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DSIS'l',QC• 1• !tW9 CillCtJI'! srsng 

IJ!IODtJOTIO•. :Red1tance in a radio circuit aq be good or bad, depending upon 

w'Mre in tbe circuit it occur, an4 in what amount. Def'lnite Yaluee of' ret11tanc• 

an neoe1M17 in ,oae circuit• to oaue them to perform properq; while even TerJ' 

1 -1 1 U101m t 1 1D  other, rill creatq impair. their operation and change the operating 

cbaracter11tic1 entirel7. 

lle1i1�e n•rlT al�• inTolvH a d111ipation or waste ot power. In 1ome 

ca••• th11 d1H1pat1on 11 nece11&?7 :tor the pod pel'tormance ot the circuit q1tem, 

aJUl in othlr1 it 11 detrillental.. !he probl• then appear, to be one ot determining 

wbn and where rel11tance 11 nece111&r;y and how llllCh, and when it 11 unwanted or 

hanatul. 

lil'URI OY momQAL D§XSTAICI 

lle1i1tance 11 the oppoeit1on or electrical trictlon that a conductor off'ere to 

the tlow ot current through it. !'h11 reei1tance 1• a definite property ot the 

particular lcind of' •tter of' which the object 11 compoHd, and under limilar con- 

d1 t1on1 of tcperatu.re, preHure, etc.,  it 11 al'W111'• the 1&me. !he resistance ot an 

object 11 independent of' the current that 1111q be tlowing thro-agh it ,  except that 

the current heat, the conductor, and 1:t' the temperature rile 1e appreciable, the 

ree11tance value 1lJB¥ al10 cbance. 

!here 11 no perrect electrical conductor, but all objects otter re1i1tance to 

the flow of current, ,ome more than other,, depending upon the mterlal of which the 

object 11 made. 'lho1e that ofter little resistance are called conductors and are 

uid to have good conductivity. The metal, 1D general are good conductor,, and of 

the conmon metal, copper 11 the beat. It 11 tor that reason that copper Wire 11 

u.eed in mald.ng circuit connections, winding coils, etc. , tor on account of 1 ta low 

resistance 1 t permits the eaq paaaage of current and introduces no appreciable loa1es. 
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Objects that offer high resistance are said to have low or poor conductivit7, 

and such materials a.re used in making.resistance elements, or "reai1tors 1 1  ae they 
..-- 

ar• called in radio-electrical language. Some high resistance materials used in 

this manner are carbon, metal alloys, etc. Resistors of various sizes are used to 

regulate or retard the flow of current, and ve?7 high resistors are used to confine 

electrical currents to certain sections of a circuit. Conductivity is the recipro­ 

cal of resistance, and as the one decreases, ,he other increases in the same ratio. 

UNITS or MEASURING ILECTRIC.U. llSIST.qc• 

�lectrica,l reshtru1ce 11 measured in a unit called the ohm, which can be defined 

a1 the resistance of an o�jeot through which an electromotive force of one volt can 

send a current of one ampere. This definition however, is merely a reatatement of 

Ohm'• Law. ·  Jrom a scientific standpoint the standard ohm 11 defined a1 the resistance 

equal to that of a column of mercury at o° Centigrade, 106.3 centimeter, long, and 

with a cross-section of one square millimeter. Thia definition specifies the material, 

len&th, cross-section and temperature. For laboratory work and other practical pur­ 

poses various resistance standards are available, generall.1' in the form of coils 

wound with German silver or ne.nganin wire, both high resistance alloy,. 

When very large values of resistance are to be expreased and the use of the ohm 

ae a unit involves a number with too ma� digits, the megohm is used, a megohm being 

equal to one million ohms. ror very small values of resietance tlie microhm 11 used. 

The microhm 11  one millionth of an ohm. 

i megohm equals 1,000,000 ohms. 

l ohm equals 1,000,000 microhms or .000001 megohm. 

l microhm equals .000001 ohm. 

'l'o change: 

Ohms to megohms mu.l tipl.1' by .000001. 
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ohu 

megohm• 

microhm• 

I ohm• 

I ohma 

• 

• 

1 1.000.000. 

1 .000001 • 

to aiorobm8 llllltipl.T b7 1,000,000. 

Tbu.1, 250,000 oba1 are eq-ual to .25 megohm, or 5 megohm• are equal to 5,000,000 ohme, etc,. 

og•s 'LA" DVIfflD 

Ohm'• law 1• a atatement ot the mathematical relation u:i1t1nc between the three 

factor• that are operatiT• in H'er., electric ,ircuit, naael.T, preanre, current flow 

and reai1tance. The law 981'1: In &?JT circuit the current flow expreeaed in ampere, 

1•  eqtaal to the applied preaaure in volt, divided b7 the reaiatal2Ce in ohm,. Stated 

in formula form it can be written in the following three�·: 

Volt, Volt, 

' . 

(1) .AmperH = 
Obme 

(2) Oln•: 

(3) Volta = .Ampere• z Ol:111. 

Thu.a, if the 'f'alue of an_y two factors are known, the third can be determined b7 

empl07i!J8 one ot the above three forms. 

Ohn'• Law can be applied either to an entire circuit or onl..y to a portion or 

aection of it. It the entire cir.cuit 1• being dealt with, the total applied voltage 

muat be considered, the total current flowing, and the rHi1tance of the entire 

circuit 1yatem. It onl.T a aection of the circuit ie being conaidered, then the 

volts&• across only that portion of the circuit enter, into the caleulatione, aa 

well a, the reeiatance of that eection and the current flow through it. The law ae 

stated here applie1 onq to direct current circuit 171t••· In alternatinc curreni 

circuits the inductance and capac1t7 effect, muat also receiTe consideration, and 

Obm'• le.• then takes on a alight� modified form as will be explained later. 

Illustrative �le No. l .  How much current can an electromotive force ot 

30 volts eend through the filament of a t7Pe 48 tube which baa a resistance of 75 ohms? 
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Current • 
Volta 

Ohru 

30 

75 

: .4 .AmpeN. 

lllu1trative ID.mple •o. 2. What 11 tbl r&11ltance of the filament of a tne 43 

tube if a pressure of 25 volte 11,needed to aend a current ot .3 ampere through it? 

Reai1tance • 
Volta 

- 
= 83.3 oi... 

�erea .3 

lllu1trat1Te -.:ample •o. 3. What 11 the D.c. TOltage drop aero•• a 30-m1111henl"7 

tilter choke that haa a reai1tano• of 250 ohma, it the current flow thro"O&h it 11 

80 milliamperea (.080 ampere)? 

Voltage • .Amperea x Obm1 • .os x 250 a 20 vol ta 

The important point to ob1erve in theae calculation• 1• ,bat the valuee must 

alwq1 be e.xpreaaed in volta, amperea, and ohaa. If the c1a11a 1• giTen in microTOlh, 

milliampere, and megoln1; tor example, the1e 11118t alwqa be reduced OT ch&Dc•d to 

vol ta, ampere• and ohn1, or the reaulta will not come out' w1 th the correct decimal 

valuea. 

TBI CIRCULAR MIL 

In wire mea11Urementa it ia colllllon practice to expreaa the diameter of wire, in 

1mila1 and the croaa-aection ar• in •circular mu,•. A mil ia one thousandth of an 

inch, and hence a wire one inch thick ia 1&1d to have a diameter of 1000 mile. A 

one-half inch wire baa a di.a.meter.of 500 mils, etc. 

A circular mil ia the ar• of a circle w.tlich ia one-thouMDdth inch in diameter. 

The uae of such a unit greatq 1impl1fiea wire calculat1ona, for 1ince the areaa of 

circle, are proportional to the.aquarea ot their diameters, the area of &JV' round 

section expreaaed in circular mile ia equal merel.7 to the square of ita diameter in mil •• 
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Thue, a wire which baa a diameter of ten-thoueandtha of an inch or 10 1111• ha• a 

croee-aection area of 10 x 10 or 100 circular mile. Circular mile mo.at not 'be coa- 

tuaed with aquare mil•, for a aqua.re mil 1• a unit of aq,iare .. nre ancl 1• equal 

to the area of a aquare surface l mil on an ed&9. 

In the wire table in :rtg. l are given the spec1f1cat1ona of copper wire of 

varioua •1•••· 
PROPERTIES OF COPPER WIRE. 

Vnited State, Vnitl-Bro,rn a. lharpe Oauge . 

.!! Welahtln Realatance al 
.,; .. 

Area.In Pound, . 20oc-.op. 
.. 

., 

.8 .: .; circular 

� r:: mile. 1000 1000 _ a  
feet. Mlle. feet. Mile. 

;,. A 
-- 

0000 '60.0 211800. M0.5 3382. .0490 .ze 
000 :t08.6 187 806. 507.9 2682. .()61 8  .326  

00  3&U 133077. (02.8 2127. .0779 . .Ul 

0 324.9 1061136. 319.5 1687. .0983 .1119 
1 2&9.3 83 Gln.T 253.3 1338. .1239 .«K 
2 257.8 es 371.3 200.9 l 061. .1563 .l'l5 

-- 
3 22U 1526M.S 169.3 841.2 .1970 LCMO 

• 20"3 41 741.3 126,4 667.l .2681 1.312 
6 181.9 33102.4 100.2 629.1 .313 3 UM 

-- 
8 162.0 2625U 79.46 ,19.6 .395 1  2.088 
7 144.3 20 818.3 63.02 332.7 .'882 2.630 
8 128.6 16 609.7 49.97 :.l63.9 .8282 3.317 

-- 
9 114.4 13092.8 39.63 209.3 .7921 "-182 

19 101.9 10 383.0 31.43 166.9 .9989 6.274 
11 90.74 8234.11 24.92 131.8 1.200 8.tll50 

-- 
12 80.81 6 529.96 19.77' 10U 1.688 8.386 
13 71.98 617U8 15.68 82.77 2.003 10.67 
14 64.08 oi 106.72 12.43 66.84 2.M5 13.33 

15 157.f/1 32116.78 9.8118 152.06 3.184 18.lll 
16 60.82 21582.7-i 7.818 41.28 4.018 2UO 
17 415.26 �00.21 6.200 32.7 .. 5.064 28.14 

18 40.30 1624.30 4.917 211.96 6.3815 as.11 
19 36.89 U88.13 3.899 20.159 8.001 42.61 
20 31.96 1021.53 3.09t 

� 10.115 113.81 
-- 

21 28.46 @10.114 U52 12.95 12.80 87.flfJ 
22 25.1,5 642.400 1.9411 10.27 18.14 85.24 
23 22.67 609.486 1.642 8.143 20.36 lf/1.11 

-- 
24 20.10 404.041 1.223 6.468 25.87 1311.11 
26 17.90 :t.!0.419 .9099 6.121 32.37 170.9 
26 15.94 2M.104 .7692 4.061 40.81 216.11 

27 14.20 201.613 .6100 3.221 61.47 271.7 
28 12.M lMl.aaT ,t837 2.564 64.90 342.7 
29 11.26 126.733 .3836 :J.O'l6 81.84 432.1 

30 10.03 100.6<K .30U 1.606 101.2 MU 
31 8.928 79.7031 .'413 1.274 _130.l 687.0 
32 7.900 63.20711 .191!4 1.010 164.1 866.4 

33 7.080 60.1268 ,11117 .801 206.0 109'U 
34 6.306 39.71516 ,1203 .6315 260.9 1377.6 
86 11.8111 Sl.11244 .0964 .604 329.0 1 737,1 

-- 
as 6.000 25.0000 ,C11117 .400 414.8 2190.4 
37 4.413 19.8259 .0600 .317 623.1 2 782.0 
S8 3."6 15.7227 .0476 .2111 8159.6 8'82.9 

--.-- 8.1111 12.4688 I .0377 .199 nu ••1.11 
.. 8,146 9.11880'1 .0299 .168 1049.0 IS 1188.0 

l•'lg, 1, ,vtrr. Table 

In the firet col'amn 1• giTen the number of the wire, in the aeooD4 coll1Dlll the dialleter 

of the wire in mile, and in tbe third col'ODID the croae-aeciion ar• in circular mil a. 

1or example, lo. 14 wire au.ch aa 1• commonl.T ueed for electric light wiring baa a 
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diameter of b4.0S milaand a croea-eect1on area of 410b.72 circular mile. •o. 22 

wire which 11 u1ed a great deal in winding radio coil•, baa a diameter ot 25.35 

m1la and a croea-section area ot 642.45 circular mile. In every ca1e it will be 

noticed th8 ar• in circular mile ie alwqe equl to th8 aqiare ot the diameter ex- 

preaeed in mile. 

SP:&pifIC RESIST.A.NOB QR Bl§IS!IVI'l't 

.Ul material• otter rHietance to the flow ot current, 1ome more an4 aome le••• 

That 11, th8re 11 no perfect conductor nor perfect redetor, the entire propert., ot 

reei1tance or conductance 11 relative. However, to make it poaeible to calculate 

abaolute re1i1tanoe "taluea, the 1pecitic reeietance or re111tiTit7 ot Tar10UI 

material• hat been cleterm1ned. B7 the apec1fic reliatance ot a l'Ubeiallce 11 aeant 

the re1i1tano• per unit cro11-1ection. In practical encineer1� calculation, th.I 

toot 11 '\lle4 a, the unit ot len,th and the circular mil a, the unit ot oro11-1eot1on. 
' 

In other wor41, the 1peo1t1c re111tanoe ot a 1ub��e 11 1t1 re111'6Dce per mil-toot. 

In enc1neer1n1 table, the 1pec1t1c re1i1tance Tal�e, ot 41fterent ma,,r1a11 are 

1tven at either o° Centr11ra4e (32° J'ahrenheit) or at 21° Centr1gra4e which 1, 69.1° 

J'ahrenheit ord.1m.17 room teq,erame. 

In the tollowtmc table in column (1) are liven ti.. 1peoU'io ret!atuoe .iu, 

in om, per mil.,.toot ot th.I o011111on metal• at roca tempeatv111 tbat 11 1  21°0. lll 

ool,mm (I) are 11TeD th.I re1at1Te con4uot1v1 e, 1h11e·1ame material, ezpre1114 

111 peroat ot the OOll4uoU't1.t, of oopptr wbioh 11 ue4 a1 the atudar4 of oompariaon. 

(2) 

108.6 

100 

97.s 

59.s 
(Continued on Pace 7) 

Pace 6 

ll&ttrial (1) 

lllTer • • • • • • • • • • • • • • •  g .7  

Oopper(annealt4) • • • •  1• 10.4 

Copper (hard drawn) • •  10.7 

Al um inum • • • • • • • • • • • • •  1s.7 



Zinc 
· · · · · · · · · � 4 4 · · · · · · · · · · · · ·  

�.o 27.7 

Iron Wire • • • • • • • • • • • • • • • • • • • •  65.2 16.2 

Nickel 85.1 12.9 
� 

• • • • • • • • • • • • • • • • • • • • • • •  

-Steel -Wire • • • • • • • • • • • • • • • • • • •  90.2 11.6 

Brass (eoft) • • • • • • • • • • • • • • • • •  46.9 22.2 

Phosphor-bronze • • • • • • • • • • • • • •  51.7 18.8 

German S i l v e r • • • • • • • • • • • • • • • •  128.9 7.5 

BOW TO C.ALCUUTlll THE BESIS'U.NCJ: 07 4 COHDUQ!Qll 

T�e resistance of a conductor depends upon three taetor.ei 11rst, the length 

of the conductor; second, the cross section �rea; and third, the material of.which 

the conductor is �de. The resistance depends directl.7 upon the length of the con­ 

ductor; that is ,  the greater the length, the greater the resistance. But the 

reeis1:ance var1'1's inversely as the cross-section ar•; that is, as the croae-eection 

area becomes sma.ll1tr, the resistance becomes larger pr�ortionatel.y, and vice-versa. 

As eta ted, the resistance depends upon the material of tlla conductor; that is ,  a  

copper wire of a given length and thickness has lees resistance t i.n an  iron wire, etc. 

If the dimensions of a conductor are known and the DBterial of which it 11 made, 

the resistance "R" can then be calculated with the aid ot the following formula: 

L 

j_ 

where r is the specific resistance as given in the table in the previous section, 

"L" is the length of the conductor expressed in feet, and 1A' 11 the croee-eection 

area expressed in circular mils. 

Illustrative Example No. 4. What is the resietance of 150 feet ot No. lS 

copper wire. such as ie commonl7 ueed for door bells, etc? 

Pace 7 

R = r x 



:a = - - 

10.4 z 150 

Illu•tratiTe Jbrample Jro. 5. It 2000 feet ot JJo. JS wire are aeeded. tor 

Windinc an audio choke, what 'rill be the re•i•tance ot the w1n41nct 

:a - 

r z L 

------ 

.A. 

10.4 x 2000 

: 1325 Obu 

In IIUCh calculation• a• the•• the specific reaietaDCe val••• are obtained 

from tbl iable ill thl preceding •ection and the diameter• and area.a of the wir•• 

from the wire table i:n Jig. 1. 

BO! QHADJIS Ill' !l'JMPIM!'Qll pnc; us1smc1 

!hi ezact re•ietance ot pure metal conductor• depend• upon the temperat"Ur•• 

and increaae1 a1 the temperature rite, and decreaaH •• the temperature drop•• !bat 

11 w� 1:n Specific Bedatance iable1 the temperature 1• alft1'1 mentioned. Jor 

ordina.17 practical parpoae• the room temperature (70°1) reai1tanc• 11 generall.7 

eufficientq accurate, bUt where greater accu.ra.ey 1a neceeea17 tm chance :l.n re- 

detance due to temperature condition• ma.at be taken into cone1derat1on. 

l:q)eriaental ob1erTationa :t::ave •bown tbat the rate ot increa1e in reeietance 

with r11e in tnperature 1• nearq the same for all the more cODDon metals. 1'be 

increase in r••11tance per om per degree ri•e i:n temperature 11 called tm 

1'emperature Coeft1ciat; and if temperaturH are meanred on the Jahrenhe1t 1cale, 

th11 coefficient baa a munerical w.lue ot approximateq .0023. (Coefficient mean• 

mn.ltip]Jring factor.) In other worda, a 1-ohm reeietor raieed l degree in temperatur, 

will 1ncraaee in reeietance by .0023 ohm. 



To calculate the resistance of a conductor at a given higher temperature, the 

above facts have been put into the following formula form: 

R2 = Rl + (Rl x t x c) 

where R2 is the unknown resistance at the higher temperature, Rl is the known re- 

sistance, "t"  is the number of degrees change in temperature, and "C" is the temperature 

coefficient or .0023. 

Illustrative Example No. 6. The resistance of a filter cboke wound with eopper 

wire is 1325 ohms at room temperature (70°1.). What will its resistance be at 150°F? 

Rise in temperature is 150 - 70 or 80 degrees 

Upon substituting these values in the above formula it becomes: 

R2 = 1325 +(1325 x 80 x .0023) 
aa = 1325+ 243.8 

:a 1568.S Ohms 

The quantity in parenthesis, or 243.s, represents the increase in resistance 

and that added on to the initial reaistance gives the high ·temperature resistance. 

Pyrometers or electric thermometers operate on this principle of the increase in 

resistance of special heating elements with rise in temperature. The heating element 

is connected in s�ries with a source of voltage and a current indicating meter. With 
v 

a constant voltage the current varies with the resistance, and hence it properly 

calibrated the meter can be adapted to indicate temperatures directly. 

For special purposes where a constant reeista.nce is desirable even for wide 

variations in temperature as in measuring instruments and in various types of elec- 

trical standards, a number of alloys have been developed that have a zero temperature 

coefficient. In other words, these alloys bav.e a practically negligible variation 

in resistance as their temperature changes. Mangan1n ii such an alloy. It consiats 
I  

chiefly of copper, but also contains nickel and manganese. A peculiar property of 

most alloys is that their increase in resistance per degree rise in temperature is 

lees than that of pure metals. 
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BESISTORS IN J. SERIES SYS'l'D{ 

A number of resistance units are arranged in seriea when they are connected ao 

that the current flows through each one of them in succession. SUch a 1erie1 hook­ 

up is  sometimes also ·referred to as a "tandem" arrangement. The various 'tlllita in 

a series circuit need not all be resistance elements, one 'tlJB¥ be a choke or trane­ 

fonner winding, another a tube filament, the third a control rheoatat, etc • 

.A. series circuit is inherently a single-path circuit, and the current 11 the 

same in all parts; none can be lost or blocked at aey point, as long as the cir.cui t 

i s  properly insulated, etc. In other words, an anmeter or milliammeter will al�• 

give the same reading, no matter where it 1a connected into the circuit. .A.lao, 

since in a series circuit the current flows through ea.ch element in succession, the 

total resistance is equal to the sum of the resistance values of the separate unite •. , 

As the current flows thrOU8h a series circuit, it sets up acrose each unit a 

potential drop that according to Ohm's Law is equal to the resistance of that unit 

multiplied bf the current stren&th ( I x  R) ;  and the total potential drop through a 

aeries circuit is equal to the sum of the drops across the successive parts. The 

current will autouatically adjust itself to such a value that the aggregate or total 

of these potential drops is  equal to the applied voltage. That is,  the applied 

voltage will completely dissipate itself in sending the current through the circuit 

against the �otal reaiatance encountered. 

These various characteristics of a series circuit can be summed up in the 

following laws: 

l .  The current in every part of a series circuit is the same. 

2. The total reaistance of a aeries circuit is equal to the sum of the 

separate resistances. 

3. The total voltage drop through a 1eries circuit equals the sum of the 

drops across the individual secti�ns. 
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�. The total voltage drop thr011&h a 1eriea circuit 11 equal to the applied 

electromotive force. 

J'o. l can be reetated in formula form in the following wq: 

R - rl -t r2 + r3 etc. 

llluatrative :Example No. 7. The voltage at the output of the rectifier of an. 

A.C. _,.t is 350 volts. The circuit contain, a 200-obm filter choke. a 2500-ol:a 

dTnamic apee.lter, and a 20,000-obm bleedft resiltor. What current !lmPr through the 

re1i1torT See 71g. 2. 

The total resiatancs .R -  200 -+ 2500 1" 20,.000 or 22.-100 Qm,. 

Volte 350 

Current I - 

Ohme 

= 

Thie condition prevails when the aet ia. turned on anct th& rectifie� tube onq 11 ia 

11t9 aoca:et. 

T)le potential drop acroH the cholce is 200 x .01542 or 3.08� Vol ta. 

The potential drop across the field is 2500 x .01542 or 3s.55 Volta. 

The potential drop acro11 the bleeder ree1stor 11 - 

20 ,000 x .01542 or 308.4 Volta 

The total potential drop around the c1rcu1 t ie then - 

3.084 + 3s.55 t 3os.1+ or 350.03 vol ta 

and th11 11 equal to the applied voltage at the circuit terminal •• The small difference 

ot .03 volt is obtained because in dividing 350 by 22,700, the la•l figure in the 

quotient 1a  not equal to 2. These calculations Terify- the four lawa of aeries circui ta 

stated above. 

RESISTORS IN .1 PABUJJl!L SYSTDl 

Resiators connected in parallel are arranged to form a divided or branched circuit 

between two points. In such a circuit the main current separates and part f'lowa through 
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each branch. It  is evident that the totni current supplied to such a parallel 

system is equal to the sum of the individual branch currents. Also ,  the current 

r> in every branch according to Ohm1  s Law is  equal to the voltage across the parallel 

system divided by the resistance of that branch, the voltage across all parallel 

branches being the same. 

F,g.2 + Fi9.3 

The combined resistance of two equal resistors in parallel is  equal to half the 

resistance of one unit, and the combined resistance of three equal parallel unite is  

one-third the resistance of one unit, etc. If a n-wnber of unequal resistor unite 

are connected in parallel, their combined resistance is given oy the following formula: 

l 

R 

l 

rl 

l 

r2 

l 

etc. 
-----+---t-- 

I  

. t  w:., � be found that when &IV number of resistors are connected in parallel, 

ihe combined reFi�tance is al�s less than that of the smallest resistor in the 

group. The other two important points to observe about a parallel combination are: 

The voltage across all the resistors of a parallel hook-up is the same, and the 

current through &l\f branch 1e independent of and has no effect on the current in the 

other b ranchea, 

In the case of a more complex circuit in which two or more Pfl.Ta.llel c�mbinations 

are in series with each other and in addition in series with several individual 

resistors ,  the circuit conditions are calculated by first working on the parallel 

combinations and reduci:cg them to equivalent single resistors, and then solving the 
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circuit a1 a simple 1erie1 circuit. 

4FALTSIS OJ' A PAJ3ATJ,EL CIRCUIT S!STJM 

In Fig. 3 is  illustrated a �rallel circuit which is t;ypical of the circuit 

arrangement used in DBJlT 110-volt universal .A.C.-D.C. mid.8et receivera. A 25z5 tube 

is used a• a rectifier to 8Upply the required d,_rect current to the plate and i.,creen 

circuits of the various tubes and also to the field of the �namic speaker. .Although 

only one tube 11 shown, this should be considered a composite illustration represent­ 

ing the four or five tubes used. 

Point A ie  the positive output terminal of the rectifier and point B i s  the 

negative termill&l returning to the other side of the line • .A voltmeter V connected 

across points A and B generally indicates a pr�asure of about 90 volts. At point C 

the circuit divides, one branch leads through the 3000-obn speaker field and the 

other to the plate and screen circuits of the various tubes anployed. These two 

branches then unite again at point D. Since both circuit, are really connE'!Cted across 

points C and D, the same preasure of 90 volts 11 applied acrose each. 

Tha current through the field coil can be determined by means of Ohm's Law, 

namely by dividing 90 by 3000, the result being .03 ampere or 30 milliamperes • .A 

rnilliammeter M connected into the tube line indicates a current of 40 milliamperes 

drawn by the various tubes. A current meter inserted into the line between points A 

and C would register 70 milliampere,. In other words, in_a parallel circuit the 

total current j,.e equal to the sum of the branch currents. The same current strength 

flows between points D and B.  

Since the total current is 70 milliamperes (.07 ampere) and the applied voltage 

is  90 volts ,  the resistance of the entire parallel system according to Ohm 1e Law is 

90 divided by .07 or 1285.7 ohms. The combined resistance of the tube circuits can 

also be calculated, for if the current drain is 40 milliamperes ( .o4 ampere) and the 
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voltage applied acroH them ii 90 volte, the resistance in obma 1a 90 divided by 
( 

.04 or 2250 ohms. If the reaistance of these two parallel circuit, 11 next deter- 

mined, the aame reault 1hould be obtained aa was arrived at in the firat 1entence 

of thie paragraph, namely, 12s5.7 ohms. 

The combined resistance ie determined in the following manner: 

l 

R 

1 

rl 

l 

r2 

l 

3000 

l 

2250 
- 

2250 -t- 3000 

3000 x 2250 
- 

5250 

6750000 

- = - + -  ----1---- 

or. if both aides of the equation are inverted. the result 18 :  

6750000 

5250 

• 
12s5.7 Ohme 

These simple calculations thus nicely verify the various law, governing the volt.a«•. 

current and reeietance distribution in parallel �ircuit 1y1tem1. 

RISIST,ANCE 4§ A MUNS OP' CURBDT CONTROL 

When an electrical preesure ii impreaeed acroas the termimla of a circuit and 

the circuit h closed 10 that it form, a continuous and uninterrupted path, current 

11 cauaed to flow. Thie current at once encounter, opposition or electrical friction 

called red1tance, and the applied pre11ure h diuipated in overcoming thi1 reai- 

1tance. The current then automatically adjust, itself to such a "8.lue that the total 

applied pressure 11 uaed up in sendiD& it around the circuit. If the circuit 
'  

reeietance becomea greater, leH current can .flow. for if only a certain preuure 

11 available and the opposition to be overcome 11 greater, le11 current can be ,ent 

alol38. Or if the same current 11 to be aent through the higher resistance, greater 

circuit volte&• 11 needed. 

A.ccordin& to Ohm'• Iaw, in aey circuit the current in amperH h equal to the 

applied pressure in volte divided by the resistance in ohms. Thie means that at a 
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' ' 

con•tant -.ppl.1.ed... v.oltage the current !low in an;y circuit ii governed en.tirel.J b7 

the amount of re1i1tance encountered. Resietance can thua be u1ed a1 a mean, o! 

current or voltage control, and tbis 11 one ot the oomnon application, o! resistors 

in radio and electrical circuits. Resistance uaed in tb11 manner� be in the form 

of a fixed unit having a def'ini te resistance value, or it � be a variable unit 

like a rheostat or potentiometer. The latter can be made continuously variable aa 

with a slider moving over a coiled piece of Wire, or arranged to cut in or out a 

number of fixed units by means of a switch lever moving over a series of contact 

points between which the resistance elements are connected. 

CALCULATING THE VOLTAGE DROP ACROSS A RESISTOR 

The relations e'Xpreesed by Ohm's La. w a r e  true for an entire circuit system as 

well a� for acy section of a. circuit ,  and it is with the aid of tbis law that the 

voltage drop across a resistor can be calculated or the resistor value needed to 

bring about a desired voltage drop • 

.Accordin& to Ohm's La.w the voltage drop across azv part of a circuit is equal 

to the current flow through it multiplied by the resistance of that part. Or :  

Volts • .Amperes x Ohms 

Illustrative Example No. 8. What is the voltage drop acro1e a 20,000-ohm 

resistor if the current flow thro'IJ€h it is 5 milliamperes? (See Fig. 4. )  

Volts :s Amperes x Ohme 

Current is  5 milliamperes or .005 ampere. 

Resistance is 20,000 ohms. 

Volts • •  005 x 20,000 = 100. 

AccordiDgly the drop across the resistor is  100 volts. 

11.nother way of considering this action is by stating that the voltage drop or 

loss of potentie.l a.or�•$ a reaietor i e  always equal to the volt889 or electromotive force 
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that would be needed to eend the ume currant through that redator. In other words, 

the current alwq1 a4Ju1t1 itself so that the total voltage drop throughout a circuit 

1• equal to the applied electromotive force. As 1e explained in a later paragraph, 

power is thus expended in sending the current through the circuit resistance, tb11 

power manifesting itself aa heat which causes the temperature of the circuit elanents 

to riee. 

Q 

100 \I. 
( 
0 
..,I 

"'" -tB 

2Mi\'s. 2S'O V. 

- 

Fia.6 

� 

a 

< 
0 

..J 

+ S  

2., M i \ .$ ,  es» v: 

Fig.7 

1 0 0  v. 

Fig. s 

CALCU1i4TIBG THI RESIST,ANCI VALUE N.Bl.1lIDID FOR ,A GIVEN VOLTAGE DROP 

A ve17 common problem that arises in the calculation of radio cirtuita is that 

of determining the value of resistance needed to reduce an available voltage suppl7 

to a lower Talue as required in a certain branch of the circuit. 7or instance, for 

operatiD8 2-volt tubes of the 30 or 32 t7Pe, two dr7 cells are comno� used con- 
I 

nected in aerie• as a filament supp�. The terminal voltage of these i• 3 : olts, 

althou&h on}T 2 volt, are needed at the filament terminals. In other word•, 1 volt 

mu.et be disposed of, and the method used 1• to connect a resistor in aeries with the 

circuit 10 that 1 volt 11 diseipated across tliis resistor. See 7ig. 5. 
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AOoor4.bc w Cla'• Jaw rHiltance in om• 1• eqaal. to wl*• 41v14.e4 b7 ampere•, or: 

Tolt1 
Ola,• 

Jllp•r•• 

!he wltace ln '118· ca•• .1ut olted 11 tbe 1-'fOlt to be 41111,a•ecl, and the filament 

current accor4lnc to the time table ia .o6 ampere. !be reelatance Ta.lue needed 1a 

1.bell calculated '1:mat 

Volt• l 

: 16 .661>m •• 

Since ti:. tl.luent with ti- red•tor an4 A-batte17 toraa a •eriea circuit, and since 

the ourrat in all part, ot a 1erle1 circuit 11 the um•, it make• no difference whether 

thia diadpattng re111tor 11 connected into ti:. po1ltift or n.eptive 114• ot the line, 

-cmlH1 other circuit conditiou require that it be placed la ettbtr one eide or the 

other. 

!be general rul•• then, tor d.etel"lld.aiDg the' Ta.la ot a TOltace clropping resistor 

11 ae follow,: Subtract the TOliap required from tha a'ftllable auppq voltage to 

o'btain the number ot TOlta to be u�•••l.1' 41111pate4, and divide thia n'Qlllber by the 

current 1trencth thrwch tbat part ot tbl circuit to which the volta«e it to be 

redw:ed. !m whole prooe11 11 tlml tir1t a oa1e ot lalatractioa and then di vi.lion, the 

important thing to ob1erve in all oa,ea beinc the po1i'1on of the 4ecial point. 

QAI,OUWIBG scgp GBJD amp PIIffiU 

In the ca11 ot •oreen grid tub•• the ecreen grid 11 4e1igned to operate at a lower 

vol ta&• t1'n the plate, and c:onaaquentl.7 a ni table rea11tor must be connected in 

1er1ea with the ac:reen grid circuit to reduce the voltage to the proper value. The 

c:alculatione involved are mereli' another application ot the principle• explained in the 

previoue paracraph. 

Page 17 



Illuetrat1Te :bample No. 9. .A. type 513 or 6D6 tube 1a designed to operate with 

a plate potential of 250 volte and a screen potential of 100 volts, the screen 

current under the1e conditions being 2 milliamperes. What value of screen resi1tor 

must be ueed? See 7ig. 6.  

Supp� volta&e is 250 volts. 

Voltage needed is 100 volte. 

Voltage to be dissipated in resistor is 250 - 100 or 150 volt,. 

Current thr01Jgh resistor is 2 milliamperes or .002 ampere. 

Therefore, resistor value 1e - 

150 

.002 

or 
150000 

= 75,000 ohms. 

2 

C.ALCUUTilfG C.lTHODE BIA§ RESISTORS 

In most ..A..C. operated tubes it 11 customary to establish the required negative 

bias on the grid by means of a resistor in series w1 th the cathode return lead. Thie 

real� place, the cathode at a poa1t1ve potential w�th reepect to the grid, but the 

effect h the eame. The method of calculatin& the resistor value needed to e1tabl11h 

the nece11ary bias 11 another simple application ot the principles explained and il­ 

lustrated aboTe. 

The procedure 1e a• follow1: :rrom a tube data chart the grid bias is obtained 

for the particular tube in use at the plate voltage at which it is operating. :rrom 

the 18me chart the plate current ie al10 obtained at the same plate voltage. The 

problem then merel.T becomes a ca1e ot calculating the reai1tance with the voltage and 

current values known. If the tube contains a acreen grid, the screen current al10 

mu.et be considered, for th11 likewise return, through the cathode resistor. 

Illustrative :lxample Bo. 10. What value cathode bias resistor is  needed for a 

type 6J'6 power amplifier that 11 operating at a plate pressure of 250 volts if the 
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required grid bias is 16.5 volts? The plate current is 34 milliamperes and the 

screen current 6.5 milliamperes. See Fig. 7. 

The current flow is  34 -r 6.5 or 40.5 milliamperes or .0405 ampere. 

The voltage drop to be established is 16.5 volts. The required resistor value 

is  then calculated by dividing the voltage by the current flow, or - 

Resistor value is :  .J&.i.. 
.0405 

= 165, 000 • = 4Cf/ ohms • 
405 

Accordingly, a 4oO-ohm resisi.or would be needed for biaaing purposes. 

POWER �ISSIPATION I� RESISTO� 

When an electric current is sent through a resistor, power is expended in over- 

coming the resistance. This power uanifests itself as heat and causes the resistor 

to become warm. The heat developed, of course, must be dissipated into the 

surrounding space, and the 'temperature of the resistor rises until the heat is 

dissipated as fast as it is developed. It is thus evident that the amount of power 

that can be expended in a resistor, as well as the temperature rise, are limited 

chiefly by the rate at which the heat can be disposed of and absorbed b7 the 

,surroundings. 

This rate at which the heat can be disposed of depends upon a number of factors, 

such as the ease with which the heat can get from the interior of the resistor to 

the surface, the heat radiating qualities of the surface material, the surface area 

exposed to ventilation, and lastly and probably most important, the difference in 

temperature between the resistor itself and the surroundings. 

A resistor in which a certain amount of power is expended may operate perfectly 

satisfactorily and remain fairly cool if it ie mounted in the open with free 

circulation of air about it ;  but if it is tucked away in a corner uQ:ler a crowded 
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midget cha11ia with little chance of the heat b•1ng carried awq, the temperature ot 

the reeietor 'l!tl!J.'3' rise above a safe degree. Or, what ma::, be wor1e, it the re111tor 

r--- 11 mounted near another unit 1uch a1 a hot traneformer, the resistor not on4' m.1 no 

mean1 of di1aipatiJ!g it1 own heat, but is actually forced to absorb additional heat 

from the higher temperature adjacent object. 

Therefore, when re1i1tor1 are being aelected, the reliability of the manufacturer 

ahould always be considered to make aure that only ingredients of good quality are 

uaed and that the resistor, Will atand up under the service for which they ar• in­ 

tended. ilao, ii;i selecting the mounting poaition attention ahould be paid to tbe 

eaee With which the heat can be carried awe::, 10 that the resistor will not exceed 

safe operating temperature,. 

If a reei1tor does become too hot ,  it ma::, not on� change in value IU.ff1c1entl7 

to upset the entire circuit stability, but ma::, alto dieintegrate enough to break down 

and open. The reeistor 11 then said to be burnt out. Reaietore •hould alwqa be 

choaen of euch a liH and rating tbat thia disintegrating temperature is far above the 

normal operating temperature 10 that the reaiator will haTe a long useful life. 

Q,ALCULlTIBG POWER DISSIPA� IN Rl:SIS'l'ORS 

The amount of power d11aipated in a resistor depend, upon the current that ia 

1ent through it and the ohmic value of the resistor. If the current strength 1a ex­ 

preaeed in ampere,, tbt power in watta in equal to the 1quare ot the current mul t1- 

plied b7 the reaietance. Or, expre11ed in formula form th11 would read: 

Power. (Current aqua.red) x Resistance 

Watte. (.Amperes x .Amperes) x Ol:me 

P .  r  e  r  e  a  
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Illu1trat1Te �le Bo. 11. Wbat power 11 expended in a 5-ol::a re1i1tor it a 

current of 2 amperH 11 eent thrauch itT 

P • I x  I x  R  •  2  x  2  x  5  •  20 Watte. 

Illuetrative :11:ample Bo. 12 • .A current ot 40 milliampere, ( .04 ampere) flowe 

throu.&h the 2500-ol::a field. of a �c speaker. Bow mu.ch power 11 di1aipated in 

the f'ieldT 

P = I x I x R : ,()ij x .Olf. x 2500 

- .0016 z 2500 : 4 Watte. 

Illu1trat1ve bample No. 13. The cathode reeistor for a type 56 tube operating 

as an audio amplifier ie 2000-ohms and a current of 5 milliamperee (.005 ampere) 

flow, thrauch it. Bow J111Ch power ie di1eipated in the re11etorT 

P = I x I x R ., •005 x .005 x 2000. 

:s .000025 x 2 000 :  .05 Watt • 

.An important point to· obeerve in connection with the d111ipation ot power in a 

ree11tor, 11 that a1 the re1i1tance is doubled the power di111pated aleo 11 doUbled, 

but if the current 1e doUbled the power 11 quadrupled, that 18, becomee four times 

ae great. Jor example, it a current ot 2 amperee 11 1ent through a 5-ohm re11etor, 

the power expended 11 2 x 2 x 5 or 20 watte. If the resistor Talue 11 doubled to 

10 ohms, the power expended 18 2 x 2 x 10 or 40 watte. However, if with the original 

reei1tor the current 11 doubled, the power di1sipe.tion become, 4 x 4 x 5 or 80 watts. 

That is w� the tmrperature riH increa••• so rapicil.T a1 the current tlow becomee 

greater. 

TO CALQULA.TE THE CURRDT C.APACITY 0 1 4  RJISIS'l'OR 

To calculate how much current can be carried by a res11tor of known 'V'alue if' the 

power rating of the re1ietor 11 known, the proee11 11 somewhat the reverse ot that 

explained above. In other words, to calculate the current eapaeit7 of a reeietor 
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having a given power rating, din.de the power in watts by- tha reai•tance in ohma 

and extract the square root. Expre11ed in formula form thi• 11: 

r - �  or 

.Amperea • VWatte divided by Obne 

Illustrative Example No. 14. How much current can safely be sent through an 

800-ohm wire reaietor that ie rated at 20 Watte? 

let step: Divide 20 � oOO and get .025. 

2nd step: Extract square root of .025 and get 

.158 Ampere or 158 Milliamperes. 

Illuatrative Example No. 15. How mu.ch currant can be carried by a 2000-ollm 

carbon resi�tor rated at 1/2 watt? 

lat step: Divide .5 by 2000 and get .00025. 

2nd atep: Extract square root of .00025 and get .015g jmpere • 

• 0158 A%1lpere equals 15.8 Milliampere,. 

'l'he calculations just illustrated do not take into consideration &DY' factor of 

safety such as 11 generally allowed to compensate for the limited heat d1Hipat1ng 

conditions that might be encountered, etc. If a 25� safety factor were allowed, 

the current capacity in the two cases just cited would be one-fourth l•••• 

BM.A RESIS'l'OR COLOR com: 

.l color code baa been adopted by radio parte and 1et manufacturer, to dHignate 

the value of resistors eo that one can tell by obaerving the color of a resistor 

what the value 11 w1 thout having to resort to the use of IO!llf suitable mealUl'ing 

device. Without such a color code it would be impossible to tell off band the value 

of a defective resistor in a radio set or amplifier. 

The resistor color code include• ten colors, one color !or each of the numerical 

digits, and the resistor is colored in three places - one color ia applied to the 
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bod.T of the reai1tor, another color to the tip or end of the re1i1tor, and a third 

color in the form of a ring or epot at the center o! the re1i1tor. The number 

corresponding to the color of the bo� 11 the fir1t figure in the reai1tor value, 

the numoer repre1ented by the tip or end color 11 the 1econd figllre, and the color 

of the spot at the center indicates the number of zero, that follow these first two 

figures. Following are the ten colors used and the d1�1t each repre,ents. 

:Brown l :Blue 6 

Red 2 Violet 1 

Orange 3 G.ray 8 

Yellow 4 White 9 

Green 5 :Slack 0 

Yor example. if the bod1' color of a resistor 11 brown, the tip ,reen, and the 

center band or epot orange, the first figure in the reaistor value ie 1 and the 

second figure 5 and theee are followed b7 three zeros. The value of the resistor 

ie thus 15,000 ohms. In the :following table are given a number o! color combinations 

used on resistors and the resistor value each color combination represents. 

Boey Color End Color Band Color Resistor Value 

Gray (8) Grq (8) Black (None) gg Obns 

:Brown (1) Blue (6) :Brown (0) 160 Ohms 

Yellow (4) Green (5) Red (00) 4500 Ohms 

Or&n8e (3) :Slack (0) 0r&Jl8e (000) 30000 Ohms 

Red (2) Pllrple (7) Yellow (0000) 270000 Oline 

----- 

EXAM QUESTIOm ON PAGFS 24 and 2$. 
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