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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 fundamcntalsrinciples
of electrical engincering apply to radio, the whole task of designing,
manufacturing, and operating equipment for radio communication 18
vastly diffcrent from that 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 frequencies, 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 alrcady. 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 d‘t)ata 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 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 engincers and physicists who have aided the editor in
preparing this new edition.

New York, N. Y,
October, 1935.

Keira HENNEY.
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8. Trigonometric Functions.

[Sec..1

° '] sin tan cot cos l I° '[ sin tan cot cos
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° /| ain tan I cot | cos ° ‘| sin | tan [ cot I cos
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° r| ein tan cot cos I" ‘| sin tan [ cot I cos
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30(0.5664/0.6873| 1.4550|0.8241}30 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( O 55%42 0(0.6691/0.9004| 1.1108/0.7431| O 48
10[0.5760/0.7046| 1.4193|0.8175|50 10(0.6713(0.9057| 1.1041{0.7412|50
20(0.5783]0.7089| 1.4106/0.8158/40 20(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
40/0.5831/0.7177f 1.3934(0.8124(20 40(0.6777(0.9217| 1.0850(0.7353|20
50(0.5854(0.7221] 1.3848/0.8107{10 50/0.6799(0.9271 1.0788/|0.7333(10

38 0/0.5878|0.7265| 1.3764|0.8000| O “P43 0/0.6820/0.9325| 1.0724|0.7314| O 47
10/0.5001/0.7310{ 1.3680(0.8073{50 10(0.6841/0.9380| 1.0661/0.7294/50
20/0.5025|0.7355] 1.3597/0.8058(40 20(0.6862|0.9435| 1.0500]0.7274(40
30(0.5048|0.7400| 1.351410.8039{30 30/0.6884(0.9490| 1.0338/0.7254|30
40/0.5072|0.7445| 1.3432(0.8021|20 40{0.6905/0.9545! 1.0477|0.7234/20
50(0.5995/0.7490| 1.3351|0.8004(|10 50/0.6926/0.9601] 1.0416/0.7214(10

37 0/0.6018/|0.7536| 1.3270|0.7986| O 53J44 0(0.6947|0.9657[ 1.0355(0.7193] O 46
10/0.6041/0.7581| 1.3190(0.7969(50 10/0.6967(0.9713| 1.0205|0.7173|50
20(0.6065{0.7627| 1.3111|0.7951|40 20(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
4010.6111(0.7720( 1.2954!0.7916(20 40/0.7030/0.9884]| 1.0117/0.7112|20
50(0.6134(0.7766| 1.2876(0.7898|10 50(0.7050/0.9942| 1.0058|0.7092(10

38 0/0.6157/0.7813| 1.2799/|0.7880| O 52§45 0{0.7071[1.0000| 1.0000|0.7071| O 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| 1.2572/0.7826(30
40]/0.6248|0.8002| 1.2407]0.7808/20
50|0.6271/0.8050| 1.2423(0.7790]10

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

coe cot tan sin |’ ° cos cot tan sin_ |’ °
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w =2uf 1/w = 1/2xf A
Frequency or Xt = wL or Xo = 1/we Wave length Lc

105 65.974 151.57 285.71 229.78
110 69.115 144.79 272.7 209.34
115 72.257 138.49 260.87 191,52
120 75.398 132.63 250.00 75.
125 78.540 127.33 240.00 162.18
130 81.682 122.43 230.77 140.88
135 84 .823 117.89 222,22 138.99
140 87.985 113.68 214.28 129.23
145 81.106 109.76 206.90 120.48
150 94.248 108.10 200.00 112.58
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
170 108.81 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. 83.766 157.90 70.167
195 122.52 81.618 153.85 66.615
200 125.66 79.562 150. 63.325
205 128.81 77.633 146.35 60.274
210 131.95 75.785 142.85 57.637
215 135. 74.024 139.54 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 67.727 127.668 45.866
240 150.80 66.315 125.00 43.975
245 153.94 64.959 122 .45 42.198
250 157.08 63.665 120.00 40.545
255 160.22 62.415 117.65 38.954
260 163.36 61.215 115.38 37.470
265 166. . 113.20 36.088
270 169.65 58.995 111.11 34.747
275 172.88 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
295 185.35 83.952 101.70 29.107
300 188.47 53.0 100.00 28.145
305 101.64 52.181 98.36 27.229
310 1904.78 51.300 96.77 26.360
315 197 .92 .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. 89.559 22.571
340 213.63 46.812 88.245 21.911
345 216.77 46.132 86.956 21.281
350 219.91 45.491 85.715 20.677
355 223.05 44.833 84.390 20.009
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
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w = 2xf 1/w = 1/22f by
Frequency or X, = wlL or Xe = 1/wc Wave length Lc

855 411.55 24.208 45.801 5.9040
660 413.69 24.114 45.4585 5.8150
665 417.83 23.933 45.113 5.7279
870 420.97 23.754 44.779 5.6425
675 424.12 23.578 44 445 5.5466
680 427.26 23.406 44.122 5.4777
685 430.39 23.238 43.796 5.3982
690 433.54 23.08 43.478 5.3202
695 436.68 22.900 43.166 5.2441

439.82 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 41.667 4.8912
725 455.53 21.953 41.379 4.8189
730 458.67 21.801 41.096 4.7532
735 461.82 21.855 40.817 4.6887
740 464 .96 21. 40.540 4.6257
745 468.10 21.363 40.268 4.5636
750 471.24 21.220 40.000 4.5032
755 474 .38 21.080 39.735 4.4436
760 476.52 20.941 30.475 4.3855
765 480.67 20.804 39.215 4.3282
770 483.81 20.669 38.961 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 18.891 37 3.9577
805 505.80 19.770 37.267 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 19.202 36.364 3.7216
830 521.51 19.177 36.144 3.6767
835 524.65 19.060 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 35.204 3.5002
855 537.21 18.614 35.087 3.4657
860 530.36 18. 508 34 3.4242
865 543.50 18.309 34.682 3.3852
870 546.64 18.293 34.487 3.3465
875 549.78 18.189 34.285 3.3082
880 552.92 18.098 34 3.2710
885 556 .08 17.988 33.808 3.2341
890 558.92 17.882 33.708 3.1970
805 562.35 17.783 33.520 3.1822
900 565.49 17.689 33.333 3.1272
9805 568.63 17.588 33.150 3.0026
210 571.77 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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14. Chart for Converting Loss or Gain into Decibels.
0.8
7

Loss, Ratios

IQOOOO L] 0 kY o001
II
000015
NGn08) 000020
*101ogy W ’
!
2000 “Wlogy 7, // 20005
*20 Logyg %
1,000 y. 00010
yan
000is
00020
00025
200 P 40050
3 N
+ \
s \!
3 WA\
< 100 '&S & 0010
e ME oors
- & 00
L) 0.
) § & 0025
A
vl\Al. 0050
A
Ao
0'
10 10
II
=ais
/ 020
4 025
4
2|/ .
1 : ' 100
r : nnuu»laoaos‘nuunumussaaw






Sec. 1]

MATHEMATICAL AND ELECTRICAL TABLES

17















Sec. 1]

MATHEMATICAL AND ELECTRICAL TABLES

18. Systems of Electrical Units.

21

Practical E.m.u. E.s.u, R, Af.
Volt(V) ..o iiiee e 10-° v 300 v v v
Ampere(a, 10a 3.33 X 10710 g ma ma
Second. . . sec. sec. usec. msec.
CKcle . cycle cycle c ke
Ohm........ ... .. ... . ... 10-% ohm 0.9 X 10'* ohm | k-ohm | k-ohm
Mbo.......cooviiii 10* mho 1.11 X 10-!* mho | m-mho | m-mho
Henrg'(h) ...................... 10-* h (cm) 0.9 X 10t h mh
Farad(f)....................... 100 f 1.1 puf (cm) muf uf
Watt(w). ... 1077w 1077 w mw mw
Jowe(i).......vvii 1077 j (erg) 10-7 mpyj "]
Coulomb(c).................... 10 c 3.33 X 100 ¢ mpuc ue

u=10%m=10"3%k = 105, M

= 10%; mu = 107,

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

mission.

Type of emission

Fre: uency rlnge.

Normal width of com-

ilocycles munication band, kilocycles
10 to 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
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..............
Special:
High-speed facsimile; fpicture
transmission; high-quality te-
lephony: television, etc.......

10 to 100

550 to 1,500

{ 10 to 550
1,500 to 28.000

(To be specified in instru-
ment of authorization)

W BN~

10.

The authorized width of the

communication band for
special types of transmis-
sion shall be specified in
the instrument of authori-
zation
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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 0 185
10 5. 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 ... 800
10 106 160 300 355 3558 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 1.600 | 2,000
10 183 300 335 390 500 550
20 127 163 187 268 320
5 kw 30 76 82 102 117 175 225
40 72 75 83 28 143 193
0 .. 2,000 | 2,000
10 225 355 390 405 570 620
10 kw 20 105 150 187 203 305 350
30 9 97 117 128 192 243
40 87 20 28 102 150 200
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 5058 550 620 750 800
50 kw 20 208 235 320 350 420 470
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-

} 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 Mechanical Computation,” Part 11, Experimental Data, by
Joseph Lipka, published by John Wiley and Sons, Inc., New York, pp. 181-185. ' See

also Terebesi, * RE(‘henscKlblnnen far harmonische Analyse und Synthese,” Julius
Springer, Berlin, 1930.—Donald G. Fink.


















SECTION 2
ELECTRIC AND MAGNETIC CIRCUITS

By E. A. UEHLING!
FONDAMENTALS 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

_ 9q3
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
plsced at 1 cm distance from an equal charge repels it with a force of
1 dyne.

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 109 es.u.
Mass... ... o e e 9.04 X 10" g
Radius............ ... il 2 X 10-%2 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
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.

1 Department of Phyaica. California Institute of Technology.
* MiLLikaN, R. A,, “The Electron."
30
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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 tonization. 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 pfate and grid of
vacuum tubes when bombarded by the filament electrons giving rise to
the secondary emission so commonly experienced.

5. The Nature of Current. The modern view of clectricity 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 18 an atom with one or more additional electrons called a
negalive ton, 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
arc, the negative ion is usually a single electron, whereas the positive
ion i8 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 ¢m per second), whereas the velocity of thermal agita-
tion of the frec electrons is high (about 107 ¢m per second). According
to this view of the electric current in solids, conductors and insulators
differ only in the relative number of frce 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 tﬁc unit of current is defined to he 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. 308.
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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 ancr 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-
rated 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
conductor 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 electromotive force. If a difference of potential between
two points of a conductor is maintained hy some meansor 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 volt. It is defined as
108 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 clectrons 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 u, 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 retarding force must he 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 veloecity. It may be designated as kNu. The accelerating force
is proportional to the field £ %cr 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 ¢ hae
been given as

t = Neuw

NEe = ki

e
E=—k—t=Ri
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where
k

Net

The statement E = Ri 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 z;Jng circuit of inductance L and conveying C c.g.s. units of current,

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

e = _dN _ dC
dt 7]

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 coefficient 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

R =

N =MC
= 4N _ i€
d 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 (s‘uring
the time when the frce clectrons were initially set 1n motion and the cur-
rent established. This energy is given by the equation, W = WL/,
where, if L is in henrys and / 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 capacity. If one con-
ductor 18 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 = ¥C1"3,
where, if V 18 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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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 c. 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 filtersin the output circuit of an ordinary vacuum-tube oscillator.

Wene form | Resoled et Miree Components  Wne Form 2 Rexobved b Three Comporasts
Lisnat Dondat fsnSwt  fsewt  [unlwt [jsedut
(a) b) )

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 /2. The average
value of an alternating currcnt 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 i8 equal to the maximum value of the current
divided by =/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
types 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 he 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
lagfing phase. .

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-c circuit having negligible inductance and
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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 ¢ = iR. In this case, R
is both the d-c 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 i °
chosen. The a-c resistance given by this equation may be quite different
from the d-c value as given by the equation

R=2
11

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

J‘wtir-'- Zi
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1
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!
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Zero Phase Current in Loggung Phase Current in Leading Phase

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

ALTERNATING-CURRENT CIRCUITS

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

E, = L:iT: = wLly cos wt = jwLl, sin wt = jwLi
and therefore leads the current by a phase angle of 90 deg. In a capaci-
tance the potential fall would be -

Mg = _ Lo R (3
E.—Cfuil— choswl— wcsmwt
Ji

wC

i
= jaC
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or
de

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

. dn, 1 (..
= 1R +Ll$ +—C.-Ift|dt M

dy di | ¢
—LdT’+Rdt+Zj

dis
dt

. dis 1 . _ agdin
0 = 12R2 +LT +-(—.;fhdt Ath

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-c Circuits. The general equations
applied to a number of the more important radio circuits yield the
following results.

Current Flow in an Inductive Circuit:

Rt
i=l—I§(l—e A

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 ita final value. This time is equal

toL/R.

Current Flow in a Capacitive Circuil: ¢

{ =€ RC

)

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 tn an Inductive-capacitive Circuit:
Rt
. -7 _: . 4L
. = — 2L 2 —_
1 wLE sin !, if R? < ol
Rt
. ~-57 . 4L
= = 2L = .
T wLe , if R? C
where w is 2x times the natural frequency of the circuit which is given by the
equation

P BN )
=2 \Lc i
Logarithmic Decrement. Ratio of successive maxima of the current in an
oscillatory discharge is equal to
RT R

€2L = e2Lf

where R/2L{ is called the log. dec. of the circuit, T is the natural period, and
f the natural frequency of the circuit.
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Cases Il and 111: 1f w?M? > RiR:

I E

- 2\/RiR:

Iy fo‘r[cases 11 and I11 is seen to be greater than for case I and is independent
ol w.M.

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 18 defined by the statement that from a
unit magnetic pole, 4 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 cm 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. is
the gilbert and is defined as the m.m.{. 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 fleld 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 lincs of force are known as lines of
tnduction 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 / is the magnetic momen! per unit
volume or the pole alrenflh er unit arca. The unit of magnetic pole
strength is a magnetic pole of such a value that when placed 1 cm 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 7 produced in the material to the field strength H producing 1t. 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 immecdiately available for all materials with
which one intends to work. These curves may give either the values of
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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
g\mntity ¢, ¢ = 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 eases the
reluctance of the other partsof 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 circuit in question must be made and its equivalent air-gap
reluctance computed by dividing by this permeability. Finally,

_ Ry _ LBA _ LB
NI = 5ax T 0.4rA  0.4x

This equation then completely determines the value of the ampere-
turns NI from the original data. This is the important quantity in the
design of the clectromagnet. The separate values of N and 7 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
gencrally 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 various sup-
pliers are important. %y causing injury to or premature loss of a die,
poor mechanical properties may tic up a production schedule. Wav,
irregular sheets necessitate scrapping wide strips fromn both sides of eac
sheet and introduce an unexpected cost.

Permeability of the core material is of importance where limited space
or weight requirements make nccessary the use of flux densities of
14,000 gausses or higher. Here a high permeability is indicated to avoid
high exciting copper losses and poor voltage regulation.

Audio Transformers: Filler Reactors. Here the permeability is of
importance. The factor to be used is the working permeability or apparent
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potential gradient in the iron part of the circuit and the a-c permeability
(e« = BH) may bedetermined. The a-creluctivityis the reciprocal of the a-c
permeability. *he apparent reluctinity is equal (in cases where the air gap is
1 per cent or less of the iron path) to the a-c reluctivity plus the ratio of the
air gap to the length of the mean iron path. The reciprocal of this value of
apparent reluctivity is the apparent permeability which, substituted in the
formula above, determines the inductance.

RADIATION

80. Nature of Radiation. Electromagnetic energy may arise from
continuously varying electronic currents in a conductor, displacement
currents, or oscillating dipoles. In order that this energy may be
appreciable it is necessary that the system of conductors be of such a
form that the clectromagnetic field will not be confined in any way and
that the frequency of oscillation of the current or charges be high. The
various forms of antennas and the employment of radio frequencies
satisfy thesc requircments.

The nature of radiation may be understood only after a complete
examination of Maxwell’s equations and the various transformations
of the wave equation. Any attempt to give a simple yet accuratc picture
of the phenomenon of radiation must be fruitless, though such pictures
may aid in an understanding of the subject. Such descriptions may
be found in any text on radio. An exact analysis of Maxwell’s equations
shows that whenever an electric wave moves through space an associated
magnetic wave having its vectors at right angles to t{:at of the electric
wave must accompany it. Both vectors, furthermore, are at right
angles to the direction of propagation. This analysis also shows that
an electromagnetic field due to an oscillating dipole or to an oscillating
current in a conductor has two components. One of these varies inversely
as the first power of the distance from the source and is, furthermore,
directly proportional to the frequency, and the other varies inverscly
as the second power of the distance. The former is known as the
radiation field and the latter as the induction field. Though indis-
tinguishable physically, the induction and radiation fields have a separate
mathematical existence accounting completely for the phenomenon of
energy radiation. The energy of the induction field returns to the con-
ductor with the completion of each cycle. Its existence is confined, as
one might expect, to the neighborhood of the conductor, whereas the
radiation field may be thought of as a detached field traveling outward
into space with the velocity of light and varying much more slowly in
intensity with distance from the conductor than the other.

81. Vertical Antenna. The most simple form of antenna is the vertical
wire. The electromagnetic radiation ficld depends on the strength of
the current in the wire, and as a consequence its intensity is increased
if the current throughout the vertical wire is uniform. It is for this
reason that a counterpoise is usually attached to the lower end of the
antenna and a horizontal aerial to the upper end. The capacity of
the counterpoise and aerial may be made so high that the current through-
out the vertical portion of the wire is practically uniform.

Under these conditions the magnetic field at any distant point is given by
the equation

h 1 !
H = —‘;05; cos w(t - Z-) gauss
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The high-frequency reactance of the antenna is given by the equation
Xy = - IZ".‘ cot wlv/LiCs
The reactance of the antenna becomes zero when

wl\/C'I.-=n§(n=l.3,6 cel)

that is, when
! w ___n_
2r  41\/CiLs
The reactance becomes infinite when

wlv/CLi = mz(m =0,2,4 - - -)

that is, when
w m

N

If the inductance of the vertical wire is to be considered, or if a series induc-
tance is used with the antenna

X =wl.s — Vlgcot wlv/CiL;
s

where L, is the total inductance of the vertical wire and any coils in series
with the antenna.

The harmonic frequencies of the antenna at which the reactance is zero
do not differ by multiples of = as beforc. The natural frequency of oscilla-
tion is given, however, quite generally by the equation

cot wlv/CiLi _ L. .
wv/CiL; L

86. Antenna Resistance. The resistance of an antenna may be divided
into three parts in which the power dissipation is of the following kinds:

1. Radiation.
2. Joule heat.
3. Dielectric absorption.

wer radiated depends on the form of the antenna. It 18 propor-
tlona to the square of the frequency of oscillation and to the square of
the current flowing in the antenna. Due to the latter consideration one
may write P = A/, where A is a constant factor depending on the form
of the antenna and the frequency. It may be called the radiation
resistance. For a given antenna the radiation resistance varies inversely
as the square of the wave length. The ohmic resistance to which the
joule heat is due is npproxnmalely constant, the skin effect and other
factors being comparatively small. The resistance due to dielectric
absorption is dlrectr proportional to the wave length. When these three
components of reslstance are added to obtain the total resistance, one
finds that for every antenna there is a wave length for which the total
resistance is a minimum.






SECTION 3
RESISTANCE

By Jesse MarsTEN, B.S.!

1. General Concepts. In any electrical conductor or system in which
there is a flow of current there i8 a certain amount of energy continually
being lost or converted into forms not rcadily available for use. As far
as is known at present this dissipation of energy may take one of two
forms: there may be an evolution of heat, and there may be radiation
of energy into space. Such energy dissipation is attributed to a property
of clectric conductors or systems termed resistance.

When dealing with continuous currents, the resistance of a conductor
or network, R, i8 adequately defincd by Ohn's law,

E =iR (1

where E is the voltage drop across the conductor or network and ¢ is
the current through it. This assumes no back e.m.f. duc to polarization
orother causes. In this case the dissipation of encrgy takes place entirely
in the form of heat generation, and the rate at w%\ich electrical energy
is thus converted into heat is given by Joule's law,

P =R (2)

where P is the power or rate at which clectrical energy is being dissipated
in the form of heat, i is the continuous current in the circuit, and R the
resistance of the circuit.

Ohm's law is insufficient to define resistance in a-c circuits. It is
found experimentally that the rate at which heat is evolved in a circuit
exceeds that which would be necessitated by the resistance of the circuit
as determined by Ohm’s law. This is due to the fact that the electro-
magnetic and electrostatic fields around the circuit vary with time and
introduce effects which increase the losses in the circuit. Among these
effects inay be enumerated the following major ones:

1. Eddy-current losses in conductors and other masses of metals in and near
the circuit.

2. Hysteresis losses in magnetic materials.

3. Dielectric losses in the insulating mediums.

4. Absorption of energy by neighboring conductors or circuits by induction.

6. Radiation of electromagnetic energy into space.

6. Skin Effect. Increase of conductor resistance due to non-uniform
current density.

! Member, Institute of Radio Engineers; associate member, American Institute of
Electrical Engineers, chief engineer, International Rtesistance Company.
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All these effects result in an increase in energy loss in the circuit over
and above that given by Ohm’'s law. It therc%ore becomes necessary to
introduce the concept of a-c resistance or egeclive resislance, which is
defined by the more general joulean relationship,

P = i'R cffcctive ()

where P is the power loss in the circuit due to all causes and i is the cffec-
tive current in the circuit. Ohm's law for continuous currents follows
directly from this more general definition.

2. Units of Resistance. The practical unit of resistance is the ohm
and is defined by Ohm's law when the voltage and current are unity in
the practical system. It has, however, been arbitrarily defined as the
resistance at 0°C. of a column of mercury having a uniform cross section,
a height of 106.3 cm, and weighing 14.4521 g. Owing to the increasing
use of resistors having resistances of the order of millions of ohms, the
megohm unit is also employed. The megohm is equal to 10¢ ohms.

3. Specific Resistance. It is found experimentally that the resistance
of an electric conductor is directly proportional to its length and inversely
to its cross section: .

R=pg (4)

The proportionality factor p is called the specific resistance of the con-
ductor and is a function of the material of the conductor.

From this definition of specific resistance it is apparent that any
number of units may be derived for specific resistance, depending upon
the units chosen for ! and A. The unit generally employed in practical
engineering is the ohms per circular mil foot, and is the resistance of a
1 ft. length of the conductor having a section of 1 cir. mil (diameter
1 mil for a circular conductor).

4. Volume Resistivity. If, in the above definition, ! and A4 are both
unity, in the same system of units, then p is the resistance of a unit cube
of the material and may be defined as the volume reststivity of the material.
It should be noted that volume resistivity is not the resistance of any
unit volume of the material but js spccifically the resistance of umt
volume measured across faces whose areas are each unity.

With a knowledge of the dimensions of a conductor and its specific
resistance the resistance of the conductor to d.c. may be computed from
Eq. (4). Consistent units must be employed. The resistance thus
computed will be correct at the temperature for which the specific
resistance applies. To obtain the resistance of the conductor at any
other temperature a correction will have to be applicd.

6. Temperature Coefficient. The resistance of a conductor is a
function not only of the material and dimensions of the conductor but
also of its temperature. Within the temperature limits generall
encountered in practice the change in resistance due to temperature vari-
ation is directly proportional to the change in temperature:

Ry = Ryl + a(ts — )] (5)

R, and R, are the conductor resistances at temperaturc {, and ¢,
respectively.
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The proportionality factor a is defined as the temperature coefficient of
resistance of the material and is the change in resistance of any material
per ohm per degree rise in temperature.

All conductors do not react alike to changes in temperature. Metals,
for example, have a positive temperaturc coefficient. Some alloys,
such as manganin and constantan, have practically 2ero temperature
coefficient ang are therefore uscd primarily for resistance standards.

A knowledge of the temperature cocfficient of conductor materials
cnables one at times to make more accurate determinations of tem-
perature change than is possible by thermometer measurements, especially
in cases where parts to be measured are not readily accessible. Resist-
ance dcterminations of the conductor are made at both temperatures
and the temperature change computed from Eq. (5).

6. Properties of Materials as Conductors.

. Temperature
8pecific A
M X resistance ocoefﬁclent. per
aterial at 0°C., ohms C. be:.ween 20°
per cir. mil ft. to ‘olfe,ca'c‘_’h"“
Silver... 9.75 0.004
opper. 10.55 0.004
Aluminum 17.3 0.0039
Nickel (pure). 58.0 0.0041
Iron (pure)............... 61.1 0.0082
Phosphor bronze................... ... ..ol 70.0 0.004
Lead. .. ... e 114.7 0.0041
Nickel silver, 18 per cent (German silver).......... 180 to 190 0.00027
Manganin (copper, 82 per cent; manganese, 14 per
cent; nickel, 4 percent).................. .. ..., 290 0.00002
Constantan (Advance, Cupron, Ideal, Ia-Ia) (copper,
55 per cent; nickel, 45 percent)................. 204 0.00002
Nichrome (nickel, 60 per cent; chromium, 15 per
cent; iron, balance)............... ... .. 0000l 650 to 875 10.0001 to 0.00017

7. Resistors in Series and Parallel. Simple and complex networks of
resistors may be represented by an equivalent resistor which may be
expressed in terms of the individual resistances making up the network.

A
-
42 AAAAMAM
"R,
[ SN
TN DR O i Ry
R, R, Ry
E E
Fia. 1.—Simple series Fia. 2.—Parallel cir-
circuit. cult.

The equivalent resistance of a number of resistors connected in series
is equal to the sum of the individual resistances. Referring to Fig. 1:
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The table belqw gives the values of R,/R, for different values of the

factor
z==d \/M
P

where d is the diameter of the wire in centimeters, p is the volunie resis-
tivity in mierohm-centimeters (1.724 at 10°C. for copper), z may be com-
puted for any particular case, and Ro may be measured at d.c. orcomputed.

9. Ratio of H-f Resistance to the D-c Resistance for Different Values

of z = xd/2uf/p.

z Rs/Ro z Rys/Ro z Rs/Ro
o 1.0000 5.2 2.114 14.0 5.209
0.5 1.0003 5.4 2.184 14.5 5.388
0.6 1.0007 5.6 2.254 15.0 5.562
0.7 1.0012 5.8 2.324
0.8 1.0021 6.0 2.304 16.0 5.915
0.9 1.0034 6.2 2.463 17.0 6.268

18.0 6.621

1.0 1.005 6.4 2.533 19.0 6.974
1.1 1.008 6.6 2.603 20.0 7.328
1.2 1.011 6.8 2.673
1.3 1.015 7.0 2.743 21.0 7.681
1.4 1.020 7.2 2.813 22.0 8.034
1.5 1.026 7.4 2.884 23.0 8.387

24.0 8.741

1.6 1.033 7.6 2.954 25.0 9.094
1.7 1.042 7.8 3.024
1.8 1.052 8.0 3.094 26.0 9.447
1.9 1.064 8.2 3.185 28.0 10.15
2.0 1.078 8.4 3.235 30.0 10.86

32.0 11,57
2.2 1.111 8.6 3.308 34.0 12.27
2.4 1.152 8.8 3.376
2.6 1.201 8.0 3.446 36.0 12.98
2.8 1.256 9.2 3.517 38.0 13.69
3.0 1.318 9.4 3.587 40.0 14 .40
42.0 15.10
3.2 1.385 9.6 3.658 44.0 15.81
3.4 1.456 9.8 3.728
3.6 1.529 10.0 3.799 46.0 16.52
3.8 1.603 10.5 3.975 48.0 17.22
4.0 1.678 11.0 4.151 50.0 17.93
60.0 21.47
4.2 1.752 11.5 4.327 70.0 25.00
4.4 1.826 12.0 4.504
4.6 1.809 12.5 4.680 80.0 28.54
4.8 1.871 13.0 4.856 90.0 32.07
5.0 2.043 13.5 5.033 100.0 35.61

It is frequently useful to know the largest diameter of wire of different
materials which will give a ratio of R;/R, of 1.01 for different frequencies.
For a ratio of R;/R, equal to 1.001, the diameters given below should
be multiplied by 0.55; and for R,/R, equal to 1.1, the diameters should be
multiplied by 1.78.
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10. Maximum Diameter of Wires for H-f Resistance Ratio of 1.01.
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11. Reduction of Skin Effect.
In view of the tendency of the
current to crowd to the surface
of the conductor at high fre-
quencies, the remedies which
have been found practical in
effecting an improvement in
the resistance ratio R,/R,have
been those in which the con-
ductor has been designed so
that it presents a skin to the
current flow. These are:

1. Use of Flat Copper Strip.
While skin effect is present, for
the same cross-sectional area a
flat strip gives a lower resistance
ratio than do round conductors.

2. Use of Tubular Conductors.
Here the external magnetic field
is much greater than the internal
field, and therefore all parts of
the conductor are affected alike
by the field, thus reducing the
skin effect.

3. Use of Litzendraht. Ac-
cording to Eq. (6) the smaller
the diameter of the wire thelesa
the skin effect. Litzendrahtisa
braided cable made up of a large
number of fine strands of wire.
When certain precautions are
taken this braid shows a very
much lower resistance ratio than
does a solid copper wire of equal
section. These precautions are:

a. Each strand must be thor-
oughly insulated from every
other strand to avoid contact
resistance.

b. Braiding must be such that
each strand passes from the cen-
ter to the outside of the conduc-
tor at regular intervals—a sort
of transposition. This insures
that all strands are affected alike
by the magnetic flux.

c. Each strand must be con-
tinuous.

12. Types of Resistors.
Resistors generally used in ra-

dio and allied applications may
be broadly classified as:

1. Fixed resistors.
2. Variable resistors.
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Each of these groups may be further‘classiﬁed on the basis of the nature
of the conducting material of the resistor, as:

1. Wire wound.
2. Composition (employing carbon).

13. Fixed Wire-wound Resistors. As commonly employed, these
are wound on strips of fiber or bakelite, and on ceramic forms. The
former are used where the power-dissipation requirements are generally
negligible, for example, as center-tapped resistors across vacuum-tube
filaments for hum balancing. Resistors wound on ceramic forms are
generally used where the power requircments exceed 2 or 3 watts. Such
resistors are made with a protective coat of enamel or cement baked over
the winding, thus affording a measure of protection against mechanical
injury and penctration of moisture. The characteristics of the wire-
wound resistor are thosc of the particular wire employed and generally
show a negligible or slight temperature coefficient and no voltage coeffi-
cient, that is, the resistance is independent of the applied voltage.

14. Protective Coatings for Wire-wound Resistors. Coatings on wire
are employed to protect the windings from mechanical injury, to prevent
electrolytic effects and conscquent corrosion due to penetration of
moisture, and to provide an insulating covering for the winding. Coat-
ings most widely used in practice are:

A. Vitreous enamel coatings. )
B. Cement coatings employing inorganic hinders.
C. Cement coatings employing asphaltic binders.

Coatings in the first two classifications are capable of withstanding
temperatures in excess of 250°C. without deterioration. They afford a
high measure of protection against humidity. Exceptions to the latter
statement are coatings employing sodium silicate (water glass) binders
which are highly hygroscopic and, therefore, unsuitable where resistance
to humidity is an important factor.

Coatings in the last classification are capable of withstanding temper-
atures up to about 175°C., this varying with the nature of the binder.
Resinous binders stand lower temperatures than asphaltic binders.
They are, however, superior to the higher temperature coatings in their
moisture-resistant properties.

15. Rating Wire-wound Resistors. In view of the low temperature
coefficient of the resistance wires generally employed in radio wire-wound
resistors, the resistance change with loads normally encountered is small.
The rating is, therefore, primarily determined by the power the resistor
can dissipate continuously for an unlimited time without excessive tem-
perature rise or deterioration of the resistor. Some manufacturers rate
resistors on the basis of the power that will produce a temperature rise of
250°C. in an ambient temperature of 40°C., when the resistor is mounted
in free air. Such perfect ventilation conditions are scldom encountered.
As a result, it is generally recommended that such resistors be used at
one-fourth to one-half the nominal rating, which results in a temperature
rise of 100°C. to 150°C. In practice even these temperaturc rises may
be excessive owing to such factors as poor ventilation, proximity of
resistors to parts which may not be subjected to elevated temperatures,
and Fire Underwriter's approval. The specific application therefore
limits the practical use of a resistor rather than any nominal rating.
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16. Factors Influencing Rating of Wire-wound Resistors.

A. Heat-resistant propertics of protective coating.

B. Heat-rcsistant properties of winding core. (Ceramic cores are
most widely used, which withstand very high temperatures.)

Use of intcrmediate taps. Taps reduce efiective winding space,
resulting in less active cooling surface, reducing the nominal rating.
The extent of reduction depends upon length of the resistor, being smaller
for long units than for short ones. On short units 2 in. long, the rating
may be reduced by as much as 15 to 20 per cent, whercas on long units
6 in. long the reductions may be 3 to 5 per cent.

17. Flat Iron-clad Resistors. Flat resistors have attained a wide
vogue in radio-receiver design because of definite advantages. Such
resistors arc wound on a flat bakelite strip. The winding is covered
with a sheet of thin fiber, and the entire assembly is enclosed in a sheet
steel punching with mounting holes. The design permits the resistor
to be mounted flat on a steel chassis which helps conduct the heat away
from the resistor, permitting somewhat higher ratings than would other-
wise be permissible. The bakelite form and fiber insulation limit the
rating to about 1 watt per square inch as against a nominal rating of
2 to 6 watts per square inch for the cement and vitreous-enamel types.

18. Temperature Rise of Wire-wound Resistors. Figure 3 shows the
temperature risc to be expected at various loadings of wire-wound
resistors wound on ceramic forms, with vitr