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PREFACE

For several years prior to the publication of the first edition of this
handbook the necd had been felt for a compilation of design data pertain-
ing to radio engineering. Although many of the fundamental principles
of electrical engincering apply to radio, the whole task of designing,
manufacturing, and operating equipment for radio communication 18
vastly diffcrent from t?mt for clectrical-power apparatus. A handbook
for the radio enginecr became esscntial.

Since 1933, however, the radio art, as always, has moved ahead rapidly.
New tubes, ncw 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,
as well as into the libraries of practicing engineers for whom it was
designed, has been most encouraging; although the em hasis 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 Yorg, N. Y,
October, 1935.

Keira HENNEY.
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THE RADIO ENGINEERING
HANDBOOK

SECTION 1

MATHEMATICAL AND ELECTRICAL TABLES
1. Greek Alphabet.

Letters q
Name Cap. | Small Commonly used to designate

A a Angles. Coefficients. Area

B B8 Angles. Coefficients

r v Angles. Specific gravity. Conductivity

A é Decrements. Increments. Variation. Denasity

E e E.m.f. Base of natural logarithms. Very small
guantlt{

Z ¢ ap.) Impedance. Coordinates

H n ysteresis coefficient. Efficienc,

<] 6,9 | Angular phase displacement. ime constant

1 . Current in amperes .

K x Dielectric constant. Susceptibility. Visibility

A 1N (Small) Wave length

M M Permeability. Amplification factor. Prefix micro-

N v Reluctivity

2 3

0] o

1] * Circumference divided by diameter 3.1416

P P Resistivity

P o, s | (Cap.) Sign of summauon

T T Time constant. ime-phase disp! t

T v

@ ¢.¢ | Flux. Angle of lag or lead

X x (Cap.) Reactance . .

¥ v Angular velocity in time. Phase difference.
Dielectric flux. Angles N

Q w Resistance in ohms. esistance in megohms. 2xF.
Angular velocity

2. Decimal Equivalents of Parts of One Inch.

e 0015625 | T3¢« | 0.265625 | ®36« | 0.5106256 <3¢ | 0.765625
143 0.031250 9¢a | 0.281250 | 1343 | 0.531250 2345 | 0.781250
8¢e | 0.046875 | 13§, | 0.206875 | 3544 | 0.546875 Slgy | 0.796875
Ye 0.062500 8¢¢ | 0.312500 9{¢ | 0.562500 13{¢ | 0.812500
8¢e | 0.078125 | 31§, | 0.328125 | 224, | 0.578125 835, | 0.828125
2;, 0.0937 132 | 0.343750 | 13¢5 | 0.593750 @ 224, | 0.8437
76¢ | 0.109375 | 33¢¢ | 0.359375 | 239§, | 0.609375 | 5344 | 0.859375
3% 0.12 3¢ 0.375000 84 0.625000 | %4 0.875000
8¢ | 0.140825 | 23, | 0.300625 | 4l¢, | 0.640625 | 5lg, | 0.890625
8¢a 0.156250 | 13¢5 | 0.406250 | 31¢3 | 0.656250 | 3%g5 | 0.906250
1¢¢ | 0.171875 !24‘ 0.421875 | 434 | 0.871875 | 5% | 0.921875

M 0.187500 %6 7500 | 14| O 500 | 15{¢ | 0.937500
13¢, | 0.203125 | 3%¢ | 0.403125 | 48¢¢ | 0.703125 | Sige | 0.953125
742 0.218750 | 18¢o | 0.468750 | 33¢5 | 0.718750 | 33g3 | 0.968750
15¢, | 0.234375 | * ig‘ 0.484375 | 4364 | 0.734375 | 3¢ | 0.984375
u 0. 250000 3 0. 750000 1 1
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8. Trigonometric Functions.

[Sec..1

° ’} sin tan cot cos l I° ’l 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 82
10/0.0029/0.0029|343.7737|1.0000|50 10(0.1421(0.1435] 6.9682(0.9899|50
20/0.0058/0.0058|171.8854|1.0000(40 20(0.1440(0. 1465 6.8269(0.9804(40
30/0.0087[0.0087|114. 5887|1.0000|30 30]0.1478(0.1495| 6.6912!0.9890,30
40(0.0116{0.0116| 85.9398(0.9999{20 40(0.1507(0.1524| 6.5606/0.9888[20
50/0.0145/0.0145| 68.7501|0.9999|10 50(0.1536/0.1554| 6.4348(0.9881{10
1 0/0.0175/0.0175| 57.2900/0.9998( 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| 6.0844(0.9868(40
30(0.026210.0262| 38.1885|0.9997}30 3010.1650[0.1673| 5.9758(0.9863(30
40(0.0291/0.0201| 34.3678(0.9996|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
2 010.0349/0.0349| 28.6363/0.9994| 0 8810 0/0.1736/0.1763| 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|0.9992{40 20|0.1794|0.1823| 5.4845|0.9838(40
30/0.0436)0.0437| 22.9038(0.9990{30 30]0.1822|0.1853| 5.3955/0.9833130
40(0.0465}0.0466| 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 50/0.1880/0.1914] 5.2257(0.9822(10
3 0]0.0523|0.0524| 19.0811]0.9986| 0 8711 0(0.1908(0.1944| 5.1446/0.98168| 0 79
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| 4.9894|0.9805[40
30(0.0610(0.0612| 16.3499(0.9981 (30 30)0.1994(0.2035| 4.9152/0.9799|30
40/0.0640/0.0841| 15.6048/|0.9980(20 40]0.2022(0.2065| 4.8430(0.9793(20
50/0.0669/0.0670| 14.9244/|0.9978/10 50/0.2051|0.2095| 4.7729|0.9787|10
4 0]0.0698|0.0699| 14.3007/0.9976| 0 86[12 0|0.2079|0.2126] 4.7046/0.9781] O 78
10(0.0727(0.0729| 13.7267(0.9974 /50 10(0.2108(0.2156] 4.6382/0.9775(50
20(0.0756(0.0758| 13.1960(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(0.2217f 4.5107]/0.9763|30
40(0.0814(0.0818| 12.2505(0.9967(20 40(0.2193(0.2247; 4.4494]{0.9757|20
50{0.0843(0.0846( 11.8262(0.9964|10 50(0.2221|0.2278| 4.3897/0.9750{10
5 0l0.0872[0.0875| 11.4301}0.9962| 0 85]13 0[0.2250(0.2309 4.3315/0.9744{ 0 77
10(0.0901(0.0004( 11.0594]0.9959|50 10(0.2278|0.2339| 4.2747)0.9737|50
20/0.0929]0.0934| 10.7119|0.9957 |40 20(0.2306(0.2370| 4.2193{0.9730(40
30(0.0958(0.0063| 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 4.1128/0.9717|20
50(0.1018{0. 1022 788210.9948|10 50(0.2391|0.2462| 4.0811|0.98710{10
8 0[(0.1045/0.1051] 9.5144|0.9945| O 84[14 0(0.2419(0.2493| 4.0108[0.9703| 0 76
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(0.9939|40 20/0.2476/0.2555| 3.9136/0.9689|40
30/0.1132|0.1139| 8.7769(0.9936(30 30(0.250410.2586| 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. 0.9929|10 50/0.2560(|0.2648| 3.7760|0.9667(10
7 0l0.12190.1228] 8.1443[0.9925| 0 83|15 0/0.2588(0.2679| 3.7321/0.9659| 0 75
10]0.1248/0.1257| 7.9530)0.9922|50 10(0.2616[0.2711{ 3.6891(0.9652(50
20/0.127610.1287| 7.7704/0.9918/40 20(0.2644[0.2742| 3.6470|0.9644[40
30/0.1305]0.1317 7.5958(0.9914|30 30(0.2672/0.2773| 3.6059/0.9636{30
40(0.1334[0.13468| 7.4287/|0.9911|20 40(0.2700]0.2805| 3.5656(0.9628|20
50(0.1383(0.13768| 7.2687|0.9907|10 50/0.2728/0.2836| 3.5261(0.9621(10
8 0/0.1302(0.1405| 7.1154l0.9903| 0 8216 0/0.2756|0.2867| 3.4874(0.9613| 0 74
cos cot tan sin 1’ ° | coa cot tan sin 17 °

—

—_— . e —



Sec. 1] MATHEMATICAL AND ELECTRICAL TABLES 3
° /| sin | tan I cot cos “' ‘| sin I tan r cot I cos
16 0[0.275610.2867 3.4874|0.9613| O 74524 0)0.4067(0.4452] 2.2460/0.9135] 0 66
10{0.2784(0.2899| 3.4495(0.9605 10(0.409410.4487| 2.2286/0.9124(50
2010.2812|0.2931 3.4124(0.9596]40 20/0.4120(0.4522] 2.2113{0.9112(40
30[0.284010.2962( 3.3759(0.9588[30 30(0.4147(0.4557] 2.1943(|0.9100|30
40(0.2868|0. 2094 3.3402(|0.9580(20 40(0.4173(0.4592( 2.1775(0.9088|20
50(0.2896/|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| 0 73f25 0[0.4226/0.4663] 2,1445/0.9063| 0 65
10(0.2952/0.3089| 3.2371/0.9555(50 10/0.4253[0.4699] 2.1283|0.9051(50
20/0.2979(0.3121( 3.2041]/0.9546[40 0.4279(0.4734 2.1123/0.9038|40
30{0.3007(0.3153] 3.1716(0.9537]30 30/0.4305(0.4770( 2.0085/|0.9026(30
40/0.3035(0. 3185 3.1397(0.9528[20 4010.4331(0. 4806 2.0809/0.9013{20
5010.3062(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 72§26 0|0.4384(0.4877| 2.0503(0.8988| 0 64
10/0.3118/0.3281| 3.0475(0.9502|50 10(0.4410(0.4913] 2.0353]0.8975/50
20/0.3145(0.3314 3.0178|0.9492[40 20]0.4436(0.4950[ 2.0204/0.8962|40
30/0.3173|0.3346| 2.9887/0.9483(30 30|0.4462(0.4988( 2.0057(0.8949|30
40(0.3201)0.3378| 2.9600/0.9474(20 40/0.4488(0.5022] 1.9912{0.8938(20
50(0.3228/0.3411| 2.9319/0.9465/10 0.4514(0.5059| 1.9768|0.8923|10
19 0[0.3256/0.3443| 2.0042[0.9455] 0 71[27 0/0.4540(0.5095) 1.96268(0.8910( 0 63
1010.3283|0.3476| 2.8770(0.9446/50 1040.4566(0.5132 1.94860.8897(50
20(0.3311/0.3508| 2.8502/|0.9436(40 0.4592(0.5169| 1.9347[0 10
30/0.3338/0.3541 2.8239(0.9426(30 30/0.4617(0.5208( 1.9210{0.8870|30
40/0.3385/0.3574 2.7980(0.9417[20 4010.4643/0. 5243 1.9074|0. 885720
50(0.3393(0.3607( 2.7725|0.9407(10 5010.4669|0. 5280 1.8940|0.8843(10
20 0[0.3420(0.3640| 2.7475/0.9397| 0 70§28 0[0.4695/0.5317| 1.8807/0.8829| 0 62
10/0.3448(0.3673 2.7228/0.9387(50 10(0.472010.5354| 1.8876|0.8816(50
20)0.3475(0.3708 2.6985(0.9377{40 20(0.4746(0. 5392 1.8548(|0.8802(40
3010.3502(0.3739 2.6746(0.9367|30 30/0.4772(0.5430| 1.8418(0.8788{30
40(0.3529]0.3772| 2.651110.9356/20 40/0.479710.5467| 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( O 69[20 0[0.4848(0.5543| 1.8040(0.8746| 0 61
10/0.3611[0.3872| 2.5826(0.9325|50 10(0.4874]0.5581| 1.7917(0.8732
20(0.3638(0.3906] 2.5605(0.9315/40 20/|0.4899(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 40(0.4950(0.56968| 1.7556(0.8689(20
50(0.3710/0.4008 2.4960/0.9283|10 50(0.4975/0.5735 1.7437|0.8875/10
22 0/0.3746(0.4040| 2.4751{0.9272| O 68[30 0[0.5000/0.5774| 1.7321(0.8660| 0 60
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(0.9250{40 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( 1.8977|0.8816|30
40(0.3854]0.4176| 2.3945/0.9228(20 40/0.5100(0.5930( 1.6864|0.8601/20
50(0.3881{0.4210( 2.3750/0.9218(10 50/0.5125(0. 5969 1.8753|0.8587|10
,- 23 0/0.3907|0.4245| 2.3559{0.9205| 0 87}31 0[0.5150(0.6009| 1.6843/0.8572| 0 59
10/0.393410.4279| 2.3369(0.9194(50 10(0.5175/0.6048| 1.8534(0.8557(50
20{0.3961/0.4314 2.3183|0.9182/40 20(0.5200/0.6088( 1.8426|0.8542/40
30{0.3987|0.4348 2.2008(0.9171/30 30(0.5225/0.6128 1.8319|0.8526/|30
4010.4014(0.4383] 2.2817(0.9159(20 40/0.5250/0.6168( 1.6212(0,8511120
. 50[0.4041/0.4417 2.2637(0.9147[10 50|0.5275{0.6208( 1.6107(0.8496(10
.3 0(0.4067|0.4452| 2.2460)0.9135 0 66]32 0/0.5299(0.6249 1.6003|0.8480| 0 58
r cos cot tan sin ! °| cos cot tan sin ro°
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cot cos i“ ‘| sin tan l cot I cos
0. 1.6003|0.8480| 0 58§39 0]0.6293]0.8098 l.2349|0.777l 0 51
0. 1.5000/0.8465;50 10(0.6316/0.8146| 1.2276/0.7753|50
0. 1.5798|0.8450|40 20/0.6338({0.8195( 1.2203|0.7735|40
0. 1.5697]0.8434|30 30(0.6361/0.8243| 1.2131(/0.7716/|30
0. 1.5597|0.8418|20 40(0.6383(0.8292| 1.2059]|0.7698|20
0. 1.5497(0.8403(10 50|0.6406(0.8342( 1.1988(0.7679|10
0. 1.5399/0.8387| 0 57[40 0(0.6428/0.8391| 1.1918[0.7660( 0 50
0. 1.5301,0.8371(50 10/0.6450/0.8441| 1.1847(0.7642(50
0. 1.5204/0.8355/40 20(0.6472|0.8491 1.1778/|0.7623[40
0. 1.510810.8339|30 3010.6494|0.8541| 1.1708|0.7604/|30
0. 1.5013]0.8323|20 40(0.6517|0.8591| 1.1640/0.7585|20
0. 1.4919|0.8307|10 50(0.6539/|0.8642( 1.1571|0.7566|10
0. 1.4826(0.8290] O 41 0/0.6561|0.8693| 1.1504!0.7547| O 49
0. 1.473310.8274(50 10/0.6583|0.8744] 1.1436)0.7528|50
0. 1.4641|0.8258(40 2010.6604/0.8796] 1.1369|0.7500/40
0. 1.4550|0.8241{30 30/0.6626(0.8847( 1.1303{0.7490({30
0. 1.4460/0.8225/20 40(0.6648/|0.8899| 1.1237(0.7470{20
0. 1.4370/0.8208{10 50|0.6670(0.8952( 1,1171]|0.7451{10
0. 1.4281[0.8192| 0 55142 0(0.6691{0.9004| 1.1106(0.7431| O 48
0. 7l 1.4103]0.8175(50 10{0.6713(0.9057| 1.1041{0.7412|50
0. 1.4106|0.8158(40 20(0.6734]|0.9110( 1.0977|0.7392|40
0. 1.4010|0.8141(30 30[0.6756(0.9163| 1.0913|0.7373|30
0. 1.3934(0.8124{20 40(0.6777(0.9217| 1.0850{0.7353|20
0. 1.3848(0.810710 50(0.6799|0.9271| 1.0786|0.7333(10
0. 1.3764|0.8090( 0 54[43 010.6820i0.9325| 1.0724|0.7314| 0 47
0. 1.3680|0.8073150 10(0.6841/0.9380| 1.0661(0.7294(50
0. 1.3597|0.8056|40 20|0.6862]0.9435 1.0599]0.7274(40
0. 1.3514(0.8039|30 30/0.6884(0.9490| 1.0538|0.7254{30
0. 1.3432|0.8021{20 40(0.6905(0.9545| 1.0477|0.7234]20
0. 1.3351|0.8004|10 50]0.6926(0.9601| 1.0416(0.7214(10
0. 1.3270!0.7986| O 53#44 0/0.6947|0.9657| 1.0355(0.7193| O 46
0. 1.3190/0.7969|50 10]0.6967/0.9713| 1.0295/0.7173|50
0. 1.3111/0.7951[40 20(0.6088|0.9770[ 1.0235{0.7153(40
0. 1.3032|0.7934|30 30/0.7009(0.9827| 1.0176(0.7133|30
0. 1.205410.7916|20 4010.7030/0.9884| 1.0117/|0.7112]20
0. 1.2876|0.7898{10 0.705010.9942( 1.0058|0.7082|10
0. 1.2799/0.7880| 0 52145 010.7071(1.0000| 1.0000(0.7071| O 45
0. 1.2723]0.7862|50
0. 1.2647|0.7844(40
0. 1.2572|0.7826/|30
0. 1.2497]0.7808/20
0. 1.2423(0.7790{10
0. 1.2349|0.7771| 0 51

tan sin_ |’ ° cos cot tan sin |’ °
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4. Functions of Angles in Various Quadrants.

Function -z 90° + z | 180° + z | 270° + = | 360° + z
—sinz + cos z F sinz — co8 z + sin z
+ cos x F sinzx — CO8 T 4 sin z + cos z
— tan z F cot x + tan z F cotx + tan z
— cot x F tan z + cot z F tan + cot z
+ sec z F cosec z | — sec z 4 cosec z | + sec =
— cosec z | + sec z F cosec x| — sec z + cosec z

5. Mathematical and Physical Constants.

* = 3.14159 logio » = 0.49714
1/x = 0.31830 loge » = 1.14472
x? = 9.86960 logio 2 = 0.30102
Vr = 1.77245 logio ¢ = 0.43429
« = 2.71828 loge 10 = 2.30258

loge 2 = 0.69314

.99796 X 10!° em per second
1.5911 X 10720 gbs. e.m.u.
4.770 X 1071° abs. e.s.u.
= 6.547 X 107% erg-sec.

Velocity of light
Electron charge

{
Planck’s constant = h
8. 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 multiplying factors given below, gives
the values of circuit constants, for any frequency between 10 cycles and 100 mc:

MuLTIPLYING FACTORS

Mult. A
: Mult. | Mult. | (wave | Mult.
For frequencies between wby [1/wby leng'.h) LC by
y

10.5 cycles and 100 cycles..........covviennien .. 1.0 10-¢ 108 10-¢
105 cycles and 1,000 cycles....................... 10.0 10-% 104 10-®
1,050 cycles and 10, cycles.................... 102 10-¢ 108 10-110
10.5keand 100 ke...ovviiiin i, 102 1077 102 1012
105kecand 1,000 ke..o.ooov it iieen e 104 10-8 100 10—
1,050 ke and 10,000 ke...oovvviinn 10% 10 1.0 101
106 meand 100 mC.ev ..o cvvverininir i 10 10710 0.1 101

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

a. gl)ply the proper multiplying factor to column 2,

b, ultlpli by L, the number of henrys.

Capacitive
frequency:

a. Apply the proper multiplying factor to column 3.

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

¢. Multiply by 10, i .
If C is in micromicrofarads instead of microfarads, multiply by 10!? instead of 10¢.

Ezxample. Thus an inductance of 250 mh at 2,500 cycles has a reactance
of 250 X 10-3 X 157.08 X 107 = 3,940 ohms. A capacity of 250 uuf at
2,600 ke has a reactance of 10~ X 63.665 X 102 + 250 = 254 ohms.

eactance. To obtain the capacitive reactance of a condenser of C uf at any
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w = 2uf 1/w = 1/2xf A
Frequency or Xi = wL or Xo = 1/wc Wave length Lc

105 65.974 151.57 285.71 229.75

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 84.823 117.89 222.22 138.99

140 87.965 113.68 214.28 129.23

145 91.108 109.76 206.90 120.48

150 04 248 106.10 200.00 112.58

155 97.389 102.60 193.55 105.44

160 100.53 99.472 187. 98.945
165 103.67 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 .0 162.16 74.011
190 119.38 83.766 157.90 70.167
195 122.52 81.618 153.85 66.615
200 125.66 79.562 150.00 63.325
205 128.81 77.633 146.35 .274
210 131.95 75.785 142 .85 57.637
215 135.09 74.024 139.54 .796
220 138.23 72.395 136.36 52.335
225 141.37 70.736 133.33 50.035
230 144 .51 69.245 130.43 47 .880
235 147.65 67.727 127.68 45.866
240 150. 66.315 125.00 43.975
245 153.94 64.959 122.45 42 198
250 157.08 63.665 120.00 40.545
2556 160.22 62.415 117.65 38.954
260 163.36 61.215 115.38 37.470
265 166.50 . 113.20 36. 06

270 169.65 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
290 182.21 54.880 103.45 30.120
285 185.35 53.952 101.70 29.107
300 188.47 53.050 100.00 28.145
305 191.64 52.181 98.36 27.229
310 104.78 51.300 96.77 26.360
315 197.92 50.525 95.238 25.528
320 201.06 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. 89.559 22,571
340 213.63 46.812 88.245 21.911
345 216.77 46.132 86.9 21.281
350 219.91 45.491 85.715 20.677
355 223.05 44 833 84.390 20.099
360 225.20 44 .209 83.335 19.5685
365 229.34 43.602 82.192 19.013
370 232.48 43.015 81.080 18.503
375 235.62 42,440 80.000 18.013




Sec. 1] MATHEMATICAL AND ELECTRICAL TABLES
w = 2xf 1/w = 1/2xf A
Frequency or Xp = wl or Xe = 1/we Wave length e

380 238.76 41.883 78.950 17.542
385 241.90 41.339 77.922 17.089
390 245.04 40.809 76.975 16.654
395 248.19 40.293 75.948 16.234
400 251.33 39.781 75.000 15.831
405 254.47 39.208 74.073 15.442
410 257.61 38.816 73.175 15.068
415 2680.75 38.355 72.288 14,707
420 263.89 37.802 71.425 14.409
425 267. 37.448 70.588 14.023
430 270.18 37.012 69.770 13.699
435 273.32 36.587 68.965 13.386
440 276.46 36.197 68.180 13.084
445 279.60 35.764 87.416 12.788
450 282.74 35.368 66.666 12.509
455 285.89 34.980 65.934 12.238
460 288.03 34.622 85.215 11.970
485 202.17 34.227 64.516 11.715
470 295.31 33.863 63.830 11.466
475 298.45 33.505 683.181 11,227
480 301.59 33.157 62.500 10.994
485 304.74 32.815 61.856 10.768
490 307.88 32.479 681.225 10.549
495 311.02 32.152 60.604 10.337
500 314.16 31.832 60.000 10.138
505 317.30 31.518 59.408 9.9322
510 320.44 31.207 58.825 9.7380
515 323.59 . 903 58.251 9.5524
520 326.73 30.607 57.690 9.3675
525 320.87 30.317 57.142 9.1898
530 333.01 30.030 56.600 8.0170
535 336.15 29.748 56.075 8.8408
540 339.29 29.497 55.555 8.6867
545 342 .43 29.203 55.045 8.5276
550 345.58 28.920 .545 8.3735
555 348.72 28.676 .054 8.2234
560 350. 86 28.420 53.570 8.0767
585 355.00 28.169 53.097 7.9348
570 358.14 27.922 52.630 7.7962
575 361.28 27.679 52.174 7.6810

- 580 364.43 27.440 51.725 7.5296
585 367.57 27.207 51.280 7.4013
590 370.71 26.976 50.850 7.2767
595 373.85 26.749 50.420 7.1547
600 376.99 26.525 50.000 7.0362
6805 380.13 26,308 49586 6.9200
610 383.28 26.090 49,180 6.8072
815 386.42 25.878 48.780 6.6968
620 389.56 25.850 48.385 6.59800
825 392.70 25.468 48. 6.4844
630 395.84 25.2682 47.619 6.3820
635 398.98 25.063 47.244 6.2819
640 402.12 24 868 46 .850 6.1840
645 405.27 24.674 46.511 6.0885
850 408 .41 24 .488 46.154 5.9952
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w = 2xf 1/w = 1/2xf N
Frequency or X1 = wlL or Xo = 1/wec Wave length Lc

655 411.55 24,208 45.801 5.9040
660 413.69 24.114 45.455 5.8150
665 417 .83 23.933 45.113 5.7279
670 420.97 23.754 44 .779 5.8425
675 424 .12 23.578 44 445 5. 54
680 427.26 23.408 44 122 5.4777
685 430.39 23.238 43 5.3982
690 433.54 23.086 43.478 5.3202
695 436.68 22,900 43,166 5.2441
700 4390.82 22.745 42 857 5.1492
705 442 .97 22.575 42,553 5.0062
710 446.11 22 416 42,195 5.0247
715 449.25 22,259 41.957 4.9546
720 452.39 22.104 4]1.667 4.8912
725 455.53 21.953 41.379 4._8189
730 458.687 21.801 41.006 4.7532
735 461.82 21.855 40.817 4 _6887
740 464 .96 21.507 40. 540 4.6257
745 468.10 21.363 40.268 4_5636
750 471.24 21.220 40 4.5032
755 474 .38 21,080 39.735 4.4436
760 476.52 20.941 39.475 4.3855
765 480.67 20.804 39.215 4.3282
770 483 .81 20.669 38.9861 4.2722
775 486.95 20.536 38.710 4,2173
780 490.09 20.404 38.487 4.1635
785 493.23 20.275 38.216 4.1105
790 496 .37 20. 146 37.974 4.0585
795 499 .51 20.019 37.735 4.0076
800 502.66 19.891 37 3.9577
805 505 19.770 37.287 3.9087
810 508 .94 19.649 37.036 3.8605
815 512.08 19.528 36.810 3.8134
820 515.22 19.408 36.587 3.7670
825 518.36 19.292 36.364 3.7216
830 521.51 19.177 36.144 3.6767
835 524 .65 19.080 35.927 3.6337
840 527.79 18.946 35.712 3.6022
845 530.93 18.835 35.502 3.5474
850 534.07 18.724 35.294 3.5082
855 537.21 18.614 35.087 3.4657
880 539 .36 18.508 34 3.4242
865 3.50 18.399 34.682 3.3852
870 546 .64 18.203 34.487 3.3485
875 549.78 18.189 34.285 3.3082
880 552.92 18.0908 34 3.2710

556 .06 17.988 33.808 3.2341
890 558.92 17.882 33.708 3.1970
895 562.35 17.783 33.520 3.1822

565.49 17.689 33.333 3.1272
905 568.63 17. 33.150 3.0026
910 571,77 17.490 32.967 3.059&
915 574.91 17.378 32.787 3.0254
920 578.05 17.311 32.607 2.9925
925 581.20 17.208 32,432 2.9604
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w = 2xf 1/w = 1/2xf A
Frequency or X = wL or Xe = 1/we Wave length Lc
930 584 .34 17.113 32.258 2.9287
935 587.48 17.022 32.088 2.8974
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 6802.19 18.578 31.250 2.7485
985 606.33 16.492 31.088 2.7200
970 609.47 16.407 30.928 2.6920
975 612.61 16.324 30.770 2.6646
980 815.75 16.239 30.617 2.6372
985 618.90 16.158 30.456 2.6108
990 622.04 16.071 30.302 2.5842
295 625.18 15.995 30. 150 2.5588
1000 628.32 15.918 30.000 2.5330

7. L, C, A Chart.

10000 — =

8000
700C
6000
5000
4000

._I.

e
6001
500t — ‘l
400 =L S
c0 forvalves greater than
300 ;:lg/vqn on the charyt always

0 [~add twice as mony ¢iphers fo=-{"
250|— ‘neuctance or capacity numberslas | |

are dropped from frequency numbers. |

200 |—For valves less Than any given on the .
180 = chart,always drop twice.as rmany ¢iphers |
160 {—~from inductance orcapacity numbery as |
140 |- are adldled fo frequency number. ]

| Y

T T e S Y N B

0 — - -]

I i e e S R :

100 L Llll | L1 2500

02KV 25 30 40 S50 60 70809000 120 KO BOMONG 250 300 400 500 600 B0 u)oo5
Capacity, Micromicrofarads

Inductance, Microhenries
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8. Dimensions, Weights, and Resistances of Pure, Solid, Bare Copper
Wire.
(Copper-wire Tables, Cire. 31, Bur. Standards.)

F]
] 8] C .
© ross-sectional area .
] g o Carrying .
g § ‘(%;‘;’QF‘;' capacities Weight
<§ a_
iLJS g i
e 80 = ] .
°o | EX . ?, el
5 | 2% Circular a< ‘.'é g g0
- mils (d2), Square inches |5 8 [ 8§ [ & Poundaper| pounds per mile
Im = 0.001 |08 x ,000 ft
L] g i LE | g -} £
a in. Bd|E5(54
/m s} . o~ ; FH S
DMNE460.0 |211,600.0 |0.166.2 225) 270} 325|640.5 3,381.840
ME409.6 (167,800.0 |0.131.8 175| 210{ 275{507.9 2,681.712
(MX384.8 |133,100.0 [0.104.5 150( 180| 225{402.8 2,126.784
324.9 |105,500.0 |0.082,89 125| 150| 200(319,5 1,686.960
11289.3 83,600.0 [0.085,73 100| 120{ 150{253.3 1,337 .424
21257 .8 66,370.0 |0.052,13 90| 110{ 125|200.9 1, 060 752
1229.4 52,640.0 [0.041,34 80| 95! 100(159.3 841.104
4204.3 41,740.0 |0.032,78 70| 85 90(126.4 667.392
#181.9 33,100.0 [0.026.00 55| 65| 80(100.2 529.056
162.0 26,250.0 |0.020,62 50| 60| 70j 79.46 419.548.8
144.3 20,820.0 |0.016,35 38 ...| 54| 63.02 332.745.6
128.5 16,510.0 |0.012,97 35| 40| 50| 49.98 263.804 .4
114.4 13.090.0 |0.010.28 28 ...} 38| 39.63 209.246,1
1¥101.9 10,380,0 |0.008,155 25| 30| 30| 31.43 165.950,4
ll! 90.74 8,234.0 |0.006,467 20 ...| 27| 24.02 131.577.6
12 80.81 6,530.0 [0.005,129 20| 25| 25| 19.77 104.385.6
13 71.96 5,178.0 |[0. ,087 17 ... ...| 15.08 82.790.4
14 64.08 4,107.0 [0.003,225 15 18| 20| 12.43 65.630.4
15 57.07 3,257.0 |0.002,558 oo|| ooo ..| 9.858 52. 050.24
16 50.82 2,583.0 |0.002.028 6 10 7.818 41,279.04
17| 458.26 2,048.0 |0.001,609 oa ...| 6.200 32.736,00
18 40.30 1,624.0 [0.001,276 3 6| 4.917 25.961,76
1@ 35.89 1,288.0 10.001,012 Lben Ll 3.899 20.586.72
20 31.96 1,022.0 |[O0. g .3 The above 3.002 16.325,70
values are
28.46 810.1 }0.000,636.3 those specified| 2.452 12.946, 56
5.35 642.4 {0.000,504.8 in the 1031 1.945 10.269,60
1.57 509.5 |0.000,400,2 National 1.542 8.141,76
20,10 404.0 |0.000,317,3 Electrical 1.223 6.457,44
17.80 320.4 |0.000,251.7 Code. In 0.969,9 5.121,072
lighting work,
5. 254.1 |0.000,199,8 |no wire smaller] 0.769.2 4.061,376
4. 201.5 ]0.000.158,3 than No. 14is| 0.610,0 3.220.800
2. 159.8 [0.000,125.5 used, except 0.483.7 2.553,936
1. 126.7 |0.000,0909.53 in fixtures 0.383.6 2.025,408
0. 100.5 [0.000,078,94 0.304,2 1.608,176
B. 79.70 |0.000,062,60 0.241,3 1. . 06!
T. 63.20 (0.000,049.64 0.191,3 1.010.064
i. 50.13 (0.000,039,37 0.151.7 0.800.976
B. 39.75 |0.000,031,22 0.120,3 0.635,184
B, 31.52 |0.000,024,76 0.095,42 0.513,717,6
5. 25.00 |0.000,019.64 0.075.68, 0.309,590,4
4. 19.83 |0.000,015.57 0.060,01 0.316,852.8
3. 15.72 |0.000,012,35 0.047 ,59) 0.251,275,2
3. 12.47 |0.000,009. 0.037,74 0.199,267.2
3. 9. 0.000,007. 766 0.029.93 0.158.030.4
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Length, 25°C. (77°F.) Resistance at 25°C. (77°F.)

B. & 8.

or
Amer-

ican

Feet per Feet per R ohms per Ohms per Olms per it
pound ohm 1,000 ft. mile pound GRS
1.561|20,010.0 0.049,98 0.263,894 .4 0.000,078,03{ 0000
1.968(15,870.0 0.063,02 0.332,745,6 0.000,124,1 000
2.482(12,580.0 0.079,47 0.419,501,8 0.000,197.3 00
3.130| 9,980.0 0.100,2 0.529,058 0.000,313,7 1]
3.947| 7.914.0 0.126,4 0.667,392 0.000,498.8 1
4.977] 6,270.0 0.159,3 0.841,104 0.000,793.1 2
6.276 | 4,977.0 0.200,9 1.060,752 0.001.261 3
7.914| 3,947.0 0.253,3 1.337,424 0.002, 4
9.980( 3,130.0 0.319,5 1. .9 0.003,188 5
12.58 2,482.0 0.402,8 2.126,784 0.005,069 4]
15.87 1,969.0 0.508, 2.682,240 0.008,081 7
20.01 1,561.0 0.640,5 3.381,840 0.012,82 8
25.23 1,238.0 0.807,7 4.264,86. 0.020,38 9
31.82 981.8 1.018 5.375,04 0.032,41 10
40.12 778.7 1.284 6.779,52 0.051,53 11
50.59 617.5 1.619 8.548,32 0.081,93 12
63.80 489.7 2.042 10.781,76 0.130,3 13

.44 388.3 2.575 13. 596,00 0.207,1 14

101.4 308.0 3.247 17.144,18 0.329,.4 15
127.9 244 .2 4.004 21.616.32 0.523,7 16
161.3 193.7 5.163 27.260,64 0.832,8 17
203.4 153.6 8.510 34.372.80 1.324 18
256.5 121.8 8.210 43.348,80 2.105 19
323.4 96.60 10.35 54.648,0 3.348 20
407.8 76.61 13.05 68.904.,0 5.323 21
514.2 60.75 16.46 86.908,8 8.464 22
648.4 48.18 20.76 100.612,8 13.46 23
817.7 38.21 26.17 138.177.6 21.40 24
1,031.0 30.30 33.00 174.240,0 34.03 25
1,300.0 24.03 41.62 219.753,6 54.11 26
1,639.0 19.06 52.48 277.094 .4 .03 27
2,087.0 15.11 66.17 349.377,6 136.8 28
2,6807.0 11.98 83.44 440.563,2 217.5 29
3.287.0 9.504 105.2 555.456 345.9 30
4,145.0 7.537 132.7 700.658 549.9 3]
5,227.0 5.977 167.3 883.344 874.4 32
6,591.0 4.740 211.0 1,114.080 1,390.0 33
8.310.0 3.759 266.0 1,404.480 2,211.0 34
10,480.0 2.981 335.5 1,771.440 3.515.0 35
13,210.0 2.364 423.0 2,233.440 5,580.0 38
16, .0 1.875 533.4 2,8186.352 8,888.0 37
21,010.0 1.487 672.6 3,551.328 14,130.0 38
26,500.0 1.179 848.1 4,477.968 22,470.0 39
33,410.0 0.935 |1,069.0 5.644.32 35,730.0 40
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9. Tensile Strength of Pure Copper Wire in Pounds.
Hard drawn Annealed . Hard drawn Annealed
w
Size, | -
L& 8. 2 2 -8 ® 4
gage E %5.: £l §§,= “‘-3 E ?.95,: E g’g.a
: | %25 2 |ssg] &2 g [s82] % |sé¢
cElE | U] L]
<§ <g <% <X
0000 | 8.260 | 49,700 5.320 32, 7 | 1050.0| 64,200] 556.0 | 34.000
000 | 6.550 | 40,700 4.220 | 32, 8 843.0/ 65,000 441.0 | 34,000
00 | 5,440 | 52, 3,340 | 32, 9 678.0 66,000 350.0 | 34.000
0 | 4,530 | 54,600( 2,650 | 32, 10 546.0 67,000( 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
6 | 1,300 700 | 34, 20 54.7 27.3 | 34.000

83.000I

10. Insulated Copper Wire.

Enamel wire Single-silk covered Double-silk covered
Sizse,
B. & 8. | Outside| Turns | Pounds| Outside| Turns | Pounds{ Outside] Turns | Pounds
gage diam- per per diam- per per iam- 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
9 118.5 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
168 52.8 18.9 7.930] 52.8 18.9 | 7.89 54.6 18.3 | 8.00
17 47.0 21.3 6.275| 47.3 21.1 ] 6.28 49.1 20.4 | 6.32
18 42.1 23.8 4.980 42.4 23.6 | 4.97 44.1 22.7 1 5.02
19 37.7 26.5 3.955| 37.9 26.4 | 3.94 39.7 25.2 | 3.99
20 33.7 29.7 3.135( 34.0 20.4 | 3.13 35.8 28.0 | 3.17
22 26.9 37.2 1.970f 27.3 36.6 | 1.98 29.1 34.4 ] 2.01
24 21.5 48.5 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 0.311f 12.0 83.3 | 0.318 13.8 72.5 |1 0.333
32 8.7 | 115 0.198 9.9 | 101 0.210 11.8 84.8 | 0.217
34 6.9 | 145 0.123 8.3 | 121 0.129 10.1 99.0 | 0.141
36 5.5 | 180 0.078 7.0 | 143 0.082 8.8 114 0.092
38 4.4 | 227 0.049 6.0 | 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.

13

Single-cotton covered Double-cotton covered
st';e's Ohms Fer
gage 1,000 ft. Outside [Turns per| Pounds | Outside | Turns per| Pounds
diameter,| linear | per 1,000 | diameter,| linear | per 1,000
mils inch ft. mils inch ft.
0000 0.0500| 467 2.14 ) ...... 477 2.10
000 0.0630| 418 2.39 . o 428 2.34
00 0.0795| 373 2.68 382 2.62
0 0.100 334 3.00 343 3.00
1 0.126 300 3.33 308 3.25
2 0.159 267 3.75 | ...... 275 3.64
3 0.201 239 4.18 | ...... 248 4.03
4 0.253 214 4.67 | ...... 222 4.51
5 0.319 192 5.21 | ...... 200 5.00
6 0.403 170 5.8 | ...... 175 5.62
7 0.508 153 6.54 | ...... 160 6.25
8 0.641 136 7.35 50.6 142 7.05 51.2
9 0.808 121 8.26 40.2 127 7.87 40.6
10 1.02 108 9.25 31.9 113 8.85 32.2
11 1.28 97 10.3 25.3 102 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 13.5 12.9
16 4.1 56 17.9 8.03 680 16.7 8.21
18 6.5 45 22.2 5.08 49 20.4 5.24
20 10.4 37 27 3.22 41 24 .4 3.37
22 16.6 29.5 33.9 2.05 33.3 30.0 2.17
24 26.2 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 60.2 0.533 20.6 48 .6 0.608
30 105 14 71.4 0.340 18.0 55.6 0.400
32 187 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 0.136
38 673 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. Apfpronmate Wave Lengths of 4-ft. Coil Antennas with Various
Values of Condenser Capacity across the Coil Terminals.
e Condenser capacity, microfarads Distribution
ber of in slots
turns in, apart,
0.00005 | 0.0001 0.0005 0.001 0.002 0.003 | turns per slot
1 ... 65 | 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 1,800 2,100 3,000 3,600 1
48 1,550 1,775 3.150 4,300 6,000 ,000 2
72 2,200 2,650 4,800 6,400 8,800 11,000 3
120 3.930 . 7.900 10,000 14,700 17,700 5
240 7,800 9, 15,650 20,500 27,200 32,900 10
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13. Wire Table Chart.
100000

10,000

1,000

100

I0 5 10 15 20 5 30 35 40 45
American Wire Gage or Brown and Sharpe



Sec. 1]

MATHEMATICAL AND ELECTRICAL TABLES

14. Chart for Converting Loss or Gain into Decibels.
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15. Logarithms of Numbers.
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1.

10.

11.
12,

13.

14,

15.

16.

17.
18.

THE RADIO ENGINEERING HANDBOOK

[Sec. 1

16. Standard Graphic Symbols Used in Radio Communication.

Aerial (antenna)

. Ammeter

. Are

. Battery (the ogoej—
e 18

tive electr
indicated by the
long line)

. Coil antenna

. Condenser fixed

. Condenser, fixed,
shield.
. Condenser, vari-
able
. Condenser, vari-
able (with mov-
ing plate indi-
cabedg )
Condenser, vari-
able shielded
Counterpoise
Crystal detector

Frequency meter
(wave meter)

Galvanometer

Glow lamp

Ground

Inductor

Induector,
able

adjust-

Y

-®-

4

o
A

é%&@éa+$$**$+@

19.

20.

26.

27.

28,

31.

32.

34.

35.

. Resistor,

. Transformer,

Inductor, iron core

Inductor, variable

. Jack

. Key

. Lightning arrester

. Loud-speaker

. Microphone (tele-

phone trans-

mitter)

Photoelectric cell

Piezoelectric plate

Resistor

adjust-
able

. Resistor, variable

Spark gap, rotary

Spark gap, plain

.S parkgap,

quenched

Telephone receiver

Thermoelement

air
core

- X -
- ¢
-

3
y
Ed
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37.

39.

41.

43.

Transformer, iron
core

. Transformer with

variable

coup-
ling

Transformer, with
variable coup-
ling (with mov-
ing coil indicated

. Voltmeter

Wires, joined

. Wires, crossed, not

joined

Diode (or half-
wave rectifier)

@f?ﬂ%%%

44. Triode (witi:x di-

45,

47.

48,

49,

. Bereen-grid

MATHEMATICAL AND ELECTRICAL TABLES

mggde) o

'l‘not:l:l (wn.h indi-

heated’

cathode)

tube
(wlth directly
heated cathode)

Pentode tube

Rectifier tube, full
wave (filament-
less)

Rectifier tube, full
wave (thh di-
rectly heated
cathode

. Rectifier tube, half

wave (ﬁlnnent-
less)

D

@$@$¢@
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18. Systems of Electrical Units.

21

Practical E.m.u. E..u. R.f. Af.
Volb(V) oo oo 10"t v 300 v v v
Ampere(a)..................... 10a 3.33 X 107104 ma ma
Second......... it sec. sec. usec. msec.
Cycle........ccoiiiiiiiiiiann. cycle cycle Mec ke
Ohm..........ooiiiiiiiit 10-% ohm 0.9 X 10'2 ohm | k-ohm | k-ohm
Mho....coiiiiiiiii i 10* mho 1.11 X 10" ? mho | m-mho | m-mho
Henrx(h) 4444444444444444444444 10-* h (cm) 0.9 X 10!t h mh
Farad(f)............. ... .. 100 1.1 puf (cm) muf uf
Watt(w). ..o 1077 w 7w mw mw
Joule(i).....oovvviiii i 1077 j (erg) 0-7j mgyj #i
Coulomb(e).................... 10 ¢ 3.33 X 1010 ¢ muc ue

p=10"%m= 103k = 104, M = 10%; mu = 1079,

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

mission.

Frequency range,

Normal width of com-

Type of emission ilocycles munication band, kilocycles
. 10to 100 0.100
A-1:C. W, Morse telegraphy; printer| 100 to 550 0.250
and slow-speed facsimile 1,500 to 6,000 0.500
6,000 to 12,000 1.000

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

Special:

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

12,000 to 28,000

10 to

{

550
1,500 to 28,000

2.000
(To be specified in instru-

10 to 100 | ment of authorization)
100 to 550 1.500
1,500 to 6,000 2.000
6,000 to 12,000 3.000
12,000 to 28,000 4.000
.................. 3.000
.................. 6.000
550 to 1,500 10.000

The authorized width of the

communication band for
special tfrpea of transmis-
sion shafl be specified in
the instrument of authori-
zation




22 THE RADIO ENGINEERING HANDBOOK [Sec. 1

20. Tolerance Table.

The licensee of every station, except amateur stations, shall be required to maintain
frequency within the tolerance as provided by the following table:

Frequency tolerance, per cent

A B
Applicable to stations Applicable to all
licensed and author- | equipment author-
ized by construction | ized subsequent to
ermits prior to ef-| effective date of this
ective date of this order

Frequency range, kilocycles

order
A. 10 to 550: Plus or minus Plus or minus
a. Fixed stations 0.1 0.
b. Land stations................... 0.1 0.1

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

mitters. ............. ... .. 0.. 1.00 0.5
B. 550 to 1,500:
a. Broadcasting stations............ 2 2

C. 1,500 to 6,000:

a. Fixed stations................... 0.05 0.03
b. Land stations. .. ................ 0.05 0.04
¢. Mobile stations using frequencies

not normally used for ship radio-

telegraph transmissions......... 0.04 0.04
d. Other mobile atations............ 0.05 0.04

D. 6,000 to 28,000:3

a. Fixed stations................... 0.05 0.02
b. Land stations................ goo 0.05 0.04
¢. Mobile stations using frequencies

not normally used for ship radio-

telegraph transmissions......... 0.05 0.04
d. Other mobile stations............ 0.1 0.1
e. Broadcasting stations............ 0.03 0.01

1 This tolerance is applicable to previous licensed simple oscillator transmitters trans-
ferred to other mobile stations.

? See Part III, paragraph 144, Rules and Regulations, Federal Communications
Commission. .

1 For licenses in experimental stations operating on frequencies of 30,000 k¢ 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.
Fre«L\lgency range, Frequency separation, Fre«i‘\ixlency 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

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 authorized.
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22. Average Day Separation between Broadcast Stations.

The separations below are recommended by Engineering Division,
Federal Communications Commission, as of July 1932, based on fre-
quency maintenance of plus or minus 50 cycles.!

Regional, limited
Freq. Local & . Clear
Classification and | diff., time and day
power kil;)- _— e T ————
Y| 100 w | 250 w [ 500 w| 5 kw [ 10kw | 5 kw | 10 kw | 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 58 108 126 108 126 176
40 11 16 54 104 122 104 122 172
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 61 111 129 111 129 179
40 16 16 55 105 123 105 123 173
Regional, limited, 0 092 Qg0 260 400 450 700 800 | 1000
time and day 10 103 115 150 200 220 200 220 277
500 w 20 71 79 100 150 167 150 167 217
30 58 61 72 122 140 122 140 180
40 55 60 111 129 111 129 179
0 400 400 450 700 800 | 1
10 153 165 200 250 270 250 270 325
5 kw 20 121 129 150 182 200 182 200 250

0 0oq 450 450 450 700 1000
10 171 183 220 270 280 270 200 345
10 kw 20 139 147 167 200 213 200 213 263

Clear 0 900 Qo0 700 700 700
10 153 165 200 250 270 250 270 325
5 kw 20 121 129 150 182 200 182 200 250

40 104 105 111 123 141 123 141 191

[ 009 o 800 800 800
10 171 183 220 270 280 290 200 345
10 kw 20 139 147 167 200 213 200 213 263

30 126 129 140 161 170 161 170 219
40 122 123 129 141 147 141 147 197

[ 208 ... [1,000 |1,000 |1,000
10 220 233 277 325 345 325 345 395
50 kw 20 190 197 217 250 263 250 263 300

30 176 179 190 211 219 211 219 242
40 172 173 179 191 197 191 197 212

! These separations are calculated to minimise objectionable interference in the good
service areas of stations about 90 per cent of the time.
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23. 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 [ 10 kw | 10 kw | 50 kw
Local ] 185
10 53 108 183 225 237 350
100 w 20 21 54 90 105 156 208
30 13 40 76 91 131 181
40 11 36 72 87 124 . 174
Regional 0 S 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 75 90 128 178
0 000 0.00 1,600 | 2,000
10 183 300 335 390 500 550
20 90 127 163 187 268 320
5 kw 30 76 82 102 117 175 225
40 72 75 83 98 143 193
] L. 000 2,000 | 2,000
10 225 3556 390 405 570 620
10 kw 20 105 150 187 203 305 350
30 9] 97 117 128 192 243
40 87 90 98 102 150 200
Clear 0
10 237 355 500 570 570 750
10 kw 20 156 188 268 305 305 420
30 131 142 175 192 192 247
40 124 128 143 150 150 200
0
10 350 505 550 620 750 800
50 kw 20 206 235 320 350 420 470
30 181 192 225 243 247 297
40 174 178 193 200 200 218

24. Computing the Harmonic Content of Any Given Periodic Complex
Wave Form. When 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 OX|, a distance of
360 electrical degrees. With a compass or dividers, divide this com-

1 This method is known as the twelve ordinate acheme, and is a convenient form for

solving the equations of the Fourier analysis. The form given here has been adapted

from *‘ Graphical and h | Computation,” Part II, Experimental Data, by
Joseph Lipka, published by John Wiley and Sons, Inc., New York, pp. 181-185. See
also Terebesi, *Rechenschablonen fiir harmonische Analyse und Synthese,” Julius

Springer, Berlin, 1930.—Donald G. Fink.
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plete period into 12 equal parts, and erect the 12 equally ?ipaced ordinates
Yo, Y1, Y2, . . . , yu. KEach 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 length of each of these ordi-
nates. It makes no differencc whether inches, millimeters or any other

W/

% % % % Y Y% Y% ¥ s
0 Time Axis x

Fig. 1. Example of complex wave for analysis.

arbitrary unit is used, so long as all ordinates are measured with the
same unit. Record the length of each ordinate in the spaccs given in the
table below:

Ordinate number.| yo | 1 | yr | va | ya | us | ys | v

89.666.7‘34.3 —8.8|—28.4 —44.1|—15.0

Length of ordinate|5. 5‘37.0|68.6 76.4(93.2

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

The computation consists in substituting these lengths in the following -
schedule o? additions, subtractions, and multiplications, and in per-
forming the indicated operations. First set down the values of the
ordigates in the following arrangement, adding and subtracting as indi-
cated:

Yo Y1 Y Y3 Y4 Ys Ye
Yu Yo Y Ys Y1

81 82 83 84 85 8¢

dy di di di ds

take the sum terms in the Take the difference terms in this
arrangement: arrangement:

80

81 82 83 d1 d2 ds
8 84 ds da
- S1 S: S Si S Se
Sum: Do Dy D: Dy D
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Finally:
Se S S¢ Do
S: S» and Se D:
Sum: Sy Ss Difference: Ds  Ds

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

y=Ao+ Aicos vt + Az cos8 2wt + Ascos 3wt + Aqcos 4wt + Ascos 5wl
4+ Aecos 6wt + B, sin wt + Basin 2wt + By sin 3wt + Bsin 4wt
+ Bs sin 5wt

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:

4. oSt Ss _ Do+0.866Dy +0.5Ds  _ So+0.58 —0.58: — S
o= i) = B =

A

12 6 ) 6
A, = 2.; A, = So — 0.58, g0.551 + S,; Ay = Do — 0.8666Dl + 0.5D,
Sy — Ss, 0.5S, + 0.866Ss + Se. 0.866(Ds + D,)
As = ) Bl = ) B’ =
12 6 . 6
B = D p, - 0866(Ds = D), p, _ 085 = 05565 + S

There are several checks which may be made on the arithmetic of the
above computations:

Yo=Ado+ A1+ A+ A+ A+ A + Ao
y1 — yn = (Bi + Bs) + V3(B: + B) + 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* + B?sin (ot + o) + VAt + Bytsin (20t + a2) +
v/ As' F Bitsin (3wt + a3) + VAd + B sin (4ot + ad +
VA + Bt sin (But + as) + Aesin (6wt + as)

The coefficient of each sine term in the above equation is proportional to
the magnitude of the harmonic, that is, +/A,* 4+ B:?is the amplitude 0%
the fundamental, 4/ A4:* + Bs? the amplitude of the second harmor,
(double frequency), v/ A;? + B,? the amplitude of the third harm
(triple frequency), and so on. A, is the d-c component of the
w is equal to 2xf, where f is the fundamental frequency. The
@), as, a,, etc., are equal to tan™! 1—3—', tan™ %3, etc. These angl
1 2
enter into the computation, unless the phase displacements be
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:

A.2 + B.2
Per cent = :;::’—__i__z:’ X 100 per cent
For the third harmonic:
A.2 1 B.2
Per cent = !—A'_;B_’_ X 100 per cent
VAT + B

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

VA ¥ A + Ad + A + A + B + B + B& + B
VA + B¢

Per cent =

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-s fundamental,

= . Ao
0.707\/4,® + B;*

Ezample (see Fig. 1 and values in table above):
5.5 37.0 68.6 76.4 93.2 89.6 66.7

X 100 per cent

—150 —44.1 -28.4 -8.8 34.3
Sum: 5.5 22.0 24.5 48.0 84.4 123.9 66.7
80 8) 82 83 84 85 8¢
Difference: 52.0 112.7 104.8 102.0 55.3
di d: ds ds ds
5.5 22.0 24.5 48.0 52.0 112.7 104.8
66.7 123.9 84 .4 55.3 102.0
72.2 145.9 108.9 48.0 Sum, 107.3 214.7 104.8
So Sh S: Ss S 5 Se
—61.2 -—101.9 -59.9 Difference: —3.3 10.7
Do Dy D: D 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
Sr Ss Ds Ds
Ay = 181.1 + 193.9 = +31.3
12
A = —61.2 + 0.866(—;01.9) + .5(—59.9) - —_296
A = 72.2 + .5(145.9) — .5(108.9) — 48.0 - +7.1

6
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—1.3
A = 5 - —0.2
72.2 — 0.5(145.9) — 0.5(108.9) + 48.0
Ay = 3 = —1.2
—61.2 — 0. — . .5(—59.
A = 61 0.866( l(;)l 9) + 0.5(—59.9) - _04
181.1 — 193.9
By = 0.5(107.3) + 0.8((536(214.7) + 104.8 = +573
B: = 0.866(—3(.53 +10.7) = +1.1
B, = gé—-s = 404
Bi = 0.866( —3(;3 — 10.7) - —20
Bs = 0.5(107.3) — 0.8(;6(214.7) + 104.8 = -45
Result:

¥ = 31.3 — 29.6 cos wt + 7.1 cos 2ut — 0.2 cos 3wt
— 1.2 cos 4wt — 0.4 cos 5wt — 1.1 cos 6wt
+ 57.3 8in wt + 1.1 8in 2wt + 0.4 gin 3wt
— 2.0 8in 4wt — 4.5 sin 5wt

Percentage of various harmonics:
7 1)% ( j:
Second: Per cent = \>/‘L§S7)(li)’—12713 = X 100 per cent = 11.1 per cent
ftlo _ V02T +(0.4)¢
Third: Per cent = 5
\/21.21’ + (2.0)*
64.5

— V0.4 F (4.5)2
Fifth: Per cent = - ——eis X 100 % = 7.0 per cent

X 100 per cent = 0.7 per cent

Fourth: Per cent = X 100 per cent = 3.6 per cent

_ 11
T 645

Total harmonic content:

Sixth: Per cent X 100 % = 1.7 per cent

Per cent =

VEDE+0.2)+A.2)+ 0+ A D FADF (0D F G0 +(d.5)*
64.5

= 13.8 per cent

Percentage d-¢ component:

31.3
Per cent = 0.707(64.5) = 68.9 per cent
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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.

\/a=_+_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 multiFlying 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,

/Q - BRm X Im
3 = T -TInm

where Rm = meter resistance in ohms
m = full-scale current of mieter
I = current desired to be read
SHUNT AND MULTIPLIER VALUES
27-ohm (0-1) Milliammeter
q Resistance in chms of mul-| Multiply old
Scale Use as tiplier or shunt scale ﬁy
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 S 10
0-50 Milliammeter 0.551 S 50
0-100 Milliammeter 0.272 S 100
0-500 Milliammeter 0.0541 S 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 Milliammeter 3.89 S 10
0-75 Milliammeter 0.714 S 50
0-150 Milliammeter 0.354 S 100
0-750 Milliammeter 0.0701 S 500




SECTION 2
ELECTRIC AND MAGNETIC CIRCUITS

By E. A. UenLING!
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

_ Nq3
F—?

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

;l)lsced 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 is 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 studied. Among the most
important results of this study are the following facts:?

Charge of the electron 4.770 X 10-% e.s.u.
Mass 9.04 X 10-28 g
Radius 2 X 10713 cm, approx.

The dproton has not been so thoroughly studied. It is not so easily
isolated, and the effects of electric and magnetic fields on its motion are
congiderably smaller than similar effects obtained when electrons are
studied. The proton apparently 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 ad«fed
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 Physica, California Institute of Technology.
2 MiLLikAN, R. A., “The Electron.”
30
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3. 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-
eiated 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 ton, and the unit of positive charge is an atom with one or more
electrons less than its normal number known as the positive fon.

In conduction through gases, as, for example, through the electric
arc, 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 gained 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 em per second), whereas the velocity of thermal agita-
tion of the free electrons is high (about 107 em 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 passing a point in a conductor per unit time.
In the electrostatic system tﬁe 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
as that current which will deposit 0.00111800 g of silver from a solution
of silver nitrate in 1 sec.

1 Jeans, 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 considere
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 charge as the test charge
is adopted, the potential energy at a point may be taken as characteristic
of the field ancrconsequently 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-
Fated when an eleetron moves through the eonductor from the point of
ow potential to the point of high potential. This energy is dissipated
in the form of heat caused by the hombardment of the molecules of the
eonductor by the electrons as they proceed from one point to another.

7. Concept of E.M.F. The idea of potential leads direetly to a con-
ception of an eleetromotive force. If a difference of potential between
two points of a conduetor is maintained hy some means or other, clectrons
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.

The unit of e.m.f. in the practical system is the wolt. 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 conduetor. In moving through the metal in a
common general direction they enter into frequent collisions with the
molecules of the metal, and as a eonsequence they are continually retarded
in their forward motion and are not able to attain a velocity greater than
a certain terminal veloeity u, which depends on the value of the field
and the nature of the substance. The collisions which tend to reduee
the drift velocity of the electrons act as a retarding force. When a
current is flowing, this retarding 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 eleetronic charge e and may
be represented as NEe. Then NEe = kNu. Since the current ¢ hae
been given as

t = Neu

NEe = k2

e
E=Li=Rz
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where
k

Net

The statement £ = R{ is known as Ohm’s law. R is here defined as the
resistance per unit length. The unit of resistance is the ohm. It may be
obtained from Ohm’s law when the e.m.f. is expressed in volts and the
current in amperes.

9. Inductance. Circuits possess inductance by virtue of the electro-
magnetic field which surrounds a conductor carrying a current, The
coeflicient of self-inductance is defined as the total number of lines of
force passing through a circuit and due entirely to one c.g.s. unit of cur-
rent traversing the circuit. If N is the number of lines of force linked
Xr’ith an(:y circuit of inductance L and conveying C c.g.s. units of current,

= LC.

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

R =

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

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

N =MC
AN _ e
- dt dt

The practical unit is the henry as in self-inductance.

11. Energy in Magnetic Field. Energy isstored in the electromagnetic
field surrounding a circuit representing the energy accumulated during
the time when the free electrons were initially set in motion and the cur-
rent established. This energy is given by the equation, W = MLI?,
where, if L is in henrys and I in amperes, the energy is in joules.

-12. Capacitance. The ratio of the quantity of charge on a conductor
to the potential of the conductor represents its capacily. If one con-
ductor is at zero potential and another at the potential V, the capacity
is given as the ratio of the charge stored to the potential difference of the
conductors

If Q is in coulombs (the quantity of charge carried by 1 amp. flowing
for 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 = 4C1V?,
where, 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
tending to draw them together is
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E? Ve
a4 8  8xd?
where d is the distance separating the condenser plates, and V is the
potential difference.
Other expressions relating charge or current to capacity and potential
difference are
V= fidt

C
-

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

and

Measure in Measure in
Quantity N‘m.'i of | electromagnetic | electrostatic
unt units units

Charge of electricity................. Coulomb 101 3 X 10
Potential................... ... Volt 108 }goo
Capacity. .. . 10— X 101
Current.. .. . 10! 3 X 100
Resistance. . . 10? ¥ X 10
Inductance....................0inns 10?

14. Continuous and Alternating Currents. If the free electrons of a
conductor move with a constant drift velocity under the impelling force
of an invariant electric field, the electric current in the conductor is
spoken of as being continuous, or direct. If, however, the impressed
electric field is varying in both direction and magnitude, the drift velocity
of the electrons will vary in both direction and magnitude, since electrons
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 an
alternating current.

16. Wave Form. The current or the e.m.f. may be represented
graphically as a function of the time by assigning to successive values
of the latter variable the value of the former. There is an infinite
variety of functional relationships between current and time, but of all
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 represented
analytically by the following type of equations

Iy 8in wt
Ej sin wi

e

where 7 and e are the instantaneous values of tne current and voltage,
I, and E, are the maximum values, and  is 2x times the frequency with
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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. 1b 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.

Wove form | Resobed wto Phree Components Wave Farm 2 Resolved ko Three Corpaneets
fisnat Ipgndat DsnSwt  Lsewt  [pwnlwt  [ywndwt
ta) tb) «w?

F1a. 1.—Sine 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. c. 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 is equal to the maximum value of the current
divided by x/2. The ratio of the effective value of the current to the
average value is often taken as the form factor of the wave. Thus all
ty%es of waves may be simply characterized by means of this ratio.

irect-current meters read 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 current 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.

fO. 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-c circuit having negligible inductance and
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capacitance is given by the same equation with the necessary restrictions
on [ 80 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 Phase
F16. 2.—Phase in a-c circuits.

DIRECT-CURRENT CIRCUITS

20. Direction of Current Flow. An electric eurrent is a flow of electric
charges. Electric charges will move through a medium of finite resist-
ance if a differcnce of electric potential cxists 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 then consists solely
of an electron current. The convention arose historically of speaking
of an electric current as flowing from the high potential (positive)
to the low potential (negative) point, while, as a matter of gﬁ:t, the
electrons of the conductor actually move in the opposite direction. It is
necessary to distinguish, therefore, between the dircction of current
flow in the historical sense and the direction of flow of electrons.

21. Constant Positive Resistance, Negative Resistance, and Infinite
Resistance. In ad-c circuit the relationship between voltage and current
is governed solely by the resistance of the circuit and all equivalent
resistances such as counter e.m.fs. Some knowledge regarding the nature
of this resistance is needed. Three cases present themselves. In the
first case are those circuits in which

de

di =
where R is positive and is constant in value over a rather large range.
Conduction in solids and electrolytes is of this type. In the second class
are those circuits in which de/di has a value which is negative and is
usually not constant. Conduction in arcs and glow discharges is gener-
ally of this type. In the third class are those circuits in which

de _
di
Conduetion in the plate eircuit of a vacuum tube under saturation con-

ditions is of this ty}])c. . . ]
Circuits of the first class, in which the differential coefficient de/di
has a positive value, may be subdivided into two other classes. If the
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value of de/di is constant over the entire range of voltage and current
from zero to the maximum value, and if this value is designated by the
quantity R, then Ohm’s law may be used and e = {R. In this case, R
is both the d-¢ and a-c resistance. If, however, R is not constant over
this range of values, the value of R given at a particular value of e and
¢ given by the equation
R = de
di

is only the a-c resistance of the circuit at the particular value of e and ¢
chosen. The a-c resistance %)iven by this equation may be quite different
from the d-c value as given by the equation

In a vacuum-tube plate circuit the d-c value of the resistance is frequently
about twice as high as the a-¢ value.

Joulif---- Z
i
)
i
t s R
R e iR e N é
j
] |
'R g
Jot]
Zero Phase Current in Lagqung Phase Current in Leading Phase

F16. 3.—Vector representation of a-¢ circuits.

ALTERNATING-CURRENT CIRCUITS

22. Impedance. The resistance to the flow of an electric current
having the value ¢ = o sin wt depends on the circuit element through
which the current is passing. In a pure resistance the potential fall
would be E, = IR sin wl, which is seen to be in phase with the current
passing through it. In an inductance the potential fall would be

E, = L%' = wllo cos wt = jwLlsin wt = jwLi
and therefore leads the current by a phase angle of 90 deg. In a capaci-
tance the potential fall would be =

E,=El,f12dt = —wI—E,COSwl = —ggsinmt
i

T WwC

bt

JuwC
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and is therefore led by the current by a phase angle of 90 deg. The
potential fall through all three elements taken together is equal to

E = (R L 3T +jwic)i

The coefficient of 7 is termed the impedance of the circuit. It is written,
in general, as

3 1 , 1
Z—R+]wL+].w—C—R+](wL'-R,)

where R is the total series resistance of the circuit, L is the total series
inductance, and C is the effective series capacitance. The term involv-
ing j is of special importance, for it is this term which gives to the current
its leading or lagging characteristics depending on whether wL is smaller
or larger than 1/wC. This quantity is known as the circuit reactance

F1a. 4.—Reactance and impedance of parallel circuit.
and is designated by the letter X. The impedance may be written,
therefore, .
z=R +jX

Occasionally the absolute value of the circuit impedance is required.
It is then written in the following form

z = Ze'd

where Z =+/R* + X?

@ arc tan %
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In this expression Z represents the absolute value of the impedance, 2

the complex value, and ¢ the phase angle.
The impedance of a single circuit will be given to illustrate the method
of obtaininf this quantity for any circuit. For a parallel combination
e

of circuit elements, such as illustrated in Fig. 4a, it would be obtained
as follows:
U S )
1 1 1 — wiLC
T/aC T joL

This equation shows that when w? = 1/LC the impedance is infinite.
It may be represented graphically as a function of w as shown in Fig.
4b. The figure and the equation illustrate the case of parallel resonance.
The case of series resonance is illustrated in Fig. 4c, and the equation is

z = j(wL - ;l(—:,), which holds for a circuit having only an inductance L

and capacitance C in series with the e.m.f. In the series case, the
impedance is zero at resonance; that is, when w?! = 1/LC and in the
parallel case the impedance is infinite at resonance.

23. Circuit Parameters. Every electric circuit, no matter how com-
plicated, is made up of a particular combination of inductances, capaci-
tances, and resistances. These parameters and the manner in which
they are combined with one another eompletely govern the performance
of a circuit and determine the value of the current at any point of the
circuit at any time for any given value of the impressed e.m.f. or combina-
tion of e.m.fs.

Inductances, capacitances, and resistanees may be lumped or distrib-
uted in nature. They are regarded as of the former type if their values
are more or less concentrateg at one or a finite number of points in a
circuit. For example, the inductance of a circuit would be considered -
as lumped if a definite number of places in the circuit is found where
inductance exists, and at all other points a comparative non-existence of
inductance. On the other hand the inductance of a uniform telephone
line is considered as distributed since it exists along the entire line and
may, at no point in the line, be neglected.

94, Circuit Equations. Every circuit may be completely expressed
by a system of simultaneous equations. Having expressed a particular
circuit in this manner, a solution may be obtained frequently without
difficulty. Since the equations are of primary importance, methods of
obtaining them will be given.

There are two distinct cases. When a sinusoidal voltage or combina-
tion of sinusoidal voltages is impressed on a circuit, a.c. flows in every
branch of the circuit as a consequence of the impressed e.m.f. This
current may be divided into two parts. One part is known as the
transient current, and the other as the current of the steady state. 'The
transient current disappears very shortly after the voltage has been
impressed. The steady state continues as long as the e.m.f. continues
in its initial state of voltage, frequency, and wave form. Often only
the steady state is of interest. xampies of this are to be found in
studies of r-f transformer performanece and in studies of eleetric filters
of the low-pass, high-pass, or band-pass types and in the studies of the
various characteristics of different antenna-coupling methods. At other
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times the transient condition may be of primary interest; as, for example,
in the study of the fidelity of reproduction with regard to wave form of
an electromagnetic or electrodynamic loud-speaker motor.

If interest centers only in the steady state the following method is
to be used: Apply Kirchhoff’s second law which states that the sum of
all the e.m.fs. around any circuit is zero, writing one equation for each
branch of the circuit, and using as the potential falls the values jwLI for
each inductance, I/jwL for each capacitance, and IR for each resistance.
If inductances, capacitances, and resistances occur that are common
to two or more branches, they will be used once for each of the common
branches paying due regard to the sign of the term.

R L | LAl I
~E ¢ ~E L, nﬁ' T
l WA IJL'c, F L A
(o I b = ’ ©
Fi1e. 5.—Circuits illustrating use of Kirchhoff’s laws.

This method may be illustrated by the examples of Fig. 5 and the following
equations:
For circuit a:
. I . 1
E = IR + jwLI +:m—c = I[R +J(wL _;C)]
= I(R +jX)
_ E
T REX
For circuit b: ;
E = LR\ + jwLilh +,;w% —JwMIy = Lzy — jwMI,

1

0 = IRy + joLals 4+ -2 — joMIy = Inzs — jwMI,
JwlL 2

where z: i8 the total complex impedance of circuit 1, and 22 is the total com-
plex impedance of circuit 2.
For circuit c:

E =1, R + jwLilh + jwLoli — jwMI: — jwLels
= Lizy — jwls(M + Lo)

0 = I:R: + jwL'sl2 + jwLol: + jwLal: — jwMI\ — jwLel,
= Iz: — jwl)\(M + Lo)

In these equations I is the maximum value of the sinusoidal current, and
E is the maximum value of the sinusoidal e.m.f. These equations may
solved for any of the currents by the method of simultaneous equations.

In the transient values of the various currents, Kirchhoff’s second law may
be used as before, but instead of using the values of potential fall as given
in the preceding equations, use the instantaneous values. The equation for
circuit a of Fig. 5 is then written

. di 1f.
e=1R+La—‘ +Uf1dl
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or
5ie
dt

where ¢ and 1 are the instantaneous values of the impressed e.m.f. and cur-
rent respectively. For circuit b,

. div 1 (. dia
e =1k +L'E +—C,-lfhdt M

dx di | ¢
—LE""R‘”""'C‘

de
. din (1., dis
0 = iRz + Lrg; +Efmu MY

To obtain the transient solution, e and de/dt are replaced by zero and the
equation solved by the methods used for linear, homogeneous equations of
the first degree.

26. General Characteristics of A-¢ Circuits. The general equations
aleied to a number of the more important radio circuits yield the
following results.

Current Flow in an Inductive Circuit:
Rt
g = %(1 —€ T

where E is the constant impressed e.m.f. .
Time Constant of an Inductive Circuit: The time required for a current to

riseto {1 — -1 or to about 63 per cent of its final value. This time is equal

to L/R.
Current Flow in a Capacitive Circuit: *
t
E -+
F = — RC
D) RE

where E is the constant impressed e.m.f.

Time Constant of a Capacitive Circuit. The time required for the current
to fall from its initial value to 1/¢ or about 0.37 of this value. This time is
equal to RC.

Current Flow in an Inductive-capacitive Circuit:

Rt
. E_—-57 .. . 4L
. = — 2L =
1) wLe sin wt, if R? < C
Rt
. E _—57 4L
= = 2L i = -
1 wLe , if R? ol

where w is 2x times the natural frequency of the circuit which is given by the
equation

1 R?
I =%=Nie "1
Logarithmic Decrement. Ratio of successive maxima of the current in an
oscillatory discharge is equal to
RT R
€2L = €27

where R/2Lf is called the log. dec. of the circuit, T is the natural period, and
f the natura frequency of the circuit.
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Currents in Two Circuits Coupled by a Mutual Impedance, M, when a
Sinusotdal E.M.F., E, Exists in Circuit 1:

E
n = T—M
23
In = JwMI, - JoME
z2 Z1zs + wi)M?

where z; and z: are the complex impedances of circuits 1 and 2 respectively.
E fJective Reactance of One Circuit Coupled to a Second Circuit:

wiM?2
Zx X

where X; and X1 are the actual reactances of circuits 1 and 2 respectively
and Z, is the absolute value of the complex impedance of circuit 2,
Eflective Resistance of One Circuit Coupled to a Second Circuit:

, wiM?
R = Rl + —Z:TR’

X' =X, -

where R: and R: are the actual resistances of circuits 1 and 2 respectively,
Efective Total Impedance of One Circuit Coupled to a Second Circuir:

, wiM? X w2
FEatom sk iXot gy
wM? . wiM?
=R, + 7o R:+];X:—- Za X:E

Partial Resonance Relation Obtained W hen Only the Reactance of Circuit 1
Is Vakable:! "
w! 2

Zy? X1
Partial Rzlaaonance Relation Obtained when only the Reactance of Circuit 2

w22

Is Variable:
Z.3 X

Total Optimum Resonance Relation when the Reactance of Both Circuils
and 2 Are Variable:!
Case I: If w?M? < RiR,
Resonance relation X; = 0 and Xs = 0
Case I1: If w?M?2 > RiR:

X, =

X: =

—

2 2
Resonance relation By = ﬂ = X

R, Z,? X,
Case I11: If wM? = R\R:
Resonance relation X; =0, X3 =0

R: _ w22
R, Z

Total Secondary Current at Total Optimum Resonance Relation, the E.M.F.
E, Being Impressed in Circuit 1.
Case I: If wtM? < RiR:

- wME
Ri\Rs 4 wiM?

! Pixree, G. W., " Electric Oscillations and Electric Waves,” Chap. XI.

I,



Sec. 3] ELECTRIC AND MAGNETIC CIRCUITS 43

Cases 11 and I11: 1f w?M? > RiR:

I L

- 2\/RiR:

I; fo‘r cases I] and /1] is seen to be greater than for case I and is independent
of wM.

MAGNETIC CIRCUITS

26. The Fundamental Quantities of Magnetic Circuits. The first
fundamental quantity is the magnetic fluz or induction. The unit of
flux is known as the mazwell and is defined by the statement that from a
unit magnetic pole, 4r maxwells, or lines of force, radiate.

The second fundamental quantity is the reluctance. It is analogous
to the resistance of electric circuits, as the flux is analogous to the current.
The unit of reluctance is the oersted and is defined as the reluctance
offered by 1 em cube of air.

The third fundamental quantity is the magnetomotive force (m.mf.).
It is analogous to the e.m.f. of electrical circuits. The unit of m.m.f. 18
the gilbert and is defined as the m.m.f. required to force a flux of 1 maxwell
through a reluctance of 1 oersted. Thus the fundamental equation in
which these three quantities are related to one another is:

M = ¢R )

Other important quantities of magnetic currents may be defined as
follows: the magnetic field strength is represented by the quantity H and is
equal to the number of maxwclls per unit of area when the medium
through which the flux is passing is air. This unit is known as the gauss
if the unit of area is the square centimeter.

In any medium other than air the lines of force are known as lines of
induction and the symbol B is used instead of H to represent them. In
air the induction B and the field strength H are equal to one another, but
in other mediums this is not true.

The permeability u is the ratio between the magnetic induction B and
the field strength H. In air this ratio is unity. In paramagnetic mate-
rials the permeability is greater than.unity, in ferromagnetic materials
it may have a value of several thousand, and in diamagnetic materials it
has a value of less than unity.

The intcnsity of magnetization I is the magnetic moment per unit
volume or the pole strength per unit arca. The unit of magnetic pole
strength is a magnetic pole of such a value that when placed 1 em from a
like pole, a force of repulsion of 1 dyne will exist between them. The
magnetic pole strength per unit area of any pole is measured in terms of
this unit. The magnetic moment of a magnet is the product of the pole
strength and the distance between the poles.

The susceptibility K of a material is equal to the ratio of the magnetiza-
tion I produced in the material to the field strength H producing it. All
of these quantities are connected by the following equations

B = uH
I =KH
B =4zl + H
u = 4rK + 1

Magnetization curves are of great importance in the design of magnetic
structures and should be immediately available for all materials with
which one intends to work. These curves may give either the values of
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B as a function of H for the material, or the values of I as a function of
H. A typical B-H curve isshown in Fig. 6. The ratio of the coordinates

of a B-H curve gives the val-
B ue of u for the material at the
particular value of H chosen.
The ratio of the coordinates
A in an I-H curve similarly
gives the value of the sus-
ceptibility K.

Magnetic saturation is a
G H henomenon occurring at
arge values of H when the
induction B increases at a
much lower rate with in-
crease of H than is the case
for small values of H.

The retentivily of a sub-
stance is th}? value oft; 113 din ’}he

Fia. 6.—Typical B-H . material when the fie is

S eurve reduced to zero after having

first been raised to above its saturation value. It is given by the point A
of the B-H curve of Fig. 6.

The coercivity of a material is the minimum negative value of H
required to just reduce the induction to zero after the field strength H
has first been raised to a positive value sufficiently large to saturate the
material. It is given by the point C of the B-H curve of Fig. 6.

27. Magnetic Properties of Iron and Steel.

- o i Maximum 4xI at
Material Coercivity | Retentivity permeability | saturation
Electrolyticiron............ 2.83 11,400 1.850 21,620
Annealed................ 0.36 10, 800 14,400 21,630
Annealed electrical iron in
sheets................... 1.30 9.400 3.270 20, 500
Caststeel.................. 1.51 10.600 3,550 21,420
Annealed................ 0.37 11.000 14,800 21,420
Steel hardened,............. 52.4 7.500 110 18.000
Castiron........... . 11.4 5,100 240 16,400
Annealed........... 4.6 5,350 600 16,800
Tungsten magnet steel. . 64.0 9,600 105 13.600
Chrome magnet steel........ 64.0 9,000 94 12,600
Cobalt steel (15 per cent)....[ 192.0 8,000

28. Electromagnetic Structures. In this type of structure the mag-
netic material is usually very soft; its coercivity is very low; and as a
consequence the m.m.f. must be supplied by a continuous electric current.
The m.m.f., M, due to an electric current, is given by the equation
M = 0.4xNI, where I is the current in amperes, and N is the number of
turns on the eleetromagnet.

By our most fundamental relation for magnetic circuits

M = ¢R
0.4xNI = R¢
NI = F2

0.4x
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The design of a magnetic structure is usually begun by a consideration
of the flux requirements in a particular air gap. The size and shape of
the air gap are generally given, and the flux density desired in the air
gap is known. From these data one can compute R and ¢. For the
guantity ¢, & = BA, where A is the area of the air gap and B is the flux

ensity desired. This equation assumes no leakage flux, and since this
is a condition never realized in practice and from which there may be a
far from negligible departure, one must add to the value of ¢ given by
this equation a correction the value of which is dictated by experience.
For the quantity R, R = L/A, where L is the length of the air gap and
A is the area. This equation neglects the reluctance of the magnet
itself and of all other iron parts of the magnetic circuit. Since all
reluctances but that residing in the air gap are very small in comparison,
this procedure is usually justified, although there are cases in which
additional reluctance must be taken into account. In such cases the
reluctance of the other parts of the circuit is computed in the same manner
as that of the air gap, except that an estimate of the permeability of
the part in the eircuit in question must be made and its equivalent air-gap
reluctance computed by dividing by this permeability. Finally,

_ Ry _LBA _ LB
NI = 5a: T 0.4rA  0.4x

This equation then completely determines the value of the ampere-
turns N7 from the original data. This is the important quantity in the
design of the clectromagnet. The separate values of N and I are unde-
termined by this equation, other considerations such as the nature of
the current supply, the size of the coil, the heat dissipation that can be
permitted and the cost being of paramount importance.

29. Core Materials for Receiver Construction (The Editor). Since
such materials operate under widely different conditions each material
must be properly selected for its particular task. For example, materials
used in economical audio transformers are too expensive to be used in
power transformers.

Power Transformers. Material for cores of transformers supplying
energy for plate and filament circuits is selected as for any power trans-
former upon a watt-loss basis. This information is reliably supplied by
manufacturers of such material, and measurements of this factor are not
generally made by the user of the material. Loss tests are made on
complete transformers to determine the suitability of the material under
consideration.

The mechanical properties of the sheets submitted by va