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Third Week. ,» : | o
Ohm's Law; Electric Power and Energy; 4 G.B.Todd,RMle,
Wire; Measurement of Resistance. . \

i

"UBSTION #1. What is the unit of quantity, current, pressure snd
resistance?

ANSWER #1. The unit of gquantity is the Coulomb., It is the amount
of electricity that will flow past any point in a
circuit, in one second, when the current strength
is one ampere; therefore: to find ths total quantit
of electricity in coulombs passing through a circuit
in a given time, multiply the current strength,in
amperes,by the time, in ssconds; to find the averag
current strength in amperes, divide the guantity,in |
coulombs, by the time, in %3“Jﬂd~, to find the time
required for s ziven guantity of electricity to pasg
a point in s nircult divide the guantity of elec=
tricity, in coulombs, by the rate of flow in ampered

: . The unit of current is the Ampere, It iz the rate of
1 flow of one coulomb of electricity par second,

If: I = curr ent {in smperes)
Q = quan®ity (in coulombs) |
) t = time (in seconds)

R=I=xt ]

I =
&

i
T :

The unit of prescsure is the Volt. One volt is the pre
sure require to force one ampere Lo flow through a
resistance of one ohm, |

The unit of resistance is the Ohm. A wire offers one?
ohm resistance when a pressure of one volt is requ-
ired to force a current of one ampere through it,

CUESTION #2. Write Chm's Law and give Algebrsic symbols and equa=-
tions,

ANSWER #2, There sre three factors which are presen%t in every
electrical circuit, in which s current is flowing:
The pressure causing the current to flow, the resisg«
tance which must bs overcome, =nd the current stren-
gth which is meintained. mhese facteors have a defie-
nite relation, snd this reiation has been stated Wy
Georg isimon Chm, who discoversd the relation, and
this statement, called Chm's Law, is the most impor€
arnt equation o? the electrical 901ence as all cale-
culations in °1ectrzcal engineering are based on itg

Chm's Law states
First: The currunt in any electric circuit is equal;
to the electromotive force applied to the circuit, -

divided b% the resistance of the circuit,
Second: The current strength in any cirecuit increassi

or decreases directly as the E.M.F.,or potential ’//

b et i e

S A e oAk g ok R i



(\

i - e ey r ey

h

difference, increases or decreases, when the resis-
tance is constant, With a conztant pressure the
current incrsases as the resistance is decreased,
and decreases as the rasistance is increased.Brief-
ly, the curreut varies directly as the E.M.F. and
inversely as the reaistance,
Third: Tne electromotive force regnired to maintain
a certain current strength in & circuit of known
resistance, is numerically equal to the product of
the current and the resistance.
he Algedraic symbols for the three factors are:

ANSWER #2. Continued,

T

I = Current (in amperes)
E = Pregsure (in volts)
R = Reuistance (in ohms)
The Algebraic eguations for Chm's Law are:
I= X
R
T=IxR
R= 2
T

QUBSTICK #3. Define i(he Standard Unit of Current, Preszure, and
Resistsnce,

ANSWKER #3. The Standard Ohm is %he resistance of 3 columm of pure
mercury 1Qo0.3 centimeters long, of uniform cross-
section, and weighing 14.4521 grams at O0° Centigraae;

The Standsrd Volt is defimed as 1/1.0183 cof the volt=-
age of s Standard ieston ceil under standard condi-
tions,.

The Standard Ampere is the rate ¢f flow of a steady
current which cne astsndard voelt pressure forces
through cone standard ohm resistancee It is that
steady current which, when pazsed throuzh a solution
of nitrste of 2ilver in water, in a silver volta-
meter, deposits silver at the rate ¢f 0.,001118 gram
rer second,

"UBSTICN #4, What is meant by the terms, "Difference in Tctential”,

or "Drop in Potentisl”, or msrely "Drop"?

ANSWER i Befors a current can flow im a circuit, thers must be
a "Difference in Potential,”™ that is, the electrical
pressuare in one part of th2 circuit aust be greater

, than in anocther pari. Nature tends to eynslize, so,
if no mere pressure were supplied, or generated,
the current would continue te flow until the pres-

» gure at these twe points wass squal, until there was
no "Difference in TFotentiale,” The HK.l.F¥. is the
tctal pressure zeunerabed. Tne "Differswnce in Poten-
tial™ is any part of the E.M.7. I% is that portion
cf the T.,l1.®, used in csausing the current to flow,
The T.,U.P. is the sum of all the "Drops in Potentiall
The "Drop in Poterntial" is the volts louste Fressure
gould 10t be lost unless = =orrent had ween trans-
mitted by it., The terms, "Dif{ference in Potential,”
"Drep in POTENTIALY and "Drop" are synonomous,
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"UTSTION #5.

ANSWTR

CURSTI

ANSWEE

ON

CUZSTICN

ANSWER

< ULSTION

AXSWER

)
[
(£
&
3
H

ANSWER

[ew

2

pre

#50

1‘%8"

78

#10

Mow many volts are needed tc force 4 smperes through
58 Ohms?

I xR

Formula: B

4 x 58 = 232 volts, ~imus

therefore: E

What current is produced tnrough a resistance of Z£.5
ohms by an Tlectromwotive Force of 46 volts®

pn]
Formuls: I = %

therefore: I = %Eﬁ = 184 superes,. Ans,
o

Through what resistance will 900 volts produce 4.5
smperes?

Formuls: Q= E
I
therefcre: R = 299 = 200 ohms, Ans,
D
Define the Ampere-Nour. A current of 3.5 amperes was

Abf

mairntaired by a cell for 4 hours, hat quantity (Amp~-
ere-dours) of elechiricity has been used?

—l
5

T Aupera~Hour ig & measuremsnt of guantity of elec-

; ty uveed in a circuit. Cne ampere-hour is the
tity of electricity that would pszs any point
circuit in ons hour, when the strenszth of the
ent is one ampere, ‘19 smpere-bhour is equal to
¢oulombs.

Quantity (in smpere-hcurs) = amps. X hours

therefore: Quantity = 3,5 x 4 = 14 Amperas-Hours, Ans.

dhat is measnt by Milliampere, llicrcampere, lMegohm,
Xilovolt?

When computing ungnown valueg ¢f slectrical circuits,
when the known values are vary large or vnry small
the use of the units, invelves toc msny figures, so
in thst cas2 vwe make use of parts of the units, or
rany of tre uuits.

milliampere is one thoussrdth of ore ampere,
microaxpere is ore millionth of one awmpere,

regohm is one million ohms,

kilovolt is ore Ghousand voltse

> B> be b

Ixpress: l.d amperes in Nllllamperuu, licroamperes,
10 lilliamperes in Amperes, 5 ohm2 in Megchums. 0.5

Megohms in Chmse 7 Volts in Kilovolts. 0.00035 volte !
in KEilovolts.

Since oxre milliampere is ore thousandth of crne amp-
ere, l.5 amperes must equel 1000 x 1.5 = 1500 milli
amperes, Ans




ANSW2R #10, Continued,

TUBSTIC

ANSWER

G

B

=]

11,

F11.

A series g¢ircult is one in which the

A parallel circuit is one in wnhich the pieces are

A Sﬂrles-parallel circuit is one in whlch ocne or

ince one ampere squals cne million microamperes,
1.5 amperes must equal 1.5 times 1,000,000 or
1.5 times 10® which equale 1,5 106 or 1 , 500,000
microamperes. A2,

Since one millismpere 1is equal to one thousandth of

¢cne ampere, 13 millismperes pust equal 10 aivided
by 1000 or 101 civided by 102 which equals 10-2 or
.0l amperes. Anc,

Since one ohm is equal tc one millionth of a megohm,

5 otms must equal 5 divided by 1,006,000 or 5
divided by 10® which equals 5105 or 000005 meg-~
ohms. .ins.

Since one megohm equals owre milliorn ohmws, 5 megchm

mugt 2qual .5 tipes 1,000,000 or Q-]ﬂ°1 vimes ?Ob
which equals 5102 or 520,000 ohme, Ans.

3ince one volt equals oune thoussndth of & kilcvolt,

7 volgs must equal 7 d1v1dm by 10QC or 7 divided
by 18< which eguals 7107 vr 007 kilovolts. Ans.

Since one volt egunals one thousandth of z kilovolt,
0.,00035 volts mrust equal 0.00035 ilVlded by lOOO o
545104 divided by 103 which equals 3.,5¢107° or

«Q0000035 kilovoltse. Anue.

shat 1z uweant by apr1Vh, Parsllel, snd 3erles-Paral-
lgl clrcuits?3how by ccenventional disgrasm examples o

~

gasch, uzing lsumps and s Generator surpplye.

rieces are con-
nected in tandem. 3ee counventiorel disgram of a
series c¢ircuit below,

connscted side by :ide. 3ee conventional diagram
of a parallel circuift below,

mere piezes are connected in series with a parallel

combination ¢f pieces. sSee conventional disgram of
a series~parallel circuit below,

Oz0
O # OB GO

Conventional Conventional Conventional

diagram of a diagram cf a diagram of @ |

Series Circuit, Parallel Cir- Series~Parallel
cuite. Circuite.

/
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"URSTION #12, What is the Resistance, Voltage and Current relations\
in Series Combinations? Parallel Combinstions?

ANSWZR  #12, In a series combination, the resistance is the sum
of the resistances of the separate parts; the
voltage acrosg the series combination is the sum
nf the voltages across the separate parts; the
currernt through the combination is the same as the
current through the separate partse.

In a parallel combination, the resistance is less
than the resistance of the smallest resistance;
the voltage across the combination is the same as
the voltage acrogs each branch; the current through
the combination is the sum of the currents through
all the branches.

"UZSTION #13, Three resistances of 8 ohms, 3 okms snd 10 ohms res-
rectively, are joined in Series scross s 110 volt
line. ‘“hat current flows thrcough the Series Circuit?

(=]
‘Whet is the voltsze scross each R2sistor?

ANSWBER  #13, The totsl resistance of the circuit is tke sum of the
rezistances of the separate parts: 8 plus 3 plus
10 equals 21 ohms, total resistance of the circuite.
To find the current in the series circuit, we divide
the line wvoltage by the total resistance:
Formuis: 1 =

therefore: 1 & 110 = 5,238 anperes, Ans.

21

To find the voltas2 across each resistor, we multiply
the resistance of that part by ths zurrsnt flowing
through that part, and, as the current through a
series combination is the same as that througzh each
rart, we multiply 5.238 amperes by =ach resistance:

Formulae: E1=IyRp, ®p=IpRs, Ex=Izz,

54238 54238 5,238

8 3 10
41.904 Volts 15,714 Volts 52,38 Volts

Ans. R na.

2UBRSTION #14. What is the Rule for finding the resistance of a
Parallel circuit with more than one resistor in the
circuit? when Resisbors are egual in value? Unequal
in value?

ANSWER #14, It must be clearly underztood thet the total resist-
ance of a parallel is always less than the resist-
ance of the zmalliest resistor, therefore, to find
the total resistance, find the reciprocai of the
sums ¢f the recivrocals of the2 separate resistorse

To find the total resistance of a parallel circuit
in which all of thes resistors have %the same resis-
-tance, divide the resistance of one of the resis-
tors by the total number of resistors.

To find the total resistance waen the parts are un-
equal, follow the rule given in part one of this })
question.,.

-



QUESTION #15.

ANSWZER

ANSWER

"UZSTION #17.

ANSWER

£17,

h

Resistors of 2 ohms, 5 ohms and 10 ohms are hooked
in Parallsl. What 1s the Resistance of the combina-
tion? v

Rule: To find the total resistance of a parallel
iy

combination, find the reciprocal ¢f the sums of the
reciprocals of the separate resistances. therefore:

& total resistance.

L.C.D. by inspection is 10.
1.5, 1= 2 151 54241 538,
e 10 5 10 10 1¢ 10 16

-
= 13 = 1,25 ohms. Resistance of combination.Ans,.

A circuit has four brasnches of 6, 9, 8 sand 12 ohms,
It & smperes fiow in the circwit contsining 9 ohme,
what current will flow in each of the others?

To find the voltage across the 9 ohm resistor, we
nultiply the current by the resistance: 6 x 9
equals 54 volts,

As the voltage, in a parallel ccmbiraticn, is the
same across 2ach branch of the circuit, to find the
surrent across each of the other branches, we divi-
de the voltage of the branch by ithe resistance of
the brarnch:

® B
Formulaes: Ij= :l. o= Eﬁ.»Izz =3, I4= Eé.
Ry Rg Ry Ry

—
[
LH]

g ampares, Ans.

O amperadSe ANSe

-
it

& B
1]

—
-
1)
O:lm
o
"

be75 smpares. AliSe

Iy = 54 4.5 amperes, Ans,

-
[

X

What are the uses of Voltmeters, Ammeters? ow sre
they hooked in s circuit?

A voltmeter is used in & circuit to measure the
electrical pressure in that c¢ircuit. Since a volte-
meter is to rezister the pressure, =2nd not the
current flowing through the circuit, it is tapped
on to the line, The circuit is not disturbed by
the voltmeter,

An ammeter is uged in a circuit to measure the actual
current flowingz through the circuit, and to to this
the circuit must be opened ana the ammeter insert-
ed into the circuit, @xtreome care must be taken
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ANSWZR #17. Continued,

to avoid tapping an ammeter on to 8 line, as the
great rush of current, in this case, would ruin the
instrument, :

An ammeter and a voltmeter may be ussd in conjunction
with each other to measure the resistance of the
¢ircuit, by inserting the smmeter in series with
the circuit, =nd by placing the voltmeter in paral-
lel with the circuit, that is, by ftapping it around
the circuit, The reading on the voltmeter is divided
by the reading on the ammeter to find the resgsistancd
of the circuit in ohms.

"UESTICN 718, What is the Unit of Power? What is the ccmmon Units
of =lectrical Work or Znergy®

1=

ANSWER #18, The Unit of Power is the watt, It is the power used

when one volt causes one ampere of currant to flow,
It can readily be found by multiplying the current
in amperes by the pressure in volte.

The unit of Work is the joule, It is s wstt-second,

These units are too small for use with the output of
moat electrical mschinery, so we use a larger unit,

The kilowa%tt is equal to one thousand watts, The kilof
watt-hour is egual to 3,600,000 watt-seconds or
joules,

"UT3TICN #£19. Give Alzebrsic Symbels snd fsuations for finding
Power consumed in a8 circuit,
LNSWER  #19. When: P is vpower (in watts)
I is current (in amperes)
E is pressure (in volts)

An Algebraic Tquation may b2 stated:

35

P =l

Variations of this egquaticn may be expresssd by sube
stituting in Chm's Law, making it possible to com=-
pute the power wien only two of the three factors
are kKnowng

Sirice: I = IE and  § = IR, © must alego
equal I(IR) <r I=R,

Since: P = IE and I = g. f must alsc equal
&
o] [»]
(é T or Ei‘

o
-

‘ ©
MY Y -~ T e - g -~
[herefore: P = IZ = IR = —, Of course the same re=-

sult may be obtained by computing the unknown facto
in the power equation by Chm's Law and then finding
the power congumed by the first equation, but the
use of the equations set forth above will save much
mathematical work,

o
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ANSWER

TUZSTION #20.

ANSWZR  #20.
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o1,

ANSWER  #21,

"UZSTION #22.

ANSWER 22,

ANSWER 23,

.

"UT3TICN +24,

#24,

S VU UM

A 3
Generator which must deliver 9 ampsres s%

What power is consumed by a Motor on a 110 volt
circuit if it reguires 7 smperes to operate?

Pormuls: P =1I%

ther=2fare: P =7 x 113 = 770 watts., .niS.

dhat is mesnt by Kilowsht, Tle
are the=ze terms used %o 2Xunres

lMschinery?

ctriecal Horgepowsr? Why
g Cutput of Tlectriecal

A kilowatt is equal to 1000 watts. I watt wouvld be
1/1000 of 2 kilowatt, or .0C1 kilowatt.

An electrical horsepower is equal to 746 wstts or
746 kilowatt.

These terms are uvsed to =2xprsse th
cal Maschinery Wwecause the watt i
tce be of value when computing th
an electrical circnit.,

e (utput of Tlectrid
8 usually too small
2 powsr consumed in

The Towasr of 8 15 Horsepower lotor could be rsted ss
how mary EKilowstts? \Wstts?

(53
il

ince: 1 Horsepovier «746 Kilowatt,

15 Horsepower 746 x 1H T 11,19 Hilowstts.Ang

~

Since: 1 Horsepower = 746 watts,.

15 Horsepower = 746 x 15 = 11,190 wattse. Ans.

the Horsepower, Hilowstt snd vatt outvut of a
140 volts?

i
-]
i

Formula: P

therefore: P = 9 x 140 = 1260 watts.inse.

746 wstts = 1 Horsepaower,

1900 o s
therefere: 1230 wehts = i%%; T 1.652 Horsepower,ins
¥

1000 watts = 1 Kilowatt,

L2865 = 1,260 Kilowatts.ins.

therefore: 1200 watts = =

12090
;hat instrument is used o0 meazure the Tower consumed
in a8 circuit? Whst dee2z it coneist of and how hooked
in a8 ¢ircuit®

The instrument thet measures the pewer consumed in a
circuit is called the wattmebter. It is a2 combination
of a voltmeter and an smmeter, as the power in watts
iz the product of the current times the pressure,
The ammeter part is of low resistance to measure the
current flowing through the circuit, and the volt-
meter part is ot high resistance to measure the /



ANSWZR #24. Continued,

TURSTION #25. How is the Tfficiency of Electrical Appliances found?
What terms 13 Tftficierncy 2zpressad in?

ANSWER

¥

#25, The efficiency of an electrical appliance is the ratig

TUESTION #26.,

The output of an sppliance ia l=2ss than the input so

pressure in the e¢ircuit. Most wattmeters have four
terminsls, two for th2s ammeter side, snd two for
the voltmeter side, The ammeter side is hooked

in serieg with the part ¢f the circuit being meas~
urad, and the voltmeter part of th2 wattmeter is
hooked in parallel across the part being measured,
The same care must be taken in connecting a watte
meter in a circuit, that is taken in connecting

an ammeter in a circuite If the ammeter side is
connected in parallel with the circuit, there will
be a great rush ¢f current and the meter will be
bnrned upe The indicator on the wattmeter is regu-
lated to read the product of the current times the
pressure, whizh is the power in watts,

of th2 output of the applisnce to the input of the
appliance, Therefors, to find thes efficiency of the
appliance, compute the value ¢f the ratio, that is
divide the output by the input to find the per cent
efficiency. There is heat gencrated in any electri-
~cal circuit and this hest, in most cases is lost
erier8ye This lost heat is the csus2 of loss of ef-
-ficieney in an electrical appliance., The only ap-
~pliance thast may be termed orie hundred per cent
efficient is one winich makes use of the heat generad
-ted by %hz flow of current, such as an electrical
neater, or an electiric irone.

the value of the ratio wouid be less than unity,

therefore the fraction is stated in t=rms of percen
tage.

The input and the output must be stated in like terms

If the input in watts, and the output in horsepower
or kilowatts,is knuwn befere procesding to find the
value of the ratio, the watts must be changed to
horsepower or kilowatts, or vice versa,

What Zfficisency has a 13 Horsaypower Motor which re-
gquires 74 ampersgz 2t 240 voltew

The invut ig the power ccnsumed from the line:
Formula: F =z IB

therefore: P =74 x 240 = 17,760 watts inpute

The output is 15 Horsepower., Before we can find the
effieiency, we muast crange the Horsepower to watts,
2o that we compare like terms:

1 Horsspower = 746 watts,

15 Horsepower 15 x 746 = 11,190 watts output.
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ANSWER #26. Continued. )
Zfficiency = output
input
11,190 N
Tfficie; = 2529 o 53006
tfficiency 17.760 63C

Therefore, the Lotor is 63% efficient. Aus,.

USSTION #27. iWhat Tfficiency ef transmission for a circuit which
receives 12 Xilowstte from a Generator st one end
snd delivers 11.5 Kilowsatts to a llotor =% the other
end?
ANSWER 427, The input is 13 Kilowatt snd the output is 11.5 Kilo=-
wattz. They are like terms, so:
Tfficiency = EEEEEE.
inout
Tfficiency = iz =

Therefore, the sfficiency of transmission is 88%.Ans.

SUTSTION #28. Nhat measure is used for Wire? Why? What is the Unit
¢f this measure?

ANSWER #28, The circular messure is used for wire., It is used be=-
cause most wire is round, and to measure the cross-
sectional area in sguare 1r’hes would be very in-
convenient. The unit of the circular measure is
the circular unit of area, which is the circular
mile. Cne circular mil ig tne area of a c¢ircle whose
diameter is 1 mil in lengthe The mil is onz thousan
dth of of one square inch. “ho term "wil™ is used
because "mil" slw y3 means 1/1000. Just as in the
coinage of the wlted States: Une mill is equal to
1/10 of 1 cent. Cne cent is equal to 1/100 of 1
dollar, so L mill is equal te¢ 1,10 x 1/100 or
1/1000 0of one dollar.

TUT3TICN #29,., How is the Circular Mil Areas of a wire cbtaired? How
is the Ares in squsre inches obtained from s wire or
circle?

ANSWIER 429, The circular mil sres of s wire is cbtained by squar-

' ing the diameter in mils. If the Jiameter of the
wire is exypressed in inches or fracticwms of an
inch it is advisable tov change th2s inches or frac-
tions of an inch to mils before squaring the dia-
-meter, b cauge, thouzh there are 1000 mils in one
inch (linear measure) there are 1000 x 1000 or
1,000,000 circular mils in one square inch.

The area of 3 wire or a circle in squars inches may

be obtained by the formula for finding the area of
a cirele: Pi x rZ, where Pi equals 3,1416 and r
egquals the radius cf the circle,




R
T¥TSTICON #30, What is the Circular Nil Area of a wire 0.055 inch
in diameter? What is the diameter of s wire contain-|

ing 1450 circular mils?

ANSWER  #30. Cne inch is equal to 1000 mils, therefore 0,055 inch
is egual to 1030 times 0.055 or 55 mils,.

Squaring thes diameter in mils:

55 = 55 = 3,025 circular milse. Ans,

When the circular mil area iz krown, finding the
diameter in mils, is the reverse progcess of find-
ing the circular mil ar2a when the dismeter in mils
is known; therefcre, %o find the diameter in mils
of a wire containing 1450 circular mils, we find
the square root of 1450:

3 8.C 17 8

lflg 50,00'00'00

: 5 50
53t 5 44
o 5 00 00
"607: 5 32 49
: 67 51 00
6148° 60 91 84
. 6 59 16

Therafore, tne diametsr is 38,078 mils, which is
5 ) lad by 1000, cr 038278 inches,
An

"UTSTICN 31, +hat iz the Unit of wire? Define the Unit.

ANSWIR  #31. The unit of wire is the mil-fooet. It is s wire having
3 crogs szction are > ons aircular il and s '
t i3 ussd in the esleulation

'\

length of one fuor 5
of the resistance of 2 lanath of wire, |
i
TUTSTICH #32, The resistance of any wirs is 2qusl to the resistance
of ore mil~foot ot Uhe szme kird of wire fixes the
tenzth of the wies in feet dividsd Ly the syuare of
th2 diameter in nils, The2 Algeovrsic symbols and
aquation is as followa:
R ig the reeistance of wire in chms. |
K is ths rasistance of 1 mil-f4, in ohms.
1 is the length in feet.
a iz the diapeter ino mils.
Xl
R==% 4

The X varies according +~ the kind of metal used in
the wire. The ¥1 ig dividad by d2 because the resis-
tance of a wire ig inversely proportional to the
crozs section ares,




#33,

#32,

ANSWIER

N arisime e

WA e e e s

What is the re

gistance of 7 miles of copper wire

taree leteenthQ of an inch in diasmeter®

< .
T e tor s R
ST E e £

T"here sre 52
280 feet,

SEE

(1
Zhe resgistan
1044 hms, -
1

Kl =

T
- .’xl
posd ——

da

80 feet in
r 15,840 feet in

1 mile, 3 x

7

«/

cz of 1 mil~fuet of coprer at 20°C. is
= 1064 OhS.
= 15,840 feet,
15840

(multiplying
10.4 LIPLTL
63360

15840C
164 E t..‘6 00

— ¢f sn inch 2quals 1875 inchese Th=rs are 1000
Lo
ils in one irch, therefore, in (1875 irch, there
are 100C times J1875 9r 187.5 milse
3 =
187.H
187.5
93%5  (multiplying)
13125 '
15000
1875
3518625 circular nils.
Bl =
44585
5.4. x)bol.n)./ .&64756 ek..“:.' 6‘“1\‘!‘)&
140625 GO
243111000
1092750
JIALT7ERS
2512580 O
504750 0
L7573 £5
ZHgnn 75
Thersfore, ere are 4,685 c¢hmsg resisftsnce in 3
miles of c;w*er wire three zixteenths ¢f an iach
in diameter. ANS,
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2URSTICN #34.
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JUWSTION #36.

ANSWER  #36.

What is the resistance of 1000 feet of 4000 circular

mil wire? 9000 circular il wire9? What size single
conductor wire (using B & S Tables) would have the
gampe resistence as the 4000 circular mil wire of
the szme length?

Follewing the formula: XK1 would egual 10.4 times
the length in feet, or 10.4 times 1000 which equals |
10,400, Tividing K1 by the dZ, which we already have:

10,400 divided by 4300 is egusl to 104 by 40:

ohms.Ans.

rroceeding with th2 sg=2cond pert the ssue way:
10,400 divided by 9000 ig equal Lo 104 by 90:

1.,1555 chmeg,. ns.
90 /104 ,0000

20

Tz 0

[ f.}

s k

5 00
4 50
500
450
500
250
50

There is no wire shown in the B & S Tables with a
circular mil area of 42C0 cirgcular mils and a resis-
ance of 2.6 ochms for 1000 feet, the closest one to
it bveing #14 with a circular mil srea of 4,106.8 cir-
cular mils and a resistavce ¢f 2.555 chms per 1000 fts

Ans. §
It ie dzsired to install s conductor to csrry 60 smp-
eraz, .Jhat zize corper wire shceculd be uz=2d? |

It is cseen from the Table of "Allewable Carrying Capaj
cities of Wires” that = #4 with rubber insulation,#6
with varnished cloth insulation, or #6 with other
insulation, would carry a current ¢f 60 amperes safel;j
within the limits prescribed by the National Tlectri-
cal Code of 1922.

Draw "7P" Transmitter.

See diagram on separate sheet.,
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TUZSTION #36. Txplain the "Ammeter-Voltmeter Msthod" of measuring

: rezistances. Show by sketgoh two methods of connectin
g voltmeter and an sammeter in s ¢ircult to determine
the resistance of a lamp. Which i3 the west method
0of messuring s high resistance? A low resistance?Why?

ANSWER  #36. Lne of the simplest methods of determining the resis
teance of an applisuce is #»y the "Ammster-Voltmeter"
methode A currant is sent throuzh the resistor and
measured Ly an ammeter and the voltage drop across
the resistor is measured., To find the resistance it

‘ is only necessary to apply Ohm's Law: R equals §
divided by I. But care must be taken to connect the
meters properly so that thers will be ro appreciabdb
error, There are two methods, Une is to insert an
ammeter in serie® with the resistor and tap a volt-
meter arouud the registor. The fault with this met
hod is that the ammeter will read high by as much
current as will flow through th2 voltmeter,

The other method is to comrnect an ammeter in series
with the resistor snd tap 2 voltmeter around both
the registor and the ammeter, In this case the am-
meter reads only the current flowing through the
resistor but the fault is that the voltmeter will
read hign by as much as the voltage drop across the
ammeter,

The second method is best for measuring a hizgh regige
tance previding a high voltage is used, because the
voltage across the ammeter would he too small to
affect apprzciably the reading of the high reading
voltmeter. Most ammetars have a iow resistailice.

The first method is best for measuring 8 low resistan
ce becausa the error in this method is in the amme=-
ter reading, which reads too high, by the amount o
current flowing through the voltmeter. Since most
voltmeters have a high resistance, the amount of
current flowing through it would be too small to
affect appreciably the reading of the ammeter,

T¢ find the errcr in the first method: Find the cur-
rant flowirg througzh the veltmetar by dividing the
reading of the voltmeter by the resistance o¢f the
voltumeter. Next, subtrsct the current through the
voltmeter, from the readirg of the ammeter, to find
the zurrernt through ths resistor. The error is the
ratio of the 2urrent throizgh the voltmeter to the
surrent throuzh the resistcrystated in ver cent,

To find the error in the second wethod: Find the vol=-

. tage drop acreas the smumeter bty multiplying the

(o resding of the smmeter by the resistancs of the
smneter. Next, =subtract thz drop acress Lthe ampeter
from the reading on the voltmeter, to find the drop
across the resistore The errer is the ratio of the
drop across L“he ammeter to the drop acress the res
istore It ig thus plaiu tc gsee thet the first meth
ig best for measuring a low resistsnce with a low
votential and that the seccend methoed is best for
measuring a high rezistsnce with a higzh potential.

{ne dissdvantage ¢f the "Ammeter-7oltmeter" methods
iz that the vcltmeter must be accurately calibrate
0 read volts snd the ammeter must he accurately
calibrated to read amperes.
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d. A2 volt Toitmeter of
giretar of 0.0009 ¢hm res-
wunted arcumd the unknown
The voltmﬂt°r reads 2,0

“hat vercert

r = 5 volt

s}

T 4% volta,

1285 volte,

L 3]

"fsil of Potentisl-Methoed”
shat is needed for this

r23istor

= 2,3% 2rrer.Ans.,

of measuring
methed? Show by

M2ters snd Reeistors are connected in

a kncwn
series with tn° unkuown regisbance.
circuits state that the current iz
And Ohm's

t.

resi

stanse ig connected, in

the

LAt

Law tells us that, if the

current is const taxnt, the voltage will vary dlrectly

with the reaistanue.

Therefore,

it is only necessary

to counect a voltmeter arcund the known resistance,
take that reading; connect the same voltmeter around

|
|

The laws o0f series
same throughout
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ANSWER #38. Continued, 3

CURSTION #3939, What are the advantages snd disadvsutages of measurhg
Registors by the Fall of Potential-Method?

ANSWER

For this method is needed: A known or standard resis-

Sketch of comnecticons using this method: T T

the unknown resistance, and take that reading. The
value of the unknown resistance will hava the same
ratio to the known rasistance as the voltage drop
acrogs the unkncewn resistance will have to the volt
age drop acrogs the krnown resistance., This may be
stated iu the form of an equation:

Bz = vz
] ?E
Where: Ay = Unknown resistznce,
3 = Xnown resistance.
Vo = E4 acruss unknown recistarce,
Y1 = %3 across known regsistance.

This is the sawe as a proportion:

Rx :t R:: Ve : 1

14V)

Since R, Vg, and V) are known, to find Ry we divide
the product of the means (R and Vp) by the known
extreme (Vy),

tance, a source of supply, and a vcltmeter, The
voltmeter need now be accuresely calibrated, pro-
vided the deflections are proportional to the volte
age and it is an accurate method of measuring low
resistances if the voltmeter has a high resistance,
or is replaced bty a galvanometer, This shuntg very
little current arouzd the series resistance.

e

@

R

#39, The advantages of this system are: That it is not

necessary to have an accurately calibrated voltmete
so long as the deflections are proportional to the
voltage; low resistances may be accurately measured’



. ANSWER #39. Continued.

ANSWER  #40,

provided the voltmeter has a high resistance, or i
replaced by a galvanometer, which shunts very littl
current around the series resistance, Using a pot=-
entiometer, no current is shunted arcund the resisd
tance therefore low resistances may be measured
accuratelye.

The disasdvantage of this method is that omne of the
resistsnces must be knowsn. Such a resistor, the
resistarnce of which is standard, is very seldom
fournd outside a laboratoery, therefore the value of
the unkncwn resistor will be only a close approxXie
mate,

iWhat dces the "Wheatstone Bridge" consist of? Draw

conventional diagrsio snd explain how the value of an
unknewn resistsnce is determined by this methode. Shoq
the fundamentsl equation of the "Wheatstone Bridge”.

The "Wheatstone Bridge" consists ¢of a loop of four
resistances, one ¢f which is unkncwn, A battery
surplies the current end is commected so that the
current is divided into the two branches,returning
to the battery from the other side «f the loop, A
key is inserted in the battery circuit to break th
circuit. A zgalvanometer ig connected acruss the twg
branches snd a key is inserted in series with the
Zalvanonmeter,

Jonventional diagrangf the "Wheatstone Zridge":

2

The current enters at B, divides into two parts, one
flowing threough the branch of R and Rs, the other
flowing through the branch ¢f R; and Rze Both keys:
are closed and the reaistors R, Rl and Rg (which

sre variable) are varied until the galvanometer

shows no resding, This "bslarnces"trhe bridge., Point
‘A and C then have the same potential, therefore th
voitage drop scross R aud RL must he equal and the |
voltage drop across X2 and R3 must be equal, there;
fore: The ratio of R to R2 must eqgusl the ratio of

Rl to R3. This is the fundamental equation of the
"Wheatstone Bridge":

R : R2 :: Rl : R3




