflected back.

Sowtooth Oscillator, or Sweep Oscillator: Same as a linear timing-
axis oscillator.

Television: The process of sending and receiving scenes via radio
waves.

Thyrotron: A gas-filled triode.

Tuning-Eye Tube: A cathode-ray tube used for aiding in the tuning
of a receiver,

Vertical Deflection Plates: Klectrodes in a cathode-ray tube which
serve to move the focused dot up and down on the screen.

QUESTIONS AND PROBLEMS

i

. What is the nature of the cathode ray in a Crookes tube?

Explain the structure and operation of the tuning-cye tube.

3. Explain, with the aid of a diagram, how the tuning-eye tube
is connected in a radio receiver to aid in tuning.

4, Why is a triode amplifier used in conjunction with a tuning-
eye tube?

5. How are the cathode rays made visible in a cathode-ray tube?

N
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6. How are electrons made to move up and down in a cathode-
ray tube? To the right and left?

7. Draw the screen of a cathode-ray oscilloscope and locate the
trace for the conditions represented by charges on the deflect-

ing plates:

No CHARGE CHARGES CHARGES AC ox THE AC oN THE
ON ANY ONLY oN THE ONLY ON THE VERTICAL HoRIZONTAL
PLATE VERTICAL HoRrizoNTAL PraTEs PLATES

PraTEes PraTeS

8. Ilow may the cathode-ray oscilloscope be used as a voltmeter?

9. Explain the type of oscilloscope trace that would be obtained
if an alternating sine voltage were placed on the vertical plates
while an ever-increasing voltage acted to drive the focused
light point from left to right under the influence of the hori-
zontal deflecting plates.

10. What is the purpose of a sawtooth oscillator in the oscilloscope?

11. Make the diagram of a simple sawtooth oscillator using a
neon tube and explain how it works. How 1s its timing con-
trolled?

12. List the five essential functional parts of a complete oscillo-
scope.

13. List several uses to which an oscilloscope may be put.

14. State the general principle of television.

15. Describe the structure of an iconoscope and explain how it
works.

16. Explain how the cathode-ray tube is used in a television re-
ceiver to reproduce a scene.

17. How does a series of dots on the cathode-ray tube screen form
a total picture as well as show motion?

18. Explain how the cathode-ray tube is used to measure the dis-
tance between the station and the target in a radar installation.

19. Explain the IFF method for determining whether a target is
friendly or hostile.

20. Explain how the PPI radar produces an outline picture of the
surrounding area upon the screen of the cathode-ray tube.
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CHAPTER 2

Demonstration 1: T'o show how energy is handed on by wave motion.
Set up a row of dominocs, so spaced that when one falls it upsets its
neighbor. Tip the first and note how energy is handed down the line
without any domino moving more than a small distance (Fig. 2-4). Or
perform the experiment shown in Figure 2-5.

CHAPTER 3

Demonstration 1: Light a vacuum-type electric light lamp. Note
that heat and light waves pass through the vacuum.

Demonstration 2: Demonstrate the apparatus shown in Figure 3-1.

Demonstration 3: Obtain a number of soft-iron rods about 14 in.
in diameter and 12 in. long. Make a bundle of them about 134 in. in
diameter. Wrap a layer of tape over them. Wind upon this core about 3
Ibs of bell wire (No. 18 double cotton covered) making a winding about
6 in. wide. Attach the ends of this coil to the 117-volt alternating-current
line. Wind another coil of bell wire consisting of about 30 turns having
a diameter of 2 in. Attach a telephone receiver to the ends of this coil.
Slip the small coil over the iron core. Note the pickup of the 60-cyele
note. Move the small coil farther and farther away from the large coil.
Observe that the note falls off. The note is due to magnetic pickup from
the energized coil.

CHAPTER 4

Demonsiration 1: To show the need for an antenna. Sct up the fol-
lowing apparatus:

LOOP ANTENNAS _

My
A ANTENNA
sCFéxliK RADIO RECEIVER

618
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The loop antennas may be made by winding about 15 turns of bell
wire on crossed dowel sticks, spacing the turns about 1 in. apart. Place
the spark coil in a felt-lined box to absorb the spark noise. The radio
receiver will pick up the spark over a fairly large distance.

Disconnect the transmitting antenna. Note that the pickup drops off.
Disconnect the receiving antenna. The pickup drops off still more and
disappears.

Demonstration 2: To illustrate the natural period of a wave or vi-
bration.

(a) Suspend two pendulums, one 2 ft long and the other 3 ft
long. Count the number of swings of each in one minute.

(b) Strike various tuning forks of different sizes. Note the different
notes characteristic of each fork.

Demonstration 3: To demonstrate the principle of tuning. Obtain
four tuning blocks having the following frequencies: two of 512 vibra-
tions per second (vps) and two of 256 vps. Strike one 512-vps block.
Note that only the other 512-vps block picks up the vibrations. Then
strike onc 256-vps block. Only the other 256-vps block will pick up
these vibrations.

Demonstration 4: Demonstrate the apparatus shown in Figure 4-2
to show how the reproducer changes fluctuating electrical currents into
sound.

Demonstration 5: To show how the detector works. Connect up a
crystal receiver as shown in Figure 8-3 using a fixed crystal, such as
the type 1N34 germanium diode. Short out the diode. Note how the
signal disappears.

CHAPTER 5

Demonstration 1: To illustrate the behavior of conductors and in-
sulators.
Arrange the following ecircuit:

@Gv LAMP
N

—:[_— 6y }3 IN. GAP
L o

Across the gap in the e¢ircuit place, in turn, rods of the following
materials: glass, iron, brass, copper, porcelain, carbon, zine, wood, and
the like. The 6-volt lamp lights up when a conductor is placed across
the gap.
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Demonstration 2: To construct an antenna. If the school building
is not of the steel-frame type, run a 50-ft piece of bell wire around the
molding of the room. Another method of construction is to run a 100-ft
length of bell wire from the window to a nearby tree or flag pole. If both
of these possibilities are lacking, the wirc may be dropped out the win-
dow and permitted to hang down, or else run up the side of the building
to the roof. Care should be taken that the bare end of the wire does not
touch the ground or the side of the building.

CHAPTER 6

Demonstration 1: Show the students various tuning coils from com-
mercial receivers, and explain methods of connecting the windings into
the cireuit.

Demonstration 2: (a) Open up various fixed capacitors and show
their construction. Show the ratings on these capacitors.

(b) Show various variable tuning capacitors. Point out the rotor
and stator plates and show their connections.

Demonstration 3: Repeat Demonstration 3, Chapter 4.

Demonstration 4: To exhibit a mechanical analogy of the fact that
for resonance or tuning, the transmitter and receiver need not be physi-
cally the same. Take two tuning forks mounted on resonance boxes, one
of 320 vps and the other of 384 vps. Strike one and show that there is
no resonance. Then load one or more pinch clamps on the 384-vps fork.
By trial and error, find the condition where striking the 320-vps fork
results in resonance with the 384-vps fork and its load.

CHAPTER 7

Demonstration 1: Performn the experiment described in Figure 7-1.

Demonstration 2: Demonstrate the construction of a telephone re-
ceiver, of a pair of earphones, and of a magnetic loudspeaker.

Demonstration 3: To show that a reproducer will respond to a vary-
ing but not a steady current. Connect a battery, an ammeter, a mag-
netic loudspeaker, a file, and a serew driver as shown. When the screw
driver is in resting contact with the file, a steady current flows through
the ammeter, but no sound results. But as the serew driver slides over the
file, a fluctuating current flows through the ammeter and a sound is heard
coming from the loudspeaker.
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CHAPTER 8

Demonstration 1: Show the students various types of crystal diodes.

Demonstration 2: Connect a type 1N34 crystal diode, 1,000-chm
resistor, a single dry cell, and a sensitive milliammeter in series. Record
the milliammeter reading. Now reverse the dry cell. Compare the mil-
liammeter reading with the previous recording.

Demonstration 3: Construct the crystal set deseribed in Figure 8-3,
using a type 1N34 germanium diode.

CHAPTER 9

Demonstration 1: Show a barograph chart and explain it.

Demonstration 2: Construct a graph on the basis of the time it
takes the students to work five problems.

Demonstration 3: If a cathode-ray oscilloscope is available, show
an alternating-current sine curve, a direct-current voltage, and an audio-
frequency (voice) wave. Interpret them.

CHAPTER 10

Demonstration 1: On a large nail, wind a coil of bell wire consisting
of about 25 turns (primary). To the ends of this coil, connect a key and
dry cell in series. On the same nail, wind a second coil (secondary) of
the same number of turns. Connect a galvanometer to the ends of this
coil. Closing the key of the primary coil will send a current flowing in
the secondary coil (as shown by the deflection of the galvanometer).

Demonstration 2: To demonstrate a step-down transformer. Obtain
a bell transformer. Place 117v alternating current on the primary. Attach
an electric bell to the secondary.

Demonstration 3: To demonstrate a step-up transformer.

(a) Place 6v on the primary of a spark coil and notice the high-
voltage spark across the secondary.
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(b) Put 117v alternating current on the primary of a neon-sign trans-
former. Note the high-voltage spark across the secondary (from 5,000 to
15,000v). High Voltage! Handle with care!

Demonstration 4: Construct set shown in Iigure 10-6, using a type
1N34 diode.

CHAPTER 11

Demonstration 1: Cut an old dry cell in half. Point out the carbon
rod, the zine shell, and the electrolyte.

Demonstration 2: To study the law of electric charges.

(a) Suspend two pith balls from silk strings. Charge them both
negatively by touching each with a hard rubber rod that has been
stroked on a piece of fur. Now bring the two pith balls near each other.
They repel each other. The same experiment may be performed using
two inflated balloons that have been rubbed with fur,

{b) Charge one pith ball negatively as above. Charge the other
positively by touching it to a glass rod that has been rubbed on silk.
Now bring the two pith balls near each other. They attract each other.

Demonstration 3: To distinguish between alternating current and
direct current. Connect a dry cell to a zero-center ammeter through a
30-ohm resistor. The needle moves to one side and remains stationary.
Now replace the dry cell with a hand magneto or a Brownlee generator
connected for alternating current. Slowly rotate the handle and note
how the needle of the meter fluctuates to either side of the center zero.

CHAPTER 12

Demonstration 1: Inspect the structure of a Leyden jar. Charge it
up with an electrostatic machine. Then show the spark as it is discharged
with a pair of discharging tongs.

Demonstration 2: Connect a 90-volt battery across a 1-uf capacitor.
Disconneet and discharge with a piece of wire, showing the spark.

Demonstration 3: T'o exhibit an analogy to the oscillatory discharge
of a capacitor. Suspend a ball from a string about a yard long. Raise
the ball to one side and relecase it. Note that the ball overshoots the
center position and swings to the opposite side. Note how long it takes
the ball to come to rest.

Demonstration 4: To note the effect of self-inductance. Connect a
90-volt battery in series with a 30-henry choke and a key switch. Close
the switeh. Now open it, and note the spark that jumps across the gap,
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indicating that current is still flowing for an instant after the key switch
is opened.

CHAPTER 13

Demonstration 1: Arrange electric-light lamps in series and parallel
circuits and trace the paths of current flow for the students.

Demonstration 2: Repeat Demonstration 4, Chapter 10, placing a
0.006-pf capacitor across the phones.

CHAPTER 14

Demonstration 1: Demonstrate the apparatus shown in Figure 14-1.
Instead of an electric lamp, use a type 11H5-GT tube. Connect a dry cell
(114 volts) to tube filament connections Nos. 2 and 7. The meter (which
should be a very sensitive milliameter) is connected between diode con-
nection No. 5 and the negative side of the filament. The other tube con-
nections are left free.

Demonstration 2: Demonstrate the apparatus shown in Figures 14-2,
14-3, and 14-4. Use only the diode plate (connection No. 5) and the
filament (connections Nos. 2 and 7) of a tvpe 1H5-GT tube. The meter
(which should be a 0-10 d-¢ milliameter) is connected between tube
connection No. 5 and the B battery (or alternating-current source). The
B battery should be from 45 to 90v. A small hand magneto, turned
slowly, will give the alternating-current voltage.

Demonstration 3: To show how the diode acts as a rectifier. Arrange
the following apparatus:

6C5

3
GRID TUBE
POST sf —
G

CATHODE N
POST 2078 socker
O NO.2

BELL-RINGING ()
o TRANSFORMER
SOC(I)(ET
NO.1
Q) o gl
o

Place a 1 or 2 watt split-plate ncon lamp into socket No. 1 to show how
both plates are illuminated on alternating current. If direct current is
available show how only one plate (the negative) is illuminated. Now
place the neon lamp into socket No. 2. Only one of the ncon plates lights
up, showing that the alternating current has been rectified to direct cur-
rent by the diode.



624 Demonstrations for Part |

Demonstration 4: To exhibit a working diode detector. Set up the
following apparatus:

Al
®

The tuner is the one shown in Figure 10-6 except that the crystal de-
tector has been replaced by a diode (part of the 1H5-GT tube). Only
filament connections Nos. 2 and 7 and diode-plate connection No. 5 of
the tube are used.

CHAPTER 15

Demonstration 1: To show how the grid voltage controls plate cur-
rent. In the set-up of Demonstration 3, Chapter 14, connect a dry cell
between the grid and cathode posts so as to place a positive charge on
the grid. Attach more and more cells in series so as to make the grid
more and more positive. Note how the plate of the neon lamp glows
brighter and brighter, indicating more plate current. Now reverse the
cells to place a negative charge on the grid. Note how the brightness of
the plate of the neon lamp diminishes and disappears when the grid
becomes sufficiently negative.

Demonstration 2: To compare control of plate current by the plate
voltage and by the grid voltage. Hook up apparatus as shown in Figure
15-3. The tube may be a type 1H5-GT. The filament may be lighted by
a single dry cell. The B battery is 90v and should be variable. The meter
is a direct-current 0 to 10 milliammeter. Place the charges on the grid
by connecting dry ecells between the grid and the filament. Vary the
grid charges and note the change in plate current for every volt change
in grid voltage.

Keep the grid voltage constant and vary the plate voltage. Note the
change in plate current for every volt change in plate voltage. Compare
the effect on the plate current of the grid voltage and plate voltage.
Make graphs.

Demonstration 3: Construct the receiver shown in Figure 15-14.
Keep all leads as short as possible. Tune in a station. Remove the grid
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capacitor. Note the effect. Replace the grid capacitor and remove the
grid leak. Note the effect.

Demonstration 4: To study how a filament rheostat acts as a volume
control. Repeat Demonstration 2, Chapter 15, but include a 30-ohm
rheostat in series with the filament and the A battery. Study the effect
of changes in rheostat settings upon the plate current.

CHAPTER 16

Demonstration 1: To show how a varying direct current may operate
a transformer. Obtain a 1:1 or 1:2 audio-frequency transformer. Con-
nect the primary in series with a 6-volt battery and a 30-ohm rheostat.
Connect the secondarv to a zero-center voltmeter. Move the rheostat
arm back and forth and note the variations on the voltmeter. Note that
the voltage output of the secondary is alternating in character. Also note
that when there is no current variation in the primary, no voltage is
produced across the secondary.

Demonstration 2: Repeat Demonstration 3, Chapter 3, holding the
smaller coil with its axis the same as the large coil and then with its
axis at right angles to the large coil. Note difference.

Demonstration 3: Build the regencrative receiver shown in Figure
16-3. Tt may be necessary to reverse the tickler-coil terminals if the set
fails to operate.

CHAPTER 17

Demonstration 1: Construet the set shown in Figure 17-13. Short out
the C battery to show why the grid bias is necessary.

Demonstration 2: Build a public-address system as shown in Figure
17-14.

Demonstration 3: Build an electrical phonograph as shown in Figure
17-17.

Demonstration 4: To study an analogy of the carbon microphone.
Cut into five picces the carbon of a dry cell. Line them up in a grooved
board. Connect the ends of the carbon in series with a 6-volt battery and
a 6-volt 15-watt lamp. Squeeze the carbon pieces together firmly and
note the brilliance of the light. Slowly relax the compression and note
how the intensity drops off.
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Demonstration 5: To build a simple ac-dc phonograph player. Con-
struct the circuit shown below. For explanation of the tubes employed,

refer to Chapter 27.

125Q7 le
G, 2
Ry
VOL 3
CONT R
I7 2
<

| COMMON NEGATIVE LEAD
= {INSULATED FROM CHASSIS)

b, chassis

R;—Volume-control potentiometer, 1
megohm

R,—4.7 megohms, } watt

R;—100,000 ohms, £ watt

R—470,000 ohms,  watt

R;—150 ohms, 1 watt

Rs—Tone-control potentiometer, 25,000
ohms

R—1500 ohms, } watt

Rs—22 ohms, $ watt

Ry—360 ohims, 10 watt

Se Rectifier—75 ma

CHAPTER 18

C;—0.01 pf, 400 v,

C,—0.005uf, 400 v.

C:—0.1 uf, 400 v.

Ci—0.005 pf, 400 v.

Cs,Cs—Dual 30-30 uf electrolytic, 150 v.
Cr—0.1 uf, 400 v.

T—Output transformer, 5016 to voice
coil

Switch #1 SPST mounted on back of R,

Phono Motor—AC-DC

Switch #2—Phone switch

Demonstration 1: T'o show how a tube acts as a rectifier. Repeat

Demonstration 3, Chapter 14.

Demonstration 2: To explain the component parts of a power trans-
former. Repeat Demonstrations 2 and 3, Chapter 10,
Demonstration 3: To demonstrate the principle of a voltage devider.

Connect a 25,000-ohm potentiometer across a 90-volt battery. Connect a
direct-current 0 to 100v voltmeter to one end of the potentiometer and
to the sliding arm. Move the sliding arm across the potentiometer and
note how the reading of the voltmeter varies.
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Demonstration 4: Construct the following apparatus:

30 h ®
+—TT00 O+
w
1L 35
\80/'\ o
M o
o_
®

The power transformer should be able to deliver about 250v on either
side of the center tap. The rectifier tube is a type 5Y3-GT. The filter
capacitors are 8uf at 450v direct-current working voltage. The choke is
an ordinary 30-henry choke coil. The voltage divider is 15,000 ohms
rated at 25w. Connect a 2-watt split-plate neon lamp in series with a
magnetic speaker and test as follows:

1. Open switch. (a) Test from point 3 to point 1. Both plates light
up, indicating alternating current. Sixty-eycle hum is heard in the loud-
speaker. (b) Test from point 3 to point 2. Both plates light up, as
above. (¢) Test from point 3 to point 4. One plate lights, indicating
direct current. Sixty-cyele hum is heard in the loudspeaker.

2. Close switch. (a) Test from point 5 to point 6. One plate lights,
indicating direct current. No hum is heard in the loudspeaker.

Demonstration 5: Repeat above with a cathode-ray oscilloscope.

CHAPTER 19

Demonstration 1: Hook up the apparatus as illustrated. Note the
60-cycle hum in the earphones.

6A3 +
TUBE é
\ V=
BELL-RINGING
TRANSFORMER
nrv 6V
AC AC
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Demonstration 2: Hook up the following apparatus:

B6A3 _d 2)__|
TUBE +

BELL-RINGING
TRANSFORMER

6V
AC

!

R is a 20- to 40-ohm center-tapped resistor. The hum is nearly gone.
Demonstration 3: Hook up the following apparatus. The hum prac-
tically disappears.

17 v
A

6C5
TUBE 1
= 45V
BELL-RINGING
TRANSFORMER
oV AC ‘E "7 v
CHAPTER 20

Demonstration 1: To show the polarity of a voltage drop. Repeat
Demonstration 3, Chapter 18, using a zero-center voltmeter. Leave the
slider arm of the potentiometer in one position and switch the other
lead of the voltmeter from one end of the potentiometer to the other.
Note that one side of the potentiometer is negative and the other is
positive.

CHAPTER 21

Demonstration 1: Construct the ac-de power supply as shown. A
76-ma selenium rectifier is used. The electrolytic capacitors are a dual
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B + HIGH
SE RECT. 228
75 MA Vo W '?(&P‘Q
O——PpH— VWV AVAV VD 8+ MED
TV
117V 50uf —i- 30ut
AC-DC 150V < 150V < 8-

COMMON NEGATIVE LEAD !
_L_ (INSULATED FROM CHASSIS) CHASSIS

unit (50-30 uf, 150 volts d-c working). The symbol < represents the
common negative line (insulated from the chassis). The symbol .7 rep-
resents the chassis. When using on direct current, reverse the plug to the
wall outlet if the power supply fails to work.

CHAPTER 22

Demonstration 1: Construct the following apparatus:

6 KEY 6V

{Il‘lllli ~—ii]

11

111

1
A\
Ly Lz

| 411

L, corresponds to the field coil of the dynamic speaker. It consists
of about 300 turns of bell wire wound on a soft-iron core and it is held
in a fixed position. L. corresponds to the voice coil of the dynamic
speaker. It consists of about 30 turns, air wound, with a diameter of
about 1 in. It is suspended so that it is free to move.

Close the key. The voice coil moves.

Demonstration 2: Obtain an old electromagnetic dynamic speaker.
Open it up to show the field coil, voice coil, and spider. Also examine a
permanent-magnet dynamic speaker.
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CHAPTER 23

Demonstration 1: Examine a three-gang variable capacitor. Notice
how each capacitor moves an equal amount with the rotation of the
shaft. Examine the trimmer on each capacitor.

CHAPTER 24
Demonstration 1: Repeat Demonstration 4, Chapter 15.

CHAPTER 25

Demonstration 1: To show that different sounds may have different
pitches. Strike different types and shapes of materials and note the
pitch of each sound produced.

Demonstration 2: To show how mechanical filters may remove high
or low tones. Talk through a cardboard tube, a megaphone, the cupped
hands, and the like.

Demonstration 3: T'o show how sounds of different pitches may pro-
duce currents of different frequencies. Connect a telephone receiver to a
cathode-ray oscilloscope. Talk into the receiver and notice the wave pic-
ture.

CHAPTER 26

Demonstration 1: To show the principle of beats. Obtain two tuning
forks whose frequencics are close together (such as 320 vps and 384 vps).
Strike both and hold them close to each other. Note the beats.

Demonstration 2: Operate an ordinary radio receiver. Near by,
operate a regenerative receiver as shown in Figure 16-3. Tune both
receivers to the same station. Now adjust the regenerative control uutil
the regenerative receiver oscillates. The second receiver will pick up the
radio wave transmitted by the regenerative receiver as a squeal or whistle.

CHAPTER 27

Demonstration 1: Obtain as many different types of burnt-out tubes
as possible. Break the glass envelopes and study the electrodes.



Demonstrations for Part |

631

Demonstration 2: Build the push-pull audio-frequency amplifier

as shown.

POWER QUTPUT
S50L6-GT

A-F AMPLIFIER
125Q7

INPUT

501 30 uf
17y |80L8 50L6 125Q7 125Q7 I150v o
AC-0C 7 2 72 78 78
o— oo '
SWITCH _L
0.4 220K
ut

CHAPTER 28

L comMoN NEGATIVE LINE

s cHassis

ALL RESISTORS 1/2 WATT,EXCEPT AS
OTHERWISE MARKED. K =1000
M=1,000,000

ALL CAPACITORS 400V, EXCEPT AS
OTHERWISE MARKED

T-OUTPUT TRANSFORMER, 3000 OHMS
PLATE-TO-PLATE

SWITCH MOUNTED ON BACK OF VOL
CONTROL POTENTIOMETER.

Demonstration 1: Build the transistor radio whose circuit is shown

below.
CK722
A-F
IN64
DET 0.05uf
20008
PHONES
L
v
LOOPSTICK .l
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Demonstration 2: Construct the transistor record player shown below:

v
|
2]
F AT
<
(8]
[ o
o
z
[\']
Q.
(=} l'
~
o
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w
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[\ <
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Q.,Q:—PXNP transistors, type ZN104
T—Phonograph input transformer
T.—Interstage transformer
T;—Output transformer
C1,C,Cs,Ci—Electrolytic eapacitors,
5uf, 25 v. working voltage
Cs—Electrolytic eapacitor, 50uf, 25 v.
working voltage
R,—DPotentiometer, | megohm
R.,—Fixed resistor, 2,700 ohms
R, R;—-Fixed resistors, 22,000 ohms
R.,—Fixed resistor, 2,200 ohms
R, Ri—TFixed resistors, 1,000 ohms
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CHAPTER 29

Demonstration 1: Obtain the circuit diagrams of a number of com-
mercial receivers. Trace through these cireuits, identifying the purposes
of the various components.
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CHAPTER 30

Demonstration 1: To show the law of electric charges. Repeat
Demonstration 2, Chapter 11.

Demeonstration 2: To construct an electroscope. Obtain a small card-
board or wooden box; a chalk box is ideal. Replace the top cover with
a sheet of cellophane or celluloid. Place the box on end. In the top end
cut a small hole and insert a one-hole rubber stopper. Through the hole
in the stopper, insert a screwdriver from which the handle has been
removed so that the working end goes down into the box. Place a piece
of gold leaf (or any light metal foil) between two sheets of paper. With
a razor blade, cut through the paper two strips about 35 in. wide and
174 in. long. Attach the gold leaf to opposite sides of the screwdriver
blade by use of a little saliva. For use, follow the directions in the text.

If the cellophane is replaced by a piece of chart cloth and a hole is
cut in the bottom of the box, shining an electric light through this hole
will cast a shadow of the leaves on the chart-cloth screen.

Demonstration 3: To show the difference between wnsulators and
conductors. Repeat Demonstration 1, Chapter 5.

Demonstration 4: To show the relative resistance of similar wires of
different materials. Connect, in series, a dry cell, a direct-current 0 to
30-amp ammeter, and, in turn, each of the following: 10 ft of No. 36
copper wire, 10 ft of No. 36 German silver wire, 10 ft of No. 36 soft-iron
wire, 10 ft of No. 36 nichrome wire. Note the reading of the ammeter
with cach different wire.

Demonstration 5: To show the effect of temperature on resistance.
Connect in serics a 6-volt battery, a 6-volt 15-watt lamp, and about 13
in. of No. 28 nichrome wire. The lamp burns faintly. Heat the nichrome
wire with a bunsen flame. The lamp goes out. When the wire cools, the
lamp lights up again.

Demonstration 6: To show how resistance varies with the cross-sec-
tion area of a conductor. Repeat Demonstration 4 using 10 ft of No. 36
nichrome wire. Note the ammeter reading. Now repeat using 10 ft of
No. 18 nichrome wire. Note the ammeter reading.

Demonstration 7: To show how resistance varies with the length
of a conductor. Repeat Demonstration 4, using 10 ft of No. 36 nichrome
wire. Repeat, using 5 ft of wire of the same size. Use 20 ft of wire. Note
the ammeter reading in each case.

634
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Demonstration 8: To show the heating effect of an electric current.
Pass 117v through a heater coil and note the temperature change.

Demonstration 9: To show how a fuse works, Connect in series with
the 117-volt line a 23-watt lamp and about 2 in. of fuse wire rated at
2 amp. Short out the lamp with a piece of wire. The fuse “pops.”

Caution! Place the fuse wire on a piece of asbestos board and use a
glass screen around it to avoid being sprayed by the molten metal.

Demeonsiration 10: To illustrate the concept of “voltage drop.”

(a) Connect in series a 45-volt battery, a 1,000-ohm resistor, a
2,000-ohm resistor, and a 3,000-ochm resistor. Test the voltage across
each resistor with a direct-current 0 to 30v voltmeter.

(b) Substitute for the resistors a 25-watt lamp, a 50-watt lamp, and
a 100-watt lamp. For the battery, substitute the 117-volt alternating-
current line. Test across the lamps with an alternating-current 0 to 150v
voltmeter.

Demonstration 11: To show the total resistance of resistors in series
and parallel. Hook up the following appartus:

@

99 3 3

: @
17V
AC

G
The lamps are each 117-volt, 50-watt. The ammeter is an alternating-
current 0 to 3-amp ammeter.

Series connections:

To get current through one lamp, connect a wire from 1 to 9. To get
current through two lamps, connect a wire from 1 to 6. To get current
through three lamps, connect a wire from 1 to 5. To get current through
four lamps, connect a wire from 1 to 2. Observe the ammeter reading in
each case.

Parallel connections:

Connect wires from 6 to 8, 5 to 7,2 to 4, and 1 to 9. Remove all the
lamps and reinsert them one at a time, taking ammeter readings with
each lamp inserted.
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Demonstration 12: To construct a voltaic cell. Place a strip of zine
and copper in a sulphuric acid solution (1 part acid to 20 parts water).
Connect a voltineter across the two strips.

Caution! In mixing acid with water, use an carthenware or pyrex
vessel and always pour the acid slowly into the water. If any of the acid
spills, neutralize with bicarbonate of soda.

Demonstration 13: To construct a storage cell. Place two lead strips
in sulphuric acid (one part acid to five parts water). Connect a 6-volt
storage battery across the lead strips for about five minutes. Remove the
battery and connect a bell or direct-current voltmeter across the lead
strips.

CHAPTER 31

Demonstration 1: To show the magnetic field around a magnet.

(a) Place a piece of cardboard over a bar magnet. Sprinkle iron
filings on the cardboard. Tap gently. The iron filings line up along the
lines of foree.

(b) Place a picce of magnetized watch spring between two glass
plates, then lay them all on an upright delineoscope and project on a
screen. Sprinkle the top plate with fine iron filings and tap it gently.
This demonstration is good for a classroom.

Demonstration 2: To illustrate the molecular theory of magnetism.
Magnetize a piece of wateh spring. Test its polarity with a compass. Cut
the spring in half and test the polarity of each piece. Note that the ends
formed by the break at the center have opposite polarity.

Demonstration 3: To illustrate the Oersted effect. Hook up the fol-
lowing apparatus:

HEAVY COPPER WIRE——»

6-VOLT
STORAGE BATTERY

—'\II'M—%g

(a) Trace the magnetic lines of force by a small compass moved
around on the sheet of celluloid.

(b) Place the whole device on an upright delineoscope, sprinkle
with iron filings, and tap gently. Be sure to focus on the plane of the
celluloid sheet.
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Demonstration 4: To show the relationship between polarity and
direction of current through an electromagnet. Send direct current
through a coil of wire wound on a nail. Test for north and south poles.
Reverse the battery and retest for polarity.

Demonstration 5: To show the effect of an iron core on the strength
of an electromagnet. Wind 50 turns of bell wire on a cardboard tube
about 1 in. in diameter. Conncet the coil to a battery of four dry cells
in series. See if it will pick up any small brads. Now place a soft-iron
core in the tube. Sec how many brads can be picked up now.

Demonstration 6: To show how the strength of an electromagnet
depends upon the ampere-turns. Wind 25 turns of bell wire on a soft-iron
bar. Send 6v through it, and weigh the number of brads that can be
picked up. Now rewind the coil with 50 turns of wire. Compare the
weight of the brads lifted by the electromagnet. Repeat, using 3v. Com-
pare the results. If a seale is not available, the number of brads lifted
in each case may be counted. Care should be taken that all the brads
are of the same size.

Demonstration 7: To illustrate the principle of the galvanometer. Ar-
range the following apparatus:

N« COIL

BAR
MAGNETS

BAR
MAGNETS

Z|Z[Z|Z

rdFdr4rd

OISH OF MERCURY——

The coil consists of about 25 turns of bell wire. Both ends are bared.
One end s connected to a piece of thin copper wire (No. 30 or finer)
which suspends the coil. The other end dips into a small dish of mercury.
A 6-volt battery is connected to the coil through the thin wire at one
end and the mercury at the other.
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The field magnets are made up of two sets of four bar magnets ar-
ranged as shown. As the current flows through the coil it makes a half-
turn. A light wooden splint stuck in the coil may simulate the pointer of
the galvanometer. Reversing the battery will swing the coil the other
way.

Demonstration 8: To observe how a voltmeter and ammeter are used
to determine the wattage of an electrical device. Connect g lamp of unknown
wattage to the 117-volt line. In series with it connect an ammeter. Across
the lamp connect a voltmeter. Determine the wattage of the lamp from
the following formula:

Watts = F x I.

CHAPTER 32

Demonstration 1: Wind 50 turns of bell wire on a cardboard tube
1 in. long and 1 in. in diameter. Connect a sensitive galvanometer to
the ends of the coil. Mount a bar magnet in a vertical position. Slip the
coil over the magnet. Note the deflection of the meter pointer.

Demonstration 2: Replace the galvanometer in the above demonstra-
tion with a zero-center galvanometer. Now move the coil up and down
the bar magnet. Observe the movement of the pointer.

Demonstration 3: (a) In the setup for Demonstration 2, use first a
weak bar magnet and then a strong bar magnet. Note the difference in
the amount of deflection.

(b} Move the coil slowly over the bar magnet. Now move the coil
rapidly. Note the greater deflection.

(¢) Increase the number of turns of the coil to 100. Now note the
greater deflection.

Demonstiation 4: To calculate the power factor. Connect up the
following apparatus. W is an a-¢ wattmeter, L is a 15-henry choke, A is
an alternating-current ammeter, V is an alternating-current voltmeter.

FOEYYIR ® o
o B
N7V ]
AC
A

If we multiply the voltage by the current, we get the apparent power.
The wattmeter gives us the true power. We can obtain the power factor
from the following formula:

true power

Power factor = ——— .
apparent power
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Demonsiration 5: To illustrate the thermocouple principle. Connect
a demonstration thermocouple (which may be obtained from any scien-
tific supply house) to a direct-current millivoltmeter. Heat the junction
point of the thermocouple and note the voltage developed.

CHAPTER 33

Demonstration 1: To illustrate self-inductance. Connect up the fol-
lowing apparatus:

/ATNSPUT PLATE NEON LAMP
@

L 1s a 15- to 30-henry choke. Close the key. Since the neon lamp requires
about 70v before it lights up, no light appears. Now open the key
quickly. The neon lamp flashes.

Demonstration 2: To indicate the operation of inductive reactance.
Conneet a 1-henry choke in series with the 117-volt direct-current line,
a 25-watt lamp, and a 0 to 5-amp direct-current ameter. (If the choke
1s not available, the primary of a power transformer may be substi-
tuted.) Note the reading of the ammeter. Now replace the direct-current
ammeter with an alternating-current ammeter and the 117-volt direct-
current line by a 117-volt alternating-current linc. Note the difference in
ammeter reading.

Demonstration 3: To show the effect of an iron core on inductive
reactance. Wind about 400 turns of bell wire on a cardboard tube 6 in.
long and 14 in. in diameter. Connect this coil in series with the 117-volt
alternating-current line and a 500-watt lamp. Observe the brightness of
the lamp. Now place a bundle of soft-iron rods into the core space of
the coil. Note how the brightness of the lamp diminishes.

Demonstration 4: To show how power dissipated in a transformer
secondary causes the primary to draw more power from the source. Con-
nect a 25-watt incandescent lamp in series with the primary of a fila-
ment transformer, as shown below.

25-W
LAMP

6V
“A7CV E FILAMENT
WINDING
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With the secondary open, note that the lamp glows dimly. Now
cause the secondary to draw power by shorting its ends. The primary
draws more current from the source and the lamp glows brightly.

Cavution! The secondary should be shorted for only a short time.

CHAPTER 34

Demonstration 1: To show the nature of the charge on the plates of
a capacttor. Connect in serics a 43-volt battery, a 1-uf capacitor, and a
zero-center ammeter.

(a) Note that the ammeter pointer is deflected at the moment the
circuit is completed and then quickly falls back to zero. This indicates
that the capacitor does not pass direct current.

(b) Remove the 45-volt battery, and touch together the two wires
that formerly went to its terminals. Note the spark. Note how the am-
meter pointer is deflected.

Demonstration 2: To show how a capacitor blocks direct current but
passes alternating current. Connect a 10-pf 200-volt paper capacitor in
series with a 25-watt lamp and the 117-volt direct-current line. Note that
the lamp does not light. Now replace the 117-volt direct current with
117-volt alternating current. The lamp lights up.

Demonstration 3: To illustrate capacitive reactance. Connect a 25-
watt lamp, an alternating-current ammeter, and a 0.1-uf, 200-volt paper
capacitor in series with the 117-volt alternating-current line. Note the
ammeter reading. Now replace the 0.1-uf capacitor with capacitors whose
values are 0.5uf, 1uf, 2uf, 4uf, 8uf, 12uf. Note the ammeter reading for
cach capacitor.

CHAPTER 35
Demonstration 1: To observe the series resonant circuit, Connect a
30-henry choke, a 10-watt lamp, and an alternating-current ammeter in
series with the 117-volt 60-cycle alternating-current line. Note the read-
ing on the ammeter. Replace the choke with a 0.25-uf paper capacitor
rated at 600v working voltage. Note the reading of the ammeter. Now
connect the lamp, ammeter,
choke, and capacitor in scries _CHOKE_ @ 10 LamP
with the 117-volt alternating-
current line. Note the amine-
ter reading.
Caution! The choke @ M
should pass 200ma safely. (A) 0.25 uf
Demonstration 2: To
study the parallel resonant

ctreuit. Hook up the appara- 17 v
AC
tus shown here.
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The value of the choke is 30h at 200ma. The capacitor is rated at 600v
working voltage. The ammeters are alternating-current meters. Note the
readings of the two ammeters.

Demonstration 3: To derive a resonance curve. Repeat Demonstra-
tion 1, using, one at a time, capacitors of the following values: 0.01af,
0.05uf, 0.1pf, 0.25uf, 0.5uf, 1pf, 2uf, 4pf. Note the ammeter reading in
each case and plot a graph of the amount of current flow (on the ¥ axis)
against the capacitance (on the X axis).

Caution! All of the above capacitors should be rated at 600v work-
ing voltage.

Demonstration 4: Construction of an oscillator and wavemeter.

C is a 140-upf variable capacitor. L is 3 turns 14-in. copper tubing,
3 in. in diameter. An insulated wire runs through the tubing and is con-

117V
AC

[

VOLT
FLASHUIGHT
LAMP
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nected to the grids of the tubes. L, is the same as L, except that there is
no wire running through the tubing. C; is the same as C.

When the oscillator is connected up, bring the wavemeter close so
that the plane of L, is parallel to that of L. Then turn C, slowly until
the flashlight lamp lights up. The wavemeter is now in resonance with
the oscillator. Change C to vary the frequency of the oscillator. The
flashlight lamp goes out, and €, must be adjusted again before the lamp
lights up again.

CHAPTER 36

Demonstration 1: To illustrate man-made static. Spark an induction
coil near an operating radio receiver and note the noise pickup.

Demonstration 2: To filter line notses. Obtain a small motor and
place a little grease on the commutator to cause sparking. Connect an
electric radio receiver to the same line and note the noise pickup. Now
connect up a filter system as shown in Figure 36-11. Note the diminishing
of the noise.

CHAPTER 37

Demonstration 1: To show the node and loop points on an antenna.
Construct a 2l46-meter oscillator as iollows:

6C5 TUBE

Ly

C27

1

B- B+
250V

In this oscillator diagram, C, is a 0.0001-.f mica capacitor, Cs is a 15-ppf
variable capacitor, Cy is a 0.0005-uf mica capacitor; B is 10,000 to
50,000 ohms; L; and L. are made of four turns of No. 14 copper wire
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wound to make a coil 34 in. in diameter and spaced to be 3% in. long;
L3 is made of one or two turns of No. 14 copper wire wound to make a
coil 34 in. in diameter and coupled to the bottom of Ls; RIFC is approxi-
mately 30 turns of No. 30 wire on a 14-in. dowel stick.

Note carefully! It is unlawful for anyone but a licensed operator to
transmit a radio signal. This oscillator is a iransmitting set and care should
be taken not to connect it to an antenna.

Having constructed the oscillator, set up the following apparatus
(called a Lecher system) :

20 FEET

INSULATOR
[ g >“°‘&FREQRE
il e

T0 L,

Solder a one-turn loop of wire about 1% inch in diameter to the base
terminals of a low-current flashlight lamp. When this loop is brought
near or placed over the end of L., the lamp should glow. Connect the
ends of the Lecher system to Ly. A shorting bar (a metal strip with a
knife edge) is slid along the Lecher wires outward from the oscillator
until the flashlight shows a sharp dip in brightness. Mark this point on
the wires and move on until a second dip is obtained.

The points at which the lamp dips in brightness correspond to the
current loops of the wave. Midway between them is a current node.
If desired, the frequency and wavelength of the oscillator may be de-
termined. The distance between points is half the wavelength. The fre-
quency may be determined by means of the following formula:

5905
f (megacyeles) = G (inchcs) between points

Caution! Mount the Lecher wires clear of obstructions and keep the
wires taut. Keep the hands clear of the wires when in use.

CHAPTER 38

Demonstration 1: To determine the characteristics of an electron tube.
Connect up the following apparatus:
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1H5-GT

0T010
MILLIAMMETER

+

= 90 vOLTS

_||
1

1.5 VOLTS

(a) Keeping the grid bias fixed, vary the plate voltage and draw
the J,-£, characteristic curve.

(b) Keeping the plate voltage fixed, vary the grid bias and draw the
E,-I, characteristic curve.

{c) Determine the amplification factor of the tube by seeing how
great an K, change is necessary to produce the same I, change as a
change in F,.

CHAPTER 39

Demonstration 1: To show conditions for maximum transfer of
power. Calculate the data required from the data given in the following
table:

Power | Voltage across

Generator | Generator External Current | dissipated | the egxternal
resistance voltage resistance externally resistor

2Q 10 0.2Q

2 10 0.5Q

20 10 1Q

20 10 2Q

2Q 10 4Q

20 10 62

20 10 802

20 10 10Q2

Note when the power dissipated externally is greatest. Note when
the voltage across the external resistor is greatest.

CHAPTER 40

Demonstration 1: To build an oscillator for audio frequencies. Build
an oscillator according to the following diagran:
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+
R L RECTIFIER
2 r-scs .
— N N—¢
¢ L
H Cs 8 FUSE
—oN\0—0
h
Sy nev
"—-)IC_O m ] AC-DC
2
o"0—0
! *
(o}

{1

C,—0.1 puf, 200v, paper capacitor

C,—0.01 uf, 200v, paper capacitor

C;—0.05 pf, 200v, paper capacitor

C,,Ci—Dual 10-10 uf, 150v, electrolytic
capacitor

R,—50K potentiometer with S; mounted
on back (Volume control)

R,—33K, 1/2 watt

R;—500%, 5 watt

R—400%, 10 watt

KEY

Si—S.P.D.T. switch (Tone control)

S—S.P.8.T. switch mounted on back
Of R1

T—Output transformer, PP50L6 to
voice eoil

V—50L6-GT tube

Rectifier-Selenium, 75ma

Key

Speaker-Voice coil to match output
transformer (T)

This oscillator is suitable for code practice work.
Demonstration 2: To build a low-power Hartley oscillator for the
broadcast frequencies. Build the set shown in the illustration below.

6C5

250,0000
— N\ \—e

g O -
= 117V DC
0.00025 uf

8 TURNS

Ly

=i
6V

+
17 TURNS

/110.00025,
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Ly is 25 turns of No. 14 double-cotton-covered wire on a cardboard tube
3 in. in diameter.

To modulate, wind one turn of No. 14 double-cotton-covered wire
over the grid end of L,. Connect a dry cell and a telephone microphone
in series with this one turn. The signal may be picked up on a nearby
standard broadcast receiver. Remember the caution (p. 643) against con-
necting this osctllator to an antennal

CHAPTER 41

Demonstration 1: To construct a simple continuous-wave transmitter
for 80 meters. Build the set shown below.

C, is a 0.0001-pf variable capacitor; C is a 0.1-uf 600-volt fixed
capacitor; R; is 10,000 ohms, 2w; K is 200 ohms, 1w; R; is 20,000 ohms,
5w; RFC is 2.5mh; L; 1s 29 turns of No. 18 double-cotton-covered wire
on a 1V5-in. form; L, is 1 turn of No. 18 double-cotton-covered wire; the
crystal is an 80-meter crystal.

6L6 TUBE

T0
ANTENNA

M

500V

Close the key. The transmitter is now oscillating. This condition is
indicated by the drop in plate current as shown on the milliammeter.
If a 2-watt lamp is touched to the plate-circuit tank coil, the lamp
will glow. Observe the caution against connecting this set to an antenna.

Demonstration 2: To show the use of the dummy antenna. Wind a
coil similar to L; of Demonstration 1. Connect this coil in series with
a 0.0001-uf variable capacitor, a radio-frequency milliammeter, and a
10-ohm resistor. Couple this coil to L, in the above setup and adjust the
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variable capacitor until resonance is reached. (This condition is shown
by the greatest current reading of the milliammeter.) Then calculate
the power by the formula P = I*X R, where I is the current indicated
by the radio-frequency milliammeter and R is 10 ochms.

CHAPTER 42

Demonstration 1: To construct a simple radio telephone on the
broadcast band. Construct the following apparatus:

+

|
—|

i
Y

C is a 0.00035-uf variable capacitor; Cy is a 0.00025-uf fixed capacitor;
Cy is a 0.002-nf fixed capacitor; B; is 50,000 ohms; RFC is 33 turns of
No. 32 double-cotton-covered wire on a 14-in. dowel; L is a broadcast-
band coil; I is a 30-henry choke; T is the microphone transformer.

Test for oscillation by touching a neon lamp to coil L.

Speak into the microphone and tune a nearby broadcast receiver
for the signal. Adjust the tap on coil L for best results.

Caution! Avoid connecting this transmitter to an antenna.

CHAPTER 43

Demonstration 1: To show magnetic deflection of a cathode ray.
Connect a Crookes tube with a fluorescent screen to the secondary of an
induction coil. Connect the primary of the coil to a 6-volt battery. Ob-
serve the path of the cathode ray on the screen. Now bring the north
pole of a magnet to the top of the tube. Note the deflection of the ray.
Bring the south pole of the magnet to the top of the tube. Note the
deflection of the ray.

Demonstration 2: To operate the cathode-ray oscilloscope. Plug the
oscilloseope into a 117-volt alternating-current outlet and turn on the
main power switch. Wait several seconds for the dot to appear on the
screen. Keep the intensity control low so that the screen will not be
damaged. If the dot is not sharp, adjust the focus control knob. By ad-
justing the vertical and horizontal centering knobs, get the dot to appear
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at the center of the screen. You are now ready to make various tests. The
general method of employing an oscilloscope is to impress the voltage to
be observed on the vertical input and to apply the sweep circuit on the
horizontal plates of the cathode-ray tube.

Demonstration 3: To observe a direct-current voltage on the oscillo-
scope. Connect the following hookup directly to the vertical deflection
plates of the oscilloscope:

1
i

45 = 200 Q
VOLTS = TO VERTICAL
+ INPUT OF
0SCILLOSCOPE
L —

Adjust the oscilloscope to place a 60-cycle sweep on the horizontal
plates. Observe the location of the horizontal line. Move the poten-
tiometer arm and notice changes of the image on the screen.

Reverse the battery terminals and note the effeet on the position of
the image.

Demonstration 4: To observe an alternating-current voltage on the
oscilloscope. Set the horizontal control on the 60-cycle sweep. Connect
the primary of a bell transformer to the 117-volt alternating-current line
and connect the output to the vertical input of the oscilloscope. Observe
the waveform produced. Note the results when the horizontal and verti-
cal gain controls are turned up. Note the results when the frequency
and range controls are varied. The waveform will be a sine curve.

Demonstration 5: Conncet the output of an audio-frequency ampli-
fier, shown in Figure 17-14, to the vertical input of the oscilloscope.
Set the horizontal sweep at 60 cycles. Speak into the microphone. Ob-
serve the waveforms produced.

Demonstration 6: Connect the vertical input terminals of the oseillo-
scope to the OUT terminals of the code oscillator shown in Demonstra-
tion 1, Chapter 40. Sect the horizontal sweep at 60 cycles. Close the key
and observe the waveforms produced. Observe the results obtained by
varying the frequency of the horizontal sweep.

Demonstration 7: Substitute the vertical input posts of the oscillo-
scope for the neon lamp and speaker in Demonstration 4, Chapter 18.
Set the horizontal sweep for 60 cycles and observe the waveforms at
different portions of the power supply.
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Appendix

EVENTFUL DATES IN RADIO DEVELOPMENT

Cuneus and Musschenbroek (Dutch) discovered the principle of
the capacitor.

Joseph Henry (U. S.) experimented with induced voltages.
Faraday (English) performed experiments similar to those of
Joseph Henry.

Clerk Maxwell (Scotch) showed mathematically that light is an
electromagnetic wave and predicted that there must be other
electromagnetic waves of different frequencies.

Ferdinand Braun (German) discovered the rectifying action of
some crystals.

Hughes (English) heard wireless waves but could not explain
them to the Royal Society.

Edison (U. S.) observed the Edison effect.

1887-9Heinrich Iertz (German) developed a spark transmitter using

1889

1890

1894

1901
1902
1904
1906
1907
1907

1909

a capacitor with plates fairly wide apart. He developed the first
wireless detector.

Sir Oliver Lodge (English) developed the principle of tuning
based on the previous work of Michael Pupin (U. 8.).

Branly (French) developed the Branly coherer, a form of detec-
tor, based on the earlier work of Guitard (French).

Marconi (Italian) developed an antenna and ground system, us-
ing the Branly coherer. He radiotelegraphed over a distance of
two miles.

Marconi sent a signal from England to Newfoundland, using a
detector invented by Lieutenant Solari (Italian).

Fessenden (U. 8.) developed the continuous-wave system with
radio-frequency alternators. Poulsen (Denmark) worked out an-
other continuous-wave system with an are.

J. A. Fleming (English) developed the Fleming valve.

General Dunwoody (U. S.) devised a crystal detector.

Lee De Forest (U. 8.) developed the triode with a control grid.
L. H. Armstrong (U. 8.) developed the regeneration prineiple for
receivers and transmitters.

The steamship Republic sank, January 23. Pcople were rescued
for the first time through the use of radio. Radio was popularized.

649
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Recent Hazeltine (U. S.) developed the neutrodyne receiver.
Recent Armstrong (U. 8.) developed the superheterodyne and fre-
quency-modulation receiver.

Recent Bratiain and Bardeen (U.8.) developed the transistor.

SCHEMATIC SYMBOLS USED IN CIRCUIT DIAGRAMS

LiJ or <{7 Antenna Wirticf"ot Con-
nec

ﬂ Lamp
@ Loop Antenna _({B_ Headphones
TR

«+  Ground

Air-core Inductor
TR~ Iron-core Inductor :Eq Loudspeaker
l Jariabie Permanent-magnet
~ TR Inductor mp;q ent -

Air-core .
Transformer Electromagnetic
ﬁtﬁ: Dynamic Speaker
P s Iron-core o wn
Transformer

AANA Resistor

_@__
Ay@- Variable —(A)—  Ammeter
_®__

Galvanometer

Resistor

.,VY\/\- (Rheostat)

Voltmeter
Variable oltm
Resistor
{Potentiometer)
—@— Wattmeter
= Fixed Capacitor
# Variable Capacitor
_/0__ Key
— Single Cell
l & o7~ Switch

l|l|+ Battery —”:“—— Crystal
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Crystal
Pickup

\

ﬂ:] Microphone

m Tube Filament or
Heater

—@— A-C Generator

d\_p Fuse
£ c
B
E c
B
@ Diode

\
> Tetrode

&
@,

NPN Transistor

PNP Transistor

Tube Gnd

Pentode

@ Beam-Power Tube
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ABBREVIATIONS AND SYMBOLS

Alternating current ac
Ampere amp
Amplitude modulation AM
Antenna ant
Audio frequency af
Automatic volume control ave
Beat-frequency osecillator BFO
Capacitance C
Capacitive reactance X¢
Centimeter cm
Continuous waves cw
Current I
Direct current de
LElectromotive force emf
Farad f
Frequency f
Frequency modulation FM
Ground gnd
Henry h
High frequency hf
Impedance Z
Inductance L
Inductive reactance Xz
Intermediate frequency if
Interrupted continuous waves icw
Kilacyeles ke
Kilowatt kw
Megacycles me
ELECTRICAL UNITS

Capacitance farad
Capacitive reactance ohm
Current ampere
Frequency cycles per second
Impedance ohm
Induectance henry
Inductive reactance ohm

Megohm megQ
Meter (measure of length) m
Miero (1/1,000,000) m
Microampere pamp
Microfarad pf
Microhenry ¢h
Micromiero

(1/1,000,000,000,000) S
Micromicrofarad ppf
Microvolt wv
Microwatt rW
AL (1/1,000) m
Milliampere ma
Millihenry mh
Millivolt my
Milliwatt mw
Modulated continuous waves mew
Ohm Q
Power P
Power factor pf
Radio frequency rf
Resistance R
Tuned radio frequency TRF
Ultrahigh frequency uhf
Vibrations per second vps
Volt v
Watt w
Phase degree
Power watt
Resistance ohm
Voltage (potential

difference, emf) volt
Wavelength meter
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EIA COLOR CODE

To identify the various connections and values of standard radio
components, the Electronies Industries Association (EIA) has adopted
a color code. Numbers are represented by the following colors:

0 black 5 green
1 brown 6 blue
2 red 7 violet
3 orange 8 gray
4 yellow 9 white

EIA COLOR CODE FOR RESISTORS

The value in ohms of a resistor may be learned from three dots or
bands of color. The first color represents the first figure of the resistance
value. The second color represents the second figure. The third color
represents the decimal multiplier, or number of zeros, following the first-
two figures. In old-type resistors, the first color usually was the color of
the body of the resistor. The second color was that of the fip of the
resistor. The third color was a dot, usually at the center of the resistor.

TiP DOT 80DY
COLOR COLOR COLOR

Here 1s an example. Assume a resistor whose body is yellow, tip
blue, and dot red. We thus get yellow, blue, red—which, transiated into
the code, stands for

4-6-00 or 4,600 ohms.

In the new-type resistors, these c¢olors are shown in bands, with the
first band being the one nearest to one end. Sometimes a fourth band of
color is shown to indicate the degree of accuracy, or tolerance, of the
resistor.

The complete color code for resistors is given in the following table:
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Color Filgslfre F?;fre Multiplier Tolerance

Black............... .. 0 1 e
Brown.............. 1 1 10 19,
Red................. 2 2 100 29,
Orange.............. 3 3 1,000 3%
Yellow.............. 4 4 10,000 49,
Green............... 5 5 100,000 ..
Blue................ 6 6 1,000,000
Purple.............. 7 7 10,000,000
Gray................ 8 8 100,000,000
White............... 9 9 1,000,000,000 ...
Silver. ..............| . 1 .. 1 i 109,
Gold................| .. | .. | el 5%
NoColor. ...........| .. {1 .. | .ol 209,

Let us consider another example. Assume that a resistor shows four
bands of color which, starting at one end, appear as yellow, purple,

orange, and gold.

YELLO\QI

ORANGE

-,

7 H

[T~

PURPLE/ \GOLD

From this we may gather that the resistance is 47,000 ohms and the

tolerance is 5 per cent.

Flexible resistors are made of resistance wire wound on a flexible
insulating core and the whole covered with a braided sleeve. The first

THREAD

COLOR

figure of the resistance is obtained from the body color of the sleeve.
The second figure is shown by the color of a thick thread woven into the
sleeve. The multiplier is obtained from the color of a thin thread woven

into the sleeve.
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EIA COLOR CODE FOR MICA CAPACITORS

A good deal of confusion arises from the fact that different manu-
facturers employ different color codes to identify the values of mica
capacitors. In an attempt to dispel this confusion, the EIA has intro-
duced two systems of color coding.

One is a three-dot code to be applied to mica capacitors rated at
500 volts, direct-current working voltage and =20 % tolerance only. The
first dot indicates the first figure, the second dot the second figure, and
the third dot indicates the multiplier. The value is read in micromiero-
farads (ppf), and the sequence of the dots is indicated by an arrow.

]
FIRST SECOND
FIGURE FIGURE

MULTIPLIER

If, for example, the first dot is red, the second green, and the third
brown, the value of the capacitor is 250 puf, or 0.00025 uf.

The other system is a six-dot color code with three dots along the
top and three dots at the bottom. Again the value is read in micromicro-
farads, and the sequence is shown by means of an arrow. As vou can sce,
we may determine from this code the first three figures, the multiplier,
the tolerance, and the direct-current working voltage.

FIRST SECOND THIRD
FIGURE\ FIGIURE /FIGURE

O
]

oo L9
WORKING7 TOLERANCE \MULTIPLlER
VOLTAGE
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The complete color code for mica capacitors is as follows:

Appendix

D-c
Color Figures Multiplier Working | Tolerance
Voltage
Black................ 0 1 L .
Brown............... 1 10 100 1%
Red.................. 2 100 200 2%
Orange............... 3 1,000 300 3%
Yellow............... 4 10,000 400 49,
Green................ 5 100,000 500 ..
Blue................. 6 1,000,000 600 6%
Violet................ 7 10,000,000 700 7%
Gray................. 8 100,000,000 800 8%
White................ 9 1,000,000,000 900 9%
Gold................. 0.1 1,000 59,
Silver................ 0.01 2,000 10%
Nocolor..............| .. | ..o ... 500 209,

EIA COLOR CODE FOR POWER TRANSFORMERS

To identify the various leads the following color code has been

adopted:

1. Primary leads—black. If tapped: common—black; tap—black

and yellow striped; finish—black and red striped.

2. High-voltage plate winding—red. Center tap—red and yecllow

striped.

3. Rectifier filament winding—yellow. Center tap—yellow and blue

striped.

4. Filament winding No. 1—green. Center tap—green and yellow

striped.

5. Filament winding No. 2—brown. Center tap—brown and yel-

low striped.

6. Filament winding No. 3-—slate. Center tap—slate and yellow

striped.

EIA COLOR CODE FOR AUDIO
FREQUENCY TRANSFORMERS

Blue—Plate (finish) lead of the primary.
Red—B+ lead {(this applies whether the primary is plain or center-

tapped).
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Brown—Plate (start) lead on center-tapped primaries. (Blue may be
used for this lead if polarity is not important.)

Green—Grid (finish) lead to secondary.

Black—Grid return (this applies whether the secondary is plain or
center-tapped).

Yellow—Grid (start) lead on center-tapped secondaries. (Green may
be used for this lead if polarity is not important.)
Note: These markings apply also to line-to-grid, and tube-to-line

transformers.

EIA COLOR CODE FOR INTERMEDIATE-
FREQUENCY TRANSFORMERS

Blue—Plate lead.

Red—B+ lead.

Green—Grid (or dicde) lead.
Black—Grid (or diode) return.

Note: If the secondary of the intermediate-frequency transformer
is center-tapped, the second diode plate lead is green and black striped,
and black is used for the center-tap lead.

EIA COLOR CODE FOR LOUDSPEAKER VOICE COILS

Green—finish Black—start

EIA COLOR CODE FOR LOUDSPEAKER FIELD COILS

Black and red striped—start
Yellow and red striped—finish
Slate and red striped—tap (if any)

WAVELENGTH—FREQUENCY CONVERSIONS

_ 300,000,000
Wavelength (in meters) = frequency (in cycles per second)

Velocity of a radio wave = 300,000,000 meters per second.
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THE RESONANT WAVELENGTH

Wavelength (in meters) = 1,885 \/ L x C,

where L is in microhenrys and C is in microfarads.

INTERNATIONAL MORSE CODE TABLE

A — J i+ ——— S
B —... K—.— T —
C—+—- L-— U..—
D—.. —— v —
E . N — W.e——
Fo.o.— 0O ——— X —ee—
G —— P.—— Y— ——
I - Q——.— 7 ——
I- R -—
) G —  ves
R 7
3 —_— § ——— ..
4 vere— g —— .
B oeers 0 —— ———
Period + — + — - Wait s — .
Interrogation «+ — — - - End of message -
Break — «-0 — End of transmission ++« — « —

HOW TO SOLDER

There are three essentials to successful soldering: cleanliness, flux,
and heat.

1: Cleanliness. Be sure that the surfaces to be soldered are per-
fectly clean. Scrape the surfaces with a knife or rub with sandpaper or
steel wool wherever possible.

2. Fluz. Use a rosin flux. An acid flux may corrode the wires. Use
flux sparingly-—enough to flow thinly over the surfaces, not to drown
them. After soldering, wipe off any excess flux.

3. Heat. Heat the surfaces to be soldered until the solder flows
over them. If possible, keep the hot iron on the joint even after the
solder has flowed so as to be sure there is enough heat. For ordinary
radio work a 65- to 75-watt soldering iron is sufficient. Larger soldered
surfaces require greater heat.
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4. Keep the soldering iron clean by removing any oxide that may
form on it. Tin the iron by scraping it clean, dipping the point into
the flux, and then applying solder to the tip.

PRACTICAL DATA

1. Make connections as short as possible.

2. Shield as many grid leads as you can.

3. The rotor of a variable capacitor is usually grounded to elimi-
nate body capacitance.

4. Pushback wire will be found convenient for wiring.

5. In electrolytic capacitors, the black wire is usually the negative
wire, and the red wire usually the positive wire.

6. For shielding purposes, in using paper capacitors, the end which
is marked by a black band is usually the grounded or negative end.

HOW TO READ THE BASE PINS OF TUBES

With the pins held facing you, the pin numbers appear as follows:

OCTAL TUBE

Q ® KEY SLOT
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9-PIN MINIATURE TUBE

HOW TO READ TRANSISTOR LEADS

Shown below are the lead arrangements for some of the most common
types of transistors. All leads are indicated with the base held facing you.

B .8 B
S G
)
DoT
E ¢ TO CASE
RED
DOT
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A BATTERY, 92, 105
eliminating, 148-152
Abbreviations, 652
Absorption frequency meter, 563-564
Absorption loss, dielectric, 396, 405
Ac-de receivers, 161-166, 277-280
A eliminator, 148-153
Aligning the receiver, 186
selectivity and, 219
Alternating current, 67, 344-371
added to direct current, 362-364
in antenna-ground system, 658-69
average value of, 354-355
in capacitive circuits, 400-401
cycle, 350-352
defined, 41, 43, 68, 70
demonstrations, 638-639
dynamometer-type meter for, 366-367
in filaments, 158
generation of, 347-352
graph of, 48-19
hot-wire ammeter for, 367-364
inclined-coil meter for, 366
iron-vane meter for, 365-366
maximum value of, 354
measurement of, 365-371
Ohm's law for, 361
and phase, 357-359
and power factor, 361-362
radio-frequency, 41, 44
rectifier-type meter for, 371
root mean square value of, 355
as a sine curve, 48-49, 352-354
60-cycle, 41, 44
thermocouple meter for, 369-370
types, 41, 443
waveforms, 48-51
Ammeters, 334-335
for alternating current, 365-371
defined, 341
Ampere, defined, 298, 315
Ampere-turns, defined, 328
Amplification, audio-frequency, 118-131,
509
classes of, 509, 514, 528
class A, 514-515
class AB, 515-517
class B, 517-518
class C, 528-529
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Amplifiers,

Amplification factor, 228-229, 496

of pentode, 239-241

of power amplifiers, 230-231
of tetrode, 235-236

of triode, 228-229

variable, 237-239

Amplifiers, audio-frequency:

action of, 118-120
coupling methods in, 120-127, 521-525
defined, 132, 508-509
demonstration, 625
distortion in, 509-513
function, 131, 508
grid-bias voltage in, 518-519
impedance matching, 521-523
inverse feedback in, 525-526
parallel tubes, 231-232
as power stage, 229-233, 508
push-pull system, 232-233, 631
phase inverter for, 233235
uses for, 128-131
radio-frequency,
527-536
classes of, 528
coupling methods in, 175-176, 532-5334
defined, 190, 508
effects of, 404
flywheel effect in, 527-528
grid bias for, 531-532
harmonies in, 527
neutralization of, 534, 361
in receivers, 530
supercontrol tube, 238
in transmitters, 530-531
tuned, 175-177

174-189,

Amplitude, defined, 8, 9, 48, 55
Antenna, 16, 17, 21, 22-24, 452-482

arrays, 473-477
broad-band, 477-480
center-fed, 469
construction, 22-23
coupler, 61-62

coupling to transmitter, 462-471
current-fed, 469
demonstrations, 618-619
dipole, 456

directional, 472-477
directors, 481-482
dummy, 564-565
electron flow in, 65-69
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Antenna (cont.):
end-fed, 470
ferrite loop, 279
folded dipole, 479
function, 16-17
grounded, 460
half-wave, 456-457
harmonices in, 459-460
Hertz, 458
image, 458-459
length of, 457-459
loading, 460-461
loop, 273, 277, 280, 476
Marconi, 458
quarter-wave, 458-459
radiation characteristics, 492-493

Index

Beam power tube, 241-243
Beats, 210-212
demonsiration, 624
in the superheterodyne receiver, 211~
212
B eliminator, 134-144
field coil power from, 168-169
grid bias from, 155-157
operation of, 143-144
Bias, cathode, 155-157
coutact, 157-158
fixed, 155
forward, 261
grid, 123
reverse 261
self, 155-157

radiation resistance, 461
receiving, 477-482
reflectors, 481-482
symbal, 23, 25
television, 477-482
transmitter, 452-477
trimmer, 185-186
as tuned circuits, 452-453
voltage-fed, 470
waveform in, 51-52
waves, standing, in, 453-457

Antenna coupler, 57-63
induction in, 72-74
symbol, 64

Antinodes, 453

Antiresonant circuit, 424

Atmospherics, 445

Atoms, 290-294
charging, 201-292
differences in, 293-294
structure, 291

Automatic volume control, 196-200
fading control, 448 Capacitors, 74-76, 390-405
static elimination, 446-447 breakdown voltage of, 394, 395-396,
tubes used for, 200, 277 308

bypass, 156-157, 159, 184

charging, 74-75, 391-392

coils as, 84-85

in coupling, 125, 552-553

defined, 27, 30, 80

direct current on, 399-400

discharging, 75-76, 392

electrolytic, 144, 395

electron behavior in, 74-75

filter, 136-137, 144

fixed, 394

ganged, 184-185, 189

in grid-leak detector, 101-102

losses in, 396

mica, 394

neutralizing, 182-183, 561-562

paper, 394

CaAPacCITANCE, 27-28, 300-405
in antennas, 452, 460
calculation of, 397-398
defined, 26-28, 397
demonstration, 622, 640
dielectric and, 392-394
distributed, 404, 452
inlerelectrode, 182-183, 235-237
lumped, 452
resistance and, 402
resonance and, 414-415
stray, 404, 452
symbol, 28, 31
in a tuner, 28-30

Capacitive reactance, 401
calculation of, 401
demonstration, 640
unit of, 401

BACK ELECTROMOTIVE FORCE (see
Counter emf)
Ballast tube, 164
Band width, defined, 219
Bass tone, 202
false, 204
Batteries, 307-313
B (see B battery)
dry cell, 309-310
primary cells, 307-309
storage, 310-313
B battery, 310
defined, 92
eliminating, 134-144
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Capacitors (cont.):
in parallel, 399
across phones, §3-84
regenerative control with, 112
in self-bias, 156-157
in series, 398-399
symbols, 28
trimmer, 185-186
in a tuner, 28-30, 184-185
variable, 28
Carrier, 50, 5340
amplitude-modulated, 569-581
frequency-modulated, 581-587
generation of, 340
graph, 51
power In, 374-575
Cathode, 150-151
symbol, 151
Cathode ray, 593
Cathode-ray oscilloscope, 600-603
demonstration, 647-648
uses of, 604-605
Cathode-ray tube, 593-600
structure, 597-600
Catwhisker, 42
C battery, 98-101, 122
elimination of, 154-159
Cells, 65-66
charging and discharging, 313
demonstration, 636
dry, 309-310
in parallel, 309
primary, 307-309
in series, 309
storage, 310-313
symbol, 71
Centi-, defined, 11
Characteristic curves, 486-501
diode, 486487
dynamie, 493494
mutual, 493
plate, 403
static, 493494
transfer, 492
use of, 495-496
Choke coil, radio-frequency, 184-185
Choke, filter, 136, 145
Circuit, defined, 303
Code, international Morse, 658
Coil, 26-27
air-core, 27
as capacitor, 84-85
iron-core, 27
shielded, 179
symbol, 27
in a tuner, 28-30
variable, 27
voice, 167
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Color codes, ELA, 633-657
Communication, history of, 1-3, 649
Compass, magnetie, 322
Condensers, 27
Conductance, mutual, 497
Conduetors, 24, 289
Continuous r-f current, 49
Control grid, 235
Copper loss, 386
Coulomb, 298
Counter emf, 376
self-induction and, 76-77
Coupling:
capacitive, 215, 552-533
defined, 116
clectronic, 245
impedance, 524
matched, 554
link, 554
loose, 126
1009, 381
r-f, 176, 532-334
resistance, 523-524
tight, 426
transformer, 120-122, 524-525
unity, 381
variation of, 110-112
Crookes, W., 592
Cross modulation 238
Crystal, N-type, 255-256
P-type, 256
Crystal detectors, 20-21, 4243
demonstrations, 619, 621
electron flow in, 82
faults, 86
rectifying action, 42, 52-53
symbol, 43
Crystal phonograph pickup, 130, 132
Current:
in a-¢ eycle, 349-352
defined, 44
eddy, 386-387
electromagnetism and, 33-34, 327-331
electron theory, 40, 290-295
emission, 488
factors of, 295-297
heating effect of, 302-307
induced, 344-346
Ohm'’s law for, 300-302, 361
in parallel resistors, 304-306
rectified, defined, 133, 146
saturation, 488
in series resistors, 304
units of measurement, 298-300
Cycle, 8, 9, 40, 350-352
symbol, 354
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DaMPED wavE, 49, 55, 56
D’Arsonval galvanometer, 332-333
Deci-, defined, 11

Decoupling filter, 183-184

De Forest, Lee, 92

Deka-, defined, 11

Demodulator tube, defined, 212
Demonstrations, 618-648

Detector, 16, 20, 39-43, 86-00, 92-104,

108-115, 220
crystal, 20, 43
diode, 86-90, 220, 274, 277
demonstration, 623-624
function of, 20-21, 42
grid-bias, 97-103, 487
ratio, 585-587
regenerative, 108-113
waveform in, 52-53
Dielectric, 27, 392-394
capacitance and, 392-394
losses, 396
Dielectric constant, 393
Dielectric field, 319, 436
Diode, 86-90, 227
characteristics, 456-48%
detector, 86-90
with AVC, 198-200
junction, 257-259
point contact, 259
as rectifier, 135
symbol, 91
Direct current, 40, 348
added to ac, 362-365
and capacitors, 399-400
demonstration, 622
electron flow, 67
fluctuating, 4748, 50
graphs, 46-48, 52-54
pulsating, 41-42
theory of, 287-313
Discharge, oscillatory, 75-76
Discriminator, 584
Distortion, 123-124, 509-513
in a-f amplifiers, 509-519
delay, 510
frequency, 510
nonlinear, 510-511
overloading and, 513-514
phase, 510

push-pull cireuit and, 232-233, 512-513

Dropping resistor, 145
in ac-de sets, 163-164
in B eliminator, 142
Dry cell, 65-66, 309-310
Dynamic speaker, 167-172
electromagnetic, 167-172
permanent-magnet, 171-172

Index

Dynamometer a-c meter, 366-367

EsrrHONES, 36
Eddy current, 386-387
Edison eell, 313
Edison effect, 86-87
Electrical units, 298-300
Electricity, 39-40
fluid concepts, 290
nature of, 287-295
static, 287-289
Electrode, cell, 65, 309
Electrolyte, 308
Electromagnet, 327-331
polarity, 329

Electromagnetic waves, 10-11, 435-448

frequency, 11

frequency characteristics, 443-444

production of, 435-438

spectrum, 443
Electromagnetizm, 327-331

and current, 33-34

demonstrations, 636-637

in reproducer, 34-37, 168-173
Electromotive force, 66-67, 295, 209

induced, 59-60, 344-345

nature of, 295-296

Ohm’s law for, 300-302

unit of, 299
Electron-coupled oscillator, 547-548
Electron flow, 294-295

in capacitors, 74-76, 391-392

cathode rays as, 593-504

direction of flow, 66-67

emf and, 67

in tuning cireuits, 72-79
Electron gun, 598

in iconoscope, 606-608
Electrons, 40, 44, 298

capacitance and, 392-394

planctary, 291-294

and static charge, 287-290

theory of, 40, 290-295
Electron tubes:

(see Radio tubes)
Electroscope, 288-289

demonstration, 634
Electrostatic field, 319, 436
Energy:

conservation, 419

storage in capacitor, 392-394

wave transmission of, 6-7, 618
Envelope, 54, 55

of phones’ current, 8§3-84
Ether, 10-11

waves in, 10-14
Exponents, use of, 208
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FaciMILE, 587-5688
Fading, 196, 447-448
Farad, 27, 397
Faraday, M., 344
Feedback, 108-110, 180
degenerative, 525-526
eliminating, 180-184
inverse, 525-526
negative, 525
in oscillators, 542-543
in r-f triodes, 181-183
Feeder lines, 462-467
Field coil:
electromagnetic dynamic speaker, 167
Filament, ribbon, 149
Filament buttery, 92
Filament cireuit, 97
in ac-dc sets, 161-164
ac in, 148-151
Filament transformer, 138
Filter choke, 136
resistor, 165
Filters, 427432
action of, 136-137, 427-432
band-pass, 431-432
band-stop, 432
decoupling, 183-184
demonstration, 627
function, 136-137
high-pass, 429
low-pass, 428
power supply, 136-137, 429-430
resonant, 430-432
First detector, 212
Fleming, J. Ambrose, 87
Fleming valve, 89-90
Flywheel effect, 527-528
Franklin, Benjamin, 288
Frequency, 8, 13, 41, 354
antenna length and, 457-459
classified, 41
fundamental, 459
multipliers, 555-557
natural, 17-19
of oscillators, 546-547
pitch and, 202-203
resonance and, 17-19, 415-416
test for, 563-564
tone and, 202-203
wavelength conversion, 657
wave transmission and, 443-444
Frequency meter, absorption, 563
Frequency modulation, 581-587
Fuses, 303
demonstration, 635

GAIN, STAGE, 229
Galena, 20, 86
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Galvanometer, 331-334
I)Y’Arsonval, 332-333
demonstration, 637
symbol, 334

Ganging, 184-185

Gauss, 326

Geissler tubes, 592-593

renerator, alternating-current, 68,
348-350
symbol, 88

Germanium, 42, 254-255

Gilbert, 327

Gilbert, William, 287

Graphs, 45-55

Grid, 94, 105
action of, 94-95
control, 235
screen, 235-237
suppressor, 239

Grid bias, 105
and characteristic curve, 489-493
AVC and, 196-200
cathode resistor in, 155-156
in a-f amplifier, 123-124, 518-519
in r-f amplifier, 531-532
sources of, 98-103, 518-519
without battery, 155-158

Grid-bias battery, 98-101, 122

Grid capacitor, 101-102, 105

Grid cireuit, 97, 105

Grid-leak resistor, 102-103, 127, 523-524

Grid return, 116

Grid swing, 231

Grid voltage, demonstration, 624

Ground, 23-24
in antenna construction, 23-24
symbol, 23
wave, 439

HarMmoNICS, 459-460
distortion and, 511-513
in r-f amplifiers, 527

Hartley oscillator, 545

Headphones, 36

Heater, 151

Heat from electricity, 302-303

Heat wave, 11
characteristics, 11

Heaviside layer, 197, 436

Hecto-, defined, 11

Henry, defined, 27, 376

Hertz, Heinrich R., 2

Heterodyning, 212

Hole, 255

Hum, 148-150

Huygens, Christian, 10
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Hydrometer, 313
Hysteresis loss, 386
dielectric, 396

IcoNnoscorE, 606-608
IFF, 611-612
Image frequencies, 221
Impedance, 360-361
calculation of, 380, 402, 413
characteristic, 465
matching, 170-172, 467, 519-523
resonance and, 413-414
unit of, 361
Inclined-coil meter, 366
Induced current, 344-347
direction of, 346
Induced emf, 344
strength of, 347-348
Induced field, 438
Inductance, 26-27, 375-387
in antennas, 452, 460
distributed, 404, 452
lumped, 452
mutual, 73, 380-381
and phase, 379
and resistance, 379-380
stray, 404
Induction, 344-348
demonstration, 638
mutual, 80
Inductive reactance, 377-379
demonstration, 639
formulas for, 378
Inductors, 26, 376
air-core, 27
iron-core, 27
in parallel, 377
in series, 377
symbols, 27
variable, 27
Insulators, 22, 289
antenna, 22
demonstration, 619, 634
Intermediate frequency, 216
Intermediate-frequency amplifier, 216-
218
Ionosphere, 440
critical angle, 441
radio waves and, 440-445
Tons, 488, 592
Iron loss, 386
Iron-vane meter, 365-366
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KENNELLY-HEAVISIDE LAYER, 440
Key clicks, §59-560

Keying, transmitter, 558-561

Kilo-, defined, 13

Lac AND PHASE, 357-358
Laminations, transformer, 384
Lead and phase, 357
Lead-in, 23
construction, 23
Leakage loss, 396
Lecher system, 642-643
Left-hand rule, 329
Lenz’s law, 346-347, 375-376
Light waves, 10-11
characteristics, 11
Limiter, 578
Lines of force, magnetic, 324-325
direction, 325
Loading, antenna, 460-461
Local oscillator, 211-216
coupling, 214-216
principle of, 212-214
Lodestone, 318
Loops and antinodes, 453, 642
Loopstick, 279
Loudspeaker, 37, 167-172
Luminiferous ether, 10

MacnNES, 318
Magunetic field, 12, 320-321
direction, 325
pattern of, 324-325
Magnetic flux, 326
Magnetic flux density, 326
Magnetism, 318-327
demonstrations, 636-637
in reproducer, 33-37
Magnetomotive force, 327, 328
Magnets, 14
law of poles, 322-323
permanent, 171, 326
poles of, 321-322
temporary, 326
Marconi, Guglielmo, 2
Maxwell, defined, 326
Maxwell, James Clerk, 2
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Medium, in wave motion, 7, 10
Meg-, defined, 13
Merit, figure of, Q, 424426
Meters:
alternating-current, 365-371
direct-current, 331-341
symbol, 106, 334, 335, 336
Metric system, 13
Mho, 496-497
Micro-, defined, 13
Micromicro-, defined, 397
Microphones, 128, 132, 579-581
capacitor, 581
carbon-grain, 579-580
crystal, 580
demonstration, 625
dynamig, 581
ribbon, 581
symbol, 132
velocity, 581
Milli-, defined, 13
Mixer tube, 212
Modulated radio wave, 50-51
form, 51
Modulation, 55, 569-571
amplitude, 569-571
cathode, 575
cross, 238
50%, 573
frequency, 569-570, 581-587
grid, 575, 577-578
high-level, 579
low-level, 579
methods of, 569-571, 575-579
1009, 573
1509, 574
percentage of, 573-574
plate, 575-577
power and, 574-575
Modulator, 571-572
Molecule, 290
Morse, S. F. B, 1, 330
Morse code, 658
Moving-vane meter, 365-366
Mu, 27, 227, 496
(See Amplification factor)
Multielectrode tubes, 243-245
Multiplier, frequency, 555-557
Multiplier, meter, 336
Multiunit tubes, 245-246

NEGATIVE CHARGE, 66, 288, 292

Negative post, cell, 309

Neutralization, 182-183, 534-536, 561-
562
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Neutron, 291

Nicander, 318

Nodes, 455
demonstration, 642-643

Normal tone, 202

North-geeking pole, 322

OEersTED, H. C., 327
Oersted effect, 327-328, 636
Ohm, 103, 299, 361
symbol, 299
Ohm, G. S., 300
Obhmmeter, 338-340
Ohm’s law, 300-302
for alternating currents, 361
Oscillations, 28-29, 541
control of, 110-113, 182-183, 534-536,
561-562
demonstration, 630
feedback and, 108-110
in regenerative circuit, 108-110
in tuning circuit, 541
Oscillator, 212-214, 540-548
Colpitts, 545
crystal, 547
demonstration, 645-646
electron-coupled, 547-548
Hartley, 545
local, 211-216
neon-bulb, 602-603
sawtooth, 602
gelf-excited, 555
simple, 541
timing axis, 602
tuned=plate{-tuned=grid, 546-547
types of, 545-548
Oscillatory discharge, 75-76
Oscilloscope, 600-603
Qutput transformer, 169-171
dynamic speaker and, 169-171
Overloading, 513-514
Overmodulation, 574

PARALLEL CIRCUITS, 81-82, 304-307
demonstration, 623, 635
electron flow in, 81-82
resistors in, 304-307
resonant, 422-424
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Pattern, radiation, 472-477
Pentagrid converter, 243-245
Pentode, 239-241
characteristics, 501
power, 240-241
radio-frequency, 239-240
Permeability, 327
Permeance, 327
Phase, 357
capacitance and, 402-403
inductance and, 379
vector representation, 359
Phase angle, 357
Phase inverter, 233-235
Phones, 36
capacitor parallel to, 83-85
electron flow in, 83-85
symbol, 37, 38
waveform in, 53-55
Phonograph, electrical, 130-131
demonstration, 626
Phonograph pickup, 131
symbol, 131
Phosphor, 597
Photoelectric cell, 587, 605
Piezoelectrical effect, 130, 547, 580
Pitch, 202-203
demonstration, 630
separation, 204-207
Plate cireuit, 92, 105
electron flow in, 227-228
Plate coil, tickler, 109
Plate current:
in a-f amplifiers, 118-120
demonstration, 624
Plate dissipation, 499
Plate efficieney, 499-500
Plate load, 126, 494, 519-520
Plates in a capacitor, 27-28
Plate valtage, demonsiration, 624
Plotting a curve, 355-356
Polarity in ac-de sets, 164
Pole:
dry cell, 65
magnetic, 321-322
Positive post, cell, 309
Potential difference, 2095-296
Potential drop, 337
demonstration, 635
Potentiometer, 130, 132, 140-142
symbol, 130
as voltage divider, 140-142
volume control, 192-200
Power, 299-300
a-c formula, 361-362
in antennas, 471-472
formula, 302-303, 362
measurement of, 340-341
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Power (cont.):
modulation and, 574
output, triode, 497-499
unit of, 209
Power amplifiers, 229-233
Power factor, 361-362
computation of, 403-404
demonstration, 638
Power losses, transformer, 386-387
Power output, transmitter, 563-565
Power scnsitivity, 231, 499
Power supply, ac-de, 161-166, 260
demonstration, 628-629
Power supply, filters for, 136-137, 429-
430
Power transfer, 519-521
Power transformer, 137-138
in B eliminator, 137-140
demonstration, 627
faults, 161
symbol, 146
Power tube, 229-233
in parallel, 231-232
pentodes, 240-241
in push-pull, 232-235
PPI radar, 612-613
Pressure, electrical, 295-296
Primary, transformer, 60, 383
Printed wiring, 282
Proton, 291
Public address system, 129-130
Pulsating currents, 41-42
Push-pull, 232-233
distortion correction, 512-515
power tubes, 232-233
in transmitters, 535
Pyrometer, 369

Q, DEFINED, 424-426

Rapamn, 608-613
Radiation characteristics, 472473
Radiation field, 438-439
Radio-frequency amplifiers

(See Amplifiers, radio-frequency)
Radio-frequency choke coil, 184
Radio-frequency current, generation,

540-548
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Radio history, 1-3, 649
Radiotelegraphy, 551-566
Radiotelephony, 569-588
demonstration, 647
Radio tube detector:
diode, 86-90
triode, 92-104
Radio tubes:
bases, 247-248
characteristics, 486-301
demonstration, 623-624
envelopes, 246-247
general principles, 226-227
multielectrode, 243-245
multiunit, 245-246
types, 226-249
variable-mu, 238-239
Radio waves, 12, 435-448
forms, 49-53
spectrum, 443
speed, 12, 657
Reactance, 377-378, 401
Receiver
ae, 273-277
ac-de, 161-166, 277-280
aligning, 186
batteryless, 158-159
continuous-wave, 563-566
crystal, 43, 54, 62
essential parts, 16
regenerative, 108-115
r-f amplifiers in, 523
simple, 16-21
superheterodyne, 209-223, 273-283
telephone, 34-36
transistor, 280-283
triode detector, 102
tuned radio-frequency, 187-189
Reception, diversity, 448
Reception, interference with, 445
Rectification, 1335
full-wave, 139-140, 145
half-wave, 140, 146
Rectifiers:
chemical, 149
copper-oxide, 149, 367
demonstration, 623
diode, 133
full-wave, 139-140
half-wave, 140, 146
junction diode, 258-259
mercury-vapor, 488
selenium, 258-259
Rectifier tubes, 146
demonstration, 623
full-wave, 139-140
Rectifier-type meters, 371
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Regeneration, 116
control of, 110-112
demonstration, 630
Regenerative circuit, 108-110
Regenerative receiver, 108-115
building of, 113-115
demonstration, 630
operation, 114-115
Relay, 330
Reluctance, 327
Reproducer, 16
defined, 19
demonstration, 621
function of, 19-20
telephone, 19-20
television, 605-608
theory and principle, 33-37
waveform in, 53-55
Resistance, 64
in antennas, 461-462
capacitance added to, 402
coupling, 127
factors in, 299
formula for, 302
inductance in series with, 379-380
measurement of, 338-340
nature of, 296-297
in parallel, 304-306
plate, 496
radiation, 461-462
selectivity and, 420-422
in series, 304
symbol, 299
temperature and, 299
tuning and, 57-59, 420422
unit of, 299
Resistance loss, capacitor, 396
Resistor, 103
ballast-tube, 164
dropping, 163
filter, 165
fixed, 106
grid-leak, 102-103, 127, 523
line-cord, 163-164
plate, 126
stabilizing, 264
variable, 106
wattage rating, 142, 302-303
Resonance, 17-19, 408432
calculating, 413-414
capacitance and, 414-415, 417
coupling and, 426-427
defined, 18, 21
demonstration, 620
frequency and, 415-416
impedance and, 413-414
standing waves and, 453-457
test for, 563
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Resonance (cont.):
in transmission lines, 462-467
in tuning circuit, 79
vector representation, 408-413
and voltage gain, 416-417
Resonance curves, 421-424
demonstration, 640-641
Resonant circuit, 408413
filter a¢tion of, 430432
parallel, 422-424
series, 419-420
Rheostat, 103, 106
as regeneration control, 112-113
symbol, 106
in tone control, 203
volume control, 192-194
Ribbon microphone, 581
Root mean square, defined, 355

SATURATION POINT, 488
Secreen grid, 235-239
Secondary emission, 239
Secondary, transformer, 60, 383
Second detector, 220
Selectivity, 106

alignment and, 216-218

antenna coupler and, 57-63

excessive, 218-220

resistance and, 420-422
Selenium rectifier, 258-259
Self-inductance, 376-377

demonstration, 639
Self-induction, 76-77

and counter-emf, 76-77
Semiconductors, 253
Sensitivity, 106

power, 231, 499

triode detector and, 104
Series:

cells in, 34, 71

registors in, 304
Series-circuit, 85, 304

resonant, 419-420
Series-parallel circuits, 306-307
Shielding, 179-180
Shuunt, 82, 85

in ammeter, 334
Side bands, 219, 572-573

channel, 572

ci tting, 219
Sight signals, 1

Index

Signals:
strength, 438439
types of, 1-3
Sine curve, 352-354
graph of, 48-49
Skin effect, 404
Skip distance, 442-443
Skip zone, 442-443
Sky wave, 440-442
fading and, 447-448
Soldering, 658-659
Sound:
reproduction of, 33-37
resonance in, 18-19
signals, 1
South-seeking pole, 322
Space charge, 488
amplification and, 228-229
reducing, 488
Speaker, 37, 167-172
magnetic, 37
Spider, 167
Static, 445-447
demonstrations, 642
eliminating, 446447
hiss, 446
impulse, 446
sources, 449
Storage cells, 310-313
demonstration, 636
Subletters, symbol, 489

Superheterodyne receiver, 209-223, 273-

283
Suppressor grid, 239
Symbols, schematic, 650-651

TaNk cIrcUIT, 533, 541
Telephone reproducer, 19-20, 34-36
Television, 605-608
Temperature and resistance, 299, 634
Tetrode, 235-237
characteristics, 500-501
Thermionic effect, 87, 91
Thermocouple meter, 369-370
demonstration, 631
Thomson, J. J., 503
Three-cireuit tuner, 108-115
Thyratron, 603
Tickler coil, 109
action, 109-110
feedback controlled by, 110-112
Tone, 202-204
Tone control, 202-207
demonstration, 630
methods, 204-207
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Trace, 601
Transconductance, 496-497
Transformers, 59-61
air-core, 61
amplification by, 229
antenna coupler, 57-63
audio-frequency, 122, 124-125
demonstration, 621, 625, 626
filament, 138
formulas for, 384
intermediate-frequency, 216
iron-core, 61
losses in, 386-387
operation of, 59-60
output, 169-171
powdered iron core, 61
power, 137-140
radio-frequency, 175
shielding, 179-180
step-down, 121-122
step-up, 121-122
symbols, 64
tuned radio-frequency, 175-177
Transistor, 260-261
alpha, 502
amplifier, 262-268
base, 260
bases, 560
beta, 503
characteristics, 501-504
collector, 260
common base, 262
common emitter, 263
converter, 268
emitter, 260
junetion type, 260
n-p-n, 260
p-n-p, 260
power gain, 503-504
r-f amplifier, 267
r-f oscillator, 267-268
voltage gain, 503-504
Transmission lines, 462-471
antenna connection, 469-470
for coupling, 467-469
nonresonant, 466
resonant, 462
Transmitters, 551-588
amplifier in, 552
antenna coupling, 462-471
antennas for, 452-477
continuous-wave, 551-566
demonstrations, 646-647
frequency modulation, 581-587
modulated-wave, 569-588
oscillators in, 540-548
power output, 564-565
radiotelegraph, 551-552
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Treble, 202
false, 204

TRF receiver, 187-189

Trimmer capacitors, 185-186
in antenna circuits, 186
with ganged capacitors, 183-186

Triodes, 95-96, 227-228
characteristics, 489-500
electron flow in, 92-101
symbol, 96

Tuned circuits, 408-432
antennas as, 452-453
coupled, 426-427
vector representation, 408-413

Tuner, 16, 26-30
construction of, 30
electron flow in, 77-79
faults, 57
function, 17-19
inductance in, 28-30
resistance in, 57-59
theory of, 26-30
three-circuit, 108-115
waveform in, 52

Tuning, 26-30
broad, 58
demonstration, 619
principles of, 26-30, 408-432
sharp, 58

Tuning curve, 58

Tuning-eye tube, 595-597
deflector plate, 595

Turns ratio, 385

ULTRAHIGH FREQUENCY, 443

VALUE, SINE CURVE:
average, 354-355
effective, 355
peak, 354
root mean square, 355

Valve, 87

Vectors, 357-360

Velocity microphone, 581

Voice coil, 167

Volt, 299

Volta, A., 307

Yoltage, defined, 21

Voltage divider, 140-142, 146
in C eliminator, 155
demonstration, 626
potentiometer as, 140-142
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Voltage drop, 304
Voltage ratio, 381
Valtaice cell, 308
demonstration, 636
Voltmeters, 336-338, 365-371
Volume control, 103-104, 192-200
automatic, 196-200
manual, 200

Waret, 142, 299-300

Wattmeter, 340-341
demonstration, 638

Waveform, 45-55

Wavelength, 7-8, 9
frequency conversion, 657
Wavemeter, 633-634, 563-564

Wave motion, 4-9
demonstration, 618
Waves:
in antennas, 453457
defined in terms of energy, 6-7
ether, 10-11
heat, 11
light, 10
radio, 13-14
standing, 453-457
demonstration, 642-643
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