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Table 9-1. Decibels
Voltage Voltage ‘ P ‘ Voltage Voltage I
Power or or Power ower or or Yower
ratio | current | Db+ current ratio ratio | current | Db+ urrent ratio
ratio ratio } ratio ratio

107! 10 0.316 0.562 5.0 1.78 3.16
1072 1071 20 10 1()" 0.309 0.556 5.1 1.80 3.24
1074 30 10 0.302 0.550 5.2 1.82 3.31
10~ 1072 40 10% 10! 0.295 0.543 5.3 1.84 3.39
1079 50 108 0.288 0.537 5.4 1.86 3.47
100 1073 GO 10% 108 0,282 0.530 5.5 1.88 3.55
1077 70 107 ‘ 0275 { 0,525 | 5.6 | 1.91 | 3.63
107% 10! 80 101 108 0.269 (1.514 5.7 1.93 3.72
1079 90 10 0.263 0.513 5.8 1.95 3.80
1071 1073 100 108 10 0.257 0.507 5.9 1.97 3.89
1.000¢ 1.000 ¢ 1.00 1,00 |1 0.251 0.501 6.0 2.00 3.98
0.977 0. 939 0.1 1.01 1.02 | 0.240 0.496 6.1 2.02 4.07
0.955 7 0.2 1.02 1.05 ]0.240 (0. 4590 6.2 2.04 4.17
0.933 0.3 1.04 1.07 10,2 H 0484 6.3 2.07 4,27
0.912 0.4 1.05 1.10 . ¢ 6.4 2.09 4.37
0.591 0.5 1.06 1.12 ‘ G.5 2.11 4.47
0.871 0.6 1.07 1.15 6.6 2.14 4.587
0.(\)1 0.7 1.08 1.18 6.7 2.16 4.68

0.832 0.8 1.10 1.20 6.8 2,19 4.79
0,813 0.9 1.11 1.23 6.9 2.21 4.90
0.794 1.0 1.12 1.26 || 0.200 7.0 2.24 5.01
0.776 N 1.14 1.29 0.195 7.1 2,27 5.13
0.7549 .2 1.15 1.32 | 0.191 7.2 2.29 5.25
0.741 .3 1.16 1.35 0.186 7.3 2.32 5.37
0.724 .4 1.18 1.38 0.182 k 7.4 2.34 5.50
0.708 .5 1.19 1.41 0.178 .42 7.5 2.37 5.62
0,692 .6 1.20 1.45 || 0.174 . 7.6 2.40 5.75
0.676 .7 1.22 1.48 0.170 L4 7.7 2.43 5.89
0.661 .8 1.23 1.01 0.1066 L 7.8 2,46 6.03
0.646 L9 1.25 1.55 0.162 C40e 7.9 2.48 6.17
0.631 () 1.26 1.59 | 0.1589 8.0 2.51 6.31
0.617 2.1 1.27 1.62 | 0.155 5.1 2.54 6.46
0. 603 2.2 .29 1.60 0.151 .38 8.2 2.57 6.61
0.589 2.3 1.30 1.70 0.148 V385 8.3 2.60 6.76
0.575 2.4 1.32 1.74 || 0. 145 .35 S.4 2.063 6.92
0.562 2.5 1.33 1.78 0.141 3. 376 8.5 266 7.08
0.550 2.0 1.35 1.82 1] 4.138 T 8.6 2.69 7.24
0.537 2.7 1.37 1.86 -1 0.135 307 8.7 2.72 .41
0.525 2.8 1.38 1.1 0.132 .30 8.8 2,75 7.59
0.513 2.9 1.40 1.95 [0.129 L 3h¢ 8.9 2.79 7.76
0.501 3.0 1.41 2.00 | 0.126 0.355 9.0 2,82 7.94
0.490 3.1 1.43 204 0.123 0,351 9.1 2.85 8.13
0.479 3.2 1.456 208 0.120 0,347 9.2 2,88 5.32
0. 468 3.3 1.406 2, {118 0.343 9.3 2,92 8.51
0.457 3.4 1.48 2, 1¢ 0.115 0.339 9.4 2.95 8.71
0,447 3.5 1.50 2, 24 a.112 0.335 9.5 2,99 §.91
().437 3.0 1.51 2,29 0.110 0.331 9.6 3.02 9.12
0.427 .65 3.7 1.53 2. (0.107 {.327 9.7 3.06 9.33
0.417 3.8 1.55 2.40 || 0.105 0.324 9.8 3.09 9.55
0.407 3.4 1.57 2,46 ) 0. 102 0.320 9.9 3.13 9.77
0.308 0.6:31 4.0 1.59 2.5l 0.1000| 0.316 10.0 3.16 10.00
0.389 0.0624 4.1 1.60 2 0.0977 | ¢.313 10.1 3.20 10.23
0.380 0.0617 4.2 1.62 2.0 0.0955 | 0.309 10.2 3.24 10.47
0.372 0.610 4.3 1.64 2.8 0.0033 | 0.306 10.3 3.27 10,72
0.363 0.603 ‘ 4.4 1.66 2,75 10,0912 0.302 10.4 3.31 10.96
0,355 0.596 + 4.5 1.68 2 K1 0.0891 24¢ 10.5 3.35 11.22
0.347 (.589 4.0 1,70 2,88 (.0871 10.0 3.39 11.48
(0.339 00.582 \ 4.7 1.72 RINILY 0.0851 202 10.7 3.43 11.75
0.331 0.575 4.8 1.74 3.02 (+. (0832 2 10.8 3.47 12.02
0,324 0. 569 4.9 1.76 3.00 0,0813 0.285 10.9 3.51 12.30
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Table 9-1. Decibels {Continued)
Voltage Voltage p P Voltage Voltage
Power or or ower ower or or Power
ratio | current —Db-+ current ratio ratio | current Db+ current, ratio
ratio ratio ratio ratio

0.0794 [ 0.282 11.0 3.55 12.59 |[0.0251| 0.159 16.0 6.31 39.81
0.0776 | 0.279 11.1 3.59 12.88 11 0.0246| 0.157 16.1 6.38 40.74
0.0759 | 0.275 11.2 3.63 13.18 || 0.0240 | 0.155 16.2 6.46 41.69
0.0741| 0.272 11.3 3.67 13.49 || 0.0234 | 0.153 16.3 6.53 42.66
0.0724 | 0.269 11.4 3.72 13.80 || 0.0229 | 0.151 16.4 6.61 43.65
0.0708 [ 0.266 11.5 3.76 14,13 | 0.0224 | 0.150 16.5 6.68 44 .67
0.0691 | 0.263 11.6 3.80 14.45 0.0219 | 0.148 16.6 6.76 45.71
0.0676 | 0.260 11.7 3.85 14.79 0.0214 | 0.146 16.7 6.84 46.77
0.0661 | 0.257 11.8 3.89 15.14 |, 0.0209 | 0.145 16.8 6.92 47.86
0.0646 | 0.254 11.9 3.94 15.49 (| 0.0204 | 0.143 16.9 7.00 48.98
0.0631 | 0.251 12.0 3.98 15.85 (| 0.0200( 0.141 17.0 7.08 50.12
0.0617 ( 0.248 12.1 4,03 16.22 || 0.0195] 0.140 17.1 7.16 51,29
0.0603 | 0.246 12.2 4.07 16.60 || 0.0191 0.138 17.2 7.24 52.48
0.0589 | 0.243 12.3 4.12 16.98 || 0.0186 | 0.137 17.3 7.33 53.70
0.0575 0.240 12.4 4.17 17.38 0.0182| 0.135 17.4 7.41 54,95
0.0562 [ 0.237 12.5 4,22 17.78 || 0.0178 | 0.133 17.5 7.50 56,23
0.0550 | 0.234 12.6 4.27 18.20 || 0.0174| 0.132 17.6 7.59 57.54
0.0537 | 0.232 12.7 4.32 18.62 0.0170 | 0.130 17.7 7.67 58.88
0.0525 | 0.229 12.8 4.37 19.05 || 0.0166 | 0.129 17.8 7.76 60.26
0.0513 | 0.227 | 12.9 | 4.42 | 19.50 [l0.0162| 0.127 | 17.9 | 7.85 | 61.66
0.0501 | 0.224 13.0 4.47 19.95 || 0.0159 | 0.126 18.0 7.94 63.10
0.0490 | 0.221 13.1 4.52 20.42 | 0.0155 ) 0.125 18.1 8.04 64.57
0.0479 | 0.219 13.2 4.57 20.89 || 0.0151 | 0.123 18.2 8.13 66.07
0.0468 | 0.216 13.3 4.62 21.38 || 0.0148 | 0,122 18.3 8.22 67.61
0.0457 | 0.214 13.4 4.68 21,88 || 0.0145 | 0.120 18.4 §8.32 69.18
0.0447 | 0.211 13.5 4.73 22.39 [ 0.0141| 0.119 18.5 8.41 70.79
0.0437 | 0.209 13.6 4,79 22.91 110.0138 | 0.118 18.6 8.51 72.44
0.0427 | 0.207 13.7 4.84 23.44 [ 0.0135| 0.116 18.7 8.61 74.13
0.0417 | 0.204 13.8 4.90 23.99 || 0.0132 | 0.115 18.8 8.71 75.86
0.0407 | 0.202 13.9 4,96 24.55 || 0.0129| 0.114 18.9 8.81 77.82
(.0398 | 0.200 14.0 5.01 25.12 0.0126 | 0.112 19.0 8.91 79.43
0.0389 | 0.197 14.1 5.07 25.70 |/ 0.0123 | 0.111 19.1 9.02 81.28
0.0380 | 0.195 14,2 5.13 26.30 (| 0.0120| 0.110 19.2 9,12 83.18
0.0372| 0.193 14.3 5.19 26.92 || 0.0118 | 0.108 19.3 9.23 85.11
0.0363 | 0.191 14.4 5.25 27.54 || 0.0115| 0.107 19.4 9.33 87.10
0.0355 | 0.188 14.5 5.31 28.18 || 0.0112( 0.106 19.5 9.44 £89.13
0.0347 | 0.186 14.6 5.37 28.84 || 6.0110| 0.105 19.6 9.55 91.20
0.0339 | 0.184 14.7 5.43 29.51 0.0107 [ 0.104 19.7 9.66 93.33
0.0331 | 0.182 14.8 5.50 30.20 || 0.0105| 0.102 19.8 9.77 95.50
0.0324 | 0.180 14.9 5.56 30.90 || 0.0102| 0.101 19.9 9.89 97.72
00316 0.178 5.0 5 62 31.62 0.0100 | ©.100 20.0 | 10.00 | 100.00
0.0309 | 0.176 15.1 5.69 32.36

0.0302| 0.174 15.2 5.75 33.11

0,0205| 0.172 15.3 5.82 33.88

0.0288 | 0.170 15.4 5.89 34.67

0.0282 | 0.168 15.5 5.96 35.48

0.0275| 0.166 15.6 6.03 36.31

0.0269 | 0.164 15.7 6.10 37.15

0.0263 | 0.162 15.8 6.17 38.02

0.0257 | 0.160 15.9 6.24 38.90
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Fic. 9-3. Decibels vs, ratio.
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Fic. 9-4, Dbm vs. watts.
Table 9-2. Volume Level to Power and Voltage Conversion

Reference Level
0 dbm = 1 mw, 600 chms

Milliwatts Volts Dbm
0.000001 0.0007746 —G0
0.000010 0.002449 — 50
0.000100 0.007746 —40
0.001 0.02449 —30
0.010 0.07746 —20
0.100 0.2449 —10
1.000 0.7746 0

Watts Volts Dbm
0.001000 0.7746 0
0.002512 1.228 +4
0.006310 1.946 +8
0.01000 2.449 +10
0.1000 7.746 +20
1.000 24 .49 +30

10,00 77.46 +40
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RESISTANCE VALUES OF SYMMETRICAL ATTENUATION NETWOQRKS *

For ready reference and to satisfy most of the practical needs of the various artificial
line pads, the following charts have been prepared:

Figures 9-5 to 9-7, inclusive, are curves for determining the three components of
pads which are symmetrical but have different input and output impedances. The
curves are marked to indicate pad ratios for which it was calculated, and the values
of A are for the higher pad series leg resistances shown in Fig. 9-5, while C values for
the lower pad scries leg resistances arve shown in Fig. 9-7. B is for the shunt or trans-
verse resistor shown in Fig. 9-6.

Therce is a minimum loss for cach impedance ratio for which a pad can be designed
and for convenience each curve on the figures is termimated by a circle at the lower
value of resistance which corresponds to this minimum pad loss. For L networks
double the values of A and C.

Figure 9-8 gives the resistance values for the scries legs A of symmetrical pads
having 1-to-1 impedance ratios. Figure 9-9 gives the transverse resistance values for
these pads. For values not shown multiply the valne shown for 100 ohms by the
ratio of the desired value to 100. Double the series leg values for L networks.

240 250 260
RESISTANCE IN OHMS

Fic. 9-5. Symmetrical attenuation networks for standard ratios—values of A.

# By Frank H. McIntosh, Consulting Radio Engineer, Washington, D.C.,
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Fre. 9-7. Symmetrical attenuation networks for standard ratios—values of C.
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Fic. 9-8. H-type artificial line—value of series resistance A.

RESISTANCE IN OHMS

Fic. 9-9. H-type artificial line—value of transverse resistauce B.
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Table 9-3.

R, <Zgyr

PAD

7= Zoyr 600 OHMS

Resistive Pads

R,

Z|~—¥-

Ry H

Ry

R,  —~=Zyr

pap R

FOR IMPEDANCES OTHER THAN 600 OHMS,
Zx

MULTIPLY ALL RESISTORS BY FACTOR

6

00

T'or impedances other than 600 ohms, multiply all resistors by factor Zz/600.
Zin = Zout = 600 ohms

EIA resistor values *

Loss

Iy

15} 18

1 36
2 68
3 100
4 130
5 160
6 200
7 220
8 270
9 300
10 300
11 330
12 360
13 390
14 390
15 430

ETA resistor values *

Loss —
I Ry i R
10,000 8.2 18 430 200
5,100 18 17 470 180
2,700 36 18 470 150
1,800 51 19 470 130
1,200 638 20 510 120
1,000 82 22 510 100
820 w0 | 24 510 75
680 mo | 28 560 62
560 130 28 560 47
470 150 30 560 39
430 160 32 560 30
360 160 34 560 24
330 180 36 560 18
270 200 38 560 15
240 200 40 560 12
220 200

Ry

220
220
240
240
240
270
270
270
270
270
300
300
300
300
300

#* ETA resistor values nearest to the exact values are given.
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TABLE #1% 000 - 66
FN LIVENESS -
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i - e RCH ) 150
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£ 1-o0202vY% (3* SOLO SINGING i/2-3 4 Jr
4-F SPEECH 1/6~2/3
= L= LIVENESS 04 TC 100 34~
4-50  T= REVERBERATION TIME IN TABLE #2% ]
C SEC. 04 T0 3.0 TYPE OF MIKE 6 +/Gp 30
3 D= DISTANCE FROM SOUND TQ 2
MICROPHONE IN FEET 0 OR NON-DIRECTIONAL 4
B i BIDIRECTIONAL 3 173 T
oo U BEHE S cove .
- 20 K ,000 [72) L
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1 03 gﬁ’jg e 21
™ g ] !
Dw 10— — S, J
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02 g o4 i .
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X COURTESY OF WESTERN ELECTRIC CO.

Fic. 9-10. Nomograph for microphone distances in liveness broadcasting. ( Reprinted from
Tele-Tech.)

Constants V = 22,000 cu ft; T = 1.1 sec.

Example I (solid lines}: Placement of general microphone. From Table 1 use liveness
of 15. Connect 22,000 on V and 15 on L. Mark reference on the axis. Then extend a
line from 1.1 on T through reference on axis to 16.5 ft on D. Answer: 16% ft from mike
to sound source.

Example 2 (dash lines): Placement of solo vocal mierophone. From Table 1 use live-
ness of 2, Connect 22,000 on V and ‘2 on L. Mark reference on the axis. Then extend
line from 1.1 on T through this reference to 3 ft on D. For bidirectional mike multiply

3 ft by ¥3, or 1.73. This vields 5 to 6 ft for actual distance.
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| _

BRIDGING LOSS AT VARIQUS IMPEDANCE RATIOS

-

I
SEANER
ﬂL

'OLJ

] 2 3 4 5 67B90 2 40 60 80 100

IMPEDANCE RATIO %
[

Fic. 9-11. Bridgiug loss at various impedance ratios. Loss = 10 log Z,/Z,.

PARALLEL-T NOMOGRAPH *

Summary: Values of five parameters for parallel-T networks are obtained directly
with one setting of a straightedge, for frequencies in audio and nltrasonic ranges, to
expedite the design of the network used directly in an amplifier chain to eliminate a
single frequency. The same network can be used in a negative feedback path to en-
hance a single frequency.

This nomograph (Fig. 9-12) facilitates calculating parallel-T networks for experi-
mental work in multiplex FM equipment design. The subcarrier frequencies used are
in the range from about 20 to 75 ke. With one setting of a straigbhtedge, all param-
eters of the parallel-T network needed to eliminate the undesired frequency f can be
obtained to three significant figures.

Example. If a specific frequency f of 10 ke is to be eliminated and Cy is selected
by the designer to be 100 ppf, run a straightedge from 100 puf on the Ci scale
through 10 kc on the f scale. All other values can now be rcad directly from the
nomograph. Thus, Rj is 159,000 ohms, Ry is 79,500 ochms and Cy is 200 upf.

Any two of the five parameters can be selected as the initial starting point of de-
sign., The other three can then be found with one setting of the straightedge.

If the f scale is divided by 100, the C and R scales must be multiplied by 10. This
changes the range of the nomograph to eover from 7 cps at the low end to about
2,000 cps at the high end.

For a 100-cps elimination network and a value of 1,000 ppf for Cj, these scale-
multiplying factors must be used. The other parameters are then R; = 1.59 meg-
ohms, Ry = 795,000 ohms, and Cp = 2,000 uuf.

¢ By Donald F. Carter, Chief Electrical Engineer, Harkins and Hershfield, Phoenix, Ariz.
Reprinted from Electronics, Nov, 1, 1957.
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CENTER SCALE GIVES FREQUENCY ATTENUATED BY PARALLEL-T NETWORK

Fic. 9-12.

Parallel-T nomograph.
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MICROPHONE NOMOGRAPH *

Summary: The chart (Fig. 9-13) relates sound pressure level, microphone sensi-
tivity, and output in decibels and volts as an aid in the design of microphone systems
and related cquipment. Typical sound levels for common sounds are indicated.

Microphone response is usually expressed in decibels referred to 1 volt/dyne/cm?.
Thus a microphone which produces 1 volt when exposed to a sound pressure of 1
dvne/cm? hias a response of 0 db.  Most microphones are far less sensitive than this.

Unless otherwise specified, the open-drcuit voltage is used in arriving at the re-
sponse figure.

The nomograph is based on the definition of pressure response in the American
Standard Specification for Laboratory Standard Microphones.

Expressed symbolically, this definition becomes

€o
p = 20 log — (9-1)
P

where p = pressure response
£o = open-circuit output voltage
p = pressure, dynes/cm?
Equation (9-1) can be rewritten

=20loge, — 20 logp (9-2)

Sound pressure is commonly expressed in decibels relative to a reference pressure
po =2 X 10—+ dynes/em?® When so expressed it is called sound pressure level
(SPL) and is defined by

SPL =20log = db ©-3)
Po
Lquations (9-2) and {9-3) yield
p =20log e, — SPL 4+ T4 db (9-4)

Should absolute sound pressures be required, they can be filled in on the left-hand
scale by noeting that 100 db = 20 dynes/em2, 80 db = 2 dynes/cm?, 60 db = 0.2
dync/cm?2, and so forth.

A microphone with a response of —50 db is to be used to measure sound levels of
35 db or more, For what minimum input voltage should the amplifier be designed?

A straight line drawn between 35 db on the SPL scale and —50 db on the p scale
intersects the e, scale at about 35 pv. This is the open-circuit microphone voltage.

Sound level in a jet-engine test control room is 112 db; a pnewmatic chipper at a
distance of 5 ft has a sound level of 122 db. At takeoff and 80 ft from the tail, an
F-84 has a sound level of 130 db, all typical values.

2 By William B. Conover, Transformer Laboratorics Department, General Electric Com-
pany, Pittsfield, Mass. Reprinted from Electronics, October, 1955,
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Data compiled from mcasurements of KNX
and KIRQO’s 4-ft triangular radiators and a
large number of 12- to 18-in. triangular
radiators, (Prepared by J. B. Hutfield.)

COAXIJAL-LINE IMPEDANCE CHART *

Summary: Characteristic impedances of coaxial lines arc related graphically to di-
electric constants and the ratios of outer to inner conductor diamecters.  Diclectric
constants of common materials are also tabulated.

This chart {Fig. 9-16) simplifies the solution for the characteristic impedance of a
single coaxial line,

Example. If a characteristic impedance of 50 ohms is desired and the insulating
material is air, then from the chart the D/d rato is 2.3, If metal tubing with an in-
side diameter D = 0.250 in. is chosen for the outer conductor, the outside diameter
of the metal iuner conductor is 0.109 in.

# By Herbert L. Levin, Electron Tube Laboratory, Federal Telecommunication Labora-
tories, Nutley, N.J. Reprinted from Electronics, Nov. 1, 1937,
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Dielectric Constant K from 1 to 10,000 Mc at 25°C

Ceramics Plastics
Alumina 85% 8.3-8.0 Bakelite BM 120 3.7
Alumina 95% 8.9-9.3 Epoxy resin 3.1
Alumina 97% 9.0-9.6 Formica XX 3.6
Aluminum silicate 5.5-5.2 Kel-F 2.3
Fosterite 6.2-6.0 Micarta 254 3.4
Magnesium silicate 5.9-3.3 Nylon 610 2.8
Steatite 6.5-5.3 Plexiglass 2.6
Porcelain, standard elec- Polystyrene 2.6
trical 5.5 Styrofoam 103.7 1.03
Porcelain, zircon 9.2 Teflon 2.1
Tenite 11 2.9
Vinylite VG 5901 2.9
Glasses Miscellaneous
Corning: Air 1
7052 5.1 Butyl rubber 2.4
7070 4.0 Mica 5.4
7720 nonex 4.7 Neoprene 38% GN 4.0
7740 Pyrex 4.6 Silastic 120 5.7
7900 Vycor (96% Silastic 152 2.9
silica) 3.8
8871 (lead potash) 8.4
9010 (lead free) 6.5
Quartz, fnsed 3.78
Sapphire, synthetic 8.6-10.6

If a ceramic such as Alumina 95 per cent with K = 9 were introduced as the di-
electric and the Z, of 50 ochms were still desired, then from Fig. 9-16 D/d = 12.3.
If the D of 0.250 were also still desired, then d = 0.020 in.

The chart shows that if in this example d were not changed when the ceramic ma-
terial replaced air, then Z, would drop from 50 to 16.5 chms.

COUPLING AND TUNING CAPACITOR FOR VARIOUS ANTENNAS

Figure 9-17 has been found to be a useful tool for adjusting the transmitter output
circuit using capacity coupling to thc antenna or transmission line. The values of
capacity shown are approximate, but sufficiently close for practical purposes, since
stray capacity of leads and components has not been taken into account. The capacity
shown is the total capacity required for both the first and second sections of the low-
pass filters.

The introduced resistance is the net resistance component when section is adjusted
resulting from the effect of the R. {antenna or line resistance) and the coupling ca-
pacity (CC).

The Z is the load impedance for the tubes determined by the dynamic characteristic
for the particular tube and its operating voltages.

The value of introduced resistance used generally now lies between 50 and 100
ohms with the upper limit determined by the stray capacity. Formerly with high C
ratios, introduced resistances were from 7 to 20 ohms, which resulted generally in
higher circuit losses.
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APPLICATION OF PROXIMITY-EFFECT CURVE *

1. The curve in Fig. 9-18 shows the amount by which the measured field strength,
as measured by a fleld-strength meter which emplovs a shielded loop, will depart from
an inverse distance function because of induction field or proximity effect due to
measuring close to the antemma.

2. It is based upon the calculation of the horizontal component of magnetic field
close to an antenna, after the manner of George H. Brown.

3. Tt can be used first as a guide determining how close one can measure to a given
antenna before the eorrection due to proximity would be expected to cxceed a given
percentage.

4. It can be used to correct out the error due to proximity before plotting field-
strength measurements to determine accurately the inverse distance field. This per-
mits measurements to be made sufficiently close to the tower to eliminate the effects
of conductivity.

Derivation

1. G. H. Brown, Directional Antennas, IRE, January, 1937, on page 81 and in
formula (7) gives the general formula for the magnetic flux density at any point in
space from a vertical radiator over a perfectly conducting earth. By restricting this
point P to the earth’s surface, certain simplifications can be made in Brown’s formula.
Specifically Z goes to zero and 1 = 2 and rp = .

2. The simplified formula becomes:

2 X 1071
B¢ = %@_ﬂ [E-Jkrl — 7k X cos J‘LG]
0

27
where &t = —
A

. .
EG (\ \P
"

3. Now when the distance ry becomes so great that 7o =~ r{

]2 x 107910

Byfar ficld) =
ghlar e ) ToSinkG

[1 — cos kG] X ¢ *n0

4. Now let 57.3kr, = r1 (degrees); 57.3krg = ry (degrees); 57.3kg = G (degrees).
5. Also convert from cxponential to trigonometric form.
6. The resulting ratio is

_ B, K- {[cos 1y — cos G X cos r)® + [sin 7 — cos G X sin rgl?} ¢
B, (tar field) 1 — cos G

7. Thereforc:

Fteld measurement

- = adjusted field
K

# Silliman, Moffet, and Rohrer.
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WAVEGUIDE LOSS CHARTS *

Summary: Graphical presentation of attenuation values provides data for typical
commercial microwave equipment. When effective resistivity is known or estimated,
attenuation in decibels per foot can be determined at 1 to 75 kme, Internal rectangular
dimensions are also given.

Attenuation per foot of a particular commercial rectangular waveguide at a given
frequency can be computed from published information, but for rapid extrapolation or
comparison the accompanying charts {sce Fig. 9-19) offer a ready solution.

One must know or be able to estimate the effective resistivity of the conducting
surface, This is the product of d-c resistivity and a surface roughness factor Kr, which

Nominal Internal Dimensions for Standard Hollow Rectangular Waveguides

WR No. Wide Narrow WA No. Wide Narrow
10 0.100 0.050 112 1.122 0.497
12 0.122 0.061 137 1.372 0.622
15 0.148 0.074 159 1.550 0.785
19 0.188 0.094 187 1.872 0.872
22 0.224 0.112 229 2,290 1.145
28 0.280 0.140 284 2.840 1.340
34 0.340 0.170 340 3.400 1.700
42 0.420 0.170 430 4.300 2.150
51 0.510 0.255 510 5.100 2.550
62 0.622 0.311 650 6.500 3.250
75 0.750 0.375 770 7.700 3.850
90 0.900 0.400 975 9.750 4,875

is unity for an ideal polished surface. Materials having low d-c resistivities require
smooth surfaces for low effective resistivity and low loss. In materials having high d-c
resistivitics the current penetrates deeper into the material and Kr is near unity even
for moderatcly rough surfaces. Thus surface roughness has almost no eftect on high-
resistivity materials.

Another factor is the size of the hollow waveguide cross section. Lowest losses are
obtained by use of the largest possible waveguide. The chart shows the penalty re-
sulting from use of a smaller size.

Measured attenuation of two sizes of rectangular copper waveguides shows that the
effective resistivity is abont 2.2 x 10— ¢ ohm-cm from 4 to 6 kme. This is about 28 per
cent above the d-c resistivity of 1.72 x 10— ¢ ohm-cm. Measurements on WR-229
drawn of 90-10 brass show an effcctive resistivity of 4.3 x 10— 9% ohm-cm at 4 kme,
which is about 7.5 per cent ahove the d-c resistivity of 4 x 10— ¢ ohm-cm.

Plotting points on the graph were determined from the equation

_ 5.963(RK1/%)%(1/b + 3*/2a%)
V1 =¥ /ad?

a

where o = attenuation in rectangular waveguide, db/{t
R = d-c resistivity of conducting surface, ohm-em
e = wide dimension of waveguide, in.
b = narrow dimension of waveguide, in.
» = frec-space wavelength, in.

K surface roughness factor
RKr = effective resistivity of conducting surface, chm-em

®* By A. F. Pomeroy, Bell Telephone Laboratories, Murray Hill, N.J. Reprinted from
Electronics, October 1, 1957.



Charts and Graphs 9-25

FREQUENCY IN XMC FREQUENCY IN KMC
25 I N 25
| =
2.0 = 20 60
2800 £ A ~
= L9
s NI see
[ L1 A8 [
1.0~ > 00828 = 10 = ] 420
A 440 Ed
0.8 = = 1310 08 o = 050 =
/ /%/ 1] e o /// /24 560355 E
06 % 39 7 06 1
0.5 % e as%gég H 05 ] 283 o
. //,/ A ’ 1300 w
- 335
0.4 ;/ 229 0.4 - Zaiyy =
L %25 | & // L] [ 4180
s 2 D M
4 23 4
%/ | 15.0 // 485 >
0.2~ = — B s 0.2 2 1
= wsff| % o2 o
= ] : LT3 b
. /% /?% :? o o |~ ise 3 5
123 o« . ! 487
e 2 AT 2= %
2 L~ 7124 1 =
= 006 Za = S| ¢ & oo = Z
& ggs ZENE £ I ZT L ses .
8 o 22 dlla * B LEZ A iesgiEl o
= - | Has P o - ;; 8.2 g
59 2 395
il 2o = T E
= 05 s = 3 Lt 95 =
2 33 H | L daddiees] g
i o_oe/ o 2 oo ] 2
= 3395 = Z 26
“ Bas g = L 1 1207 g
i | A3 s
s s A
. 4
0.01 2.6 282 - 0.0 7/ w0
/ 288308 £ o
0.008 » - 0.008 1.88 7
145 L~ 2.06 5 54 «
0.006 ] //i/ 160 2 ooos B S
0.005 // /,//,5/ %%552% £ oo = LA 112 o
2
0.004 e L] %% e 0.004 2 @
| A ?0; o s ISR .
0.003 ’ MV 2 ,Lg 25 o 0.063 ] Dors
L.
/? = %g/ 145 E % // Lot 2
0,002 4— 0.002 0% @
?% // ;/w/ iz =
L A
0.001 %Z — 0.001 4
0.0008 0.0008 ==
0.0006 ‘ 0.0006 L
0.0005, 2 3 4 BCEL] 00005, 2 G 10
EFFECTIVE RESISTIVITY (RK,) EFFECTIVE RESISTIVITY {RK,)
N OHM-CM X 10°¢ IN OHM-CM X 10°®

Fic. 9-19, Waveguide loss charts.

Exemple. Suppose it is necessary to find the attenuation of WR51 made of high-
conductivity copper at frequencies from 16.4 to 20.6 kme. Using 2.5 x 16—6 ghm-cm
as an effective resistivity, we read on the chart 0.092 db/ft at 16.4 kmc and 0.078
db/ft at 20.6 kme. The attenuation of other sizes can be found in a similar manner.
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Representative frequencies in the recommended ranges were chosen for each size
shown in Fig. 9-19. Interpolation between the characteristics to find the loss for other
frequencies is straightforward.

The effective resistivity should be nearly constant over a small frequency interval,
which leads to another use of these characteristics. To find an average effective re-
sistivity over a band of frequencies, measured values of decibels per foot can be
plotted on the characteristics and an ordinate drawn through the average value of
effective resistivity. This result is probably more accurate than any one of the indi-
vidual determinations.

Thanks are due Miss J. D. Goeltz and Mrs. Dolores G, Hill for their work in com-
puting the attenuations used in plotting the characteristics,

Bibliography

Pomeroy, A. F., and E. M. Suarez: Determining Attenuation of Waveguide from Elec-
trical Measurements on Short Samples, IRE Trans. RGMTT, April, 1956, p. 122,

Benson, F. A.: Waveguide Attenuation and Its Correlation with Surface Roughness,
Proc. IRE, 100, part III, p. 85, March, 1953,
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L-NETWORK DESIGN *

Summary: Technique for using Smith chart to speed design of L matching net-
works for transmission lines and waveguides using lumped parameters. Shaded-area
charts show at a glince impedance ranges that can be matched with each type of L
network,

The familiar Smith chart for transmission lines is also a useful tool for designing
matching networks. As an example, consider the case where it is desired to match an
impedance Zy, = (0.3 — j1.6)R, to R, with the L matching network shown in Fig,
9-21. It is assuined that the induectances are lossy so that By = X3 tan 6 = 0.2X; and

# By H. F. Mathis, Goodyear Aircraft Corp., Akron, Ohio. Reprinted from Electronics,
Feb. 1, 1957.
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Go = —Bs tan 4 = —0.2Bs.  All impedances and admittances are normalized with
respect to R, and G. = 1/R,, respectively.

Let Za = Zu+ Ry +jXy and Yu = 1/Z:. Since Yo 4+ Go + By = 1, Y, must le
on curve Y = 1 — k{tan 4 — ), where k is a real variable. This curve is circle QA’
with center C. To locate C, lines OC and OD are drawn as indicated in Fig. 9-20.
Point D hisects its line. Point C is located as indicated.

Point C is inverted to obtuin € on line OC so that C'O = OC. Since Y must lie
on circle QA’, Z, must lie on circle OH whose center is C'. To determine Z., plot
curve Z = Z; -+ p{tan 8 4+ j), wherce p is a real variable. Point A, where this curve
intersects circle OI1, is the desired value of Z.. The value of Y. is found by inverting
point A to obtain A'. Finallv, Ry + jX; = (Zi1 — Z.)R, = (0.498 — j0.610) — (0.3 —
j1.6)R, = (0.198 + j0.990}R, and Ga+jB: = (1 — Y.)G, = 1 — (0.803 4 j0.985)-
Go = (0.197 — j0.985)G..

Fie. 9-21, Smith-chart procedure for determining parameters of L matching network.

General Procedure. In genceral, for L matching networks plot Zo or Y, first on the
Smith chart.  Next, plot the impedance or admittance into which Zz is to he trans-
formed, and find a suitable path connecting these points.

1t is impossible to match all possible values of Z: with a given type of L network,
TFor example, if Z. — (.5R., the matching network shown in Fig. 9-21 could not he
used. Impcdances which can be matched with a given type of L network are shown
as areas on Smith charts in Iig. 9-22. 1t is assumed that it is desired to transform Z.,
into R, and that Z. is normalized with respect to Ro.

Bibliography

Smith, P. H.: Travsmission-line Calculator, Electronics, January, 1939, p. 29.
Smith, P. H.: An Improved Transmission-line Caleulator, Electronics, January, 1944, p.
130.
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Fic. 9-22. For each network, horizontally shaded areas on the accompanying Srith chart
show impedances which can be matched with lossless reactance. Vertically shaded areas
can be matched with reactances for which tan ¢ = 0.2,
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Fic. 9-22. (Continued on next page.)
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Fie. 9-22, (Continued.)
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9-32 Charts and Graphs
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HEATER SURGE CHART *

Summary: The cffect of heater current surges when voeltage is applied to cold tube
and cfficieney of surge-restricting arrangements can be evaluat=>1 with this chart. 1ot
and cold characteristic enrves are typical for most tubes.

To mininize damaging effects of high inital current when heater voltage is applied
to a cold tube, starting current surges should be restricted.

The magnitude of heater current surges under various conditions can be calculated
by usc of the graph (Fig. 9-25), which consists basicallv of two curves plotted on
coordinates of heater current and voltage relative to normal fullvoltage conditions.
The first curve, a straight line, represents the resistance of a cold heater. 1t represents
a resistance which is 0.15 of the normal operating resistance.  This is typical of most
receiving tubes, The second curve shows the locus of points at which thermal equi-
fibrium is obtained for steadily applied voltages. Deviations from this cive are rela-
tively small for common receiving-type tubes,
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=z \ HoT e and cold tube conditions used to evaluate
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The results of applying heater voltage in steps can be shown by simple constructions.
If a line is constructed at a chosen value of initial voltage, the magnitude of the initial
cold-resistance surge is shown by point A and thermal equilibrium occurs at poiut B.
A line through the origin and point B represents the heater resistance attained in the
partially heated equilibrinm condition. U 100 per cent voltage is then applied, a
current surge of magnitude indicated by point C occurs, and final equilibriom is at-
tained at the normal operating point D.

The cffect of applying 100 per cent rated voltage through a series resistor can be
shown by the construction of u line having a slope based on the ratio of the series
resistance to the nornial hot resistance of the tube. The cold-tube surge is indicated
by point E, and equililvium oceurs at F.  Construction of a line from the origin
through point F then represents this equilibrium heater resistance.  1f the resistor is
then shorted out, 100 per cent voltage will be applied and will result in 2 momentary
current indicated by point G, Final equilibrium will occur at the normal operating
point D.

¢ By M. P. Feverherm, Defense Electronie Products, Radio Corporation of America,
Camden, N.J. Reprinted from Electronics, June 1, 1937,
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A CONVENIENT SLIDE-RULE SHORT CUT TO CONVERT ELECTRICAL
DEGREES TO FEET, OR VICE VERSA WHEN FREQUENCY
AND EITHER FEET OR DEGREES IS KNOWN

From the expression

degrees 300 2.734

Feet = SoBr®e8 o O 3981 = degrees X —oo-
=500 X i X egrees X nie)

the following ratio may be set up on the slide rule using C and D scales:

2734 feet
f(Me)  degrees

Set 2.734 on scale C over frequency in megacycles on scale D; rcad feet and degrees
on scales C and D, respectively. In some instances it may be convenient to usc the

folded scales CF and DF.

GREAT-CIRCLE DISTANCE AND BEARING CALCULATIONS

Tlie need often arises in allocations problems for a simple and reliable method of
computing the position of one radio station or arca with respect to another expressed
in degrees clockwise from true north. It is often equally important that the distance
between these two points be known,

Bearings and distanice can be computed iu many ways., The method set forth here
utilizes ua table developed by Lieutenant Artlrur A. Ageton, USN, which perniits the
simple solution of navigational problems. If the table is properly read and interpo-
lations carefully made, the bearings and distances derived through use of the calcula-
tion sheet will be found to be in very close agrcement with lengthy mathematical
computations.

To use this method one must first obtain Hydrographic Office Pablication No. 211,
entitled “Dead Reckoning Altitude and Azimuth Table” from the Hydrographic Office,
Washington, D.C., or the Superintendent of Documents, Government Printing Office,
Washington, D.C.

The caleulation sheet can be shortenced in some respects if used only for determining
bearings and distances between points within a limited area such as the United States
or North America. As shown, bearings and distances can be calculated between any
two points on the surface of the earth if the latitude and longitude of the two positions
are known.

If a considerable number of ealculatious are to be ade, it is suggested that the
calculation sheet be duplicated in guantity. Furthermore, it is suggested that until
one becomes thoronghly acquainted with the method the various steps be check-
marked as they are completed.
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Great Circle Distance and Bearing Calculation Sheet

(Based on Ageton, H.Q. Publ, 211, Tables)

1"ROM : Location (La) ° ! " (Loy___ ° ! i
TO: Location Lay__ ° 7 Loyt

Symbols Uised

4 Numbers in the A columns of the H.O. D Great-cirele distance wlhen converted to

211 tables minutes of are
B Numbers in the 5 columns of the 11.0. K An arc used in the calculations
211 tables Dn  The great-circte distance in nautical
t (Lo ~ Lo The smaller angle hetween miles
the two meridians, Lo and Lo’ Ds  The great-circle distance in statute miles
C  Bearing Ilast or West of 0° true (K ~ La) The magnitude ol the difference
between arc K and La
Rules
If La and La” are in the same hemisphere: If La and La’ are in different hemispheres:
(N or &) (N and 8)
K: Take K from bottom of columnsin H.O.  K: Take i from bottom of columns in H.0Q.
No. 211 tables if ¢ is greater than 90°, No. 211 tables if ¢ is greater than 90°.
D: Take D from bottom of columns in I1.0. D: 1If ¢ and (K ~ La) are each less than
No. 211 when ¢ and (K ~ La) are each 90°, take D from top of tahle, otherwise,
greater than 90°. from bottom,
¢:  Take (' from bottomn of ¢columns in I1.0. C: Take € from bottom of tables in 11.0,
No. 211 when & is less than La. No. 211 tables unless (K ~ La) is
(K ~ La): Subtract K and La to find dif- greatier than 180°,
[erence. (K~ La): Add X and Le to find magni-
tude. If (K ~ La) exceeds 180°, sub-
tract 180° before entering H.O. No. 211
iable to find B3.
Caleulations

[Follow rules closely for &, D, €, and B3—also (K ~ La)]

ADD SUBTRACT ADD BUBTRACT

Lo’ 3 Ay 43 B2 A2
Lo o Bl1+ B2— B3+ A5—

= A= A4 = B4 = A6 =
La’ _ _
}‘; = — D = o 4 ”
(JKr ~La) = 4— D: “ X 60 = + _ f= Dn nxiles

Dn miles X 1.152 = Ds miles

l 14 ‘

* Note: When Lo’ is wesi of Lo, ' will indicate bearings in degrees west of 02 true. When
Lo is east of Le, ¢ will indicate bearings in degrees casi of 0° true.

SBtepa
1. List coordinates for locations. 9. Determine ar¢ for (K ~ La).
2, Subtract Lo and Lo’ to find are £ 10. Enter table with (A ~ La) for B3.
3. Enter 11.0. No. 211 with £ to Hnd A1, 11, Add B2 and 33 for 4.
4, Enter table with La’ to ind B1 and A3. 12. Enter table with B4 to ind 45 and are D.
5. Add Al and Bl for 42, 13. Subtract 45 from A2 for A6.
3. Enter table with A2 to find B2. 14. Enter table with 46 for hearing .
7. Subtract B2 from A3 for A4, 15. Follow steps shown to find Ds and Dn.
8. Enter table with 44 for arc K.
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OR9F'T S6L | O'E8T'T 96D | O°S0T'T ¢6Y | 0'LE6  96F | O'EFL g61 | 0602 06 | O°6ET— C6— |J0°GIE~— C6I—
TI9F'L 6L 10Ul 16¢ | €le6  TeF | T'TRL 61 7 e10g  F6 | &LET— - [ Elig— F6I—
FRSE L €61 1 8601 €64 | ¥F6I6  g6F | F6EL £61 | PB6T €6 | Fegl— ©6— | FUlE— E61—
LCF'T 262 1 07460 [ TOG | WLIG  26F | 9°LEL G6L | 9261 &6 | 9EET— E6— | 9EIE— 61—
8¢et't 162 1 60l 168G | BCTIG  16F | 8'¢98L 6T | 8'¢60 16 | 8'IET— 16— |8 TIE— 1I6I—
0'Fer'L 062 T O're0'L 08Y | OFI6 O0GF | O'FEL 061 | O'F6L 06 | 0°08T— 06— |0°0TE— OGL—
TECHT 08L | EEACT 630 | €GH0'T 68¢ | TEI6  G8F | GEEL 681 | 2°¢6L 68 | ¢'BGT— 68— | EBOR— 681—
FOCHT 88L | FOLZ'T 889 | HFOS0'L R8¢ | FUIG  8BF | FOEL 881 | F'O6L 88 | ¥9ZI— 88— | Fu0L— 881—
O8FF 1 18| UBNS'L 189 | 9'880°1 I8¢ | 9806 8T | 0'8%. 480 | 9'881 8 | O'FEI— I8— | OFO0E— I8T1—
8OFFT  98L | 8'Y9T'T 080 | §'UBO'T 08S | 8'906 98F | 898 981 | 8'UBI 98 | 8'Zal— 98— |8¢OL— O8I— 8+ 0% = o
OCPF'T €8 | 0°005'T 989 | 0°G80'T  ¢BC | 0°CO6 €8P | 0'4TL S81 | OY8T 48 | 0'TgTl— S8— |O'106— €8BI —
GeFFT FBL | T80T FRY | 880’1 ¥8G | @E06  ¥8F | 285L P81 | G'E8L T8 | &'6TL— ¥8— |&66E— ¥8I— | (B€ — NGE =D
FUFFL 8L | T'19Z'T €89 | FI80'L €8¢ | ¥'I06 €8F | 1182 €81 | F'I81 §8 | FLIT— €8— | ¥lle— E8I—
96EF'1T GRL| 0'6YC'L @89 | 9620°T EBY | UGO8 8T | 0°6IL o81 | 9G4l & 99— &8— |99c— 81—
SULEFT I8L | §7205'T 180 | L20'T 18C | 868 18K | §L1L I8T | 8°LL1 18 | 8°¢ll— 18— |8E6c— I81— SRRMWIO T
0'9EF' T 08L | 0°9SZ'T 089 | 09201 08¢ | 0968 08F | 07912 081 | 0041 08 | O'GLlT— 08— |0'G6&— 08I—
GEEF'T 622 E' T 6RO | EFLOT GLE | ZFE8 6% | ERIL 641 | &'FI1 6L | ©OTI~ 62— [2'06c— 621~
FeEHL 8LL 'L 8LY | V'EL00 BLE | TEG8  BLT | FEIL 8L1 | 2Ll 8L | ¥FBOL— 8L— |FBBZ— RIL—
LLA 'L 249 | 90LOT 2.¢ | 9068 LiF | 90TL LT | 90LE L1 ) 9901 — Li— 1998E— Lil—
9LL T QLY | 8'800'T 9I¢ | 8888 UL | 8802 9LT | 8801 9L | §F0T— OL— |BFRE— OQLI—
QL TLouLy | 080 ule g 0°L88 GL¥ | 0°L0L CLL | O°L9T 9L

(panunuo)) , MLy uolsidsucd-dIjvadwa) ¢ Iqe]
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Table 9-6. Conversion Table for Units of Length
MULTIPLY @ @ @
NUMBER OF —»-| £ @ 5 o &
S =z . @ — o) = = [
0 %% = e = I w o = = =
OBTAIN 2 g = E @ = 3 = 5
NUM%ER OF Z = L =
ot | 2.590 | 2540 | 3048 | 1609 7 ' o
ANGSTROMS 1 0 x10® | x10% | x40° | xi0® 10 10 10
a 2.540 | 2.540 | 3.048 | 1.609 s . .
MICRONS 10 1 10 w10t | %0t | xiov 10 10 10
MILS 3.937 | 3.937 | 10} 1.2 | 6336 | 3.937 | 3.937 | 3.937
X107¢ | x107° x10* | x107 X {0 X102 | x107
3937 | 3.937 3 €336 | 3.937 | 3.937 | 3.937
INCHES 1 Yo | wuo® | 10 ' 200 Yot | x| xi0t | X0t
31281 | 3.281 | 8333 | B8.333 5.280 | 3.281 | 3.28( | 3.281
FEET !
X107 | x40 | x40 | x1{07? X10% | X107 | X107 | x103
MILES 6.214 | 6.214 | 1.578 | 1.578 | 1.894 | 6.214 | 6.214 | 6214
X407 | x107° | x107® | x40 xi0™ X107 | x10€ | x10"
- 5 | 2540 | 2.540 | 3.048 | 1.609 s
MILLIMETERS | 10 10 ci0? | x10 | x| xio 1 10 10
-8 .+ | 2540 | 2.540 | 3.048 | 1609 s
CENTIMETERS | 10 10 Lo wio | xi | 01 { 10
3 _s | 2.540 ( 2.540 | 3.048 | 1609 " "
KILOMETERS | 10 10 K10 | xi0® | Y104 10 10 1

po

TRANSISTOR CHARACTERISTICS FOR CIRCUIT DESIGNERS °

Summary: Tables indicate physical properties, maximum electrical ratings, small-
signal low-frequency parameters, and average characteristics for grounded-base,
grounded-emitter, grounded-collector, and switching circnits for 218 transistor tvpes:
106 junction triodes, 46 high-frequency triodes, 6 tetrodes, 23 high-power units, 25

int-contact, and 12 phototransistors.

Abbreviations Used in Tables

a Current gain

B Basc-current amplification factor
BW  Bandwidth

C.  Collector capacitance

feo Alpha cutoff frequency

g- Grounded base

g-¢c  Grounded collector

g-¢  Grounded emitter

I, Base current

L Second hase current (tetrode)
I. Collector current

leo Collector cutoff current

ington, Mass,

Emitter current
Emitter cutofl current
Noise figure

Base resistance
Collector resistance
Emitter resistance
Generator resistance
Input resistance
Load resistance
Output resistance
Collector voltage

2 By Seymour Schwartz, Lincoln Laboratory, Massachusetts Institute of Technology, Lex-

Reprinted from Electronics, January, 1956,



9-40 Charts and Graphs

Successful transistor circuit design requires not only familiarity with transistor
equivalent circuits and characteristic curves but also an understanding of the behavior
of the parameters describing the transistor and the variation of these parameters with
bias and temperature. Tables 9-7 to 8-12 have been compiled as a systematic presenta-
tion of data necessary for transistor eircuit design.

Each of the charts presents physical properties; maximum electrical ratings; typical
small-signal low-frequency parameters; average characteristics for grounded-emitter,
grounded-base, and grounded-collector circnits; and switching characteristics. Figure
9-27 illustrates the cirenits referenced in Tables 9-8 and 9-9,

Small-signal parameters ure expressed as resistances. This permits a familiar physi-
cal representation of the trausistor in circuit design. The box on page 9-50 enables
transformation between h and r parameters.

All the characteristics are for fixed-bias conditions. Ilowever, these valnes vary with
operating conditions, Examples of these variations are shown in Fig, 9-26a to ¢.

Fignre 9-26a illustrates how collector capacitance C. varies with colleetor voltage V.
In designing an IF tuned cirenit, the tuning capacitor must be large enough to swamp
out the cffects of the variation of collector capacitance. If the IF stage is a grounded-
emitter rather than a grounded-base stage, the collector capacitance is magnified by
the base-current amplification factor 8.

In IF stages where neutralization is used to maximize gain by balancing out C.,
instability may occur when the battery voltage decreases. This variation of C. with
V. permits usc of the transistor as a reactance e¢lement in FM applications.

At low current bias (Fig. 9-26b to d) the noise factor of the transistor decreuses
and emitter resistance re, base resistance r», and collector resistance r. increase, pro-
viding increased power gain and larger values of input and output impedance. This
is advantageous in hearing aids where low bias currents arc used.

Temperature Effects

In the germanium transistor, noticeable chauges in a, 8, and I., take place at approxi-
mately 80°C as shown in Fig. 9-26e. These changes can lead to instability at high
temperatines by « becoming equal to or greater than unity or by I, increasing and
causing a collector runaway effect due to self-heating.

Temperature problems are minimized in silicon transistors as seen in Fig. 9-26f.
The value [., beeomes almost negligible in design consideration as the upper limit or
temperature range is above 100°C. In such special applications as d-c amplifiers, the
slightest change in a over the normal tempcrature operating range can produce a sig-
nificant change in d-¢ gain of the grounded-emiiter stage.

The low-frequency low-power triode junction traunsistor, Table 9-7, is most com-
monly used. The majority are utilized in hearing aids, audio systems, low-power
control systems, and low-speed computing circuits. Present units are available in the
p-n-p and n-p-n fused germanium, the n-p-n grown silicon types. Of the fused type
of transistor, the p-n-p is more available commercially and cousequently has found a
wider range of applications. The n-p-n fused type is suitable for complementary sym-
metry circuitry. The grown silicon type is used for high-tempcrature and low-I.,
applications.

The germanium and silicon grown transistors are used in almost the same manner
as the fused transistor. Fregnently, the grown types, owing to their lower value of
collector capacitance and higher value of a cutoff, can be employed as high-frequency
transistors.

The maximum power ratings on most of the low-power transistors are of the order
of 50-mw collector dissipation at room temperature. Some of these uuits have external
heat sinks and arc able to dissipate considerably more power.

The rating most commonly employed is the maximum power rating. Maximum cur-
rent and maximmum voltage ratings cannot be achieved simnultaneonsly because the
product of these two ratings usually exceeds maximum rating. The maximum voltage
rating is set at a value safely below the collector voltage breakdown value while the
maximum current is selected where g has not decreased to too low a value.
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Table 9-8, high-frequency transistors, includes p-n-p and n-p-n fused junction, n-p-n
grown junction, and p-n-p surtace-barrier units, Except for the n-p-n grown tyvpe,
which is of either germanium or silicon, all these units use germanium.

Physically, one of the main distinctions between these units and the low-frequency
units is the closcr spacing between emitter and collector junctions. Electrical char-
acteristics are higher o cutoff, lower collector voltage breakdown, and in many units
lower collector capacitance and lower base resistance. The widest application is in
radio receivers and high-speed switching circuits,

In selecting a high-frequency transistor for a grounded-emitter IF amplifier, note
that the g-cutoff frequency of the amplifier is equal to a cutoff frequency divided by 8.

Table 9-9 lists tetrode junction transistors which are high-frequency triode n-p-n
grown junction transistors with an extra base lead and a narrower base region. The
electrical characteristics of the grown tetrode transistor are almost identical to the
grown {riode transistor except for a lower value of base resistance and higher value ot
a-cutolf frequency. The extva base lead makes the tetrode applicable in specialized
control cixcuits and AVC applications. Bias for the extra base lead is usually obtained
from a bleeder across the main supply.

High-power Units

The high-power transistor, Table 9-10, is in most cascs the largest of all transistors.
One element is attached to the container. In most units the case can be connected to
the chassis cither directly or through a thin mica spacer. The tyvpes used as power
transistors arc the germanium p-n-p fused and silicon n-p-n grown.

The p-n-p fused transistors are usually the high-power units whose larger physical
size provides collector power dissipation up to 20 watts. The larger physical size also
contributes a high collector capacitance and lower a-cutoff frequency. Medium-power
p-n-p and n-p-n fused units which retain their smaller physical size and most of the
electrical characteristics of the low-power transistors are uscd in applications requiring
collector power dissipation below 15 watt.

The characteristics peculiar to the high-power transistor are the lower values of input
resistance, output resistance, and a, resulting from the higher values of bias currents
employed. Bias stability techniques are used to minimize the effect of runaway due to
self-heating of the collector.

The point-contact transistor, Table 9-11, is limited to high-speed switching cir-
cnitry.  Phototransistor devices, Table 9-12, are divided into two basic types: the two-
lead and three-lead devices. In the two-lead unit, one lead is attached to the basc
and the other to the collector. The three-lcad device has leads going to the emitter,
base, and collector, respectively.

The two-lead device is used in circuits providing d-c amplification for unmodulated
light, while the three-lead device can be used in circuits employing a-¢ amplification for
modulated light.

Acknowledgment is given to Ann M, Field and Elizabeth A. Sewell for their assist-
ance in compiling these data



9-42 Charts and Graphs
Table 9-7. Junction-triode
_ < = Small-signal low-
_5;3 Ef £ -
5 = ) 2 ia3
5 . 2 g 8 2
= S = = = = v
3 & S 25 - g 8 o= = e
= & & SE 58 | =€ |= BB @ &
Amperex Electronic Corp. | OC70 p-n-plused ® | 25(15°C) —10 —-10 —2 0.5 30 39
230 Duffy Ave. 0C7!L pn-pfused® | 25(45°C) | —10 —10 —2 3 47 8.5
Hicksville, N
CBS-Hytron 2N36 p-#-p [used 50 —20 —8 50 —6 1 45 30
Danvers, Mass. 2N37 p-n-p fused 50 —20 —8 50 —6 1 30 30
2N38 p~n-p fused 50 —20 —8 50 —6 1 15 25
HA-1 p-n-p fused 50 —-320 —8 50 -3 0.5 10 24
HA-2 p-n-p [used 50 —20 —8 50 —3 0.5 30 35
HA-3 p-n-p [used 50 —20 —8 50 —3 0.5 35 30
HC-1 p-n-p lused 50 —20 —8 50 —6 1 45 30
Germanium Prod. Corp. | NPN-3/ n-p-ngrown | 50(25°C) 35 10 75 15| —1 4 25
26 Cornclison Ave. 2N103 :
Jersey City, N.J. Rgl%%l"'!\/ r-p-ngrown | 50(25°C) 30 10 75 45 -1 13.3 25
97
RD2518A/ | n-p-ngrown | 50(25°C) 40 10 85 45| —1 18.3 25
2NG97A
RD]%JSZIA/ T-p-n grown 50 {25°C) 40 10 75 441 —1 40 25
2N98
RD2522A/ | n-p-ngrown 50 (25°C) 40 10 85 45| —1 40 25
2N98A
RIQDIQ{MSA/ n-p-n Erown 50(25°C) 40 10 75 1.5 —1 40 75
99
RD2525A/ | #n-p-n grown 25 (25°C) 25 5 50 4.5 25
2N10
General Eleetric Co. 2N43 pa-plused | 150 (26°C) | —45%| —50 | 100 } —5 32
Electronics Park N4 p-n-p fuscd 150025°C) | —45¢1 —50 | 100 —5 26.5
Syracuse, N.Y. 2N45 p-n-p [used 150 (25°C) | —45°] —50 | 100 —5 20
2N43A p-n-plused | 150 (25°C) | —48°| —50 | 100 —5 15
2N43A p-n-p [used 150 (25°Cy | —456 —50 ( 100 —5 15
USAF
2NT6 p-n-p Jused 50 (25°C) —292 —10 60 17
Genera! Transistor Corp. | GT-14 p-n-p [used W(s0°C) | =25 | ... 85 30
95-18 Sutphin Bivd, GT-20 p-n-p [used 70 (50°CY | —28 85 30
Jamaica, N.Y. GT-34 p-n-p fused 70(50°C) [ =25 85 30
GT-81 p-n-p fused 70(50°C) | —25 85 30
GT-83 p-n-p [used 70(50°Cy { —25 85 Bl
GT-87 pni-p lused 0(60°CY | —256 85 30
GT-88 p-n-p fused 70(50°Cy | —25 85 - 30
N34 p-n-p fused 70(50°C) | =25 85 —1.5 30
2N36 p-n-p [used 70(50°C) | —25 85 —15 30
2N37 p-nt-p fused 70 (50°C | —25 85 —1.5 30
2N38 p-n-p fused T (50°Cy | —=25 85 —1.5 30
IN39 p-n-p fused 70(50°C) | =25 | ..... 85 —-15 30
2N40 p-n-p fused 70 (50°C —25 85 —1.5 30
2N42 p-n-p [used T0(50°Cy I <25 | ... 85 —-1.5 30
Hughes Aireralt Co. HA5001 n-p-ralloyed | 500 (25°C} 30 100 85 5 16.5
Culver City, Calif. HAS5002 u-p-n alloyed | 500 {25°C) 20 100 RE 5 16
HA5003 n-p-nalloyed | 500 {25°C) 20 100 85 5 26
Hydro-Aire Ine. J-1 pn-p [used 150 (25°C | =40 —10 50 -0 30
Burbank, Calil. J-2 pn-plused | 150 (25°C) | —40 —10 50 —6 30
J-3 p-n-pfused 150(25°C) | —40 —10 50 -6 30
HA-1 p-n-p [used 100 (25°C) —20 10 50 —6 30
CQ-1 p-n-pfused | 150(25°C) | —40 —i0 60 | =6 30
Nat'l Union Electric 2N39 p-n-p fused 47 (25°Cy | =27 —12 60 —45] 1 | 324 | ...
350 Scotland Rd. 2N p-n-p fused 97 (28°Cy | —27 —12 80 =151 1 ] 157-324 | .....
Orange, N.J. 2N42 p-n=p fused 47(25°C) | —18 —12 G0 —15 L
T34D p-n-plused @ [ 56 (25°C) =27 —12 70 —4.5 20
T3IE pen-plused® | 56(25°C) | —27 -2 Wl -5 20
T34 pn-pfused® | B6{25°CY | —1I8 —-12 70 -5 20
Phileo Corp. 2N47 p-n-plused? | 50(25°C) | —35 —20 .. —5 25
4700 Wissahickon Ave.
Philadelphia, Pa. 2N49 p-n-pfused? | 50 (25°CY | —35 —20 -3 1 39 25
RCA 2N104 Pen-p fused® [ 110 (25°C) | —30 50 85 -6 1 44 24.5
Harrison, N.J.
2NTT p-n-plused® | 35(25°C) | —25 15 50 —4 0.7 40 36
Raytheon Mig. Co. CK721 perplused® | ... -5/ —w| 70| —6 1 15 25
55 Chapel St,
Newton, Mass. CK722 p-n=plused® | ... ... —227 —10 70 —6 1 22 25
CK725 pn-plused® | ..., —1f -] 70| —6 1 90 25
CK727 preplused | L —64| —10| 0| -15 0.5 35 50
2N63 pon-plused | ... ... —22f| —10| 81| —6 1 22 25
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Low-power Transistors

Irequency paramcters Grounded-emitter connection ‘ Grounded-base Grounded-collector
|
= | g . g = E 2 E =
I £ 8 e g |z
) & W5 & & | oF |8
1, i 1
0.
450 0.95 0.5 PR 30.000]1,000| 10 ‘
350| 0.55 0.5 , - .. 130.000( 1,000 36
350 0.5 0.5 [ ..130.,000] 1000132
700| 1.7 o —12 12 ....]30,000( 1,000]30
350| 0.8 -2 27 .. 130,000 1.000(30 |
450( 06 | ...... - .| 1,200] 1,000(35 \
450| 0.95 ‘ 0.7 —12 . . 130,000(1,000(40
100 2.0 0.75|20 5 122 100,000 {33 450 250,000 30 2,500 500 matched 7
! matched matehed
100| 3.0 1.0 119 2 20 100,000 (38 35 250,000 32 7,000 500 matched |11
matched matched
100(10.0 1.0 |19 2 |15 100,000 38 35| 250,000 a2 7.000| 500 matched |it
matched matched
150 5.0 25 114 2 20 100,000 {47 35| 250,000 (35 20,000 | 300 matched |15
! , matehed matched
150, 10.0 2.5 14! 2 |15 0.025, B850 100,000 |47 35, 250,000 |35 20,000 500 matched |15
. | ! nratehed matched
150| 5.0 3.5 ‘ 10 2 13| 0025 850 100,000 47 35| 250,000 |35 20,000| 500 matehed | 15
| matched matehed
400" 5.0 50 14 2 2 0.007 3,500 100,000 |53 45| 250,000 35 70,000 500 matched |20
matched matched
400. 1.0 1.0 40 —10 22} ... 1,000130.000+ 60039 80| 50,000 100 |28 30,000 800 30,000 15
300, 1.0 L0 40 -10 22 700(30,000 600|38 55| 50,000 (00|28 15,000 600 15,000 |12
2500 1.0 1.0 40 =10 22 430(30,0000 600 |36 501 50,000 100 (28 7,500 600 7,500 11
575| 1.43 1.0 l-‘rﬂ =5 10f. . 1.000130,000| 60|39 60, 50,000 100|328 30,000 600 30,0001 15
75, 143 0 1.0 140 ~5 30f....... 1.000]30,000| GoQ|3 60| 50.000 10028 30,000 600 30,000]15
|
300] 1.0 1.0 ‘40: —5 18| ....... 11.000]30,000° 600(38 35| 50,000 100 |28 15,000 600 | 15,000( 12
800| 1.5 i 065 ..° —10 16 ,
80| 15 ' 085 —-10 |16 \
j00) 1.5 063 ..  —10 |1 ‘
ROO) 1.5 0.65]. \ —10 16
§00] 1.5 0.70] .. —10 |16
806 1.5 0.50] . —10 |1§
800| L5 .o . —10 10
350" 2.0 5 24
850 2.0 1. 24
6001 2.0 . 24
400] 2.0 24
850 2,0 |. P
600 2.0 . 24 i
100, 20 |1 24
DUO‘ 2 z
4001 1 15
400 1 15 '
400 1.0 D I (VS P [P 40
300° 0.7 V2 35
300( 0.5 L 3 A P R I 30 !
350| 0.75 ‘20 ' ‘
200 0.5 33
20 30,060 50039 .
24 30,000| 500]38
28 30,000 50036 |
20 30,000 500)39
24 30,000 50038 l
28 30,000 0( 36
15 50,000 2 ‘
matched
600| 1.0 P I 1,000 50,000 12
I ‘ matched ‘
750" 2.25 12 1,200 30,000 43 | 140 400,000 32.8| 300,000 ) 20,000 matched | 13.9
‘ matched matched
560; 2.3 9. 1,350 50,000 42.6| 1301 400,000 33.2 10,000 [ 300 matched |16.2
| ' matehed matched
700, 2.0 220 ... 1,500 20,000 41 7l 100,000 |31 600,000 | 20,000 matched | 15
watched v malebed
250 2.0 V250 ‘ 500 20,000 K 45 100,000 52 200,000 | 20,000 matched | 10
matehed matiched
1,5000 2.0 200 .......12,700 20,000 42 110 100,000 |30 | 1,000,000 20,000 matched | 16
‘ matched matehed
5007 2.0 ... .0 —6 12| ... 20,000, 1,000136 | ...'200,000 100 |28 540,000 | 10,000 100,000 ) 14
350, 2.0 800 20,000 39 50‘ 100,000 32 350,000 | 20,000 matched| 13
. matched matehed
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Table 9-7. Junction-triode Low-

. o5 = Small-signal low-
g 8|3

" = & -

g 2 E’ l—g— 'é - Bias

g k=] = = = 2o w

< - o g g E] chi v g g

5 z £ i 38 | 5, |52 2 ] 3

= & oy =z = | ZE |=2%| &8 = @ 5

Raytheon (Continued) pn-plused | L —18f) —~10 | 8 | —6 1 45 2,
pen-pfused | oL —12f| -1 | 85| —6 1 90 25

Rylvania Electric p-u-p fused 50 (25°C) | —410 —10 —8 1 40 25
1740 Broadwuy n-p-n {used 50 (25°C) - 40 —10 6 —1 40 26
New York, N.Y,

Texas [nstruments n-P-R Erown 50 (25°C) 30 5 50 5 ~1 '] 23
65000 Lemmon Ave. A=p-7t EIOWD 50 (25°C) 30 5 50 5 -1 19 22
Dallas, Tex, n-p-n Erown 50 (25°C) 30 5 50 5 —1 49 35

n-p-n grown ™ 50 {25°C) 30 5 50 25| —0.5 38 | ...
a-p-ngrown " 50 (25°C) 30 5 50 25] —05 19 ...
n-p-ngrown #| 50 (25°C) 30 10 50 25| =10 19

p-n-p [used 50 (25°C) | —30 —10 50 -5 1 g | ...
p-n-p fused 50 (25°C)y | =30 —10 50 —5 1 19 (...
n-p-n grown | 150 (25°C) 30 10 | 150 5 —1 9-19 150
n-p-n grown | 150 (25°C) 30 10 | 150 5 -1 19-39 150
n-p-ngrown | 150 (25°C) 30 10 | 150 5 —1 =39 150
n-p-r grown | 150 (25°C) 30 10 | 150 5 —1 519 150
NP1 grown 50 (25°C) 30¢ 50 22.5 -2 | ...

p-n-p fused 50{25°C) | —30 -1 50 -3 1 H)
.......... 50 (25°C) -12

Transitron p-n-pfused | 750 —45 —100 | 100 | —12 10 40 2.5
407 Main St. p-n-pfused | 750 —80 —100 | 100 | —1I2 10 20 2.5
Melruse, Mass, p-a-p fused 750 —30 —100 | 100 | —12 10 20 2.5

pn-plused “ | 25 —12 —10 85 —1.3 0.5 25 50
pn-plused * [ 25 —12 —10 835 —1.3 0.5 25 50
p-n-plused™ | 25 —12 —10 85 —1.3 2.5 40 10
p-n-p Faged 125 —15 —500 85 -3 30 25 1.5
pn-plused | 125 —25 —200 83 —3 5 30 5
p-n-p fused 125 —25 —20 | 100 —6 1 40 18
p-n-p fused 125 —25 —20 | 100 —6 1 15 18
p-n-p fused 125 —25 —20 | 100 —6 1 30 20
p-n-p fused 125 —25 —20 | 100 —6 1 15 20
p-n-p lused 375 —45 —50 | 100 —6 1 33 20
p-n-plosed | 375 —15 —50 | 100 —6 1 16 20
pn-plused | 375 —45 —50 [ 100 —G 1 9 20
p-n-p fused 125 —25 —20 | 100 —6 1 20 20
p-n-p Tused 125 —25 —20 | 100 —6 1 3 20
2NE5 p-n-p (used 125 —25 —20 | 100 —§ 1 50 18

Tnng-Sol Fleetrie DRI26 p-n-p fused 50(25°C) | —10%) ... 85 —1.5 0.5 24 26
100 Fighth Ave. DR128 pn-plused © | 50(25°C) | —108] ..., 8 —1.5 0.5 49 34
Newark, N.J. DRI129 pn-plused 4 | 50 (25°C) —258| ... 85 —-1.5 0.5 32.4 26

DR130 p-n-p lused dl 50(5°Cy ! —o5¢ e 85 —15 0.5 13 20.5
DR154 pr-plused?] 50 (28°C) | —2520 ... .. 85 —15 0.5 124 58

Western Electric IN27 n~p-n grown 50 (60°C) 30 5 85 45 ~1 19-198 50
120 Broadway 2IN28 R-p-1 grown 50 (60°C) 30 5 83 15| —1 5188 125
New York, N.Y.

Westinghouse 2N54 p-n-pfused @ | 200 (25°C) | —45 —10 80 —45 1 33 25
Box 284 2N55 p-n-pfused ¢ | 200 (25°C) | —45 —10 60 —6 ! 20 20
Ehpira, N.Y. 2N56 pen-p maed ® | 200(25°C) | —4d5 —10 60 -6 1 13 5

All sockets A to H except wherc otherwise noted.
* Bocket type &

" Sockot types B to H.

¢ Bocket types A, L, and J.

4 Socket type not given,
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power Transistors (Continued)

[retjuency parameters

Fe, tegohims

5. ohins
face- Mc

0.
LI I =10
3 1025°CY -

e
2

=

=
R I RS e e S DR O OO0
Clhuwpboocoboooon oD DD I =

Grounded-emitter eannection i

Cirounded-hase

9-45

Grounded-collector

|

L
-
110,000

200000
il

l

30,000
130,000
0,000

... 30,000
-5 b o0
—0.006 .. 30,000
—0.000- . | 30,008
—0.006 .. ..

30,000

| 700 50,000
550 67,000
430 83,000

ies measured al 25°C unleas otherwise notesl,

: measured at 30°C".
7 Characteristics meagured at 27°C.
& Tewperature uet given.

1,000 25

5001 30
500 26
500 26
L1000 36
1.000 38
1,()00‘26

Lono| 40
100040
10001 36
LOUD 32
1,000 10
1000 37
1000 33
L0008 38
1000 39
1000 11
1,00 33
..... 24
KGR
L0027
1600 10

00 38.5

550 34
150 37

|
| ‘ ]
2% =2 E
28 2]E! K]
SislE | %
oo = i o] £ a3
20,000 (41 | 70, 100,000 |31
matched . matehed
20,000 42 [ve] 100000 |30
matehed l matched
—003 1200 30.000, 500 40 | ... ... ..
0.03 | 1200 0000|500 10 | |
20,000 | .aoo‘:ﬁ 35, 100.000 60|30
20,0007 500 40 | 40 100000 60|30
000 1250043 | 45 109000 BO| 31
0,000 1.000, 32 |
20000 1,000128 ‘
]
‘ !

|
|
|
|
|
|
|
\

X 125] 31
300,000 125 | 31

@ Z -
- 3
I I B R
& & | < |3
500,900 | 20,000 matched | 15
1,000,000 | 20,000 matched { 16
20,090 500 matched |16
20,000 500 nrm‘lwd 6
4,500 500 15,000) 12
15,500 5001 15,000 14.5
32,000 500 15000017
1,000 | 3500015
27, 1,000 27,000 13
A,000) 1,000 20,000( 11




9-46 Charts and Graphs

Table 9-8. High-

Typical small-signal
a &3
B E I
g =R g o Bias
g E 5 = ° .
B £ = £ < =
£ _ g s | 5| E E
3} ] = = = = - 3 @
= B g e g a & 3 @ g
g 2 2 = " o - g = E £
5 & N 3 = 5] 3 <} o : >
= &= = = = = = @ S = @ &
General Electric | 2N78 n-p-nrate 50 (30°C) 15 20 | 100 100 max 5 [ —1 27.5
grown
2N123 pn-p fused 150 (25°C) | —15 150 .. 85 —b 1 30-150
2N135 p-n-p alloyed 100 (25°C) | —20 —a50 . 85 -5 1 20
2N136 p-n-7 alloyed 100 (25°C) | —20 —50 . 85 -5 1 40
2N137 p-n-p alloyed 100 (26°C) | —10 —50 A 85 -3 1 60
Germanigm Prod. | RD2523A | n-p-n grown 50 (25°C) 40 10 75 e 5 | -1 40 25
(ZN99)
RD2525A |si-p-n grown 25 (25°C) 25 5 50 | ceiiennn 5 —1 100 25
{2N100) '
RD25218 | n-p-n grown 50 (25°C) 40 10 L 2 T 5 | -1 40 25
{2N98)
RD2517A | n-p-n grown 50 (25°C) 30 10 T8 [ veennnnn. 3 -1 13 25
Hydro-Aire HF-1 p-n-p fuged 35 (25°C) | —15 —5 B5 | vvn... —4.35 1 25 30
IF-1 p-n-p fused 35 (25°Cy | —15 —3 a6 | .. . 1 20 30
Phileo SB-100 surface barrier | 10 (40°C) | —45| =5 ... | =55t 85| 3 0.5 19 ‘ 50
Raytheon CK-760 p=n-p fused —6¢ —5| ... | —55to95 ] —6 1 45 ‘ 22
CK-761 p-a-p fused b —6¢ —5 | ... | —55w8|—6 1 50 22
CK-762 p-n-p fused ceee | 80 -5] .., | —55to85)—6 1 60 22
Sylvania 2ND4 n-p-n alloycd 30 (25°C) 20 10| ... |—35t085 ] —0.5 30 52
2N94A n-p-n alloyed 50 (25°C) 20 10 ... | —55t0 85 6 —0.5 30 52
Texas Inst, 220 r-p-n grown ¢ 50 (25°C) 30 5 50 22.5
221 n~-p-n. grown ¢ 50 (25°C) 30 5 50 22.5 1
222 n-p-n grown ¢ 50 (25°C) 30 5 50 225
223 n~p-n grown 50 (25°C) 30 3 50 22.5 .. ‘ S
9044 n-p-n Erown 150 (25°C) 30 10 | 150 5 -1 >19 150
224-1 . r
2
3
4
5
225-1
2
3
4
; |
226-1
2 !
3 [ '
4
: |
227-1 |
2 |
3
4
Tung-Sol DR-155 p-n-p fused b 50 {25°C) | —10 e 8 | —55to 85| —1.5 0.5 32
2Ni12 pn-p fused 30 (25°CH | —~10 —8 85 | ~55t0 85| —6 1 32 31
2N113 p-n-p fused 50 {25°C) | —10 -8 85 | —~55t0B5 | —6 1 32 31
Western Eleetric | 2N27 NP1t EIOWD 50 (60°C) 30 5 8 | ... 451 —1 20-198 | 50

Socket types A to H unless otherwise noted.
¢ Socket type A only.
b Jocket types A and J.
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9-47

low-frequency parameters

£
3
150
400| 50 | 50|14 2
150 | 5.0 20|14 2
100 |3.0 1.0 4] 2
500| 1.0 50}10 | =10
500( 1.0 20110 —10
. 04 30 22 —0.5
{osc)
w10] 5 |14 | —2
701 1.0 10 14 —2
701 1.0 20 14 —2
500 20| 33|10 3
500 2.0 | 6010 3
50
50
50
U T B 50
1,250 | 0.5 >8 1
o \a;o' vs| s
1!z s —10
110 1.2‘ 10 || ~-10
700) 20 2 \17 | 10

HF
param-
ators
g
Ey
l_‘J:
RF amp
IF amp
1,000 | Switehing
... | RF/IF amp
RE/IF amp
RYTF amp
IF amp
unueut
20 IF amp
urnient
20 IF amp
unnent
20 IF ainp
unneut
0.5 800
2 125 1,000
2 23| 1,000
2 25| 1,000
=3 |15 1,000 | IT" (g-b)
IF (z-e)
—3 |15) 1,200 | T¥ (g-b)
IF (g-e)
BT (g-1)
262-ke (g-e) IF
262-ke (g-e) IF
s¢ (g-e) II
262-ke conv
Neut 262-ke
g-e IF
Neut 455-ke
g-e Il
. ‘ Neut 262-kc¢
. g-b IF
Neut 455-ke
u-b IF
28
28 IF
Iy

I

Ry, ohms

1,000
1,500

500

500

350

80
500
80
800
80
750
750
750
300

600

65

P

3

600
600

R, obins

10,000
10,000
10,000

10,000

100,000
25,000
100,000
25,000
15,000
70,000
70,000
70,000
60.000

25,000
25,060

High-freuency cireuit eonditions

26
23
30
32
34
24

28
30
32
18
20
22
24
26
18
20
22
24
26

32
33

n O WemkNDQDO

H

High-speed switching
characteristics

gl g | g,
e i | B3
@ o8 T =
g g o
~ = =5
0.1 02 5

<0.2 | <03

<02 | <03

<02 | <03

<02 | <03
05| 015) =0
0.1 01 | >0

E Circuit

Characteristics measured at 25°C unless otherwise noted.
¢ Characteristics nieasured at 27°C.

4 Bandwidth 12 ke,
¢ Bandwidth 23 ke,
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Table 99. Grown n-p-n
Max coll | Max coll | Max coll .\It‘[rl:l)l“::@
Manufacturer Type No. power, voltage, current, current Application
mw volts ma o
a-c_r;nanium Prod. 50 (25°(‘) 30 5 5 Video anip, switching 10-Mc ose
50 (’a 1) 30 5 5 Video amp, switching 20-Me oso
50 (25°C) 30 5 5 Video amp, switching 35-Me ose
20-Mg 11
RDX-3004,3N23C 50 (25°C) 30 5 5 ¥ideo amp, swntchmg 50-Mec ose
20- to 30-Me (I
Texas Inst. 700 50 (25°C) 30 5 5 Low-level, low-lreq age
Western Eleotric } aN22 30 {25°C) 12 3 3 Video amp, R-V
Allsockets A, 1, G, H, and M.
Table 9-10.
Max ¢ I sl stenal
‘ Max power outpat, watts vn[\r{d‘\‘.ufn = _—
o —_——  E e £ Bias
S B = 5 __
2 ‘ 3 = = |
= z ’ H € o
El 2 g o g B
= = P 1 ) :
= e | £ = = 3
%mpor(\ 2N115 | pen-p Lused 13| 2.5 1 —1 !
‘ 2- ()C' p-n-p fused * - ’ s J S - 05 10
CB&-Hyiron =107 pei-p fused * Lo . .. ‘
lI\dru«w\lrL [JP i prn-p fused #1045 04 ' 1.5 —Ja —O {
Minncapnlis- H-1 pr-p Tused * 3 10 10 —30 J 7(10 —0.8
IToneyweli | ' |
Rewulator Co. IN5T pen-p lused * 006 12 48 2(1 (21°C) —30 —GO! -1
2753 4th Ave. 8 | | |
Minneapolis, H-2 pen-p fused 85 18 68 20 (21°C) | =30 —60 —1.4
Minn, ) ) | ‘ | i [
‘ H-3 [ pn-p lused =02 El 16 5 (21°0n —30 '—80 —0.35 J 200 =2 |
H- preplusdt 2| 8 ’ 6 sare o \ 60 =05 |20l -2 1 |
Sylvania 2N68 p-n-p alloyed ¥ 0.75‘ 10 Lo 4025°C) -20 —-1.5 ’ ... =6 50
| Co ] ‘ P
| : \ , ‘ | b
IN95 - n-pen abloyed T 055 10 ‘ @5y ‘ 5 15 . 6 —50]
| N o
’2\101 p-n=p alloved Llumca y identical to 2N68 1 ;
| 2N 102 ' n-p-u alloyed Elestrieally identival to 2N45 ‘ |
Texas Inst. X-2 p-p-ngeown Do, L. |- . ‘ ' 15 0.075 225 5 —1
‘951 ‘ =Pl CTOWU - l0.45 {25°C) | (25°C) 50 0.06
Siliven - 0.3 (00°C) 0.5 (100°C) o .
‘ 0.15 (150°C) ‘ 015 (150°C)
952 I1-)=1 Erown .06 (25°C) L (25°C) 80 | 0.05
silicon ‘ o0 {100°CY 0.5 (100°C) . .
0.15 (150°C) 0.15 (150°C)
983 H=p=1 Zrown L1 (25°C) | (25°C) 120 0.04
| Silicon 0.5 (100°C) | )05 {1000y o
i 0.15 (150°C) } 0.14 (150°C)
Trausistor Products | X-107 ' p-n-p [;used # 01 .. 2425°C) —-30 —60 —1 J —34
241-251 Creseent | X-120 | p-n-p [used * | 7.3 15 125°C) —30 ‘ —60 —4 360
Ave. !
Walthaw, Mass. ' |
Transitron 12N&3 p-n-plused ¥ '4 15 —30 —l3 —1 1200 —20 100
INS p-n-p uso a 10 —322 —30 —1 200 —20 100
Tung-Sol DR-150" p-re=p [used . | .. 350 —15 10
Western Inleetric INGS ‘ pen-g fused * oy .. —40 500 —4.5 100
' — 0

* Type A sockels.
1 Socket types A to IL



Charts and Graphs 9-49

Junction-tetrode Transistors

Stall-gignal low-requencye Parameters { T'vpical operation
Bius Power-gain
Ina. - re, T Yo, Lo, Frog, Me ut 5 Me
v, I i ohms ohmg megohig ua Clireuit J Cirenit
volts ma N
1.5 1 ] 0,95 300 70 2 10 1020 12
45 i 0 .97 30 100 2 10 14
15 1 0 0,08 30 200 2 10 30 50 15
1.5 1 0 0.99 30 300 2 10 50-K0 17
5 -1 0 0.495 30 1,000 1 10
i -2 —3 0,90 25 100 1 10 15
4 -3 0 | ©0.475 25 1,000 1
Characteristics measured at 25°C.
Power Transistors
low-{re.ueney paranieters Typical operating conditions
DAt s s —
l ) g Co
< z \
£ 2 |
£ 5 = E A
al $ B < ) ‘55 o EER
=280 . ; |
\ N by
o \ Big-er —f \
1l ... 150 so00l, . L A | \5,000 100
9 2 150 100,000 ... . —3500 Big-ly :
Sl [ 15 <8000 Aigeel B8 20 70 3
| . Bix 630 100 140 1
) AU Co Lz —R000 500 154 35 56 o4
625 | 140 28 g
l L (:.5\7&000 : o400 4
. i 40 100 80 1
‘ | 1.2 —1,000 Aus 3 T T TV h
22 27K 240 1 320 E]
. . u 6 kumu‘ E: | 15 60 1977 4
| N 5200 | 224 1
0 30 100,000 300 ) 100 — 150 | | #3100 50
. | | -0 .. ~L af . 50 | 12 50
! | —50, | — ‘ | \ 250 12,100
| o —snl 1 : 2 2l
0] 1 30 [:00000 300 100 A 1500 | % e
\ \ g - 0 12
| . g-c) | Haid b 5] 12
‘ \ \ | B I 050! 1N [ 2
| o o | )
9125 ‘ 0.75 20(),00()‘..4‘ . ?S‘Blr_-h“\ 10 I \1 UUO
: | Bl 0. T - Huuu\
‘ R 5! Bl 20| ‘ | oo aO)‘luUG
N e | - |
\ e T T 350062 T 20 | L L 1000 1,800
Lo N e ‘ 010 D ‘
! I 5 nm-)‘ 67.5 zu‘ | voscre e U [so00l1000
\ [ T | Lnausuu\ | ‘ ‘ \
| .
22 0.8‘5‘ 12 50,000 . —120!;\\‘;,}“ ~a ‘ —8n° \ oo [-11 TR I R
] eesl 10 100 ] ;zuo‘m-m:fzx -3, B 0 50 08 100\
| |
| ! \ ‘ !
8103 15 20,0001400 131 —100" Big-er  —30 71!50\ . ‘ 25 29 . . GOO‘ 100
12, 08 15 | 20000, 409 1.5, ~|un‘H:v_-4->\—-zn - . ‘ 2,0 ~22 L CA00 100
! ! I
sl s ‘ I
$5) .. . 0o, .. ] } |
| 300} . | \ |
1 Bockel Lypes A and K,
¢ Push-pull connection.
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Table 9-11. Point-
- Iy Ly .
5 g 2 £ E
= = B e 3 - "
% ; £ 2 z 3 ) g | i iz
£ £ ¥ 3 3 3 5y e g8
= @ E IU < L= "‘3 o 5 @O |n_)
5 = B [ R ] 552 o1 £ S
= e = =2 =g | =8 | =82 | =3 S2
Hydro-Aire A-O Amp, osc 0 (25°C) —20 —8
A-1 Amp, os¢ 50 (25°C) —20 —8
A-2 Amp, osc 56 (25°C) —20 —8
A-3 Amp, osc 50 (25°C) —20 —8
30 Switehing 50 (25°C) —10 -8 230
81 QWltch\ug 50 (25°C) —40 —8 -30
8-2 Switehing 50 (25°C) —30 -8 -30
Sprague Electric 54 Switching 80 (25°C) —50 -10 —50
Transistor Prod. 2A Amp, osc, 8w 120 {25°C) —5&0 -8 —50
20 Switehing * 100 (25°C) -—50 —8 —50
2D Amp, osc “ 100 (25°C) —50 —8 —50
2K Amplifier 2 100 (25°C) —50 —8 —50
2G Switching @ 120 (25°C) —b50 —8 —50
2H Amplifier * 100 (25°C) —3§0 —8 —30
2L Switching ¢ 50 (25°C) —50 —8 —50
IN32 Switehing ¢ 50 (25°C) —410 -8 —40
2N33 Switehing © 30 (25°C) —8.5 -7
2N50 Switching * 50 {25°C) —15 -1 —-15
2N51 Sw, osc # 100 (25°C) —50 -8 —50
2N52 Amp, os¢ ¢ 120 (25°C) —50 -8 —50
2N53 Switching * 120 (25°C) —50 —8 —5&0
Western DLlcctric 2N21 Switching 120 (25°C) —100 —80 —100 60 80 (25°C) *
3N21A | Amp, oso,sw | 120 (25°C} | —100 —§0 —100 60 80 (25°C) b
2N110 Switching 200 (25°CY —100 ~75 -—100 75 100 (25°C) ¢
2N67 High-speed sw | 100 (25°C) —100 —60 —100 80 60 (25°C) ©

Socket types A to H unless otherwise noted.

2 Socket types A and L

Maximum ambient temperature 50°C unless otherwise noted.
Maximum ambient temperature 85°C.

Characteristics of A-0, A-1, A-2, A-3, ZNZI 2N214, 2N110 and 2N67 measured at 25°C.

ParaveTer CoNVERSION FORMULAS

L re = Hip — 7l — a)

Ryt
Hy = 25— = —a
Ray
1213
Oy = R — =" —
Ry
=re+ (1 —alrp
Hyy = iz .1
s T
1 1
Hyp = —— = =
» RQ? Te
o= L
¢ Hp
e = refig
jal={Hal

TRANBISTOR BOCKETS

=EeQ

Ceode Manufaciurer

Solder connections

Elco Corp.

Cineh Mig. Corp.
Super-Ear Prod. Co.

Myealex Tube Socket Corp.

Eleo Corp,

Super-Ear Prod. Co.
Elco Corp.

Super-Ear Prod. Co.
Cinch Mig. Corp.
Amphenol Co.
Cinch Mig. Corp.
Cineh Mfg. Corp.

Type

3-pin polarized
3-pin printed-cireuit
3-pin polarized
3-pin polarized
3-pin polarized
4-pin polarized
4-pin printed-cireuit
B-pin
5-pin
3- pin printed-eireuit
3- pm equal spacing
5-pin

4-pin polarized
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contact Transistors
Stall-signal low-lrequeney parameters Large-signal parameters
_ - 2 3 2
@ = 2 o Eg B
n m 0 =) = £ b -] =)
g 2 2 =13 5 3 B % E 5 g: | EE
N R s | &y | g o= | 3| EE |3
R S IS = -3 23 (&%) O c = o
—8103 |2 425 | 200 | 13,000
—glo3]|2 125 | 200 | 13,000
—8]0.3 |2 375 | 175 | 13,000
—8 10312 350 | L5 13,000 .
R . R A R R 0.2¢ -1 —2 50,000
N . 0.549 —1 | -2 50,000
14 JUR R G 50,000
—10 | 1 5 0.12 0.5
-10 /1 2.57 | 200 90 | 10,000 | 2 45 —-1.1 0.2 1.3 -1.1) =1 200,000 5
—10|1 |2.57 200 50| 10000 2 15 —11] 0.2 13 | =111 200,000 | 5
=101 2,54 | 200 90 ] 15,000 1.5]. —0.9 0.3 1.3 —-0.9 | —1 200, 000 4
—10 |1 3 900 | 500 f 20,000 {20 |....f...... —-0.8 0.02 0.9 —0.9 | —0.8 | 2,000,000 7
€ Fall time = 1 psec.
4 Fall time = 2 usec,
¢ Fall time = 6 psec.
Large-signal & = 2.4,
Table 9-12. Phototransistors
T 7
Max | Max Max | vy
Mante Type coll | coll | Maxeoll | Maxdark | am-
facturer No. Type volt- | cur- power, current, bient fred., Noise, ft-¢ Sensitivity, pa/ft-c
age, | rent, mw prey temp., ke
volts | ma °C
General
Transistor | &GT-66 | Fused, 3 lead * | 12 20 | 50 (25°C) 15 750 | BX107% |25
Texas Inst. | 80O Grown, 2lead | 20 20 50 (25°C) 250 40 20 ... 35
Transistor IN188 | Grown, 2lead | 100 40 (25°CY | L. 50 3-10 pv 10 ga/milliiumen
Prod. IN189 | Nonrect, 2lead | ... 30 (25°C) 20 50 | ..o ..ol 0.08%, /ft-¢
104 Grown, 2 lead 15 100 (25°C) 300 50 15-100 v 4 ma for 300 fi-c
10B Grown, 2 lead 15 100 (25°C) 30 50 15-100 pv 50% for 10 ft-c
5B Grown, 2 lead 50 100 (25°C) 20 50 3-10 pv 1 ma for 300 ft-¢
50 Grown, 2 lead a0 100 (25°CY) 5 50 3-10 uv 509, for 40 ft-c
11A Nonrect, 2 lead | 15 a0 (25°() | 4,000 ohims B0 | oL el 2,000 chims for 300 ft-¢
1B Noureet, 2 lead | 15 .. 50 (25°C) | 4,000 ohms 50 AP, 3,000 ohros for 300 ft<
174 Grown, 2 lead R . Beow 1 uv
Western
Elestric 1N83 | Grown, 2lead *| 90 1 a0 20 85 25 | 2 X 1075 pa | 0.35 pasuw

* Socket type A,
¥ Socket type A to H.
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2N34 OR
2

456KC N94A 456KC

It
n
I
1"
H

= [39]

K= X1000

Fie. 9-27. Typical circuits for high-frequency transistors (A to I) and junction tetrode
transistors (J, K} referred to in Tables 9-8 and 9-9.
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Table 9-13. NAB Data Concerming Tower Failures

Information obtained from 298 television stations during 1958 indicated that 11 towers

failed for various reasons.

Briefly, 6 towers failed because of high winds, 2 fell during

construction, and 3 failed becanse of structural weakness or faulty design. The following
is a detailed breakdown of these 11 failures:

Height, ft  Type
826 SS
487 SS
370 SS
370 SS

1250 G

100 G

450
500
1262
649

Ceny

550 G

Y82
Y
352
%

42

a2
Y4

9%2
98

1144

1352
e
1542
Y

Weather conditions
High wind

97anph wind

Est. wind 190 knots
Hurricane “Carol”

50- to 60-mph winds

High winds

40-mile squall
High level winds

Cause and comments

Broke in half during high wind

Failed at 125 ft above ground in wind

Due to gusty turbulence

Broke off TV tower at 200-ft level, Aug.
31, 1954

“Tower was completed to the 1,250
point. However, the top set of guys
were not completely installed aud
in the process of tensioning these
guys, high winds canie up (30 to 60
m.p.h.), the unguyed portion of the
tower began to oscillate, finally broke
off at the 1130’ poiut and in falling,
cut a permaneut guy at the 1000/
level which iu turn caused the entire
structure to fail.”

During process of erecting, 100 ft had
been erected and temporary guy
lines attached. Under high winds
the temporary lines failed

Faulty design of tower

Structural weakness

Fell during erection, I'eb. 4, 1957

Due to excessive strain during the
process of attempting to lower a
12-bay antenna from it all at once.
Actual cause of collapse not known,
but it is not believed to have been
caused by tower weakuess

Collapsed during construction. Cause
not fully determined, but accident
was during guy tensioning

Table 9-14. Decimal Equivalents

0.03125
0.0625
0.09373
0.125
0.15625
0.1875
0.21875
0.25
0.28125
0.3125
0.34375
0.375
0.40625
0.4375
0.46875
0.5

%2 0.53125
Y6 0.5625
19%p 0.539375
58 0.625
20 0.65625
14 0.6875
2542 0.71875
% 0.75
2942 0.78125
1346 0.8125
2% 0.84375
% 0.875
2949 0.90625
184 0.9375
Sl 0.96875
1.0 1.0
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Table 9-15. Standard Metal Gauges

American or Birmingham
No. B&rS® U.S. Standard 1 or Stubs
1 0.2893 0.28125 0.300
2 0.2576 0.265625 0.284
3 0.2294 0.230 0.259
4- 0.2043 0.234375 0.238
5 0.1819 0.21875 0.220
6 0.1620 0.203125 0.203
7 0.1443 0.1875 0.180
8 0.1285 0.171875 0.165
9 0.1144 0.15625 0.148
10 0.1019 0.140625 0.134
11 0.09074 0.1250 0.120
12 0.08081 0.109375 0.109
13 0.07196 0.09375 0.095
14 0.06408 0.078125 0.083
15 0.05707 0.0703125 0.072
16 0.05082 0.0625 0.065
17 0.04526 0.05625 0.058
18 0.04030 0.050 0.049
19 0.03589 0.04375 0.042
20 0.03196 0.0375 0.035
21 0.02846 0.034375 0.032
22 0.02535 0.03125 0.028
23 0.02257 0.028125 0.025
24 0.02010 0.025 0.022
25 0.01790 0.021875 0.020
26 0.01594 0.01875 0.018
27 0.01420 0.0171875 0.016
28 0.01264 0.015625 0.014
29 0.01126 0.0140623 0.013
30 0.01003 0.0125 0.012
31 0.008928 0.0109375 0.010
32 0.007950 0.01015625 0.009
33 0.007080 0.009375 0.008
34 0.006350 0.00859375 0.007
35 0.005615 0.0078125 0.005
a6 0.005000 0.00703123 0.004
37 0.004453 0.006640626
38 0.003965 0.00625
39 0.003531
40 0.003145

® Used for copper, brass, aluminum, ectc.; nonferrous alloy sheets, rods, and wire.
t Used for iromn, steel, nickel, and ferrous alloy materials.
1 Used for seamless tubes and by some manufacturers for brass and copper materials.
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Table 9-16. Drill Sizes

Brass, iron,
Number Will clear screw steel tapping #

..... 14-24

W -1 UtH OIS -

10 10-32
11 10-24

3B 6-32

42 RN 4-36, 4-40

45 L. 3-48

49 2-586

% For tapping plastic, bakelite, lucite, hard rubber, micalex, etc., use one size larger drill,
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* W THE COURSE OF SPOT WELDING COATED MATERIALS,
THE COATINGS FREQUENTLY DISSQLVE IN THE OTHER
METALS PRESENT OR BURN AWAY
IRON
STAINLESS [RON
ALLEGHENY METAL
C03aLT STEEL
NICKEL
NICHAOME
MONEL METAL
KICKEL SILYER
BRASS
BRONZE
MANQANIN
EVERDUR
COPPER
ALUMINGM
MAGNES UM
MOLYBOENUM
LEAD
TiN
CADMIUM
2ING

*GALVANIZED IRON

TN PLATE -

#CHROMIUM PLATED STEEL

#NICKEL PLATED BRASS

@ GOOD WELD

COMPLETELY MISCIBLE
BUT BRITTLE WELD

@ POOR WELD
O NO WELD

BLANK SPAGE—-COMBINATION
NOT TRIED

¥Fic, 9-28. The welding characteristics of some 250 combinations of metals.
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STANDARD SYMBOLS FOR ELECTRONICS

The most-used schematic symbols for electronic components are collected here for
convenient reference, as ahstracted from the 54-page American Standards Association
publication Y32.2-1954, “Graphical Symbols for Electrical Diagrams” and (for tran-
sistors) from MIL-STD-15A, “Military Standard Electrical and Electronic Symbols.”
(See Figs. 9-29¢, 9-290, and 9-29¢.)

Symbols may have any orientation, size, and line weight, The open-cirele terminal
symbol can be added to leads if desired. Arrowheads can be either filled or open
unless otherwise noted. Electrically actuated devices are normally shown in the power-
off position. One-line symbolism has been adopted for waveguide diagrams, as indi-
cated for microwave symbols,

A~C SOURCE = CRYSTAL
Q) s T 01~
AMPLIFIER o PIEZOELECTRIC
FEED— {FOR CRYSTAL DIODE, SEE RECTIFIER)
GANGED SHIELDED  THROUGH
{WHEN ELECTRODE IDENTUFICATION t5 NECES-( COUNTER
SARY, CURVED ELEMENT REPRESENTS OUTSIDE
TINGLE-LINE TOMPLETE | ELECTRODE OF PARER AND CERANIC UNITS, ELECTROMAGRETIC Eﬁ]/b
DIAGRAMS BIAGRAMS NEGATIVE OF ELECTROLYTICS AND LOW-POTEN-
{TRIANGLE POINTS IN DIRECTION OF TRANS- | T1AL ELECTRODE OF FEEO-THROUGH CapacIToms. o . o
MISSION. RECTANGLE MAY BE USED IN PLAGE
OF TRIANGLE.] CHASSIS [CHASSIS OR FRAWE IS — -~ —
NOT NECESSARILY AT —
ANTEANA GROUND POTENTIAL.) or oR -~
e ———
coi ONE -WAY NUAN L
NE -, TWO-wAY ECHANICA
_] l— l 0B WJ—\?Z:\_ SIGNAL FLOW  SIGNAL FLOW  MOTION
GENERAL DIPOLE LGP Y Fuse
MAGNETIC ADJYSTABLE — "
ATTENUATOR CORE  TAPPED ADJUSTABLE OR VARIABLE
é AN GROUND
BALANCED UNBALANCED SATURABLE-CORE INDUCTOR OR REACTOR
{UPPER COIL IS 0-C WINDING KEY
BATTERY _t
TELEGRAPK
—A— i -—]I—T—’ll- CONNECTOR
ONE CELL MULTICELL TAPPED MULTIGELL —< Y 3> LANP
(LONG LINE 15 POSITIVE]}
- FEMALE MALE ENGAGED
BELL CONTACT  CONTACT PILOT SWITCHBOARD
{MOT AN ARROWHEAD; DRAW LINES AT 90°)
BELL BUZIER Lo
—0 o—
T -
CAPACITOR D ﬂ [ — w
JACK JACK PLUG BALLAST A-C 6LOW  D-C GLOW
%}—— -
FIXED VARIABLE  TRIMWER _@_ _@_ LOUDSPEAKER
QUTLET OR OUTLET OR —————[(} :‘ﬂ
CONNECTOR WITH CONNECTOR WITH
_<| }__ FEWALE CONTACTS WALE CONTACTS PM £M
GEHERAL  PERMANENT— ELECTRO-
COMTACT WAGNET DYNAMIC
—— -v Q
DIFFERENTIAL SPLIT-STATOR 4

Fic. 9-29a




METER
B~ —AMMETER
GRO — — JSCILLOSCOFE
- —GALVAKOMETER
MA—— MILLIAMMETER
ph ORUA- - MIGROAWMETER
W~ YGLTMETER
MICROPHOKE
MICROWAVE

CIEL

GUIDEG PATH, GENERAL

o

COAXIAL CABLE

B

REGTANGULAR WAVEGUIDE

s

OPEN SHORT

PATH OTHER THAN AR

-6

CRCULAR WAVEGUIDE

jﬂ,

RIDGEC WAYEGUIDE

—%

MOVABLE RESISTOR

SHORT
COAX AND WAYFGUIDE TERMINATIONS

~ PLANE COJPLING BY APERTURE, WITH
I,Zrl B 4 PATH ENDS AVAILABLE

COUPLING BY LOOP COUPLING BY LOOP
T0 SPACE T GUIDED PATH

— |

COUPLING BY PROBE
TO GUIDED PaTH

LOQP COUPLING

RESISTANGCE COUPLING

COUPLING BY PROBE
TO SPACE

KO

E—PLANE APERTURE
DIRECTIONAL COUPLER

X1

PROBE C¥

Al

EQUIVALENT SERIES  RESISTANCE CAPALITIVE
ELEMENT, GENERAL REACTANCE

£ A s

INQUCTIVE L-C WITH L-C WITH
REAGTANGE  ISFINITE REACTANGE ZERQ REACTANGE
AT RESONANCE AT RESGNANCE

{FOR CONDUCTANCE ANO SUSGEPTANCT D15~

CONTINUITIES 1N COAX ANO WAVEGUIDE, ROTATE

SYMBGLS 90° CLOCKW:!SE JNSIDE TRIANGLES)

RIPLING

Charts and Graphs

HYBRID GENCRBL

1o

HYBRD- ~RECTANGULAR
GUIDE B COAX COUPLING
HYBRID JU!\CTION

& O ©

CIRCULAR RYBRID
LUSE SINGLE LETTER FOR PRINCIPAL TRANS-
VERSE FIELD N PLANE OF RING; USE HE FOR
ALL OTHEP CASES.

E—_—

MOHE SUPPRESSION

&

RESCKATOR FOR COAX & WAVEGUIDE

MO0E TRANSDUCER

WCROWAYE EXAMPLES

i

TRANSOUCER FROM
RECTANGULAR GUIDE
T GOAX, WITH D-€
GROUNDS CONNEGTED

TRAHSFORMER WITH
D-C GROUNDS AND
MODE SUPPRESSION

BETWEEN 2 RECTAN-
GULAR GUIDES

RESONATGR WITH
MOJE SUPPRESSION,  D-
COUPLED BY E—

PLANE APERTURE TO

GUIDED PATH AND
BY LOOP TG COAX

e

RISONANT YAGNETRON
WITH COAXIAL OJTPUT

CIRCULAR 5-ARM HYBRID
WiTH PRINCIPAL COUPLING
IN E-PLANE AND i—ARM

H COUPLING USING RECTAN-
GULAR WAVEGUIDE

TUNABLE RESONATOA WITH

£ GROUND, CONNECTED
TO ELECTRON OEVICE AND
ADJUSTABLY COUPLED BY
E-PLANE APERTURE TO

RECTANGULAR GUIDE

TRANSIT-TIME SPLIT-
PLATE MAGNETRON WHTH
STE3ILZING OEFLECTING

ELECTRODES AND
INTERNAL C-RCUIT
TUNABLE MAGNETRON,
APERTURE -CQUPLEQ

Fic. 9-29b
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REFLEX KILYSTRON,
INTEGRAL CAVITY,
APERTURE-COUPLED

DOUBLE-CAVITY XLYSTRON,
INTEGRAL CAVITY, PERMA=
NENT EXTERNAL GANGED
TUNING, Z00P COUPLING

TRANSMIT-REGEIVE [TR) TUBE, GAS-FILLED,
TUNRBLE INTEGRAL CAVITY, APERTURE-COU-
PLED, WITH STARTER

KOTOR AND GENERATOR

(@ @

HOTOR GENERATOR
SERIES SHUNT SEPARATELY
EXCITED
BALANCED UNBALANCED

PATH

T+ T

NO CONNECTION  CONMECTiON

11

AR OR SPACE PATH

GGNNEETIDNS

CONDUZT VE PATH

- _—
— [

T L
SHIELDED 2-CONDUCTOR T
SINGLE CABLE, =
CONDUCTOR UNSHIELDED

2= COND CABLE
WITH GROUNOED
TERMINAL SHIELD
PERMANENT MAGNET
PHONES -
= ‘
GERERAL
SINGLE DOUBLE
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PROTOCELL

&

ASYMMETRICAL PHOTOCONDULTIVE
TRANSOUCER
(RESISTIVE. USE 50LtD ARRGWHEAD; 1
MEANS ELEMENT YARIES WITH LIGHT)

9

SYMMETRICAL PHOTOCONOUCTIVE
TRANSDUCER; SELENIUM CELL

&

PHOTOYOLTAIC TRANSOUCER; BARRIER OR
BLOCKING=-LAYER GCELL

PICKUP

RECTIFIER

T

METALLIC RECTIFIER; CRYSTAL DICDE; ELEC-]
TROLYTIC RECTIFIER; ASTWMETAICAL YARIS=

TOR. { USE SOLID ARROWHEAD. ARROW SYOWS
DIRECTION OF FORWARD OR EASY CURRENT,

NOT ELECTRQN FLOW)

EXAMPLE: FULL-WAYE
BRIOGE RECTIFIER.

POLARITY QF D-C OUT- 4 -
PUT ¥OLTAGE 1§ 43
SHOWN WHEN A-C IS
APPLIEC BETWEEN TOP
AND BOTTOM LEARS OF
BRIDGE
RELAY
[
t — A A
4 —aA E a__
SPDT CONTACTS THO-CIRCIT

_fL_

THERMAL
RESISTOR
—AAN— ——yﬂ-
BASIC TAPPED ADJUSTABLE VARIABLE
SHIELDING
SWITCH
e ST /a 1
] o

-] o’J_a o o0&
B&SIC opPDT SELECTOR SELECTOR
SYNCHRO

0 & P

BASIC SYHCHRO CONTROL DIFFERENTIAL
RECEIYER, TRANS- SYNCHROD RE-

MITTER OR TRANS- CEIVER OR

FORMER TRANSHITTER

Charts and Graphs

THERMISTOR
SENERAL WITH HEATER
TRANSFORMER

EI

GENERAL  MAGNWETIC CORE

I

SHIELD BETWEEN ORE BOTH
WINDINGS, CON— WINDING WIHDINGS
RECTED TO FRAME ADJUSTABLE ADJUSTABLE
AQJUSTABLE AU
MUTUAL TRENSFORMER TAPPED
IKDUCTOR

(THERE 1S NOW WO SPECIAL CQRE SYMBOL
FOR POWDERED IRCN CORES; SYMBOL FOR

ADJUSTABLE INDULTANCE SERVES INSTEAD
TOQ INDICATE A MOVABLE (CORE)

TRANSISTOR
el e
b1 by
N OR PHP NPN OR NPNP
TRH)DE
o
Ct
bz, bz
bt B
TETRCOE PENTODE

[ ARROWHEAD ON EMITTER IS SOLID AND

SHOWS CURRENT FLOW, NOT ELECTRON FLOW.

ARROWHEAD MUST KOT TOUCH CIRCLE OR
BASE LINE. LETTERS ARE NOT PART OF
SYWBOL; €=EMITTER, C=COLLECTOR,
AND b=BASE, THESE ARE MIL-STD-154
SYMBOLS, NOT YET IN ASA)

Tuses
N\ — —C
DIRECTLY  INDIRECTY PHOTO-
HEATED HEATED CATHODE
CATHODE CATHODE
—o R
coLD o TONICALLY
1ONICALLY HEATED,
HEATED WITH
CATHODE  SUPPLEMENTARY POGL
' HEATING CATHODE
GRID <
——  DEFLECTING,  IGHITGR FOR
EXCITOR, REFLECTING OR PDOL TUBES
CONTACTAR  REPELLING  STARTER FOR
TYPE ELECTRODE A5 TUBES

Fic. 9-29¢

1 4

ANCDE, TARGET BYNOBE,
COLLECTING oR COLLECTING
ELECTRODE; X-RAY AND
FLUQRESCENT ANODE EMITTING
TARGET
®

COMPOSITE  COMPOSITE COMPOSTTE ANODE

AROCE ANGDE  AND IONICALLY

AND AND  WEATED CATHODE
PHOTOCATHODE  COLD  %ITH SUPPLEMEN-

CATHODE TARY HEATING

ORED

ENVELCPE

L2 )

SPLIT ENVELOPRE GAS-FILLED
ENVE.OPE
TRIQDE TWIN-TRIODE

R

YOLTAGE REGULATOR WACUUM PHOTOTUBE

&

WULTIPLIER PHOTOTUBE CATHODE RAY

UBE,
ELECTRGS TﬂT 1T
VARISTOR

ASYMMETRICAL
METALLIC
RECTIFIER

[ARROWHEAD 1S SOLID AND SHOWS DIRECTIOH
OF FORWARD OR EASY CURRERT, NOT ELECTRON
FLOW)

SYWMETRICAL

YIERATOR
=
SHUNT DRIVE SEFARATE DRIVE
(SHOWING OF TERMINALS IS OPTIONAL)
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Table 9-17. Standard Telephone-cable Color Code

Pair No. Color Mate Pair No. Color Muate
1 Blue White 26 Blue White Red
2 Orange White 27 Blue Orange Red
3 Green White 28 Blue Green Red
4 Brown White 29 Blue Brown Red
5 Slate White 30 Blue Slate Red
6 Blue White White 31 Orange White Red
7 Blue Orange White 32 Orange Green Red
8 Blue Green White 33 Orange Brown Red
9 Blue Brown White 34 Orange Slate Red

10 Blue Slate White 33 Grecn White Red
11 Orange White White 36 Green Brown Red
12 Orange Green White 37 Green Slate Red
13 Orange Brown White 38 Brown White Red
14 Orange Slate White 39 Brown Slate Red
15 Green White White 40 Slate White Red
16 Green Brown White 41 Blue Black
17 Green Slate ‘White 42 Orange Black
18 Brown White White 43 Green Black
19 Brown Slate White 44 Brown Black
20 Slate White White 45 Slate Black
21 Blue Red 46 Blue White Black
23 Orange BRed 47 Blue Orange Black
23 Green Red 48 Blue Green Black
24 Brown Red 49 Blue Brown Black
25 Slate Red 50 Blue Slate Black
Notr: The last pair in all cables is a red with white mate, viz.,
6-pair cable Gth pair Red White
11-pair cable 11th pair Red White
16-pair cable 16th pair Red White
26-pair cable 26th pair Red White
51-pair cable S51st pair Red White

RESISTOR COLOR CODE

The chart shown in Fig. 9-30e indicates the appropriate significant figure of resist-
ance and the multiplier, The fourth colored band, if any, indicates the tolerance. If
none is shown, the tolerance is 20 per cent, with other tolerances as follows: gold,
5 per cent; silver, 10 per cent.

CAPACITOR COLOR CODE

The value of capacitors is similarly shown by colored bands or dots as indicated in
Figs. 9-30a and 9-30b. Note that the bands and dots {far disc ceramics) apply for
the ceramic-type capacitors, while the various dot systems are applicable to nrica-
and paper-type condensers, The various systems that have been used in recent years
are included, even though some of them are gbsolete. The tolerances are indicated
by the appropriate colored dot, and the voltage rating is obtained by multiplying the
value of the appropriate dot by 100,
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INDEX

ACC/AGA recommendations on antenna
structures, 1-352 to 1-371
background, 1-353
beacons, applicable documents, 1-360,

1-365

mechanical construction, 1-362, 1-363,
1-308, 1-369

optical systems, 1-361, 1-362, 1-366,
1-367

quality assurance, 1-363, 1-364, 1-3G9
requirements, 1-360, 1-361, 1-365, 1-360
lighting system, detail requirements, 1-359
developinent and installation, 1-354
installation requirements, 1-359, 1-364,
1-363
operation, 1-359, 1-360, 1-365
operational requirements, 1-359, 1-364
purpose, 1-359, 1-364
marking systen, development and installa-
tion, 1-354
engineering notes on, 1-357, 1-358
operational requirenients, 1-356
purpose of, 1-356
rotating disk hazard marker, 1-3568
rotating disk, sleeve and disk support,
1-358
rotating disk, substrueture for, 1-358
technical requirements, 1-356, 1-357
problem, 1-352
program of developrment, assessment and
evaluation, 1-353, 1-354
assessment by engineers, 1-354
assessment by pilots in controlled tests,
1-355
assessment by pilots in uncontrolled
tests, 1-354, 1-355
assessment by tower owners, 1-354
evaluation of questionnaire data, 1-355,
1-356
questionnaires used by Cominittee, 1-369
to 1-372
recommendations, 1-352, 1-353
tower selection, 1-354
Acoustical design for rooms, 6-23 to 6-42,
6-57, 6-58
acoustic treatment guide, 6-40
convex cylindrical panels, sectional di-
mensions for, 6-42
convex wood panels, 6-29 to 6-32
direct and reflected response in inter-
ference measurements, 6-31
interference between direct and reflected
waves, 6-31

Acoustical design for rooms, convex wood

panels, polar distribution from, 6-30
vibrating, growth and decay curve of,
6-32
definitions, 6-25, 6-41, 6-42
flat pancls, direct and reflected response
in interference mmeasurements, 6-31
interference hetween direct and reflected
waves, 6-31
polar distributions from, 6-30
good acoustics, 6-25
interference phenomena, 6-32
notse, exclusion of, 6-33
objectionable shapes, 6-32
optimum size of studio, 6-26
orchestra shell, 6-33
parallel reflecting surfaces, effect of, 6-27
physical design factors, 6-25
polyevlindrical wood panels, 6-32, 6-33
reverberation time of listening studio,
6-32
preferred studio dimensions, 6-28
projection booth, 6-33 to 6-36
sound-insulated window for, 6-34
sound-insulating wall construction, 6-38
sound-retarding door for, 6-35
references, 6-41
requirements, 6-23
reverberation, 6-25, 6-26
room resonances, 6-27
shape of reflecting surfaces, 6-27 to 6-30
shape of studio, 6-27
small ¢combination studio, 6-37 to 6-40
arrangement of, 6-37
ceiling, 6-38
exclusion of air-horne noise, 6-39
exclusion of building vibration, 6-39
exclusion of external noise, 6-39
exclusion of noises from ventilation
ducts, 6-39
floor, 6-38
loudspeaker chamber, 6-39
loudspeaker screen, 6-39
projection booth, 6-39, 6-40
proportions of studio, 6-37
purpose of studio, 6-37
recording booth, 6-39, 6-40
shape of studio, 6-38
size of studio, 6-37
sound-absorption treatment, 6-39
vestibule, 6-40
walls, 6-38
small film-recording studio, 6-38




2 Index

Acoustical design for rooms, small review
room, 6-38
sound absorption, 6-30
optimum, 6-29
sound diffusion, 6-27 to 6-30
structural resonance, 6-27
Adjustments ol standard broadeast antenna
structures (see Standard broadcast
antenna structures, adjustinents)
Aeolight, defined, 1-385, 1-3%6
Air Coordinating Committes (see ACC/AGA
recommendations on antenna structures)
Air-dielectric cable (see Transmission lines)
Air hazard criteria for antenna structures,
1-327, 1-345 to 1-347, 1-351
Federal airways traffie, adjacent to air-
ways, 1-330, 1-331
on airways, 1-330
fiyways and military corridors, 1-331, 1332
heliports, 1-330
low altitude intercity routes, 1-331
military and joint use airports, 1-330
public use civil airports, approach and
landing minimums, 1-329, 1-330
classification of airports, 1-328
obstruction limit surfaces, 1-328, 1-329
AM stations (see Standard broadcast sta-
tions)
American Standards Association, standards
of, 1-407
AM/FM relay systems (see Relay systems)
AM/FM stations, automatic logging, 8-108
to 8-122
auxiliary broadcast services (see Relay sys-
terns)
CONELRAD, 8-123 to 8-156
faecsimile used, 8-192 to 8-197
frequencies, 1-19 to 1-22
lightning protection, 8-157 to 8-165
Magniphase protection system, 8-160 to
8-165
maintenance of equipment, 8-166 to 8-191
parameters, control of (see Automatic log-
ging)
proof of performance, 8-198 to 8-214
relay systems (see Relay svstems)
remote control (see Remote control of
broadeast stations)
remote pickup {see Remote-pickup broad-
cast systems)
special effcets, 6-171 to 6-195
stereophonie broadeasting, 8-254 to 8-261
studio facilities (see AM/FM studio factli-
ties)
tuner for mobile remote-pickup hroadeast
systems, 7-568 to 7-60
AM/FM studio facilities, acoustics {sce
Acoustical design for rooms)
combined studio aud transinitter facilities,
6-3
control roowm, 6-4
control room-announce booth, 6-20 to
6-23
acoustical panels, mouuting of, 6-24
coustruction, 6-21
design of, 6-20
equipmeut arrangement, 6-23

AM/FM studio facilities, control room—

announce booth, isolation, 6-21
location, 6-20
microphone requirements, 6-23
microphone response curve, 6-24
reverberation control, 6-21, 6-22
ventilation, 6-23
ductwork, 6-4
equipment, planning of, 6-4 to 6-20
house monitoring, 6-4
large studio, 6-13 to 6-20
equipment list for, 6-19 to 6-20
floor plan of, 6-14
jack pancls for, 6-18
main control roomn for, 6-16
rack lavout for, 6-17
subeontrol block diagram for, 6-15
technical facilities of, 6-17 to 6-20
livencss in broadeasting (see Program pick-
ups)
maintenance of equipment (see Mainte-
nance of equipment)
medium-sized studio, 6-10 to 6-13
automatic-turntable system, block dia-
gram of, 6-13
equipment list, 6-10
floor plan of, 6-9
jack panel for, 6-12
rack layout for, 6-12
record-audition swstem, bloek diagram
of, 6-13
system diagram of, 6-11
technical facilities of, 6-12, 6-13
microphones (see Microphones)y
program pickups (see Program pickups)
small studio, 6-6 to 6-10
equipment list for, 6-6
floor plau of, 6-5
jack panel for, 6-7
rack layout for, 6-7
svatem disgram of, 6-8
technical facilities of, 6-7 to 6-10
special effects, 6-171 to 6-195
Anchors for antenna structures,
2-76
Announce booth (sec AM/FM studio facili-
ties, control room-announce booth)
Antenna structures, abandoned towers, 1-326
ACC/AGA recommendations (see
ACC/AGA recommendations on
antenna structures)
aeronautical studv of, 1-312, 1-316, 1-317
air hazard criteria (see Air hazard criterin
for antenna structures)
airspace control surfaces, 1-348, 1-350
anchors for, 2-73 to 2-76
assembly of, 2-44 to 2-46
holts, 2-45
number of faces, 2-45
preassembly by welding, 2-45, 2-46
atomic blasts, effect of, 2-66, 2-67
automatic loggiug, 8-110
heacons {sce ACC/AGA recommeudations
on autenna structures)
beverage antenna, 8-134 to 8-137
honding, jumper type, 2-71
weld type, 2-71

2-73 to
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Antenna structures, charts and graphs, cou-
pling and tuuing capacitor, 9-20, 9-21
distanece to horizon vs. height, 9-32
tower failures, NAB data concerning,
9-54
climhing facilities, 2-50
CONELRATD, 8-133 to 8-137
configuration, 2-46 to 2-48
effect of fixed base on guyved tower, 2-46
fixed-base tower, 2-47
rigid-frame trusses, 2-47, 2-48
straight base vs. pivot on guved tower,
2-46
tapered-hase tower, 2-47
tower weight, 2-46
uniform-cross-section radiator, 2-46
connections, rigid transmission line, 2-199
cost of, 2.41 to 2-43
factors increasing, 2-41
coupling and tuning capacitor, charts re-
lating to, 9-20, 9-21
definitions, 1-312 to 1-315, 2-221
design of (see Design of antenna structures)
directional (see Directional antennas)
distance to horizon vs. height, 9-32
earthquake loading, effect of, 2-66
elevators for, 2-50, 2-51
erection of, factors influencing, 2-79
insurance during, 2-79, 2-80
farm arecas, 1-325, 1-326
control of receiving towers, 1-326
coutrol of transmitting towers, 1-325,
1-326
provision of, 1-332 to 1-335
Federal Comimunications Conimission
rules, 1-312 to 1-324
M (see I'M autenna structures)
form to describe proposed structures,
1-312, 1-315
foundations, 2-72 to 2-78
galvanizing, 2-51, 2-32
grounding system, 2-72
guyvs (see Guys for antenna structures)
icing, effect of, 2-65, 2-66
inspection of, 2-78, 2-79
cheekoff Nist for, 2-78, 2-79
inswators for, 2-67 to 2-70
lighting of (see Lighting, antenna strue-
tures)
lightning, effect of, 2-72
marking (see Marking of antenna struc-
tures}
materials used, 2-43, 2-44
cviindrical shape, 2-44
shape of, 2-44
steel angle shape, 2-44
multiplex, 1'M, 2-216, 2-217
standard broadeast, 2-247
standard broadeast, directional, 2-101
to 2-104, 2-15% to 2-165
television, 2-247
new, specific criteria to be used, 1-324 to
1-351
proposed amendments compared to present
rulings, 1-335 to 1-338
proxinmity-effect curve,
chart relating to, 9-23

application  of,

Antenna struetures, ray paths (see Wave
propagation, ray paths)
receiving, to measure ficld strengths, 2-284
remote-pickup broadeast systems, 7-30,
7-31, T-42 to 7-45, 7-47, 7-48, 7-52
runway approach zone, standard, 1-349,
1-350
self-supporting towers, vs. guved towers,
2.42, 2.43
soils appropriate for, 2-72, 2-73
standard broadcast (see Standard broad-
cast antenna structures)
Btations WWV and WWVH, 1-428, 1-429
steel guv material, fatigue, 2-54
TD-2 System, 4-24
television (see Television antenna struc-
tures)
terminal, defnition, 2-221
tower failures, NAB data concerning, 9-54
types of antennas, fange antenna attach-
ment, 2-49
ladder mounted on tower face, 2-49
ladder steps welded to tower structure,
2-49
side antenna attachment, 2-48
step bolts on evlindrical mount, 2-49
telescopic antenna mast attachment,
2-48
UHT (see UHF antenna structures)
television translators (see UHF television
trauslators, antenna structures)
unused towers, 1-326
VHF (se¢c VHE antenna struetures)
wave propagation (see Wave propagation)
winds, effect of (see Winds, effect on an-
tenna structures)
Applieations, assignment, 1-5, 1-6
construction permit, 1-4, 1-3
licenses (see Licenses)
subsidiary communications authorization,
1-6
television stations, 1-36, 1-191 to 1-196
transfer to eorporation holding, 1-6
transmission by remote control, 1-6
ASA standards of, 1-407
Atmospherie effects (see Wave propagation)
Atomic blasts, effect on antenna structures,
2-66, 2-67
Attenuation networks {see Symmetrical at-
tenuation networks)y
A2 System (see Network facilities, A2 Sys-
tem)
Audio special effects, 6-171 to 6-195
bat crack, electronic, 6-187, 6-188
bells, 6-180
boing, 6-187
buzzers, 6-180
chimes, 6-180, 6-181
electronic, 6-188, 6-189
door, 6-189, 6-190
squeak, wooden, 6-192
electronic gun, 6-173 to 6-177
method explained, 6-176, 6-177
problems associated with, 6-175, 6-176
floor boards, 6-193, 6-194
{ootsteps, on gravel, 8-193
on stone slab, 6-193
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Audio special effects, footsteps, on wooden
floor board, 6-193
Foster gun and Foster remote control,
6-176
block diagram of, 6-175
glass crash, 6-195
horses’ hooves, 6-190, 6-192
manual sound effects, 6-189 to 6-195
oscillators, 6-188
prop table, 6-195
reverberation, 6-180 to 6-184
acoustical, 6-181
bronze sheet, 6-182, 6-183
definitions, 6-180
echo chamber, 6-181
Engineering Department CBS Report E
578-M, 6-181, 6-182
mechanieal, 6-182, 6-183
patching echo chamber, 6-181
piano echo, 6-182, 6-183
reverberation timne, 6-181
room dimensions, 6-182
room location, 6-181
room shape, 6-182
roonr volume, 6-181
sound isolation, 6-181
tape echo, 6-182, 6-183
sink, 6-190, 6-191
clectrie, block diagram of, 6-191
sound effects console, 6-171 to 6-175
amplifiers, 6-172
block diagram of, 6-173
circuit plan for connection to control
room, 6-174
pickups, 6-172
turntables, 6-171, 6-172
stairs, 6-1984, 6-195
tape deviees, 6-184 to 6-186
SFXer Binnie and Hartman, 6-184,
6-185
tape repeater, 6-186
telephone, bell ringing, 8-177
bhusy signal, 6-179
cireuit of electronic telephone with tran-
sistors, 6-178
eircuit of regular telephone, 6-177
cireuits for two-way telephone filter ef-
fect, 6-179
clicks, 6-177
effects using transistors, 6-179
filter, 6-179
ringing in line or at other end, 6-177
window, 6-192, 6-193
Audio transmission standards for television,
8-250 to 8-253
audio signal, modification of, 8-251
Audio Transmission Level Study, 8-250,
8-251
antomatie gain control, §8-252
bandwidth restriction, 8-251
CBS revised standards, 8-252, 8-253
implementation of a program, 8-252
irritating sounds, 8-251
listener reaction, 8-251
loudness discrepancies, reasons for, 8-250,
8-251
program peaking practices, 8-250, 8-251

Audio transmission standards for television,

recommendations, 8-251, 8-252
reverberation, 8-251
strident delivery, 8-251
volume compression, 8-251

Automatic gain control, 8-252
Automatic logging, 8-108 to 8-122

alarm light panel, 8-111
antenna structures, 8-110
audio equipment, 8-110
equipment, 8-110 to 8-122
frequency stability, 8-109, 8-110
history of, in Fngland, 8-108
local operation, 8-122
logger-receiver, alarm circuits, 8-120 to
8-122
schematic diagram of, 8-121
measuring circuits, 8-120
rear view of, 8-118
schematic diagram of circuits, 8-119
view of printing mechanism, 8-118
view of selective alarm adjustable cam
switches, 8-117
view of synchronizing gears, 8-118
logger-transmitter, block diagram of, 8-112
control eireuit, 8-115, 8-116
input circuits, 8-111 to 8-115
input circuits, schematic diagram of,
8-113
ratio-computer circuit, 8-115
rear view of, 8-114
side view of, 8-115
signal-measuring circuit, 8-115, 8-116
telemeter circuit, 8-116
philosophy of, 8-108 to 8-111
power output, 8-110
print-wheel synchronizing, 8-116
ratio computer used to indicate tower RF
current ratios, 8-114
recording instrument panel, 8-111
tower-light alternating current, schematic
for, 8-120
transmitter selector switch, 8-116, 8-117,
8-120
video equipment, 8-110
Auxiliary broadeast services (see Relay sys-

tems)
Aviation, ACC/AGA recommendations (see
ACC/AGA recommendations on  an-

tenna structures)

air hazard criteria for antenna structures
(see Air hazard criteria for antenna
structures)

airspace control surfaces, 1-348, 1-350

airspace panel procedures, 1-327, 1-328

booster and satellite stations, 1-328

civil airfields with U.8. Army, Navy, Air
Force and Air National Guard on
tenant status, 1-339 to 1-344

new airports, specific eriteria to be used,
1-324 to 1-351

runway approach zone, standard, 1-349,
1-350

U.8. Air Force bases permitting civil use,
1-338

U.8. Navy bases permitting civilian use,
1-344, 1-345
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Bandwidth, color television, 5-5
diagram illustrating relationship
picture detail, 5-5
I3 antenna structures, 2-216, 2-217
FM transmitters, 3-35, 3-36
multiplex service for I'M stations, defini-
tion of, 8-19
distortion measurements on main carrier,
8-23
panoraniic of main earrier relative to first
sidlebands, 8-25
restrietion for audio transmission,
vision standards, 8-251
telewision antenna structures, 2-242, 2-243
television microwave system, 4-71
{(See also FFrequencies)
Beacons for antenna structures {see
ACC/AGA recommendations
for antenna structures)
Bell Telephone System network faecilities,
areas served by, 4-5
arrangements of, 4-8 to 4-13
differential audio delay, 4-11
functions of major corporate units, 4-4, 4-5
grades of service, audio, 4-11, 4-12
video, 4-12
Long Lines Department, 4-5, 4-6
network layouts, 4-10
network sections, 4-8, 4-9
operation of, 4-06
operation orders, 4-10
reversible operation, 4-9
round-robin operation, 4-9, 4-10
routes, 4-7, 4-8
message service, 4-7
separation of audio and video networks,
4-10
service preferences, 4-12
special services. 4-13
(See also Network facilities)
Beverage antenna, CONELRAD, 8-134 to
8-137
Bonding for antenna structures, jumper tvpe,
2-71
weld tape, 2-71
Bridging loss at various impeclance ratios,
9-12
Broadcast stations, AM (see Standard broad-
cast stations)
AM/TM (see AM/FM stations)
auxiliary (see Relay systems, broadeast)
citizens, 1-27, 1-28
developmental, 1-255, 1-267 to 1-270
experimental, 1-234 to 1-297
I'M (see I'M stations)
international (see International broadeast-
ing slations)
motion picture. 1-25 to 1-27
radio, 1-33 to 1-252
remote pickup (sce Remote-pickup broad-
cast systeins)
standard (see Standard broadcast stations)
Buildings, effect of on wave propagation,
2-19 to 2-32

with

tele-

Cable (see Transmission lines)
Camera, color-television, 8-9, §-57 to 5-65

Camera chains, maintenance of, horizontal
deflection, 8-176
operating potentials of picture tube,
8-176
pieture amplifiers, 8-176
tube checks, 8-176, 8-177
vertical deflection, 8-176
Capacitor color code, 9-61 to 9-63
Carrier systems (see Network facilities)
C.CLI.R., background of organization, 1-396,
1-397
international exchange of programs, stand-
ards, 1-396 to 1-407
Charts and graphs, 9-3 to 9-63
antenna structures, coupling and tuning
capacitor, 9-20, 9-21
distance to horizon vs. height, 9-32
tower failures, NAB data concerning,
9-54
bridging loss at various impedance ratios,
9-12
capacitor color code, 9-61 to 9-G3
coaxial-line impedance chart, 9-19
dielectric constants, 9-20
decibels, 9-3 to 9-6
db vs. current, voltage, power ratio,
9-6
dbm wvs. watts, 9-6
transformation of kilowatts to dbk, 9-5
transformation of microvolts to dbu, 9-5
decimal equivalents, 9-54
drill sizes, 9-56
clectrical degrees converted to feet, or re-
verse, slide-rule short cut, 9-34
electronies, standard symbols for, 9-58 to
9-60
eve, human, fAuorescent lamp spectral dis-
tribution, 9-32
frequency vs. L, €, XL/XC, 9-16 to 9-18
luminosity curve of, 9-32
tungsten lamp spectral distribution,

great-circle distance and bearing calcula-
tions, 9-34, 9-35
sheet for, 9-35
heater surge chart, 9-33
L matcehing networks, 9-26 to 9-30
Swmith charts for, 9-27 to 9-30
length, conversion table for units of, 9-39
metal gauges, standard, 9-55
metals, welding characteristics of, 9-57
microphone «istances in liveness broad-
casting, nomograph for, 9-11
microphone nomograph, 9-14, 9-15
parallel-line wires, characteristic imped-
ance of, 9-26
parallel-T networks, example, 9-12
nomograph, 9-12, 913
summary, 9-12
proximity-effect curve, application of, 9-22,
9-23
derivation, 9-22
tower heights, 9-23
radiators, guyed, average characteristics
for, 9-19
resistive pacs, 9-10
resistor volor code, 9-61 to 9-63
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vinmetrical attenunation
stance values of, 9-7 to

Charts and graphs, s
networks, re
9-12
higher pad series leg resistances, 9-7
lower pad series leg resistances, 9-8
series resistance, 9-9
shunt or transverse resistor, 9-8
transverse resistance, 9-9
telephone-eable color code, 9-61
transistors, 9-39 to 9-53
grown n-p-n junction tetrode, 9-48, 9-49
grown n-p-n junction tetrode, circuitry
of, 9-53
high-freqnency, 9-46, 9-47
high-frequency, circuitry of, 9-53
high-power units, 9-41, 9-48, 9-49
low-power, junction tricde, 9-42 to 9-45
parameter conversion formulas, 9-50
parameter variation, 9-52
phototransistors, 9-51
point contact, 9-50, 9-51
temperature-conversion chart, 9-36 to
9-38
temperature effects, 9-40, 9-41
transistor sockets, 9-50
volume level to power and voltage con-
version, 9-6
waveguide loss charts, 9-24 to 9-26
nominal internal dimensions for standard
hollow rectangular waveguides, 9-24
waveguides, comparison with open-wire
solid-dielectrie lines, 9-31
Circuits, remote control of, 8-102 to 8-105
Citizens radio service, 1-27, 1-28
eligibility for usc of, 1-28
frequencies, 1-28
toleranees, 1-30
uses of, by broadcasters, 1-27, 1-28
Clamping, television, 4-153 to 4-155
Coaxial cable (see Transmission lines)
Coaxial-cable carrier systems (see Network
facilities, coaxial-cable carrier systems)
Coaxial-line impedance chart, 9-19
dielectric constants, 9-20
Color code, capacitor, 9-61 to 9-63
resistor, 9-61 to 9-G3
telephone-cable, 9-6G1
Color television, band shaping, 5-12
bandwidth, 5-5
diagram illustrating relationship with
picture detail, 5-5
eolor camera, block diagram of, 5-9
color-camera performance, 9-57 to 5-65
amount of scan, 5-62
beam alignment, 53-61
beam landing, 5-61
centeriug, 5-61, 5-62
color balance, 5-62, 5-63
final, 5-64
focus tracking, 5-62
G-5 control, 5-60
gain controls, 5-63, 5-64
image accelerator, 5-61
image-orthicon operation, 5-59 to 5-64
image-orthicon pickup tube, diagram of,
5-59
lighting, 5-64, 5-85
matching transfer characteristies, 8-63

Color television, color-eamera performance,
multiplier focus, 5-60
objective-lens iris sctting, 5-58
pedestals, 5-64
Q controls, 5-57, 5-568
registration, 5-61
shading, 5-59 to 5-60
show controls, 5-57, 5-58
snhject material, 5-64, 5-65
test-chart lighting, 5-58
color errors, tolerable, 5-48, 5-49
color fidelity, 5-21 to 5-49
color frequency standard, 5-16
color matting, 6-159, 6-161
block diagram of system, 8-158
color-receiving systemn, 5-18 to 5-20
block diagram of major funetions, 5-19
color registration chart, 1-410
color registration slide transparency,
1-410
color-systemn analvais, 5-21 to 5-23
color system, diagrams of, 5-24
color-transmitting system, B-17, 5-18
block diagram of major funetions, 5-18
color plexer, 8-50 to 5-56
compatibility, 5-3
displaying RGB signals, 5-9, 5-10
diagram of three-gun kinescope picture
tube, 5-9
clectronic aspects of, 5-11 to 5-20
encoding and decoding distortions, 5-32 to
5-37
burst amplitude error, 5-35
burst phase error, 5-35
carrier unhalance, 5-36
demodulation, 5-34
gain stability of M, I, and Q) transmission
paths, 5-34
matrixing errors, §-33
modulation, 5-34
suhcurrier-frequency error, 9-37
two-phase modulation errors, 5-35, 5-36
video unbalance, 5-36, 5-37
encoding RGB signals, 5-11
eye, characteristics of, 5-23 to 5-25
color adaptation, 5-23 to 5-25
primary colors, 5-25
reference white, 5-25
film handling and processing, 6-153
frequency interlace, 5-15, 5-16
generating RGB signals, 5-8
I matrix, 5-12
lighting (see Lighting for television studios)
linear RGB pickup tubes and kinescopes
interconnected by wire, diagrani of,
5-22
Tincarity correctors to compensate for color
error from nonlinear transducers, 5-22
M luminance signal, 5-12
matrix coeflicients, 5-48
matrixing, 5-11
monochrome camera, block diagram of cir-
cuits, 5-4
monochrome kinescope picture tube, dia-
gram of, §-4
monochrome-television system, 5-6 to 5-8
block diagram of, 5-6
radiated pieture signal, -7
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Color television, monochrome-television sy s-
tew, receiver, 9-7, 5-8
waveform and radiated picture signal,
5-7
Q) matrix, 5-12
phase accuracies, 5-48
phase and amplitude of sulbearrier,
six colors, 5-14
pure red =ignal, 5-14
phase relationship of T, (), and hurst sig-
nals, 5-14
position of subcarrier hurst during hori-
zontal blanking interval, 5-14
primary colors, 5-8
proof-of-performance measurements, en-
velope delay, 8-244, 8-246
transimitter power output, 8-219
resolution, 5-5
scanning, 5-4, 5-5
diagram of electron beam, 5-5
signal analvsis (see Television signal analy-
®in)
special elfects (see Audio special effects:
Video special effects)
subcarrier-frequency accuracy, 5-48
synchronizing, 5-6
system colorimetry, 5-47, 5-48
systewn exponent, 5-438
test equipment, 5-60 to 5-72
hurst-controlled oscillator, 5-72
color-burst generator, diagram of, 8-71
dot patterns, signals for, 5-72
grating, signals for, 8-72
studio tests, 8-66 to 9-72
transmitter tests, 9-66, 5-72
WA-1 color-bar generator, 5-63
block diagram of, 5-69
WA-G color-signal analvzer, 5-68
WA-T linearity checker, 5-71, 5-72
WA-8 color-stripe generator, 5-68 to
5-71
block diagram of, 8-70
WA-9 calibration pulse generator, 5-67,
5-63
block diagram of, 5-67
three variables of color, 5-8 to 5-10
transducers, errors in, 5-25 to 5-32
comparison of narrow-band light source
and RGB light produced by kine-
scopes, 8-20
nonlinearitics in, 5-27
transfer characteristics, 5-2§, 5-29
effect of differing nonlinearities, 9-31
effect of identical nonlinearities, 5-31
effect of stray light, 8-32
eraphical displays of, 5-29, 5-30
linear plots, 8-29, 5-30
luearizing a system, $-32
log-log plots, 5-30
neutral-density filter, 8-28
nonlinear, 5-29
winclow gluass, 5-28
transmission aud reception of I, ), and
burst signals, hlock diagram of, 5-13
transmission characteristics, 5-48
transinission-system  distortions,
8-47
envelope delay, 8-39 to 5-42

each of

5-37 to

Color television, transmission-system distor-
tions, envelope delay, differential
zain, 5-46
ditferential phase, 5-46, 5-47
general method for, 5-42, 5-43
incremental gain, 5-43
incremental phase, 5-40, 5-47
gain characteristic, 8-37, 5-38
perfectly linear transmission system,
5-37
phase characteristic, 3-38, 5-39
transmitter and receiver matrix functions,
diagram of, 5-24
transniitter power output, synchronizing
waveform and proof of performance,
8-219
two-phase modulation, 5-13 to 5-15
video-tape recording, 6-136, 6-138
waveforms of I and Q signals, 5-14
Colorplexer, 5-50 to 5-56
adders, 5-53
aperiure compensation, 9-52
block diagram of, 8-52
automatic carrier balance, 5-52, 5-53
block diagram of, 5-53
bandshaping, 5-51, 5-52
circuit deseription, 5-51
design of, 5-51 to 8-53
functions of, 5-50, 5-31
diagram of, 5-50
matrix, B-51, 5-52
modulators, 5-52, 5-53
operation of, 5-53 to 5-56
output amplifiers, 5-53
waveforms, 5-54 to 5-506
Commercial radio operators,
1-299, 1-302
code tests, 1-299, 1-304
examinations, 1-209, 1-302 to 1-304
Federal Conununications Commission
rules, 1-299, 1-311
licensing, 1-299 to 1-301
scope of authority, 1.299, 1-305 to 1-310
service, 1-209, 1-311
Computible single-sideband system for stand-
ard broadcast, 8-34 to 8-52
adjustiment of, 8-39 to §-41
advantages of, 8-34, 8-37 to 8-39
audio-frequency output, 8-39
envcelope cistortion, 8-47
fidelity improved, 8-38, 8-39
formulas, 8-43, §-45
full-carrier single-sideband adapter, output
of, 8-43
full-carrier single-sideband signal, 8-43
harmonic distortion, 8-44
history of, 8-35
installation, 8-39 to 8§-41
interference reduced, 8-37, 8-38
adjacent-channel interference, 8-37
co-channe! mterference, 8-37, 8-38
radiation Interference ol television re-
ceivers, 8-38
KDKA's experience with, 8-41 to 8-52
view of equipment, 8-40, 8-51
modulation, depths of, 8-45, 8-46
phase-niodulated carrier-frequency output,
8-39

applications,
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Compatible single-sideband system for stand-
ard broadcast, phase shift, 8-45, 8-46
received-signal observations, 8-49 to 8-51

receiver-selectivity curves, 8-50
references, 8-41
selective fading distortion reduced, 8-35
signal-to-noise ratio improved, 8-38, 8-39
single-sideband waves, amplitude com-
ponents, 8-35
envelope waveform, 8-36
phase-modulation components, 8-35
revolving vector representation, 8-36
spectrum diagram of, 8-36
viewed on panoramic panalyzer, 8-36,
8-37
system, block diagram of, 8-42
explained, 8-35 to 8-40
testing, 8-39 to 8-41
transmitter measurenents, 8-48, 8-49
components needed at 100 per cent am-
plitude modulation, 8-48
sideband spectra, 8-49
sidebands with phase modulation, 8-48,
8-49
Concrete for antenna struclures,
2-78
CONELRAD, 8-123 to 8-156
alert receivers, 8-127 to 8-133
M alert unit, 8-131 to 8-133
schematic diagram of, 8-132
standard broadcast alert units, 8-127 to
8 131
alert system, 8-126 to 8-137
Beverage antenna, 8-134 to 8-137
conductor height, 8-134
grounds, 8-135, 8-136
length, 8-134
lightning protection, 8-137, 8-138
pole erection, 8-134, 8-135
schematic diagrams of, 8-135, 8-136
transmission lines, 8-136
cluster control stations and alternates,
8.142, 8-147 to 8-154
definitions, 1-37, 1-249
distortion zones, 8-123 to 8-125
experimental broadeast services, 1-254,
1-258, 1-259
filtering, 8-133
1I'M stations, 1-37, 1-249 to 1-252
noncommercial educational, 1-38, 1-252,
1-253
history of, 8-123 to 8-126
intelligibility standard, 8-124, 8-125
intelligible signal, 8-125, 8-126
international broadcast stations, 1-38,
1-252, 1-253
loop antenna, 8-133, 8-134
schematic diagram of, 8-134
methods for obtaining eguipment, 8-155,
8-156
Yederal contributions method, 8-155
surplus property method, 8155, 8-156
over-all capabilities, 8-143
radio alerts, 1-37, 1-250, 1-251
radio all elear, 1-37, 1-251
references, 8-156
relay systems, 1-254, 1-258, 1-259

2-73 to

CONILRAD, relay systems, remote-pickup
broadcast systems, 7-53, 8-143, 8-144
remote-control requireinents, 8-88, 8-90
sequential switching of transmitters, 8-140
to 8-143
circuit diagram of, 8-141
shielding, 8-133
special reception techniques, 8-133 to 8-137
standard broadcast stations, 1-37, 1-249 to
1-252
alert receiver, 8-127 to 8-131
station cluster, 8-142
supervision, 1-37, 1-250
system operation, 1-37, 1-251
television stations, 1-37, 1-249 to 1-252
tests, 1-37, 1-251, 1-252
transmnitier, Collins type converted, 8-137
to 8-139
Gates type converted, 8-137, 8-138
Raytheon type converted, 8-138
RCA type converted, 8-139, 8-140
Western Electric type converted, 8-140
wave antenna (see Beverage antenna above)
Construction, permit, 1-5
application for, 1-4
assignment of, 1-6
transfer of corporate holding, 1-6
Control of Eleetromaguetic Radiation (see

CONFELRAD)
Control room, AM/FM studio, 64, 6-20 to
6-23

television remote pickup, 7-62, 7-65, 7-66
C83B (see Compatible single-sideband sys-
tem for standard broadcast)

Decibels, charts and graphs relating to, 9-3
to 9-6
db vs. current, voltage, power ratio, 9-6
dbin vs. watts, 9-6
transformation of kilowatts to dbk, 9-5
transformation of microvolts to dbn, 9-5
Decimal equivalents, 9-54
Densitometer, definition, 1-387
Design of antenna structures, column load ou
tower, 2-83
diagonal struts, 2-82
foundation loading, 2-85
guy anchor, 2-85, 2-86
guy load, 2-84, 2-85
horizontal struts, 2-83
load in vertical member, 2-83, 2-84
wind-lead calculation, 2-81, 2-82
Developmental broadcast stations, adniinis-
trative procedure, 1-255, 1-267, 1-268
definitions, 1-255, 1-267
equipnient, 1-255, 1-268
frequencies, 1-255, 1-267
licensing policies, 1-255, 1-26&
technical operation, 1-255, 1-269, 1-270
Dielectric cable (see Transinission lines)
Diplexer, notch, 2-245, 2-246
Directional antennas, Magniphase antenna
syvstems, 8-161
Directional antennas, maintenance of, 2-168
to 2-183
detector-noise limiter, 2-169
factors affecting, 2-166, 2-167
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Directional antennas, maintenanee of, inspec-
tion, 2-168
maintenance report, components, 2-169,
2-170
daily work schedules, 2-172, 2-174,
2-181, 2-182
diagrams, 2-171, 2-173
measurements, 2-171, 2-173
meters, 2-169, 2-171
monitoring points, 2-171, 2-172
schematic diagram of coupling and
phasing networks, 2-173
weekly log, 2-174 to 2-176
meter readings, 2-168, 2-169
phase monitor, effect of, 2-167
procedures, 2-168 to 2-176
readjustments, 2-176 to 2-181
aicds, 2-176 to 2-181
vector caleulator, 2-178 to 2-181
transmission lines, effect of, 2-167
(See also Standard broadeast antenua
structures)
Driffield eurve defined, 1-389
Drill sizes, 9-56

Earthquake loading, effect on antenna struc-
tures, 2-66
LEffective radiated power, maximumn, 1-14
minimuin, 1-14
EIA (see Ilectronic Industries Association)
Electrical degrees converted to lect, or re-
verse, slide-rule short cut, 9-34
Electrical injuries, avoidance of, 8-188 to
8-10¢
treatiment of, 8-188 to 8-190
Electromagnetic spectrum, 2-4
Electronic Industries Association, Natioual
Stereophouic Radio Commitiee (sec Na-
tional Btereophonic Radio Cominittee)
specifications on wind pregsure, 2-64
standards of, 1-409, 1410
television relay syvstems, proposed stand-
ards, 4-85 to 4-97
television test charts, 1-409, 1-410
color registration chart, 1-410
color registration slide transparency,
1-410
IR1S facsimile test chart, 1-410
linear reflectance ehavt, 1-410
linearity chart, 1-109
logarithinic reflectance chart, 1-410
resolution chart, 1-409
test pattern (see Television-signal analysis)
wind-pressure effect on antenna structures,
specifications for, 2-64
Electronics, standard symbols for, 9-58 to 9-60
Elevators for antenna structures, 2-50, 2-51
Lrasing head, types of, defined, 1-337
LR P, maximum, 1-14
miniinum, 1-14
Experiinental broadeast serviees, 1-254 to
1-297
CONELRAD, 1-254, 1-258, 1-259
facsimile, administrative procedure, 1-235,
1-264
definitions, 1-254, 1-262
equiptnent, 1-255, 1.265

Iixperimental broadcast services, facsimile,
frequencies, 1-254, 1-264
licensing policies, 1-255, 1-264, 1-263
technical operation, 1-235, 1-265, 1-266
I'ederal Conmimunications Commission
rules, 1-254 to 1-297
Eye, color characteristics of, 8-23 to 5-25
color adaptation, §5-23 to 5-25
primary colors, 8-25
reference white, 8-25
fluorescent lamp spectral distribution, 9-32
luminosity- curve of, 9-32
tungsten lamp spectral distribution, 9-32

Facsimile, 8-192 to 8-197
equipment, 8-193
dry electrosensitive paper recorders,
8-193
electrolyvtic process recorders, 8-193
pressure recording, 8-193
experimental broadeast services (see
Experimeutal broadcast services)
FM multiplexing {see FM multiplexing)
speed of transmission, 8-193, 8-194
formula for, 8-194
svnchronization, 8-194
transmission material, 8-192, 8-193
Federal Comnmnications Conumission, ad-
ministrative practices, 1-3 to 1-6
application processing, 1-4
applying for construction permit, 1-4
assignment of construction permit, 1-5
assignment of license, 1-5, 1-6
construction perinit, 1-5
hearings, 1-4, 1-5
licenses (see Licenses)
selecting a frequency, 1-3, 1-4
transfer of corporation holding, 1-6
antenna structures, 1-312 to 1-324
auxiliary broadeast services, 1-254 to 1-297
bandpass for circuitry of television trans-
mitters, 3-72
connereial radio operators, 1-209, 1-311
experimental broadeast serviees, 1-254 to
1-297
field-strength measurcments, 2-283, 2-286
TASO changes for, 2-286, 2-287
{requencies (see Frequencies)
hearings of, 1-4, 1-5
logs, rules and regulations pertaining to,
1-417 1o 1-419
radio broadeast services, 1-33 to 1-252
relay systeins, broadeast, 1-254 to 1-297
remote-pickup broadeast service, T-7
television proof of performance, 8-216 to
8-218
Feed systems, of standard broadeast antenna
structures, and plant layout, 2-105
two-tower directional, 2-99 to 2-101
adjustiments, 2-147, 2-148
block diagram of, 2-100
current, 2-134 to 2-1306
formulas for loop and hase, impedance
and current, 2-134 to 2-136
impedance, 2-134 to 2-136
networks for matching impedances,
2-136 to 2-138
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Feed systems, ol standard broadeast antenna

structures, two-tower directional,
networks, phase shifting, 2-143,
2-144

networks, power-dividing, 3-144
reactance, small and large values of
variable, 2-145
transmission lines, 2-138 to 2-143
of television antenna structnres, 2-243 to
2-246
aural transntission, 2-245, 2-246
branching, 2-243, 2-244
bridge systems, 2-245
filterplexer, 2-246
isolation using traveling-wave feeds,
2-246
noteh diplexer, 2-245, 2-246
separate antennas, 2-245
standing wave, 2-244
traveling wave, 2-244, 2-245
tvpes, 2-243 to %-245
visual transmission, 2-245
Field pickup (see Remote-pickup broadeast
svtems; Television remote pickup)
Field strengths, F(50,10)0, 2-31, 2-32
F(50,50), 2-29, 2-30
54~-890-me measurement, 2-277 to 2-289
antenna-supporting mast, 2-284
chart recorder, 3-284, 2-285
cquipment prineiples, 2-279, 2-280
FCC standard method, 2-285, 2-286
map of service contours for a television
station, 3-279
meters for, 2-280 to 2-284
power supplics., 2-285
problems of surveys, 23-287, 3-288
procedures, 3-285
receiving antennas, 2-284
references, 2-28S, 2-289
signal fading near radio horizon,
2-288
station wagon equipped for, 2-283
strength requirements for grades of
service, 3-278
TASO changes for 1'CC method, 2-286,
2-287
TASO method, for field trials, 2-287
for special studies, 3-287
techniques, 2-285
VHF meter, 2-282
540-1600-ke measurement, 2.290 to
2-300
coverage established, 2-299
detailed plotting, 3-292
directional, 2-296 to 2-298
harmonic radiation, 2-299, 2-300
log for radial measurement, 2-293
maps preferred for, 2-293, 2-293
monitoring points for direetional radial
measurenent, 2-298
nondirectional, 2-293 to 2-296
plotting for nondirectional radial meas-
urement, 2-294 to 2-296
procedure, 3-298, 2-249
formulas for, 2-28, 2-30, 2-31
over plane earth, 3-9 to 2-11
prediction of for television service, 3-28 to
2-33

Field strengths, proof of performance, tele-
vision, upper and lower sidebands,
8-222, 8-223, 8-235 to 8-237
raclial, 2-291 to 2-300
reasons for, 2-291
sky-wave signals, 3-300
sporadic E layver, 2-28
stanclard broadeast antenna structures,
attenuated for single-tower
nondirectional, 2-96, 2-97
four-tower parallelogram, 2-164, 3-165
inverse at one mile for single-tower
nondirectional, 2-95, 2-96
three towers, 2-156
two-tower directional at one mile, 2-99
Filin, test, standards for, 1-412 to 1-416
IFilm handling and processing (see Television
fillm handling and processing)
Film projectors (see Television filin projectors)
Filter networks, filterplexer, 2-246
load loecation, 2-249
RI", 2-249
RF switching features for emergencies,
2-250
Filterplexer, 2-246
First aid, 8-186 to 8-191
bleeding, control of severe, 8-187, 8-188
burns, treatment of, 8-189
electrical injnries, avoidance of, 8-18S to
8-190
treatiment of, 8-188 to 8-190
prone pressure method of resuscitation,
8-186, 8-187
radiation hazards, 8-190
shock, not eleetrical, 8-191
Flexible cables (s¢e Transmission lines)
FM antenna structures, Andrew multi-V,
2-218
bandwidth, 2-216, 2-217
Collins 37M ring, 2-218, 2-219
field pattern, calculation of, 2-212
field tuning of, 2-217
multiplex, prohlems of, 2-216, 2-217, 8-24
polarization, 2-215
radiation patterns, 2-211 to 2-215
formula for, 2-211
vertical, 2-213 to 2-215
vertical, caleulation of, 2-214
RCA type VFA, 2-219, 2-220
side mounting of, 23-215, 2-216
simplified form currently used, 2-212,2-213
standing-wave ratio, 2-216, 2-217
theory of, 2-211, 2-212
FM multiplexing, 8-16 to 8-33, 8-194 to
8-197, 8-257 to 8-2G0
antenna structures, 2-216, 2-217, 8-24
bandwidth, definition of, 8-19
clistortion measurements on main carrier,
8-25
panoramic of main carrier relative to first
sidebands, 8-25
block diagram of system, 8-258
cross talk, causes of, 8-17, 8-18
definition of the system, 8-16, 8-17
direct mixing svstem, block diagram of,
8-195
exciter, 8-19 to 8-20
interstage filter, diagram of, 8-23
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FM multiplexing, exciter, 300-ke attenuation
circuits in first multiplier stages, 8-20 to
8-22

CC regulations, 8-197
functions performed by stations, block
diagram of, 8-31
multiplex installation, view of, 8§-26
phase-modulation svstem, block diagram
of, 8-195
phase shift, 8-20, 8-23
carrier, witlh no amplitude variations,
circuitry of, 8-24
receiver, 8-26, 8-27
block diagram of, 8-196
receiving, 8-32, 8-33
automatic operation, 8-33
process, block diagram of, 8-18
remote control, 8-29 to 8-32
control functions performed, B8-30,
8-31
monitoring, 8-31, 8-32
receiver switching, 8-30
second subchannel, 8-32
telemetering, 8-30, 8-31
Rural Radio Networlz, 8-28
Serrasoid modulator, schemnatic diagram of,
8-21
subcarrier generator, 8-25, 8-206
sum-and-difference technigue, 8-259
syvstem requirements, §-27
transmitting, 8-29 to 8-32
process, block diagram of, 8-18
svstem, block diagram of, B-258
waveforms, 8-20, 8-22
(See also Facsinile: Stereophonic
broadeasting)

FM reeceiver, TD-2 Systemn, 4-23

I'M relay svstems (see Relay systems)

IT'M remote pickup (see Remote-pickup
broadeast systems)

M stations, administrative procedure, 1-35,
1-128, 1-129, 1-162 to 1-164

application for, 1-3 to 1-6
automatic logging (see Automatic logging)
auxiliary broadcast services (see Relay
systens)
classes of, 1-12, 1-13
classification of, 1-34, 1-125 to 1-128
CONLELRAD, 1-37, 1-249 to 1-252
noncommercial educational, 1-38, 1-252
1-253
equipment, 1-35, 1-131 to 1-133, 1-164 to
1-1G68
facsimile used (see Faesimile)
frequencies {ser Frequencies)
licensing policies, 1-35, 1-129 to 1-131
lightning protection (see Tightning protec-
tion for broadceast stations)
logs, 1-35, 1-36, 1-138, 1-13%9, 1-171
FCC rulings, 1-417 to 1-419
NAB sample, 1-420, 1-421
Magniphase protection system, 8-160 to
8-165
maintenance of eguipment (see
nance of equipment)
multiplexing (see I'M multiplexing)
noncommercial educational, classificution
of, 1.35, 1-161, 1-162

Mainte-

I'M stations, noneommercial educational,
CONLELRAD, 1-38, 1-252, 1-253
parumeters, control of (see Automatic
logging)
power of, 1-12, 1-13
proof of performance (see Proof-of-
performance measurements)
relay svstem {see Relay svstems)
remnote control of (see Remote control of
hroadeast stations)
remote pickup (see Remote-pickup
broadcast systems)
special effects, 6-171 ro 6-195
stereaphonic hroadeasting, 8-254 to 8-261
studio facilities (3ee AM/I'M studio
facilities)
subsiciary communications authorizations,
1-13
technical operation, 1-35, 1-36, 1-135 to
1-138, 1-168 to 1-170
technical standards, 1-35, 1-144 to 1-161
time of operation, 1-13
FAM transmitters, 3-32 to 3-60
bandwicdth, 3-35, 3-36
direct I'M system, 3-37
frequency-controlled I'M modulator,
schematic diagram of, 3-38
Gates I'M-5B 5,000-watt, 3-40, 3-47
schematic diagram, 3-48
Gates FM-250B 250-watt, schematic
diagram, 3-47
General Illectric Phasitron FM modulator,
schematic diagram, 3-39
ITA Company, 100-watt I'M transmitter,
3-40
coutrol circuitry, 3-41
exciter, 3-41, 3-42
general packaging, 3-40
meter cireuitry, 3-41
neutralizing, 3-44
output circuits, 3-45
RF power amplifiers, 3-43
input eireuit of Class C, 3-43
250-watt, 3-45
1,000-watt, 3-45
Serrasold I'M modulator, block diagram
of, 3-41
RF waveforms of, 3-42
maintenance of equipment {see Mainte-
nance of equipment)
modulation theory, 3-32 to 3-35
AM sideband representation, 3-33
AM vector representation, 3-33
amplitude-modulation RF envelope,
3-33
I'M vector representation, 3-34
frequency-modulation RF  envelope,
3-34
noise reduction, 3-36
phasitron system, 3-37 to 3-39
preemphasis, 3-36, 3-37
RCA, 3-53 to 3-60
automatic frequency control, 3-53,
3-54
BTI-10B "M excifer, block diagram of,
3-52
BTF-5B 5,000-watt transmitier, 3-56
block diagramm of, 3-56
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FM transmitters, RCA, control ¢ircuits, 3-58,
3-59
cooling system, 3-59
interinediate-power amplifier, schematic
diagram of, 3-57
250-watt, 3-57
modulator, schematic dizgram of, 3-53
off-frequency detector, schematic
diagram of, 3-55
oscillator, schematic diagram of, 3-53
performance data, 3-60
phase detector, 3-54 to 3-56
schematic diagram, 3-54
vector diagramn, 3-54
power amplifier 5,000-watt, 3-58
5,000-watt, schematic diagram of,
3-58
power supply, 3-59
RT section, 3-50 to 3-58
Standard Electronics, 3-46 to 3-51
Serrasoid FM modulator, block diagram
of, 3-48
3-kw amplifier, scheinatic diagramn of,
3-51
3-kw M transmitter, 3-51
250-watt amplifier, schematic diagram,
3-51
250-watt FM transmitter, 340, 3-50
TD-2 System, 4-22, 4-23
FFormulas, columin load on antenna
structures, 2-83
compatible single-sideband system for
standard broadcast, 8-43, 8-45
diagonal struts of antenna structures,
2-83
electrical degrees converted to feet, or
reverse, slide-rule short cut, 9-34
facsimile, speed of transmission, 8-194
field strengths for television service, 2-28,
2-30
foundation loading of antenna structures,
2-85
great-circle distance and bearing
calculations, $-34, 9-35
guy anclior for antennsa structures, 2-85
guy load of antenna structures, 2-84,
2-85
horizontal struts of antenna structures,
2-33
liveness in broadcasting, 6-44
load in vertical member of antenua
structures, 2-84
microphone placement, 6-48, 6§-49
microphounes, sctting relative gain, 6-52
raldiation pattern of I'M antenna
structures, 2-211
standard broadcast antenna structures,
coupled resistance for two-tower
directional, 2-131
feed systems for two-tower directional,
loop and base, impedance and current,
2-134 to 2-136
field strength, horizontal-plane rms,
two-tower directional, 2-133, 2-1:34
inverse at one mile for single-tower,
2-96
impedance of transniission lines, 3-106

Formulas, standard broadcast antenna strue-
tnres, loop impedance for two-tower
directional, 2-131

phase-shifting networks for feed systems
of two-tower dircctional, 2-143
power gain {or two-tower directional,
2-133, 2-134
radiation patterns, of multiple array,
2-102, 2-158 to 2-165
for two-tower directional,
2-120
for two-tower pattern, 2-102
vertical, theoretical for single-tower
nondircctional, 2-111, 2-112
self-impedance of single-tower
nondirectional, 2-91
transmission lines for feed syvstems of
two-tower directional, 2-138
vertical-radiation pattern of single-
tower nondirectional, 2-91
voltage distribution for single-tower
nondirectional, 2-89
television service with interfcrence fromn
one undesired station, 2-34
transistors, parameter conversion, 9-50
transmission lines, rigid, average power
rating, 2-193
peak power rating, 2-192, 2-193
UHI television translators, required clear-
ance from ohstructions, 8-71
wave propagation, in {ree space, 2-4, 2-5
transinission loss between antennas,
2-5, 2-9
over plane earth, 3-9, 2-10
transmission loss between antennas,
2-11
over smooth spherical earth, 2-13
wind load on antenna structures, 2-81, 2-82
47A transiission-measuring system, 4-120 to
4-122
Foundations for antenna structures, 2-72 to
278
anchors, 2-73
econcrete-type rock, 2-76
cone tvpe, for rocky soils, 8-76
expanding rock, 2-76
reinforced-concrete guy, 2-75
on piles, 2-75
screw-type eartl, 2-76
serew-tvpe swamp, 2-75
two-piece metal for clay or loam, 2-76
wedge-type rock, 2-75
concrete, 2-73 to 3-78
base pier of reinforced concrete, 2-74
boring log, 2-74
freezing, 2-77
mix, 2-75, 2-76
pouring, 23-77
reinforcing, 2-73, 2-74
gtrength, 2-77, 3-78
loading, 2-85
piers, 2-73
reinforeed-conerete base, 3-74
reinforced concrete on piles, 3-74
goil exploration, 2-72, 3-73
soils, allowable hearing value of, 2-73
Free space, wave propagation in, 2-4 to 2-9

2-118 to
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Trequencies, 1-7 to 1-31
AM /M stations, radio order circuils, 1-22
remote-pickup broadeast stations, 1-19
to 1-21
studio transmitter link stations, 1-21,
1-22
citizeus radio service, 1-28
tolerances, 1-30
developmental broadeast stations, 1-255,
1-267
ecxperimental broadeast serviees, facsimile,
1-254, 1-264
FAM stations, 1-13, 1-14
allocation of, 1-34, 1-120 to 1-128
field-strength measurement (see 17cld
strengthis, 54-890-me neasurcinoent)
intercity relay stations, 1-22, 1-256,
1-278, 1-279
tolerances, 1-28
nonecommercial educational,
of, 1-35, 1-161, 1-162
noncomniercial tolerances, 1-29
STL, 1-256, 1-278, 1-279
tolerances, 1-29
international hroadeast stations, 1-37,
1-237
microwave systems, 4-68
uotion picture radio serviee, 1-26, 1-27
hase and mobile stations, 1-26
operational fixed stations, 1-27
tolerances, 1-30
network lacilities, TI-2 Systein, 4-21, 4-22
renmolte-pickup broadeast systeins, 7-28,
7-29
conditions ol use, 7-29
remote-pickup stations, 1-255, 1-271, 1-272
tolerances, 1-20
selection of, 1-3, 1-4, 1-16
standard, Canadian time signals, 1-429
foreign., 1-430
(See alsa WWV and WWVH belnew)
stanclard broadeast stations, 1-9 to 1-12
allocation by classes of stations, 1-33,
1-42 to 1-47
stahility of, 8-109
ST, 1-256, 1-278, 1-279
tolerances, 1-28
summary of allocation of services, 1-31,
1-52
television stations, 1-15, 1-16
antenia structures, 2-221
auxiliary broadeast stations, 1-256, 1-283
to 1-285
experimental, 1-254, 1-259, 1-2(60
ficld-strength measurement (see I'ield
streugths, 54-890-m¢ measurement)
intercity relay stations, 1-23
tolerances, 1-29, 1-30
racio order circuits, 1-25
relay systems, 1-236, 1-283 to 1-2
remote-plekup stations, 1-22, 1-23
tolerances, 1-29, 1-30
STL stations, 1-23, 1-29, 1-30
tolerances, 1-29
UIIL television translators, 1-15 to 1-17,
1-256, 1-290, 1-291
tolerances, 1-30

alloeation

Trequencies, WWV and WWVH, 1-423 (o
1-430
accuracy, 1-429
antennas, 1-428, 1-420
audio, 1-425
broadeast program of, 1-424
distance range of reception, 1-429
modulation, 1-428, 1-429
muxical piteh, 1-427
radiated power, 1-428, 1-429
radio, 1-423 to 1-425
radio propagation forecasts, 1-427, 1-428
services of, 1-423
thine intervals, 1-425, 1424
pulsg wave form, 1-426
time signaly, 1-427
authorization to rebroadeast, 1-430
(See alss Bandwidth)
Trequency modulation (see FM)
Fresnel, 6-93 to 6-05
oplics of, 6-93
remote control, 6-95
spotlight for reinote pickup, 7-84
zone clearance, 4-101, 4-102

Gain, television antenna structures, 2-38 to
2-40
Gain control, automatic, 8-252
Glossary of terms, acousties,
6-42
antenna structures, 1-312 to 1-315, 2-221
magnetic recording, 1-.390, 1-391
recording and reproducing, 1-385 to 1-396
television, 4-161 to 4-167
television lighting, 6-09 to 6-101
television-signal analysis, 4-161 to 4-167
Graphs (see Charts and graphs)
Great-circle distance and Dbearing caleula-
tions, 9-34, 9-35
sheet for, 9-35
Grooves of records (see Records, groove)
Guys for antenna structures, anchoring, 2-75,
2-85, 2-806
arrangement of, 8-55, 2-56
conneclions, 2-35, 2-57
clips, 2-53 to 2-57
clips, Laughlin safety, 2-56
proper method of application, 2-56
Swage fitting, 2-56
wire-rope, 2-56
serving, 2-57, 2-58
sleeves, 2-57
soclots, 2-56, 2-57
grounding system, 2-72
insulators, 2-G9, 2-70
loading, 2-84., 2-85
steel guy material, 2-53 to 2-55
AM guvs, 2-55
bird caging, 2-54
prestressing, 2-54
rope and strand, 2-53, 2-54
tension of, 2-57 to 2-62
calibrated-rule method, 2-58
dynamometer method, 2-61, 2-62
shunt-type, 2-59, 2-60
hyvdraylic evlinder method, 2-60
spring methad, 2-60

6-25, 641,
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Guys for antenna structures, tension of, tran-
sit-intercept method, 2-60
vibration method, 2-60, 2-61
vibration of, 2-G2
vs. sell-supporting towers, 2-42, 2-43
zinc coat, 2-55

Halo effect of television signal, 4-158

Handling film {sre Television film handling
and processing)

Heater surge chart, 9-33

Hills, effeci on wave propagation, 2-16 to
2-19

Horn-gap installation for lightning protec-
tion, 8-158

Hurricanes, effect on antenna structures,
2-63, 2-64

Hurter curve defined, 1-389

Icing, effect on antenna structures, 2-65,
2-66
falling ice, 2-G6
prevention of, 2-66
television antenna structures, 2-226
methods of deicing, 2-226
Image-orthicon tube, 8-180 to 8-184
average life of, 8-181
eriteria for deletion of tube from service,
8-181
maximum life of, 8-181
minimum life of, 8-1381
techniques for prolonging life of, 8-181
6474/1854, 8-182 to 8-184
average life of, 8-182
in black-and-white carneras, 8-184
criteria for deletion of tube fromn service,
8-182
maxiinum life of, 8-182
minimum life of, 8-182
techniques for prolonging life of, 8-182
color, diagram of, 5-59
operating precautions, 8-183, 8-184
operation of, 5-59 to 5-64
procedures not recommended, 8-183
procedures recommenderl, 8-183
references, 8-184
Injuries, electrical, avoidance of, 8-188 to
8-190
treatment of, 8-188 to 8-190
Institute of Radio Ingineers, current stand-
ardization reports, 1-407, 1-408
Insulators for antenna structures, base, 2-67
to 2-69
for guved towers, 2-67
raising above ground, 2-68, 2-69
for self-supporting towers, push-pull
type, 2-67
guys, 2-69, 2-70
clipping, 2-69
cone type, 2-70
strain type, 2-6%
sectional towers, 2-70
Intercity network facilities (sec
facilities)
Intercity relav systems (sce Relay systems)
Interference, television (see Television-signal
analysis, interference}

Networl

International broadeast stations, adminis-
trative procedure, 1-37, 1-241, 1-242
CONELRAD, 1-38, 1-252, 1-253
definitions, 1-37, 1-237
equipment, 1-37, 1-243, 1-244
frequencies, 1-37, 1-237
licensing policies, 1-37, 1-242
logs, 1-37, 1-245, 1-247
technical operation, 1-35, 1-244, 1-245
Tnternational exchange of prograins, stand-
ards, 1-396 to 1-407
dises, lateral-cut recordings on, 1-397 to
1-399
center liole diameter, 1-397
direction of cut, 1-397
direction of rotation, 1-397
frequency characteristies for,
1-399
grooves, iunermost diameter of, 1-397
number left hlank, 1-398
tvpe of, 1-397
label information, niinimum, 1-398
maximum diameter, 1-397
speed of rotation, 1-397
type of disc, 1-397
flutter, 1-405
magnetic type single-track recorcing, 1-399
to 1-405
direction of winding, 1-399
frequency characteristies, 1-401 to 1-403
label information, minimum, 1-401
long gap head method for measuring
magnetization, 1-404
standardization of, 1-405
short gap head method for
magnetization, 1-404
standardization of, 1-404, 1-405
speed of tape, 1-399
strength of tape, 1-399
tape leader, 1-400
tape reel, maximum outside diamcter
1-400
tape spools, 1-399 to 1-401
width of tape, 1-399
television films, sonnd standards, 1-406,
1-407
WOW, 1-405
International Radio Consultative Com-
mittee, background of organization,
1-396, 1-397
international exchange of programs,
standards, 1-396 to 1-407
Tonospheric effects (see Wave propagation)
TRT, current standardization reports, 1-407,
1-408

1-398,

measuring

Joint Industry/Clovernment Tall Structures
Committee Report, 1-324 to 1-351
air hazard eriteria for antenna structures
(see Air hazard criteria for antenna
structures)
history of, 1-324, 1-325

L matching networks, 9-26 to 9-30
references, 9-27
Smith charts for, 9-27 to 9-30

Length, conversion table for units of, 9-39
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Lovel irregularities, 4-128 to 4-131
Licenses, application for, 1-5
assignnient of, 1-5, 1-6
conunercial radio operators, 1-289 to 1-301
developmental broadeast stations, 1-255,
1-268
experimental hroadeast services, facsinile,
1-255
M, 1-35. 1-129 to 1-131
intereity, 1-256, 1-279 to 1-281
international broadeast stations,
1-242
License Application Lngineering Data for
television prool of performance, 8-216
to 8-218
remote-pickup broadeast systems, 1-255,
1-272 to 1-276, T-29, 7-30
standard broadcast stations, 1-34, 1-73 to
1-75
statutory time limit, 1-3
STL, 1-256, 1-279 to 1-381
television, 1-254, 1-260, 1-261
transfer of corporation holding, 1-6
TUHF television translators, 1-256, 1-291 to
1-203
Tighting, antenna structures, 1-312, 1-317 to
1-324, 1-326, 2-80, 2-81, 2-93
ACC/AGA recommendations {see
ACC/AGA recommendations on
antenna structures)
for television studios, 6-72 Lo 6-102
color television, 5-58, §-64, 5-65
cotor-value wall, 6-99
cost estimating lor, 6-70, 6-71, 6-79
design requirciments, 6-73
ribution, 6-75 to 6-77
strip installation, 6-80
clectrical systenis, 6-80 Lo 6-S2
equipnient lists, 6-81, 6-82
fluorescent bank. 6-48
[ollow spot, 6-97
fresnel, 6-93 to 6-93
glossary of terims, 6-09 to 6-101
igloo, 6-9%
lamp replacenient, 6-99
lighting control, 6-82 to 6-88
automatic infinile present system,
6-50, 6-87
autotransformer diunuer hoard, 6-84,
6-85
control hoard, t0-scene, C-1, all-
clectronic, 6-85, 6-88
costs, 6-87, 6-38
dimnmer control circeuits, 6-82 to 6-88
glossary of terms, 6-99, 6-100
magnetic-amplifier  dimmer
6-35, 6-806
pateh panel with retractable cords,
6-33
patch panel, wall-mounted, 6-84
silicon-controlled rectifier dimmer,
6-85, 6-3¢6
silicon-coutrolled rectifier
banlk, 6-83 to 6-87
tube banlk of thyratron dinuners, 6-85
lighting-load recuirements, 6-77 Lo 6-79
highting practices, 6-88 to 6-92

1-37,

banlk,

cdinuner

Lighting, for television studios, lighting prac-
tices, lighting routine on the show,
6-90 to 6-92
monochrome operation, 6-39, 6-90
pattern projectors, 6-96
gobos for insertion in, 6-96
optices for, 6-04
planning of, 6-72
projected hackgrounds for special effects,
6-166, 6-167, 6-169
punch scoop, 6-98
reatr screen projector, 6-98
references, 6-101, 6-102
reflector lamp hanks, 6-96, 6-97
remote-pickup studio, 7-72, 7-84 to 7-86
scool, 6-93
strip light, 6-97, 6-98
suspensiol systemns, 6-73 to 6-75
counterweight, 6-73, 6-76
mobilrail, 6-75, 6-77
overhead catwallk, 6-75
pantograph light lifts Tor, 6-75, 6-79
pipe hattens, 6-73 to 6-75
pipe grids motor-operated, 6-75
tent, 6-99
Lightning, effect on antenna structures, 2-72
Lightning protection [or broadeast stations,
8-157 to 8-163
arc suppression, 8-160
schewmatie diagram ol circuits, 8-160
CONELRAD Beverage antenna, 8-1306,
8-137
grounding, 8-160
guy wires, 8-138, 8-159
horn-gap installation, 8-158
Magniphase protection systein, 8-160 to
8-165
metallic surface in contact with earth,
8-157
meter protection, 8-159, 8-160
make-bhelore-break tyvpe switehes, 8-159
remote antenna current meter, pickup coil
placcient, 8-159
remote meter-protection circuit, §-159
standard broadcast antenna structures,
2-93 to 2-95
static generated in antenna structure, 8-157
towcer-light protection, 8-160
towers, 8-158
Linecarity ol television signal (see Television-
signal analysis, nonlinearity)
Liveness in broadcasting (see Program
pickups)
Logger-receiver, 8-117 to 8-122
Logger-transmitter, 8-112 to 8-116
Logging, antomatic (see Automatic logging)
Logs, design of, 1-420, 1-422
FCC rules and regulations, 1-417 to 1-419
field-strength measurements, radial, 2-293
M stations, 1-35, 1-36, 1-138, 1-139, 1-171
FFCC rulings, 1-417 to 1-419
NAB sample, 1-420, 1-421
international hroadeast stations, 1-
1-245 1-246
standard broadeast stations, 1-34, 1-46 to
1-GY
antenna ecurrent,

y

1-419
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Logs, standard bhroacdeast stations, current
ratios, 1-419, 1-420
NAB sample, 1-419, 1-420
phasing relation, 1-419, 1-420
television stations, 'CC rulings, 1-417 to
1-419
NAB sample, 1-420, 1-422

Magnetic recording, amplifiers. 6-108 to 6-110
playvback, block diagram of, 6-110
recording, block diagram of, 6-100
standard playback curve, 6-110
standard recording curve, 6-109

bias, 6-104
cartridge type, 6-106
circuit connections, 6-113, 6-114
hridging pad added, 6-113
bridging transformer added. 6-113
converting higlh-impedance recorder-
reproducers, 6-114
definition of terms, 1-390, 1.301
delayed broadeast, 6-111
erase, 6-104, 6-105
erase and record-reproduce heads, 6-108
international exchange of programs, 1-399
to 1-405
magnetic-cise tipe, 6-107, 6-108
magnefic medium explained, 6-117
maintenatce of equipment, 6-114 to 6-116
azimuth alignment of heads, 6-115
capstan idler pressure, 6-115
cleaning, 6-115
lubrication, 6-114
playhack level adjust, 6-115
playback response, 6-115
record reaponse, 6-115, 6-116
signal-to-noise measurements, 6-115
tension scales, 6-116
tensions, 6-115
multiple-track tape, 6-106, 6-107
reel-to-reel type, 6-105, 6-106
single-channel consoles, 6-114
{fecding the console, 6-114
special effects, 6-184 to 6-186
standards (see Recording standards,
magnetic)
tape, print-through, 6-111
types of, 6-110, 6-111
theory of, 6-103 to 6-105
transport mechanism, 6-105
uses for hroadeasting, 6-111, 6-112
video tape (see Video-tape recording)
Magnetic reproducing (see Magnetic record-
ing)
Magniphase protection system, 8-160 to
8-165
bridge unit, 8-161

balanced, 8-162
circuit desceription, 8-162 to 8-164
cutoff bias, 8-162

schematic diagram of eircuits, 8-164
description of, 8-161, 8-162
directional-antenna syatems, 8-161
external alarm and counter circuit,

schematic diagram of, 8-165

jacks, BN(, 8-162
line coupler, 8-162

Magniphase protection svstem, line coupler,
10-kw maximum, 8-161
50-kw maximum, 8-161
schemaltic diagram of, 8-163
power-cuthback operation, 8-161
relay cutoff circuit, schematic diagram of,
8-165
specifications for, 8-165
Maintenance of equipment, 8-166 to 8-191
antenna  structures, directional (see
Directional antennas)
television, 2-275
cables, 8-186
camera chains, 8-178, 8-177
capacitors, 8-185, 8-186
casual maintenance, 8-166, 8-167
film projectors, 8-172 to 8-176
magnetic recording, 6-114 to 6-116
monitors, 8-185
monoscope eamera, 8-185
pateh panels, 8-186
preventive maintenance, 8-166 to 8-170
remote pickup, 8-177, 8-178
preventive-maintenance schedule, daily,
8-169
monthly, 8-169
after 1,000 hours, 8-169
weekly, 8-169
television, 8-177, 8-178
resistors, 8-186
safety, 8-170, 8-171
stahilizing amplifier, 8-185
studio preventive-maintenance schedule,
daily, 8-167, 8-168
weeklv, 8-168
monthly, 8-168
after 1,000 hours, 8-169
switching systeins, 8-184, 8-185
syncehronizing generator, 8-177
television microwave system, 4-111
television operating centers, 4-39
test equipment, 8-172 to 8-180
tests, 8-172 to 8-180
transmitter preventive-maintenance
scherlule, daily, 8-169, 8-170
weekly, 8-170
monthly, 8-170
quarterly, 8-170
semiannually, 8-170
transinitters, standard broadcast, 3-28 to
3-30
television, 3-87, 3-88
equipment, 3-87, 3-88
signal-cuality, 3-88
tubes, 8-178 {0 8-180
UHY television translators, 8-8§2
Marking of antenna structures, 1-326
ACC/AGA recommendations, 1-354 to
1-358
application, 2-53
Federal Comununications
requirements, 2-52
painting of, 1-312, 1-317, 1-323, 1-3:24, 2-93
surface treatment, 2-52, 2-53
Mechanical recording and reproducing
standards (see Recording stanclards)
Metal gauges, standard, 9-55

Cominission
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Metals, welding characteristios of, 9-57 Network laeilities, A2 System, 4-13 to 4-21

Metering for remote control (see Remote
control of broadeast stations)
Microphones, 8-174
adiusting for halance, 6-62
bidirectional pattern, in dead room, 8-56
in live room, 6-56
Budlermnan. 7-53
cardinid patteri. 6-57
control  roow announee  hooth, require-
ments, 6-233
rogponze cuirve, 6-24
erroncous ideas ahout, 6-33 to 6-56
facts concerning, 6-533 to 6-36
method of setting relative gain, 6-52,
6-33
mixer dial settings, 6-50
nomograph, 9-14, 9-15
for microphone distances, 9-11
number usecd, 6-20 to 6-60
placenmenl of, 6-6G3
arcentuation mirrophones. 6-49, 6-50
over-all microphone, 6-48, 6-47
formulas for, 6-48, 6-49
remote pickup, 7-6, T-68, 7-82 to T-84
response patternts, 6-50, 6-57
stereophonic hroadeasting, 8-256,
8-257
television-signal analysiz, 4-133
unidirectional pattern, 6-57
Microwave systerns, television (see Television
micrownyve systeins)
Moiré effect of television =ignal, 4-158
Aotion picture radio service, 1-25 to 1-27
base and mohile stations, 1-26
frequendcies, 1-26, 1-27
operational fixed stations 1-27
Alultiburst test signal, 4-122, 4-123
Multiplex, antenna structures, FM, 2-216,
2-217
standard broadeast, 2-247
dircetional, 2-101 to 2-104, 2-158 to
2-165
television, 2-247
Multiplexing, FM (see 1'M multiplexing)
Musie programs (see Program pickups)

National Association of Broadeasters (NARB),
logs, AM stations, 1-419, 1-420)
antenna current, 1-419
current ratios, 1-419, 1-420
plasing relation, 1-419, 1-420
M stations, 1-420, 1-421
television stations, 1-420), 1422
standards of, 1-408
recording and reproducing (see Record-
ing standards)
National Bureau ol Standards, frequeneies of
WWYV and WWVIL, 1-423 to 1-430
National Stereophonic Radio Committee,
8-2(0), 8-201
Broadeast Receivers Panel, 8-201
Broadeast Transmitters Panel, 8-2¢1
Iield Testing Panel, 8-261
Interconnecting I'acilities Pancl, 8-261
Sabjective Aspects Panel, 8-261
Nystem Hpecifications Pauel, 8-261

aiplifiers, types of, 4-18

attennation of video lne facilities,
4-15

A2A amplifiers, 4-17, 4-18

A2A clamper, 4-18

A2A equalization svstem, 4-15 to 4-17

A2A intermediate repeater, 4-19

A2A power supply, 4-18

A2A receiving terminal, 4-20

AZA svstem design, 4-19, 4-20

AZ2A termivating conditions, 4-20

A2A transmission objectives, 4-20, 4-21

cable terminations, 4-15

defined, 4-13

equalizers, fixed, 4-16, 4-17
variable, 4-16, 417

in=ide cabling, 4-15

videa-cahle lacilitics, 4-13 to 4-15

audio. 4-40 to 4-6G0

intercity (see B-22 Cable System and
cuble carrier systems below)
local (see loeal audio channels below)

B-22 Cable Ryv=tem, 4-53 to 4-58

bridging, 4-54

cable facilities, 4-53
equalization, 4-54

program amplifiers, 4-53
regulation, 4-54

reversible facilities, 4-54 to 4-58

Bell Telephone Systein (see Bell Telephone

Rystem network laeilitios)

cable carvier systems, bridging arrange-

ments, 4-060
development of, 4-58
terningl equipment, 4-58 to 4-80
terminal schematie of type C-1 program,
4-50

roaxial-cable carrier systeins, automatie

switehing, 4-37
computer, 4-32
eosine equalizer, 4-31
development of, 4-28, 4-29
dynamie equalizers, 4-31, 4-32
equalization plan, 4-30
equalizer assignment, 4-32, 4-33
equalizing auxiliary repeater, transimis-
sion schewatic of, 4-34
excess-carrier-ratio modulation, 4-37
fixed equalization, 4-31
L-3 amplifiers, 4-35
L-3 eoaxial-cable carrier system, 4-29,
4-30
I-3 vouxial video terminal, 4-33, 4-36
L-3 viden modulator, 4-36
manual equalization, 4-31
power supply, 4-33 to 4-35
quality control, 4-30, 4-31
television branehing, 4-38
common-carrier operation, 4-4
flexibility, 4-4
local audio channels, 4-46 to 4-52
equalization, 4-47
Tacilities, 4-4G, 4-47
i=olating measures, 4-51, 4-52
transmission objectives, 4-48
trausmitting pads, 4-50, 4-51
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Network [acilities, local audio channels, vol-
umne indicator, hridged across a ter-
mination, 4-50

connected across bridge output, 4-50
econnected across loops, 4-48
connected by bridge eircuits, 4-51
volume-indicator readings, correetion of,
4-52
volume-indieator scale for peak check-
ing, 4-52
volume measurements, 4-48, 4-49
local video channels (see A2 System
above)
multiple-channel, requirements, 4-3
network defined, 4-3
radio, 4-3 to 4-60
reliability, 4-4
requirements, 4-3, 4-4
TD-2 System, 4-21 to 4-28
antennas, 4-24
automatic protection, 4-26 to 4-28
automatic protection switching, 4-27
bridging arrangements, 4-25, 4-26
channel-separation filter, 4-25
developinent of, 4-21, 4-22
M receiver, 4-23
FM transmitter, 4-22, 4-23
frequency-assignment plan, 4-21, 4-22
repeaters, 4-24
television, 4~3 to 4-60
television operating ccenters, 4-38 to 4-44
control-office plan, 4-38
functions, 4-38
high-impedance switching, 4-39, 4-40
layout, 4-39
low-impedance switching, 4-40
maintenance, 4-39
monitor trunks, 4-42, 4-43
office-equipnient arrangements, 4-39
service orders, 4-39
splitting pads, mounting arrangement
for, 4-42
switch control, 4-44
switch unit, 4-41
switching equipment, 4-42
switching plan, 4-40, 4-41
test trunks, 4-42, 4-43
trouble reports, 4-39
video switch, cabling plan for, 4-43
video, 4-13 to 4-46
A2 System (see A2 System abouve)
frequency responsc, 4-45, 4-46
gain, differential, 4-46
intercity (see TD-2 System and coaxial-
cable carrier systemns above)
levels of transmission, 4-44, 4-45
objectives of transmission, 4-44 to 4-46
phase, differential, 4-46
Networks, impedance-mnatehing, standard
hroacleast antenna structures, 2-136 to
2-138
L matching, 9-26 to 9-30
matehing of, standard broadcast antenna
structures, 2-106, 2-107
parallel-T, 9-12
phase-shifting, standard broadcast antenna
structures, 2-106, 2-107, 2-143, 2-144

Networks, power-dividing, standard broac-
cast antenna structures, 2-107, 2-144
syinmetrical attenuation, 9-7 to 9-12
Nonecomumercial educational FM  stations,
classiftcation of, 1-35, 1-161, 1-162
CONELRAD, 1-38, 1-252, 1-253
Nonlinearity of television signal, 4-156,
4-157
NSRC (see National Stereophonic Radio
Committee)

Operating logs (see Logs)

Optical recording, definition of terins, 1-302
standards (see Recording standards)

Optical reproducing, definition of terms,

1-392
standards (see Recording standards)
transmission, definition of terms, 1-395,
1-396

Painting antenna structures (see Marking ol
antenna structures)
Parallel-line wires, characteristie impedance
of, 9-26
Parallel-T nctworks, example, 9-12
nomograph, 9-12
summary, 9-12
Parameters, control of (see Automatic
logging}
Pattern projectors, 6-26
Personnel, first aid for (see First aid)
Phototransistors, ehart relating to, 9-51
Plane earth, wave propagation over, 2-9 to
2-13
Plate voltage 1metering, 8-98 to 8-101
Poid, defined, 1-393
Processing film (see Television film handling
and processing)
Program pickups, 6-43 to 6-66
acoustics, 6-57, 6-58
greater coverage, 6-43, 6-44
improvenient of, 6-53 to 6-G6
increased sense of reality, 6-44 to 6-40
lrveness in broadeasting, 6-43 to 6-53
liveness formula, 6-44
microphoncs {see Microphones)
music programs, 6-51
dance orchestra, 6-64
field setups, 6-6G6
in overcrowded studio, 6-53
piano, 6-60, 6-61
piano with vocalist, 6-61
plan and elevation for overcrowded
studio, 6-54
salon orchestra, 6-62
simall orchestra, 6-62, 6-63
small orchestra with vocalist, 6-G3
string groups, 6-61
syinphony orchestra, 6-46, 6-50, 6-63 to
6-G5
symphony orchestra with vocals, 6-47,
6-63
with vocals, 6-51
single announcer, 6-58, 6-59
speeches, 6-51
studio size and nuwmber of artists, 6-48
values of monaural liveness range, 6-44
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Program transmission (see Network lacilities)
Projector lens resolution target. 16-imm,
standards [or, 1-4106
Proaf-of-performance measurements. audio-
frequeney, 8-198 to 8-214
equipment required, 8-200, 8-201
attenuator, 8-200, 8-201
audio oscillator, 8-200
comnnunieations-type receiver, 8-201
cost of, 8-201
field-strength meter, 8-201
level indicator, 8-201
ineter, distortion and noise, 8-201
iodulation monitor, 8-201
osrilloscope, 8-201
transformer, isolation and matehing,
8-201
FM stations, audio-frequency harmonic
distortion, 8-205
audio-frequency response, 82006
filing, 8-199, 8-200
output noise, 8-200
required measurements, 8-200
times when measurenients are made,
8-199
{orms, 8-204 to 8-214
audio-frequency hannonic content,
data and curves, 8-209, 8-213
audio-frequency response, over-all,
8-207, 8-211
audio-frequency response curves,
8-208, 8-212
carrier shift, 8-210
hum data, 8-210
noixe data, 8-210
output noise, 8-214
improved Tacilities as result of measure-
ments, 8-206
methods, 8-200 to 8-200
precautions. 8-202
personnel qualified for making measure-
ments, 8-14§, 8-199
reason [or, 8-198
standard hroadeast stations, audio-
[requency harmonie distortioi,
8-203
audio-lrequeney response, 8-202, 8-203
audio-signal-gencrator  cquipment,
8-202
carrier hwin, 8-204, 8-205
extraneous noise, 8-204, 8-205
filed at station, 8-199
output noise, 8-206
percentage carrier shilt, 8-203, 8-204
recjuired measurements, 8-200
spurious raciations, 8-205
times when measurements are made,
8-199
television, 8-215 to 8-249
antenna struetures, 8-221, 8-233 to 8-233
attenuation, over-all, 8-222, 8-234 to
8-236
RI harmonics, 8-224, 8237 to 8-240
audio-frequency response, 8-22%, 8-230,
8-246, 8-247
distortion, 8-230
1°AL and AM neise, 8-230, 8-248, 8-244

differential phase, 8-
envelope delay, 8-2328, 8-229, 8-244,

19

Prool-of-performance measurements, televi-

slon, color, envelope delay, 8-244,
8-246
transmitter power output, 8-219
8-243, 8-246

8-246

examples from CBS, 8-230 to 8-249

AM and FM noise, 8-248, 8-249
antenna, 8-233 to 8-235
attenuation, over-all, block diagram
for measurements, 8-236
vs, [requeney of visual transmitter,
8-234, 8-235
attenuation, RF harnonics, 8-237 to
8-240
aural transmission-line coutent,
8-240
Block diagram of equipment for
measuring,  8-238
detector characteristics, 8-239
response characteristies of notehing
filters, 8-239
visual transmission-line content,
8-240
audio-lrequency-response data sheet,
8-246, 8-247
aural transinitter, 8-2435 to 8-248
data shect, 8-245
differential phase, 8-243, 8-246
block diagram of ecquipment, 8-243
distortion, §-248
envelope delay, 8-244, 8-246
block diagrain of equiprnent, 8-244
color television, 8-244, 8-246
field strength of upper and lower side-
hands, 8-235 to 8-237
block diagram, 8-237
frequeney monitors, 8-235
impedanee measured at diplexer input
of antenna., 8-232
out-of-hand eniissions, 8§-237
output, variation of, 8-235
output-noise-level data sheet, 8-246
radiation pattern, caleulated vertieal,
8-234
reflectometer calibration, aural trans-
mitter, 8-234
visual transmitter, 8-233
Lest pattern, 8-240, 8-241
transmitter input, 8-241
transmitter output, 8-241
transfer characteristics, 8-24(), 8-242,
8-243
block diagram for ineasuremnents,
8-242
transmission line, 8-233 to 8-235
transmitter power-output determina-
tion, 8-232
transmitting antenna designed for null
fill-in, 8-234
visual transinitter, 8-235 to 8-238
voltage standing-wave ratio of an-
tenua and transmission line, 8-232,
8-233
waveform of transmitted signal, 8-238
to 8-240
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Proof-of-performance measurements, televi-
siou, examples from (BS, waveforms,
analysis of synchronizing, 8-249

FCC definitions, 8-218
FCC Torm 302, 8-2106, 8-217
field strength of upper and lower side-
bands, 8-222, B-223, 8-235 to 8-237
method of measurement, 822!
frequency monitors, 8-221, 8-235
H presentation, CRO photograph of,
8-225
License Application Engineering Data,
8-216 to 8-218
out-of-band emissions, 8-223, 8-224,
8-237
attenuation of RT harmonics, 8-224
output, variation of, 8-221, 8-222, 8-235
method of measurement, §-222
pulse cross display obtained from A/V,
photograph of, 8-225
reasons for, 8-215
test pattern transmitted, 8-226, 8-240,
8-241
transfer characteristie, 8-226 to 8-228,
8-242
differential gain. 8-227, 8-228
low-lrequency linearity, 8-227
transmission line, 8-221, 8-233 to 8-235
transmitter power output, 8-218 to
8-221, 8-232
black and white, synchronizing wave-
form for, 8-220
color television, synchronizing wave-
form for, 8-219
waveforin of transmitted signal, 8-224 to
8-226, 8-238 to 8-240
times of horizontal synchronizing
pulses, 8-226
times of vertical blanking pulse, 8-227
times of vertical svnehronizing pulses,
8-227
Propagation, wave (ser Wave propagation)
Proximity-effect curve, application of, 9-22,
9-23
derivation, 9-22
tower heights, 9-23

Radiation hazards, 8-190
Radiation patterns, I'M antenna structures,
2-211 1o 2-215
remote-pickup broadeast system, 7-43 to
7-45
standard broadcast antenna strmictures,
formulas for, 2-102, 2-111, 2-112, 2-118
to 2-120. 2-158 to 2-165
shape, directional with more than two
towers, 2-158 to 2-162
four-tower parallelogram, 2-160, 2-161
three towers in line, 2-158 to 2-161
three towers not in line, 2-161, 2-162
two-tower dircctional, 2-97, 2-98
size, directional with more than two
towers, 2-162 to 2-165
four-tower paraliclogram, 2-162 to
2-164
three towers in line, 2-164
three towers not in line, 2-164

Radiation patterns, standard broadcast an-
tenna structures, size, two-tower di-
reetional, 2-98, 2-99, 2-120 to 2-134

systematization, two-tower dircetional,
2-120 to 2-130
vertical, 2-262
single-tower nondirectional, 2-90, 2-91
television antenna strueture, azimuthal,
229 to 2-234
vertieal, 2-222, 2-235 1o 2-238
UHF antenna, slotted cvlinder, 2-267,
2-268
VHT antenna, AMCI slotted ring, 2-252,
2-253
traveling-wave, vertical, 2-261
Radiators. guyed, average characteristies for,
9-19
Radio broadeast services, 1-33 to 1-252
(See alsa AM/¥'M stations: Network
facilities; Standard broadeast stations)

Radic operators (see Commereinl radio

aperators)

Radio spectrum, 2-4

Radio towers (see Antenna strietures)

Radio-wave propagation (see Wave propa-

gation

Receivers, automatic logging (see Automatic

logging)
color television, 5-18 to 5-20
matrix funections, diagram of, §5-23
CS8B, sclectivity curves, 8-50
FM, TD-2 System, 4-23
remote-plekup broadeasl systems, 7-5, 7-6,
7-18 to 7-20, 7-33, T7-35 to 7-37,
7-43
stercophionic broaceast pancl, 8-261
television system, monochrome, 5-8
Recorder, types of, definitions, 1-386 to 1-388,
1-390 to 1-392
video tape, 6-119 to 6-132
Recording, magnetie (see Magnetie recording)
stundards {see Recording standards
types of, definitions, 1-386, 1-38%, 1-390,
1-393 to 1-306
video tape (see Video-tape recording)
Recording standards, definition of terms,
1-385 to 1-396
glossary of terins, 1-385 to 1-396
international exchange of programs (see
International exchange of programs
standards)
magnetic, 1-379 to 1-385
characteristies of systemn, 1-381, 1-382,
1-401 to 1-403
definition of terms, 1-390, 1-391
erasing function, 1-380
flutter, 1-379, 1-380
frequency-response limits, 1-379, 1-380
methods of establishing the system,
1-283
long gap head method of measuring
ruaghetization, 1-384, 1-404
standardization of, 1-385, 1-405
short gap head method of measuring
magnetization, 1-383, 1-384, 1-404
standardization of, 1-384, 1-385,
1-404, 1-405
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Recording standards, mugnetic, signal-to-
noise ratio, 1-383
sound track position, 1-381
tape, dimensions, 1-379, 1-399
leugth, 1-380
methads of measuring magnetization
of, 1-383 to 1-385, 1-403 to 1-405
reel. 12380 to 1-382, 1-399 to 1-401
speed, 1-379. 1-399
wind, 1-380, 1-399
WOW, 1-379, 1-330
(See also Maguetic recording)
mechanical, 1-374 to 1-37Y
disk reproducing systemn rumble., 1-374,
1-375
label information, mininmum, 1-379
recorded level, 1-377, 1-378
records (see Recordst
reprochucer stylus contour, 1-377
signal-to-noise ratio, 1-378
turntahle (gee Turntable)
WOW factor, 1-374
Records, center hole concentricity, 1-376
center hole diameter, 1-376
{for international exchange, 1-397
groove, definition of terms, 1-388, 1-389
imnermost ciameter, 1-37%
for international exchange, 1-397
nuher left blank, 1-378
for international exehange, 1-398
outermost diameter, 1-378
shape, 1-377
stopping, 1-378
tape used for international exchange,
1-397
international exchange of programs, stand-
ards (sce International exchange of
progrins standards, dises)
miformation, mininmm, for
national exchange, 1-398
lateral, frequency characteristies lor, 1-376,
1-377
for international exchange, 1-398, 1-399%
outer diameters. 1-3735, 1-376
for international exchange, 1-397

label inter-

type used  lor international exchange,
1-307

vertical, frequency characteristies lor,
1-376

warping of, 1-370
Referencves, acoustios, 6-41

compatible single-gidehand syvsten for
standard broadeast, 8-50

CONELRAD. 8-156

field-strength measurements, 2-233, 2-289

image-orthicon tube, 8-134

L matching networks, 9-27

lighting for television studios, 6-101. 6-102

standard broadeast antenna structures,
2-110

television film handling and processing.
6-154

television microwave systems. 4-86, 4-87

UTTF televizion Uranslators, 8-82

wave propagation. 2-39, 2-10

waveguide loss charts for microwave
syvstems, 9-24

Relay systems, broadeast, 1-17 to 1-25, 1-2564
to 1-207
categories, 1-17, 1-18
CONELRAD, 1-954, 1-258, 1-259
remote-pickup hroadeast systems,
T-33, 8-143, 8-144
conflict of interest with aviation, 1-328
TFederal Communications Conimission
rules, 1-254 to 1-297
intereity 1I'M, 1-22
administrative procedure, 1-256, 1-279%
cefinitions, 1-256, 1-278
equipment, 1-256, 1-381
leensing policies, 1-256, 1-279 to
1-281
technical operation, 1-256, 1-281, 1-282
raclio order eircuits, AM/FM, 1-22
remaote-pickup  broadeast systems  (see
Remote-pickup broadeast systems)
site selection, 2-37, 2-38
STL, 1-21, 1-
administrative procedure, 1-256, 1-279
definitions, 1-255, 1-278
equipment, 1-236, 1-281
licensing policies, 1-256, 1-270 to 1-281
technical operation, 1-25G, 1-281,
1-2582
television, administrative procedure, 1-256,
1-285 to 1-288
amplitude vs. frequency characteristies,
audio signal, 4-92, 4-93
composite picture signal, 4-92
assigniment of channels, 1-23, 1-24
definitions, 1-256, 1-283, 4-88 to 4-90
differential  gam, ecomposite picture
signal, 4-94, 495
EIA proposed standards, 4-88 to 4-97
cquipment, 1-256, 1-288
frequencies, 1-22, 1-23, 1-25, 1-29, 1-30,
1-256, 1-283 to 1-235
harmonic distortion, audio signal, 4-92,
4-93
input imperance, audio signal, 4-90
composite picture signal, 4-90
input level, audio signal, 4-90, 4-91
composite picture signal, 4-90
intercity, 1-23, 4-89
privately owned, 4-98 to 4-111
intracity, 4-89
ioad impedance, audio signal, 4-91
composite picture signal, 4-91
low-frequency response, composite
picture signal, 4-0:3
microwave system (see Television micro-
wave system)
output level, audio signal, 4-92
composite picture signal, 4-91
performance characteristics, 4-90 to 4-96
polarity. composite picture signal, 4-92
portable-mobile, 4-89
power supplies, composite picture signal,
4.907
radio order eircuits, 1-25
receiving terminal, 4-89
relative envelope delay vs. frequency
characteristics, composite picture
signal, 4-93
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Relay systems, television, relay band,
4-90
relay channel, 4-90
remote-pickup stations, 1-22, 1-23, 4-89
repeater station, 4-89
signal-to-hurn ratio, composite picture
signal, 4-97
signal-to-noise degradation, audio signal,
4-95
composite pieture signal, 4-95, 4-96
weighting network, 4-96
source impedance, composite
signal, 4-91
step-function trausient response, com-
posite picture signal, 4-93
STL, 1-23, 4-39
technical operation, 1-256. 1-288 to 1-290
transmitting terminal, 4-89
Remote control of broadeast stations, 1-34,
1-61, 1-62, 8-83 to 8-107
antenna current, 8-97
for connections to pickup coil, rectifying
and filtering RF, 8-97, 8-98
application for authorization, 8-83 to 8-85
circuits, 8-102 to 8-105
latch relav, 8-103
locally controlled, by ecircuit breaker,
8-105
by knob, 8-105
by 1notor, 8-104
by push buttons, 8-103, 8-104
by switch, 8-102, 8-103
momeitary relay, 8-104
motor control unit, 8-105
secondary overload relay unit. 8-108
CONELRAD requirements, 8-38, 8-90
control connections, schematic diagram of,
8-107
current metering cireuits, 8-102
directional stations, 8-87
remote base currents in, 8-938
schematic diagram of switching unit,
8-99
FM multiplexing, 8-29 to 8-32
history of, 8-83
layout of pattern for connections, 8-105
metering, circuits, 8-97
connections, schematic disgram of, 8-107
filament voltage, 8-101
schematie diagram of, 8-101
frequency, 8-95 to 8-97
line voltage, 8-101
schematic diagram of, 8-102
modulation, 8-95 to 8-97
plate voltage (see plate voltage metering
below)
tower-light current, 8-101, 8-102
schematie diagram of, 8-102
meters, frequency, 8-95
modulation, 8-95
monitors, circuit diagramn of connections,
8-96
frequency, 8-95
modulation, 8-96
schewnatic diagram of connections, 8-96
nondireetional AM and FM, 10-kw maxi-
mum transmitter power, 8-83 to 8-87

picture

Remote control of broadcast stations, nondi-
rectional AM and I'M, transmitter
power greater than 10 kw, 8-87

operation of, 8-91 to 8-106
operator requirements, 8-88
phase monitor, 8-89
plate voltage metering, 8-98 to 8-101
multiplier, 8-99 to 8-101
schematic diagram of, 8-100
PCEK-10, 8-100, 8-101
plate current, 8-100, 8-101
measured with d-c filaments, 8-101
schematie diagram of, 8-100
PV-10 unit, 8-98 to 8-99
schematic diagram of connections, 8-99
remote pickup, 7-21, 7-27, 7-50, 7-51
RF pickup method, 8-88
studio econtrol unit, schematic diagram of,
8-93
svstem, 8-91 to 8-106
D-C, 8-89 to 8-91
block diagram of, 8-90
cominunication with transmitter. 8-90
dual control points, block diagram of
systemn using, 8-91
fire, 8-90
off-air monitor, 8-90
studio unit, 8-90
transmitter unit, 8-90
two metallic circuits utilized, block dia-
gram of, 8-92
transmitter control unit, schematic dia-
gram of, 8-94
voltage metering circuits, 8-102
Remote-pickup broadcast systems, 1-18 to
1-21
administrative procedure, 1-255, 1-272
CONELRAD, 7-53, 8-143, 8-144
definitions, 1-255, 1-271, 1-392, 1-393
equipment, 1-255, 1-276
frequencies, 1-19 to 1-21, 1-29, 1-255,
1-271, 1-272, 7-28, 7-29
licensing policies, 1-255, 1-272 to 1-276,
7-29, 7-30
maintenance of eguipment (see Mainte-
nance of equipment)
technical operation, 1-255, 1-276, 1-277
television (see Television remote pickup)
26 Mec, 7-3 to 7-27
conversion, 7-7 to 7-20
BC 603 receiver, 7-18, 7-19
schematic, 7-20
BC 604 transmitter, 7-9 to T-14
audio circuits, 7-10
filament circuit wiring diagram, 7-11
schematic of original filament and
converted heater, 7-13
materials needed, 7-7 to 7-9
P 103 dynamotor, 7-15 to 7-18
PE 104 dynamotor, schematic, 7-17
power supply for receiver, 7-19, 7-20
transmitter mounting, 7-15
schematie, 7-16
crystals, T-4
FCC authorization, 7-7
installation, 7-20, 7-21
dynamotor, T-20, 7-21
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Remote-pickup broadeast systems, 26 Me,
installation, receiver, 7-20
remote control, 7-21
transmitter, T-20
transmitting antenna, 7-20
operatinn, 7-21 to 7-27
antenna output-tuning indicator, 7-23
cueing, 7-25 to 7-27
modulation, method of, 7-24
problems encountered, 7-23 to 7-25
of transmitter, 7-22. 7-23
mierophone, 7-6
receiver, 1-5, 7-6
bass frequency reemphasis cireuit for,
7-5
remote-control unit, 7-27
remote use, 7-6
transmitter, 7-4, 7-5
160 Me, 7-28 to 7-48
hase-station antenna localion, T-30,
T-31
conversion, 7-28 to 7-39
base-station receiver, 7-35
schematic diagram of, 7-36, 7-37
hase-station transmitter, 7-35
control head, schiematic diagram of,
T-40
dynamotor relay, 7-32
external carrier switch and power
connection, 7-34
frequency-compensation line amplifier,
T-38
freqquency-eompensation network,
7-32
frequency-response curve, 7-38
mobhile transmitter, audio and control
modifications, 7-32 to 7-35
schematic diagram of, 7-39
receiver, RF, 7-33
transmitter, RI°, T-33
transmitter-receiver, intercabling
diagram of. 7-41
frequency allocation. 7-28, 7-29
conditions of use, 7-29
licensing, T-29, 7-30
tests of, T-42 to T-48
antennas, T-43 to 7-45
and polarization compared, T-47,
7-48
receiving, 7-43
transmitting, 7-43
equipment, 7-42 to T7-45
pattern of receiving antenna, 7-43
o T-45
polarization, five-element Yagi-
antenna radiation pattern,
horizontal, T-44
vertical, 7-44
purpose of, T-42
receiver, 7-43
sensitivity curve of, 7-43
receiving antenna changes, 7-47, 7-48
relay broadcast field test, 7-46
results of transmission from car to
roof, T-45 to T-47
transimitter, 7-42
transinitting-antenna changes, 7-47

Remote-pickup broadeast systems, 450 Mec,
7-49 to 7-53
antenna, mounted on helicopter, 7-52
one-quarter-wave whip, 7-52
CONELRAD, 7-53
remote-control panel, 7-50, 7-51
speaker panel, 7-50, T-51
television emergency mobile unit, 7-49,
T-50
transmitter-receiver mounted in baggage
compartment, 7-51
unit for, 7-50 to 7-52
mobile, 7-54 to 7-61
AM/I'M tuner, 7-58 to T-60
amplifier, 7-57
console, 7-55 to T-57
block diagram of output, 7-56
equipment, 7-54 to 7-61
generator, 110 volt a-c, 7-59, 7-60
mohile-radio system, 7-60, T-61
power-distribution panel, 7-60, 7-61
schematic diagram of, 7-61
public-address system, T-58
input selector switeh, 7-59
rack-mounted equipment, 7-59
tape recorder, 7-58
turntables, 7-55 to 7-58
cueing modification, 7-56
leveling device for, 7-58
vehicle choices, T-54
Reproducer, types of, definitions, 1-386 to
1-388, 1-390 to 1-392
Reproducing (see Recording)
Resistive pacdls, charts and graphs relating to,
9-10
Resistor color code, 9-61 to 8-683
Resuscitation policy (see First aid)
RGB signals, 5-8 to 5-11
Rigid transmission lines (see Transmission
lines, rigid)
Room acoustical design (see Acoustical design
for rooms})

Safety, 8-170, 8-171
first aid (see First aid)
BCA, application for. 1-6
I'M stations, 1-13

Sensitometry, defined, 1-393

Serrasoid Modulator, 3-48

Serrations of television signal, 4-155, 4-156

Shadow loss (see Wave propagation)

Single-sideband svstern (see Compatible
single-sideband system for standard
broacdeast)

Single-tower nondirectional antenna strue-
tures (sce Standard broadcast antenna
structures)

Site selection, radio relay stations, 2-37, 2-38

television stations, 2-38, 2-39
UHF television translators, 8-76 to 8-78

Smith charts for L matching networks, 9-26
to 9-30

Society of Motion Picture and Television
Engineers standards, 1-410 to 1-416

projector lens resolution target, 16-mm,
1-416
television leaders, 1-412
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Society of Motion Picture and Television
Engineers standards, television test
film, 1-410, 1-411
eolor 16-tnm, 1-411
color 35-mm, 1-411
16-mm, 1-411
35-mm, 1-410, 1-411
television test slides, color, 1-412
test filmys, 1-412 to 1-416
16-nun, buzz track, 1-415
400-cyvele signal level, 1-415
jiffs, 1-414
magnetic azimuth alignment, 1-413
magnetic multifrequency, 1-413
multifrequency, 1-414
scanning-beam illumination, 1-414,
1-415
sound focusing, 1-415
gound service, 1-413
steaciness, 1-415
3,000-cycle signal level, 1-415
travel ghost, block target, 1-416
35-mm, magnetic four-track cinema-
scope, 1-412
visual, 1-412, 1-413
Soils appropriate for antenna structures,
2-72, 2-73
Sound effects (see Audio special effects)
Sound track, definitions, 1-386, 1-392. 1-304,
1-396
Special effects (see Aucio special effects;
Video special effects)
Staircase test signal (see Television-signal
analysis)
Standard broadeast antenna structures, 2-87
to 2-165
adjustments, common-point impedance,
2-108
field-strength checlk, 2-108
final operating, 2-109
fine, 2-109
low-power operation, 2-108
meter calibrations, 2-108
phase-monitor syvstem, 2-108
component ratings, 2-108
currents, hase driving-point, 2-106
directional, maintenance of (see Directional
antennas)
with more than two towers, 2-101 to
2-104
compared with two-tower array, 2-101
radiation-pattern shape, 2-158 to
2-162
with more than four towers, 2-104
two-tower (see two-tower directional
below)
four-tower parallelograin, 2-104
field strength, horizontal-plane rms,
2-164, 2-165
radiation-pattern shape, 2-160, 2-161
radiation-pattern size, 2-162 to 2-164
impedance, base driving-point, 2-103
characteristic of transmission lines, 2-106
installation of rigid transmission line, 2-201
lightning protection {or, 2-93 to 2-95
multipurpose, two-pattern arrays, 2-108,
2-110

Standard broadeast antenna structures, mul-
tipurpose, two transmitters using same
towers, 2-110

networks, matehing of, 2-106, 2-107
phase-shifting, 2-107
power-dividing, 2-107
plant layout, 2-105
and feeder systems, 2-105
and ground-system design, 2-105
and monitoring svstem, 2-105
anel transinission line, 2-103
and transmitter building, 2-105
purposes of, 2-87
references, 2-110
single-tower nondirectional, 2-88 to 2-97,
2-111 to 2-118
adjustments, 2-95
current distribution, 2-88 to 2-90
formula for, 2-88
practical eompared with theoretical,
2-88
excitation of sectionalized tower, 2-114,
2-115
ficld strength, attenuated. 2-96, 2-97
inverse at one mile, 2-95, 2-96
ground system, 2-91 to 2-93
wire plow for, 2-92, 2-93
lighting choke coil, 2-94
lighting of tower. 2-93
lightning protection, 2-93 to 2-95
meter switching circuits, 2-94
painting of tower, 2-93
racliation as function of tower height,
2-113
radiation pattern, vertical, theoretical,
formulas for, 2-111, 2-112
sectionalized towers, 2-00
measurements, 2-118
sell-impedance, 2-91
shunt-fed ahove base, 2-89
with slant leed cable, 2-89, 2-90
theoretical radiation, 2-112 tn 2-117
theoretical seli-impedance, 2-112 to
2-117
transformers, Austin-type, 2-94
vertical radiation, characteristics, 2-118,
2-117
pattern, 2-90, 2-91
voltage distribution, 2-88 to 2-90
formula for, 2-89
theoretical, 2-89
three towers in line, 2-103, 2-104
field strength, horizontal-plane rms, 2-156
radiation pattern, shape, 2-158 to 2-161
size, 2-164
three towers not in line, 2-104
field strength, horizontal-plane rmns,
2-156
radiation pattern, shape, 2-161, 2-162
wize, 2-104
two-tower directional, 2-97 to 2-101, 2-118
to 2-158
acjustments, 2-145 to 2-148
estimated base driving-point current,
2-147
estitnaterl  base
pedance, 2-147

driving-point  imn-
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Standard broadeast antenna structures, two-
tower directional, adjustments,
feeder svstem, 2-147, 2-148

measured baze mutual impedance,
2146, 2-147
measured hase =elf-impedance, 2-146
theoretical meslh circuit equation,
2-145, 2-146
Bessel [unction, 2-151 to 2-158
feeder svsteims, 2-09 to 2-101
field ratio, general value of, 2-120
field strength at one mile, 2-99
formula for horizoutal-plane, 2-120
minimum-depth term, 2-149, 2-150
formula for, 2-118 to 2-120
monitoring system, 2-99
radiation pattern, formulas for, 2-102,
2-11% to 2-120
radiation-pattern shape, 2-97, 2-98
radiation-pattern size, 2-98, 2-99, 2-120,
Lo 2-131
couplec-resistance formula, 2-131
field streuglh for horizontal-plane rms,
2-1343, 2-134
field strength of reference tower, 2-120
to 2-1:31
loop-impedance formula, 2-131
mutual-impedance curves, 2-131
2-132
power for system losses, 2-134
power gain, 2-133, 2-134
sectionalized towers, 2-133
top-loaded towers, 2-133
systeiatization of patterns, 2-120 fo

2-130
tower witlt negative resistance, 2-148,
2-149

vertical polarizalion, 2-88
Standard broadcast relay systemns (see Tlelay
systents)

Standard broadeast remote pickup (see
Remote-pickup broadeast siysicis)
Standard broacdeast stations, adininistrative

procedure, 1-33, 1-40
allocation ol facilities, 1-33, 1-40 to 1-42
application for, 1-3 to 1-6
automartic logging (see Automatic logging)
auxiliary broadeust services (ser Relay
systens)
classes of . 1-7, 1-8
compatible single-sideband system (or (see
Compatible single-sidebanud system for
standard hroadeast)
CONLELRAD, 1-37, 1-249 to 1-252
alert receiver, 8-127 to 8-131
cost of antenna structures, 2-42
data and measurements, 1-34, 1-75, 1-76
definitions, 1-33, 1-38 to 1-40
equipwyent, 1-33, 1-48 to 1-57
facsimile used (se¢ Favrsimile)
frequencies (see [Prequencies)
licensing policies, 1-34, 1-73 to 1-75
fogs (ser Logs)
maintenanee of cguipment  {sce
nance of equipiicnt)
operating schedule, minimum, 1-8
operation, 1-34, 1-62 to 1-68

Muainte-

Standard broadeast stations, power of, 1-7,
1-8
relay systemrs (see Relay systems)
stucio factlities (see AM/TM studie
facilities)
technieal operation, 1-34, 1-57 to 1-61
technical standards, 1-34, 1-77 to 1-124
10 per cent rule, 1-8
time of operation, 1-8
Standard hroadeast transmitiers, 3-3 to 3-31
25(-watt, 3-22
specifications for, 3-23
1.000-watt, 3-22
specifications for, 3-22
5-kw, 3-13
specifications for, 3-16
Continental Electronies type, 3-15
10-lew, 3-13
specifications for, 3-14
Continental Electronies type, 3-15
50-kw, specifications for, 3-13
Colling 2112 5-kw, 3-18
Collins 210 10-kw, 3-18
Clollins 300J-2 250-watt, 3-28
schematie diagram of, 3-26, 3-27
Continental Electronics type 3158 5-kw,
3-19
C'ontinental Ifleetronies type 3168 10-kw,
3-19
Continental Klectronics type 317B 30-kw,
3-5to 3-7
schematic diagram of, 3-4
Fritz Bauer TB-1000J 1,000-watt, 3-25
Tritz Bauer FB-5000-CC 5-kw, 3-21
schematic diagram of, 3-20
Clates model BC-1T 1,000-watt, 3-25
sehematic diagramn of, 3-24
Gates model BC-51 3-kw, 3-21
Gates model BC-50B 50-kw, 3-7 to 3-9
schematic diagram of, 3-6
Ciates inodel BC-260-G Y 230-watt, 3-28
Genceral Eleetrie type BT-50-A 50-kw,
3-9, 3-10
schematic diagram of, 3-8
maintenance, 3-28 to 3-30
air filters, 3-29
breakers, 3-29
cleaning, 3-28, 3-29
contartors, 3-29
liigh-power tubes, 3-30
preventive schedule, 8-169, 8-170
rectifier tubes, 3-30
relays, 3-29
rotating cquipinent, 3-29
amall tubes, 3-30
switches, 3-249
tightening, 3-29
personnel training for maintenance, 3-31
RCA type BTA-TR 1,000-watt, 3-25
RCA type BTA 5H 5-kw, 3-18
sclicmatic diagram of, 3-17
RCA type BTA-10T 10-kw, 3-18
schematic diagram of, 3-17
ROA type BTA-30G 50-kw, 3-10 to 3-13
block diagram of, 3-11
schematie diagram of, 3-10
tests of performance, 3-30
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Standard frequencies (sce Frequencies)
Standard svmbols for electronics, 9-58 to 9-60
Standards, 1-373 to 1-415

American Standards Association, 1-407

Llectronic Industries Association (see
Electrounic Industries Association)

Institute of Radio Engineers, current
reports, 1-407, 1-408

international exchange ol programs {see
International exchange of programs
standards)

National Association of Broadcasters,
1-408

organizations participating in develop-
nient of, 1-373

recording and reproducing (see Recording
standards)

Socicty of Motion Picture and Television
Engineers (see Society of Motion
Picture and Television Engineers
standards)

Standing-wave ratio, I'M antenna structures,
2-216, 2-217
Stereophonic broadcasting, 8-254 to 8-261

definitions, 8-254

dise, 8-255, §-256

FM multiplexing (see FM multiplexing)

history of, 8-254, 8-255

live pickups, 8-256, 8-257

channel separation, 8-257
mierophone placement, 8-256, 8-257

National Stereophonie Radic Committee
(see National Stereophonic Radio
Committec)

program sources, 8-255, 8-256

tape, 8-255

STL rclay systemns, 1-21 to 1-23, 4-89

Studio facilities (see AM/FM studio facilities;
Television studio facilitics)

Studio to transmitter link {see Relay

svstems)
Stylus for recording, definitions, 1-386, 1-394,
1-395

Subsidiary commuuieations authorization,
application for, 1-6
FM stations, 1-13
Buspension lighting systems, 6-73 to 6-75
Synhols for electronics, standard, 9-58 to 9-60
Symmetrical attenuation networks, resistance
values of, charts and graphs, 9-7 to
9-12
higher pad series leg resistances, 9-7
lower pad series leg resistances, 9-8
serics resistance, 9-9
shunt or transverse resistor, 9-8
transverse resistance, 9-9

TASO method for measuring feld strengihs,
changes of, FCC method, 2-286, 2-287
field trials, 2-287
special studies, 2-287
TD-2 Syvstem (see Network facilities)
Telephone cable color code, 9-61
Television, audio transmission standards
(see Audio transmission standards for
television)
color {see Color television)

Television, glossary of terms, 4-161 to 4-167
Television antenna structures, antenna

terminal, 2-221
aximuthal patterns, 2-229 to 2-234
additiou of fields of crossed dipoles, 2-231
definition, 2-222
directionalized horizontal, 2-235
evolution of, 2-234
field patterns of, 2-233, 2-234
omnidirectional, 2-232
bandwidth, 2-242, 2-243
cost, 2-42
definition, 2-221
deicing methods, 2-226
design of, 2-226 to 2-250
cniergency anteuna, 2-249
emergency provisions, 2-249, 2-250
feed systems (see Feed systems)
filter networks (see Filter networks)
frecuencies, 2-221
gain, 2-238 to 2-240
definition, 2-222, 2-223
ceonomics, 2-223
requirements, 2-223
terraiu, 2-223
transmitter power, 2-223
iput impedance, 2-223, 2-240 to 2-242
installation, advance planning, 2-273
antenna mounting trestles, 2-273
assembly, 2-274
assembly precantions, 2-273, 2-274
checking shipment, 2-274
erection, 2-274
preinstallation procedure, 2-273, 2-274
pressnrized equipinent, 2-274
unpacking precautions, 2-273, 2-274
vertical alignment, 2-274, 2-275
maintenance, daily operation, 2-275
weekly, 2-275
semiannnally, 2-275
mounting methods, 2-248
flange mounting, 2-248
pedestal mounting, 2-248
multiplex, 2-247
population distribution, 2-223
proof of performance, 8-221, 8-233 to
§-235
radiation patterns (see azimuthal patlterns
above, vertical patterns below)
radiators, 2-228 to 2-229
half-wave dipole, 2-227, 2-228
helical element, 2-228, 2-230
loop, 2-228
slot, 2-228, 2-229
RF switching features for cmergencies,
2-250
safety near RT" fields, 2-275, 2-276
standby provisions, 2-249, 2-250
svstem performance, 2-246, 2-247
TD-2 system, 4-24
tests, after erection, 2-273
after shipment, before crection, 2-272,
2-274
before application of power, 2-275
before shipruent, 2-271, 2-272
pattern, 2-271, 2-272
reflectoineter test, 2-273



Television antenna structures, theory of,
2-226 to 2-250
THI" (see UHF antenna structures}
vertical patterns, 2-235 to 2-238
definition, 2-222
requirements, 2-222
VI (see VHI antenna structures)
winds, effect of. 2-222 to 2-226
vertical patterns, caleulated, 2-224
Television film handling and processing,
6-139 to 6-154
abrasions, 6-140
black-and-white practices, 6-150 to 6-153
dupe negatives, 6-152
leaders, 6-152, 6-153
lighting for quality, 6-150, 6-151
magster positives, fine grains, 6-152
original negatives, 6-151
photography for quality, 6-150, 6-151
prints, 6-152
sound negatives, 6-152
cleanliness, 6-141 to 6-143
carbon tetrachloride, 6-142
fungus growth removal, 6-142, 6-143
n-heptanc and lreon-113, 6-142
inhibited methyl chloroform, 6-142
color practices, A & B printing, 6-153
black-and-white prints from color
negatives, 6-153
dupe negatives, 6-153
internegatives, 6-153
lighting for quality, 6-153
master positives, 6-153
negatives, 6-153
photography for quality, 6-153
prints, 6-153
eue marks, 6-140
daily storage rack, 6-146
density range for, 6-139
dirt, 6-140
editing area, 6-144, 6-145
editing bench, 6-147
editing room, 6-146
filing, 6-151
record, 6-148
film cement, 6-145
BAlm splicer, 6-145
fire prevention, 6-153, 6-154
footage counter, 6-146G
horizontal unsteadiness, 6-140
mailing charges for shipment, 6-150
previewing, 6-148
receiving films, 6-148
references, 6-154
rewinds, 6-145
scheduling commercials, 6-148
seraping tools, 6-145
seratches, 6-140
sereening, 6-148
shipping cases, 6-149
shipping records, 6-148
slide-storage cabinet, 6-146
small viewer, 6-145
sound track, 6-140, 6-141
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Television film handling and processing,

splices, 6-140, 6-147
sprocket perforations, 6-140
timing, 6-140
transhipping, 6-149
vertical unsteadiness, 6-140

Television film projectors, 8-172 to 8-176

cleanliness, 8-173
distortiou, 8-174
film loops, difficulties with, 8-173
final results checked, 8-176
film scratehed, 8-173
hum level high, 8-174
lamps, handling of, 8-173
low illumination, 8-173
microphonics, §-174
motor repairs, 8-174
oiling, 8-173
photoclectric cell, no voltage for, 8-174
picture indistinet, 8-173
picture jump, 8-173
picture with defective sound, 8-173, 8-174
preamiplifier, oscillation in, 8-174
projected backgrounds for special effects,
6-1G7, 6-168
projector mechanigim noisy, §-173
sonnd with defective picture, §-174
spares, 8-173
sprocket holes torn, 8-173
television test filin, 8-174 to 8-176
alignnient of sound record with seanning
beam, 8-175
flutter, 8-178
picture steadiness test, 8-175, 8-176
scanning-beam illumination uniform,
8-175
sound optical assembly adjustment,
8-174, 8-175
system frequency response, 8-175
system-gain test, 8-175
travel-ghost test, 8-175
(See also Television-signal analysis)
travel ghost, 8-173
WOW, 8-174

Television intercity reversible microwave

relay system, privately owned, 4-98
to 4-111

assembly, 4-109 to 4-111

basic reversible system, 4-105, 4-107
schematic diagrain of, 4-106

decoder, 4-108, 4-109

equipment, 4-103 to 4-108

Indicon coder, 4-107, 4-108

installation, 4-109 to 4-111

maintenance, 4-111

operation, 4-103, 4-108

path considerations, 4-100 to 4-103
fade margin, 4-102
Fresnel-zone clearance, 4-101, 4-102

inverse bending, 4-100, 4-101
multipath, 4-101

personnel problems, 4-111

reliability calculations, 4-103

{See also Television relay systems)

space for, 6-143, 6-144 Television leader, standards for. 1-412
special effects, projected backgrounds, Television microwave systems, 4-61 to 4-87
6-170 bandwidtl, 4-71
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Television microwave systems, bandwidth,
and thermal noise, 4-71
equipment tests, 4-73 to 4-86
fading, 4-63 to 4-66
greater than standard refraction, 4-65
multipath, 4-65
reflected-ray, 4-65, 4-66
substandard refraction, 4-65
types of, 4-64 to 4-66, 4-74
frequencies, 4-68
mierowave tests, 4-70
mixer crystals, 4-85, 4-86
modulation deviation increased, 4-83
modulator, improving video characteristies
of, 4-83
multihop evaluation, 4-73
performance improvement, 4-82 to 4-86
performance specifications, 4-62
power gain, 4-71
privately owned (see Television intercity
reversible microwave relay system)
receiver tests, 4-81, 4-82
references, 4-86, 4-87
reliability factor vs. fading amplitudes,
4.72
remote pickup, 7-72 to 7-79
signal-level measurements, 4-67 to 4-69,
4-86
frequeneics, 4-68
noise factors in, 4-70 to 4-72
parabolic antenna gain over dipole 4-67
propagation-signal, 4-69
space loss, 4-70
system evaluation, 4-69 to 4-72
no-loss maximum distance hetween
parabola and paszive reflector, 4-69
testing equipment, 4-75, 4-76
threshold value immproved, 4-34, 4-85
transmission-line tuning stubx, 4-86
transmitter, decreasing noise generated by,
4-83
transmitter tests, 4-77 to 4-81
color subearrier phase shift, 4-80, 4-81
deviation, 4-78
frequency measurements, 4-78
linearity measurements, 4-30
modulator, 4-78, 4-79
power output, 4-77, 4-78
video signal-to-noise ratio, 4-79, 4-80
video deemphasis, 4-84
video preemphasis, 4-84
wave propagation, 4-62, 4-63
Fresnel-zone radius, 4-63
tests, 4-76, 4-77
waveguide loss charts, 9-24 to 9-20
nominal internal dimensions for standard
hollow rectangular waveguides, 9-24
references, 9-26
wuveguides, comparison with open wire
solid dieleetrie lines, 9-31
Television-network facilities {see Network
facilities)
Television proof of nerformance {see Proof-of-
performance measurements)
Television relay syvstems (see Relay syvstems)
Television remote pickup, T-62 to 7-90
audio equipment, 7-82 to 7-84

Television remote pickup, audio equipment,
amplifiers, 7-82
Budclman radio microphone, 7-83
receivers, 7-83
microphones, 7-82 to 7-84
frequencies, 1-29, 1-255, 1-271, 1-272
lighting equipment, 7-84 to 7-86
I'resnel spotlight, 7-84
horizontal polecat with clip-on lights,
7-86
scoop with harn doors, 7-84
vertical polecat with clip-on lights, 7-85
maintenance of eguipinent, 8177, §-178
microwave equipment, 7-72 to 7-79
amphibious duck used, 7-76, 7-78
crane used to elevate equipinent, 7-75,
7-76
gasoline motor-generator used, 7-77
line-of-sight requirements, 7-73
narrow beam of, 7-74
reflectors used, 7-76
mobile unit, 7-62 to 7-72
access to roof of, 7-64
air conditioning for control room, 7-71
audio-video connections, 7-71
cable storage, 7-08
camera-cable stornge, 7-07
control room, interior view of, 7-65
contrel-room requirements, 7-62, 7-63,
7-66
control unit, darkening of, 7-65
dolly storage, 7-68
electric-power considerations, 7-67 to
7-71
generators, gasoline, 7-70, 7-71
isolation transformer, 7-70
lighting of control room, 7-72
microphone storage, 7-68
microwave reflector storage, 7-64
pateh panel, 7-G9
portable hattery charger, 7-72
reoof platform, 7-62
storage requirements, 7-66, 7-68
three-camera monochrorme operation,
7-63
tranzporting ¢cameras, 7-60
tripod storage, 7-68
operation of, 7-86 to 7-90
lighting panel, 7-87
plywood for Fearless dolly, 7-89
power-distribution panel, 7-87
public space perinit, 7-87
special temporary electrie service, 7-89
radio commuunications equipment, 7-74 to
7-82
control equipment, 7-80
radio telephone in station wagon, 7-79
transmitter-receiver, 7-80
transmitter-receiver on mobile-unit roof,
7-81
walkie-talkie transceivers, 7-81
video equipment, 7-82
(See alsn Remote-pickup broadeast svatem,
450 Me)
Television-signal analysis, 4-112 to 4-167
burned-in image, 4-158, 4-159
clamping, 4-153 to 4-155
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Television-signal analysis, elamping, failure,
4-154
expanded horizontal, 4-154
expanded vertical, 4-154
lhorizontal, 4-154
vertical, 4-154
loss of, 4-155
horizontal, 4-154
vertieal, 4-155
vertical, 4-127
color, NTRC, 4-116 to 4-118
liorizontal, IRF roll-offs presentation,
4-117
widehand preseutation, 4-117
vertical, wideband presentation, 4-118
color hars, 4-120, 4-127
expanded horizontal, 4-127
horizontal, wideband, 4-126
monochronie, picture, 4-126
typical color information, 4-126
color-signal impairments, 4-159 to 4-161
cdifferential gain distortion, 4-160
differential phase distortion, 4-160
high chrominance-signal level, 4-139
horizontal, 4-159
lagging chircminance, 4-1060, 4-161
leading chrominance, 4-160, 4-161
loss of color, 4-160
low chrominance-signal level, 4-15%
horizontal, 4-159
47A transinission-measuring system, 4-120
to 4-122
modulated, horizontal, 4-121
picture, 4-121
receiving-unit prescutation, 4-121, 4-122
unmedulated, horizontal, 4-120
elossary of terms, 4-161 to 4-167
halo, 4-158
horizontal seanning interval, 4-113 to 4-115
interference, 4-145 to 4-153
120 ¢vcles, 4-147
horizontal, 4-147
vertieal, 4-147
1,000 cycles, 4-147
horizontal, 4-147
vertical, 4-147
31.5 ke, horizontal, 4-149
vertical, 4-150
311 ke, 4148
horizontal, 4-149
vertical, 4-150
1 Mec, 4-149
horizontal, 4-149
vertical, 4-150
3.6 Me, 4-149
horizontal, 4-149
vertical, 4-150
clamped, 120 cyveles, horizontal, 4-148
vertical, 4-148
cross talk, 4-150, 4-151
horizontal, 4-150
vertical, 4-151
gliteh, 4-146, 4-148
vertical, 4-148
high-frequeney, 4-146
inipulse noise, 4-153
light random uoise, horizontal, 4-152

Television-signal analvsis, interference, low-
frequency, 4-145, 4-146
message-channel, 4-152
microphonics, 4-153
random noise, 4-151 to 4-153
horizontal, 4-152
vertical, 4-152
single-frequency, 4-145
level irregularities, 4-128 to 4-131
bleeding whites, horizontal, 4-130
vertical, 4-130
blooming, 4-128
long-duration level changes, 4-129 to
4-131
partial clamping failure, expanded
vertical, 4-130
horizontal, 4-130
short-duration level changes, 4-131
svne compression, horizontal, 4-130
nmoiré, 4-158
multiburst test signal, 4-122, 4-123
frequencies normally used, horizontal,
4-123
gradual gain, horizontal, 4-123
gradual loss, horizontal, 4-123
horizontal, 4-122
picture, 4-123
vertical, 4-123
noulinearity, 4-156, 4-157
axis shift, 4-157
through low-pass filter,
4-157
harmonie distortion, 500 ke, 4-156
serrations, 4-153, 4-150
staircase, 4-127
horizontal, 4-122
modulated, horizontal, 4-128
picture, 4-128
unmodulated, horizontal, 4-128
variable over-all duty evele, horizontal,
4.128
tearing, 4-150
test pattern, LIA, 4-122 to 4-125
aspeet ratio, 4-124
contrast, 4-124
horizontal lincarity, 4-124
interlace, 4-124
picture, 4-124
resolution, 4-125
ringing, 4-124, 4-125
streaking, 4-124
vertical linearity, 4-124
proof of performance. 8-226, 8-240,
8-211
typical broadcasters, contrast, 4-125
iinearity, 4-125
picture unimpaired, 4-125
resolution, 4-125
ringing, 4-126
smearing, 4-125
strealking, 4-125
test signals, 4-118 to 4-127
monoburst, horizontal, 4-118
sine waves, 4-118
transmission-frequeney irregularities, 4-131
to 4-145
change of sctup, 4-137, 4-138
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Television signal analysis, transmission fre-

Television signal analysis, transmission-fre-
qguency irregularities, echo impairment
effect vs. image size and echo displace-
ment, 4-142

echoes, 4-141 to 4-145
edge effect, 4-140
high-freqnency gain changes, 4-133
high-setup test pattern, 4-138
horizontal, 4-138
vertical, 4-138
hourglass, 4-141
increase in setup, 4-138
loss of setup, 4-137, 4-138
low-frequency gain changes, 4-133
low resolution, receiver scanning spot too
large, 4-141
roll-off from 1 Mc¢, 4-141
expanded horizontal, 4-141
low-setup test pattern, 4-137
horizontal, 4-137
vertical, 4-138
negative-echo test pattern, 4-144
expanded horizontal, 4-144
horizontal, 4-144
vertical, 4-144
negative-streaking test pattern, 4-135
expanded vertical, 4-136
horizontal, 4-136
vertical, 4-136
negative-streaking window signal, 4-135
expanded vertical, 4-135
horizontal, 4-135
vertical, 4-135
overshoots, on back porch, 4-140
following whites or blacks, 4-140
on front porch, 4-140
window signual, horizontal, 4-140
positive-echo test pattern, 4-143
expanded horizontal, 4-143
horizontal, 4-143
vertical, 4-143
positive-echo window signal, 4-143
expanded horizontal, 4-144
horizontal, 4-143
vertical, 4-144
positive-streaking window signal, 4-134
expanded vertical, 4-135
horizontal, 4-134
vertical, 4-134
resolution, 4-140, 4-141
ringing, 4-138, 4-139
ringing 3-Mec test pattern, 4-139
expanded horizontal, 4-139
ringing 4-Me test pattern, 4-139
expanded horizontal, 4-139
smearing, 4-133, 4-134, 4-136, 4-137
smearing test pattern, 4-136
expanded vertieal, 4-137
horizontal, 4-136
vertical, 4-136
streaking, 4-133 to 4-137
window signal, highs depressed,
horizontal, 4-132
highs raiscd, horizontal, 4-132
lows depressed, highs raised,
horizontal, 4-132
lows depressed, horizontal, 4-132

quency irregularities, window sig-
nal, lows raised, highs raised, hori-
gontal, 4-132
lows raised, horizontal, 4-132
ringing, horizontal, 4-132
unimpaired, horizontal, 4-132
unimpaired video signal, A-scope,
expanded horizontal presentation,
4-115
expanded vertical presentation, 4-116
horizontal presentation, 4-114
vertical presentation, 4-115
picture-monitor presentation, 4-113
vertical blanking, picture presentation,
4-117
vertical scanning interval, 4-115, 4-116
window test signal, 681C modulated,
horizontal, 4-120
picture, 4-120
vertical, 4-120
G61C unmodulated, horizontal, 4-120
pictnre, 4-120
broadcaster’s horizontal, 4-119
picture, 4-119
vertical, 4-119

Television special effects (see Audio special

effects: Video special effects)

Television stations, allocations on spectrum,

2-4
applications, 1-3 to 1-6, 1-36, 1-191 to
1-196
andio transmission standards (sec Audio
transmission standards for television)
authorizations, 1-36, 1-191 to 1-196
automatic logging (see Autonatic logging)
auxiliary broadecast services (see Television
relay systems)
channel utilization, 1-36, 1-174 to 1-191
CONELRAD, 1-37, 1-249 to 1-252
distribution of noise-limited service, 2-36
probability, 2-35
distribution of service limited by inter-
ierence, 2-36
distribution of service probability limited
by interference, 2-36
effective radiated power, 1-14
experimental, administrative procedure,
1-254, 1-260
definitions, 1-254, 1-259
equipment, 1-254, 1-261
licensing policies, 1-254, 1-260, 1-261
technical operation, 1-254, 1-2G2, 1-263
field strengths, prediction of, 2-28 to 2-33
logs, 'CC rulings, 1-417 to 1-419
NAB sample, 1-420, 1-422
maintenance of equipment (see
Maintenance of equipment}
monitoring equipment, 1-37, 1-220 to 1-236
network facilities (see Network facilities)
operating requirements, 1-36, 1-196 to
1-203
prediction of service, with interference
{rom several sources, 2-34, 2-35
with one undesired station, 2-33, 2-34
{ormula for, 2-34
time and location distributions, 2-33
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Television stations, proof of performance
(see Proof-of-performance measure-
ments)

site selection, 2-38, 2-39

studio facilities {see Television studio
facilities)

techuical standards, 1-36, 1-204 to 1-220

time of operation, 1-15

translator stations (see UHYF television
translators)

Television studio [facilities, cost estimating

for, 6-67 to 6-71
acoustics, 6-69
air conditioning, 6-69, 6-70
building-trades wage scales, 6-71
construction, 6-67, 6-68
converston of studios and offices, 6-68
flooring, 6-64
heat, 6-69
indices of building costs, 6-71
land improvement, 6-68
lighting, 6-70, 6-71, 6-79
new stuclio, office huilding, 6-63
power service, 6-70, 6-71
rigging, 6-70, 6-71
transmitter plant, 6-68
lighting (see Lighting for television studios)
maintenance of equipment (ser Mainte-
nance of equipment)
special effects (see Audio special effects;
Video special effects)

Television test charts, standards (sec Llec-
tronie Industries Association, standards
of, television test charts)

Television test film, maintenance, 8-174 to
8-176

standards, 1-412 to 1-416
(See alsn Television-signal analysis)

Television test slides, color, standards for,
1-412

Television towers (sce Antenna structures)

Television translators (sex UHI' television
translators)

Television transmitters, 3-61 to 3-83

aural, cireuitry, 3-75 to 3-78
aural cxciter, 3-75 to 3-77
hlock diagrain, 3-756
clipped trapezoid, 3-77
frequency multipliers, 3-77
position modulator, 3-77
reactance-tnhe modulator, 3-76
RT amplifiers, 3-78
proof-of-performance measurements,
8-234, 8-245 to 8-248
control circuitry, 3-80 to 3-82
schematic diagram of, 3-81
starting sequence, 3-81, 3-82
stopping sequence, 3-82
General Eleetric type TT-36-A, schematic
diagram of system, 3-82, 3-83
installation, 3-83, 3-84
maintenance of equipment {see Mainte-
nance of equipment)
mierowave, decreasing noise generated by,
4-33
tests, 4-77 to 4-81
personnel training for maintenance, 3-88

Television transmitters, power output, proofl
of performauce, 8-218 to 8-221, 8-232
protective cireuitry, 3-80 to 3-82
rectifiers, 3-78 to 3-80
quarter-phasing, 3-79
regulated power supplies, 3-78 to 3-80
tests, 3-84 to 3-87
amplitude va. frequency sweep detection,
3-84
linearity testing, 3-85, 3-86
square-wave response—high [requeney,

3-87

square-wave response—low frequency,
3-36

vestigial-sideband detector I response,
3-86

visual, circuitry, 3-61 to 3-75
amplifier, uncompensated, 3-6G2
block diagram of, 3-G2
constaut-current enrves, 3-73
constant-impedance VSB filter, 3-74
differentiator key derivation, 3-68
diode clanip, 3-66
double-tuned cireuit, 3-73
FCC bandpass, 3-72
keyed clamp, 3-67
mmodulated stage, 3-70 to 3-72
modulator output stage, 3-66
nonconstant-impedance VSB filter,
3-74
output circuits, 3-73 to 3-75
power modulator, 3-72
RF amplifiers, 3-72, 3-73
scries peaking compensation, 3-64,
3-65
series shunt compensation, 3-65
shorted delay line key derivator,
3-08
shunt compensation, 3-G4
square-law-type modulation, 3-71
streteher cirenils, 3-69
subearrier trap, 3-74
syvne separator, 3-67
visual exciter, 3-69, 3-70
crvstal oseillator, 3-70
frecuency-multiplication spectrun,
3-70
white clipper, 3-69
witleband amplifiers, 3-72, 3-73
proof of performance, 8-233, 8-235 to
8-238
Terminology (see Glossary of terms)
Test films (see Television test film)
Test pattern (see Television-signal analysis)
Tests, color-television equipment {see Color
television, test equipment)
CONELRAD, 1-37, 1-251, 1-252
compatible single-sideband system lor
stawcdard broadeast, 8-39 to 8-41
maintenance of equipment, 8-172 to 8-180
microwave, 4-76
ecquipment, 4-73 Lo 4-86
wave propagation, 4-76, 4.77
picture steadiness, 8-175
remote-pickup broadeast systemn, 7-42,
T-48
standard broadeast transmitters, 3-30
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Tests, system gain, 8-175
television antenna structures
vision antenna structures)
television operating centers, test trunks,
442, 4-43
television test charts (see Llectronics
Industries Association)
television transmitters, 3-84 to 3-87
microwave, 4-77 to 4-81
travel ghost, 8-175
UHFY television translutors, 8-81, 8-82
Time signals, Canadian, 1-429
foreign, 1-430
WWY and WWVH, 1-427
authorization to rebroadcast, 1-430
Tornacloes, effect on antenua structures, 2-64
Towers (see Antenna structures)
Transducers, color television (see Color
television)
Transistor, 8-3 to 8-15, 9-36 to 9-33
advantages of, 8-4
bhase, 8-6
charts and graphs relating to, 9-36 to 9-33
collector, 8-6
diode, relationship between, 8-5, 8-6
simple conducting circuit, 8-7
emitter, 8-6
equivalent syimbols for with three-clement
vacuum tube, 8-7
grown n-p-n junction tetrode, charts
relating to, 9-48, 9-49, 9-53
handling of, 8-14, 8-15
high-frequency, charts relating to, 9-46,
9-47
eircuitry, 9-53
high-power units, charts relating to, 9-41,
9-48, 9-49
junction, 8-7, 9-42 to 9-45, 9-48, 9-49, 9-53
limitations of, 8-4, 8-5
low-frequency performance of, 8-12 to 8-14
current gain, 8-12, 8-13
low-power, junction triode, charts relating
to, 9-42 to 9-45
n-type germaniuin, defined, 8-5
p-type germaniam, defined, 8-5
parameter conversion formnlas, 9-50
parameter variation, charts relating to,
9.52
phototransistors, charts relating to, 9-51
point-contact, charts relating to, 9-30, 9-51
power, handled in substantial ammounts, 8-4
precaltions, 8-14, 8-15
reverse connected, 8-7
temperature effects, 9-40, 9-41
transistor sockets, chart relating to, 9-50
vacuum tube, alpha, definitions of, 8-8
beta, definitions of, 8-8
bias arrangements, 8-10 to 8-12
cireuit configurations, 8-8, 8-9
eommon-base, 8-8
common-collector, 8-8
common-emitter, 8-8
clectron flow iu, 8-7
emitter followers, 8-10
input impedance, 8-9, 8-10
output impedance, 8-9, 8-10
relationship between, 8-6 to 8-12

(sce Tele-

Translator stations (see UHF television
translators)
"Transmission in optical reproducing,
definition of terms, 1-395, 1-396
Transmission-frequency irregularities
{see Television-signal analysis)
Transnission lines, attenuation, 2-189, 2-190
coaxial-line impedance chart, 9-20
dielectric constants, 9-20
CONELRAD, beverage antenna, 8-136
continuous air-dielectric cable, 2-186
installation, 2-2006 to 2-208
effect on maintenance of directional
antennas, 2-167
electrical characteristics of, 2-189 to
2-196
emergeney provisions, 2-249
feed systems of standard broadcast antenna
structures, two-tower directional,
2-138 to 2-143
flexible, 2-186
installation, 2-208 to 2-208
horizontal run to station, 2-249
impedance, 2-196
installation, 2-196 to 2-210
main tower run, 2-248, 2-249
open-wire line, 2-188, 2-189
and plant layout of standard broadcast
antenns strictures, 2-1035
power ratings, 2-191 to 2-196
rigid, 2-186, 2-187
adapter, 2-198
antenna connections, 2-199
bill of materials, 2-197
breal in arrangement, 2-205
break-away section, 2-205
flange, soft soldered field, 2-199
flexible section, 2-206
formula, for average-power rating, 2-193
for peak-power rating, 2-192, 2-193
gas barrier, 2-198
gas inlet, 2-198
hanger, horizontal, 2-203
rigid, 2-199
spring and sliding, 2-200
horizontal anchor, 2-204
horizontal run, protected, 2-203
installation, 2-197 to 2-206
inside transmitter building, 2-204
lateral brace for, 2-203
mitered elbow, 2-199
power rating, 2-192 to 2-194
reduecer, 2-198
straight coupling, 2-204
switching arrangement, 2-205
tower installation, 2-200, 2-202
tuner, multiple stub, 2-208
single stub, 2-206
slng, 2-206
semiflexible air-dielectric cable, 2-185,
2-186
installation, 2-206 to 2-208
power rating, 2-194, 2-195
solid-dielectric cable, 2-185
installation, 2-206 to 2-208
power rating, 2-195, 2-196
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Transmission lines, television proof of per-
formance, 8-221, 8-233 to 8-235
tuning stubs for television microwave
svstems, 4-86
used with AMCT slotted-ring VHT
antenna, 2-252, 2-253
vieinity of tower top, 2-248
voltage standing-wave ratio, 2-190, 2-191
waveguides, 2-188
bill of materials, 2-209
compared with open-wire solid-dielectric
lines, 9-31
installation, 2-208 to 2-210
loss charts, 9-24 to 9-26
nominal internal diniensions [or
standard hollow rectangular
waveguides, 9-24
power rating, 2-196
Transmitters, antomatic logging (see Auto-
matic logging)
color television, 5-17, 5-18
matrix functions, diagram of, 5-23
power output. 8-219
compatible single-sidehand system for
standard broadeast, measurements,
8-48, B-49
CONLLRAD, Collins type couverted,
8-137 to 8-139
(Gates tvpe converted, 8-137, 8-138
Raxvtheon tvpe converted, 8-1:38
RCA type converted, 8-139, 8-140
zequential switching of, 8-140 to 8-143
Western Eleetric type converted, 8-140
T'M (see 1°M transmitters)
operating logs (see Logs)
remote-pickup broadcast svsteins, 7-4, 7-5,
7-9 to T-16, T-20, 7-32 to 7-35, 7-39,
7-42
standard broadcast (see Standard broad-
casl transmitters)
stereophonice broadeast, 8-261
television (see Television transmitters)
Trees, effecl on wave propagation, 2-22
Tropospheric effects {see Wave propagation)
Tubes, 8-178 to 8-180
air-cooledl, 8-179
heater surge chart, 9-33
high-power radio, 8-179, 8-180
image-orthicon {sre Image-orthicon tube)
transistors (see Transistors)
transmitters. 3-30
water-cooled, 8-178, 8-179
Turntahle, center pin diameter, 1-375
direction of rotation for international
exchange, 1-397
and dizk rotation, 1-374
height, 1-375
mobile remote-pickup broadcast station,
7-55 to 7-58
cueing modification, 7-56
leveling device for, 7-53
platen, 1-375
recovery time, 1-375
sound-effects console, 6-171, 6-172
speed, 1-374
speed used for international exchange,
1-397

Two-tower directional-antenna structures
(see Standard hroadeast antenna
structures)

UIIF antenna structures, beam tilt, 2-261,
2-262
lelical, one to five havs, 2-268 to 2-270
ten-bay, 2-269, 2-270
high gain needed, 2-261
null filling, 2-261
nulls eliminated, 2-261
pattern synthesis, 2-263
racdiation reduced above horizon, 2-262,
2-263
slottec-cylinder type, 2-263 to 2-268
coupling elements, 2-266, 2-267
ERTP increased, 2-266 to 2-2068
mechanical description, 2-264
ultragain, 2-264 to 2-266
UHF television translators, 8-53 Lo 8-82
adininistrative procedure, 1-256, 1-291
alignment, 8-81, 8-82
amplifier, 100-watt, 8-67
100-watt, cavity for a tetrode, schematic
diagram of, 8-68
linear, 8-61 to 8-63
photograph of cavity, 8-63
schematic diagram of cavity, 8-62
VHI", 8-58, 8-59
antenna structure, amplification at, 8-56
half-wave dipoles fed in phase, 8-73
horizontal pattern of two antennas
nlaced side by side, 8-74
impedance matching with T trans-
formers, 8-75
receiving, 8-56, 8-57
transmitting, 8-72 to 8-75
vertical pattern of dipoles, 8-74
area-coverage problems, 8-71 to 8-77
caleulations, 8-75 to 8-77
code wheel for automatic identification,
8-G6, 8-G7
control circuitry, 8-64 to 8-67
block diagram of, 8-64
definition, 1-16, 1-256, 1-250
equipinent, 1-256, 1-293 to 1-293
frequencies, 1-15 to 1-17, 1-256, 1-290,
1.291
tolerances, 1-30
injection sources, 8-63, 8-64
ascillator-multiplier chain, block diagram
of, 8-63
oscillator-multiplier, frequencies for each
possible conversion, 8-65
installation, 8-77 to 8-81
check list for, 8-79 to 8-81
elements of, 8-51
view of, 8-54
internal interferences, 8-70, 8-71
heterodyne-repeater, 8-53
licensing policies, 1-256, 1-291 to 1-293
line-of-sight requirements, 8-71, 8-72
formula, reqnired clearance of obstrue-
tion, 8-71
maintenance, 8-82
mixers, 8-59 to 861
conversion, 8-60
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UHF television translators, mixers, mixer cir-
cuit for heterodyning signals from VHF
to UHT", 8-61

path attenuation calculation, 8-76
path loss, free-space, 8-76
power of, 1-16
references, 8-82
signal-reception systein, 8-54 to 8-57
noise considerations, 8-54 to 8-56
requirements, 8-54
rms noise voltage, 8-55
sites, 8-76, 8-77
lavout, 8-77, 8-73
technieal operation, 1-256, 1-296, 1-297
test equipment, 8-78 to 8-81
testing, 8-81, 8-82
translators, 8-57 to 8-71
block diagrain of, 8-57, 8-58
defined, 8-53
input, 8-65 to 8-70
input, attenuation of cables, 8-70
in tandem, 8-70

Vegetation, effect on wave propagation, 2-22
VHT antenna structures, AMCI slotted
ring antenna, 2-251 to 2-254
deseription, 2-251, 2-252
construection, 2-254
theory of operation, 2-252 to 2-254
helical antenna, 2-254 to 2-257
high-channel, 2-255 to 2-257
low-channel, 2-257
supergain antenna, 2-251
superturnstiles, 2-250, 2-251
traveling-wave antenna, 2-257 to 2-261
universal eurve, 32-259
vertieal field pattern, 2-260
Video special effects, 6-155 to 6-170
color matting, block diagram of system,
6-158
electronic camera distortions, 6-161, 6-162
polarity reversal, 6-162
ripple, 6-162
scanning reversal, 6-161
scanning size change, 6-161
unorthodox operating techniques, 6-162
electronic switching, 6-155 to 6-161
block diagram of system, 6-156
circuit plan, 6-156, 6-157
techniques, 6-155, 6-156
front projection of hackgrounds, 6-165
kesed insertion, 6-159, 6-160
background camera picture, 6-160
final key-inserted picture, 6-160
keyv-insertion camers picture, 6-160
subject camera picture, 6-160
matting, 6-160, 6-161
optical effects, 6-162 to 6-165
dove prism, 6-163
etehed lenses, 6-164, 6-165
filters, 6-164
Hartley lens, 6-165
kaleidoscope, 6-163, 6-164
multifaceted prisms, 6-162, 6-163
projected backgrounds, 6-165 o 6-170
arc slide projector, 6-166
film processing, 6-170

Video special effects, projected backgrounds,
film projectors, 6-167, 6-168
light sources, 6-166, 6-16G7
projection lenses, 6-165, 6-166
screen materials, 6-168, 6-169
screen materials, diffusion characteristics
of, 6-168
slide processing, 6-170
slide sizes, 6-167
rear projection of backgrounds, 6-165,
6-169, 6-170
lighting for, 6-169
shooting, 6-170
split sereen, 6-159
wipe function generation, 6-157 to 6-159
box wipe, 6-159
eircuit plan, 6-157
diagonal wipe, 6-159
horizontal wipe, 6-159
wedge insert, 6-159
Video-tape recording, 6-117 to 6-138
color recorder, 6-1306, 6-138
cueing, 6-132, 6-133
high-frequeney response, 6-118
interchangeahility, 6-133 to 6-138
limitations of the process, 6-118, 6-119
low-frequency response. 6-11%
magnetic medium explained, 6-117
misalignment, quadrature, angular
alignment of heads, 6-136
guide too close to head, 6-134
guide too high, 6-135
mohile recorder, cruiser equipped with,
6-138
model of, 6-137
problems in, 6-119
process of recording, 6-117
process of reproducing, 6-117, 6-118
prospects for, 6-138
recorder, 6-11% to 6-132
automatic compensation senser, 6-132
hlanking switcher, 6-126
hlock diagram of, 6-124
capstan servo generator, 6-129
cominereial recorder-reproducer, 6-119
to 6-121
control systems, 6-127 to 6-132
demodulator, 6-127
drum and guide, profile view, 6-120
master control unit, bloek diagram of,
6-128
modulation, 6-123 to 6-123
modulation system, 6-121, 6-122
processing amplifier, 6-127
record amplifier, 6-125
record-amnplifier driver, 6-125
switcher, 6-125 to 6-127
tape-guide amplifier, 6-131
tape-guide servo control, 6-130 to 6-132
tape tracking servo svstem, 6-129, 6-130
tape transport controls, 6-120
track dimensions currently used for
recorded tape, 6-121
video-head subassembly, 6-120
signal-to-noise ratio, 6-119
time-base banding, 6-1332 to 6-138
Voltage {see Field strengths)

mis-
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Wave propagation, atmospheric effects (see
ionosphere effect and troposphere effeet
helow)

bibliography, 2-39, 2-40
buildings, effect of, 2-19 to 2-22
defined, 2-3
clectromagnetic gpeetrum, 2-4
ficld strengths (see Field strengths)
in free space, 2-4 to 2-9
antenna structures, 2-5
areas of, 2-6
[ree-space field intensity, 2-7
gains, 2-6
patterns, 2-6
received power, 2-7, 2-8
received power between half-wave
dipoles, 2-7
transmission loss between, 2-5, 2-7
to 2-9
formulas for, 2-4, 2-5
hills, effect, of, 2-16 to 2-19
ionosphere cffect, 3-24 to 2-27
F2 layer, 2-25, 2-26
meteoric ionization, 2-20
sporadic I layver, 2-25 to 2-27
over plane earth, 2-9 to 2-13
antenna structures, minimum effective
height, 2-11
reccived power, 2-12
transimission loss between, 2-11, 2-12
field strengths, 2-9 to 2-11
radio spectrun, 2-4
rav paths, above plane earth, 2-9
above spherical earth, 2-13
behind hills, 2-18
over rough terrain, 2-17
shadow loss, for random locations, 2-21
relative to free space, 2-19
relative to plane earth, 2-20
over smooth spherical earth, 2-13 to 2-16
beyond line of sight, 2-13 to 2-16
decibel loss, 2-14
distance to horizon, 2-15
within line of sight, 2-13
statistical evaluation of, 2-27 to 2-37
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Wave propagation, study of terrain, 2-248
television allocations of speetrum, 2-4
mirrowave systems, 4-62, 4-63
tests, 4-76, 4-77
trecs, offect of, 2-22
troposphere effect, 2-32 to 2-24
ducts, 2-22, 2-23
fading, 2-24
scatter, 2-24
stratification, 2-23, 2-23
vegetation, effect of, 2-22

WWV and WWVH forecasts, 1-427,
1-428
Waveforms, color television, I and () signals,
5-14

syvnehronizing, 8219
colorplexer, 5-564 to 5-56
FM modulator, Serrasoid, 3-42
monochrome-television system, §-7
single-sideband wave (see Compatible
single-sideband system for standard
broadcast)
television, proof of performance, 8-224 to
8-227, 8-238 to 8-240, 8-249
WWYV and WWVH, 1-426
Waveguide (sce Transmission lines)
Waveguide loss charts, 9-24 to 9-26
Wayx in mechanical recording, definition of
terms, 1-396
Winds, effect on antenna structures, caleu-
lating wind load, 2-81, 2-82
hurricancs, 2-63, 2-G4
television structures, 2-222 o 2-226
vertical patterns, calculated, 2-224
pressure, 2-64, 2-65
TA specificalions, 2-64
loading, 2-G5
and tower failure, 2-64, 2-65
tornadaoes, 2-64
veloeity, 2-62, 2-(4
indicated vs. true, 2-62, 2-63
Window test signal (see Television-signal
analysis)
WWYV and WWVH (see Frequencies, WWV
and WIWVH)






