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PREFACE

For several years prior to the publication of the first edition of this
handbook the need had been felt for a compilation of design data pertain-
ing to radio engineering. Although many of the fundamental rinciples
of electrical engineering apply to radio, the whole task of desi g,
manufacturing, and operating equipment for radio communication is
vastly different from that for electrical-power apparatus. A handbook
for the radio engineer became essential.

.. Since 1933, however, the radio art, as always, has moved ahead rapidly.
New tubes, new circuits, new services, new fre uencies, even new concepts
have appeared. What was visioned in 1933 has not only come to pass,
but in some cases has gone out of the art already. A new edition of the
handbook, therefore, has become necessary.

Much of the fundamental material appearing in the first edition
remains. Many of the practical design data have been changed, some
discarded for more recent material. A section on antennas has been
added, television has been entirely rewritten, and other new material
to the extent of nearly 300 pages will be found in this second edition.

The extent to which the first edition has found its way into schools,
a8 well as into the libraries of practicing engineers for whom it was
designed, has been most encouraging; a though the emphasis is on
practice rather than theory, instructors and students will find an essential
amount of fundamental discussion. The technician will find here many
man-hours of effort compiled into the form of tables and curves by the
twenty-eight engineers and physicists who have aided the editor in
preparing this new edition.

New York, N. Y.,
October, 1935.

Keire HenneY.
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THE RADIO ENGINEERING -
HANDBOOK

SECTION 1

MATHEMATICAL AND ELECTRICAL TABLES

1. Greek Alphabet.

Nam Letters
sme Cap. | Small

Commonly used to designate

Angles. Coefficients. Area
Angles. Coefficients
Angles. Specific gravity. Conduectivity 3
Decrements. Increments. Variation. Density
E.m.f. Base of natural logarithms. Very small
uanht¥
i]lp.) Impedance. Coordinates

ysteresis coefficient. Eﬂiciem’iy
Angular phase displ t ime
Current in amperes X X
Dielectric constant. Susceptibility. Visibility
%Small) Wave length A .
ermeability. Amplification factor. Prefix micro-
Reluetivity

(o] --F 2
. R WR

= vy

tant

B> R=omnN
&
S

Circumference divided by diameter 3.1416
Resistivity
%_an.) Sign of summation

me constant. Time-phase displacement

TVONOMEYER ¥R -

Flux. Angle of lag or lead

(Cap.) Reactance .

Angular velocity in time. Phase difference.
Dielectric flux. lea

Resistance in ohms, istance in megohms. 2xF.
Angular velocity

2. Decimal Equivalents of Parts of One Inch.

&40 3 - W Ol Z
A
‘|

€ $R?e~4

A 0.015625 | 17lGe .2650625 %8¢ .51 | P B
<1 0.031250 < 0.281250 1783 0.531250 35¢, 0.781250
< 0.046875 19¢¢ 0.296875 85¢e 0.546875 flfe 0.796875
I{es 2 31 6 0.312500 3 6 0.562500 13{e 0.812500
<% 0.078125 31¢e 0.328125 3l6e 0.578125 83¢e 0.828125
343 0.093750 1i¢q 0.343750 19¢s 0.593750 17¢a 0.843750
I6e 0.109375 2%6e 0.359375 896 0.609375 856, 0.859375
)4 .12 )4 0.375000 0.625000 .87
3¢ 0. 140625 354, 0.390625 4lge 0.640825 576e 0.890625
3% 3 156250 13¢9 4062, 3l¢s 0.6562 2949 9062,
1€, 0.171875 276e 0,.421875 436e 0.671875 59%¢e 0.921873
3 & 87 {6 0.437500 1e 0.687 15{e . 937500
13¢, 0.203128 298¢ 0.403125 456 0.703125 l6e 0.953125
<1 0.218750 15¢q 0.468750 13¢s 0.718750 $14s 0.968750
3 b P 0.%34375 83ige 0.484375 < bg 8.;34375 3¢e 0.9?4375
o 1




2 THE RADIO ENGINEERING HANDBOOK (Sec. 1
8. Trigonometric Functions.
°'l sin tan cot oosl I°'[ sin l tan cot cos
0 0/0.0000(0.0000| infinit. |1.0000| O 90 8 0|0.1392|0.1405 7.1154|0.9903| 0 o«
10/0.0029]0. 00291343 . 7737(1.0000(50 10/0.1421/0.1435| 6.9682|0.9809/50
20(0.0058(0.0058|171.8854|1. 000040 20(0.1449(0.1465| 6.8269|0.9894/40
30(0.0087(0.0087|114 . 5887|1.0000(30 0.1478/0.1495| 6.6912(0.9890(30
40]0.0116/0.0116| 85.9398(0.9999(20 4010.1507{0.1524| 6.5806/0.9886/20
5010.0145/0.0145| 68.7501|0.9999(10 50/0.1536/0.1554| 6.4348/0.9881|10
1 0/0.0175[0.0175| 57.2000/0.9998| 0 89 9 0(0.1564 0.1584| 6.3138/0.9877| 0 81
10(0.0204|0.0204| 49.1039(0.9998(50 10(0.1593(0.1614| 6.1970/0.9872|50
20(0.0233(0.0233| 42.9641|0.9997|40 20/0.1622/0.1644| 6. 0.9868/40
30/0.0262/0.0262] 38.1 0. 7(30 30/0.1650/0.1673| 5.9758/0.9863/30
40/0.0291(0.0291| 34.3678|0.0096/20 40(0.1679(0.1703| 5.8708/0.9858/20
50]0.0320/0.0320| 31.2416/0.9995(10 50(0.1708/0.1733| 5.7694|0.9853|10
2 0/0.0349/0.0349| 28.6363(0.9994| 0 8810 0(0.1738(0.1763 5.6713|0.9848| 0 80
10]0.0378/0.0378| 26.4316|0.9993|50 10/0.1765/0.1793| 5.5764|0.9843|50
20(0.0407|0.0407| 24.5418/0.0092|40 20(0.1794(0.1823| 5.4845/0.983840
30/0.0436/0.0437| 22.9038(0. 30 30[0.1822|0.1853| 5.3955|0.983330
40|0.0465|0. 21.4704/0.9989/20 40]0.1851[0.1883| 5.3093/0.9827/20
50(0.0494(0.0495( 20.2056|0.9988|10 50/0. 1 0.1014| 5.2257|0.9822|10
3 0/0.0523/0.0524| 19.0811/0.9088| 0 87|11 0/0.1908(0 1944 5.1446/0.9816| 0
10{0.0552/0.0553] 18.0750/0.9985(50 10 0.1937'0. 1974| 5.0658(0.9811|50
20/0.0581/0.0582| 17.1693/0.9983 /40 20(0.1965/0.2004| 4.98940.9805/40
30/0.0610/0.0612| 16.3499/0.9981/30 0.1004(0.2035| 4.9152/0.9799/30
40(0.0640(0.0641| 15.6 0.998020 40]0.2022/0.2065| 4.8430(0.9793|20
5010.0669(0.0670| 14.9244(0.9978|10 50(0.2051(0.2095 4.7729|0.9787|10
4 0/0.0698/0.0699| 14.3007|0.9978{ 0 86|12 0/0.2079(0 2126 4.7046(0.9781| O
10(0.0727/0.0729| 13.7287(0.9074(50 10(0.2108|0.2156| 4.6382(0.9775(50
20(0.0756/0.07 13.1969(0.9971|40 20/0.2136(0.2186| 4.5736|0.9769/40
30|0.0785(0.0787| 12.7062/0.9969/30 30(0.2164(0.2217| 4.5107/0.9763|30
40|0.0814(0.0816| 12.2505/0.9967/20 40/0.219310.2247| 4.4494|0.9757[20
50/0.0843|0.0846| 11.8262|0.9964|10 0.2221/0.2278| 4.3897(0.9750(10
5 00.0872l0.0875 11.4301/0.9962| 0 8513 0/0.2250|0.2309| 4.3315 0.9744( 0 7°
10/0.0901|0.0904| 11.0594/0.9959(50 10]0.2278/0.2339| 4.2747/0.9737(50
20|0.0929/0.0934| 10.7119/|0.995740 20/0.2306/0.2370| 4.2193/0.9730/40
30(0.09568(0.0963| 10.3854/0.9954|30 30/0.2334/0.2401| 4.1653/0.9724/30
40|0.0987/0.0992| 10.0780/0.9951/|20 40(0.2363(0.2432| 4.1126/0.9717/20
50/0.1016/0.1022| 9.7882|0.9948|10 50(0.2391(0.2462| 4.0611/0.9710(10
6 0/0.1045/0.1051| 9.5144(0.0045| 0 84]14 0/0.2419 0.2493| 4.0108/0.9703| 0
10(0.1074[0.1080| 9.2553(0.9942|50 10/0.2447/0.2524| 3.9617(0.9696/50
20/0.1103{0.1110 9. 8(0.9939140 20(0.2476(0.2555 3.9136/0.9689/40
30(0.1132(0.1139| 8.7769/0.9936/30 30|0.2504(0.2588| 3.8667(0.9681/30
40/0.1161(0.1169| 8.5555/0.9932|20 40/0.2532|0.2617| 3.8208|0.9674(20
50/0.1190(0.1198| 8.3450/0.9929/10 50/0.2560/0.2648| 3.7760|0.9667(10
7 0/0.1219(0.1228| 8.1443/0.9925 0 83|15 0(0.2588(0.2679| 3.7321/0.9659| 0 7
10/0.1248/0. 1257 7.9530(0.9922(560 10/0.2616/0.2711| 3.6891(0.9652/50
20|0.1276/0.1287| 7.7704/0.9918/40 20(0.2644(0.2742| 3.6470|0.9644|40
30(0.1305(0.1317| 7.5958/0.9014130 0.2672/0.2773| 3.6059|0.9636/30
40(0.1334(0.1346| 7.4287/0.9911{20 0.2700/0.2805 3.56560.9628(20
50(0.1383|0.1376| 7.2687|0.9907/10 50/0.2728|0.2836| 3.5261/0.9621|10
8 0/0.1392(0.1405 7.1154(0 9963 0 82116 0/0.2756/0.2867| 3.4874 0.9613' 0%
() cot | tan sin ¢ °© [ cos cot tan sin |’




_!| sin l tan cot cos l° ‘| sin tan cot I cos
010.2756|0.2867| 3.4874|0.9613| 0 7424 0]0.4067(|0.4482] 2. 2460|0 9135
“? 10/0.2784/0.2890| 3.4405|0.9605|50 10/0.4004(0.4487| 2. 2286|0.9124
. 20/0.2812(0.2931 3.4124/0.9596/40 20/0.4120(0.4522| 2.2113,0.9112
30/0.2840|0.2962| 3.3759/0.9588/30 £0/0.4147(0.4557| 2,1943/0.9100|30
40/0.2868|0.2994| 3.3402|0.9580|20 40/0.4173|0.4592 2.1775 0.9088|20
50/0.2806/0.3026| 3.3052|0.9572|10 50/0.4200(0.4628| 2.1609]0.9075/10
17 0[0.2924/0.3057| 3.2709/0.9563| O 73ﬁ25 0/0.4226(|0.4663| 2.1448 0.9063I 0
10/0.2952/0. 308! 3.2371/0.9555|50 10{0.4253/0.4699) 2.1283|0.9051
20/0.2979[0.3121| 3.2041/|0.954640 20/0.4279(0.4734| 2.1123(0.9038(40
30/0.3007/0.3153| 3.1716/0.9537|30 30/0.4305(0.4770, 2.0965|0.9026)30
40|0.3035|0.3185 3.1397)|0.9528|20 4010.4331/0.4806| 2.0809|0.9013|20
50/0.3062|0.3217| 3.1084/0.9520|10 50(0.4358(0.4841| 2.0655(0.9001|10
18 0{0.3090/0.3249| 3.0777|0.9511| O 72H26 0/0.4384/0.4877| 2.0503|0.8988
10[0.3118(0.3281| 3.0475/0.9 10/0.4410/0.4913| 2.0353(0.8975|50
20/0.3145/0.3314| 3.0178/0.9492|40 20(0.4436|0.4900 2.0204|0.8962(40
3010.3173/0.3346| 2.9887(0.9483|30 0.4462(0.4986| 2.0087|0.8940|30
40/0.3201/0.3378| 2.9600/0.9474/20 40(0.4488(0.5022| 1.9912|0.8936(20
50/0.3228/0.3411| 2.9319|0.9465]10 50/0.4514(0.5059) 1.9768|0.8923
19 0!0.3256/0.3443| 2.9042(0.9455| 0 7127 0]0.4540(0 5095l 1.9626(0.8910| 0
10/0.3283(0.3476| 2.8770/0.9446|50 10(0.4566|0.5132| 1.94860. 889750
20(0.8311/0.3508| 2.8502|0.9438/40 20/0.4592(0.5169] 1.9347]0. 40
30/0.3338/0.3541| 2.8239|0.9426/30 30(0.4617(0.5206| 1.9210|0.8870(30
40/0.3365/0.3574| 2.7980|0.9417|20 40/0.4643|0.5243| 1.9074|0.8857(20
5010.3393/0.3607| 2.7725|0.9407|10 50(0.4669(0.5280| 1.8940(0.8843/10
20 0/0.3420(0.3640| 2.7475(0.9397) 0 7028 0lo.4695/0.5317( 1.8807(0.8829| 0
10/0.3448(0.3673] 2.7228|0.9387|50 10(0.4720/0.53 1.8676|0.8816/50
20(0.3475/0.3708| 2.6985/0.9377(40 20i0.4746/0.5392| 1.8546(0.8802|40
30/0.3502|0.3739| 2.6746/0.9387|30 30(0.4772(0.5430| 1.8418/0.8788|30
40|0.3529(0.3772( 2.6511/0.9356/20 40/0.4797(0.5467| 1.8291|0.8774|20
50/0.3557|0.3805| 2.6279|0.9346|10 50/0.4823|0.5505 1.8165/0.8760(10
21 0/0.3584(0.3839| 2.6051|0.9338| 0 6929 010.4848|0.5543| 1.8040(0.8746| 0
10(0.3611(0.3872 2.5826(0.932550 10l0.4874]0.5581| 1.7917|0.8732|50
20(0.3638|0.3906| 2.5605/0.9315/40 20|0.4800(0.5619| 1.7796/0.8718|40
30/0.3665/0.3939| 2.5386/0.9304|30 30(0,4924/0.5658| 1.7675|0.8704(30
40(0.3692(0.3973| 2.5172|0.9293|20 40l0.4950(0.5696/ 1.7556(0.8689120
50(0.3719(0. 4 2.4960/0.9283(10 50/0.4975/0.5735| 1.7437/0.8675(10
22 0/0.3746/0.4040| 2.4751/0.9272| 0 68/30 0l0.5000/0.5774| 1.7321|0,8660| O
10(0.3773(0.4074| 2.4545|0.9261|50 10/0.5025/0.5812| 1.7205|0.8646/50
20(0.3800/0.4108| 2.4342/0.925040 20(0.5050/0.5851| 1.7090]|0.8631|40
30(0.3827/0.4142| 2.4142(0.9239]30 30/0.5075/0.5890| 1.6977|0.8616/30
40/0.3854(0.4176| 2.3945/0.9228/20 40/0.5100(0.5930{ 1. 0.8601120
50|0.3881|0.4210| 2.3750|0.9216(10 50|0.5125/0.5969| 1.8753/0.8587/10
23 0}0.3007]0.4245| 2.3559/0.9205| 0 6731 0|0.5150 0.6009| 1.6643|0.8572| 0
10/0.3934]0.4279| 2.3369)0.9194|50 10/0.5175/0.6048| 1.6534/0.8557|50
2010.3961/0.4314| 2.3183/0.9182(40 20/0.5200/0.6088| 1.6426/0.8542 40
30/0.3987/0.4348| 2.2998(0.9171,30 30(0.5225/0.6£28| 1.6319/0.8526 30
40/0.4014/0.4383 2.2817|0.9159(20 40|0.5250(0.6168| 1.6212|0.8511)20
5010.4041/0.4417| 2.2637|0.9147(10 50(0.5275/0.6208| 1.6107/0.8496
24 0[0.4067|0.4452| 2.2460/0.9135| 0 Mi32 0]0.5209/0.6249| 1.6003|0.8480
A cos cot | tan F | (] cot | tan | sin
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° /| s&in tan oot 008 sin Iun I oot oool

32 0[0.5209(0.6249] 1.6003|0.8480 9 00.6293'0.8098] 1.2349 0.7771) 0 51
10]0.5324|0.6289| 1.5000(0.8465(50 10/0.6316(0.8148/ 1.2276/0.7753|50
20|0.5348(0.6330| 1.5798/0.8450/40 20(0.6338(0.8195| 1.2203/|0.7735/40
30/0.5373(0.6371| 1.5697/|0.8434/30 30(0.6361/0.8243| 1.2131/0.7716/30
40(0.5398(0.6412( 1.5597/0.8418/20 40|0.6383|0.8292| 1.2059(0.7698(20
50(0.5422(0.6453| 1.5497/|0.8403]10 50/0.6406/0.8342| 1.1988/0.7679)10

33 0/0.5446/0.6494| 1.5399(0.8387| 0 57140 0]0.6428(0.8391| 1.1918(0.7660 0 50
10|0.5471/0.6536( 1.5301/0.8371|50 10/0.6450(0.8441| 1.1847/0.7642/50
20(0.5495(0.6577( 1.5204,0.8355/40 20/0.6472(0.8491| 1.1778/0.7623/40
30/0.5519(0.6619| 1.5108/0.8339|30 30(0.6494/0.8541] 1.1708/0.7604/30
40|0.5544/0.66681| 1.5013|0.8323/2 40/0.6517(0.8591| 1.1640|0.7585/20
5010.5568(0.6703| 1.4019/0. 7(10 50/0.6539(0.8642| 1.1571/0.7566/10

34 0/0.5592|0.6745) 1.4826(0.8290| 0 41 0]0.6561(0.8693| 1.1504(/0.7547| 0 49
10|0.5616(0.6787| 1.4733/0.8274/50 1010.6583/0.8744] 1.1436/0.7528/50
20/0.5640(0.6830| 1.4641 0.8258(40 20|0.6604/0.8798| 1.1369(0.7508|40
30(0 0.6873| 1.4550/0.8241|30 0.6626(0.8847( 1.1303(0.7490(30
40|0.5688/0.6916/ 1.4460(0.8225(20 40|0.6648/0.8899| 1.1237/0.7470/20
50(0.5712|0.6959| 1.4370/0.8208(10 50(0.6670/0.8952] 1.1171(0.7451|10

35 0)0.5736(0.7002| 1.4281/0.8192| 0 55H42 0(0.6691(0.9004 1.1106(0.7431] 0 48
10(0.5760(0.7046( 1.4193/0.8175/50 10/0.6713/0.9057| 1.1041/0.7412!50
2010.5783/0.7089| 1.4106(0.8158(40 0.6734(0.9110| 1.0977|0.7392|40
30/0.5807|0.7133| 1.4019/0.8141(30 30/0.6756/0.9163] 1.0913/0.7373/30
40/0.5831(0.7177| 1.3934(0.8124(20 40(0.6777/0.9217| 1. 0.7353/20
50|0.5854/0.7221| 1.3848/0.8107(10 5‘L 5010.6799/0.9271| 1.0786(0.7333(10

368 0]0.5878/0.7265| 1.3764|0.8090| 0 43 0/0.6820|0.9325| 1.0724|0.7314| 0 47
10(0.5901(0.7310( 1.3680/0.8073|50 10(0.6841/0.9380| 1.0661/0.7294|50
20/0.5925/0.7355| 1.3597|0.8056|40 20[0.6862(0.9435| 1.0599/0.7274|40
30(0.5948(0.7400| 1.3514/0. 9|30 0.6 0.9490( 1.0838(0.7254/30
40|0.5972(0.7445 1.3432)/0.8021/20 40(0.6905/0.9545 1.0477/0.7234[20
50(0.5995(0.7490, 1.3351/0. 10 50(0.6926/0.9601| 1.0416/0.7214(10

37 0/0.6018/0.7536| 1.3270/0.7986| 0 5344 0/0.6947 0.9657| 1.0355(0.7193( 0 46
10/0.6041/0.7581] 1.3190(0.7969|50 100.6967/0.9713| 1.0295/0.7173(50
20(0.6065/0.7627| 1.3111/0.7951/40 0.6088/0.9770( 1.0235/0.7153/40
30(0.6088/0.7673 1.3032/0.7934/30 30|0.7009/0.9827| 1.0176(0.7133|30
40/0.6111/0.7720f 1.2954|0.7916(20 4010.7030(0.9884| 1.0117(0.7112|20
5010.6134/0.7766| 1.2876|0.7898/10 50(0.7050(0.9942| 1.0058(0.7092|1

38 0/0.6157|0.7813| 1.2799(0.7880| 0 52145 0/0.7071 1.0000{ 1.0000(0.7071| 0 45
10/0.6180(0.7860{ 1.2723(0.7862|50
20|0.6202(0.7907 1.2647)0.7844/40
30|0.6225(0.7954| 1.257210.7826/30
40(0.624810. 8002 1.2497(0.7808
50(0.6271(0.8050 1.2423|0.7790|10

39 0/0.6203|0.8098| 1.2349/0.7771| 0 51

cos | cot tan sin |’ © coe cot tan sin |’/ ¢
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4. Functions of Angles in Various Quadrants.

Function -z 90° + z | 180° + z | 270° £ = | 360° t =
— sinz + cos z F sinz — cos z + sin z
+ cos z F sinz — cos z + sinz + cos z
— tan z F cot z + tanz F cotz + tan z
— cot z F tanz 4 cot z F tanz + cotz
+ secz T cosecz | — sec z 4 cosec z | + sec z
— cosec z | -+ sec z T cosecz | — 8ec T + cosec z
1
6. Mathematical and Physical Constants.
x = 3.14159 logio ¥ = 0.49714
1/x = 0.31830 loge x = 1.14472
»t = 0.86960 logie 2 = 0.30102
Vr = 177245 logie ¢ = 0.43429
« = 2,71828 loge 10 = 2.302568

loge 2 = 0.69314

Velocity of light = 2?%7;361 X ll%“’gmbper second
g X 1072 abs. e.m.u.
Electron charge = {4.770 X 10719 gbs. e.s.u.

Planck’s constant = k = 6.547 X 107*" erg-sec.

6. Table of Circuit Constants.

Values of w, 1/w, inductive and capacitive reactance, wave length,
and LC products for frequencies from 10 cycles to 100 Mc for inductance
in henrys and capacity in microfarads.

The following table, in conjunction with the multiplyixis factors given below, gives

the values of circuit constants, for any frequency between 10 cycles and 100 me:

MULTIPLYING FACTORS

Mult. M
: Mult. | Mult. | (wave | Mult.
For frequencies between wby |1/wby leli’gth) LC by
4

10.5 cyoles and 100 cycles........o.ooevuconranees 1.0 104 108 10~
105 cycles and 1,000 cycles..........oonveeenrnees 10.0 1078 104 10-¢
1,050 cycles and 10,000 cycles..............ccon0e 108 10— 108 10-»
10.5 ke and 100 KC.. .o viveeraaaonnnaaansnns 103 1077 108 101
108 ke and 1,000 KC. ...ovvvieannnnionerianeeenes 104 103 100 10-1¢
1,050 ke and 10,000 ke...ooooeevniieenee it 108 10~ 1.0 101
10.5 meand 100 ME.....covuienneenernnanenoons 10 10710 0.1 10-18

Inductive Reactance. To obtain the inductive reactance of an inductance of L henrys
at any frequency:

a. ﬂ)ply the proper multiplying factor to column 2.
b. Multiply by L, the number of henrys. .

Capacitive Reactance. To obtain the cap tive react. ofa
frequency: .

a. Apply the proper multiplying factor to column 3.

b Divide the result by C, the number of microfarads.

¢. Multiply by 10¢. .
If C is in micromicrofarads instead of microfarads, multiply by 102 instead of 10°.

Example. Thus an inductance of 250 mh at 2,500 cycles has a reactance

of 250 X 10-3 X 157.08 X 10? = 3,940 ohms. A capacity of 250 uuf at
2,500 ke has a reactance of 10— X 63.665 X 1013 + 250 = 254 ohms.

q

of C uf at any
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A
Frequency w = 2xf 1/w = 1/2xf Wave length LC

105 85.974 151.57 285.71 229.75
110 69.115 144.79 272.73 209.34
115 72.257 138.49 260.87 191.52
120 75.398 132.63 250.00 175.90
125 78.540 127.33 240.00 162.18
130 81.682 122.43 230.77 149.88
135 .823 117.89 222.22 138. 09
140 87.965 113.68 214.28 129.23
145 91.108 109.76 206.90 120.48
150 94.248 106. 10 200.00 112.58
155 97.389 102.60 193.55 105.44
180 100.53 472 187.50 98.945
185 103.67 96.459 181.82 93.040
170 106.81 93.624 176.47 87.646
175 109.96 90.983 171.43 82.708
180 113,10 88.418 166.67 78.179
185 116.24 86.030 162.16 74.011
190 119.38 83.766 157.90 70.167
195 122.52 81.818 153.85 66.615
200 125.66 79.562 150.00 83.325
205 128.81 77.633 146.35 60.274
210 131.95 75.785 142.85 57.837
215 135.09 74.024 139.54 .7
220 138.23 72.395 136.36 52,335
225 141.37 70.738 133.33 50.035
230 144 51 69.245 130.43 47.880
235 147.85 87.727 127.66 45.866
240 150.80 86.315 125.00 43.975
245 153.94 84.950 122.45 42.198
250 157.08 63.665 120.00 40.545
255 160.22 62.415 117.65 38.954
260 163.36 81.215 115.38 37.470
265 166. 50 60.060 113.20 38. 06!
270 169.85 58.995 111.11 34.747
275 172.89 57.841 109.09 33.494
280 175.93 56.840 107.14 32.307
285 179.07 55.844 105.26 31.185
200 182.21 54.880 103.45 30.120
295 185.35 53.952 101.70 29.107
300 188.47 53.050 100.00 28.145
308 191.64 52.181 98.36 27.229
310 194.78 51.300 96.77 26.360
315 197.92 50.525 95.238 25.528
320 201. 49.736 93.700 24.736
325 204.20 48.977 92.308 23.981
330 207.35 48.229 90.910 23.260
335 210.49 47.508 89.559 22.571
340 213.63 46.812 88.245 21.911
345 218.77 46,132 86.956 21.281
350 219.91 45.491 85.715 20.677
355 223.05 44.833 84,300 20.099
360 225.20 44.209 83.335 19.565
365 229,34 43. 82.192 19.013
370 232.48 43.015 81.080 18.503
375 235.62 42.440 80.000 18.013
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A .
Frequenoy w = 2xf 1/w = 1/2xf Wave length LC
380 238.76 41,883 .950 17.542
385 241.90 41,339 77.922 17.089
390 245.04 40. 76.975 16.654
395 248.19 40.293 75.948 16.234
400 251 39.781 75. 15.831
405 254 .47 39.208 74.073 15.442
410 257.61 38.816 73.176 15.068
415 260.75 38.355 72.288 14,707
420 263.89 37.802 71.425 14,409
425 267.04 37.448 70.588 14.023
270.18 37.012 69.770 13.699
435 273.32 36.587 68.965 13.386
40 276.46 38.197 68.180 13.084
445 279. 35.764 87.416 12.788
450 282.74 35.368 86 .666 12.
455 285.89 34.980 85.934 12.238
288.03 34.622 85.215 11.970
465 292.17 34.227 84.516 11.715
470 205.31 33.863 63.830 11,
475 298.45 33.505 83.1681 11.227
480 301.59 33.157 82.500 10.994
485 304.74 32.815 81.856 10.768
490 307.88 32.479 81.225 10. 549
495 311.02 32.152 60.604 10.337
314.16 31.832 80. 10,136
317 81.518 59.408 9.9322
510 320.44 31.207 58.825 9.73
5158 323.59 30.903 58.251 9.5524
520 326.73 30.607 57.690 9.3675
525 329.87 30.317 57.142 9.1898
530 333.01 30.030 58.600 9.0170
5 336.15 29.748 56.075 8.8498
540 339. 29.497 55,555 8.6867
545 342.43 29.203 55.045 8.5276
550 348 28.920 . 548 8.3738
555 348.72 28.876 54.054 8.2234
560 350. 28.420 53.570 8.0767
565 355.00 28.189 53.007 7.9348
570 358.14 27.922 52.630 7.7962
8575 361.28 27.679 52.174 7.6810
580 364 .43 27.440 51.725 7.5296
585 367.57 27.207 51.2 7.4013
590 370.71 26.976 50.850 7.2767
5958 373 26.749 50.420 7.1547
600 376.99 28.525 50. 7.0362
805 380.13 26.308 49. 6.9200
610 383.28 26.090 49.180 6.8072
815 386.42 25.878 48.780 6.6968
620 389. 25.650 48,385 8.5900
825 392.70 25.468 48.000 6.4844
630 395. 25.262 47.619 6.3820
635 398.98 25.083 47 244 6.2819
0 402.12 24,868 46.850 6.1840
845 405.27 24.674 46.511 6.0885
650 408.41 24, 46,154 5.9052
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b
Frequency @ = 2xf" 1/ = 1/9=7 Wave length Lc
855 411.55 24.298 45.801 5.9040
413.89 24.114 45,455 5.8150
665 417 23.933 45.113 5.7279
870 420.97 23.754 44.779 5.6425
875 424.12 23.578 5.5466
680 427.26 23.406 44122 5.4777
685 430.39 23.238 43 5.3082
433 23. 43.478 5.3202
895 88 22.900 43.166 5.2441
7 439 22.745 42 .857 5.1492
708 442 .97 22.575 42,553 5.0062
710 446.11 22.416 42.195 5.0247
718 449.25 22.259 41.957 4.9546
720 452.39 22.104 41.6687 4.8012
728 455.53 21.953 41.379 4.8189
730 458.67 21.801 41 4.7532
7358 461.82 21.6855 40.817 4.6887
740 464 21.507 40.540 4.6257
745 468.10 21.363 40.268 4.5636
750 471.24 21.220 40 4.5032
758 474.38 21. 39.735 4.4436
476.52 20.941 39.475 43855
7658 480.67 20. 39.215 4.3282
770 483.81 20.669 961 4.2722
778 486.95 20.536 38.710 4.2173
780 490 20.4 38.487 4.1635
785 493.23 20.275 38.216 4.1105
7 37 20. 146 37.974 4.0585
7958 499.51 20.019 37.735 4.0076
502 19.891 37.500 3.9577
805 505.80 19.770 37.287 3.9087
810 .04 19.649 37.036 3.8805
815 512.08 19.528 810 3.8134
820 515.22 19.408 36.587 3.7670
825 518.36 19.292 36 3.7218
830 521.51 19.177 36.144 3.6767
835 524.85 19. 35.927 3.6337
840 527.79 18.946 35.712 3.6022
845 3 18.835 35.502 3.5474
850 534.07 18.724 35.294 3.5062
855 537.21 18.614 35.087 3.4657
539 18. 34 3.4242
543.50 18.399 34.682 3.3852
870 546 18.293 34.487 3.3465
875 549.78 18.189 34.285 3.3082
880 552.92 18.098 3.2710
885 556.08 17.988 33.898 3.2341
800 558.92 17.882 33.708 3.1970
895 562.35 17. 33.520 3.1622
900 565.49 17.689 33.333 3.1272
205 568.63 17. 150 3.0926
910 571.77 17.4 32 3.059¢&
915 74.91 17.378 32.787 3.0254
920 578.05 17.811 82.6807 2.9925
925 581.20 17.208 32.432 2.
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Frequency w = 2xf 1/w = 1/2xf ane)iength LC
930 584.34 17.113 32.258 2.9287
935 587.48 17.022 32.088 2.8074
940 590.62 16.931 31.915 2.8665
945 593.76 16.842 31.746 2.8364
950 596.90 16.752 31.580 2.8067
955 600.05 16.665 31.414 2.7774
960 602.19 16.578 31.250 2.7485
965 606.33 16.492 31. 2.7200
970 609 .47 16.407 30.928 2.6920
975 612.61 16.324 30.770 2.6648
980 615.75 16.239 30.617 2.6372
985 618.90 .1568 30.456 2.6108
290 622.04 16.071 30.302 2.5842
995 625.18 15.9905 30.150 2.55868
1000 628.32 15.916 30.000 2.5330
See multiplying factors on page 5.
7. L, C, A Chart.
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* 300}-27 dgivqnmfht chart, always NS E\\\b\\\ 00 o
—add twice as many ciphers fo— | T | \RQN & . S 300 §
250} inductance or capaci bers\as 2 NN N400 £
are dropped from frequency numbers. NS NN 500 S
200}— For values less than any given on the ~ \\3600 2
\80 |- chart,always drop twice.as many ciphers e 800 =
160 |—from inductance or capacily nunbers as . N 1000
140 |- are added fo frequency numbers ~
120 ! (] ~ 1400
T ] oo

0 RKI6IB0 25 30 40 50 60 0.009010 120 KO KOMAO 50300 400 500 600 800

Capacity, Micromicrofarads
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8. Dimensions, Weights, and Resistances of Pure, Solid, Bare Copper
ire.

(Copper-wire Tables, Cire. 31, Bur. Standards.)

Fl
& o Cr q
° oss-sectional area
§ |5 at 20°C. Carrying Weight
g 2 (88°F.) capacities
<g| 5.
A :
8 : a; 3 [|&m =5
f | g2 | Circular A« 24 |5°
= | mile @9 | Square inches 5538 55| FrB00%E™| Pounds per mile
sl F HE
a | A& & |[8&8(°
460.0 [211,600.0 [0.166,2 225 270) 325/640.5 3,381.840
409.6 ,800.0 (0.131,8 178| 210| 275|507.9 2,881.712
364.8 1133,100.0 [0.104,5 1 180! 225/402.8 ,1268.7.
324.9 105,500.0 |0.082,89 125( 150/ 200|319.5 1,686.960
11289.3 | 83,690.0 |0.065,73 100| 120| 150|253.3 1,337.424
257.6 | 66,370.0 (0.052,13 90 110/ 125/200.9 ,080.752
229 .4 52,840.0 |0.041,34 95| 100/159.3 841.104
204.3 | 41,740.0 |0.032,78 70, 85| 90/126.4 667.392
181.9 ,100.0 10,026,00 55| 65| 80(100.2 529.058
162.0 | 26,250.0 [0.020,62 80| 70| 79.46 419
144.3 20,820.0 |0.018,35 38| 54| 63.02 332.745.,6
128.5 16,510.0 (0.012,97 35 40| 50 49.98 263.894.4
9)114.4 ,000.0 |0.010,28 28 ...| 38 39.63 209.246,1
10(101.9 ,380.0 |0.008,155 25| 30( 30{ 31.43 185.950,4
90.74 8,234.0 [0.006,487 20| ...| 27| 24.02 131.877,6
12, 80.81 8,530.0 |0.005,129 20| 25| 25/ 19.77 104.385,6
13 71.96 | 5,178.0 |0.004,067 17) ...| ...| 15.08 82.790,4
14/ 64.08 | 4,107.0 [0.003,225 15/ 18| 20| 12.43 85.630,4
15 57.07 | 3,257.0 (0.002,558 oo o..| 9.858 52.050,24
16 50.82 2,583.0 10.002,028 [ 10| 7.818 41,279,04
17| 45.26 | 2,048.0 |0.001,809 ... 6.200 32.736,00
18 40.30 1,624.0 |0.001,276 3 8l 4.917 25.961,76
19| 35.89 1,288.0 [0.001,012 ool ol 3.890 20.586,72
20 31.96 1,022.0 |0.000,802.3 The above 3.002 16.325,70
values are
21| 28.46 810.1 10.000,6836.3 | those specified| 2.452 12.948,56
221 25.35 642.4 |0.000,504,6 in the 1931 1.945 10.269,60
23 22.57 509.5 10.000,400,2 National 1.542 8.141,76
241 20.10 404.0 10.000,317,3 Electrical 1.223 6.457 .44
25 17.90 320.4 |0.000,251.7 ) e. In 0.969,9 5.121,072
lighting work,
26 15.94 254.1 [0.000,169,8 [no wiresmaller] 0.769,2 4.0681,376
27| 14.20 201.5 |0.000,158,3 | than No.14is| 0.610,0 3,220.800
28 12.64 150.8 ]0.000,125,5 used, except 0.483,7 2.553,936
29 11.26 126.7 |0.000,099,53 in fixturea 0.383,6 2.025,408
30 10.03 100.5 )0.000,078,984 |.............. 0.304,2 1.608,176
31 8. 79.70 |0.000,062 0.241,3 1.274,060
32 7.9 63.20 (0.000,049 0.191,3 1.010,064
33 7. 50.13 (0.000,039 0.151,7 0.800,976
34| 6. 39.75 |0.000,031,22 0.120,3 0.635,184
3 5. 31.52 (0.000,024,7 0.095,42 0.513,717,8
36| 8. 25.00 |0.000,0. 0.369,590,4
37 4. 19,83 10.000,0 0.318,852,8
38 3. 15.72 (0.000,0 0.251,275,2
8 3. 12.47 |0.000, 0.199,267,2
401 3. 9.88810.000, 0.158,030.4
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9. Tensile Strength of Pure Copper Wire in Pounds.

Hard drawn Annealed . r Hard drawn Annealed
]
Sise, ] |
B. & 8. °® ol o ©
gage Ei 5.4 E] 2%& B:.g £} ?ga Ei gg.:
£ | E88) 5 |B%E| £ 3 | 835 3 | 8%k
8 2 & o=+ )
< <K <k <
0000 8,260 | 49,700, 5,320 | 32, 7 1050.0| 64,200 556.0 | 34,000
000 8,550 | 49,7 4,220 | 32, 8 843.0| 65,000/ 441.0 | 34,000
00 5,440 | 52, ,340 | 32, 9 878.0 ,000| 350.0 | 34,000
0 4,530 | 54,600/ 2,650 | 32, 10 .0{ 867,000 277.0 | 34,000
1 3,680 | 56,000 2,100 | 32, 12 343.0( 67,000 174.0 | 34,000
2 2,970 | 57,000| 1,670 | 32, 14 219.0| 68,000 110.0 | 34,000
3 2,380 | 57,600| 1,323 | 32, 16 138.0 68,000, 68.9 | 34,000
4 1,900 | 58,000| 1,050 | 32, 18 86.7| 68,000 43.4 | 34,000
5 (1,580 | 60,800 884 | 34, 19 68.8| 68,000, 34.4 | 34,000
[ 1,300 | 63,000 700 | 34, 20 54.7| 68,000, 27.3 | 34,000
10. Insulated Copper Wire.
Enamel wire Single-silk covered Double-silk covered
Size,
B. & 8. [Outaide| Turns | Pounds| Outaide] Turns | Pounds| Outside Turns | Pounds
gage diam- per per diam- per per diam- per per
eter, | linear | 1,000 | eter, | linear | 1,000 | eter, | linear 1,000
mils inch ft mils inch ft. mils inch ft.
8 130.6 7.7 | 50.8
116.5 8.6 | 40.2
10 104.0 9.6 | 31.8
11 92.7 10.8 | 25.3
12 82.8 12.1 | 20.1
13 74.0 13.5 | 15.90
14 66.1 15.1 | 12.60
15 59.1 16.9 | 10.00
16 52.8 18.9 7.930| 52.8 18.9 | 7.89 54.6 18.3 | 8.00
17 47.0 21.3 8.275 47.3 21.1 | 6.26 49.1 20.4 | 6.32
18 42.1 23.8 4.980 42.4 23.6 | 4.97 4.1 22.7 | 5.02
19 37.7 26.5 3.955| 37.9 26.4 | 3.04 39.7 25.2 | 3.99
20 33.7 29.7 3.135| 34.0 29.4 | 3.13 35.8 28.0 | 3.17
22 26.9 37.2 1.970| 27.3 36.6 | 1.98 29.1 34.4 | 2.01
24 21.5 46.5 1.245| 22.1 45.3 | 1.25 23.9 41.8 ( 1.27
26 17.1 58.5 0.785| 17.9 55.9 | 0.791 19.7 50.8 | 0.810
28 13.8 73.5 0.494) 14.6 68.5 | 0.498 16.4 61.0 | 0.514
30 10.9 91.7 0.311] 12.0 83.3 [ 0.316 13.8 72.5 | 0.333
32 8.7 | 118 0.196 9.9 | 101 0.210 11.8 84.8 | 0.217
34 6.9 | 145 0.123 .3 | 121 0.129 10.1 99.0 | 0.141
36 8.5 | 180 0.078 7.0 | 143 0.082 8.8 | 114 0.092
38 4.4 | 227 0.049 8.0 | 187 0.053 7.8 128 0.062
40 3.5 | 286 0.031 5.1 196 0.035 6.9 | 145 0.043
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11. Insulated Copper Wire.

Single-cotton covered Double-cotton covered
BU& 5. | Ohme
gage | 1,000 K.“ Outside |Turns per| Pounds | Outside | Turns per| Pounds
dismeter,| linear | per 1,000 |diameter,| linear | per 1,000
mils inch ft. mils inch ft.
0000 0.0500| 487 2.14{ ...... 477 2.10
000 0.0630| 418 239 | ...... 428 2.34
00 0.0795 373 2.68 | ...... 382 2.62
0 0.1 334 3.00 | ...... 343 3.00
1 0.126 300 3.33 | ...... 308 3.25
2 0.159 287 3.75 275 3.64
3 0.201 239 4.18 248 4.03
4 0.253 214 4.67 222 4.51
] 0.319 192 5.21 200 5.00
[ 0.403 170 5.88 175 5.62
7 0. 1 8.54 160 8.25
8 0.641 136 7.35 .6 142 7.05 81.2
9 0. 121 8.26 .2 127 7.87 40.6
10 1.02 108 9.25 .9 113 8.85 32.2
11 1.28 97 10.3 .3 102 9.80 25.6
12 1.62 87 11.5 20.1 92 10.9 20.4
13 2.04 78 12.8 16.0 82 12.2 16.2
14 2.58 70 14.3 12.7 74 13.8 12.9
16 4.1 17.9 8.03 80 16.7 8.21
18 8.5 45 22.2 5.08 49 20.4 5.24
20 10.4 37 27 3.22 41 24 .4 3.37
22 16.68 29.5 33.9 2.05 33.3 30.0 2.17
24 28.2 24.1 41.5 1.3 28.1 35.6 1.4
26 41.6 19.9 50.2 0.834 23.9 41.8 0.914
28 66.2 16.6 80.2 0.533 20.6 48.6 0.608
105 14 71.4 0.340 18.0 55.6 0.400
32 167 12 83.4 0.223 16.0 62.9 0.270
34 266 10.3 97.1 0.148 14.3 70.0 0.193
36 423 9.0 111 0.099 13.0 77.0 0.138
38 873 8.0 125 0.070 12.0 83.3 0.105
40 |1,070 7.1 141 0.052 11.1 90.9 0.084
12. Aptproximate Wave Lengths of 4-ft. Coil Antennas with Various
Values of Condenser Capacity across the Coil Terminals.
Num- Condenser capacity, microfarads Distribution
ber of in slots 3§
turns in. apart,
0.00005 | 0.0001 0.0005 0.001 0.002 0.003 | turns perslot
% || cogog 85 128 178 250 310 1
3 130 155 290 400 550 875 1
[] 230 280 500 710 1,000 1,200 1
12 430 490 920 1,250 1,700 2,050 1
24 760 1, 2,100 3,000 3,600 1
48 1,550 1,775 3,150 4,300 6,000 7,000 2
72 2,200 2,850 4,800 8,400 8,800 11,000 3
120 3,930 4,500 7,900 | 10,000 | 14,700 | 17,700 5
240 0 9,000 15,650 20,500 27,200 32,900 10

|
|
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13. Wire Table Chart.
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14. Chart for Converting Loss or Gain into Decibels.
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18. Logarithms of Numbers.

[Sec.

N 0 1 2 3 4 I 5
10 0000/ 0043( 0086| 0128/ 0170| 0212
11 0414/ 0453/ 0492| 0531/ 0569( 0607
12 0792 0828 0864| 0899 0934 0969
13 1139 1173| 1206| 1239| 1271| 1303
14 1461| 1493( 1523| 1553| 1584] 1614
15 1761 1700, 1818| 1847| 1875 1903
16 2041 2068| 2095( 2122| 2148 2175
17 2304 2. 2355| 2380| 2405( 2430
18 2563( 2577 2601| 2625 2648| 2872
19 2788 2810| 2833 6| 2878
20 3010| 8032| 3054| 3075 3096/ 3118
21 3223| 3243 3263 3284 3304| 3324
22 3424| 3444 3464| 3483| 3502| 3522
23 3617) 38368 3655/ 3674 3692| 3711
3802 3838| 3856| 3874 389:
28 3979 3997| 4014 4031 4048
26 4150 4106( 4183( 4200 4216/ 4232
27 4314| 4330 4346| 4362| 4378( 4393
28 4472| 4487| 4502| 4518| 4533 4548
29 4624| 4639( 4654| 4660 4683| 4698
30 4771( 4786( 4800| 4814/ 4820| 4843
31 4914/ 4928 4042| 4955 4069 4983
32 5051 85| 5079| 5092( 5105 5119
33 5185 5198( 5211( 5224 5237| 5250
34 5315, 5328 5353 5366| 5378
35 5441 5453| 5465| 5478 5400 5502
36 5563| 55675 5587 9| 5611| 5623
37 5682| 5804| 87056 5717| 5729| 5740
38 5798 5821) 5832( 5843| 5855
39 5911 5922 5933| 5944 5055 5066
40 6021/ 6031 8075
41 6128/ 6138| 6149 61680/ 6170 6180
42 6232 6243| 6253( 6263 6274| 6284
43 8335 6345 6355 6365 6375 6385
44 6435 6444| 6454| 6464 6474| 6484
45 6532 6542 6551 6561 6571 6580
40 6628 6637 6646 6056 6665 6675
47 6721 6730| 6739 6749| 6758 6767
48 6812/ 6821 6830 6857
49 6002 6911 6920 6928 6937| 6946
69! 6908/ 7007 7018| 7024| 7033
51 7076| 7084/ 7093| 7101| 7110| 7118
52 71 7168| 7177| 7188| 7193| 7202
53 7243| 7281( 7250| 7287| 7275 7284
54 7324 7 7340| 7348| 7356| 7364
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[Sec.

16. Standard Graphic Symbols Used in Radio Communication.

Aerial (antenna)

. Ammeter

. Are

. Battery (the

tive electr: n
indicated by the

long line)

. Coil antenna

. Condenser fixed

. Condenser, fixed,
shielded

Condenser, vari-

able

. Condenser, vari-

able (wnh mtm—
mg K indi-

Co dens vari
able shxelded

Counterpoise
Crystal detector

Frequency meter
(wave meter)

Galvanometer

Glow lamp

Ground

Inductor

Inductor, adjust-
able

1

-®-

3

~—

il

19.

20.

21.

27.

28.

31.

32.

. Resistor,
able

. Transformer,

Induoctor, iron core

Inductor, variable

Jack

Key

. Lightning arrester

. Loud-speaker

. Microphone (tele-

phone trans-

mitter)

. Photoelectric cell

Piesoelectric plate

Resistor
adjust-

. Resistor, variable

Spark gap, rotary

Spark gap, plain

Sparkgap,
quenched

. Telephone receiver

. Thermoelement

air
core

S

gt

=M
— A

lﬂ

<

(@
®
u

&

- X -
¢
-

8
U
Ed



Sec. 1) MATHEMATICAL AND BLECTRICAL TABLES 19

87. Transformer, iron
oore

88, Transformer with
variable  ooup-
ling

39. Transformer, with
variable ocoup-
ling (with mov-
ing ooil indicated

40. Voltmeter

41. Wires, joined

42. Wires, crossed, not
Joined "

43. Diode (or half-
wave rectifler)

44, Triode (with di-
reotly heated
oathode)

45. il‘riod&y (witla indi-
reoc
cathode) eated

. Screen-grid _ tube

(with  directly

heated cathode) /\

47. Pentode tube %
A

48. Rectifier tube, full
wave (filament-
less)

49. Rectifier tube, full
wave (with di-
rectly heated
oathode)

50. Reotifler tube, half
lwnve (filament~
ess

& L1t e
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18. Systems of Electrical Units.

Practical E.m.u. E.s.u. R.f. Af.
Volt(¥) . ooven i iiiiiieinennnn 108 v 300 v v v
Ampere(8).........covveunrn..n 10 a 3.33 X 10~10 g ma ma
Becond............ooviiiiiinn sec. sec. Hsec. maec.
CKcle .......................... cycle cycle Mc ke
Obhm..............cvvvvvvnntn 10~? ohm 0.9 X 10! ohm | k-ohm | k-obhm
Mho......vvvvvinrnnennonnenns 10* mho 1.11 X 10"* mho | m-mho | m-mho
Henry(h)............oooveiinnn 10-* h (cm) 0.9 X 102 h mh h
Farad(f)................ 10 1.1 puf (cm) muf uf
Wnttgw) 0o 1077 w 1077w mw mw
Joule(§)..... ..| 1071} (erg) 1077 § mpj i
Coulomb{c)......coovvvvuninnn 10¢ 3.33 X 10"w ¢ muc ue

u=10"%m = 10"% k = 105, M

= 10% mu = 107t

19. Width of Authorized Communication Bands.
From Rules and Regulations of the Federal Communications Com-

mission.

Type of emission

|
Frev.}:ency range,

Normal width of com-

locycles | munication band, kilocycles
10 to 100 0.100
A-1:C. W. Morse telegnphy, printer 100 to 550 0.250
and slow-speed facsimile 1,500 to 6,000 0.500
6,000 to 12,000 1.000
12,000 to 28,000 2.000

A-2: Tone modulated cw and icw. .

A-3: Commercial telephony:
Single side band

Double side band.............. -

A-3, A-4: Visual broadcasting:
Double side band

pecial :

High-speed = facsimile; icture
transmission; high-quality te-
lephony: television, etc.......

{ 10 to 550
1,500 to 28,000

special
sion shall
the instr
sation

(To be apeclﬁed in instru-
ment of authorization)
1.500

2.000
3.000
4.000

3.000
6.000

10.000

The authorised width of the
communication band for

frpea of transmis-
be specified in
ument of authori-
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20. Tolerance Table.

The licensee of every stati t tati shall be required to maintain
frequency within the tolerance as provnded by the following table:

Frequency tolerance, per cent

B
: A plxcable to stations | Applicable to all
Frequency range, kilocycles K nsed and author- | equipment author-
ised by construction | ised subsequent to
mits prior to ef-| effective date of this
ective date of this| order
order

A. 10 to 550: Plus or minus Plus or minus
. Fixed stations................... 8} 0.1
o 0.1

¢. Mobile stations except those using
damped waves or simple oscil-
Iator transmitters.............. 0.5 0.5
d. Mobile stations using damped
wave or simple oscillator trans-

mitters
B. 550 to 1,500:
a. Broadcasting stations............
C. l 500 to 6,000:

"Fixed stations...................

b. Land stations...................

¢. Mobile stations using frequencies

not normally used for ship radio-

telegraph transmissions.........

d. Other mo ile stations............
D. 6 000 to 28,000:

"Fixed stations. ..................

b. Land stations...................

¢. Mobile stations uanfg frequencies

not normally used for ship radio-

telegraph transmissions

d. Other mobile stations..

e. Broadeasting stations. .

=
<
(=]
o

oo
[=1=]
1]
(=1

oo oo
[=2=] Og

L L ]
&P &2

e~2 g8 g2 o8

ooo
8-8
ooo

1 This tolerance is applicable to previous | d simple c or tr itters trans-
ferred to other mobile stations.

2 8ee Part III, paragraph 144, Rules and Regulations, Federal Communications
Commission.

3 For licenses in expenmenul stations operating on frequencies of 30,000 kc and
above, the commission’s policy is to require as near a tolerance of 0.05 as the state of the

art permits to be maintained.

21. Separation between Assigned Frequencies.
' Frol\lnency range, Frequency separation, Frequency range, Frequencyseparation,

locycles kilocycles ocycles kilocycles

10 to 15 0.15 390 to 550 2
15 to 20 0.2 550 to 1,500 10
20 to 25 0.25 1,500 to 3,000 4
25 to 30 0.3 3,000 to 6,000 5
30 to 40 0.4 6,000 to 11,000 10
40 to 50 0.5 11,000 to 16,400 15
50 to 60 0.6 16,400 to 21,550 20
60 to 100 0.8 21,550 to 28,000 25
100 to 390 1

Note., The separation between assignments may be greater than those indicated
where this is required by the type of emission authorised.
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22. Average Day Separation between Broadcast Stations.

23

The separations below are recommended by Engineering Division,

Federal

quency maintenance of plus or minus 50 cycles.!

mmunications Commission, as of July 1932, based on fre-

Regional, limited

Freq. Local Clear
Classification and | diff., Gt
power kilo- —
cycles 100w (250w | 500 w | 5 kw [10kw | 5 kw | 10kw | 50 kw
Local 0 80 100
10 34 41 103 153 171 153 171 220
100 w 20 16 21 71 121 139 121 139 190
30 12 17 58 108 128 108 126 176
40 11 16 84 104 122 104 122 172
0 100 100
10 41 46 115 165 183 165 183 233 -
250 w 20 21 24 79 129 147 129 147 197
30 17 18 81 111 129 111 129 179
40 16 16 85 105 123 105 123 173
ional, limited, 0 cae e 260 | 400 | 450 | 700 | 800 | 1000
time and day 10 103 118 150 200 220 200 220 277
w 20 71 79 100 150 167 150 167 217
30 58 61 72 122 140 122 140 190
40 84 85 80 111 129 111 129 179
0 apa nag 400 400 450 700 1000
10 153 168 200 250 270 250 270 328
8 kw 20 121 129 150 182 200 182 200 250
30 108 111 122 143 161 143 161 211
40 104 105 111 123 141 123 141 191
0 naq Qa0 450 450 450 700 800 | 1000
10 171 183 220 270 290 270 290 345
10 kw 20 139 147 167 200 213 200 213 263
30 1268 129 140 161 170 161 170 219
40 122 123 129 141 147 141 147 197
Clear 0 npa .. 700 | 700 | 700
10 153 165 200 250 270 250 270 325
8 kw 20 121 129 150 182 200 182 200 250
30 108 111 122 143 161 143 161 211
40 104 105 111 123 141 123 141 191
0 L. L. 800 | 800 | 800
10 171 183 220 270 290 290 290 345
10 kw 20 139 147 167 200 213 200 213 263
30 126 1 140 161 170 161 170 219
40 122 123 129 141 147 141 147 197
0 nag ... |1,000 11,000 {1,000
10 220 233 277 325 345 325 345 395
50 kw 20 180 197 217 250 263 250 2683 300
30 176 179 190 211 219 211 219 242
40 172 173 179 191 197 191 197 212
1]

! These separations are calculated to minimise objectionable interference in the good
service areas of stations about 90 per cent of the time.



24 THE RADIO ENGINEERING HANDBOOK [Sec. 1

28. Average Night Separation between Broadcast Stations.

The same conditions as to frequency stability, etc., as under daytime
separation table.

Freq. Regional Clear
Classification and diff., Local
power kilo- 100 w
cycles 500w | 5kw | 10kw | 10 kw | 50 kw
Local 0 185
10 53 106 183 225 237 350
100 w 20 21 54 90 108 156 206
30 13 40 76 91 131 181
40 11 36 72 87 124 174
Regional 0 P 800
10 106 160 300 355 | 355 505
500 w 20 54 74 127 150 188 235
30 40 46 82 97 142 192
40 36 39 78 90 128 178
0 0na ... 1,600 | 2,000
10 183 300 335 390 500 550
20 90 127 163 187 268 320
5 kw 30 76 82 102 117 175 228
40 72 78 83 98 143 193
0 nap ... 2,000 | 2,000
10 225 355 390 408 570 620
10 kw 20 105 150 187 203 305 350
30 91 97 117 128 192 243
40 87 90 98 102 150 200
Clear 0
10 237 358 500 570 | 570 750
10 kw 20 156 188 268 308 308 420
30 131 142 175 192 192 247
40 124 128 143 150 150 200
0
10 350 505 550 620 | 750 800
50 kw 20 208 235 320 350 | 420 470
30 181 192 225 243 247 207
40 174 178 193 200 | 200 218

24. Computing the Harmonic Content of Any Given Periodic Complex
Wave Form. en an oscillogram (or other graphical representation)
of a periodic complex wave is available, it is possible to compute the
percentage of each harmonic up to and including the sixth, by means of
the following scheme:!

The oscillogram must contain at least one complete period of the wave,
that is, from any given point on the wave to the corresponding point at
the left or right at which the form of the wave begins to repeat itself.
In Fig. 1 the complete period is given by the distance 0X, a distance of
360 electrical degrees. With a compass or dividers, divide this com-

1 This method is known as the twelvs ordinate scheme, and is a convenient form for
solving the equations of the Fourier analysis. The form given here has been adap
from " Graphical and Mechanical Computation,” Part II, Experimental Data, by
Joseph Lipka, plllxblished bl‘: John Wiley and Sons, Ino., New Yorﬁ, gp. 181-185. See

also Terebesi, ' Rechensohablonen fiir harmonische Analyse un ynthese,” Julius
Springer, Berlin, 1930.—Donald G. Fink.




R
Sec. 1) MATHEMATICAL AND ELECTRICAL TABLES 25

plete period into 12 equal parts, and erect the 12 equally spaced ordinates
Ko’ Y1, Y3 . . -, yn. Each of these vertical lines is drawn from the

orizontal time axis to the curve. With a rule (preferably one divided
into tenths of inches or a millimeter rule, so that the lengths can be
expressed in decimal form), measure the fength of each of these ordi-
nates. It makes no difference whether inches, millimeters or any other

‘ /] R

9 Y% % Y% 5% % Y% Y g |
0 Time Axis x

Fia. 1. Example of complex wave for analysis.

arbitrary unit is used, so long as all ordinates are measured with the
sagie %nit Record the length of each ordinate in the spaces given in the
table below:

vs v V1o A4

Ordinatenumber.jyo | v1 | v2 | va | va | s | v | ¥7

Length of ordinate 5.5|37.0 68.6|76.4 93.2!89.666.7 34.3]—8.8 —28.4|—-44.1/—15.0
]

The lengths given are the lengths taken from Fig. 1.

The com?utation consists in substituting these%engths in the following
schedule of additions, subtractions, and multiplications, and in per-
forming the indicated operations. First set down the values of the
ordil&ates in the following arrangement, adding and subtracting as indi-
cated: '

Yo Y1 Y Ys Ys& Ys Ye
Yu Yo Yr Yz W1

Sum: 8 8 82 8 8« & 8
Difference: di d» ds di ds
Then take the sum terms in the Take the difference terms in this
following arrangement: arrangement:
g8 &8 & 8 di dy ds
8 B 84 ds ds .
Sum:” S S 8 S "Se G S

Difference: Do Dy D: Dy D
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Finally:
S S 8¢ Do
S: 8 and S D:
Sum: 8; Ss Difference: Dy Dy

We are now in a position to find the coefficients in the equation of the
complex wave. This equation is written:

y = Ao+ Aicos wl + As cos 2wt + Ascos 3wl + Adcos 4wt + A; cos bt
Ig.cpsg:: + B, sin wi + Bisin 2wt + B; sin 3wt + B sin 4wt
s 810

whelre A and B are the coefficients of the cosine and sine terms, respec-
tively.
The formulas for the A’s and B’s are as follows:

Do + 0.866D, +0.5D,, So +0.58: — 0.568; — S,

S7 4+ 8s, -
Ao £J 12 ;Al 6 »A! = 6
PR e h Qe e, ) o SO o
8y — &8s, 0.5S, + 0.866S; + Se. 0.866(D; + D,)
12 6 6
B, = %5; B, = 0.866(D6; — Dc); B, = 0.68, — 0.2665; + Ss

There are several checks which may be made on the arithmetic of the
above computations:
Yo=Ado+ A1+ A+ As + A+ A + As
vs —yn = (Bi + By) + V3(B: + BJ) + 2B,
For computing the percentage harmonic content of the wave, it is

convenient to express the equation of the wave in somewhat simpler
form, reducing the cosine terms to sine terms in the following manner:

y = Ao + VA, + Bitsin (ot + @) + VAs® + Ba*sin 2wt + as) +
VA7 + Batsin (3wt + as) + VAFE + B sin (4ot + @) +
/A7 + Byt sin (5wt + o) + A sin (But + as)

The coefficient of each sine term in the above equation is proportional to

the magnitude of the harmonic, that is, v/ 4,* + B,? is the amplitude of

the fundamental, v/4,;? + Bs* the amplitude of the second harmonic

(double frequency), /A3 + B;® the amplitude of the third harmonic

(triple frequency), and so on. A, is the d-c component of the wave,
w is equal to 2xf, where f is the fundamental frequency. The angles

ay, ay, oy, ete., are equal to tan™! %2, tan™! %, etc. These angles do not

1 2
enter into the computation, unless the phase displacements between the
various harmonics are desired.
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To find the percentages of the various harmonics, in terms of the
magnitude of the fundamental, use the following expressions:
Per cent second harmonic:

A2 + B.2
Per cent = %v% X 100 per cent
1 1
For the third harmonic:
4.2 + R.2
Per cent = —://::',__%B;l, X 100 per cent
1 1

and s0 on. For all harmonics up to the sixth taken together, the total
harmonic content expressed as a percentage is:

VA + As* + Al + A + Al + Ba* + By* + B¢ + Bi?
1/A;’ + B,?
X 100 per cent

It is sometimes useful to compare the r-m-s value of the fundamental
with the d-c component, expressed as a percentage. To obtain this per-
centage from above figures, substitute in the following expression:

D-c component, expressed as a per cent of r-m-8 fundamental,

o 40 X 100 per cent

°
707V Ay? + By?

Ezample (see Fig. 1 and values in table above):

5.6 37.0 68.6 76.4 93.2 89.86 66.7
—-15.0 —44.1 -28.4 -8.8 34.3

Per cent =

Sum: 5.5 22.0 24.5 48.0 84.4 123.9 66.7
80 81 82 83 84 85 8
Difference: 52.0 112.7 104.8 102.0 55.3
dy ds ds de ds
5.5 22.0 24.5 48.0 52.0 112.7 104.8
66.7 123.9 84.4 56.3 102.0
72.2 145.9 108.9 48.0 Sum 107.3 214.7 104.8
So Sy Sa : Sa Ss s
—61.2 -101.9 -59.9 Difference: —3.3 10.7
Do Dy D2 Ds Dy
72.2 145.9 107.3 -—61.2
108.9 48.0 104.8 -59.9
Sum: 181.1 193.9 Difference: 2.5 -1.3
87 Ss Ds D
Ao = 181.1 4 193.9 - +31.3
12
A = —61.2 + 0.866(—;01.9) + .6(—69.9) _ _29.6

Ay

= 722 + .5(145.9) ;— .5(108.9) — 48.0 _ +7.1
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-1.3
As = i i -0.2
Ay = 72.2 — 0.5(145.9) 6—0.5(108.9) + 48.0 - —12
Ay = -61.2 —~ 0.866(—1:1.9) + 0.5( —59.9) - —04
181.1 — 193.9
Ao === 0 o
By = 0.5(107.3) + 0.8%6(214.7) 4 104.8 = 4+57.3
By = 0.866( —3(;3 +10.7) _ +1.1
2.6
B; = 5 - +0.4
By = 0.866( —3(;3 -10.7) _ 2.0
Bi = 0.56(107.3) - 0.8%6(214.7) + 1048 _ —4.5
Result:
y = 31.3 — 29.6 cos wt 4 7.1 cos 2wt — 0.2 cos 3wt
— 1.2 cos 4wt — 0.4 cos 5wt — 1.1 cos Bwié
+ 67.3 sin wé 4 1.1 8in 2wt 4 0.4 sin 3wt
— 2.0 sin 4wt — 4.5 sin bwt

Percentage of various harmonics:

V71 F (1)
— 100 t = 11.1
V@0.0)" F (B78) X per cen per cent

V(0.2)* + (0.4)¢

2
645 X 100 per cent = 0.7 per cent

V2T Z0)

 §
645 X 100 per cent = 3.6 per cent

Second: Per cent =

Third: Per cent =
Fourth: Per cent =

Fifth: Per cent = \/(0*46;-;@ X 100 9%, = 7.0 per cent

Sixth: Per cent = (;4—15 X 100 9% = 1.7 per cent

Total harmonic content:
Per cent =
VTR0 + T2 F 04 F (T F A1) +(0.4)F F(2.0)* F (4.5)*
64.56

= 13.8 per cent

Percentage d-¢c component:

.. 313
Per cent m = 68.9 per oent
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26. Evaluation of Square Root of the Sum of the Squares of Two
Numbers. In the calculation of impedance as the square root of the
sum of the squares of a reactance and a resistance, a useful and convenient
method of solution consists in rewriting the equation as follows.

Va ¥ b =b\/1+%:

where a is the larger number.

The operations can now be carried out fairly simply with the slide rule.
If the right-hand side of this equation be multiplied and divided by a/b
the solution becomes simply one of multiplying the larger number a by
a factor which is a function of the ratio of a/b.

A table may be worked out for this function. W. J. Seeley of Duke
University, Durham, N. C., has copyrighted such a table in which the
factor has been worked out to five decimal places for various values of
a/b from 0.001 to 30. Curves may be drawn from calculations of this
nature which will be useful in graphically determining the value of the
function a/b.

26. Shunt and Multiplier Data for Meters. It is often useful to con-
vert a low-reading current meter to a voltmeter or a current meter of
higher maximum current reading. The following table will cover the
usual situations arising in the average laboratory. The values of shunt
are calculated from the equation for meter shunts,

Rm X Im
I —Im
where Rm = meter resistance in ohms

Im = full-scale current of meter
I = current desired to be read

SHUNT AND MULTIPLIER VALUES
27-ohm (0-1) Milliammeter

Resistance in ohms of mul-| Multiply old
Beale Use as tiplier or shunt scﬂg {y
0-10 Voltmeter 10,000 M 10
0-50 Voltmeter 50,000 M 50
0-100 Voltmeter 100,000 M 100
0-250 Voltmeter 250,000 M 250
0-500 Voltmeter 500,000 M 500
0-1000 Voltmeter 1,000,000 M 1000
0-10 | Milliammeter 3 8 10
0-50 Milliammeter 0.551 ) 50
0-100 Milliammeter 0.272 ] 100
0-500 Milliammeter 0.0541 8 500
35-ohm (0-1.5) Milliammeter
0-15 Voltmeter 10,000 M 10
0-150 Voltmeter 100,000 M 100
0-750 Voltmeter 500,000 M 500
0-15 illiammeter 3.89 S 10
0-75 iliammeter 0.714 8 50
0-150 Milliammeter 0.3%4 S 100
0-750 illiammeter 0.0701 8 500




SECTION 2
ELECTRIC AND MAGNETIC CIRCUITS

By E. A. UEHLING!
FUNDAMENTALS OF ELECTRIC CIRCUITS

1. Nature of Electric Charge. According to modern views all natural
phenomena may be explained on the basis of fundamental postulates
regarding the nature of electric charge. In the neighborhood of an
electric charge is postulated the existence of an electric field to explain
such phenomena as repulsion and attraction. The force which acts
between electric charges by virtue of the electric fields surrounding them
is expressed by Coulomb’s law which states that

q1qs
F =20

The value of the unit charge in the electrostatic system is based on this

law and is defined, therefore, as that value of electric charge which when

11>13ced at 1 cm distance from an equal charge repels it with a force of
yne.

2. Electrons and Protons. There are two types of electricity: positive
and negative. The electron is representative of the latter and the
proton of the former. All matter 1s made up simply of electrons and
protons. Exhaustive experiment has proved that all electrons, no
matter how derived, are identical in nature. They are easily isolated
and as a consequence have been thoroughly studieg. Among the most
important results of this study are the following facts:?

Charge of the electron 4.770 X 10-10 e.5.u.
MaBS...ooii ittt it ... 9.04 X 10-1
Radius........ooovviiiiiiiiniinnnnnnn., 2 X 1071 ¢m, approx.

The proton has not been so thoroughly studied. It is not so easily
isolated, and the effects of electric and magnetic fields on its motion are
considerably smaller than similar effects obtained when electrons are
studied. The proton apparentlf' has a mass of about 1,838 times that
of the electron and a considerably smaller radius.

The mass of electrons and protons is purely inertial in character. In
other words these fundamental units of electric charge consist simply
of pure electricity. For the sake of completeness it should be added
that this mass is not independent of velocity and that the values given
for both the electron and proton assume velocities which are small
in comparison with that of light.

! Department of Physics, California Institute of Technology.
* MiLLIkaN, R. A., “The Electron.”
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8. Atomic Structure. The atoms of matter consist of a central
positive nucleus surrounded by such a number of electrons as will
neutralize the nuclear charge. The central positive nucleus consists of
both electrons and protons with an excess of the latter. This excess
determines the chemical characteristics of the atom by determining the
number of electrons outside the nucleus, while the total number of pro-
tons determines the atomic weight of the element. According to one
view the electrons outside the nucleus move in planetary elliptic orbits
about it. The radius of the different orbits varies within a single atom,
and as a consequence the strength of the bond existing between the
nucleus and the different electrons varies.

4. Ionization. The outer electrons are in general loosely bound to
the nucleus and under favorable conditions may be completely disso-
ciated from the remainder of the atom. This process of the removal
of an electron is known as fonization. It is the process by which electrons
are removed from a heated filament in a vacuum tube, from an alkali
metal surface in the photoelectric cell, and from the piate and grid of
vacuum tubes when bombarded by the filament electrons giving rise to
the secondary emission so commonly experienced.

6. The Nature of Current. The modern view of electricity regards a
current as a flow of negative charge in one direction plus a flow of positive
charge in the opposite direction. In electrolytic conduction the unit of
negative charge is an atom with one or more additional electrons called a
negative fon, and the unit of positive charge is an atom with one or more
electrons less than its normal number known as the positive ion.

In conduction through gases, as, for example, through the electric
are, the negative ion is usually a single electron, whereas the positive
ion is as before an atom with one or more electrons removed.

In conduction through solids, however, the current is strictly electronic
and is not made up of two parts as in the previous cases. The electrons
constituting the current are the outer orbital electrons of the atoms.
Since these electrons are less tightly bound to the atom than the other
electrons they are comparatively free and are often spoken of as free
electrons. These electrons move through the solid under the influence
of an electric field colliding with the atoms as they move and continuously
losing energy gaincd from the field. As a consequence the motion of the
electrons in the direction of the field is of a comparatively small velocity?
(of the order of 1 cm per second), whereas the velocity of thermal agita-
tion of the free electrons is high (about 107 cm per second). According
to this view of the electric current in solids, conductors and insulators
differ only in the relative number of free electrons possessed by the
substance.

Since current consists of a motion of electric charges, it may be defined
as a given amount of charge Eassing a point in a conductor per unit time.
In the electrostatic system the unit of current is defined to be a current
such that an electrostatic unit of electricity crosses any selected cross
section of a conductor in unit time. In the practical system the unit of
current is the ampere which is approximately equal to 3 X 10° elec-
trostatic units of current and is defined on the basis of material constants
a8 that current which will deposit 0.00111800 g of silver from a solution
of silver nitrate in 1 sec.

1 Jxans, J. H,, " Electricity and Magnetism,” p. 306.
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6. The Nature of Potential. An electric charge that is resident in
an electric field experiences a force of repulsion or attraction dependin,
on the nature of the charge. Its position in the field may be conside
as representing a certain quantity of potential energy which may be
taken as the amount of work which is capable of being done when the
electric charge moves from the point in question to an infinite distance.
If the convention of considering a unit positive charie as the test charge
is adopted, the (Fotential energy at a point may be taken as characteristic
of the field and consequently will be regarded simply as the potential.

In a similar manner the difference of potential of two points may be
described as the amount of work required to move a unit positive test
charge from one point to another. More specifically a difference of
potential in a conductor may be spoken of as equal to the energy dissi-

ated when an electron moves through the conductor from the point of
ow potential to the point of high potential. This energy is dissipated
in the form of heat caused by the bombardment of the molecules of the
conductor by the electrons as they proceed from one point to another.

7. Concept of EEM.F. The idea of potential leads directly to a con-
ception of an electromotive force. If a difference of potential between
two points of a conductor is maintained by some means or other, electrons
will continue to flow, giving rise to a continuous current. A difference
in potential maintained in this way while the current is flowing is known
as an electromotive force. Only two important methods of maintaining a
constant e.m.f. exist: the battery and the generator. Other methods,
as, for example, the thermocouple, are not primarily intended for the
purpose of maintaining a current.

e unit of e.m.f. in the practical system is the volt. It is defined as
10% e.s.u. of potential or as 1.0000/1.0183 of the voltage generated by a
standard Weston cell.

8. Ohm’s Law and Resistance. The free electrons which contribute
to the electric current have a low drift velocity in the negative direction
of the field within the conductor. In moving through the metal'in a
common general direction they enter into frequent collisions with the
molecules of the metal, and as a consequence they are continually retarded -
in their forward motion and are not able to attain a velocity greater than
a certain terminal velocity 4, which depends on the value of the field
and the nature of the substance. The collisions which tend to reduce
the drift velocity of the electrons act as a retarding force. When a
current is flowing, this retardin%l force must be exactly equal to the
accelerating force of the field. The retarding force is proportional to N,
the number of free electrons per unit length of conductor, and to u, their
drift velocity. It may be designated as kNu. The accelerating force
is proportional to the field E per unit length of conductor, to the number
N of electrons per unit length, and to the electronic charge e and may
be represented as NEe. Then NEe = kNu. Since the current ¢ has
been given as

t = Neu

NEe = k&
. €

k . .
E=Wl=kl
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where L
B = ye

Che statement E = R{ is known as Ohm’s law. R is here defined as the
esislance per unit length. The unit of resistance is the ohm. It may be
'btained from Ohm’s law when the e.m.f. is expressed in volts and the
:urrent in amperes.

9. Inductance. Circuits possess inductance by virtue of the electro-
aagnetic field which surrounds a conductor carrying a current. The
oefficient of self-inductance is defined as the total number of lines of

orce passing through a circuit and due entirely to one c.g.s. unit of cur- -
8

ent traversing the circuit. If N is the number of lines of force linked
?th al.lrg circuit of inductance L and conveying C c.g.s. units of current,

The gractical unit of inductance is the henry. It isequalto 10°c.g.s.
nits of inductance. If the number of lines of force N through a circuit
3 changed, an e.m.f. due to this change of flux is induced in the circuit.
Chis e.m.f. is given by the equation

aN dac
€= —?t-— _LFt

The inductance of a circuit is equal to 1 henry if an opposing e.m.f.
f 1 volt is set up when the current in the circuif varies at the rate of 1
mp. per second.

10. Mutual Inductance. The coefficient of mutual inductance is
lefined in the same way as that of self-inductance and is given in c.g.s.
nits as the total magnetic flux which passes through one circuit when
he other is traversed by one c.g.s. unit of current, or

N =MC
aN C
e = —Tt = —M%

‘he practical unit is the henry as in self-inductance.

11. Energy in Magnetic Field. Energy is stored in the electromagnetic
eld surrounding a circuit representing the energy accumulated uring
he time when the free electrons were initially set in motion and the cur-
:nt established. This energy is given by the equation, W = LI,
rhere, if L is in henrys and % in amperes, the energy is in joules.

12. Capacitance. The ratio of the guantity of charge on’a conductor
> the potential of the conductor represents its capacity. If one con-
uctor 18 at zero potential and another at the potential {’, the capacity
t ggren as the ratio of the charge stored to the potential difference of the
onductors

Q
C=y
[ Q is in eoulombs (the quantity of charge carried by 1 amp. flowing
)r 1 sec.) and V is in volts, C is known as the farad.
The energy stored in a condenser is given by the equation, W = 1%CV,
here, if ¥V is in volts and C is in farads, W is in joules.
The force acting per unit area on the conductors of the condenser
siding to draw them together is
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E? V3
F 8  8xd?
where d is the distance separating the condenser plates, and V is
potential difference.
Other expressions relating charge or current to capacity and potentia
difference are .
y = [t

c

o=

13. Units. The practical units that have been described are relatec
to the electrostatic units as shown by the following table. A thirc
set of units, known as the electromagnetic, is also related to the
tical units, the ratios of which are given in this table.

and

Measure in Measure in
Quantity N.l.x!:iet of electromagnetic  electrostatic
units units
Charge of electricity....... ... Coulomb 1072 3 X 100
Potential................. ... Yolt 108 }goo
Capacity..........ooovun. . Farad 10~ X 1012
Dt ... e . Ampere 10— 3 X 100
Resistance.............. . Ohm 100 3§ X 10-1
Inductance..........c.oovivnnunnnn. Henry 100

14. Continuous and Alternating Currents. If the free electrons of
conductor move with a constant drift velocity under the impelling force
of an invariant electric field, the electric current in the conductor °
sfoken of as being continuous, or direct. If, however, the imp
electric field is varying in both direction and magnitude, the drift velocity
of the electrons will vary in both direction and magnitude, since
always flow in a direction opposite to that of the electric field. A current
of this kind which varies periodically with the time is known as
alternating current.

15. Wave Form. The current or the e.m.f. may be represen
graphically as a function of the time by assigning to successive val
of the latter variable the value of the former. There is an infinite
variety of functional relationships between current and time, but of
the laws by which these two variables may be connected there is one
that can be differentiated from all others. This law is that of the sine
or cosine function. All other relationships can be resolved into a linear
combination of functions of this simple type.

The form of the sine function is shown in Fig. 1a. It is represen
analytically by the following type of equations

t = Jygin ol
e-Eosinwt

where ¢ and ¢ are the instantaneous.values of tne current and voltage
Iy and E, are the maximum values, and w is 2x times the frequency
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which the current or voltage -alternates. The sine wave is the ideal
toward which practical types approach more or less closely. Since it
cannot be resolved into other types, it is the pure wave form.

16. Harmonics. Current and voltage waves, in practice, are not pure
and may therefore be resolved into a series of sine or cosine functions.
One of the functions into which the original wave is resolved will have a
frequency term equal to that of the original wave. All of the other
functions will have frequency terms of higher value, which will in general

be designated as harmonics of the lowest or fundamental frequency. .

A few types of complex waves which may be resolved into two or more

pure sine waves are shown in Fig. 15 and ¢. The resolution of a complex

wave into its component parts may be accomplished physically as well

as mathematically. This may be demonstrated by means of high- and

low-pass filters in the output circuit of an ordinary vacuum-tube oscillator.
[ .

N Frse / Resabed wrie Thvee Nore A o7
Lsnat Lwmndut mSet Lsawt Lm2wt Lsndat
(a) (b} cy

F1a. 1.—8ine wave and complex waves.

17. Effective and Average Values. The effective value of an a-c wave
is the value of continuous current which gives the same power dissipation

as the a. ¢, in a resistance. For a sine wave this value of continuous’

current is equal to the maximum value divided by 4/2. The average
value of an alternating current is equal to the integral of the current
over the time for one-half period divided by the elapsed time. For a
sine wave the average value 18 equal to the maximum value of the current
divided by =/2. 'I%w ratio of the effective value of the current to the
average value is often taken as the form factor of the wave. Thus all
t of waves may be simply characterized by means of this ratio.

irect-current meters reac{ average values of currents over a complete
period. Such meters therefore read zero in an a~c circuit. Thermocouple
and hot-wire-type meters read effective values. Such meters are there-
fore used for making a-c measurements at radio- as well as at audio-
frequencies. :

18. Phase. The current in a circuit may have its maximum and
zero values at the same time as those of the e.m f. wave, or these values
may occur earlier or later than those of the latter. These three cases
are illustrated in Fig. 2. When the corresponding values of the current
and e.m.f. occur at the same time they are said to be in phase. If the
current values occur before the corresponding values of the voltage wave,
the ourrent is said to be in leading phase, and if these values occur
after the corresponding values of the voltage wave, it is said to be in

lagging phase. . . o
9. Power. The power consumed in a continuous-current circuit is
W = EI = I'R, where R is the effective resistance of the circuit. The
power consumed in an a-¢ circuit having negligible inductance and
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capacitance is given by the same equation with the necessary restrictions
on I so that it represents the effective value of the current and not the
average value. The power consumed in an inductive or capacitative
circuit is W = EI cos ¢, where ¢ is the phase angle, that is, the angle
of lag or lead of current. The term “cos ¢” is commonly referred to as
the power factor of the circuit.

Zero Phase Current in 90~ Lagging Phase Current in 90 Leading Phose
F16. 2.—Phase in a-c circuits.

DIRECT-CURRENT CIRCUITS

20. Direction of Current Flow. An electric current is a flow of electric
charges. Electric charges will move through a medium of finite resist-
ance if a difference of electric potential exists between two points of
that medium. In metallic conductors there is but one type of charge
which is free to move, the negative charge or the free electrons of the
conductor. The current in a metallic conductor