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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
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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
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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)

INDEX

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



