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Transistor Frequency-Modulator Circuit

Use of transistor in frequency-modulation circuit saves a-c filament power, reduces size
and weight, requires less a-f driving power and reduces d-c power requirements. Distortion
in transistor frequency modulator can be kept as low as in tube modulators

By L. L. KOROS AND R. F. SCHWARTZ

RANSISTORS, since their intro-

duction several years ago,
have successfully been applied in
many circuits originally designed to
operate with vacuum tubes. Ex-
perimental work described here
shows suitability of transistors for
use as frequency modulators.

The control element of the
transistor in this application is the
emitter as in conventional amplifier
circuits. The controlled element is,
however, the internal impedance of
the collector-base path. Measure-
ments on transistors show that
the internal -collector impedance
changes between broad limits if the
voltage and the current are changed
slightly between the emitter and
base, The measurements further
show that instead of the internal
collector impedance being purely
resistive, it is actually complex for
some values of emitter current.

In some transistors the reactive
component of the collector im-
pedance changes its value from in-
ductive to capacitive as the emitter
current is changed. In other
transistors the sign of the internal
collector impedance remains the
same within the range of emitter
currents used.

The wide variation of internal
collector impedance is used to pro-
duce frequency modulation in an
oscillator circuit. A conventional
tube circuit is used for the oscilla-
tor. The production of frequency
modulation by resistance changes
has been proposed before*®, These
methods use the variable internal
plate resistance of tubes and some
resistance-transforming means for
coupling variable reactive elements
to an oscillator tank.

Circuit Details

The circuit used for the tran-
gistor frequency modulator is
somewhat simpler. Figure 1 shows
the diagram of the experimental
setup. The collector circuit of the
transistor is fed with direct current
through r-f choke L. A capacitor,
C., not greater than about 1/10
of the oscillator tank -capacitor,
couples the collector to the oscillator
tank. The emitter circuit is biased
to class A amplifier service. The
audio input is applied to the emitter
circuit through series resistance R.
This resistance reduces distortion
caused by the nonlinear character-
istic of the emitter circuit. The
transistor cannot develop an audio-
output voltage in the collector-load
circuit, even if the collector current
is varied, because r-f choke L acts
as a short-circuit for the audio
output. The audio signal applied
to the emitter, however, varies the
collector resistance between broad
limits at an audio-frequency rate.
Coupling capacitor C, is coupled
to the tank through the variable

internal collector resistance of the
transistor and the ground return.
The r-f choke in parallel with the
collector represents a high r-f re-
actance and can be neglected.

The coupling capacitor draws
more or less capacitive current
from the tank according to the in-
stantaneous value of the transistor
internal collector resistance. This
produces a frequency modulation.

The oscillator tank, however, is
loaded through C, with a variable
resistance, which is the internal
collector resistance. This variable
loading effect produces some ampli-
tude modulation. By proper selec-
tion of the oscillator tank capacitor,
C,, which should be of low react-
ance, the amplitude-modulation
effect of the variable collector re-
sistance can be kept below any de-
sired value. A high value of react-
ance for the tank capacitor is
needed, however, to produce a large
frequency deviation for a given col-
lector resistance variation. A sound
compromise is possible between
these contradictory requirements.

FREQUENCY MODULATOR

OSCILLATOR

FIG. 1—Transistor frequency modalator provides low-distorilon
modulation with low d-¢c and af power input requirements,
Signal frequencies up to 1.5 mc may be used



572

Figure 2 shows a typical static
linearity curve for a transistor fre-
quency modulator operating at
1.03-mec carrier frequency. During
the static deviation measurements
the flow of modulation current was
simulated by varying the emitter
bias-current resistor. Also shown
in Fig. 2 is the amplitude variation
of the frequency-modulated oscilla-
tor tank.

Figure 8A shows the equipment
used to test the deviation and static
linearity of the circuit. The signal
from the oscillator under test is
picked up on a communications re-
ceiver (with c-w oscillator on) and
the receiver output frequency devi-
ations are measured by comparison
with a calibrated audio signal gen-
erator using Lissajous figures.

The circuit of Fig. 1 was tested
for its dynamic performance with a
400-cycle modulating signal. This
was done by applying the audio sig-
nal to the a-f input terminals and
observing the output by means of a
discriminator and wave analyzer.
Two 6SH7 limiter stages preceding
the 6H6 discriminator seemed to
give sufficient limiting for all signal
levels encountered in this work and
assured a linear output response
of =25 volts d-c for =+£5,000-cps
frequency variation with a 0.05-volt
rms frequency-modulated input.

A distortion analysis of the mod-
ulator was made for three different
values of deviation. Figure 3B
shows graphically the relationship
between the input voltage and the
deviation for one of the transistors
investigated. The results of the
distortion analysis are shown in
Table I. The distortion components
were read on the wave analyzer
at the discriminator output.

A measurement on the audio
oscillator indicates that for the
maximum deviation setting shown
in Table I, and for a resistive load
of the same order of magnitude as
that represented by the modulator
circuit, the output distortion of the
audio oscillator was 0.3 percent
rms. For output settings corres-
ponding to the lower inputs used,
the distortion is so low as to be con-
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sidered negligible. No correction
wags used, therefore, on the data of
Table I. Figure 3C shows the plot
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FIG. 3—Equipment used {o test transis-

tor frequency modulator is shown in A.

Resulting curves for a typical transistor
are given in B and C

of overall distortion versus devia-
tion for the transistor considered
here. The audio-frequency re-
sponse of the transistor modulator
was measured and is substantially
constant from 20 to 15,000 cps for
all of the transistors investigated.

The data given in Table I and
Fig. 8C show that for a =+0.1-per-
cent deviation of the carrier fre-
quency, which is the upper limit
required in the f-m services, the
distortion was reasonably low. The
interpolated value was only 1 per-
cent rms. Figure 3B shows that the
input voltage to the modulator to
obtain this deviation was also low.
The ==0.1-percent frequency’ devia-
tion was achieved with about 0.008
volt rms input. The input resist-
ance of the emitter circuit with a
510-ohm series resistor R was about
650 ohms. For maximum deviation
the input requirement of the modu-
lator with the linearizing resistor
was therefore about —40 db (0 level
1 milliwatt). The input without lin-
earizing resistor was —55 db. The
input requirement showed fluctua-
tions in the order of 6 db from
transistor to transistor.

Internal Collector Resistance

Two equivalent circuits of the
modulator are shown in the insert
in Fig. 4. Any collector reactance is
included in C,. This form of repre-
sentation does not follow the real
situation because the coupling ca-
pacitor has a predetermined value
and the changing element is the col-
lector impedance. It is more con-
venient, however, to separate the
resistive and reactive elements into
two groups and to consider the
modulator as a series or parallel
combination of a capacitor and re-
sistor. The equivalence of the
series and parallel representation is
expressed by

.y _ __ RyiX,

RI—JX'— Rp—‘jXp (1)
X, R,
R~ X, @

where X, and X, are the reactances

of C, and C, respectively at the
oscillator frequency.

For practical purposes, the data
which can be measured directly by
the easiest method are C, and AC,,
the change of C,. Resistance R,
can be measured by a Q-meter, and
C, and R, can Be computed.

From Eq. 1 and 2
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X2+ Ry
C.=C,p ——’h,—,’“ ®
X2
R, = RDW @

The frequency deviation Af is
expressed by

!
767 AC’, (5)

If it is found that the calculated
C, = C,, which is the coupling ca-
pacitor actually used, the internal
collector impedance is purely resis-
tive and its value is identical with
R,. If, however, it is found that
C, is less than C, it means that the
internal collector impedance can be
represented by a resistor and
capacitor in series. If C, is greater
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FIG. 4—Curves show relationship be-

tween emitter current and other circuit

variables for two forms of equivalent
circuit

than C, the internal collector im-
pedance can be represented by a
series combination of a resistance
and inductance.

The technique used to measure
C,, AC, and R, consists of the de-
termination of the Q of the network
formed by the internal collector im-
pedance and the coupling capacitor
C, connected in series. The fre-
quency modulator part of Fig. 1 is
coupled to the Q-meter at X and Y.
The inductance of the Q-meter, for
obtaining the most exact figures,
should be chosen lower than recom-
mended for normal use of the in-

strument at the same frequency, in
order to make the Q reading on a
convenient range on the meter. If
lower inductance is used it is neces-
sary to add capacitors in parallel to
the variable capacitor of the Q-
meter to tune the circuit to
resonance at the investigated fre-
quencies. The techniques of the
measurement are as follows: (1)
Tune the Q-meter’s variable capaci-
tor to maximum Q-reading, before
the transistor is inserted in its
socket. Read @, and C,. (2) Plug
in the transistor and select differ-
ent emitter current values 7,. (3)
Tune the Q-meter’s variable capac-
itor to maximum Q-reading again
with each I, setting and read the
Q(1,) and the changes on the Q-
meter capacitor AC,. From the
Q readings for the different emitter
currents, R, is computed as
QQ(1,)

B =G ety X ©
where X, is the reactance of the
Q-meter coil used. To minimize
errors due to distributed capaci-
tances and lead inductances, the
transistor socket with the coupling
capacitor C, and the r-f feed choke
L was built as a compact unit which
was directly plugged into the term-
inals of the Q-meter. A photo-
graph of this frequency modulator
unit is shown.

The curves of Fig. 4 show the
values of C,, R,, C, and R, as func-
tions of the emitter current at 1.03
me for one transistor. The experi-
mental data are presented in Table
II. The values of the collector cur-
rent I, are also shown in the same
figure. The values of C, and Q
were measured, and the values of
R, C, and R, were calculated from
Eq. 6, 8 and 4. The reactive com-
ponent of the internal collector im-
pedance is represented by X.. The
computation of X,, was done with
the expression X,, — Xa — X,
where X,, is the reactance of the
coupling capacitor and X, is the
reactance of C, at the r-f carrier
frequency. As Fig. 4 shows, the
value of the reactive component X,,
was found to be low compared with
R,. Nevertheless, it had an influ-
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ence on the frequency deviation.
Reactance X,, changed in this case
from inductive to capacitive values.
There were found, however, tran-
gistors where X,, was even smaller
and the internal collector impedance
was, for the main part, resistive. It
was also found that the collector
resistance and reactance depended
upon the electrical history of the
transistor. In the investigated cases,
however, if the transistor showed
amplification properties, the fre-
quency-modulation property also
was present.

Figure 4 shows that a large vari-
ation of the resistive component of
the collector impedance, about 600
to 5,000 ohms, takes place for only
a small change of the order of one
milliampere in emitter current.
Since the emitter resistance is of
the order of 100 ohms, only a small
input power is required for a rela-
tively large change in collector re-
sistance, as we have previously seen.
Such a variation is an interesting
feature which makes the transistor
especially useful as a frequency
modulator.

The transistor frequency modu-
lator may introduce some jittering
of the oscillator frequency due to
instability of the transistor con-
stants and to temperature changes.
If the center frequency of the oscil-
lator is stabilized by means of a dis-
criminator and standard frequency
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FIG. 5—By careful choice of transistors,
operating frequency of frequency mod-
ulator can be extended up to 10 mc

source, as i the standard practice
for broadcast transmitters, a consid-
erable part of the effect of transis-
tor instability is eliminated.

Modulating Higher Frequencies
The relatively low output power
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of the frequency-modulated oscil- Table I—Overall Measured Distortion
lator cannot be considered as a limi-
tation of the §ys.tem, because ’Ehe Input Voltage Distortion Components of Overall
frequency multiplier stages amplify to Modulator Deviation 400-cps modulating tone Distortion
and multiply the r-f excitation to (rms volts) (< cps) (rms %)
the necessary power level to excite Harmonic | % Fund.
the f-m power amplifier tube.

To obtain information about the 0.0132 1,350 2nd 0.979
capability of the transistors to 3rd 0.769
modulate oscillators at higher fre- g:{: 0.419 1.32
quencies, several transistors were |_ | 4 o oot i
tried with the previously described 0.0330 2,850 2nd 1.91
Q-meter method at frequencies be- ’ 3rd 0.800
tween 1 and 10 me. Figure 5 repre- g:g 0.450 212
sents typical experimental data. B i
Table III shows the measured 0.0460 3,900 2nd 3.62
values. 3rd 0.775

. . . 4th 0. 30

The emitter current limits of 0.46 5th 0.337 3.72
ma to 1.22 ma (with the correspond-
ing collector current units of 0.74

ma to 0.86 ma) were selected to
produce high C, changes around the

Table II-——Measurement of Collector Variables
linear response part of the fre-

quency-modulation characteristic.
s I I Q Co* C R C, R, Xeo

The R, values were computed again ¢ ° ¢ » » : :

f) | (Kilohms f) | (Kilohms) | (Kilohms)
by Eq. 4. The changes of R, (ma) | (ma) (o) | € )| (erd) | ¢
(AR,) are represented also in Fig. . .
5. The sign of AR, indicates whether 0.6 | 0.7 lgg** ig; lg B;fg;e msezgng “angls?;" +0.09
the parallel resistance value is 0.58 | 0.78 | 50 | 155 |22 6.12 |51.1| 3.48 | -+0.26
going down with increasing emitter 0.75 | 0.81 | 54 |142.5/34.5| 7.12 |48.2| 2.02 +0.08
current, in which case AR, is shown 0.96 | 0.84 | 62.5 | 136 | 41 9.84 47 1.26 0
as positive, or going up, in which 1.22 | 0.86 | 70 |134.5 42.5| 13.35 | 45.7| 0.92 —0.09
AR, is shown as negative. This 1.64 | 0.86 | 75.5 134.5‘ 42.5 16.98 44.4 0.74 ~0.19
increasing or decreasing character
depends, in the case of one investi- * Cq is the reading of variable capacitor in Q-meter. A fixed capacitor
gated transistor, upon the applied was used parallel to C¢ to tune the 10-microhenry coil to 1.03 me.

?

** The first ki ts Q,, the oth I,).
frequency. In the case of another © ne represents Qs, the others Q (Z.)

transistor, R, decreased with in-
creasing emitter current for all
frequencies between 1 and 10 me.

Figure 5 shows that this tran-

Table III—Measurement of Frequency Response

sistor unit with the coupling ca- . f Coil Q(0.46) | Q (1.22) | Cq (0.46)* | Co (1.22)* | C,p** AC,
pacitor of 47 puf has a reason- (mc) (1h) (upf) (upf) (upf) | (uud
ably high AC, value, and conse- -
quently has frequency modulation 1.03 10 55 70 165 134.5 12 30.5
e 2 5 60 39 204 175 4 29
capability up to 2.5 me. The be- 3 1 56 42 261 243 3 18
havior of the transistors is not uni- 4 1 71 40 268 255 13
form at higher frequencies. It is 5 1 72 32 126 120 2 6
too early to say what is the upper 7.5 1 71 gl gg gg % g
frequency limit of the transistor in 1o ! 5 0

f-m service. Of course the flexibil- ) . ..
ity of the modulator will be higher * Cq (0.46) and Cq (1.22) represent readings of variable capacitor in Q-meter

if th . at 0.46 and 1.22-ma emitter currents.

{ the oscillator frfequency can be ** (p is capacitor value represented by transistor at 0.46-ma emitter current.
increased. Otherwise, at least one

more frequency multiplier stage
must be used. This additional
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stage might also be necessary for
high-power-transmitters due to the
low oscillator power. As transistor
development advances and the sim-
ilarity between units becomes

greater, the reasonable upper -fre-
quency limit and oscillator tank
voltage limit for the transistor
frequency modulator can be deter-
mined.
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Extending Linear Range of Reactance

LARGE FREQUENCY DEVIATION can be
obtained directly from a frequency
modulated oscillator by interposing
a stage of amplification between
the oscillator tank and the grid of
the reactance tube.

Principle of Operation

In the basic reactance tube fre-
quency modulated oscillator, a var-
iable reactive current I whose
magnitude is controlled by the mod-

REACTANCE TUBE

— —
r lp

90° PHASE]|
SHIFTER
OSCILLATOR
TUBE

-l

FIG. 1—Basic reactance modulators

ulating signal is supplied through
a reactance tube to the tank circuit.
The oscillator tube supplies a con-
stant in-phase current I, to the
tank circuit as shown in Fig. 1.
Under these conditions the instan-
taneous frequency is
1

I = L C T Iz
where L is the inductance of the
tank, C is its capacitance, and ¥
is the voltage across it. If the res-
onant frequency of the tank circuit
is

fo = 1/2x(LC)12
the deviation frequency approxi-
mates

Af =f— fo= — Is/4wEC
which shows that the extent of the
deviation is directly proportional

Modulators

By FRITZ BRUNNER

to the reactive current supplied by
the reactance tube.

In conventional reactance tube
f-m oscillators I, is obtained
by shiffing the phase of the tank
circuit voltage as near as possible
to 90 degrees by a resistance-re-
actance circuit, and using this volt-
age to control the reactance tube.
Unfortunately considerable attenu-
ation is associated with the phase-
shifting network, so that the I
available from the reactance tube
is small in comparison to the volt-
age across the tank circuit. The
frequency deviation that can be
produced, especially at vhf, despite
the greatest possible L/C of the
tank circuit, is small. The oscillator
must often be followed by several
multiplier and converter stages to
yield the necessary frequency devi-
ation.

The introduction of an amplifier
before or after the phase splitter
makes possible greater deviation.
Because the phases in this amplifier
affect the stability of the oscillator,
only one sfage can usually be used.

Circuit Simplification

The simplest arrangement is to
use the dynamic plate resistance of
the amplification tube as the re-
sistance of the phase shifter as is
done in Fig. 2A. If this tube has
a high plate resistance, the voltage
appearing across the reactance is
shifted nearly 90 degrees. This re-
actance can be either an inductance
or a capacitance. The reactive cur-
rent delivered to the tank circuit
can be modulated by changing the

effective mutual conductance of one
or more of the tubes associated
with it.

At very high frequencies only
the tube capacitances need be used
for the reactive component of the
phase shifter. At higher frequen-
cies the tramsit iime in the re-
actance tube can supply the 90 de-
gree phase shift so that a single
transit-time reactance tube re-
places the two tubes. Otherwise the
effect of transit time can be
counteracted by adjustment of the
phase shifter.

The circuit can be simplified still
further by using the oscillator tube

REACTANGE TUBE.,
AMPLIFIER AND ;o

'OSCILLA
{ Tust

T

NO SEPARATE
OSCILLATOR TUBE

FIG. 2—Improved f-m oscillators

simultaneously as the reactance
tube as shown in Fig. 2B.

Practical Execution

To obtain the largest possible
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frequency deviation with good sta-
bility, it is necessary to limit the
amplitude of operation to the linear
portion of the grid characteristic
of the amplifier. A crystal diode

Gies 208
) S ——
= ~d
2160 S 10
5 N
2 0.5
S5 og
g!s 5 0I5 20 25
MODULATING SIGNAL IN VOLTS ¢

FIG. 3—Typical experimental results

can provide this limiting.
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The fact that the tank circuit ca-
pacitance is distributed over the
several tubes of the system must
be taken into cohsideration. If, at
vhf, the inductances of the tube con-
nections are too near that of the
tank circuit, and the reactance tube
supplies a strong reactive current,
oscillation may be unstable. This
condition can be avoided by increas-
ing the inductance of the tank cir-
cuit, decreasing the tube capac-
itances, and decreasing the induct-
ances of the connections, possibly
by concentrating all the tubes in
one envelope.

Using the oscillator tube as the

reactance tube also, and using low
transconductance tubes, linear de-
viatien and constant amplitude of
oscillation were obtained. Figure
8 shows typical experimental re-
sults. At frequencies where the re-
actances are concentrated in the
tank circuit, frequency deviations
of 10 percent of the mean fre-
quency can be obtained with reason-
ably magnitude. Even in the uhf
range frequency deviations com-
monly obtained at lower frequencies
can be produced, so that the mean
frequency can be regulated with-
out inertia in a wide range by su-
perimposing a control voltage on
the modulating voltage.

Frequency Modulator

A NEW METHOD for obtaining fre-
quency modulation combines sev-
eral components of a frequency
modulator into one unit. The usual
reactance-tube frequency modulator
comprises a (1) reactance tube, or
tubes if push-pull, (2) double diode
demodulator, and (8) inverse feed-
back loop for linearity and mid-
frequency control. These three
units can be combined into a single
unit giving the circuit of Fig. 1.
In the composite circuit the control
discriminator is working on the os-
cillator frequency, not on a lower
frequency.
Circuit Behavior

Disregarding L, and C, the cir-
cuit acts as a class-C Hartley oscil-
lator. As such, each grid receives
one impulse every cycle. Relatively
high grid resistances limit peak
grid voltages practically to cathode
potential.

At resonance the vector potential
across L, and C, is at right angles
to the one across L, and C,, thus,
although each grid receives one im-
pulse per cycle, these two voltages
are phased differently. Figure 2A
shows the vector diagram for the
case of perfect resonance. There

By GEORGE G. BRUCK
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FIG. 1—Frequency modulation is produced
by this simple circuit

are two plate current pulses per
cycle, one advanced by the same
angle that the other is retarded
relative to the phase condition of
the tank circuit of L, and C,. The
circuit is in equilibrium when the
tube is oscillating at resonance,

If an a-f voltage is applied in
push-pull to the two grids through
R, and R,, it alternately increases
and decreases the angle of flow on
either side of the tube. The contri-
bution on either side of the tube
towards the total plate current thus
has its phase shifted back and forth,
resulting in frequency modulation.

Simultaneously, a voltage is es-
tablished across R, and R, that
tends to counteract the modulating
voltage, thus providing negative
feedback. The voltage-frequency

characteristic of the ecircuit is
therefore essentially independent
of tube characteristics, depending
only on the discriminator curve of
L.C, and L,C, shown in Fig. 2B.

Design Considerations

The system works best if coup-
ling between L, and L, reduces the
phase shift in the primary to gero
in the neighborhood of resonance,
which is accomplished with 0.50
transitional coupling. Choosing L,
three to four times L, will give best
results. If coupling is too high, the
circuit can oscillate at either of two

VOLTAGE ON GRID 2
| VOLTAGE ON GRID|
i H
1 ]
1 |
:\I Ay 1) : ,7 ’
{\ \‘ \\ i,
N \|
AN N
YK
h'

.
4

N,

VOLTAGE ACROSS L;
VOLTAGE AGROSS EACH HALF OF Lp

(A) ®

FIG. 2—(A) Grid voltages are symmetri.
cally displaced in phase by action of reso-
nant circuits of Fig. 1. (B) Application of
af as shown in Fig. 1 produces frequency
modulation. Values on coordinates show
magnitudes that can be expected
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distinct frequencies, both different
from the resonant frequency of L.
and C;. If coupling is too low, the
frequency of oscillation becomes de-
pendent on both circuits, whereas it
should, for optimum performance,
depend only on L, and C,.

Amount of feedback is controlled
by the magnitude of R, and R.. If
very little feedback is desired, R,
and R, are replaced by r-f chokes,
which must be identical to avoid
differential phase shifts.

Output is obtained by inserting a
parallel resonant circuit in the plate
lead at the point marked on Fig. 1.
The circuit lends itself particularly

” +€g
L F-M INPUT ‘f_‘
ﬁLz .; R3 L

=R ;Elg"lg )
Ct .

" Lj COUPLED TOLp

Vv
P
EY

N

AAA
\AJ
AAA

AF OUTPUT

>
]
il

FIG. 3—Modification of the circuit of Fig. 1
gives an f{-m discriminator

well to recovery of higher har-
monics in the plate circuit and can
be used as a frequency-multiplying
driver stage. Although the fourth
harmonic is the highest that can
usually be obtained at the output,
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in one circuit operating at about 10
mc the output was 78 me. Such an
arrangement will give full fre-
quency deviation with only a carbon
micophone in the primary of the
modulation transformer.

The same or a very similar cir-
cuit can be used as an f-m phono-
graph pickup. For reception, the
circuit can be operated as a discrim-
inator as shown in Fig. 3 wherein
it also acts as limiter, amplifier, and
squelcher. It is essentially an oscil-
lator that falls in step with the in-
coming signal. Audio frequency is
recovered in push-pull from the two
plates.

Miller-Effect Modulator

THE INCREASING DEVELOPMENT of
communication systems using fre-
quency or phase modulation has
stimulated the invention of several
forms of modulators. In practical
use these modulators suffer from
poor carrier stability or great com-
plexity in their stabilizing circuits,
and limited ranges of linearity. Be-
cause of inadequacies in the react-
ance-tube modulators being used in
experiments with railroad radio-
phones, especially microphonics in
the reactance tube, another type of
frequency modulation circuit- was
devised.

Miller-Effect Modulator

Important properties of a fre-
quency modulator are: (1) iner-
tialess linear frequency controlling
element, (2) simple production and
injection of voltage for stabilizing
carrier frequency, and (3) stability
in the presence of mechanical
vibration. Requirement (1) ecalls
for an electronic modulating ele-
ment of considerable simplicity.
(The reactance tube suffers from
the fact that it can never be a pure
reactance, always having some
residual resistance.) Requirement
(2) is more simply satisfied if the

By P. L. BARGELLINI

frequency modulation is produced
directly rather than indirectly as in
some systems. A triode more ade-
quately fills requirement (3) than
a multigrid tube.

The means taken to meet these
requirements is shown in Fig. 1A.
By it, a pure reactance can be in-
jected into the oscillatory circuit.
The quadrature current is simply
obtained from the grid-cathode
space current of a triode that is
excited by the controlled resonant
L-C circuit and that has a purely
resistive load. Analysis of the cir-
cuit shows that, in the general case,,
the input admittance between grid
and cathode has both real and
imaginary components. But if the
load is purely resistive, as in this
special case, and the grid-plate and
grid-cathode capacitances are of
the same order of magnitude and
the product of frequency, grid-plate
capacitance, plate resistance and
load resistance is considerably less
than wunity, the input becomes
purely capacitive. This input ca-
pacitance is. equal to Coex + Cor
(1 + A), and its dependence on the
amplification factor of the tube and
plate circuit conditions is familarly
known as the Miller effect.

FIXED TANK/
VARIABLE
7 LOAD
T0 _if (PURE
F-M TR M S RESISTANCE)
0sc v
7/

/I - Ill'-‘b
(8) VARIABLE MILLER EFFECT CAPACITANCE

MODULATOR

o+ |
(8) BATTERY

OSCILLATOR LOAD

N

A-F
SIGNAL
INPUT

FIG. 1—(A) Basic principle of Miller effect

frequency modulator circuit depends on

variation of load resistance of tube reflect-

ing a variable capacitance across its input.

In practical adaptation of this principle (B)

modulator tube is placed across oscillator
and has a vacuum tube for load

Pure negative (capacitive) re-
actance can thus be injected into
the tank circuit without the need
for phasing circuits or multigrid
tubes; the only requirement is that
the plate load be purely resistive.
To produce the frequency modula-
tion, the gain A of the tube is
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varied by the additional elements
shown at Fig. 1B. The amplifica-
tion of the modulator tube is varied
by placing in its plate circuit
another tube as load which behaves
as a variable resistance dependent
on the audio-frequency signal volt-
age. The oscillator tube is con-
nected in a Hartley cirecuit.
Because both cathode and grid
of the load tube operate at r-f
potentials, it is necessary to use
r-f chokes to separate the r-f and
a-f portions of the circuit. The
battery provides the proper bias
for maximum linearity between a-f
input, internal resistance of the
load tube, and frequency deviation
of the oscillator. Drift of the oscil-
lator’s center frequency is easily
counteracted by superimposing a
compensating voltage obtained by
usual automatic frequency control
techniques on the battery voltage.
Although the frequency stability of
this circuit is inherently compar-

Voice-Operated Switching
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able to that of all direct f-m cir-
cuits, the simplicity of this circuit
reduces the difficulties of stabiliz-
ing frequency. Of course, the fre-
quency of the oscillator can be
stabilized by a quartz crystal, in
which case the Miller effect modula-
tor can produce phase modulation,
which can be used directly or fed
to multiplier stages.

Experiments with Radiophone

This new modulator circuit has
been used in equipment built for
the Italian State Railways to de-
termine the feasibility of very high
frequency radiotelephone communi-
cations between a moving train
and a fixed ground station.
Troubles from microphonics en-
counted with reactance-tube modu-
lators were eliminated by using the
Miller effect modulator and fre-
quency stability was better. These
tests were made on carrier fre-
quencies around 110 mc with 40

Systems

watts output from the transmit-
ters. For tests the antenna on the
train was purposely placed on the
coach next to the electric locomo-
tive, as shown in Fig. 2. The elec-
trified sections of the right-of-way
use 38,000-volt overhead lines; a
train is drawn by a 3,000 hp loco-
motive.

The transmitter consisted of a
Miller effect modulator using a
12J5GT and a 12AH7GT, a 12A6
oscillator multiplier, 12A6 fre-
quency doubler, 832 frequency trip-
ler, and 829B power amplifier. A
total frequency multiplication of
18 is obtained to produce a modu-
lation index of 4, which is sufficient
to give suitable noise suppression
despite the adverse antenna loca-
tion and the change in signal
strength because of the cuts and
built-up suburban districts through
which the 24 miles of track between
Rome and Tivoli pass.

of Carrier

New all-electronic transfer unit, fast enough to permit break-in between words, provides
satisfactory two-way or party-line communication over power line or radio carrier systems
using a single frequency. Oscillograms show negligible clipping of speech at start

By R. C. FOX, F. S. BEALE AND G. W. SYMONDS

N a radio or power line car-
rier system of communication,
break-in operation with all stations
on the same frequency speeds oper-
ation, eliminates tuning complica-
tions, reduces equipment needs and
increases the number of communi-
cation channels possible in a given
frequency spectrum. Automatic
break-in can be achieved by use of
a voice-operated device for auto-
matic switching, sometimes called
vodas.
In earlier power line carrier ap-
plications, vodas systems usually
produced excessive speech clipping

at the beginning of each period of
transmission, because of sluggish
interlock circuits. This necessitated
waiting before speaking until the
other carrier transmitter had shut
down.

Satisfactory break-in operation
requires that the voice-operated
switching device act at high speed
in transferring the system from
standby condition to the talk or
listen condition. It must return the
system to standby less quickly, pre-
ferably with a choice of time con-
stants, to prevent such action be-
tween syllables and words. Also,

the sequence of switching opera-
tions should be independent of cir-
cuit adjustments and tube charac-
teristics.

In a network of several stations
on a power line carrier channel, the
first operator to speak actuates his
carrier transmitter. This must be
made the basis for blocking the re-
maining transmitters, yet the sys-
tem must be designed to return
quickly to the standby condition so
that quick replies and even inter-
ruptions of the first speaker can be
made. ’

The electronic transfer unit to be
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described closely approaches these
qualifications, It was designed for
use. with conventional power line
carrier equipment comprising one
receiver and one transmitter, as
shown in Fig. 1. The entire system
is inserted between a standard two-
wire telephone line and a power line
coupling network.

Switching Sequences

When no one is talking, the trans-
fer unit places the system in the
ready or standby condition wherein
both the carrier transmitter and
the audio amplifier of the receiver
are blocked by bias voltages, as in-
dicated by shading on the boxes in
Fig. 1. Either an outgoing audio
signal or an incoming r-f signal
can, under this condition, reach the
transfer unit and initiate the next
switching sequence.

If an outgoing audio signal
reaches the transfer unit first, this
unit acts to remove the blocking
bias from the carrier transmitter so
the signal can go out over the power
line. Simultaneously the transfer
unit applies blocking bias to the
carrier receiver, to prevent an in-
coming carrier signal from actuat-
ing the transfer unit while the
other party is talking.

If an incoming r-f signal reaches
the transfer unit first, this unit acts
to remove the blocking bias from
the audio amplifier of the receiver.
Simultaneously the transfer unit
blocks the outgoing audio amplifier
so an outgoing audio signal cannot
actuate the transfer unit. This
scheme provides absolute interlock-
ing of sequences at each carrier
equipment terminal.

Cessation of either the initiating
audio signal or the r-f signal per-
mits the system to revert to the
ready condition. Transfer from the
transmit condition to the receive
condition is never made directly,
but always by first returning the
system to the ready -condition.
This feature, coupled with the abil-
ity to function at a high speed, per-
mits a rapid-fire conversation to be
handled successfully and makes it
possible for the speaker to be inter-

rupted by the listener.

Transfer Unit Details

The electronic transfer unit con-
sists of two amplifier channels
(with two associated bias rectifiers
in each) and a power-oscillator type
bias supply, as indicated in Fig. 2.
One amplifier channel is designed
for audio frequencies, the other for
r-f signals. Both terminate in gas-
thyratron rectifier circuits ar-
ranged to provide the correct con-
trol bias voltages in the proper
sequence without any adjustments.
The gas thyratrons used contain no
mercury vapor and therefore will
give no trouble at low temperatures.
They cannot damage themselves
sinece their anode-supply oscillator
limits any surge current to a value
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considerably less than the peak rat-
ing of the tube. The gain of each
amplifier channel is controllable to
allow adjustment for the noise
levels encountered.

One reason for using a power
oscillator as bias source is that the
associated carrier equipment is de-
signed for operation from a 125-
volt d-c source and a separate bias
supply is therefore required. The
power oscillator output, rectified
by the gas thyratrons as and when
required, provides voltages that are
independent of the primary source
of power, hence can be added to it.
Another reason for using the oscil~
lator is that its a-c output is con-
veniently controlled and rectified by
thyratron tubes.

The oscillator operates at about

.
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FIG. 1—One complete station of Westinghouse type JY power-line carrier equip-

ment for two-way telephone communication using a single carrier frequency.

Required switching operations are performed automatically by voice-operated
electronic transfer unit in center of diagram

A~ | ATF AMPLIFIER SIGNAL BlAS 81AS BLOCKING BIAS
3 STAGES | RECTIFIER CONTROL CONTROL FOR CARRIER
OUTGOING 300-3,000 CPS MODIFIED THYRATRON THYRATRON TRANSMITTER
A-F_CONTROL | BAND PASS FULL-WAVE Va A (NORMALLY ON)
SIGNAL
B OR CARRIER
IER
125V + shukee = RECEIVER
-C - WER R-F AMPLIFIER
o os%?LLiTOR {NORMALLY OFF)
INTERLOCK BIAS
-F R SIGNAL BiAS BIAS BLOCKING BIAS FOR
WA | FoF SYEEESET | MM |recTiFiER controL | | | conTROL INCOMING AUDIO
40-500 KC HALF- THYRATRON THYRATRON AMPLIFIER
INCOMING BAND PASS WAVE Vio Viz (NORMALLY ON}
R-F CONTROL
SIGNAL L BLOCKING BIAS FOR
OUTGOING AUDIO
AMPLIFIER
{NORMALLY OFF )

FIG. 2—Electronic transfer unit, which delivers appropriate combinations of block-

ing bias voltages to carrier transmitter and carrier receiver at a station in

response to. incoming or outgoing signals. Power oscillator provides bias voltages
for thyratrons: only other voltage source is 125 v d-¢
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10 ke, which is well above the high-
est audio frequency involved. Filter
requirements for the control recti-
fiers are quite simple at 10 ke. The
output transformer for the power
oscillator has four independent
secondary windings that supply the
separate voltages to the four gas-
thyratron control tubes.

Circuit of Transfer Unit

The circuit of the transfer unit
is shown in simplified form in Fig.
3. Considering the r-f channel
first, the amplified and rectified r-f
signal is filtered sufficiently to give
an adequately smooth d-c¢ firing
potential for the first thyratron,
Vw, which is normally biased to
cutoff. When sufficient control grid
potential is developed, the thyratron
snaps into conduction.

The thyratron current passing
through diode V. and load re-
sistor R, develops a negative poten-
tial which is used as blocking bias
for the outgoing audio amplifier.
This negative potential is also ap-
plied to the grid of the second thy-
ratron,V., which is normally con-
ducting but now is blocked off. This
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veloped across load resistor R, to
discharge and unblock the incom-
ing audio amplifier, thus permitting
the audio output of the carrier re-
ceiver to be delivered to the tele-
phone line. This sequence cannot
be violated in this direction. The
outgoing audio amplifier blocking
bias must exist before the incoming
audio amplifier blocking bias can
be removed, since the output of Vy
controls the conditions of V..

The bias developed across R, by
Vw is also applied to the first grid
of V, to interlock the audio channel
against transient disturbances that
may arise in the audio circuits con-
nected to this channel.

When the incoming r-f signal
stops, V., extinguishes within a
few hundred microseconds, remov-
ing the bias applied to the outgoing
audio amplifier and grids of V,
and V,. This audio bias circuit
is separated from the grid circuit
of V. by diode Vs, however, so
the time taken for the removal of
the blocking bias is determined by
the discharge time constant of load
resistor R, and a bypass capacitor
located in the outgoing audio ampli-

permits the bias which was de- fier. This time delay is about five
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FIG. 3—Electronic transfer unit. Arrangement of stages corresponds to block diagram

in Fig. 2. Capacitors shown dotted at blocking bias output terminals are in other

units of station equipment but serve to determine time constants for blocking func-
tions indicated. No mechanical relays or other moving paris are used

milliseconds. A similar condition,
except that a capacitor must be
charged, meantime controls the
length of time required to block the
incoming audio amplifier; the delay
here is about one millisecond. Thus,
the sequence of the output bias
functions has been reversed by pit-
ting an R-C charge curve of short
duration against an R-C discharge
curve having a larger time con-
stant.

The trigger-like action of thyra-
tron V, insures that the output
control bias voltages will be either
full on or full off instead of at some
intermediate value. They are inde-
pendent of the varying level of the
r-f input signal which is used as
the primary control signal, as long
as the minimum level does not drop
below the threshold set by the r-f
amplifier channel gain control.

The a-f signal amplifier channel
of the transfer unit is similarly
arranged except that it accepts
audio-frequency signals for control
and has a fairly sharp 300 to 8,000-
cycle bandpass characteristic to
help the control system discrimi-
nate between noise and useful voice
frequencies.

Delay of Release

It is desirable for the transmit
condition to occur as soon as possi-
ble after the start of speech, to
minimize clipping. The equipment
accomplishes this in approximately
2.5 milliseconds. Upon cessation of
the signal, however, the transmitter
control system should have a cer-
tain minimum delay of release.
Otherwise the transmitter would be
keyed on and off by individual
cycles of speech, especially funda-
mental low-frequency components
which for a man’s voice are between
100 and 200 cycles. The circuit
containing double-diode detector
V: and isolating diode V,, accom-
plishes this in addition to permit-
ting a choice of four different de-
lay-of-release time settings (by
means of two switches). This cir-
cuit permits altering the delay of
release from approximately 27
milliseconds to about 840 milli-
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FIG. 4—Average delay of release of
carrier transmitter vs percentage modu-
lation. Slow curve compares approxi-
mately with amount of delay found in
many vodas schemes, while fast curve
corresponds o maximum speed at which
electronic transfer unit is now arranged.
Choice of delay of release time is af-
fected by personal preferences, room
and line noise level

seconds without affecting the
charge time, and hence the time of
transfer to the transmit condition.
The delay-of-release circuit is a
modification of a full-wave detector.
The amplified audio signal appears
at the secondary of audio output
transformer T, and is rectified by
double-diode V,. The filter for the
d-c output of this rectifier is sepa-
rated into two sections by diode
Va. A small filter, consisting of
equal capacitances C, and C, with
load resistor R, is connected per-
manently across the d-¢ output.
Additional capacitors C, and C, are
arranged to be connected into this
circuit by two switches to alter the
discharge time constant. Due to
diode V., the charge time constant

with respect to C, and R, is not
affected.

Assume, for instance, even half
cycles of output from T, to be recti-
fied at V.. The output voltage
across R, will rise quickly to its full
value because of the small amount
of capacitance in C,. Capacitors
C, and C, are relatively large and
require more time to charge to full
voltage, therefore the cathode of
V.. becomes positive with respect
to its anode, isolating C,, C, and C,
from R, and C, until the charges
become equal.

Action of Release Circuit

After any selected capacitance of
C, and C, has been charged to full
voltage, this capacitance then adds
to that of C, during those instants
when the voltage across R, drops
enough to make the V,, anode posi-
tive with respect to its cathode—
and both sections of capacitance
contribute to the filtering of the
then full-wave output.

Upon the cessation of the audio
signal and the consequent decay of
the d-¢ output of V,, the effect of
the larger capacitors, C, and C,, is
evident. The small fast-time-con-
stant capacitor C, would tend to dis-
charge quickly through R,, but this
would place its potential below that
of the larger capacitors, which
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therefore act through V,, to main-
tain the voltage across R,, changing
the effective R-C product for the
period of the discharge.

Upon application of audio input
there is developed immediately a d-¢
output voltage to fire the first thy-
ratron, V.. When the audio input
is stopped, the d-c output decays
rapidly or more slowly according
to the delay time chosen, keeping
V., fired for this delay period.

Figure 4 shows the relationship
of delay of release to the percentage
modulation of the carrier trans-
mitter. Above 30-percent modula-
tion, the delay of release character-
istic is relatively flat. The outgoing
audio amplifier employs automatic
gain control, which materially
assists in obtaining this flat re-
sponse characteristie.

Oscillogram of Response

Figure 5 is an oscillogram taken
with a laboratory setup including
two complete power line carrier,
single-frequency automatic simplex
equipment assemblies, operating
over an artificial line providing 80
db of attenuation. Trace 1 is a 60-
cycle timing wave. Traces 2, 8 and
4 show the response of the a-f
gignal channel of the electronic
transfer unit.

Trace 2 shows the 1,000-cps audio
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FIG. 5—Operation of electronic transfer unit under test conditions with 21.5 cycles of a 1,000-cps audio signal going out with ampli-
tude sufficient to produce 50-percent modulation of carrier transmitter, with time constants set for faster release. Transfer unit returns
system to ready condition fast enough to provide many opportunities for receiving stations to break in
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signal, existing for 21.5 millisec-
onds in the local telephone line, that
initiated the sequence of events
shown in this oscillogram.

Trace 3 shows how the normal
plate current of the r-f amplifier of
the local carrier receiver is blocked
to zero 1.75 milliseconds after
arrival of the audio signal, and
shows also how and when it is per-
mitted to restore to normal.

Trace 4 indicates that the local
carrier transmitter was delivering
a modulated r-f signal to the power
line 2.5 milliseconds after arrival
of the audio signal, and actually de-
livered 19 of the 21.5 cycles of the
originating signal to the remote
listener.

Traces 5, 6 and 7 show the re-
sponse of the r-f signal channel of
the transfer unit at the remote sta-
tion which receives the signals from
the power line.

Trace 5 indicates how arrival of
the modulated r-f signal blocks the
outgoing audio amplifier there by
driving its normal plate current to
zero, and shows how this plate cur-
rent is permitted to restore to
normal.

Trace 6 shows (at left) the norm-
ally blocked condition of the incom-
ing audio amplifier at the remote
station, and shows the unblocking
and reblocking of this amplifier in
response to the incoming r-f signal.

Trace 7 shows the final result—
the portion of the original signal
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that is actually delivered to the re-
mote telephone line.

For the oscillograms of Fig. 5,
the delay of release was set for fast
release. With this, the local carrier
transmitter stays on for slightly
over 26 milliseconds after the audio
signal stops: A succeeding audio
signal arriving within this interval
is fully transmitted. Fourteen
milliseconds after stopping the local
carrier transmitter’s r-f signal, the
local carrier receiver starts to un-
block, and becomes fully released in
about 30 milliseconds. Thus, the
total time from stoppage of the
initiating audio signal in the local
telephone line until the entire two-
station set-up is ready to accept
another such signal in the opposite
direction of transmission is less
than 57 milliseconds.

Performance Data

Recordings of conversation held
over actual power-line carrier chan-
nels using this form of equipment
show that on the two shortest delay-
of-release settings the listener will
have little or no trouble in inter-
rupting the speaker at the trans-
mitting station.

When using the longest delay of
release, the transfer action seldom
occurs except at the ends of sent-
ences, or between words if long
pauses exist. Even with this set-
ting, however, no appreciable wait-
ing before answering is required.

Even an experienced operator, an-
ticipating the stopping of the other
speaker and having an answer in
readiness (but not actually trying
to interrupt the other party), rarely
can respond fast enough to speak
before the system is cleared and
ready to act upon his speech. This
is due to the average human re-
sponse time of 0.2 second. The de-
lay of release to be used is usually
a matter of individual preference.

High-speed operation involves
use of the shortest delay of release.
All other values of delay are long
enough to eliminate release between
syllables and even words more or
less completely, depending upon the
characteristics of speech of the
persons using the telephone instru-
ments. The choice of release delay
has no effect upon the speed of
transfer from ready to either the
transmit or receive conditions.

The economics of communication
facilities do not permit building
lines so perfect that all of the orig-
inal sounds are received by the
listener, in the identical form in
which they originated. Clipping
of one to three milliseconds from
the beginning of the speech or sig-
nals is rarely missed, since tele-
phone lines and mental reactions
sacrifice a larger percentage of the
actual original signal and the listen-
er’s imagination subconsciously fills
in the balance.

Carrier Communication Level Regulator

All-electronic control unit corrects twist and maintains constant level for three-channel

carrier telephone or telegraph communication on open-wire lines despite varying weather
conditions. Variations up to 20 db are held within 2 db without adding distortion products

N THE FIELD of carrier communi-
I cation on open-wire lines, the
three-channel, 30-ke carrier system
is widely used to add three voice
circuits without affecting operation
of the existing physical circuit.

By W. S. CHASKIN

Where these lines are long in
terms of total attenuation, repeat-
ers are placed at suitable intervals
to restore operable levels in the
audio material transmitted. Atten-
uation on such lines, however, is

not a constant. It varies in two
ways: (1) it increases from dry-to-
wet and cold-to-warm weather; (2)
it increases more at the high end
of the frequency spectrum, in an
effect known as twist. This causes
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the higher-frequency channels to
operate in unfavorable weather at
relatively lower levels than the
lower-frequency channels of the
same carrier system.

Automatic regulators have been
used to compensate for these effects.
However, the pilot regulator de-
scribed here is one of the first to
perform these functions with an
all-electronic circuit which permits
the elimination of all moving parts,
relays, motors and physical contacts
from the regulating circuit.

The regulator forms part of a
standard rack-mounted carrier unit
and consists of three equipment
panels: (1) a pilot oscillator which
produces pilot-frequency current
for transmission on the line from
one terminal of the system to
another; (2) the regulator itself,
which determines attenuation of
the pilot frequency on that line and
adjusts the level of the terminal or
repeater for constant output level
regardless of attenuation or twist
ahead of it; (3) an alarm which
signals the attendant with light and
bell when any abnormal operating
conditions have exceeded the scope
of the regulator.

Pilot Oscillator

The pilot oscillator circuit is
given in Fig. 1. One oscillator is
used in the transmitting branch of
each terminal of a system. When
installed in an East terminal
(transmitting to the West) it oper-
ates on 5.9 ke, whereas at a West
terminal it generates a frequency
of 29.6 kc.

Stability of both output level and
frequency are most important con-
siderations in this oscillator. It
uses two 6N7 triodes in a push-pull-
parallel circuit, with inductor L,
and capacitor C, in a parallel fre-
quency-determining circuit. In-
ductor L, has an iron-powder pot
and adjustable core for fine setting
of the pilot-oscillator frequency.
Fixed bias is provided by cathode
resistor B,. This resistor is wired
to test points as shown to facilitate
measurement of plate current in
terms of voltage drop.

Positive feedback goes through

capacitor C, and variable resistor
R,. A stabilizing variable-bias net-
work maintains constant output
level by picking up a voltage from
the secondary of transformer T,
rectifying it in germanium diodes,
and filtering it in R, and C, before
feeding it to the grids to create
automatic correction for any tend-
ency toward output-level variation.
Jacks J, and J; are provided for
patching-in a 600-ohm db meter for
adjusting feedback control R, to
give correct oscillator level. Pilot-
frequency output-level adjustment
is made with resistor R, to establish
the conventional output of minus 49
dbm at jacks J; and J,. This output
circuit, consisting mainly of R.. and
R, in series, has an impedance high
enough to allow bridging across the
input of the transmitting amplifier
of the carrier terminal with
negligible loss to through transmis-
sion. When the pilot-frequency
signal leaves the transmitting
amplifier its level is 8 dbm.
Arrangement of the output jacks
is designed to permit disconnecting
the pilot oscillator from the trans-
mitting amplifier when necessary
for adjustments or substitution of
a test oscillator. An additional
carrier-frequency output is pro-
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vided to supply current at pilot-
oscillator frequency for modulating
an extra reduced-fidelity channel
available in these systems for use
as a service circuit or as a voice-
frequency channel for subdivision
into a total of nine telegraph
subchannels.

Pilot-transmitting filter PTF,
consisting of L, and C, is series
resonant at the pilot frequency.
This precludes the possibility of ap-
preciable pilot-frequency harmonics
being present at the transmitting-
amplifier input.

Pilot Regulator

The pilot regulator, shown in
block form in Fig. 2, is essentially
a variable attenuator. One regula-
tor is connected into the carrier-re-
ceiving branch of each terminal of
a system. Additionally, two are
required for each intervening re-
peater—one to handle each direc-
tion of transmission. The circuit
arrangement permits switching of
the regulating action to either the
manual or the automatic section.
This provides for emergency opera-
tion and for servicing the auto-
matic circuit.

When the control is set for auto-
matic operation, all carrier-band
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FIG. 1—Pilot oscillator circuit. Pilot-frequency currents originating here are transmitted
over the line to determine the amount and kind of aitenuation and then control the
succeeding repeater or terminal to restore normal level and correct twist
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frequencies enter the regulator at
the upper right and pass through
an attenuation pad, a hybrid trans-
former, and an amplifier. The out-
put of this amplifier is applied to
the input of the terminal receiving

TO
TERMINAL
SHANNEL  RECEVING INCOMING LINE
LATORS AP N 1
< o —o
=
J—q *
! .
MANUAL )
REGULATOR'
ATTENUATOR
PAD
VR,
Ra HYBRO|
G N3
CARRIER st
FREQUENGY
AMP ,
< ' INDIGATING:
PLOT FRED AWR o
RECT
d DC AMP
FREQuENGY
PILOT
FILTER ALARM PANEL

FIG. 2—Block diagram of pilot regulator.
Control of attenuation is achieved in the
hybrid transformer by the sampled pilot
frequency derived from the carrier-fre-
quency receiving amplifier

amplifier whose output is sampled
and fed back to the regulator
through a pilot-frequency filter, a
one-stage pilbt-frequency amplifier,
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a rectifier and a d-c amplifier. The
output of the latter is used to con-
trol passage of carrier-band fre-
quencies through the hybrid trans-
former by the degree of unbalance
of the hybrid-bridge circuit.

As bridge balance increases, car-
rier-band level at the regulator out-
put terminals increases. The
bridge in Fig. 2 is composed of R,
and C, balanced by lamp VR, R,
the twist-adjusting network and C..
Thus, the level of carrier-band fre-
quencies reaching the terminal re-
ceiving amplifier, and consequently
the subscriber’s handset, is deter-
mined by the received level of the
pilot frequency.

Action of Regulator Circuit

Figure 3 shows the regulator cir-
cuit in detail. Again the regulator
input is at the upper right. The
attenuator is a five-element T pad
arranged for strapping into the in-
put with 3, 1, 2, 4, and 8-db attenua-
tion factors which can be combined
to match the manual attenuator at
the center of its range. The out-
put of the hybrid transformer
passes through the carrier-fre-
quency amplifier consisting of V,
and goes through switch SW, to the

carrier terminal receiving ampli-
fier, which is not shown. The
sampled output of this amplifier
returns to the regulator at the lower
right, entering the pilot-regulator
filter. This sharp-tuned network
feeds the paralleled grids of V,, the
pilot-frequency amplifier. Cathode
degeneration and bias in this stage
are controlled by C, and R, to pro-
vide gain adjustment over a 6-db
range for centering the pointer of
meter-relay RE,, a Weston type-730
sensitive relay which serves to
actuate the alarm when the pilot-
frequency level varies beyond the
automatic-regulating range for any
reason. This combination is also
used in adjusting the regulator
from time to time as required dur-
ing normal operation.

After passing through the pilot-
regulator filter, which selects the
pilot frequency from the carrier
band, the pilot frequency is ampli-
fied in V, and fed to transformer
T.. The output of the main sec-
ondary winding is rectified in Vi,
a 6H6. Resistor R,, the 6H6 load,
feeds an adjustable portion of this
rectified signal to the grids of the
d-c amplifier stage (V, and V. in
parallel) by way of the adjustable-
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time-constant network. An addi-
tional secondary on transformer T,
supplies demodulating carrier volt-
age for the fourth or service carrier
channel previously mentioned.

The d-c potential on the grids of
V. and V, is proportional to the re-

ceived level of the pilot frequency,
which thus controls the current flow
through lamp VR, As current
varies, the lamp-filament tempera-
ture—and thus resistance—varies
and the hybrid-bridge balance is
altered, changing attenuation of the
carrier frequencies in the hybrid
and providing regulation. Because
V. and V, operate as a d-c amplifier,
small changes in rectified pilot
voltage cause larger changes in cur-
rent flow through VR..

Weather Conditions

Under normal weather conditions
the pilot regulator is customarily
set for an overall loss of 16 db be-
tween regulator input and output
circuits. This loss includes pilot-
regulator pad loss, regulator-hy-
brid-bridge loss, and regulator-
amplifier gain. At a West terminal

the regulator pad is normally
strapped for a 10-db loss, the bridge

introduces a 381-db loss under
normal conditions, and the ampli-
fier contributes a 25-db gain. The
result is a 16-db loss. At an East
terminal the regulator pad is
strapped for a 6-db loss, the bridge
operates at a 35-db loss, and the
amplifier has a 25-db gain—making
the net loss again 16 db. The differ-
ence in bridge-circuit attenuation
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results from the different frequen-
cies utilized in opposite dlrectlons
of transmission.

The twist network is a reactance
circuit in series with the current-
sensitive resistor VR, in one arm of
the hybrid bridge in Fig. 8. This
introduction of reactance makes the
attenuation introduced by the
bridge circuit dependent on fre-
quency to a degree that can be pre-
set by changing the resonant fre-
quency of the network. Maximum
twist correction is obtained when
the impedance of the right side of
the bridge varies most with fre-
quency or when maximum reactance
is in the circuit. No twist correc-
tion occurs when the twist network
contains no reactance.

Under favorable weather condi-
tions, current through VR, is rela-
tively low, and is adjusted by R.
to give maximum bridge balance
and attenuation (85 db) and in-
creased high-frequency attenuation.
The normal slope of the preceding
line section adds to this high-fre-
quency attenuation and both are
offset by a slope-correction network
contained in another portion of the
carrier terminal. The resulting
level to the amplifier is uniform as
to frequency.

Under unfavorable weather con-
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FIG. 5—Circuit of pilot-regulator alarm

panel. Action of time-delay circuit at owt-

put of 6N7 is such that alarm is energized

it operating conditions exceed regulator

range for more than 30 seconds. to allow
for transient effects on the line
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ditions, pilot-current level is re-
duced, along with all other signals,
by increased line attenuation. This
raises plate current from the d-c
amplifier and increases the resist-
ance of VR,, unbalancing the bridge
to reduce attenuation in the hybrid
transformer. Bridge unbalance,
however, is most effective at higher
frequencies due to action of the
series-resonant circuit of the twist
network. Thus, the higher-fre-
quency attenuation which occurs
here when the bridge is balanced
tends to disappear most rapidly as
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the bridge becomes unbalanced.
Since the line twist increases as the
bridge twist decreases, the net
effect on signals at the receiving
amplifier is nil. The curves of Fig.
4 show this effect graphically.
Alarm System

The meter-type sensitive relay
shown in the output circuit of the
6H6 in Fig. 3 actuates a set of alarm
signals if the regulator is unable,
for longer than 30 sec, to maintain
normal operating conditions. The
alarm is shown schematically in
Fig. 5. It utilizes a 6N7 with both

sections in parallel to actuate a 30-
second time-delay circuit RE, on
either high or low pilot level and
thereby give a visual a arm. Ter-
minals are provided for the attach-
ment of external lamps or an alarm
bell.

Means are incorporated for
silencing the bell but the visual
signal remains until the pilot cur-
rent is restored to a proper level.
In repeater installations, where
there are regulators for both direc-
tions of transmission, both can be
connected to a single alarm panel.

Carrier Failure Alarm

THIS STATION has an auxiliary
transmitter in the same location as
the control room and studios, and it
became a problem for the studio
staff to efficiently employ the aux-
iliary transmitter when the regular
five-kilowatt transmitter went off
the air due to power failures and
other emergencies.

The regular monitoring system in
the control room was capable of
being fed off the audio output of a
monitoring receiver, but during bad
weather and lightning storms was
practically impossible to use for
program purposes. Several pro-
cedures and systems were suggested
but were not satisfactory. Upon
several occasions the regular trans-
mitter was off the air for several
minutes before the studio operator
was notified, due to unavoidable
complications.

An alarm system was incorpo-
rated in the receiver itself, thereby
reducing size of unit necessary,
wiring, and simplicity. An RC com-
bination was used between the out-
put transformer and the plate of
the first audio stage, so that the
feedback level would be appreciably
more than monitoring level. The
output of the receiver speaker, with

By RICHARD E. THORNTON

carrier on, was not enough, how-
ever, to impair monitoring on the
regular master control room
speaker. In this way, the receiver
may be tuned and audio level set
satisfactory to the operator on duty.
As long as the carrier is on, static-
free monitoring off the transmitter
bus is accomplished. If, for any

Simple additions to the circuit of a moni-
toring receiver form a carrier failure alarm

reason, the carrier ceases, the relay
switches in the feedback circuit,
and the resulting tone signal over-
rides any level that the monitor may
be feeding to master control.

Circuit

An extra i-f transformer was
coupled to the plate of the last i-f
stage through a small coupling ca-
pacitor. The secondary of the added
unit was tied to the plates of a
H6 and a sensitive relay inserted in
series with the cathodes of the 6H6,
as shown in the diagram. A one-ma
relay performs admirably. A ca-
pacitor was tied across the relay
winding to prevent chatter due to
modulation.

Adjustment of the unit is not
critical. The carrier is applied to
the antenna input terminals of the
receiver and the r-f gain advanced
on the receiver to a point slightly
beyond that necessary to actuate the
relay. This advance is necessary
due to the fact that slightly more
current is required to reset the re-
lay when the carrier comes back
on after a dropout than is necessary
for initial adjustment. The i-f
transformer is tuned to resonance
by means of maximum reading on
a 0-5 ma meter in series with the
cathodes of the 6H6.

Since installation, there have
been no failures of the alarm and
it has saved quite a bit of other-
wise lost broadcast time.
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Reducing Transmitter Out Time

CONTINUITY of service is important
to a radio station and the listening
public. A minute of silence in the
middle of a program may destroy
the eontinuity and annoy the listen-
ers, many of whom would tune in
another station.

All of the facilities at WCAE are
installed at least in duplicate. Lost
time therefore becomes only that
time required to isolate the unit in
trouble and switch to the alternate
unit. This time may be subdivided
into four categories; time in which
the existence of trouble is observed
and realized, time in which to
classify or locate the trouble and
determine its seriousness, warm-up
time for the alternate equipment
and actual time involved in switch-
ing the alternate equipment into
service.

The distribution of time among
these classifications varies widely
for different types of failure. For
some components, the diagnosis and
replacement are completely auto-
matic; for others, the human ele-
ment enters into each step of the
process.

At one time, the emergency
transmitter at WCAE consumed 45
seconds in warming up. Switching
it into service could be accomplished
during this time. However, the
human element entered into the
first two categories mentioned pre-
viously and another 15 seconds was
added, bringing the total time lost
on each occasion of transmitter
failure to approximately one
minute.

The one-minute loss time has
now been reduced to between 12 and
15 seconds. On the surface, it
appears to be a gain of four to one

By JAMES H. GREENWOOD

but in listener reaction the gain is
much greater, for the first quarter
minute of silence is not nearly as
annoying as the fourth.

Reduced Warm-Up Time

Warm-up time was reduced to 12
seconds by applying heater current

H7zv ©
60 CYCLES
TO EMERGENCYo—o” o

TRANSMITTER
START SWITCHO

FIG. 1—Schematic diagram of the cir-

cuit for starting the emergency trans-

mitter automatically whenever the car-
rier is interrupted

continously to all heater-type tubes.
This practice has not resulted in
any observable reduction in useful
tube life since only one heater-type
tube has been replaced for any
cause since 1939 when the system
was installed in its original form.

The human element was removed
from observing and realizing the
existence of trouble by additional
circuitry, as shown in Fig. 1. A
small sampling antenna and tank
circuit excite the grid of an OA4G.
In its plate circuit is a relay which
starts the emergency transmitter
warm up whenever the r-f grid ex-
citation falls below a safe, preset
value. This relay does not apply
plate voltage to the emergency
transmitter.

If the loss of carrier is caused
only by a momentary flashover
within a tube or a transient arc
caused by a lightning discharge,

there is no need for the emergency
transmitter and the operator
merely shuts it off instead of com-
pleting the transfer. Observance
of the nature and seriousness of the
trouble is accomplished while the
equipment is warming up and by
the time the decision has been
made, the equipment is ready for
use.

To reduce the time necessary to
switch the alternate equipment into
operation, some of the operations
performed had to be simplified.
The original switching operation
consisted of the following steps:
removing final-stage plate voltage
from the transmitter being taken
out of service, switching six cir-
cuits from one transmitter to the
other (antenna, program input, fre-
quency monitor, modulation mon-
itor, audio monitor and cathode-ray
monitor) and applying plate volt-
age to the transmitter being placed
in service.

Controls for most of these oper-
ations were grouped at one location.
The exceptions were the frequency,
modulation and cathode-ray moni-
tors. They were fed from the same
sampling antenna which excites the
OAA4G and therefore indicate oper-
ating conditions automatically for
whichever transmitter is in use.

With a little practice, all remain-
ing circuits can be switched in a
fraction of a second. A completely
automatic change-over could have
been devised but it would have been
considerably more complex and less
reliable. Also, it would still require
the minimum warm-up time of 12
seconds. The system described re-
taing all of the advantages of hu-
man judgment with no added delay.
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Series Overmoclulal'ion

Amplitude modulation in excess of
100 percent can be produced with
a series modulator without creating
sideband splatter. Several methods
have been described for accomplish-
ing such overmodulation (for ex-
ample: Overmodulation Without
Sideband Splatter, O. G. Villard,
Jr., ELECTRONICS, p 90, Jan. 1947)
and for exceeding 100 percent mod-
ulation on positive peaks without
exceeding it on negative peaks.
Broadcast stations in some locali-
ties overmodulate within the five-
percent differential allowed by the
FCC by slightly unbalancing their
class-B linear amplifier. The simple
method that is to be described here
rounds the negative peaks so that
overmodulation cannot occur on
them even though over 200 percent
modulation may be produced on
positive peaks. In this way the
break in the carrier that would
cause sideband splatter is avoided.

Modulator Tube is Variable Resistor

Series modulation has consider-
able merit in itself because there
are no reactances in the modulator.
All that is needed is the proper tube
and a power supply giving a little
more than twice the rated voltage
of the r-f amplifier. Figure 1A
shows the basic circuit. The modu-
lator operates like a class-A audio
amplifier in that the grid never
swings positive. In action, the
modulator tube behaves as a vari-
able resistance (with half the sup-
ply voltage across it when no audio
signal is applied) in series with the
modulated r-f amplifier. The varia-
tion in resistance acts at audio fre-
quency, approaching zero resistance
on positive peaks so that the full
power supply voltage (twice the
rated voltage of the r-f amplifier)
appears across the modulated stage.
On negative peaks, cutoff is ap-
proached (or reached) so that the
tube impedance approaches (or
reaches )infinite resistance.

By ROBERT E. BAIRD
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FIG. 1{(A) Conventional series modulator
and (B) serles modulator with auxiliary
tube to suppress negative peaks

Modified Power Supplies

In practice it is found that, be-
cause the tube is not absolutely
linear, it needs considerably more
than half the power supply voltage
across it in order to stay in the
linear portion of its characteristic
and still achieve 100-percent
modulation on positive peaks with-
out distortion. As much as 20 per-
cent of the power supply voltage
may still be across the modulator
tube when 100-percent undistorted
positive peaks are being handled by
the modulated tube. (This remain-
ing voltage could be considerably
reduced by designing a tube for
the purpose. The 6AS7G might
prove very good in a low power
modulator.)

By using several tubes in parallel,
it is possible to make a slight
change in the circuit that, with
proper adjustment, will enable it to
accentuate positive peaks and sup-
press negative peaks. In the circuit
of Fig. 1B the grid of the auxiliary
tube is shown connected to a tap
across the audio input. Although

there may be sufficient signal to cut
off the primary tube on negative
peaks, the auxiliary tube will still
be conductive and hence the resist-
ance of the modulator will not reach
infinity and 100-percent modulation
on the negative peaks is not at-
tained. If in addition the static
voltage drop across the modulator is
increased from E to 2F, it will be
possible to furnish 3£ to the modu-
lated stage on positive peaks, or 200-
percent modulation. Under this
condition the tap for the auxiliary
tube is adjusted so that its grid
does not quite reach cutoff on nega-
tive peaks, thus 100-percent nega-
tive modulation will not be ex-
ceeded. Proper adjustment of the
tap can be determined with an os-
cilloscope as shown in Fig. 2.

As is expected, the foregoing pro-
cedure introduces some distortion.
However, for speech it is not objec-
tionable at 150 percent modulation

_and does not interfere with the in-

telligibility at even 200-percent
peak positive modulation.

Experimental Equipment

To demonstrate the feasibility
of the method, a transmitter using
type 10 tubes and having series
modulation was modified for the
purpose. With conventional 100-
percent modulation, 400 volts ap-
peared across the r-f stage and
about 600 across the modulator.
On 200-percent modulation with
suppressed negative peak, about
250 volts appeared across the r-f
stage and 750 across the modulator.
The ideal values for these respec-
tive conditions would be 500-500
and 333-667.

More detailed data were obtained
from a transmitter having a single-
ended 304TL r-f stage and 304TL’s
in the modulator. Transformer
coupling into the modulator tubes
was found necessary to provide a
low-impedance d-c grid return. Al-
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though a power supply capable of
providing nine times the unmodu-
lated carrier power on positive

FIG. 2-(A) Conventional 100-percent modu-

lation, (B) unsuppressed 200-percent modu-

lation, and (C) 200-percent modulation

with auxiliary tube adjusted to limit nega-
tive peaks

peaks may seem excessive, the fact
that this power need be provided
only on such peaks means that, in
practice, the filter capacitors can be
relied upon to supply the peaks; the
power transformer and filter chokes
need be but little larger than for a
conventional modulator. The heav-
ier the modulation, the smaller the
power dissipated in the modulator
tubes. Thus considerable increase
in peak power is made possible with
negligible increase in power supply.
In addition, because series modula-
tion is used, a heavy modulation
transformer and speech amplifiers
are omitted; a voltage amplifier is
sufficient to drive the modulator.
The modulator is as shown in Fig.
2A. The accompanying tabulation
gives data taken with it for two
conditions: (1) two 304TL’s in
parallel, one having reduced audio
excitation, and (2) three 304TL’s
in parallel, again with one having
reduced excitation.

Although this method of sup-
pressing the negative peak so that
amplitude modulation in excess of
100 percent can be obtained without
sideband splatter may not be desir-

Distortion and Noise
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MODULATOR CHARACTERISTICS

Percent
Positive Epy Epc e Eg
Peaks Volts Volts Ma Volts
TWO TUBES
100 1,050 2700 370 —120
125 850 2,750 300 —I130
150 750 2750 270 —145
200 650 2,800 240 —165
THREE TUBES
100 1,100 2,600 380 —117
125 900 2,700 330 —130
150 800 2800 270 —I150
200 700 2,750 240 —165
Percent negative peak modulation: 100

able for high-power transmitters,
it is economical for some uses of
low-power transmitters. For ex-
ample, using this method, the watt-
hours at the increased voltage, with
appropriate batteries, obtainable
from such portable equipment as
that used by the forestry fire ward-
ens can be increased without in-
creasing the weight of the equip-
ment.

Meter

High selectivity possible with standard components in a null T-bridge filter circuit is
made use of in a simple, easily built meter for checking noise and distortion of broad-
casting and other audio equipment. Suggestions are made for construction and operation

UDIO DISTORTION and noise meas-
urements, such as must be
made on broadcast stations and
should be made on public address
and other installations, can be taken
with the instrument to be described
here. It covers the audio range
from a fundamental frequency of
50 cps through harmonics up to
50,000 cps and reads noise levels
down to —60 db directly.
The rins distortion is measured
by suppressing the fundamental
frequency and then measuring the

By ROYDEN R. FREELAND

remaining part of the output wave
from the equipment under test with
a square-law vacuum-tube volt-
meter. The rms distortion Dy:ys of
a wave is defined as the effective
value of the harmonics divided by
the effective value of the funda-
mental; that is
Drus = (I 4+ I+ 1¢ + .. )V2/1,

where I,, I, I, . . . are the effective
values of the distortion harmonics
and I, is the effective value of the
fundamental. On the one hand, dis-
tortion measuring instruments

based on the suppression of the
fundamental are simpler and less
expensive than other types. On the
other hand, they give only the total
rms distortion and are normally
convenient only when measuring a
few specified fundamental frequen-
cies, such as required by the new
FCC rule 3.46(e).

Null T-Bridge Suppresses Fundamentals

The basic suppression circuit of
the instrument is a null T-bridge
and when balanced it has zero trans-
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mission at the balance frequency
but very high transmission for har-
monics, if the values of the com-
ponents are properly chosen. With
resonant circuits having Q’s of
three to five, the fundamental can
be suppressed while the second
harmonic is attenuated less than a
decibel. The value of Ry (Fig. 1)
must be low if harmonic attenua-
tion is to be kept low.

To obtain balanced conditions of
the null bridge, the following equa-
tions must be satisfied

wLs = 2/wC

Rs = 1/R («C)?
For a fixed value of Ls and R, R
will become larger as C becomes
smaller. This will cause R to vary
widely when using a single induct-
ance to cover several frequencies.
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prises two variable resistances for
coarse and fine adjustment. Some
frequencies require additional re-
sistance for balance and this is also
placed in the circuit by the fre-
quency switch.

All of the bridge elements were
obtained from local radio stocks.
It was found impractical to calcu-
late the values of the components
and then attempt to purchase them.
A variety of ready-made induct-
ances could not be found. Most of
the inductances available had too
high a resistance to produce a
usable Q.

For the low frequencies, an ordi-
nary iron core filter choke was
tried, but its value changed readily
with varying input levels to the
bridge. By taking a 15-henry choke

(the second harmonic of any null
frequency must be attenuated less
than 1 db).

Function and Range of Instrument

The T-bridge is widely used in
commercial distortion meters, and
is a convenient circuit since one
side can be grounded. This allows
the bridge to work directly into a
vacuum tube as shown.

The vtvm portion of the meter
uses four voltage amplifiers and a
detector-meter stage. A small
amount of current, controlled by
ZERO ADJUSTMENT, is fed through
the meter to buck out the no-signal
current of the detector. The FEED-
BACK CIRCUIT provides control of
the high frequency response as well
as the circuit GAIN. The potentiom-
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FIG. 1-—Complete circuit diagram of noise and distoriion checker shows ganged switch for setting rejection frequency of null bridge,
distortion and noise level switch and high gain amplifier terminating in detector and meter circuit. The 4.8-henry inductance was
made by removing the end portion of the core of a 15-henry choke. Bridge circuit components may be varied to use avallable parts as

long as the Q is kept high enough for less than l-percent attenuation of any null frequency second harmonic

In practice, B may be controlled
somewhat by slightly increasing R..

The complete circuit for the noise
and distortion meter is shown in
Fig. 1. The T-bridge uses three
inductances for measuring the eight
fixed frequencies, which are chosen
to conform to FCC regulations. A
different amount of capacitance is
required in the bridge for each
fundamental and is placed in the
circuit by the BRIDGE FREQUENCY
SwiTCH. The resistance R com-

and removing the end portion of the
core this change in inductance was
reduced to a negligible value. The
inductance of the modified choke
was 4.8 henries.

Values of components for the
bridge at the eight frequencies as
selected by the bridge frequency
switch are tabulated in Fig. 1.
Actually the values of the com-
ponents can be varied widely to
suit the parts available as long as
the circuit Q is sufficiently high

eter following the null bridge con-
trols the INPUT LEVEL to the vtvm
and is used for setting the meter
reference level. The setting of the
step-attenuator, which precedes the
first 6SJ7, plus the meter reading
gives the total value of distortion or
noise. There are six attenuator
steps for noise measurements, giv-
ing full scale readings of 0, —10,
—20, —30, —40, and —50 db. The
combination of attenuator setting
and meter reading allows noise
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measurements to below —60 db.
Noise measurements to lower
values can be made by operating the
equipment under test at a level
lower than the desired reference
level. That is, if the desired
measurement is the noise below
—60 db, the equipment can be oper-
ated, for example, with an output
level of —10 db. If the noise were
—65 db with a 0 db reference, it
would be —55 db with a —10 db
reference, which can be read on the
instrument.

The attenuator has five steps for
measuring distortion. These are
calibrated for full scale values of
100, 30, 10, 3, and 1 percent. The
100-percent position is that used
for calibration.

The accuracy of the instrument
depends upon the accuracy of the
attenuator resistors and of the
meter scale calibration. Close tol-
erance resistors can be purchased
for the attenuator, or, as done in
this case, each value can be made up
of several ordinary carbon resistors
using a resistance bridge to deter-
mine the correct value.

Minimizing Hum and Input Loading

In constructing the noise and dis-
tortion meter, precautions were
taken to minimize hum pickup by
the bridge inductances. The two
larger inductances were mounted at
slight angles, determined experi-
mentally. No trouble was had with
the smallest inductor. High-Q
toroidal inductances could be used
in such a bridge to minimize hum
pickup. However, the small addi-
tional hum reduction did not seem
to warrant the expense of these
coils over those used.

Any hum picked up in the induct-
ances raises the minimum input
levels at which satisfactory meas-
urements can be made. Where it is
planned to use such an instrument
for high-level audio measurements,
levels below 0 db will seldom be
encountered. At these high levels the
small amount of hum picked up by
the inductances causes little trouble.
The meter described has a hum level
down more than 60 db with gain

control in the maximum position.
Because the bridge inductances are
out of the circuit during noise
measurements, their hum pickup

S 600-0HM ® NOISE AND
AUDIO
OSCILLATOR Tgﬁgsggm % olatsgngonl
(a) | VAcuum BLOCK DIAGRAM

TUBE
VOLTMETER CALIBRATION SETUP

MEASURED RMS OSCILLATOR

DISTORTION
(C)
FREQUENCY COMMERCIAL KOCY
IN CPS METER METER
50 2.8% 28%
100 1.8 20
400 1.0 1.0
1,000 1.0 1.0
5,000 it (]
7,500 1.2 1.2
10,000 0.7 06
15,000 . 0.2 03

ALL DATA TAKEN FOR O DB EQUALS 6 MiLLI-
WATTS IN 600 OHMS

AUDIO  [TJEQUIPMENT NOISE AND
lOSCILLATOR|_|UNDER TEST é'l-o“’ OISTORTION
MEASUREMENT LEVEL
SETUP INDIGATOR| (D)

FIG. 2—(A) When the instrument is cali-

brated, the meter scale will appear as

shown (B). Measurements made with the

instrument (C) in a test setup (D) compare

favorably with those made with a com-
mercial meter

has no effect on these measure-
ments. Residual noise in the meter
is more than 80 db below 0 dbm
signal.

It can be seen that the balance
resistance varies widely. For
normal audio measurements where
balanced circuits are encountered,
a bridging type input transformer

591

must be used to prevent loading of
the circuit under test. The capaci-
tive impedance of the bridge re- -
quired that a transformer having a
low impedance secondary be used to
avoid resonant peaks in the low-
frequency characteristics of the
circuit. The T-bridge may be con-
nected directly across an unbal-
anced circuit for measurements.
The impedance of the circuit con-
nected to the bridge input has very
little effect upon the operation of
the bridge circuit. Under these con-
ditions the loading effect of the T-
bridge on the circuit being meas-
ured is substantially that of the
balance resistance. At the extreme
low frequencies the impedance look-
ing into the bridge increases and is
capacitive. As can be seen from
the balance equations, R can be in-
creased by increasing L; and de-
creasing C while Bs remains con-
stant. To increase R at the low
frequencies presents a problem
without specially wound induct-
ances.

Calibration and Performance Testing

To calibrate the scale of the out-
put meter, the instrument was set
up as shown in Fig. 2A. It was
assumed that the audio oscillator
had zero internal impedance. The
noise-distortion meter was adjusted
for a full-scale meter reading with
a 1,000-cps signal. The attenuator
box was then adjusted to place
10-db attenuation in the circuit in
1-db steps. After the insertion of
each db attenuation the meter scale
was carefully marked.

Two scales were calibrated for
distortion measurements using the
standard vtvm to indicate the cor-
rect input voltage ratios. The
meter scale is shown in Fig. 2B.
One scale for noise measurements is
marked from 0 db to —10 db. The
two distortion scales are marked
between 30 percent and 10 percent,
and 10 percent and 3 percent. These
two distortion scales serve for read-
ing all five distortion attenuator
settings.

The frequency response of the
meter for each position of the
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bridge switch was plotted to deter-
mine the harmonic frequencies con-
tained in each measurement. The
overall response is shown in Fig.
3A. This response curve shows
that the meter exceeds the specifi-
cations set forth by the FCC.

Response curves for the eight
nulls are shown in Fig. 3B. Note
that the second harmonic of any
null frequency is attenuated less
than 1 db.

A direct comparison of the oper-
ation of the meter with a com-
mercial instrument was made by
making distortion measurements
on an inexpensive audio oscillator
with both meters under the same
conditions (Fig. 2C).

Distortion Measurements

The meter described is used in
measurements similar to other
noise and distortion meters. An
audio oscillator of low harmonic
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output is connected to the equip-
ment under test as shown in Fig.
2D. The output of the equipment
is terminated in its correct load
impedance and the bridging input
of the meter is connected across
this load. The bridge switch of
the meter is set to the desired fre-
quency and the equipment is ad-
justed for the desired operating
level. The meter level is then ad-
justed for full scale reading with
the attenuator in either the cali-
brate or 0-db position.

FOR DISTORTION MEASUREMENTS
the oscillator frequency is then
varied for null reading of the
meter, The null is obtained by
simultaneously adjusting the oscil-
lator frequency and the bridge re-
sistance. After the bridge has been
adjusted for null on the lowest at-
tenuator setting possible, the cali-
bration level is rechecked before
taking the reading. For distortion

measurements, it is necessary to set
the oscillator frequency to at least
twice the null frequency when ad-
justing the calibrate level. If the
oscillator or equipment level varies
greatly over this range, an external
meter must be connected at the
input point to insure the input
level to the meter is the same for
calibration and for the null fre-
quency. After the level is correctly
set, the oscillator frequency is reset
to the null point and the attenuator
adjusted until a reading can be ob-
tained on the meter scale. The com-
bination of the attenuator setting
and meter reading indicates the
total distortion.

Although the lowest calibrated
reading for distortion is 0.8 percent
on the 1-percent scale, a lower value
can be read by setting the attenu-
ator to the —50 db position. Full
scale reading in the position_cor-
responds to 0.316 percent which
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Fig. 3—(A) Frequency response of the meter. with the null bridge bypassed, is flat over the full audio spectrum. (B) The rejection of the
null bridge is sufficiently sharp so that second harmonics are attenuated less than a decibel. Problem is to find large inductcnce with
low loss for use at low frequencies
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can be easily read on the 3-percent
scale,

NOISE MEASUREMENTS are made
by setting the frequency switch of
the meter in the noise position and
adjusting the meter for full scale
reading. The signal is then removed
from the equipment under test and
the input properly terminated. The
noise level present may then be
read by decreasing the attenuator
setting until an indication is ob-
tained on the meter. Again, the
combination of the meter reading
and the attenuator setting gives
the final result.

Distortion measurements taken
with the meter indicate the rms
total of all components of the input
signal which fall within the limits
of the frequency range, except the
fundamental frequency component,
which is rejected by the bridge. The

reading of the meter will therefore
include the following components:

(1) harmonics, (2) modulation
cross products between hum and
fundamental, (3) modulation cross
products between hum and har-
monics, (4) hum components and

(5) noise components. The noise
and distortion meter sums all these
quantities and indicates the ratio of
the sum of all undesired compo-
nents to the fundamental frequency
component, If it is desired to de-
termine the distortion due to the
harmonic and cross product com-
ponents alone, either of two methods
may be used.

One method is to operate the
equipment under test at a high out-
put level. This results in making
the hum and noise components small
compared to the other components.
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The second method is to measure
the distortion in the normal manner
at the desired output level, then to
measure the noise level in db, using
the same output level as reference.
The db noise level is then converted
to percent and the values substi-
tuted in the equation
H = (D* — N*)'*

where H is total harmonic and cross
section distortion in percent, D is
distortion in percent and N is noise
in percent.

The noise and distortion meter
described can be constructed for
less than $100.00. This is consid-
erably less than the price of a sim-
ilar instrument on the commercial
market. The meter is capable of
reading distortion as low as 0.1 per-
cent and noise to below —60 db
within the frequency range 30 to
50,000 cps.

Low-Distortion A-M Signal Generator

One-hundred-percent modulation is obtained by combining out-of-phase carrier voltage
with partially modulated signal in cancellation circuit. Uses exalted-carrier detector in
overall feedback circuit. Regulated oscillator insures constant output amplitude

LOW-DISTORTION  ampli-

tude-modulated signal source
is essential for such jobs as adjust-
ing a-m station monitors and test-
ing high-quality broadcast receiv-
ers. With the signal generator de-
scribed, audio distortions of better
than 0.1 percent at 100 percent
modulation are obtained by the use
of several special circuits not com-
monly found in commercial testing
equipment,

Referring to the block diagram
in Fig. 1 and the circuit diagram in
Fig. 2, it may be seen that the out-
puts of the a-f amplifier and r-f
oscillator are combined in the mod-
ulator to produce an r-f signal
which is about 75 percent modu-
lated. One hundred percent modula-
tion is effectively obtained by

By ERNEST S. SAMPSON

1 [ 4
OSCILLATOR
EXALTED
AMPLITUDE [ CARRIER | |CANCELLATION
A 0E | | aMPLIFIER

3 !

SANCELLATION

MODULATOR

CIRCUIT
: EXALTED POWER
AMEDIO o [e-| carRiER fed{ ouTPUT
DETECTOR AMPLIFIER
MODULATED| R-F

Aumo’mpur 1 R TPuT

FIG. 1—Block diagram shows how high
percent modulation is accomplished with
low distortion

adding an out of phase component
of the carrier signal through the
cancellation amplifier. Negative
feedback is employed in both the

audio amplifier and modulator, and
an exalted-carrier detector is used
in an overall feedback circuit.

Circuit Details

The two-stage audio amplifier,
whose function is to raise the level
of the audio input signal to a value
suitable for driving the modulator,
employs about 25 db negative feed-
back from the plate of the second
tube to the grid of the first. The
amplifier distortion is less than 0.1
percent, and its gain is about 100
with 10 volts rms output.

The tunable broadcast-frequency
oscillator which supplies the carrier
component to the modulator and
drives the exalted amplifier and
the cancellation amplifier is a Hart-
ley oscillator.’ Its output is regu- .
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lated at 80 volts rms by the 6AGT7
regulator circuit which eliminates
the need for an amplitude control.

Modulator

A portion of the oscillator signal
and the output of the audio ampli-
fier are impressed on the control
grid of the 829B modulator tube.
The action is very similar to that
of an ordinary grid-modulated am-
plifier.

The constants of the circuit were
chosen to give a 75 percent mod-
ulated - signal at the output of the
modulator without the necessity of
driving the grid positive. This
eliminates the necessity of a low-
impedance grid driving source and
greatly reduces a source of modula-
tion distortion.

The cathode circuit of the mod-
ulator is unique in that it provides
a large amount of degeneration
which effectively reduces the mod-
ulation distortion.

The cathode circuit not only fur-

nishes a d-c bias voltage for the
correct operation of the modulator

but its action is much the same as
that of an ordinary peak detector.
The R-C time constant is long
enough to maintain the peak r-f
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voltage between the r-f current
pulses. It is important to make
this time constant short enough
to prevent audio negative peak clip-
ping. Since a maximum of only 75
percent modulation is required
from the modulator, the design cf
this circuit to prevent peak clip-
ping is simple. Once the resistance
R is determined by the value of
d-c bias required for the modulator
the following equation may be used
to determine the capacitance C:
Vi< K?

¢= Rw K

where K is the maximum percent
modulation divided by 100, o, =
2xnf, and f, is the highest audio mod-
ulation frequency in cps.

The above. equation is derived in
the following manner: From Fig. 3,
let e, = E sin o, t, where e, is the
modulation signal. Then the en-
velope of the peak r-f voltages ap-
plied across the R-C circuit will be
represented by the equation

E = % + E sinwt

Differentiating the equation of
the modulating signal to find its
slope

OSCILLATOR-REGULATOR

EXALTED GARRIER AMPLIFIER
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-FI1G. 2—Circuit diagram of signal generator.

Value of cathode capacitor for modulator

is determined by formula derived in text

deg

= ¢
it wE cosw

The slope of the voltage decay
across the R-C circuit at the begin-
ning of each decay period is —E’/
RC. It is assumed that the voltage
decay is linear for the short period
between the r-f pulses. In order to
prevent distortion due to negative
peak clipping, it is necessary that
the slope of the R-C circuit voltage
decay always be equal to or slightly
greater than the slope of the modu-
lation envelope. Therefore,

—Il(- + sinwt

- T = wCoswt

Since there is only one instant
during the audio cycle that the
above equation can be true, that

eg s ESIN wot

~lth-

FIG. 3—Modulator cathode waveform
showing the modulation envelope

time may be determined by differ-
entiating with respect to ¢, then

coswi
wsinwt

RC =

Substituting this in the previous
equation and solving for C, we
obtain

stnwt= — K

coswt = V1 — K2

_VNi—k

¢ KRw

Cancellation Amplifier

The modulator output signal is
added to the output signal of the
cancellation amplifier in the can-
cellation circuit. The addition of
these two signals results in a sum
signal which has its modulation
percentage increased to 100 per-

cent from the 75 percent level at
the modulator. The cancellation

amplifier signal has a 180 degree
phase relation with respect to the
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carrier of the modulator output
signal.

This 180-degree phase relation is
very accurately controlled by the
tunable capacitor in the parallel
resonant circuit which is the load
impedance of the cancellation am-
plifier. To adjust accurately the
phase of this amplifier, it is neces-
sary to view the generator output
waveform with an oscilloscope with
slightly more audio applied to the
generator input than is necessary
for 100 percent modulation. This
procedure will produce on the oscil-
loscope a picture which is similar
to that” of Fig. 4A. Perfect phase
relationship reveals two sharp
crossover points in the trough of
the modulated signal as shown in
Fig. 4B.

Since the voltage gain of the can-
cellation amplifier is not constant
over the tunable frequency band, it
is necessary to control the screen
grid voltage of the amplifier for
this purpose. Approximately the
correct phase for proper cancella-
tion is obtained at the amplifier
output by driving its grid from the
grid circuit of the oscillator. Good
r-f waveshape is obtained not only
by using the highly frequency selec-
tive tuned circuit in the plate cir-
cuit of the 6 ACT amplifier, but also
by operating the amplifier class A
with degeneration in the cathode
circuit. Figure 4C shows a 100-
percent modulated signal with
perfect cancellation phase.

Power Output Amplifier

The power output amplifier is
driven by the cancellation circuit
and is a cathode follower. The 8298
tube was chosen because of its high
current-conducting capacity and its
high transconductance. The grid in-
put capacitance is greatly reduced
by driving the screen grid at the
same a-c potential as the cathode
through the 0.01-uf screen to
cathode capacitor. Expressed by an
equation, the gain of a cathode fol-
lower amplifier is:

onTh__
gmre+ 1

where g, is the transconductance

O

FIG. 4—Output waveform of a-m signal
generator for (A) incorrect cancellation
phase, (B) correct cancellation phase with
overmodulation, and (C) correct cancella-
tion phase and 100 percent modulation

of the tube and 7, is the equivalent
cathode resistance. The grid input
capacitance will be

C:i=0C(1—-G)
where C, is the new imput capaci-
tance and C, is the input capaci-
tance with the cathode and screen
at ground potential. The grid input
capacitance to the 829B is reduced
from 29 ppf to 3 ppf with the above
mentioned arrangement.

The power output amplifier
drives an air-core r-f transformer
which is used to reduce the peak to
peak amplifier current swing by a
factor of 2.5 to 1. The air-core type
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of transformer was used because it
made possible an impedance trans-
formation without r-f waveform
distortion which would result from
an iron-core transformer. A tuned
transformer could have been used
but it would have meant an addi-
tional tuning control. The primary
winding of the transformer is
wound in a single layer on a eylin-
drical 1.5-inch diameter Bakelite
coilform. The secondary winding is
wound directly on top of the pri-
mary winding. The wire used for
the secondary coil has a diameter
2.5 times that of the primary coil.
This makes the coils equal in length
which provides the maximum possi-
ble coefficient of coupling.

Exaltation Circuit

The exaltation amplifier is driven
from the grid of the oscillator tube
in order to obtain the correct phase
for its output which drives the ex-
alted carrier detector. The correct
phase for the detector is obtained
by adjusting the variable tuning
capacitor in the plate circuit of the
exaltation amplifier.

The exalted carrier type of detec-
tor makes it possible to detect a 100
percent modulated r-f signal with-
out introducing audio negative
peak clipping. Negative peak clip-
ping is eliminated by adding a
large unmodulated r-f signal in
phase with the modulated r-f signal
at the detector. This effectively re-
duces the percent modulation. If
the ratio of unmodulated to modu-
lated signals is made large, the
phase relation between the two
signals does not have to be adjusted
accurately. Improper phase relation
introduces audio distortion but of
small magnitude when a ratio of
voltages of 30 to 1 is used in this
generator detector. A 10-degree
phase relation for the specified con-
ditions will introduce 0.02 percent
second harmonic component and
zero third harmonic component for
a 100 percent modulated signal.

The output of the modulation de-
tector is applied to the input of the
audio amplifier through an r-f filter
circuit. The overall negative feed-



596

back is approximately 20 db and
serves to reduce noise and distor-
tion by that factor.

Operation and Performance

In aligning the signal generator
to a particular frequency an oscil-
loscope must be used for viewing
the modulated output. There are six
controls that must be adjusted for
alignment to a particular carrier
frequency. The oscillator is ad-
justed to the desired r-f frequency.
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The modulator tuning control is ad-
justed to give maximum oscillo-
scope deflection, while the modula-
tor bias control sets the desired
output level. Cancellation tuning is
set to give minimum r-f output
level at the correct phase, and the
cancellation gain is adjusted to give
approximately 25 percent reduction
in output level due to the cancella-
tion amplifier. The exaltation tun-
ing adjustment is set to give a min-
imum modulation while maintain-

ing a fixed audio input level.

The r-f output level is variable
between 6 and 8 volts rms across a
termination of 60 to 100 ohms.

The writer acknowledges the
important contributions of H. R.
Summerhayes, Jr. of the General
Electric Company in connection
with the development of this signal
generator.
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Blower Selection for Forced-Air Cooled Tubes

How to determine requirements for industrial and communications applications. Charts
supplied here, and examples showing how to use them, simplify the job and help to
insure trouble-free performance of equipment

ORCED-AIR-COOLED power tubes
have found wide acceptance in
industrial and communications ap-
plications because of their conven-
ience and economy. Although forced
air is used to cool glass-to-metal
seals, bulbs and metal headers of
tubes the most important single use
is in cooling the external anode.
When a fan or blower is selected
for a particular application two fac-
tors must be known, the air-flow re-
quired by the tube and the static
pressure at the blower outlet. Al-
though these factors apply gener-
ally to cooling any part of an elec-
tron tube, attention is directed in
this article to the problem of select-
ing a blower for cooling the radi-
ator or cooler of an external-anode
tube, particularly when duct work
is used. The results obtained are
equally applicable to the problem of
selecting a blower for cooling any
other part of a tube.

Factors Involved in Selection

The air flow (Q) required by a
tube depends upon the amount of
anode dissipation and upon the
maximum ambient or incoming air

By A. G. NEKUT

temperature expected in a given ap-
plication. For a specified amount
of anode dissipation the amount of
air flow required to limit the tem-
perature rise of the anode to a safe
value may be obtained from tube
data. This value of air flow is usu-
ally based upon tests made at room
temperature and normal barometric
pressures, corrected for the rated

maximum ambient or incoming air
temperature for the tube (usually
45 C). For applications in which
the blower uses air having a den-
sity appreciably different from 0.075
Ib per ft’, corrections must be made.

The static pressure (P,) at the
blower outlet depends upon the
pressure-versus-airflow character-
istics of the system into which the
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blower must deliver the required
volume of air. A typical system
characteristic is shown in Fig, 1.
The value of static pressure is de-
termined by the following factors:

(1) The static pressure rating of
the tube cooler when the required
air flow is passing through it. This
rating is given in tube data as a
function of air flow when the cooler
is operating at its maximum rated
temperature. When the outlet of a
blower discharges into free air, as
is the case when the blower-outlet
air flow is directed at a tube header,
bulb or seal, the static pressure at
the blower outlet is zero provided
no ducts, constrictions or nozzles
are used. Airflow rating of a
blower for zero static pressure at
the blower outlet is usually called
the free-delivery rating of the
blower.

(2) The friction losses in duct-
work and other components such as
elbows, interlock vanes and air fil-
ters. Standard tables of duct-pres-
sure loss' available in most blower

catalogs may be used for estimat-
ing duct friction if the effective
duct length is large.

(3) The change in static pres-
sure in a duct due to changes in
cross-gsectional area which increase
or decrease the velocity of the air-
in the duct. Whenever there is any
change in cross-sectional area be-
tween the blower outlet and the
tube inlet a correction for velocity
changes must be added algebraically
to the static pressure at the blower
outlet. This correction, which is
positive for a contraction in area
and negative for the expansion in
area, is given® by the relation
Vo2 —~ Vi2

~(4,000)? ®

AP, =
where V, is the velocity of the air
before the change in area and V, is
the velocity of the air after the
change. These velocities in feet per
minute may be found from the ex-
pression

V=gq/4 2)
where A is the cross-sectional area
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at the place of measurement in
square feet and @ is the air flow in
cubic feet per minute. The factor
4,000 of Eq. 1 is the velocity con-
stant for air of standard density
of 0.075 b per ft*. The relationship
given in Eq. 1 is shown in graph
form in Fig. 2.

A change in cross-sectional area
also causes friction losses. Such
losses are small and can be ignored

Definitions of Terms

A = cross-sectional area of air flow in ft?

D = diameter of air duct in ft

d = density of air in Ib per ft?

P, = static pressure in inches of water

AP, = change in static pressure in inches of
water

Q = volume of air delivered per unit time in
ft? per min

rpm = speed of blower in revolutions per min

T: = air temperature at inlet in deg C

T, = air temperature at outlet in deg C

AT = change in air temperature in deg C

V = velocity of air in ft per min

Wy = filament power in watts

W = blower-shaft horsepower

Wy = plate dissipation in watts

w = power dissipated per unit air flow in
watts per ft? per min

l 14 T
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FIG. 3—Change in static pressure due to abrupt change in-air-

FIG. 2—Change in static pressure due to gradual change in
flow cross-section

air-flow cross-section
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when the change in cross-sectional
area is gradual and occurs over a
duct length of more than six duct
diameters. When, however, the
change is more abrupt, a correction
for friction losses must be made in
addition to the correction made for
velocity changes in the duct. Cor-
rections for friction losses, whether
due to either a contraction or ex-
pansion in duct area, are always
positive and are added to the sys-
tem static pressure.

A sudden contraction increases
the static pressure at the blower
outlet® according to the relation
Kanz

0007 ®

AP, =
where K. is a constant which de-
pends upon the amount of contrac-
tion and is included in a plot of Eq.
3 in Fig. 3.

A sudden expansion increases the
static pressure® at the blower outlet
according to the relation

(V1 — V,)?

4P = oo @

The static pressure rating of the
cooler and the friction losses in air
filters and exit louvers produce
nearly all of the static pressure at
the blower outlet. The correction
for changes in cross-sectional
area are usually negligible unless
the area changes are very large and
the air velocities are high. The
magnitude of the corrections in-
volved may be obtained from Fig. 3.

Another factor which should be
congidered in the selection of a fan
or blower is the amount of noise
which can be tolerated. In general,
a blower operating with high blade-
tip velocity and developing a value
of P, in excess of two inches of
water will usually produce a notice-
able amount of noise in quiet sur-
roundings. The recommendations of
the manufacturer should be ob-
tained in applications where low
noise output is important.®

When a blower is chosen for a
particular application, some consid-
eration should be given to the char-
acteristics of the blower under
varying load conditions. A satisfac-
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tory and widely used type of cen-
trifugal blower is one using an
impeller wheel having a multitude
of small vanes or blades located at
the rim of the wheel and curved in
the direction of rotation. Such a
blower will develop a given static
pressure at lower blade-tip velocity
than other types of centrifugal
blower, with a resultant econemy
in blower size. If, however, pro-
longed operation is contemplated
with a tube removed from its socket
and thus with reduced static pres-
sure at the blower outlet, a centrif-
ugal blower - having backwardly
curved blades is recommended, since
such a blower has a nonoverloading
characteristic. In such a blower the
shaft horsepower reaches a maxi-
mum somewhere in the middle of
its operating range and remains
substantially constant for a con-
stant blower speed as the static
pressure at the blower outlet is re-
duced to zero. In the larger sizes,
this type of blower often has the
further advantage of permitting di-
rect drive from a 1,750-rpm, 60-
eycle a-c motor because of its inher-
ently higher speed of operation.

Axial flow fans are not used at
present in any appreciable quantity
for tube cooling because of the high
motor speeds necessary in the sizes
of fans suitable for this service.
Their small size and in-line flow
characteristics may recommend
them for special application, how-
ever.

Outlet-Air Temperature

A matter of lesser importance but
one which may require some design
consideration is the effect of the
temperature of the air leaving the
tube cooler on some of the circuit
components such as filament bypass
capacitors. If some components are
exposed to temperatures exceeding
their mnormal ratings it will be
necessary to reduce the temperature
of the outgoing air by selecting a
blower which will provide a greater
air flow. The rise in temperature
(AT) of the cutgoing air in the
cooler may be determined from

AT=T,—T; =

164 Q

where T, is the temperature of the
incoming air in degrees centigrade,
W, is the plate dissipation in watts,
W, is the filament power in watts,
and @ is the airflow in cubic feet
per minute. For incoming air at
room temperature (25 C) this rela-
tion may be simplified to

1.82 (W, + W)
Q

The calculated value of AT will
usually be higher than the meas-
ured value because some of the heat
produced by the plate and by the fila-
ment will be carried away by con-
duction in the filament leads and
cooler support. A further reason is
that the heated outgoing air, be-
cause of its relatively high velocity, .
mixes immediately with the sur-
rounding air. Figure 4 is a plot of
Eq. 5.

AT = (6)

High-Altitude Operation

Tube operation at high altitudes
or under conditions where the
blower uses air having a density
appreciably lower than standard
density is sometimes encountered.
In order to maintain a constant co-
efficient of heat transfer between
the cooler fins and the air stream,
the mass rate of air flow in 1b of air
per minute must be held constant
for all values of air density. For a
blower of fixed size operating into a
given system, the mass rate of air
flow can be held constant by increas-
ing the speed of the blower in in-
verse ratio of the air densities. In
the following fan laws, subscript 1
indicates standard air-density con-
ditions, subseript 2 indicates lower
air-density conditions, and W, is
blower-shaft horsepower

(xprm)s = —- (rpra) @
(Wads = <—j,i—> (Wl ®
(P = (), ®
@ = Zi () (10)

These equations may be used in
selecting a blower for operation
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dissipation

where lower than standard air
density prevails by first computing
the air flow and static pressure at
the blower under standard density
conditions and then correcting for
the different air density. The varia-
tion of air density with altitude and
temperature is plotted in Fig. 5. To
find the air density from this figure
at any temperature and altitude, the
following relation is used:

d=13.3d,d: 11)

Testing the System

After the system has been in-
stalled, the static-pressure (P,) rat-
ing for the tube may be used to de-
termine whether sufficient air is
being supplied to the cooler. A
simple U-tube manometer may be
constructed as shown in Fig. 6,
using water as the manometer
liquid. The value of P, may be read
directly as the difference in height
of the liquid levels.

To make this measurement a
small hole (No. 40 drill size) is

drilled in the air-supply duct at
some suitable place at least three
inches below the cooler. Care should
be taken that the hole is free from
‘burrs and is located in a smooth
section of air duct at least three
inches away from any joints, air-
flow interlock vanes or other ob-
structions. The inlet of the manom-
eter is connected to this hole by
means of a gsuitable length of rubber
tubing. The outlet of the manoem-
eter is connected to some point in
the tube enclosure space or equip-
ment cabinet which is maintained at
the static pressure into which the
tube air flow must discharge under
normal service conditions. This
measurement is normally made by
inserting the rubber tubing con-
nected to the manometer outlet
through a louvre or other opening
in the cabinet wall into a region in
the cabinet where the air velocity is
negligibly small. All doors and
other openings normally closed in
operation must, of course, be closed.

The value of P, thus obtained
should be equal to or greater than
the value given in the tube data for
the air flow and dissipation re-
quired.

It is desirable to make this meas-
urement with the equipment operat-
ing at full rated output, because the
static pressure required for a given
air flow through a tube cooler in-
creases with cooler temperature.
This increase in static pressure
varies approximately from 2 to 15
percent, depending upon the tube,
as the temperature rise of the cooler
is increased from zero to the maxi-
mum allowable temperature rise.
When many tubes are supplied from
a common plenum chamber it is usu-
ally sufficiently accurate to measure
the static pressure in the plenum
chamber and assume that this pres-
sure is the actual static pressure
present at the tube inlet.

Standard methods of testing
blowers and fans have been pub-
lished*.

Example

By way of illustration, let us
assume that it is required to select
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a blower for two 5671 tubes oper-
ated at maximum ratings. The tube
data indicate that an air flow (Q)

of 1,800 ft* per min per tube is re-.

quired with a static pressure (P,)
at the tube inlet of 2.2 inches of
water. The inlet air temperature is
assumed to be 21 C and the equip-
ment is assumed to be operated at
sea level, so that no correction for
air density need be made. A typical
layout for the required ductwork
is shown in Fig. 7.

The problem here is to find the
effective static pressure required at
the blower outlet. This static pres-
sure will be made up of the tube
static pressure rating, the air-filter
static-pressure rating, the friction
losses in the straight duct and the
elbows, and the change in static
pressure due to any changes in
cross-sectional area of the air ducts.
The static-pressure rating of the
tube has already been given as 2.2
inches of water at 1,800 ft* per min.
An air filter of proper design and
adequate air flow cross-section
should have a static pressure rating
of about 0.25 inch of water.

Before evaluating the remaining
static pressure contributions of the
system, it is necessary to make a
tentative blower selection in order
to fix its outlet area. Since the air-
flow paths of the two tubes are in
parallel, the blower is required to
deliver cooling air at a rate of :

Q = 2 (1,800) = 3,600 ft? per min

The static pressure due to the
tubes and air filter is approximately

P, = 2.2 + 0.25== 2.5 inches of water

The cross-sectional area (A) of
the tube air inlet may now be ob-
tained from the tube dimensional
outline. For the 5671, the diameter
(D) of the air-inlet duct is approxi-
mately 1 foot. The tube air-inlet
area is A = =D*/4 = 0.78 ft* per
tube or 1.56 ft* for the two tubes.

An examination of blower cata-
logs shows that the Buffalo Forge
Company size 2%, single-inlet single-
width Limit Load fan has an outlet
area of 1.56 ft* and would appar-
ently be a suitable selection. How-
ever, in order to deliver 3,600 ft*
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per min against a static pressure of
2.5 inches of water the blower speed
must be approximately 1,880 rpm.
This speed would not permit the
blower to be connected directly to a
60-cycle induction motor with a
rated load speed of 1,725 rpm. A
blower with a larger wheel diam-
eter, however, will permit the use
of a lower speed for the same static
pressure. The Limit Load size 3
will deliver 8,600 ft* per min against
three inches of water at 1,720 rpm.
Because the outlet area of this fan
is 1.86 square feet, a reduction in
air flow cross-sectional area is
necessary in the connection between
the blower and the tube. If A, is
the blower outlet area and A, is the
tube inlet area then the area ratio

A4, 1.6 _
41 1.86 = 0.84

The air velocity V. at the tube
inlet is

_ Q@ _ 3,600 _ .
Va= 4 " 1.56 = 2,310 ft per min
s
0X § -IN.
10 AR .~ DiAM)
pucT

~F P, IN INCHES
4 ' OF WATER

WATER

ALLRALLRRRRARNAN

F1G. 6—Simple U-tube manometer, use-
ful for system tests

From Fig. 2, the change in static
pressure (AP,) in going from sec-
tion 2 to section 1 is 4 0.14 inch of
water. Since this value is positive,
it must be added to the tube static-
pressure rating. This static-pres-
sure value is based upon the as-
sumption that the change in air-flow
cross-sectional area was made grad-
ually. In most cases, however, a
gradual change is not practical. For
the duct layout shown in Fig. 7 a
further correction for a sudden con-
traction in duct area must also be

made and added to the tube static-
pressure rating. From Fig, 3 it is
seen that this correction (AP,) is
0.04 inch of water.

The remaining causes of system
static-pressure losses are the elbows
and the straight length of ductwork
from the blower. The values of
these losses may be obtained from
most blower catalogs or texts on air
conditioning. For a 10-foot length
of rectangular duct 19% in. X 14%
in., to fit the outlet of the size 3 sin-
gle-width blower, the static-pres-
sure loss due to friction is found to
be 0.02 inch of water. The static-
pressure loss in the elbows can be
determined from published charts
in terms of an equivalent length of
straight pipe having the same cross-
sectional area. In this case it is
equal to a length of approximately
nine equivalent pipe diameters in
straight pipe for the radius of cur-
vatures of the bend scaled from Fig.
7. For the square duct 18 in. X 13
in. the friction static-pressure loss
is 0.018 inch of water. It is evident
from the above that unless abnor-
mally small duct sizes are used for a
given air flow the correction for
elbows, etc, are small,

When we collect and add up all
the contributions of static pressure
in inches of water, we obtain

5671 tubes ............c.... 2.20
Airfilter ............. e 0.25
Duct contraction ........... 0.14
Correction due to sudden duct
contraction .............. 0.04
Elbow and duct friction .... 0.
2.67

The sum of all the static pres-
sures obtained above is known as
the system static pressure at the
blower outlet at the rated flow of
3,600 ft’ per min. Since all of these
items vary approximately as the

square of the velocity, and hence Q,

" at the blower outlet, the system

static pressure curve may be plotted
from the relation

= 2.67 <— 9"——>2 (12)

3,600
(Po): = 2.06 X 1077 (Q.)?
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where (P,), is the static pressure.

of the system measured at the
blower outlet for any value of air
flow Q.. This equation is plotted
in Fig. 1.

The intersection of the fan char-
acteristic curve and the system
characteristic curve in Fig. 1 indi-
cates the operating point of the
combination and shows that 3,700
ft* per min will be delivered to the
tubes with a static pressure at the
blower outlet of 2.85 inches of
water. The catalog ratings show
that 2.4 horsepower is required.
Since the maximum horsepower for
this blower at 1,725 rpm is shown as
2.7 horsepower a three-horsepower
motor would be a logical choice.

From Fig. 4, the air temperature
at the tube outlet may be obtained.
The power dissipated, in watts per
ft* per min, is

wo AW+ W) _ 2(25,000 + 3,140) _

Q 3,700
15 watts per ft? per min.

For an inlet air temperature of
21 C, the tube outlet air tempera-
ture is found from Fig. 4 to be 48 C.
This value is generally of interest to
the equipment designer in order to
predict the maximum temperature
to which various components located
in the outlet air stream will be
exposed.

High-Altitude Example

The preceding example consid-
ered the selection of a blower for a
cooling system operating under
normal conditions of temperature
and atmospheric pressure. If this
same system were to be operated at
an altitude of 5,000 feet above sea
level and with an inlet air tempera-
ture of 45 C a correction for the
reduced air density would be neces-
sary.

From Fig. 5, at an altitude of
5,000 feet and a temperature of 21
C the density d, = 0.062 1b per ft*;
at sea level and a temperature of
45 C the density d, = 0.069 Ib per ft’.
From Eq. 11 the actual air density
d = 13.3d.d, = 13.3(0.062) (0.069)
= 0.057 1b per ft. The blower se-

“lected in the previous example may
be used to deliver the same mass
rate of air flow when handling
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FIG. 7—Typical duct arrangement for cooling two power triodes

lower-density air by increasing its
speed in accordance with Eq. 7

. 4 0.075
(rpm)s’= —d:— (rpm); = 0.057 (1,720) =
2,260 rpm

The blower-shaft horsepower rat-
ing given in the first example must
be corrected in accordance with
Eq. 8

a Y _ f0.015Y:
(Wads = (—d,— (W) = (m)‘“’

= 4.16 horsepower

The static pressure measured at
the blowef outlet when the blower is
handling the lower density air is

d 0.075
(P2 = —-d:— (P = 0.057 2.9 =

3.8 inches of water

The air flow under these condi-
tions may be found from Eq. 10,
although there is mno particular
need for the value found. The out-
let air temperature is the same as
found in the first example because
the mass rate of air flow has been
held constant.

The two examples given illustrate
the procedure to be followed in se-
lecting blowers to supply the re-
quired air flow to the external-anode
coolers of typical power tubes. The
same procedure can be used to cal-

culate the effective static pressures
at the blower outlet, or inlet for suc-
tion systems, for. any air system
which may be used to cool the seals,
bulbs or headers of vacuum tubes.
In general, unless the air system
is long and has many sharp bends
and large abrupt changes in air flow
cross-section and unless the air
velocity is abnormally high in ducts
of small cross-section the correc-
tions for duct friction and area
changes are small. The largest con-
tributors to the static pressure at
the blower outlet are the tubes
themselves and the air filtering sys-
tems. One major exception to this
last statement, however, is the pres-
ence of inadequately designed air
exit louvres or openings in the en-
closing cabinet. These openings
should be designed with adequate
area so that the air velocity through
them is kept as low as possible.
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Absorption traps, design of, 238
A-C bridges, automatic, 279
A-C voltmeter for built-in instrumentation, 293
A-C vtvm, millivolt, 290, 293
sensitive, 294
Ac i fr
Accurate time for broadcast studios, 308
Acoustical power nomograph, 110
Adjustable temperature-coefficient capacitor, 197
Admittance, compensated amplifier, 14
ADP crystal delay line, 461
A-F amplifier, tunable, 101
Aids to cro display of phase angle, 162
Airways vhf communications receiver, 516
Alarm, automatic audio level, 141
carrier failure, 586
Al t sy visual, b
Alternate-pulse inverter, 456
A-M, pattern calculator for, 81
A-M signal generator, low-distortion, 593
A ion, cathode-cc d video, 14
Amplifier damping, audio, 94
Amplifier hum reduction, 532
Amplifier neutralization, pentode, 9
Amplifier stabilization chart, 109
Amplifiers, a-f, tunable, 101
bolometer, for microwave measurements, 296
cancellation, 593
cathode-coupled, 108
differential, 234
limiter, 264
cathode-follower, 3, 4, 8
d-c, 108
differential, 234
distributed, 156
feedback (see Feedback amplifiers)
fixed-tuned vhf, 10
grounded-grid r-f, 483
low-noise, 28
narrow-band, 29
resistance-coupled, 6
selective, sine and square-wave generator, 445
single-tuned, 1
stagger-tuned i-f, 27
television, antenna coupling, 75
tuner, 483
traveling-wave chain, 316
two-phase output, 108
video, 11, 14, 24
wide-band, for central antenna installations, 91
(See also Audio amplifier)
Amplitude oscillator, constant, 382
Analog, loudspeaker, 118
Analysis, graphical Fourier, 454
sync-separator, 433
television receiver transient, 497
Analyzer, antenna, 83
signal strength, 305
Angle, phase, 162, 269
Annular slot antenna, 64
Antenna analyzer, 83
Antenna array (see Array)
Antenna coupler, multiple tv, 74
A design, disguised, 67
Antenna installations, wide-band amplifier for, 91
Antenna measurements, tv receiving, 90
Antenna patterns, calculator, 81
measurement facilities, improved, 89
synthesis, 80
Antenna towers, selection of, 41
Antennas, annular’ slot, 64
antifading broadcadt, 47
coaxial feed system for, 77
f-m broadcasting, multi-V, 60
helical, construction of, 56
horizontally polarized, 55
horn, for television, 71
microwave radar, 68
mobile, disguised, 67
flush-mounted, 64
paraboloid, attenuation between, 70
radar, microwave, 68
rejector for, 73

ison, 298

line for, 164

INDEX

spiral, 56
stub, 64
turnstile, feeding, 76
uhf (see Uhf antennas)
vhf dummy, 92
Antifading broadcast antenna, 47
Arc-back indicator, 400
Array, antenna, calculating, 51
design, 74
multi-V, 60
parasitic, optimum dimensions for, 74
television, measurement, V, 90
uhf omnidirectional, 55
Array pattern tracer, 83
Atmospheric absorption, uhf, 412
Atmospheric noise measurement, 426
Attenuation, coaxial stub, 551
between paraboloid antennas, 70
in waveguides, 559
Attenuation nomographs, uhf, 412
Attenuators, audio, 258
bilaterally matched, 553
piston, 333
single-input with multiple outputs, 258
waveguide, 327, 529
Audio amplifier, damping, 94
hum reduction, 532
positive and negative feedback, 104
tunable, 101
Williamson, 94
Audio distortion measurement, 122
Audio distortion meter, 589
Audio equalization, 137
Audio equalizer chart, 247, 249
Audio failure alarm, 141
Audio filters, dynamic noise suppressor, 242
high-pass, 242
oscillator rejection, 101
Audio fry ies, phase ement, 264
Audio-input limiter for mobile f-m, 569
Audio intercom, multistation, 127
voice-controlled, 131, 133
Audio level alarm, automatic, 141
Audio level nomograph, 110
Audio noise suppressor, 118
Audio oscillator (see Oscillator)
Audio phase meter, single-tube, 274
Audio pickup placement, 114
Audio pickup response, 111
Audio prompting system, inductive, 142
Audio signal generator, bandspread, 361
Audio speech inverter, 137
Audio tone control, 115
Audio tone source, 233
Audio and ultrasonic frequencies, measuring phase
at, 264
Audio vtvm, logarithmic, 286
Automatic a-c bridges, 279
Automatic audio level alarm, 141
Automatic intercom, voice-controlled, 131, 133
Autosyn phase shifter, 458

Background noise suppressor, 118
Balancing bridge, automatic, 279
Balun, turnstile antenna feed, 76
Balun slots, impedance-matching, 55
Balun transformer, vhf, 10
Band-pass filters, corrugated-waveguide, 327
phase-shift, 234
Bandspreading resistance-tuned oscillators, 361
Bandwidth, cascaded circuits, 521
cathode-follower, 3
resistance-coupled amplifier, 6
television i-f, 183
Bandwidth chart, i-f amplifier, 27
Bandwidth nomograph, i-f amplifier, 1
Baseline for visual alignment systems, 164
Bass tone control, 115
Battery-operated vtvm, 294
Bazooka, 538
Beam, infinite-rejection, 73
Beat-frequency chart, 518
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Beat-frequency oscillator, warbler for, 125
Beat-frequency tone generator with r-c tuning, 124
Beat-note interference suppression, 528
Bifilar i-f coils, 183
Bilaterally matched attenuator, 553
Bisectional horn antennas, 71
Blocking oscillator, 430
improved vertical, 437
Blower selection for forced-air cooled tubes, 596
Boella effect, resistors, 194
Bolometer amplifier for microwave measurements,
296
Booster, fixed-tuned television, 10
Break-in circuit, voice-operated, 578
Bridge network modifications, Wien, 259
Bridge-stabilized oscillator, 389
Bridge voltage charts, 279
Bridged-T audio equalizer chart, 247
Bridged-T filter, 589
Bridged-T networks, 234
Bridged-T neutralization of pentode amplifiers, 9
Bridges, automatic a-c, 279
Brightness, picture tube, 149
Broad-band television booster, 10
Broadcast antenna, antifading, 47
Broadcast receiver, pickup, 481
Broadcast station audio failure alarm, 141
Broadcast studios, accurate time for, 308
Broadcast tape speed control, 144
Broadcasting, multi-V antenna for f-m, 60
Built-in instrumentation, a-c voltmeter for, 293
Busy signal, voice-operated, 136
Buzzer test oscillator, kilomegacycle, 333

(o

CAA noise test, 516
Calculations, selectivity, 521
uhf field intensities, 409
Calculator, pattern, for a-m, 81
Calibrator, radar range, 467
Cancellation amplifier, 593
Capacitance bridge, automatic, 279
Capacitor, temperature-coefficient, adjustable, 197
Capacitor nomograph, t ature- p ing,
195
Capacitor voltage divider, regulated, 405
vacuum, 295
Carrier tion level regulator, 582
Carrier failure alarm, 51, 141, 586
Carrier-frequency voltmeter, 292
Carrier-operated squelch relay, 516
Carrier-shift check meter, 299
Carrier systems, voice-operated switching of, 578
Cascaded circuits, bandwidth of, 521
Cathode-compensated video amplification, 14
Cathode-coupled amplifier (see Amplifiers, cathode-
coupled)
Cathode-coupled clipper, 264
regenerative, 430
Cathode follower, 392
afc, 124
Cathode-follower amplifier, 3, 4
tuning, 8
Cathode-follower bandwidth, 3
Cathode-follower response, 4
Cathode-follower tone control, 115
Cathode-ray, fast sweep circuit, 165
linear sweep generator, 168
Cathode-ray alignment, television, 164
Cathode-ray oscillography, millimicrosecond, 156
Cathode-ray oscilloscope, 151
Cathode-ray phase angle display, 162
Cathode-ray phase meter, 272
Cathode-ray photography, 180
Cathode-ray radiation pattern tracer, 83
Cathode-ray tube measurements, 149
Cavities, 800-mc tunable, 333
klystron, 320
Cavity-type preselector, 312
Cavity wavemeter, 346
Central antenna installations, wide-band amplifier
for, 91
Chain amplifier, traveling-wave, 316
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Channel decoder, telemetering, 441
Channels, few crystals control many, 512
Characteristic impedance, transmission line, 540
Charts, amplifier stabilization, 109
blower, 596
choke-input filter, 255
coaxial line impedance, 548
equalizer design, 249
high-fr tr i -li
. i-f coil form factor, 187
microwave diffraction, 418
mixer harmonic, 518
network design, 244
noise figure, 480
Q-meter .impedance, 276
power-level, 40
Smith (see Smith chart)
uhf propagation, 409
universal equalizer, 247
Check meter, carrier-shift, 299
Checking crystals, 198
Choke design, 189
Choke-input filter chart, 255
Circuits, drift-cancellation, 527
electronic, has logarithmic response, 286
fast sweep, 165
panoramic sweep, 524
transistor frequency-modulator, 571
vtvm, 290
Circular sweep circuit, 272
Circularly polarized radiation, helical antenna, 56
Citizens band signal generator, 397
Citizens radio helical antennas, 56
Citizens radio wavemeter, 346
Clamped oscillator, 382
Clapp oscillator, twin, 388
Clipped oscillator, 382
Clipper, cathode-coupled, 264
regenerative, 430
square-wave, 497
sync, 433
Clock, broadcast studio, 308
Coax diameters, optimum, 548
Coaxial correction stub, 551
Coaxial feed system for antennas, 77
Coaxial line, impedance nomograph, 540
Coaxial line diameters, 548
Coaxial line matching transformer, 190
Coaxial-stub filter, 551
Coaxial wavemeter, 346

» 546

Coefficient itor, bl ature, 197
Coefficient in tuned r-f transformers, measure cou-
pling, 188

Coil design, television i-f, 182
Coil-winder nomograph, 191
Coils, bifilar i-f, 183
Colpitts oscillator, 387
uhf, 397
Combining positive and negative feedback, 104
Combining sound levels, 110
C ication, multich 1, stabilized master os-
cillator for, 376
Communication break-in, voice-operated, 578
Communication level regulator, carrier, 582
Communications receiver, airways vhf, 516
drift-cancellation, 527
heterodyne eliminator, 528
Compact microwave signal generator, 339
Comparison, accurate instantaneous frequency, 298
frequency, with WWV, 302
Cc d video a , 14, 24
Comp ing capacitor, adj ble, 197
Compensating capacitor nomograph, 195
Compensation, crystal pickups, 111
Compensation chart, audio, 247, 249
Complex tone generator for deviation tests, 304
Complex voltages, measuring, 269
Constant-amplitude oscillator, 382
Control, broadcast tape speed, 144
crystal, microwave generator with, 336
instantaneous deviation, 563
remote, for radio tuning, 531
versatile tone, 115
Conversion of piano to organ, 217
Converters, gain-doubling, 34
gated-beam, 38
pulse-sinewave, 454
Cooled tubes, forced-air, blower selection for, 596
Correction stub, coaxial, 551
Corrugated-waveguide band-pass filters, 327
Cotipler, antenna, multiple tv, 74
Coupling amplifier, tv antenna, 75
Coupling coefficient in tuned r-f transformers, meas-
ure, 188

CRO display of phase angle, aids to, 162
Cross lation, i heric, 424
Crosshatch generator, television, 180
Crystal control, microwave generator, 336
Crystal-controlled receiver, 481, 512
Crystal delay line, 461
Crystal diode circuit, vertical sync, 437
Crystal diode pulse stretcher, 446
Crystal filter, lattice-type, 260
Crystal oscillator, harmonic, 352
phase-modulated, 312
triode, 363
Crystal oscillator design, overtone, 352
Crystal pickup response, 111
Crystal-saving oscillator, 376
Crystal triode frequency modulator, 571
Crystal triodes, testing, 202
Crystal voltmeter, high-frequency, 289
Crystals, checking, 198
few, control many channels, 512
frequency checking, 198
Cuing system, inductive, 142
Curves, absorption trap response, 238

]

Damping, audio amplifier, 94
Db-scale vtvm, 286
D-C amplifier, 108
D-C restorer, double-ended, 476
Decay time measurement; pulse rise and, 449
Delay limiter, a-m transmitter, 565
Delay-line pulse stretcher, 446
Delay lines, improved ultrasonic, 461
Delay network tester, radar, 466
Delay for radar ranging, variable pulse, 458
Demultiplication circuit, 301
Design, of ‘absorption traps, 238
coil, television i-f, 182
crystal filter, 260
disguised antenna, 67
for electronic reed organ, 224
f-m receiver, problems of, 504
graphical iron-core reactor, 188
oscillator, overtone crystal, 352
of pipeless organ, 212
television front-end, 483
transit-time effects in, 494
transformer, wideband series-parallel, 190
Wien-bridge network, 259
Design chart, equalizer, 249
network, 244
Detector analysis, f-m receiver, 504
Deviation control, instantaneous, 563
Deviation limiter, simple, 570
Deviation tests, complex tone generator for, 304
Diameters, optimum coax, 548
Diatonic scale, music, 229
Dielectric constant measurement, 350
Differential amplifier, 234
Diffraction charts, microwave, 418
Diode, gas, electronic organ, 205
Diode vtvm, 290
Direct-coupled phase inverter, 108
Direct frequency measurement, 301
Direct-reading r-f wattmeter, 296
Discriminator, pulse-width, 441
Discriminator analysis, f-m, 504
Disguised antenna design, 67
Display of phase angle, aids to cro, 162
Distortion measurement device, 122
Distortion and noise meter, 589
Distributed amplifier, 156
Distribution amplifier, tv antenna, 75
Dividers, regulated voltage, 405
vacuum-capacitor voltage, 295
Division, frequency, with phase-shift oscillators, 367
Double-ended d-¢ restorer, 476
Drift-cancellation circuit, 527
Dummy antennas, vhf, 92
Duplexing, microwave, 320
Dynamic noise suppressor, filter characteristics for,
242

Eccles-Jordan flip-flop circuit, 264, 444
Efficiency of mismatched lines, 554

Electronic circuit, logarithmic response of, 286
Electronic music (see Music, electronic)
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Electronic organs, 209
experiments with, 228
gas-diode, 205
neon-tube, 205
reed, design for, 224
Electronic switch, 466
cathode-ray, 168
Electrostatic-field hum reduction, 532
Electrostatic pickup from reeds, 224
Eliminator, heterodyne, 528
Emergency transmitter starter, 587
Equalization, audio, 137
tone control, 115
Equalizer, crystal pickup, 111
Equalizer chart, universal, 247
Equalizer design” chart, 249
Equalizer networks, R-C and R-L, transfer func-
tions for, 250
Evaluation, television receiver signal-noise, 520
Exalted-carrier detector, 593
Excitation, self-regulating field, for magnetrons, 341
Extending linear range of reactance modulators, 575

Failure alarm, audio, 141
carrier, 51, 141, 586
Fast sweep circuit, 165
Feed system, coaxial, for antennas, 77
Feedback, combining positive and negative, 104
mechanical, 118
motional, improving loudspeaker response, 119
pickup compensation, 111
positive, 29
Feedback amplifiers, 5
audio, 94
modified Wallman, 28
tuning systems, 8
video, 11
Feedback chart, 109
Feeding turnstile antennas, 76
Field excitation for magnetrons, self-regulating, 341
Field intensities, calculating uhf, 409
microwave, 418
vhf, 407
Field surveys, tv, technique for, 420
Figure chart, noise, 480
Filament voltage regulator, 404
Filter characteristics for dynamic noise suppressor,
242
Filter chart, choke-input, 255
Filters, band-pass, 234, 327
phase-shift, 234
bridged-T, 589
coaxial-stub, 551
crystal, lattice-type, 260
dynamic noise suppressor, 242
high-pass audio, 242
low-pass audio, 118
low-pass iterative, transference nomographs for,
253
m-derived, 156
mechanical, in waveguide, 327
oscillator rejection, audio, 101
stop-band, 242
Five-kw phase-to-amplitude transmitter, 560
Fixed-tuned broad-band television booster, 10
Fixed-tuned vhf amplifier, 10
Flip-flop, Eccles-Jordan, 264, 444
Flip-flop multivibrator, 133
Flip-flop phase comparator, 264
Flush-mounted antenna for mobile application, 64
F-M, mobile, audio-input limiter for, 569
open-wire line for, 538
F-M broadcasting antenna, multi-V, 60
F-M detector, locked-in oscillator, 370
synchronized-oscillator, 504
F-M deviation tests, 304
F-M oscillators, 389, 392, 575
F-M receiver design problems, 504
F-M studio-transmitter link, 325
F-M transitron oscillator, 387
F-M transmitter deviation control, 563
F-M transmitter deviation limiter, 570
Forced-air cooled tubes, blower selection for, 596
Form factors of i-f transformers, determining, 187
Fourier analysis, graphical, 454
Free-space propagation, uhf, 412
Frequencies, audio and ultrasonic, measuring phase
at, 264 '
high crystal voltmeter, 289
resistor behavior at, 194
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of reflex oscillators, stabilizing, 341
spurious mixer, 518
Frequency checking, crystals, 198
Frequency comparison, accurate instantaneous, 298
Frequency converters, gain-doubling, 34
Frequency-deviation oscillator, 575
Frequency divider, 205
Frequency-dividing oscillator, 449
Frequency division with phase-shift oscillators, 367
Frequency measurements, direct, 301
production-line, 302
shift, 299
Frequency meter, citizens radio, 346
Frequency modulator, 576, 577
Frequency-modulator circuit, transistor, 571
Frequency multiplier, 456
Frequency standard for clocks, 308
Frequency voltmeter, carrier, 292
Fresnel zone, 412, 418
Front-end design, television, 483
transit-time effects in, 494
Fronts, pulse, steepness of, 451
Functions, transfer, for R-C and R-L equalizer net-
works, 250

<]

Gain, feedback amplifier, 5
stabilizing, 109

Gain-bandwidth nomograph, 1

Gain-doubling frequency converters, 34

Gain measurement, antenna, 90

Gain nomograph, receiver, 478

Gas-diode electronic organ, 205

Gas tube regulation, 406

Gas tube voltage regulators, optimum parameter for,
406

Gated-beam mixer, 38
Gated-beam tube, for intercarrier sound, 97
square-wave generator using, 365
General-purpose precision oscilloscope, 151
Generation, linear sweep, 168
Generators, beat-frequency tone, with R-C tuning,
124
citizens band signal, 397
compact microwave signal, 339
complex tone, for deviation tests, 304
inexpensive picture, 169
low-distortion a-m signal, 593
low-frequency, 444
microwave, 333, 336, 339
radar test, 471
sawtooth (see Sawtooth generators)
sine and square-wave, and selective amplifier, 445
square-wave, 264, 365, 445
television crosshatch, 180
television signal, picture-modulated, 174
variable pulse-length, 430
Germanium transistors, testing, 202
Graph for Smith chart, 558
Graphical antenna pattern calculation, 81
Graphical Fourier analysis, 454
Graphical iron-core reactor design, 188
Graphical power-level computations, 40
Graphical solution for feedback amplifiers, 5
Grid-detection vtvm, 290
Grounded-grid r-f amplifier,” 483
Grounded-grid tv mixer, 483
Guyed tower loading, 41

H

Half-shot multivibrator, 456
d Solovox principles, 221
Harmonic chart, mixer, 518
Harmonic crystal oscillator, 352
Harmonic interference, video detector, 500
Hartley oscillators, electronic organ, 209
Hartshorn’s curve for resistors, 194
Head-end design, television, 483
Heaters, stabilizing, 404
Helical antennas, construction of, 56
Heterodyne audio oscillator, 124, 125
Heterodyne eliminator, 528
Heterodyne frequency-shift meter, 299
High-fidelity, measurement, 122
High-fidelity response from phonograph pickups, 111
High frequencies, resistor behavior at, 194 ’
High-frequency crystal voltmeter, 289
High-frequency impedance plotter, 344

High-frequency transmission-line chart, 546
High-Q variable reactance, 392

High-resistance measurement, 278

High-speed oscillography, 156

Horizontally polarized omnidirectional antenna, 55
Horn antennas for television, 71

Hum reduction, 532

Hybrid circuit, 320

Ice loading, antenna, 41
IDC circuit, f-m, 563
I-F amplifier design, stagger-tuned, 27
I-F amplifier gain-bandwidth nomograph, 1
I-F coil design, television, 182
I-F coils, bifilar, 183
I-F transformers, determining form factors of, 187
I-F response curves, 238
Impedance, transmission line, 540
Impedance charts, Q-meter, 276
transmission line, 546
Impedance match test, 297
Impedance-matching, coax to antenna, 77
magic tee, 346
theoretical limitations to, 556
Impedance-matching nomograph, 246
Impedance-matching transformer, antenna, 76
Impedance plotter, high-frequency, 344 -
Improved antenna pattern measurement facilities, 89
Improved pulse stretcher, 446
Improved speech inverter system, 137
Improved ultrasonic delay lines, 461
Improved vertical synchronizing system, 437
Improving loudspeaker response with motional feed-
back, 119 .
Improving program-limiter performance, 565
Impulse generator, 466
Incremental phase splitter, 474
Indicator, arc-back, 400
Inductance bridge, automatic, 279
Inductance nomograph, 182
Inductive prompting system, 142
Inductors, bifilar, 183
form factor, 187
iron-core, 189
r-f, 188
Inexpensive picture generator, 169
Infinite-rejection beam, 73
Input admittance, compensated amplifier, 14
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Klystron modulator, 339
Klystrons, multiplexing, 320

L network design charts, 244
L network nomograph, 246
Lamp-bulb dummy antennas, 92
Lattice-type coil nomograph, 191
Lattice-type crystal filter, 260
Level alarm, automatic audio, 141
Level regulator, carrier communication, 582
Levels, sound, combining, 110
Limiter-detector, gated-beam tube, 97
Limiters, audio-input, for mobile f-m, 569
receiver noise, 516
simple deviation, 570
Line amplifier, video, 11
Line diameters, coaxial, 548
Line-of-sight attenuation chart, 70
Linear range of reactance modulators, extending,
575
Linear sweep generation, 168
Lines, for f-m, open-wire, 538
improved ultrasonic delay, 461
mismatched, efficiency of, 554
Link, studio-transmitter, 325
Load match test, 297
Loads, matching, on magic tee, 346
Locked-in oscillator for tv sound, 370
Logarithmic response of electronic circuit, 286
Loudspeaker, electrical analog of, 118
motional feedback, 119
testing, 264
Low-distortion a-m signal generator, 593
Low-frequency generator, 444
Low-impedance cathode follower, 3, 4
Low-impedance video amplifier, 11
Low-noise amplifier, modified Wallman, 28
Low-pass audio filter, 118
Low-pass iterative filters, transference nomographs
for, 253
Luxemburg effect, 424

M

m-derived delay-line sections, 316
m-derived filter, 156

Magic tee, matching loads on, 346
M i alloy delay line, 461

Installations, central antenna, wide-band
for, 91
Instantaneous deviation control, 563
Instantaneous frequency comparison, accurate, 298
Instrumentation, built-in, a-c voltmeter for, 293
Instruments, musical, tone source for, 233
Intensities, field (see Field intensities)
Intercarrier sound, simplified, 97
Intercarrier sound detector, oscillator, 370
Intercom system, simplified multistation, 127
voice-controlled, 131, 133
Interference, internal, television receiver, 500
Interference patterns, synthesized, 80
Interference suppressicn, beat-note, 528
Interferometer for microwaves, 350
Interlace improvement, television, 437
Internal television receiver interference, 500
Inverted-triode vtvm, 290
Inverter, alternate-pulse, 456
phase, direct-coupled, 108
Inverter system, speech, improved, 137
Tonospheric cross modulation, 424
Iron-core reactor design, graphical, 188
Isolation amplifier, tv master antenna, 75
video, 11
Iterative filters, low-pass, transference nomographs
for, 253

J antenna, 67
Just scale, music, 229

K

Keying of oscillators, square-wave, 385
Kilomegacycle buzzer test oscillator, 333
Klystron frequency stabilization, 341

Magnetic-field hum reduction, 532
M. tic-field tr itter, 142
M: ic pickup cc ion, 111
Magnetic tape speed control, 144
Magnetrons, self-regulating field excitation for, 341
Map, antenna wind loading, U. S., 41
Mast wind and ice loading, 41
Master antenna, coupling amplifier, 75
Master antenna amplifier, radio receiver, 91
Master oscillator, stabilized, for multichannel com-
munication, 376
Match test, load, 297
Matching coax to antenna, 77
Matching loads on magic tee, 346
Matching pads, minimum-loss, 246
Matching stub, coaxial, 551
Matching-stub chart, 546
Maxwell inductance bridge, 279
Measure coupling coefficient, tuned r-f transformers,
188
Measurement, a-c millivolts, 290, 293
antenna, tv receiving, 90
atmospheric noise, 426
carrier shift, 299
carrier voltage, 292
crystal frequency, 198
dielectric constant, 350
direct frequency, 301
distortion, 122
and noise, 589
fr y (see Fri cy measur )
high-frequency voltage, 289
high-resistance, 276
microwave, bolometer amplifier for, 296
phase, 264, 269, 272, 274
at audio and ultrasonic frequencies, 264
for picture tubes, 149
production-line frequency, 302
pulse rise and decay time, 449
pulse voltage, 453
standing-wave ratios, 344
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transistors, 202
tv field strength, 420
tv noise figure, 520
vector relationships, 269
voltage, logarithmic, 286
wavelength, 350
Measurement facilities, improved antenna pattern,
89
Mechanical feedback, loudspeaker, 118
Mechanical uhf wobbler, 330
Meter-testing power supply, 401
Meters, a-c voltage, 293, 294
carrier-shift check, 299
distortion, 589
frequency, citizens radio, 346
high-frequency voltage, 289
logarithmic, 286
phase, 264, 269, 272, 274
r-f power, 296
vacuum-tube, 290
Michelson interferometer, microwave, 350
Microwave band-pass filters, 327
Microwave buzzer, 333
Microwave communication system, 312
Microwave diffraction charts, 418
Microwave duplexing, 320
Microwave field intensity, 418
Microwave generator, with crystal control, 336
stabilization, 341
Microwave measurements, bolometer amplifier, 296
Microwave omnidirectional antenna, 55
Microwave radar antenna, 68
Microwave resonators, 343
Microwave signal generator, compact, 339
Microwave studio-transmitter link, 325
Microwave traveling-wave amplifier, 316
Microwaves, interferometer for, 350
multiplexing klystrons, 320
Miller-effect modulator, 577
Millimicrosecond oscillography, 156
Minimum-loss matching pads, 246
Mismatched lines, efficiency of, 554
Mixer, gain-doubling, 34
gated-beam, 38
grounded-grid tv, 483
Mixer harmonic chart, 518
Mixing amplifier, video, 11
Mobile antenna, disguised, 67
flush-mounted, 64
Mobile f-m, audio-input limiter, 569
Mobile power supply, 402
Modifications, Wien-bridge network, 259
Modified Wallman circuit with voltage feedback, 28
Modulation, double audio, 137
ionospheric cross, 424
Modulators, frequency, 576, 577
klystron, 339
Miller-effect, 577
reactance, extending linear range, 575
reactance-tube, 125
Monitor amplifier, video, 11
Motional feedback, improving loudspeaker response,
119
Motor-driven sweep circuits, 524
Multiar circuit, 458
Multichannel communication, stabilized master os-
cillator, 376
Multichannel receiver, crystal-controlled, 512
Multifrequency synchronizer, 456
Multiple outputs, single-input attenuators, 258
- Multiple tv antenna coupler, 74
Multiplex pulse discriminator, 441
Multiplexing klystrons, 320
Multiplier, Q, 29
Multistation intercom system, simplified, 127
Multi-V antenna for f-m broadcasting, 60
Muttivibrator, flip-flop, 133
half-shot, 456
low-frequency, 444
single-shot, 180
sixty-cycle, 308
voltage-controlled, 383
Multivibrator tone generator, 217
Music, audio oscillator, 218
electronic, argument for, 229
for four, 218
gas-diode, 205
tone source, 233
electronic organ (see Electronic organ)
piano-organ conversion, 217
pipeless organ, 212
Solovox, 221
Musical instruments, tone source for, 233
Musical theory, 229

N

Narrow-band amplifier, 29
Narrow-band filter, crystal, 260
Negative feedback, combining positive and, 104
Negative feedback amplifier, 5
Neon-tube electronic organ, 205
Network design charts, 244
Network modifications, Wien-bridge, 259
Network tester, radar delay, 466
Networks, bridged-T, 9, 234
crystal pickup compensation, 111
four-terminal, 242
impedance-matching, 556
parallel-T, 205
R-C and R-L equalizer, 250
tone control, 115
Neutralization of pentode amplifiers, 9
Noise, tv tuner, 483
vhf tv receiver, 483
Noise figure chart, 480
Noise figures, receiver, 412
tv receiver, 520
tv tuner, 494
Noise-generating circuit, 426
Noise generator technique, 480
Noise level nomograph, 110
Noise limiters, receiver, 516
Noise ement, at
Noise meter, 589
Noise nomograph, receiver, 479
Noise-reducing antenna, amplifier for, 91
Noise suppressor, background, 118
dynamic, filter characteristics for, 242
Noise test, CAA, 516
Nomographs, cathode-follower, bandwidth, 3
cathode-follower response, 4
coil-winder, 191
combining audio levels, 110
coupling factor, 238
gain-bandwidth, 1
i-f coil, 182
iron-core reactor, 189
iterative filters, 253
matching pad, 246
microwave diffraction, 418
mismatched lines, 554
Q-meter impedance, 276
receiver gain, 478
receiver noise, 479
r-f transmission-line, 540
selectivity, 521
standing-wave, 554
temperature-compensating capacitor, 195
transference, for iterative filters, 253
transmission-line, r-f, 540
uhf system, 412
vhi field intensity, 407
voltage standing wave ratio, 554

heric, 426

o

Octave divider chain, 205
Ohm’s law power-level chart, 40
Omnidirectional antenna, horizontally polarized, 55
Open-wire line for f-m, 538
Open-wire line impedance nomographs, 540
Optimum coax diameters, 548
Optimum conditions, R-C oscillator, 360
Optimum dimensions, parasitic arrays, 74
Optimum parameter, voltage regulators, 406
Organ, conversion of piano to, 217

electronic (see Electronic organ)

pipeless, 212

Solovox, 221
Oscillating thyratron power supply, 402
Oscillator, audio, 124, 299

bandspread resistance-tuned, 361

beat-frequency, 124

warbler for, 125

blocking, 430, 437

bridge-stabilized, 389

buzzer, 333

Colpitts, 387

uhf, 397

complex tone, 304

constant-amplitude, 382

crystal, phase-modulated, 312, 352

crystal-controlled microwave, 336

crystal-saving, 376

f-m, 389, 392, 575

INDEX

four-note, 209
frequency-deviation, 575
frequency-dividing, 449
locked-in, for tv sound, 370
low-frequency variable, 444
master, stabilized, 376
microwave klystron, 339
music, 205, 209, 217, 218, 221, 233
phase-shift, 367
pilot, 582
radar range calibrator, 467
R-C, 358, 360, 361
wide-range, 358
reflex, stabilizing frequency of, 341
series sawtooth, 385
square-wave keying of, 385
stabilized, multich 1 cc
transistor, 363
transitron, 387
tremolo, 209
triode crystal, 363
tunable a-f, 101
twin, 388
uhf sweep-frequency, 330
variable-frequency, 389
wide-range sweeping, 389
Oscillator design, overtone crystal, 352
Oscillator temperature-compensating nomograph,
195
Oscillograms, antenna pattern, 83
Oscillography, millimicrosecond, 156
Oscilloscope, general-purpose precision, 151
Oscilloscope sweep circuit, high-speed, 165
Out time, reducing transmitter, 587
Overmodulation, series, 588
Overtone crystal oscillator design, 352
Owens bridge, 279

tion, 376

Pad design, audio, 258
Pads, matching, minimum-loss, 246
Panoramic sweep circuits, 524
Paraboloid antennas, attenuation between, 70
Parallel-T network, 205
Parasitic arrays, optimum dimensions for, 74
Pattern calculator for a-m, 81
Pattern generator, television, 169, 180
Pattern measurement facilities, improved antenna, 89
Pattern tracer, antenna, 83
Patterns, calculating antenna radiation, 51
photo radiation, 80
Pentode amplifier neutralization, 9
Performance, improving program-limiter, 565
of uhf and shf systems, 412
Phase-to-amplitude transmitter, 560
Phase angle aids to cro display, 162
Phase-angle measurement, 269
Phase comparator, flip-flop, 264
microwave, 350
Phase inverter, direct-coupled, 108
Phase measurement, audio and ultrasonic, 264, 269,
272, 274
Phase meter, 272
single-tube audio, 274
Phase-modulated crystal oscillator, 312
Phase relations, transmission line, 540
Phase-shift band-pass filters, 234
Phase shift charts, network, 244
Phase-shift network, Wien, 389
Phase-shift oscillators, frequency division with, 367
Phase shifter, audio, 101
autosyn, 458
Phase splitter incremental, 474
Phasitron, 272
in S-T link, 325
Phono pickup placement, 114
Phonograph pickups, high-fidelity, 111
Photo radiation patterns, 80
Photoelectric speed control, magnetic tape, 144
Photography, tv, single-frame, 180
Pi network design charts, 244
Piano to organ, conversion of, 217
Pickup placement, 114
Pickups, high-fidelity phono, 111
Picture generator, inexpensive, 169
Picture-modulated tv signal generator, 174
Picture tubes, measurement, 149
Pilot oscillator, carrier communication, 582
Pipeless organ design, 212
Piston attenuator, 333
Placement, pickup, 114
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Plate-detection vtvm, 290
Plotter, high-frequency impedance, 344
Polarization, radar antenna, 68
Polarized ompidirectional antenna, 55
Positive feedback, 29

and negative feedback, combining, 104
Power handling, waveguides, 559
Power-level computations, graphical, 40
Power-line carrier voltmeter, 292
Power supply, filament, 404

synchronous clock, 308

thyratron, 402
Power supply arc-back indicator, 400
Power supply filter chart, 255 ~
Power tubes in parallel at uhf, 344
Ppi radar range calibrator, 467
Precision oscilloscope, general-purpose, 151
Precision VR tube tester, 201
Predicting performance, uhf, 412
Probe, crystal, 289
Production-line frequency measurements, 302
Program-limiter performance, 565
Prompting system, inductive, 142
Propagation, uhf, 409

vhf, 407
Pulse amplifier, 430
Pulse delay, radar, 458
Pulse discriminator, multiplex, 441
Pulse fronts, steepness of, 451
Pulse generator, radar test, 471
Pulse inverter, alternate, 456
Pulse keying of oscillators, 285
Pulse-length generator, variable, 430
Pulse rise and decay time measurement, 449
Pulse separator, vertical sync, 437
Pulse-sinewave converter, 454
Pulse stretcher, improved, 446
Pulse-width discriminator, 441
Pulses, voltmeter for, 453

Q

Q-meter impedance charts, 276
Q multiplier, simplified, 29
Q ratio, coaxial line, 548

Radar antenna, microwave, 68

Radar delay network tester, 466

Radar range calibrator, 467

Radar range simulator, 474

Radar ranging, variable pulst delay for, 458

Radar test generator, 471

Radiation pattern calculator, 81

Radiation pattern tracer, cathode-ray, 83

Radiation patterns, calculating, 51, 81
photo, 80

Radio tuning, remote control for, 531

Radio wavemeter, citizens, 346

Rain, absorption by, 412

Range, linear, of reactance modulators, 575

Range calibrator, radar, 467

Range ring pulses, radar, 467

Range simulator, radar, 474

Ranging, radar, variable pulse delay for, 458

Ratio detector analysis, f-m, 504

R-C all-pass filter, 445

R-C equalizer chart, 249

R-C low-pass iterative filters, 253

R-C oscillator, 358, 360, 361

R-C and R-L equalizer networks, transfer functions
for, 250

R-C tone control, 115

R-C tuning, tone generator, 124

Reactance, high-Q variable, 392
transmission line, 540

Reactance modulators, 575

Reactance-tube modulator, 125

Reactor design, iron-core, 188

Receiver, airways vhf communications, 516
carrier-freq y voltage ement, 292
communications (see Communications receiver)
crystal-controlled, 481, 512
f-m, design problems, 504
remote pickup broadcast, 481
servomotor-controlled, 512
television booster, 10

Receiver gain nomograph, 478

Receiver hum reduction, 532

Receiver interference, internal television, 500
Receiver noise nomograph, 479
Receiver signal-noise evaluation, television; 520
Receiver transient analysis, television, 497
Receiver tuning, remote, 531
Receiving antenna, master, amplifier for, 91
Receiving antenna measurements, tv, 90
Record surface noise suppressor, 118
Recording bridge circuit, 426
Rectifier arc-back indicator, 400
Rectifier filter chart, 255
Reduction, of hum, 532
of standing waves, 553
of transmitter out time, 587
Reed organ, electronic, design for, 224
Reflection coefficient chart, 558
Reflector, beam antenna, 73
Reflex oscillators, stabilizing frequency of, 341
Regeneration in f-m receiver, 504
Regenerative cathode-coupled clipper, 430
Regenerative frequency divider, 376
Regenerative multivibrator, 383
Regulated power supply, 401
Regulated voltage divider, 405
Regulation, gas tube, 406
Regulator tube tester, 199, 201
Regulators, filament voltage, 404
gas tube voltage, optimum parameter for, 406
Rejection beam, infinite, 73
Rejection network, audio, 101
Rejection stub, coaxial, 551
Rejector, beam antenna, 73
Relationships, vector, measuring, 269
Relaxation oscillator, series, 385
Relay transmitter, receiver for, 481
Reluctance pickup compensation, 111
Remote control for radio tuning, 531
Remote pickup broadcast receiver, 481
Remote tuner, television, 496
Resistance, high, measurement, 278
Resistance bridge, automatic, 279
Resistance-coupled amplifier bandwidth, 6
Resistance-tuned oscillators, bandspreading, 361
Resistor behavior at high frequencies, 194
Resonant cavities, klystron, 320
Resonant-cavity wobbler, 330
Resonators, concentric-line, 397
wide-range, for vhf and uhf, 343
Response, cathode-follower, 4
loudspeaker, 119
phonograph pickups, 111
Response curves, absorption traps, 238
Restorer, double-ended d-c, 476
R-f amplifier, vhf television, 483
R-f inductors, 188
R-f meter, crystal, 289
power; 296
R-f transformer design, 190
R-f transformers, tuned, 188
R-f transmission-line nomographs, 540
R-f wattmeter, direct-reading, 296
Ripple filter chart, 255
Rise time, pulse, 449, 451
R-L and R-C equalizer networks, transfer functions
for, 250

Sawtooth generators, 430

musical, 205

time delay, 458
Sawtooth oscillator, 218

series, 385
Scales, musical, 229
Search radar antenna, 68
Selective amplifier, 29, 445

audio, 101
Selectivity, crystal filter, 260
Selectivity calculations, 521
Self-balancing bridge, 279
Self-regulating field, magnetrons, 341
Sensitive a-c vtvm, 294
Separator analysis, sync, 433
Series overmodulation, 588
Series-parallel transformer, wideband, 190
Series sawtooth oscillator, 385
Servomotor-controlled receiver, 512
Servo-tuned receiver, 531
Shf and uhf system performance, 412
Shielding techniques, hum reduction, 5§32
Signal, busy, voice-operated, 136
Signal generator, bandspread, 361
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citizens band, 397

low-distortion a-m, 593

microwave, 333, 336, 339

picture-modulated, 174

square-wave, 365
Signal-noise evaluation, tv receiver, 520
Signal strength analyzer, 305
Simple deviation limiter, 570
Simplified intercarrier sound, 97
Simplified multistation intercom, 127
Simplified Q multiplier, 29
Simulator, radar range, 474
Sine and square-wave generator, 445
Sine-wave converter, pulse, 454
Sine-wave generator, 444
Single antenna for radar systems, 68
Single-frame tv photography, 180
Single-input attenuators, 258
Single-tube audio phasemeter, 274
Single-tuned amplifier, 1
Slideback vtvm, 290
Slope limiter, 570
Slot antenna, annular, 64
Slotted line, 344
Smith chart, 556

graph for, 558

modification, 247
Solovox principles, 221
Sound, intercarrier, simplified, 97

tv, locked-in oscillator, 370
Sound levels, combining, 110
Sound traps, television, 238
Space-mark measurement, 299
Speaker (see Loudspeaker)
Spectrum analyzer, panoramic, 524
Speech inverter system, improved, 137
Speed control, broadcast tape, 144
Spiral antenna, 56
Splitter, incremental phase, 474
Spurious mixer frequencies, 518
Square-law vtvm, 290
Square-wave clipper, 497
Square-wave generator, 264, 365, 445
Square-wave keying of oscillators, 385
Stabilized master oscillator for multichannel com-

munication, 376
Stabilizing frequency of reflex oscillators, 341
Stabilizing gain, 109
Stable electronic voltage regulator, 403
Stagger-peaked video amplifiers, 24
Stagger-tuned bifilar coils, 183
Stagger-tuned i-f design, 27
Standing-wave nomographs, 554
Standing-wave ratio, transmission lines, 540
Standing-wave ratio chart, 558
Standing-wave ratio measurement, 344
Standing waves, reducing, 553
Steepness of pulse fronts, 451
Strength analyzer, signal, 305
Stretcher, improved pulse, 446
Structural loading, antenna tower, 41
Stub antenna, 64
Stub filter, coaxial, 551
Studio prompting system, inductive, 142
Studio-transmitter link, 325
Studios, broadcast, accurate time for, 308
Subcarrier telemetering discriminator, 441
Suppression, hum, 532
Suppressor, background noise, 118
Surveys, tv field, 420
Sweep circuits, circular, 272

fast, 165

panoramic, 524
Sweep-frequency oscillator, uhf, 330
Sweep generation, linear, 168
Sweeping oscillator, wide-range, 389
Switching, voice-operated, 578
Sync clipper, 433
Sync-separator analysis, 433
Synchronization, oscilloscope, 151
Synchronizer, multifrequency, 456
Synchronizing system, improved vertical, 437
Synthesis, antenna pattern, 80

T-bridge filter, 589

T network design charts, 244

T pad attenuator design, 258

Table, paraboloid antenna attenuation, 70
Tape speed control, broadcast, 144
Technique for tv field surveys, 420
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Tee, magic, 346
Telegraph signal restorer, 477
Telemetering channel decoder, 441
Telemetering communication system, 312
Telephone voice-operated busy signal, 136
Television, bifilar i-f coils, 183
crosshatch generator, 180
front-end design, 483, 494
i-f coil design, 182
intercarrier sound, 97
locked-in oscillator, 370
remote tuner, 496
sync-separator analysis, 433
vertical sync system, 437
Television amplifier, antenna coupling, 75
tuner, 483
Television antenna coupler, multiple, 74
Television antennas, horn, 71
receiving, measurements of, 90
Television booster, 10
Television field strength measurement, 420
Television field surveys, 420
Television mixer, grounded-grid, 483
Television oscilloscope, 151
Television photography, single-frame, 180
Television picture generator, 169
Television receiver, interference, internal, 500
signal-noise evaluation, 520
transient analysis, 497
Television signal generator, picture-modulated, 174
Television sound, locked-in oscillator for, 370
Temperature-coefficient capacitor, adjustable, 197
Temperature-compensating capacitor nomograph,
195
Tempered scale, music, 229
Test, load match, 297
Test generator, radar, 471
Test oscillator, kilomegacycle buzzer, 333
Test pattern generator, 169
Tester, radar delay network, 466
VR tube, 199
precision, 201
Testing transistors, 202
Theory, musical, 229
Thermistor-stabilized oscillator, 389
Thermistor wattmeter, 296
Thyratron, vibrator replaced by, 402
Thyratron arc-back indicator, 400
Time, for broadcast studios, 308
transmitter out, reducing, 587
Time measurement, pulse rise and decay, 449
Time totalizer, signal strength, 305
Tone arm placement, 114
Tone color filters, 205
Tone control, versatile, 115
Tone generator, beat-frequency, 124
for deviation tests, 304
Tone source for tuning musical instruments, 233
Tone wheel design, 212
Totalizer, signal strength duration, 305
Towers, antenna, selection of, 41
Tracking error, pickup, 114
Transfer functions, equalizer, 250
Transference nomographs, iterative filters, 253
Transformer design, wideband series-parallel, 190
Transformers, antenna impedance-matching, 76
coaxial line matching, 190
i-f, form factors, 187
tuned r-f, coupling coefficient, 188
Transient analysis, television receiver, 497
Transients, oscillography of, 156
Transistor frequenéy-modulator circuit, 571
Transistor oscillator, 363
Transistors, testing, 202
Transit-time effects in television front-end design,
494
Transitrol tube oscillator, -387
Transitron oscillator, 387
Transmission coefficient chart, 558
Transmission line, coaxial-stub filter, 551
open-wire, 538
Transmission line diameters, coaxial, 548
Transmission-line chart, high-frequency, 546
Transmission-line nomographs, r-f, 540
Transmitter arc-back indicator, 400
Transmitter audio limiter, f-m, 569
Transmitter carrier failure alarm, 586

Transmitter delay limiter, a-m, 565
Transmitter deviation control, f-m, 563
Transmitter deviation limiter, 570
Transmitter dummy antennas, 92
Transmitter link, studio, 325
Transmitter Miller-effect modulator, 577
Tr itter out time, reducing, 587
Transmitter starter, emergency, 587
Transmitters, crystal-controlled microwave, 312
five-kw phase-to-amplitude, 560
inductive, 142
magnetic-field, 142
multifrequency crystal, 376
Traps, absorption, design of, 238
Traveling-wave chain amplifier, 316
Treble tone control, 115
Tremolo oscillator, 209
Triode crystal oscillator, 363
Triodes, crystal, testing, 202
Tube heaters, stabilizing, 404
Tube tester, VR, 199
precision, 201
Tubes, blower selection for, 596
gated-beam, 97, 365
hum reduction in, 532
picture, measurement, 149
power, in parallel at uhf, 344
voltage regulators, gas, 406
VR, tester for, 199, 201
Tunable a-f amplifier, 101
Tunable multi-V antenna, 60
Tuned circuits, selectivity, 521
Tuned r-f transformers coupling coefficient, 188
Tuner, television, 483
design of, 494
remote, 496
Tuning, of musical instruments, tone source for, 233
radio, remote control for, 531
R-C, beat-frequency tone generator, 124
Tuning-fork frequency standard, 308
Tuning systems employing feedback amplifiers, 8
Turnstile antennas, feeding, 76
Tv (see Television)
Twin oscillator, 388

u

Uhf antennas, flush-mounted, 64
helical, 56
horn, 71
omnidirectional, 55
performance of, 412
Uhf communications system, 312
and shf system, performance, 412
Uhf field intensities, calculating, 409
Uhf free-space propagation; 412
Uhf oscillator, Colpitts, 397
Uhf sweep-frequency, 330
Uhf power tubes in parallel, 344
Uhf resonators and vhf resonators, 343
Ultrasonic delay lines, improved, 461
Ultrasonic phase measurement, 264
Universal coil-winder nomograph, 191
Universal equalizer chart, 247
Utility video amplifier, 11

v

Vacuum-capacitor voltage dividers, 295
Vacuum-tube voltmeter, 278

a-c millivolt, 293, 294

logarithmic, 286

pulse, 453
Vacuum-tube voltmeter circuits, 290
Variable-frequency audio oscillator, 389
Variable low-frequency oscillator, 444
Varijable pulse delay for radar ranging, 458
Variable pulse-length generator, 430
Variable reactance, high-Q, 392
Vector relationships, measuring, 269
Versatile power supply, 401
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Versatile tone control, 115
Vertical radiator, 47 .
Vertical synchronizing system, improved, 437
Vhf antennas, dummy, 92

fiush-mounted, 64

horn, 71

transmitting, multi-V, 60
Vhf communications receiver, airways, 516
Vhf field intensities, 407
Vhf fixed-tuned booster, 10
Vhf television amplifier, 483
Vhf and uhf wide-range resonators, 343
Vibrato oscillator, 205, 217
Video amplifier, 11

cathode-compensated, 14

stagger-peaked, 24
Video detector, harmonics from, 500
Video generator, 169, 174
Video i-f traps, 238
Voice-controlled intercom system, 131, 133
Voice-operated busy signal, 136
Voice-operated switching of carrier systems, 578
Voice simulator for deviation tests, 304
Voltage-controlled multivibrator, 383
Voltage dividers, regulated, 405

vacuum-capacitor, 295
Voltage feedback in modified Wallman circuit, 28
Voltage gradient, transmission line, 540
Voltage regulator tube tester, 199, 201
Voltage regulators, filament, 404

gas tube, optimum parameter for, 406
Voltage standing wave ratio, chart, 558

lines, 540

nomographs, 554
Voltages, complex, measurement of, 269
Voltmeter, a-c, for built-in instrumentation, 293

carrier-frequency, 292

crystal, high-frequency, 289

for pulses, 453
Voltmeter circuits, vacuum-tube, 290
VR tube tester, 199, 201
Vswr, chart, 558

nomographs, 554

reduction, 553

transmission line, 540
Vtvm, a-c, millivolt, 290, 293

sensitive, 294

battery-operated, 294

circuits, 290

d-b scale, 286

logarithmic, 286

pulse, 453

resistance-measuring, 278

w

Wallman circuit, modified, 28
Warbler for beat-frequency oscillator, 125
Wattmeter, r-f, direct-reading, 296
Wave interference patterns, synthesized, 80
Waveguide, attenuation in, 327, 559
magic tee, 346
Waveguide band-pass filters, corrugated, 327
Waveguide ring network, 320
Wavelength measurement, microwave, 350
Wavemeter, citizens radio, 346
Waves, standing (see Standing waves)
Wide-band amplifier, 3, 4, 6, 10, 11, 14, 24, 27, 28,
75
‘Wide-band oscilloscope, 151
Wide-band series-parallel transformer design, 190
Wide-range R-C oscillator, 358
Wide-range resonators for vhf and uhf, 343
Wide-range sweeping oscillator, 389
Wien bridge for distortion measurement, 122
Wien-bridge network modifications, 259
Wien phase-shift network, 389
Williamson audio amplifier, 94
Wind loading, antenna, 41
Winder nomograph, coils, 191
Wobble organ, 218
Wobbler, uhf, 330
WWYV, clock correction, 308
WWYV frequency comparison, 302



