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To the Student

Think of it!—an expected score of 75% on any exam in Electric Circuits, with no other preparation! The
reasoning is simple: There are only 4000 possible problems in the field (as you must know), and this book
solves 3000 of them for you!

Speaking seriously, you have here the most careful and complete anthology of examination-type problems
on the market today. In using the book, you should, of course, concentrate on the area of your maximum
weakness—the Laplace transform or whatever. But do not neglect to work problems involving familiar ma-
terial, too; you might well learn more efficient methods of handling them. The heuristic value of a clear
circuit diagram need not be stressed: if a problem in this book should carry a diagram but doesn’t, be sure
to sketch out one before undertaking the solution. May your success be electric.
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CHAPTER 1
Units and Basic Concepts

Powers of 10 appear frequently with units of measurements. These powers of 10 are written in abbreviated
forms. If electric resistance is measured in ohms (), express the following values in powers of 10 and write
them in their abbreviated forms: 2000 and 3,000,000 Q).

1 2000 Q2 =2 x 10> Q =2 kiloohm =2kQ 3,000,000 O = 3 X 10° Q = 3 megohm =2 MQ
Electric capacitance is measured in farads (F). However, this is rather a large unit. Express the following

values in powers of 10 and write them in their abbreviated forms: 0.000005 F, 0.0005 F, and 0.000000001 F.

1 0.000005 F =5 x 10”°F = 5 microfarad = 5 uF
0.0005 F = 0.5 107° F = 0.5 millifarad = 0.5 mF = 500 uF
0.000000001 F =1 x 10~ F = 1.0 picofarad = 1 pF
The unit of electric inductance is henry (H). Express the following values in powers of 10 and write them in
their abbreviated forms: 0.01 H and 0.003 H.
1 0.01H=10x 10> H = 10 millihenry =10mH  0.003 H =3 x 10~* H = 3 millihenry = 3 mH

Electric frequency is measured in hertz (Hz). Express the following frequencies in powers of 10 and in their
respective abbreviated forms: 1000 Hz, 5,000,000 Hz, and 100,000,000 Hz.
1 1000 Hz = 1 X 10° Hz = 1 kilohertz = 1 kHz 5,000,000 Hz=5%10°Hz =5 megahertz = 5 MHz

100,000,000 Hz = 0.1 x 10° Hz = 0.1 gigahertz =0.1 GHz

Convert 2 minutes to milliseconds:

120x10°°
I 2min=2><605=1205=Ts=1.2><105ms
Convert 5 kilometers to centimeters:
1 5km=5x10>m=5x% 10> x 10*cm =5 x 10° cm
Convert 15 centimeters to millimeters:
15 3
I 15ecm = — x 10’ = 150 mm

10°

Electric current is measured in amperes (A). If an ampere is expressed as a flow of charge in coulombs per
second (C/s), how many electrons pass a given point in 30s in a conductor carrying 8-A current. The charge
on an electron is approximately 1.6 x 107*° C.

I Charge = Axs=8x30=240C 1.6 x 10~"° C correspond to 1 electron
240 C correspond to (1 x 240)/(1.6 x 107'°) =15 x 10*° electrons

Find the current in a conductor through which 2.5 X 10%° electrons pass in 8 s if the charge on an electron is
approximately 1.6 x 107 C.
P _ (no. of electrons)(charge on electron, C)  2.5x10*" x 1.6 x 10" _

time, s 8 SA

A charge of 360 C passes through a conductor in 20s. What is the corresponding current in amperes?

C 360
1 I=<=55=18A
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The current in an electric circuit rises exponentially as given by i=10(1~—e¢ *)A. Calculate the charge
flowing through the circuit in 250 ms.

-2

0.250 ¢ 0.250
I q =fidt=f 10(1~ e *) dt= 10<t+ —-;)0 =10(0.250+ Le ***° —0— £)=10.5326 C
&

0

A 75-W bulb draws a 680-mA current. How much time will be required to pass a 30-C charge through the
bulb?
I (= charge, C _ 30

current, A 68 < i()__'; =441.17s=7.35 min

A current of 6 A flows in a resistor. How many coulombs of charge pass through the resistor in 2 min?

1 q = (current, A)(timz, s)=6x2x60=720C

The unit of force is the newton (N) and work is measured in netwon-meters (N - m), which is also the unit of
energy. Alternatively, energy is expressed in joules {J), where 1J=1N-m. Determine the work done in
moving a 50-uC electric charge (Q) through a distance of 50 cm in the direction of a uniform electric field (E)
of 50kV/m, if the force Fis given by f= QE.

1 Force = (charge, C)(electric field, V/m)=50x 107" x50 x 10* =2.5N
Work done = force X distance =2.5% 50X 107 =1.25N-m =1.25]
Power is defined as the rate of work done or the rate of energy conversion. Thus, the unit of power is the joule

per second (J/s) which is equal to one watt (W). If the time taken to move the 50-uC charge of Prob. 1.14
through 50 cm is 10 ms, calculate the corresponding power.

work done _~ 1.25
time  10x10°

1 Power = =125W

We observed in Prob. 1.14 that an electric charge experiences a force in an electric field. Electric potential
difference (between two points) is measured in voltz (V), and is defined as the work done in moving a unit
positive charge (from one point to the other). What is the potential difference between two points if it requires
220 uJ to move a 10-uC charge from one point to the other?

220x 10°°
1 1V=1J/C or _ 22010 ©_

From Prob. 1.16, V=1J/C=(I/s)/(C/s)=W/A. Calculate the potential difference across a resistor dissipat-
ing 30 W of power while taking 2.5 A of current. Also, calculate the ohmic value of the resistance.

w30 w 30
1 -

V:—I——Ezlz\/ RZTZ-Z(TS—)‘Z*

=4.8Q

An energy of 12] is expended in moving a 2-C charge from infinity to a point A. Assuming infinity to be at
zero potential, determine the potential difference between point A and infinity (i.e., the potential at A).

] _ work or energy, J 12

Ax charye, C ) =6V

If an additional energy of 3] is required to move the 2-C charge of Prob. 1.18 from point A to another point B,
calculate the potential difference between points A and B. Also determine the potential difference between
point B and infinity.

__ work or energy,J j

12+3
1 Vin= = =

charge. C 4TIV Ve=5o =75V

The potential difference between two conductors is 110 V.  How much work is done in moving a 5-C charge
from one conductor to the other?

1 Work = energy == 110 X 5= 550

Determine the charge that requires 1-kJ energy to be moved from infinity to a point having a 12-V potential.

_ _cmergy.J 10" _
I Charge, C = poteaal vV = 12 83.33C
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A car battery supplies 48 ] of energy at 12 V over a certain period of time. Determine the charge moved during
this period.

48]
1 = =

ARTAVARRES

Electric utilities employ as the unit of energy the kilowatt-hour (kWh). The power consumed in a houschold
over a 24-h period is as follows: 8 A.M. to 2P.M.—1.5kW; 2p.M. to 6 P.M.~0.5kW; 6 p.M. to 11 P.M.—2.6 kW;
and 11p.M. to 8 A.M.—1.0kW. What is the energy consumption in megajoules?

I Total kWh = (power, kW)(time, h)=1.5Xx6+0.5x 4 +2.6 x5+ 1.0X 9=33kWh
=33%x10°x60x 60 W-s=118.8 X 10°J = 118.8 MJ

An electric heater takes 1.2kWh in 30 min at 120 V. What is the current input to the heater?

_ U/t 12x10%0.5

! ! Vv 120

=20A

The heater of Prob. 1.24 has an efficiency of 99 percent. The heat energy required to boil a certain amount of
water is 99 kJ. If the current taken by the heater is 20 A at 120V, find the time required to boil the water.

. output 99x10" _ , _99x10°
1 Efficiency = input  _input =0.99 or input U = 099 100 kJ
U 100x%10°
=P T 120x20 ~ M7

What is the ohmic value of the resistance of the heating element of the heater of Probs. 1.24 and 1.25?

P Ro V120

I~ 0 ~68

A 110-V light bulb takes 0.9-A current and operates 12 h/day. At the rate of 7 cents/kWh, determine the cost
to operate the bulb for 30 days.

I U= Pr=110x0.9 x 107> x 12 X 30 = 35.64 kWh

Cost of operation = 35.64 x $0.07 = $2.50.

The voltage and current in a circuit element are respectively given by v =100V2sintV and i=5V2sint
A. Calculate the instantaneous power and the average power delivered to the circuit.

1
I Instantaneous power p = vi = (100V2 sin t)(5V?2 sin t) = 1000 sin® ¢ W = 1000 X 3 (1 —cos2t)

p =500 —500cos 2t W
The cosine function averages to zero, so the average value of p, P, =500 W.
A resistor draws a current i =8sin wt A at a voltage v =200sin wt V. Calculate the energy consumed by

the resistor per cycle (or over one period of the current wave). Hence, determine the average power dissipated
in the resistor.

2
1 One period = Ts
)
2miw 2u/w 1600
Energy W= J:) vidt= J:) (200 sin w?)(8sin wt) dt = Ly
1600
Average power P, = W 1607 800 W

27l w(27lw)

The energy capacity or rating of a battery is generally expressed in ampere-hour (Ah). A battery is required to
supply 0.5 A continuously for three days. What must be the rating of the battery?

1 Ah=1xhr=0.5%x3%24=36Ah

A battery is rated at 30 Ah. For how many hours can it continuously supply a current of 2.5 A?

. Ah 30
1 Tlme—T—Zg—Hh
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The capacity of a car battery depends on the ambient temperature as shown in Fig. 1-1. A certain battery is
rated at 72 Ah at 25°C. For how long can the battery supply a 16-A current at 0°C?

I From Fig. 1-1, at 0°C the rating of the battery reduces to 0.8 X 72 =57.6 Ah. Therefore,

Timet=¥== 217—(')9=3.6h=3h36min

1o

fop - e e — — =
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—T,°C Fig. 1-1

The capacity of a car battery depends on the current drawn (or discharge) from the battery, as shown in Fig. 1-2.
The battery is rated at 70 Ah at a discharge rate of 5 A as shown. How long will the battery supply 20 A of
current?

I From Fig. 1-2, at 20 A the rating of the battery becomes 58 Ah. Hence,

Ah 5
Time ¢t = T ;:—g =2.9h=2h 54min

If the rating of the battery with a discharge characteristic shown in Fig. 1-2 is not allowed to go below 64 Ah, for
how long can the battery supply the rated current?

I From Fig. 1-2 at 64 Ah, discharge rate =12 A. Hence,

. Ah 64 .
Time ¢t = = B = 5h 20 min

Combine the characteristics of Figs. 1-1 and 1-2 to obtain the rating of the battery at 17 A and at 10°C if the
battery is rated at 100 percent at 5 A and at 25°C.

I From Fig. 1-2, rating at 17 A =60 Ah  which is considered as 100 percent at 25°C. From Fig. 1-1, rating
10°C = 0.9 x 60 = 54 Ah.

The decay of charge in an electric circuit is given by g =50 >

I i= 5‘;—‘; ==50Xx300x 10" ° e = ~15¢7"" mA

nC. Determine the resulting current.
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Fig. 1-2

Evaluate the current in Prob. 1.36 at the following instants: =0, ¢=10ms, and ¢=co,
I Att=0: i=-15¢"=~15mA

1=10"%s: i=—15¢77%%1"" = —0.7468 mA

t=o0: j=-15¢""=0

The voltage v and current i in an ac circuit are respectively given by v =34sin377tV and i=2sin (377t~
60°) A. Determine the instantancous and average powers delivered to the circuit.

I p = vi=(34sin 3771)[2 sin (377t — 60°)] = 68 sin 377t sin (377t — 60°)
=68 X § [cos (377t — 377t + 60°) — cos (377t + 377t ~ 60°)] = 34 [cos 60° — cos (754t ~ 60°)] W
P,,=34cos60°=17W
The voltage v and current / at the pair of terminals of an electric circuit are given by v =100sin ¢V and
i=~5sint A. Evaluate the average power and state if the circuit absorbs or delivers power.
I p = vi=(100sin t)(—5sin t) = ~500sin® t W
P, =—500x% 3} (since the average value of sin®t=})=-250W
The negative sign indicates that negative power is absorbed by the circuit; i.e., the circuit delivers power.
The voltage v and current i in a circuit are given by v=10sint V and i=2cost A. Determine the
instantaneous and average powers, and explain your result.
1 p = vi=(10sin t)(2 cos t) =20sin t cos ¢t = 10sin 2t W

The instantaneous power pulsates with twice the frequency of the voltage or current. P,, =0 W, since the
average value of sin2s=0. Zero average power indicates that the circuit is nondissipative or conservative.



CHAPTER 2
Resistance and Ohm’s Law

2.1

2.2

23

24

25

2.6

2.7

2.8

A copper conductor of circular cross section 5 mm in diameter is 5 m long. Calculate its resistance at 20°C if
the resistivity of copper at 20°C is 1.72x107* Q- m.
pl _ (1.72x 107%)5

! R= A= 2 <10 Yia

=4.38 m(})

A 40-m metallic conductor of cross-sectional area 1 mra” has a resistance of 12 Q. Calculate the conductivity of
the metal.

! 40
== e =3.33MS/
1 "= RaA B0y MS/m

[Note that 1 siemens (S)=10Q""]
A cube of an alloy of resistivity 1.12 €} - m is 2cm on z side. Determine the resistance between any two faces

of the cube.

_pl_(112x10 )(2x10°7)
I R=7%= (2% 1072y =96 nQd

We have two cubes—one measuring / m on one side and the other 2/ m. Find the ratio of conductivities of the
materials of the cubes so that the resistance between any two faces of one cube is the same as that for the other
cube.

i 1
] R=——5=+— and R,=——5=x—

lo, - 2o, or ;2 -

Calculate the length of copper wire having a diameter of {5 in and resistance of 2Q. Conductivity of copper is
5.8x 10" S/m.

I Lin= % x254x107=1.5875x 10" m
I=0RA=58%10" x2x Z‘ (1.5875 x 107°)* =229.6 m

A rectangular bus bar made of aluminum is 0.9 m long. 0.15 m wide, and 1.3 cm thick. If current in the bus bar

flows along its length, and the conductivity of aluminum is 3.57 X 10°S/m, calculate the bus bar resistance.
! 0.9

]

R=— = — =1.293 uQ
oA (357x10%)(0.15 x 1.3x 10 2) H

A transmission line cable consists of 19 strands of identical copper conductors, each 1.5 mm in diameter. The
physical length of the cable is 2km. But, because of the twist of each strand, the actual lengths of the
conductors are increased by 5 percent. What is the resistance of the cable? Resistivity of copper is
1.72x107" Q- m.

I Allowing for twist, /=(1.05)(2000)=2100m. Area of cross section of 19 strands = 19(7/4)(1.5 x
107 =33.576 x 10 ° m>.
pl 1.72x 1C"* x 2100

== =1.076 ()
R A 33.576 > 10°° 0

Variation of resistance with temperature is expressed in terms of temperature coefficient a. Explicitly, the
resistance R, at a temperature T °C is related to the resistance at 0°C by R, = R,(1+ «,T) as graphically
depicted in Fig. 2-1, where «a,, is the temperature coefficient at 0°C.  The figure also shows the inferred absolute
zero for copper. Using Fig. 2-1, find the resistance of a copper wire at —~20°C if its resistance at 0°C is 20 ().

I From Fig. 2-1 we have
2345+ 7T, 2345+,

R, R,




RESISTANCE AND OHM'S LAW [ 7

. A Fig. 2-1
From the data
(2345 -20)20
=450 18200
2.9 Values of the temperature coefficient « for copper for different temperatures are plotted in Fig. 2-2, from which

Qe = 0.00393°C1, If the resistance of a given wire is 20 () at 20°C, what is its resistance at 60°C?

x16°
470 4

420

410

4oo

— o, 107" °C”’

o

Mo

350

T

- 7% Fig. 2-2

I Ry= R[ | +a, (T - T))]=20[1 + 0.00393(60 — 20)] = 23.14402
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2.10 A sample of copper wire has a resistance of 50 {2 at 10°C. What is the maximum operating temperature if the
resistance of the wire is to increase by at most 10 percent?

I R =50Q, R,=50+0.1x50=55Q. From Fg. 22, a at 10°C=0.00409°C"'=gq,. Since R,=
R,([1+ a(T,~- T,)], we obtain 55=50[1+0.00409/T, —10)] or T,=34.45°C.

2.11 A metallic conductor has a resistance of 7Q at 0°C. At 20°C the resistance becomes 7.8 ). Calculate the
temperature coefficient of the metal at 20 °C.

1 R,=R,[1+a,(0-20)] or 7=7.8[1+qa,(-20)]

Hence, a, =temperature coefficient at 20°C = 0.00513°C ",

2.12 For the metal of the conductor of Prob. 2.11, determine the temperature coefficient at 0°C.
1 R,=R,(1+aT) or 7.8=71+0a20) or  a,=0.00571°C""
2.13 Obtain a general relationship between a, and a, th: respective temperature coefficients at 0°C and at T °C.
[ R, =R (1+a,T) (1)
Ry=FK,(1~a,T) (2)
Solving for «, from Eq. (2) yields
R,=R,
= 3
ar TRT ( )
Substituting R, from Eq. (1) into (3) gives
R,(1+ aT)— R, Ay
ar = T = (4)
TR,(1 - a,T) 1+ o, T
2.14 Derive a general relationship between «; and a, the respective temperature coefficients at 7, °C and at T, °C.

I From Eq. (4) of Prob. 2.13 we obtain
1 1+a7T 1

S e R
ar ) e
1 1 1 1
Thus, —=—+T, and —=—+T,
a Qg @
By subtraction,
1 1 1
———=T7T -T =
@ a, : 2 o % Ve, +(T,-T),)

2,15  The temperature coefficient of carbon at 0°C is —0.000515°C ™" and that of platinum is 0.00357 °C~" at 40 °C.
A carbon coil has a resistance of 15 and a platinum coil has a resistance of 12 Q) each at 20°C. At what
temperature will the two coils have the same resistance? Notice that the temperature coefficient for carbon is
negative.,

I From Eq. (4) of Prob. 2.13:
ar
vT YT Ta,
0.00357
~ 1-140 x 0.00357
For the two resistances to be equal at a temperature T °C,
12(1+ 0.00416T) == 15(1 - 0.000515T)

or 1+0.00416T = 1.25 — 0.00064375T or T=52°C

Q.

For platinum: a, =0.00416°C™'

2.16 The two coils of Prob. 2.15 are connected in series and operate at 20°C. Calculate the “effeciive” temperature
coefficient a, of the combination at 40 °C.

I From Eq. (4) of Prob. 2.13, at 20 C°:

—0.000512

=T T e e T, T o -1
120000515 5 30 — ~0-000520°C

For carbon: @
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From the data of Prob. 2.15:

R .ibon = 15[1 — 0.000520(40 ~ 20)] = 14.844 Q
At 20°C, we have (from Prob. 2.15):
. ) _ 0.00416 _ o1
For platinum: @ 170.00416 X 20 0.00384 °C
ptatinum = 12[1 +0.00384(40 — 20)] = 12.9216
At 40°C: R, =14.844 + 12.9216 = 27.7656
At 20°C: R,=12.0+15.0=27.0Q

27.7656 = 27[1 + o,(40—~20)]  or  a,=0.001418°C™"

The minimum current required for the operation of a relay coil is 500 mA at 120 V. If the current taken by the
coil at 20°C is 530 mA (at 120 V) and the temperature coefficient of the resistor material is 0.00427°C~ ' at 0°C,
calculate the maximum temperature above which the relay will fail to operate.

120

I At20°C: Ryy= 5 =22641Q
2 2 530x107°
At T °C (the maximum allowable temperature):
120
R, = ———5=240.0Q
T Soox 107 200

Since R, =R,(1+ a,T) we have:

R, 1+aT 240 1+0.00427T
R, 1+20a, 7 22641 1+0.00427%20

or T =35.26°C

The resistance of a 25-€) resistor increases by 10 percent when its operating temperature increases from 15 to
50°C. Calculate the mean temperature rise of the resistor from an ambient temperature of 20 °C when its
resistance is 30 ) and the temperature coefficient remains constant.

1 R=25=R,(1+15q,) R,,=25+2.5=R (1+50q,)
Solving for a, and R, yields:
@, = 0.002985°C ™! and R, =123.9286Q
At a temperature T °C we have:
30 =23.92861(1 + 0.002985T') or T=85°C
Temperature rise = 85 — 20 = 65 °C.

“It has been experimentally found that the resistivity of conducting materials, such as copper and aluminum,
varies linearly with temperature.” Depict this statement graphically and mathematically.

f, -ﬂ‘m‘r
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I The statement is shown graphically in Fig. 2-3, from which we have:

i P2 P

tan 6 = m ——Tz__ T, n
- m

and p=p +m(T,~T,)=p, 1+p_(T2—T1) (2)
1

The resistance of a silver wire is 0.1 at 20°C. At what temperature will its resistance decrease by 25 percent
if its temperature coefficient of resistance at 20 °C 1s 0.0038°C ™",

I  R,=R[1+a(T,~T) or 075x0.1=01[1+0.0038T,~20)} or T,=-458°C

The resistivity of iron at 0 and 20°Cis 8.68x 107°Q-m and 9.75x107°*Q-m respectively. Calculate its
resistivity at 10°C.

I From Eq. (1) of Prob. 2.19,
_(9.75-8.68)10""

. -8
o5 = 0-0535x 10

From Eq. (2) of Prob. 2.19,
Pro = Pap + m(10 = 20) = [9.75 4 0.0535(~10)] X 107 * =9.215x 10™* Q- m
A piece of wire of uniform cross section has a resistunce of 0.8 £. If the length of the wire is doubled and its

area of cross section is increased four times, what is its resistance? The temperature variation of resistance may
be neglected.

4
I Original wire: R, = f4—' =0.8Q
3
Wire with modified dimensions:
P P26 lpt oo
R,="2=00 0 Pl = j08=040

An electromagnet is wound with a copper coil having 150 turns and a mean length of 20 cm per turn. The coil
wire has a rectangular cross section 10 x2mm. Calculate the resistance of the coil at 55 °C and determine the
power dissipated in the coil at 55 °C if the coil current is 6 A. The resistance of a 1-m long wire of 1 mm® cross
section at 20°C is 0.00172Q and a, = (1/234.5)°C"".

1 @ 1235 1
20" 11200, 1+20/2345 ~ 254.5

A x 107° % 0.017
_ AR _1x10 7x0.0172 =172x10"*Q m

oC—l

pZO— ( l
1 a
Pss = Paol1 + (55 —20)] = 1.72 % '1(1"8[1 + 5545 (55— 20)J =196x10"°Q m
¢ 1.96x 10" x 150 X 0.20 .
Rss=pss 3 = 03 %10-° =2.94x107°Q

Power = J’R = 6%(2.94 x 107%) = 1.0584 W

The power taken by a resistive coil made of copper wire is 220 W at 110V and 20°C. Calculate the power
consumed by the coil at 110V and 120°C. The temperature coefficient at 20°C is 0.00393°C ™",

v? Vi o o110°
' PZU-R—20 or R20—-P—20—-m—-550
R 50 = Ry[1+ a,,(120 — 20)] = 55[1 + 0.00393(100)] = 76.615 Q
110°
P, = T els = 157.93 W

A flat aluminum ring 5 mm thick has a negligible air gap. If the inner and outer radii of the ring are 0.2 and
0.25m respectively, determine the resistance of the ring at 20°C. At this temperature the resistivity of
aluminum is 2.78 x 107°Q - m,
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1 Mean length [ =27r Fvean = 3(ro +1,) = 1(0.25+0.20) = 0.225m

[=270.225=1.4137m
Area of cross section =5 x 107°(0.25 - 0.20) =2.5x 10 * m’

-8
Resistance R = %’ _ 278 zéox 1;_14'4137 =1.572x107* Q

A resistor made of aluminum wire dissipates 25 W of power at 50 V at 20°C. Calculate the current in a second
resistor made of copper and having the same resistance as the first resistor and consuming four times the power
of the first resistor.

v: 50 /100
1 Rl=7=3=1000=R2 IZR, =4 x 25 = ]3(100) or I,= W=I.OA
A resistive coil draws 2.0 A at 110 V after operating for a long time. If the temperature rise is 55 °C above the
ambient temperature of 20 °C, calculate the external resistance which must be initially connected in series with
the coil to limit the current to 2.0 A. The temperature coefficient of the material of the coil is 0.0043°C™" at
20°C.

1 Hot temperature = 20 + 55 =75 °C

R,s= = =55Q = Ry[1 + a,0(75 = 20)] = R, [1+0.0043(75-20)]  or R, =44.48Q
R, +Ry,=R,, or R,=R, - R, =55-4448=10.520Q

Conductor sizes (cross sections) in electric motors are chosen on the basis of current loadings expressed in A/m”,
In a particular machine, the allowable current rating is 3% 10° A/m> in 0.5-m-long copper conductors.
Calculate the conductor cross section if the loss in each conductor is not to exceed 1 W at 20 °C.  The resistivity
of copper at 20°C is 1.72x107° Q- m.

1 Power P = I’R= (JAY’ pf = J*Apt

where J = I/A = current density or current loading, or

1=(3x10°°x1.72x10"°x054 or A=1292mm’

Wire of a certain material x and a given cross section has a resistance of 100 /km and a temperature coefficient
of 0.0025°C™". Wire of another material y of a given cross section has a resistance of 50Q/km and a
temperature coefficient of 0.00075°C~". It is desired to make a coil having a 1000-Q resistance and a
temperature coefficient of 0.001 by using suitable lengths of the two wires in series. Calculate their respective
lengths.

I Let R, and R, be the respective resistances at the given temperatures. Then at a temperature change AT,
the total series resistance becomes

R,=R,(1+0.0025AT)+ R,(1+0.00075AT) (1)
Since 0.001 is the temperature coefficient of the combination, we also have
R, =(R,+R,)(1+0.001AT) (2)
Combining Eqs. (1) and (2) yields:
R,(1+0.0025AT)+ R,(1+0.00075AT) = (R, + R,)(1+0.001 AT)
or R,(0.0015AT) = R (0.00025AT)
Thus, R,=ER,=3R,, but R +R,=1000Q. Consequently, R, =625 and R, =375Q.

x

The respective lengths are:

o= KM s —625km ¢ = KM

x—-looﬂ y=m‘3750=75km

It is desired to maintain a 5-A constant current in a resistor made of copper wire through a temperature rise of
55°C from 20 °C ambient temperature. The value of resistance at 20 °C is 40 (2 and the temperature coefficient
is 0.00428°C™" at 0°C. Determine the minimum and maximum voltage that must be available from the power
supply to maintain the desired current.
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2.32

2.33

2.34

2.35

2.36

I Viin (at 20°C) = R, =40 x5=200V

R, 1+75x0.00428 B B
BT Trmxooam O Re=127x40=48670

V.. (@t 75°C)=R,;] =48.67x5=24335V
Calculate the power dissipated in the resistor of Prob. 2.30 at 20 and at 75°C.
I Since the current is 5 A at both temperatures,

P=I'R,,=5"x40=1kW P =I'R, =5 Xx48.67=1.21675kW

Determine the current through and the voltage across “he resistor of Prob. 2.30 if it is required that the power
dissipated at 75°C is the same as that at 20 °C and 200V,

_ Vi 0 _ Vi Vi

J Prs=Pu=%." %0 "R, 67
220.61
or V,;=VIO0X 38.67=22061V  and I, = Jc =4.5BA

Determine the ratio of powers dissipated in two resistors, each having the same length and each made of copper
wire of circular cross section, but one having a diameter twice that of the other, and each being connected across
the same voltage.

1 P‘v_z_ v: VA, 7 VD]
"" R, ptlA, ot 4 pf
L V' @ VD]
Similarly, P,= I—i’: =7 ol
If D,=2D,, th P _Di 407 _,
17 2 €n Pz_ D; == D; =
Find the ratio of powers in the two resistors of Prob. 2.33 when the resistors carry the same current.
2
= J? = I E{ - i !_p_(
! Pl 'Ry =. A, ™ D?
L 4 I'pt
Similarly, P,=IR,= - D7
P, _1'D; D:
If D,=2D,. then vo o2 o2 ]

A 100-W 110-V light bulb has a filament made of an allov having a temperature coefficient of 0.0055 °C~' at 0 °C.
The normal operating temperature of the bulb is 2000 >C. How much current will the bulb draw at the instant
it is turned on when the room temperature is 20 °C? From your result verify that burnout of bulbs is more
frequent at the instant they are turned on.

I The ratio of resistances at the two temperatures is given by
R,,  1+20q, 1 - 20 x 0.0055

— — -2
Rowe 14 2000a, ~ 1420004 0.0085 - -2 %10
° v: o110
At 2000°C: Rzmm = 7)' = TOH =121Q
- 110
At 20°C: R,,=121x9.25x107*=11.2(0 and I, = 115 = 9824
Compare with L= 1B =091A

The current loading of the heating element of a 110-V 750-W electric heater is not to exceed 2600 A/in® (cf.
Prob. 2.28). The resistivity of the wire material is 12x 10"* Q-m. Calculate the length and the area of
cross section of the heating element.

P 750
[} I_T/_-l—l() =6.818 A
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. I _ .2
Since - 2600 A/in
6818 , i 2
Area A = 3600 in“=2.62x10 "in° = 1.69 mm
2 2 ~8
L0 g3 ef 12210 ¢
P 750 A 1.69 x 10
16.13 x 1.69 x 1076
or ¢= —1613x 169X 10 ~227.16m
12 x 10

Heat energy is often measured in calories and 1 calorie (cal) =4.184 joule (J). It is desired to design a
heating element to boil a certain amount of water in 2 min requiring 40 kcal heat energy. If the heating
element is to operate at 110V, calculate its current and power ratings.

[} l1kcal = 4.184 kJ = 4.184 kW -s = 4184 W -5

The heat energy required is
Q =40 kcal = 40 x 4184 = 167,360 W+ s

Let P be the power required. Then,

=167,360W-s=1395W I=P_1395

120s v =110 D 127A

For the data of Prob. 2.37, determine the resistance of the heating element if the same amount of water is
required to boil in 30s.
I The same amount of energy must be delivered in one-fourth the time; so the power is now

P =4(1395) = 5580 W= VI or I=@=50.7A R=‘7/=§1(¥)7—=2.17Q

As the temperature of a heating element changes, its resistance also changes, and so does the temperature
coefficient. In a certain case, the temperature varies linearly with time and is given by T °C = (20 + 10¢),
where ¢ is time in seconds. The temperature coefficient of the material is 0.0065°C ' at 0°C. If the initial
resistance of the heating element is 2 €2, find its resistance after 10s.

I At:=0: T=20°C and R,,=2Q

At t=10s: T=20+10x10=120°C

Ris = Ryl + ,4(120 — 20)]

From Eq. (4) of Prob. 2.13,
@ 0.0065
1+a,20 1+0.0065 %20

R 5 = 2[1 +0.00575(120 — 20)] = 3.15Q

= (0.00575°C "

A0 =

For the heating element of Prob. 2.39, express the resistance as a function of time.
I Resistance at a temperature T is given by
R,=Ry(1+ o, T) = R(¥)
From the data:
Ry = Rl +ay(0-20°)]= 2(1-20x0.00575)=1.77 Q T=20+ 10¢
Hence R(#) =1.77[1 4+ 0.0065(20 + 10£)] = (2 + 0.115¢) Q

If the heating element of Prob. 2.39 or 2.40 is connected across a 110-V source, calculate the initial and final
powers.

Vi oo110°
I Atr=0; R=2Q P=—= = 6050 W
i R 2
=10s: R=3.15Q —1102—3841W
At t= S . f—3.15—
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2.42

2.43

2.44

2.45

2.46

For Probs. 2.39 through 2.41 determine the energy dissipated in the heating element over the 10-s period.
v? 110°

! W=giy = 350115 ¥
U—1102f10 i _ 1107 In (2+0.1150)];° = 47.795 kJ = 0.0133 kWh
or N o 270115~ 0.115 " Ao =20 :

A block of iron is heated directly by dissipating power in the internal resistance of the block. Because of the
temperature rise, the resistance increases exponentially with time and is given by R(¢) =0.5¢* Q, where ¢ is
in seconds. The block is connected across a 110-V source and dissipates 1827 cal heat energy over a certain
period of time. Calculate this period of time.

f Let ¢ be the required time. Then energy dissipated is

Cv? I 110°  110° [* _,,
U—-J;J R([) dt = " 6562' dt = 05 06 dt

_ 1102 200 2 1

= T3%03 (e " =1100(1—-e )]
Now 1827 cal = 1827 X 4,184 = 7644 J = U

_, 7644

Thus 1—e 7= Tio =0.632
or e *=0.368 or —2tlne= In0.368 or —-2t=-1
Hence, t=05s

A light bulb, having a tungsten filament, draws 0.5 A at 110 V. The cold resistance of the filament is 20 () at
20°C. At this temperature the temperature coefficient of resistance (for tungsten) is 0.005°C~'. Determine
the operating temperature of the bulb.

I Resistance at the operating temperature T °C is

v 11
R, == 0—2 =220 Q = R,[1 + a,(T — 20)] = 20[1 + 0.005(T — 20)]

Solving for T yields T = 2020 °C.

The operating temperature of a tungsten-filament 110-V 40-W bulb is 2020 °C (cf. Prob. 2.44). The filament is
made of a 0.01-mm-diameter wire having a resistivity of 5.55x10°°Q-m at 20°C and a temperature
coefficient of 0.005°C~". Calculate the length of the filament wire.

Vv:o110°
I At 2020°C: Ry = 5 = =35 = 302.5 0= Ry [1+0.005(2020 - 20)] = 11R,,
302.5 Paot 5.55x107%¢
R,,= " =275Q0="2-=
or 2= = = L A0017 X 10°]
Tx27.5%x107°
Hence = Taxs53 - 3.89cm

A 60-mm-thick electrode is cut from a solid 70-mm-radius hemisphere made of copper, as shown in Fig. 2-4.
Calculate the current through the electrode if 6V is applied across it. Resistivity of copper is 1.72 %
10°°Q-m.

I Let R be the resistance of the electrode. Then, for the infinitesimal disk shown in Fig. 2-4,

dRz___pdxzpdxz_de_ or R-:pf l—z%(tanh_li)

A wr a(b-xd) 7 Jx=0 (b® - x°) b/o
T72%x1078
=£ (tanh“ 7 —tanh™" 0) ~ 2 S L2XA0 - 8 700k 10t
T b T b T 70

Vv 6

I: —_——= —
R 0.702x107®

= 8.547x 108 A =854.7 MA
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é

5
’E
E

70 rw.mny

A

+ (4 Y _ Fig. 24
A carbon resistor dissipates 60 W of power while drawing 0.5 A of current at 20°C. How much power will be

dissipated in the resistor at 100 °C if connected across a 120-V source? Temperature coefficient of carbon at
20°C is —0.0005°C~".

I At20°C: P,=I'R,, or R, = 0—62—2 =240 Q
At 100 °C: R0 = R,[1 — 0.0005(100 — 20)] = 240(1 — 0.04) = 230.4 O
v: 1207
Pooo = R = 7304 " 62.5W

We have two resistors wound with round copper wire. The length and the diameter of the first wire are ¢ and
A respectively and those of the second wire are 0.25¢ and 0.5A. Determine the ratios of currents and powers
for the two resistors if they are connected across the same voltage source.

pt _ p(0.25¢) _ pt _

1 R,=7 and  R,==-=2 0.5 =0.5R,
L _VIR, R, _OSR, _ . 5'_V2/R1_R2_05
I, VIR, R, R, : P, V¥R, R,

If the same current flows through the two resistors of Prob. 2.48, determine the ratios of voltages and powers.

I From Prob. 2.48, R,/R,=0.5,

Obtain the exact and approximate ratios of the resistances of a coil at two temperatures T, and T, assuming that
the only other given quantity is the temperature coefficient o, at 0°C.

I Let R, be the resistance at 0°C. Then at the temperatures T, and T, we have

R, 1+ q,T,
R1=R0(1+00T1) and R2=R0(1+00T2) or 'R—2= m
which is the exact ratio. Approximately,
R _ -
'R_1 =1+, T))(1+ ,T5) t= (T4 a,T)[1 ~ T, + (g T,) = - ]=1+ (T, - T,)
2
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How much current will flow through a 2-{) resistor connected in series with a 4-{) resistor, and the combination
connected across a 12-V source? What is the voltage across each resistor?
vV 12

1 R,=R,+R,=2+4=6Q I,=p=—=2A

s

V,=ILR,=2x2=4V and V,=2x4=8V

A 2-Q) resistor is connected in parallel with a 4-Q) resistor and the combination across a 12-V source. Find the
current through each resistor and the total current supplied by the source.
1 Lo=%=6A I,,=#%#=3A I_,=6+3=9A

total

What is the total resistance of the combination of a 2-€) and a 4-{) resistance in parallel? Calculate the current

supplied by a 12-V source connected across the cornbination.
1 1 1 3

1

—_— = 4= =4 =
R, 2+4 3 or R, =3 1

| % 12
R, “a3 7 0A

Two resistors of ohmic values R, and R, are connected in series, and the combination across a source of voltage
V. How is this voltage divided across the resistors?

|4 |4
[} R:~R1+R: I—E~R1+R2
T R, e R,
Vi=IR =V pitg Vim IRV i

Two resistors of ohmic values R, and R, are connected in parallel, and the combination across a source of
current /. How is this current divided through the resistors?

1 1 1 R.R
I —=—+— or R =520
R, R, R, P R, +R,
Let V= voltage across the combination. Then V= IRP =I,R, = I,R,.
IR R IR R
Therefore, IL==2=1 2__ [ =—2=7 1

R, "R, R, * R, 'R +R

Use the results of Prob. 3.4 to solve Prob. 3.1.

R, 2 R, 4
= = = / = =4 =
1 v, le+R2 12 55 =4\ v, VR]+R2 1257 =8V
Use the results of Prob. 3.5 to solve Prob. 3.2.
R 4 R 2
1 ]l =] ——2 - —-9__" _ — . - 1 —9_%_ _
! 1R1+R2 ? +4 64 L 1R1+R2 92+4 3A

Calculate the power in each resistor of Prob. 3.1 and verify that the total power supplied by the source is the
sum of the powers in the resistors.

1 P, =I'R,=2"x2=8W  P,=IlR,=2°X4=16W (since I,=1,=2A)
P,+P,=8+16=24W P =VI=12x2=24W
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Determine the power in each resistor of Prob. 3.2. Verify that the total power supplied by the source is the
sum of the powers in the resistors.

v: o 12? v: 12
1 P,—R~1—7—72W PZ—R—Z—T—36W

P+ P,=72+36=108W P, =VI=12x9=108W

A 3-Q and a 6-Q resistor are connected in parallel and the combination in series with an 8-(2 resistor. Calculate
the total resistance.

1 R,=375=20 Ruu

=R,+R,=2+8=10Q

A 20-V source is connected across the resistor combination of Prob. 3.10. What is the voltage across the 8-£)
resistor?

1 I=g—=75=2A V,,=8x2=16V

total

Determine the power absorbed by each resistor of Prob. 3.11.

Voo _ 16
[} P80=—8—=?=32W Via=Veq=V—-V4=20-16=4V
4* 8 4 16
Poo=g=3W Piu=3=3W

Check: Total power=32+ 5%+ ¥ =40W. Power from source = VI =20x2=40W.

For the circuit shown in Fig. 3-1, find the value of k so that the resistance of the combination is a minimum.

ka a kKa+2a
I R=5+% R-—7%—

For R dR/3k =0, which implies that

2k(2ak)—2(k’a+2a)=0 or 2k°-k'-2=0 or k=V2=1414

min?

ka
AN

ka

+ v - Fig. 31

If a voltage V is connected across the resistor combination of Prob. 3.13, find the condition for maximum power
supplied from the source to the resistors.

I P=V%R is a maximum when R is a minimum; k = V2.

What is the maximum power the resistors of Fig. 3-1 can absorb when connected across voltage V? Determine
the input current at maximum power condition.

I From Probs. 3.13 and 3.14,

2V k 2V V2 v? P 1%
= = — = == —— A
P 2™ a3+ vV I=y=5,

Four resistors of ohmic values 5, 10, 15, and 20 € are connected in series and a 100-V source is applied across
the combination. How is this voltage divided among the various resistors?
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I Using the voltage division rule, we have

{;
Vs= 5T i0r 15720 (OVEIOV

Similarly, V,,=20V, V. .=30V, V

20

=40 V.

Formulate the law of current division among three resistors R,, R,, and R, connected in parallel. The total
input current is i.

I The common voltage across the resistors is V= iR,,, where 1/R _=1/R +1/R,+1/R,. Hence,
. V Rup . . Re[) . . ep .
iy=— = i i = i i,=
R, R, R, ’ R,

Determine the current through and the voltages across three resistors of ohmic values 5, 7, and 8 £}, connected
in series and across a 100-V source.

. . |4 100
1 Total resistance = R, =5+7+8=20(Q Circuit current =1 = R =20
Voltage across the 5-{ resistor = 5/ =25V. Voltage across the 7-€) resistor =77/ =35V, Voltage across the
8- resistor = 81 =40 V.

=5A

Determine the voltage across and the currents through three resistors of 5, 10, and 20 Q, all connected in
parallel and across a 100-V source. There is 100 V across each resistor.

I Current through the 5-Q resistor= ' =20 A. Current through the 10-Q resistor = '* = 10 A. Current
through the 20-Q resistor = 4 =5 A.

Determine the current and power drawn from the scource in the circuit of Prob. 3.19.

I Total current from source =20+ 10+ 5=35A. Power supplied by source = VI =100 X 35 = 3500 W.

Reduce the circuit between the terminals a and b, Fig. 3-2, to a single resistor.

33

a 1a 30 d 6Q e 16 0 b

:
:
:
:

33

Fig. 3-2

I From the law of parallel resistances,
1 1 1 1
= 4 — - = =1Q
R 5t37 % or R, =1(

The series resistance between a and e is then 1—- 1+ 6=8(), giving a net resistance

cd

_(8)8) _ _ _
R.="g0g =490 R,=4+16=200

Calculate the resistances of 110-V light bulbs rated at 25, 60, 75, and 100 W.
I From P=V?*R:

(110)° (110)°

Rysw= 75 =4840 R sw= 75 =161.3Q
(110)* X (110)2

Reow= 60 =201.67 0 Rl()()W=W=1219
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An electric heating pad rated at 110 V and 55 W is to be used at a 220-V source. It is proposed to connect the
heating pad in series with a series-parallel combination of light bulbs, each rated at 110 V; bulbs are available
having ratings of 25, 60, 75, and 100 W. Obtain a possible scheme of the pad-bulb combinations. At what rate
will heat be produced by the pad with this modification?

I From Prob. 3.22 we know the resistances of the various light bulbs. The resistance of the heating pad is
R, = (110)/55=220Q. We must combine the bulbs to obtain a total resistance of 220 Q; then, by voltage
division, the pad voltage will be the required 110 V. One possibility is a 100-W bulb in series with a parallel
combination of two 60-W bulbs: R, = R, + 3R, =121 + 3(201.67) =221.83Q, which is on the safe side.
Then

220
R, + R, =220+ 221.83 = 441.830 I =0.498 A

» 44183
and so the heat output of the pad is IiRp = (0.498)°(220) =54.56 W,
Two resistors, made of different materials having temperature coefficients of resistance «, =0.004°C™' and

a, =0.005°C”', are connected in parallel and consume equal power at 10°C. What is the ratio of power
consumed in resistance R, to that in R, at 60 °C?

I At 10°C, R, = R,, which implies

_ Ry, 1+ 10q,
R,,(1+10a,) = R,,(1+ 10a,) or R_oz ~—m
Consequently, the power ratio at 60 °C is
V¥R, _ R, _ R, (1+60a,) _(1+10a,)(1+60a,)
VIR, R, R,(1+60a,) (1+10a,)(1+ 60a,)

Substituting the numerical values of «, and «, yields the value 0.963.

A 200-V source is connected across the circuit shown in Fig. 3-2. Calculate the voltage across the 8- resistor.

I From Prob. 3.21, R,, =20Q. Thus,

V200
I=p—=55=10A V,=R,I=16X10=160V  V,=V,,=V-V, =200-160=40V
ab

In Prob. 3.25, determine the power dissipated in the 1-Q and 8-§) resistors.

I From Prob. 3.21,
Veq=40V L ,=%=5A P,,=(58=200W I=10A
From Prob. 3-25,
Log=1-1,,=10-5=5A P, ,=(571=25W
Find the ratio of the currents /,/1, at 60 °C in the resistors of Prob. 3.24.
I From Prob. 3.24, R,/R,=0.963=P,/P,. Since P,/P,=I'R,/I:R,, we have

2
R I, R, LR 1 34
Rl

= =2_2
0.963 or 0963

R, I’ R, 1,

Notice that this result also follows from I,R, =I,R, =V, since the two resistors are in parallel.

A battery has internal resistance R, and terminal voltage V,. Show that the power supplied to a resistive load
cannot exceed V?/2R,.

I et R, be the load resistance. Then

and power taken by the load,
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For maximum power,

Hence, (P,)n..=V:/2R,.

dP,/dR, =0, which requires that
(R.+R) -R

J2(R,+R)]=0 or R, =R

i

3.29 For the battery of Prob. 3.28, V.=96V and R,=50mQ. Discrete loads of 150, 100, 50, 30, and 20 m{}
are connected, one at a time, across the battery. Plot the curve of power supplied versus the ohmic value of
the load. Hence verify that the maximum power transfer occurs when R, =R, , =50 m{).

1 P =V i__
“ U (R.*R)Y
Substituting the given numerical values yields:
150 30
=96 ——— 5 =96> ———— =43.20kW
P, =96 (150 + 50)° 34.56 kW Py, (30+50)°
100 i 2 20
=96 ——— = ———— = 37.62 kW
P oo =96 (100 + 50)° 40.96 kW P,, =96 (20 + 50)°
50
=96> ———— =46.08 kW
Pso (50 + 50)°
which is plotted in Fig. 3-3 showing that (P,),,, occurs at R, =50 m{}.
S0
(L) ma: 46'08 kw
_\\
45 \,
N\
x
x
Q'T 40 RL: 50mn.
35
i 30 T T T 3 1
25 s0 7s 100 125 150
— R, m Fig. 3-3
3.30 A battery has an internal resistance of 0.5, and has an open-circuit voltage of 20 V. The battery supplies a
2-Q) load. Determine the power lost within the battery and the terminal voltage on load.
20
I I=5555=8A V,=IR,=8<2=16V P, =R =8(0.5)=32W
3.31 A resistor made of silver and another made of nickel, having temperature coefficients of resistance at 20 °C of

0.0038 °C~" and 0.006 °C ", carry equal currents at 20 °C when connected across a voltage source. How will the
total current be distributed if the temperature is raised to 150 °C?
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I At 150°C,
Rver = (Raipver)20[1 +0.0038(150 — 20)] = 1.494(R ;1. )20

R et = (R picer) 20[ 1 + 0.006(150 — 20)] = L.78(R ket )20

Since the currents are equal at 20°C, (R, ver)20 = (Riicxet )20 = R. Therefore, by current division (sce Prob.

3.5) at 150°C,

B 1.78R B

Isilver - 178R T 1.494R 1=0.54371 or 54.37%
1.494R

I o4 1=0.4563] or 45.63%

mickel = T 78R + 1.494R

Convert the delta-connected resistor bank of Fig. 3-4 into an equivalent wye-connected resistor bank.

A
(}
]
2 4
a, :;-RY R,
1
b ’EY A
SR ;
- A\ \\
Ra
d Fig. 3-4

I For equivalence, the resistance between any two terminals (say, ab) for both the wye and the delta
connections must be the same. Thus, equating them we get
_ Ry(R,+R,)

= = 2
R,+R,+ R, iR,

2R,

Hence, R, =3iR,.

Three unequal resistors are connected in wye as shown in Fig. 3-5. Obtain an equivalent delta-connected

resistor bank.

I From Fig. 3-5 it follows that:

_ _ R,(Ry;+R,)

Rie=Ri+ R = R+ R, + R, M
_ _ R(R,+Ry)

Ro=Rit Ry= g R (2)
_ _ Ry(R,*+R.)

R,,=R,+R,= R. TR, TR, (3)

Solving R ,, R, and R yields:

1 1 1
RA'_"R_(R1R2+R2R3+R3R1) RBZ'R_(R1R2+R2R3+R3R1) RC=R_(R1R2+R2R3+R3R1)
2 1 3

b Fig. 3-5
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3.34 Suppose three resistors R,, R, and R are connected in delta as shown in Fig. 3-5. Obtain an equivalent
wye-connected resistor bank.

I In this case also Egs. (1), (2), and (3) of Prob. 3.33 are valid. Therefore, we solve for R, R,, and R, to

obtain
R = R4R. — RyR. R.= R.R,
""" R,+R,+R, 2T R,+R,+ R, " R,+R,+R_
3.35 Convert the pi-connected resistors of Fig. 3-6a to an squivalent tee-connected set (Fig. 3-6b).

I Notice that pi- and tee-connections are, respectivzly, the same as delta- and wye-connections. Thus, using
the results of Prob. 3.34, we obtain

_ R,R.  9x3 __ RsR. _ 6%x3 _
Ri= TR, 7R " 976:3 P8 Re= g R T976+3 100
_ R,R, _ 9x6 _
R3—RA+RB+RC_9+6+3—3'OQ

ﬁc-;?[)— P' Rz
AN AAN — V-
R =9 Ry~ € Ry
@, b Fig. 3-6

3.36 Verify that the converse of Prob. 3.35 is true; that is, show thatif R, =150, R,=10Q, and R,=3.00Q
are connected in wye, its equivalent delta will have the values shown in Fig. 3-6a.

I Since RR,+R,R,+RR, =15x1+1x3+3>1.5=9, from the results of Prob. 3.33 we have:

9
R,=%=9Q RB=-[—§=6Q R.=31=3Q
3.37 Determine the resistance across the terminals ab of the interconnected resistors of Fig. 3-7a.
a
b b Q)
R
2.0
2 1}: 2
c a o
('7_‘:: -
40
b o
(4)
6 (1
.—~_4vv\.__--r
2+
[V, v,

b () Fig. 3-7
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I First, we convert the upper delta to a wye to obtain the interconnection shown in Fig. 3-7b which reduces to
that given in Fig. 3-7c. Finally, R,, =2+ (6% 4)/(6+4)=4.4Q.

3.38 What is the resistance across the terminals ab of the network shown in Fig. 3-8a?

I By converting the delta-connected resistors to an equivalent wye we obtain the interconnection shown in Fig.
3-8b. Next combining the 3-Q and 6-) resistors in parallel leads to the circuit shown in Fig. 3-8¢. Hence,

R,=2+2=440.
9.0 a
a c
iy b
10 o 3qn
b 6
3,

(Gl b
[
a
24
(VR
1
b
(o) Fig. 3-8
3.39 For the network shown in Fig. 3-84, calculate the voltage across the terminals ac if a 36-V battery is connected

across the terminals ab.

I In this case, we convert the 6-Q) wye-connected resistors into an equivalent delta to obtain the circuit of Fig.
3-9a. Combining the 9-§) and 18- resistors in parallel gives the circuit of Fig. 3-9b from which we obtain the
currents as follows:

18-
a c 6

/N « bn .

9.0
3ev—— = 0 -
8 € 9.0 90, 189 26y l é 4
b b
A
(% b Fig. 3-9
I,=%=6A I =i——3A Voe=I,R, =3x6=18V
ab 6 ac 6+6 - or ac ac*tac -
3.40 Calculate the power dissipated in the 9-) resistor connected across ab and in the 9-() resistor connected across

be of the network of Fig. 3-84 when a 36-V source is connected across ab.

I From Fig. 3-9a we have, P,,,, =V.,/R,, =3679 =144 W.
From Problem 3.39, V=18V, Hence

Vi 18°
V,.=36—-18=18V P, = R:( =5 =36W
3.41 For the circuit shown in Fig. 3-10a, determine R so that the power going into the terminals gb is maximum.

Also calculate the maximum power.
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I The sequence of network reduction is shown in FFigs. 3-10b—e.  From Fig. 3-10e the current drawn from the
source is given by

and power is
144(0.5R)
(1+0.5R)’

For maximum power, JP/dR=0 requires that 0.5(1 +0.5R)*—~0.5Rx2(1+0.5R)0.5=0 or R=2Q.
Thus,

P=I(0.5R)=

6A and P, =6(0.5%x2)=36W

[
A

0.5 N

Fig. 3-10

For the circuit in Fig. 3-10a show by changing the¢ delta-connected resistors to an equivalent wye that the
maximum power entering the terminals ab is 36 W.

I The network reduction is shown in Fig. 3-11a—c. Notice that Fig. 3-11¢ is identical to Fig. 3-10e.
Therefore, from the results of Prob. 3.41, we have

R=20Q I=6A and P =36W

max
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g™ a
o
R
§ 2
4.
.
4.
b
(4)
1 (L I =~
0.SR
| ,
(<) Fig. 3-11

3.43 Four 60-W 110-V bulbs are to be operated from a 230-V source. Determine the value of the resistance
connected in series with the line so that the voltage across the bulbs does not exceed 110 V.

R_ I
* R
+ R +
230v llov 4x 6o =240w

- Fig. 3-12

I For the circuit shown in Fig. 3-12 we have total power drawn from the source,
P 240

P=4x60=240W Input current I = V=110 =2.1818 A
Voltage across the series resistor,
Ve 120
V,=230-110=120V= IR or R—T—2.1818—550

3.4 An alternate way of operating the bulbs of Prob. 3.43 is to connect them as shown in Fig. 3-13 with a series
resistor. Calculate the value of the series resistance and state, giving reasons, which of the two methods is
preferable.

4xbo=240wW

Fig. 3-13
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I In this case,

P 240
I—VL—%—LO%*?A Ve=230-220=10V=RI
Lo

Thus R= —1—()?)66

I’R loss in method of Prob. 3.43=120°/55=261 82 W. [I°R loss in method of the present problem=
10°/9.167 = 10.9 W. Second method is more efficient but, if one bulb burns out, only two will function.

=9.167Q

3.45 A 12-V battery is made of 36 cells each rated at 2V «nd 1.5 A for a given duty cycle. What is the line current
and power that may be drawn from the battery?

I Since the battery is rated at 12V and each cell at 2V, cells connected in series = % = 6 cells. Number of
parallel paths= % = 6. Rating for one parallel path = 1.5 A (given).

Line current=6Xx1.5=9 A Power=VI=12 X9 =108 W
(Otherwise, power=36Xx2Xx1.5=108W.)

3.46 For the circuit shown in Fig. 3-14, calculate R such that the power dissipated in the 3-§) resistor is 300 W.

[n R I
mﬁ*\’,‘:_—* T
Qo v V, 330~ 3éa
- - Fig. 3-14
VZ
1 Pm=73:300w or  V,=30V
vV, 30 vV, 30
Lo=3=5=10A [,=2="F=5A
4 v 90 — 45
I=10+5=15A= =z = = = =
5=15A TR+ (Gx3i6+3) ~37R V=45+15R=90V or R & 3

3.47 For the value of R determined in Prob. 3.46, calculate the power absorbed by each resistor. Verify that the
total power thus obtained is the same as that supplicd by the source.

I Total power absorbed = 15° X 1+ 15” x 3 +30%/3 + 30°/6 = 1350 W. Power supplied by the source = 90 X
15=1350 W.

3.48 Calculate the voltage that must be connected across the terminals ab such that the voltage across the 2-{} resistor
is 10 V (Fig. 3-15).

I Input current to the circuit, /=2 =35A.

6x12
Rpm“c,=m=4ﬂ Rmm|:=2+1+4=70 V= Rmm|1=7><5=35 V.
I éan
———ANAA—
a 2/ I I+
* L nn
v AN
- Fig. 3-15
b
3.49 Refer to Fig. 3-15. Determine the voltage across the 6-() resistor. Hence determine the currents /, and 1, and
verify that I=1 + I,.
1 Veg=V=V,, -V, 4=35-10-5=20V
h=%=%A  LoB=ta LrL=Pe 0 200 5,

3 6 6
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Find the current in the 5-Q resistor in the interconnection of resistors shown in Fig. 3-16a.

I By changing the delta-connected 3-{) resistors into an equivalent wye we obtain the circuit of Fig. 3-16b,
which is reduced to the circuit of Fig. 3-16c. Thus,

Vv 36 . P -
_E_m_le Vo (Fig. 3-16b) =RI=1x12=12V
Vaessa=V-V,q=36-12=24V
24
Thus, 159=ITS=4A

Fig. 3-16

By adding the powers absorbed by the resistors of Fig. 3-16c¢, verify that the sum is equal to the power supplied
by the 36-V source.

§ From the results of Prob. 3.50,
I,o=4A and I,,=8A
Thus, V,a=4x5=20V  and V,,=8x2=16V

Also the voltages across the top and bottom of the 3-Q resistors become 16 and 20 V respectively as shown.

The respective currents in these resistors are ¥ A and 2 A. Hence the current I (Fig. 3-164) in the vertically

drawn 3-(Q resistor between bc becomes I=%-4=%A.

Verification: Lo=%+%=8A

P = (%) X3+ (@) x5+ (3 x3+(8)°x2+(3)’x3=42W P =36x12=432W
Find the resistance between the terminals ad for the interconnected resistors shown in Fig. 3-16a.
I Using wye-de‘lta transformations shown in Fig. 3-16b we obtain the circuit of Fig. 3-16d.

A shunt is used to extend the range of an ammeter by connecting it across the ammeter as shown in Fig. 3-17.
The ammeter has a resistance of 0.1 and gives a full-scale deflection of 2.5 A. Calculate the value of the
shunt resistance to extend the range of the ammeter to 50 A.
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I Refer to Fig. 3-17:
=25A I=50A =50-25=475A
ILLR,=IR, or 2.5x0.1=475R,

Sx
Hence, R, = 2—5—-—91 =5.263 m()
47.5
7, R,

AmmeTsr Fig. 3-17

3.54 The multiplying power of a shunt is defined as the ratio of the line current to the current through the ammeter.
Obtain a general expression for the multiplying power.

{1 From Fig. 3-17 we have:

. I R
I.R,=(I—-1)R, or I(R,+R)=IR, or  Multiplying power = 7= 1+ R—“
3.55 The resistance of a coil is measured experimentally by the voltmeter-ammeter method. Two possible

arrangements of the meters are shown in Fig. 3-18. The resistance of the voltmeter is 10 k() and that of the
ammeter is 0.1 Q. For the setup of Fig. 3-18a the voltraeter reads 5 V and the ammeter reading is 25 A. What
is the value of the resistance?

I For Fig. 3-18a from Ohm’s law:
5=25(0.1+ R) or R==%-01=0.1Q

—®
R
(a) (%) Fig. 3-18
3.56 If the ammeter reading in Fig. 3-18b is 25 A and the values of various resistances are the same as in Prob. 3.55,

determine the voltmeter reading.

1 By the rule of current division we have:

R 0.1

L=®+r 1= 67+ 10,000

(25 A)

0.1

Voltmeter reading = R, 1, == (1(:,000) 0.1 + 10.000

(25)=2.5V

3.57 Based on the results of Probs. 3.55 and 3.56, if the resistance is measured as the ratio of the voltmeter-to-
ammeter readings, state which of the two connections of Fig. 3-18 is preferred for the measurement of (a) a low
resistance and (b) a high resistance.

{1 From Prob. 3.55: R= EI = ;)5—5 =020
From Prob. 3.56: R= 11/ = g =0.10Q

Clearly, Fig. 3-18b is suitable for the measurement of a low resistance and Fig. 3-18a is preferred for
measuring a high resistance.



3.58

3.59

3.60

3.61

3.62

SERIES AND PARALLEL RESISTIVE CIRCUITS [ 29

Calculate the value of the shunt resistance to be used with a galvanometer having a resistance of 10 Q if the
current through the galvanometer is not to exceed 5 percent of the total current.

d From Prob. 3.54 we have:

IR W
L=""®R % 005 R,
Hence, R =1=05260

An ammeter rated to read up to 5 A, having a resistance of 0.5 £, is to be converted into a 150-V voltmeter by
connecting a resistor in series with the ammeter. Calculate the value of this resistance.

f Let R be the value of the series resistance. Then by Ohm’s law, V=I(R+R,), where R, is the
ammeter resistance. Substituting numerical values yields:

150=5(R+0.5) or R=1-05=2950

A 300-V voltmeter draws 2 mA current for full-scale deflection. This voltmeter is used to measure the voltage
across a 50-k{) resistor connected in series with a 25-kQ resistor, the combination of the resistors being
connected across a 150-V source. What is the voltmeter reading?

I The voltmeter resistance R, =300/(2 x 107y =150kQ. From the circuit of Fig. 3-19, the total resistance
across the 150-V source is R =25 + (150 x 50)/(150 + 50) = 62.5 k().
150

-0 o4
I=sx10° mA

By current division rule,
_50x10°x2.4x107°

©7 (150 + 50) x 10°

=0.6mA

Thus the voltmeter reading is I,R, =0.6 X 1077 x 150 x 10° =90 V.

\
14
I
ANV
25 kn 50 ka
+ 150V - Fig. 3-19

If the voltmeter of Prob. 3.60 is now connected across the 25-k(} resistor, what is the voltage across the 50-k{)
resistor?

I When the voltmeter is connected across the 25-k() resistor, the value of the combined parallel resistance
becomes R, = (25 x 150)/(25 + 150) = 21.428 k(2.  Or the total circuit resistance is 50 +21.428 = 71.428 k().

.. 150 -3
Circuit current I = 71478 X107 =2.1mA

Voltage across S0kQ=50x10*x2.1x10"* =105V

A high-voltage dc transmission line supplies 900 MW of power over a distance of 800 km. This power is
delivered at 600 kV. If the loop resistance of the line is 2 mQ/km, determine the sending-end voltage.

I The line is schematically represented in Fig. 3-20. Subscripts R and $ are, respectively, used for receiving-
and sending-end quantities. Then,

900 x 10°
S eox100 kA

V,=600kV (given) R=800x2Xx10"=1.6Q

P.=900 MW (given) [,=1I=1

Ve=V,+ IR =600x 10>+ 1.5% 10’ x 1.6 = 602.4 kV
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I R
T T8
v, V, [ ]Lend
' . Fig. 3-20
3.63 Defining efficiency of transmission as the ratio of the power at the receiving end to the power at the sending end,

calculate the efficiency of transmission of the line of Prob. 3.62. Verify that the same result is obtained by
line-loss calculation.

1 . =900 MW (given) P, =V,I =602.4 x 10’ x 1.5 x 10" = 903.6 MW

Efficiency of transmission is P,/P;=900/903.6=49.6%. Line loss is I’R=(1.5%10%)’ X 1.6 =3.6 MW.
P, = P, + line loss = (900 + 3.6) x 10° = 903.6 MW, which is the same as previously calculated.

3.64 A dc generator has an open-circuit voltage of 123 V. When connected across a 4-() resistor the generator
delivers 3.6 kW of power. Calculate the internal power loss within the generator.
3.6 x10° 123 123 - 120
2 - = = T e m———— = ——=
) P==— or I=30A TR R, 30 0.1Q
Hence, P,.=IR,=30"X0.1=90W

3.65 A dc generator may be characterized by an ideal volrage source in series with a resistor. At the terminals of
the generator, voltage and current measurements for two different operating conditions are V, =115V at
I=10A and V,=105A at I=15A. Model the generator by a voltage source in series with a resistor.

1
> ¥
Y

Fig. 3-21

I With the circuit model of the generator shown in Fig. 3-21, with the symbols defined, we have (for the two
sets of data):

V,=V, +IR, or V,=115+10R, and V,=105+15R,
Solving for V,, and R, yields V,=135V and R, =2.0Q.

3.66 A dependent voltage source is shown in Fig. 3-22. For the data given determine the power supplied by the
12 V-source and that by the 3/-dependent voltage source.

I 9

+ +
>1)

D qu
T pig, 322

I From Ohm’s law, 12=97+31 or I=1.0A.

Power delivered by the 12-V source is 12x1=12W.

Power delivered by the 3/-dependent voltage source is —1.0x3x1.0=-3W.

Negative sign is used since the current is going into the source. Thus the dependent source is absorbing
(rather than delivering) power.
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A 500-Q resistor is connected in parallel with a 250-Q) resistor and the combination is fed by a 25-A current
source. Calculate the power absorbed by each resistor.
I The circuit is shown in Fig. 3-23. By current-division rule we have,

500 250
© 250 + 500 25=16.67A = 250 + 500

Respective power losses are
I’(250) = 69.472kW  and  I3(500) = 34.695 kW

1 25=8.33A

1y I

2

25A 25042 S 500<L

Fig. 3-23

Determine the voltage across the resistors of Fig. 3-23. Verify that the power supplied by the source is the
same as the total power dissipated in the resistors.

I Voltage V=1,(250) = I,(500) = 16.67 x 250 = 4167.5V.  Power P =V(I,+1,)=VI=4167.5x25=
104.187 kW. Power dissipated is 69.472 + 34.694 = 104.166 KW.

Figure 3-24 shows a circuit containing a 25-A independent current source and a 5-V dependent current source.

Calculate V and R.
I 1=25=5V. Thus, V=5V. Also, V=RI, or 5=R(25), or R=0.2Q.

+ V
R

25A 5V Def.wab»lﬂ

Fig. 3-24

For the circuit of Fig. 3-24, determine the power absorbed by R.

v: 5
’ TZ e I ——— =
Pp=—4 =05 =125W

If the power supplied by the 25-A source of Fig. 3-24 is 150 W and the dependent source absorbs power,
calculate the voltages across the 25-A source and 5-V dependent current source.
P 150 Py, 150-125

I Visa= 2A = =6V Viv= =

Ls. 25 L, 25 v

For the circuit in Fig. 3-25 the elements shown on the right are connected one at a time to the terminals ab.
The control for the dependent sources is /.. Determine the dependent parameter in each case.

L3IV

a
9
/' 180 * 7
5V I,

“ D, O "
v, 1 kI, (V) kI,

O ; o o
(a) ) (<) (d) (e) Fig. 3-25

20
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3.73

3.74

3.75

3.76

ISV

syl 55)

I Since the voltage across the 18-Q resistor is 36 V, the current I, must be 2A. Then V,, +(2)(2)—-75+
36=0 or V,=35V.

a

(@ V,=35V dy kI,=-I1  k=-1
() I,=1=2A () Vo=IR=35V R=175Q
() kI,=35V  k=175Q

7

A generator generating a ramp voltage, v =6¢V, is connected across a 25-() resistor. Determine the energy
dissipated by the resistor during the interval 0:E¢=S5s.

I Instantaneous power p =v*/R=36¢/25W. Energy is

5 5 -2 5 3
_ _[736r 36( ) 36 5° _
W‘L pdt=| e dt=3513),= 35 3 =60J

A resistor supplied by a ramp generator producing a voltage v =107V is used as a heating element to boil a
certain amount of water. It takes 2 kcal of heat energy to boil the water in 30s. Calculate the value of the
resistance. (1kcal =4.184kJ.)

I Proceeding as in Prob. 3.73,

dt =

0 (10:) 120 (

W=2kcal =2 x 4184 =8268] = j

or R= _’3_;§368 =107.5Q

For the data of Prob. 3.74, if v =10V (constant), determine the value of the resistance.
{1 1In this case,

¥ 10° 3000 3000
W=8368] = j —d =R R= 3368 =0.3585Q

For the circuit shown in Fig. 3-26a determine the current drawn from the 15-V battery.

I First, we show the circuit reduction to a single equivalent resistor in Fig. 3-26b through d. Then, from Fig.
3-26d,

15
=5 0A

~
i
i<

I L $z2a I

4 + éﬁ&):%ﬂ,

(4 (c)

- 2.0

(b> (d) Fig. 3-26
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Refer to Fig. 3-26a and calculate the power absorbed by the 2-Q resistor.

I From Prob. 3.76, we have I=6A. Now, applying the current division rule to the circuit of Fig. 3-26b, we
obtain 1,=[2/(2+6)]6=15A. Thus, P,,=1I22)=(15)2=45W.

What are the powers absorbed by the resistors of Fig. 3-26a? Verify that the sum of these powers equals the
power drawn from the battery.
I From Fig. 3-26b and from Prob. 3.76 we have I, =[6/(2+6)]6=4.5A, and from Fig. 3-26a we obtain

6 3
Li=37¢45=3A I=37,45=15A

From Prob. 3.77, I,=15A. Since P= I’R, we have
P, o=(61=36W P,,=(1.5)2=45W P,,=(3)3=27TW
P,,=(15%4=9W P, =(1.56=13.5W P__ =90W

Check: P, =VIi=15xX6=90W.

battery

If the 3-Q resistor in the circuit of Fig. 3-26a is short-circuited, how much power will now be drawn from the
battery? Also, determine the voltage across the 2-Q resistor.

I From Fig. 3-26a it follows that short-circuiting the 3-() resistor short-circuits the 6-( resistor as well as the
series combination of the 2-Q and 4-() resistors. Hence, V,,=0V. The current is limited by the 1-Q
resistor, and we have I= % =15A. Power drawn from the battery is VI=15x15=225W.

How much power is drawn from the battery if the 6-Q) resistor of the circuit of Fig. 3-26a is open-circuited?

I 1n this case the equivalent resistance

32+4)
3+2+4

Power drawn from the battery is 15X5=75W,

R=1+ 3Q thus I=%=—=5A

A resistive circuit is shown in Fig. 3-274. Determine the equivalent resistance R.

I The circuit reductions are shown in Fig. 3-27b through d, from which R=1+2=3Q,

Is 2n
ﬁz a
L2 g I 13 a
1
< I 1< I
R = I 4 AN
R»> fo 1+2 =30
b
(» 3
2x2
T3 = 1< I
—_— - I
II g™
R == 1 [N
‘b+£: é,’(l - 24k
R €+3
b (d)

Fig. 3-27



34 [ CHAPTER 3

3.82

3.83

3.84

3.85

Calculate the current through the 3-Q resistor and the voltage across the 1-Q resistor of the circuit of Fig. 3-27a
when 120 V direct current is applied across the terminals of the circuit.

Vo120
1 From 3-27d: I= =7 40 A
. 6
From Fig. 3-27¢: I,= 513 40=26.67 A
Thus, Via=1L(1)=26.67x1=26.67V
6
From Fig. 3-27a: ILL=—=2%.67=11.77A

37316

From the data of Prob, 3.82 verify that the voltage across the terminals ab is the sum of the voltages across the
terminals ac and cb.

I From Prob. 3.82,

1,=40-26.67=13.33A

1,=26.67A V. =1(1)=26.67x1=26.67V

L=1777A V,=L(3)=17.77x3=5331V
vV, +V,=2667-5331=79.98V=V,,

V., =1,(6)=1333x6=79.98V

ab

Thus,

For the circuit of Fig. 3-27a determine I,. Thus calculate the power loss in each resistor.
of the power losses is the same as the power delivered by the source.
determine the percent round-off error.)

3 3
1 Li=3c h=35¢2667=889A I,=1,=1I1=1x40=20A

2 P, = (202 + (20)°2 + (13.33)%6 + (26.67)*1 + (17.77)*3 + (8.89)°6 = 4798.93 W

4800 — 4798.93
4800

Verify that the sum
(If the two results are not identical,

P

delivered

=120 x 40 = 4800 W % crror = % 100 = 0.022%

Figure 3-28a shows a ladder network. From the data, determine the voltage V, and the current /.

I The circuit reduction is shown in Fig. 3-28b through e.

. R
From Fig. 3-28e: =132 =2A
, L .
From Fig. 3-28d: 1= £73 2=1333A
From Fig. 3-28b: I—i]'$’3—0667A=I
rom Hlg. 52651 *T 343 0T 3

From Fig, 3-28a:

V. =1,3)=0.667x3=2.0V

Fig. 3-28

7 40 I, 1.5 1T, I 40 1 (5 I,
N B—AAA AN
l tr 34 I 1)
12v I v, £ V.33 2 Jav e MLT ?,
(R (bJ
4 sn s I a0 I, 4 T
7, ' I
vl [¥es .5 v —L £ 3 gy L 20
€] 4 G
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Solve Prob. 3.85 without resorting to network reduction.

{ From Fig. 3-28a we have:

L= vV, =3I
T1+2 X
V., 3I
L=3=3<L L=L+I=2]
vV, 6l
V,=L(5)+V, =21 (1.5)+3] =61, I, = Zl =< =1
I=0L+1L =21 +1 =31, 12=I1(4)+V,=3[(4)+6I =18I,
or, I,=%=066TA=I, and V,=I(3)=3%0.667=2.0V

Polarities of voltages across three resistors in series are shown in Fig. 3-29. Determine the potentials at the
points a, b, ¢, and d.

a loV b 26V e 3oV d
= o t "
\‘- Va\ - VC —_—l
—_—— \/d——————.—
Grrscnol Fig. 3-29

§ From Fig. 3-29,
V.=-10V V,=0V V.=+20V V,=(30+20)=+50V

The conditions which determine the base bias of a transistor in an amplifier circuit are shown in Fig. 3-30.

What are the potentials at points B, C, and E with respect to ground? What is the value of the base-to-emitter
bias V,.?

iOV = B8 Vee E

4o

Fig. 3-30

I The potential at point Bis V, =+2.2V. The potential at point Cis V.= +10V. The potential at point
Eis Vo=V, -V, . =+10V-85V=+15V. The base-to-emitter voltage V.. is Vo, =V, +V, =
22V-15V=+0.7V.

From the transistor amplifier circuit in Fig. 3-31 determine: (a) The voltage at the collector with respect to the
emitter, V..; (b) the voltage at the base with respect to the emitter, V,.; and (c) the voltage at the base with
respect to the collector, V.

+ l2v

C ] CollecTor +5+1v

EmiTreR ¥ [ AV
£

3
>

Fig. 3-31



36 [ CHAPTER 3

I From Fig. 3-31,
Ve,=57-12=+45V V., =14-12=402V  V,.=14-57=-43V

3.90 A three-wire power line feeding a house is shown in Fig. 3-32. The loads on the line are as follows:
P =12kW, P,=3.6kW, and P,=9.6kW. Calculate the currents [, /,, and /.

]CL
TF T I 7
v,:!loV ! PI >
z
V_24ov < A
> VA
rS
Vzl2oY . Pz
- - 2z Fig. 3-32
I From the data:
P, 12x10" _ P 36x10" _ P, 9.6x10°
II—VI—T—IOA Iz_Vz_ 120 =30A 13_73__W_40A
IL=1+1,=10+40=50A [, =1,-1 =30-10=20A I, =1,+1,=30+40=70A
3.9 A three-wire dc line supplying a resistive bank of loads is shown in Fig. 3-33. If the voltage between the

terminals a and c¢ is 240 V, determine the voltage berween g and b.

I Combining the resistors across ac as an equivalent resistance, we have:

_ (10 +20)60 _
R, =18+ 10730460 +2.2=240Q
240
Thus 1 = 'T%‘ =10A
L 60
By current division: I, = 050 10=6.67 A

Voltage drop across 1.8-() resistoris 1.8 X 10=18V. Voltage drop across 10-(} resistoris 10 X 6.67 = 66.7 V.
Voltage across ab is 18+ 66.7=84.7 V.

,o Bﬂ- IG.
@ AN »——t
+ +y7
vV 1 Son ’
OoN
6 "\N\, 4 60N
201
2.2 I_n - .
c = AN/ Fig. 3-33

3.92 Refer to the circuit of Fig. 3-33. If 240 V is now applied across the lines ab, what is the voltage across bc?

I 1n this case, the equivalent resistance R, becornes

~ 10(60 + 20) . 240
Ry =18+ {7 om0 +10= 116890 1,= 1

L 10
By current division: L=-1,= 10 %0 20.53=2.28A
Voltage across 20-Q resistor is 2.28 x 20 = 45.60V. Voltage across 1.0-Q resistor is 20.53 x | = 20.53 V.
Voltage across bc is —(45.6 + 20.53) = -66.13V,

=20.53A
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3.93 In the circuit of Fig. 3-33, with line a open, determine the resistance between the terminals bc.
B (10 + 60)20 B
1 R, =10+ 5560430 T 22=18756Q

3.94 A 12-V battery is used to supply resistive loads at 12, 9, and 6V, the respective currents being 4, 2, and 1 A.
Design a suitable voltage divider.

§ The voltage divider circuit is shown in Fig. 3-34. The total current supplied by the divider is I+ I, =
2+1=3A. Let I, be 20 percent of the total divider current. Thus,

I,=02x3=06A L=L+1=06+1=16A L=L+1,=-16+2=36A
From Fig. 3-34,

LR,=6V or R3=ﬁ=109
3
LR,=9-6=3V or R2=R=1'8759
3
IR, =12-9=3V or R1=R=0.8333Q
+
+
12V —— S
E 2v
. RS
]
VolTage Load
divder Fig‘ 3-34

3.95 Calculate the total power dissipated in the voltage divider when supplying the load shown in Fig. 3-34.

I FromProb.3.94, I=1+1,=36+4=7.6A. Power supplied from the batteryis P, =VI=12Xx7.6=
91.2W. ¥ output poweris 121, +9I,+6I =12X4+9x2+6X1=72W. P __is 912-72=192W.

loss

3.96 Verify the result of Prob. 3.95 by adding the losses in the resistors R,, R,, and R, of the voltage divider of Fig.
3-34.
I From Prob. 3.94,
IR, =(3.6)°0.8333=10.8W L3R, =(1.6)’1.875=4.8W
LR, =(0.6)’10=3.6 W YIPR=P . =108+48+3.6=192W

which is the same as in Prob. 3.95.

3.97 For the voltage divider of Fig. 3-34, choose I, to be 60 percent of the total divider current and calculate the
power loss in the voltage divider. Compare the result with that of Prob. 3.96.

I Proceeding as in Prob. 3.94,
I,=06Xx3=18A L=L+1,=18+1=28A IL=L+1,=28+2=48A

6 3 3
—m—3.3339 Rz—ﬁ—l.mlﬂ Rl—m—0.6259

P, = (4.8)°0.625 + (2.8)°1.071 + (1.8)°3.333=33.6 W

R3

which is much higher than the loss when I, was 20 percent of the divider current.
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3.98

3.99

3.101

3.102

For the switch S open in Fig. 3-34, for the given values of R, R, and R as in Prob. 3.94, and for the respective
calculated values of R, R,, and R,, find the voltage across R,.

1 From the data of Prob. 3.94,
R,=2=3Q R,=%=45Q R,=2=60Q
R,=08333Q R,=1875Q and R,=10Q

With S open, the total resistance across the batterv becomes
_ R4{R1 + [Rs(Rz + R3 ’] /(Rz + R3 + Rs)}

R = R+ R+ [R(R, T ROTAR, * R, + R,)
_ 3{0.8333 +[4.5(1.875 - 10)]/(10+ 1.875+ 45)} _ ., o0
T 3+0.8333 +[4.5(1.875+ 10)]/(10 + 1.875 +4.5)
12
=—— = =1-1,=6926—4=2.926 A
I={ope =6.926A I, =1-1,=6926 9
By current division,
L=1=1I _ R 22926 —— 20 _0g04A
2T B TR YR, AR, 1875410445
and V,=LR,=0.804%x10=8.04 V

With R, =3Q, R, =4.50Q, and R, =6 in Fig. 3-34, find the voltage across R, with S open for the values of
R,, R,, and R, calculated in Prob. 3.97.

1 Proceeding as in Prob. 3.98, we have
_3{0.625 +[4.5(1.071 + 3.333)]/(4.5 + 1.071 + 3.333)}

Rr= 3 +0.625+ [4.5(1.071 + 3.333)]/(4.5 + 1.071 + 3.333) = 14610
12 )
I—W—S.ZIA I, =1-1,=821-4=421A
By current division,
4.5

L=1,=421 =212TA  V,=LR,=3333x2.127=7.09V

45+1.071+3.333

Define:
(no-load voltage) — (voltage on load)
voltage on load

Voltage regulation =

Calculate the voltage regulation from the results o° Probs. 3.98 and 3.99.

I From the results of Prob. 3.98:

.04-6.0
Voltage regulation = §T =0.34 or 34%
From the results of Prob. 3.99:
7.09 - 6.0
Voltage regulation = -{—96 0 - 0.182 or 18.2%

Summarize the results of Probs. 3.94 through 3.100. What conclusions may be drawn from these results?

bleeder current /,, % loss, W voltage regulation, %
20 19.2 34.0
60 33.6 18.2

Conclusion: Low bleeder current results in a low loss but a high voltage regulation whereas a high bleeder
current results in a low voltage regulation but a high loss.

For the operation of a transistor amplifier, a power supply with a voltage divider shown in Fig. 3-35 is used.
Calculate the values of R,, R,, and R,.
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T
—p— +
425V
60\/
7 |
;.A -28V
L Load Fig. 3-35

I From Fig. 3-35,
V,=25V V,=25V and Vi=60—(25+25)=10V
Let I, be 10 percent of the maximum load current, which is 2 A. Therefore,
I,=01x2=02A I=L+1[,=02+2=22A L=1-1,=22-1=12A

_h_10 _ _n_2 _VB_25
Ri=7=33=45450  Ry=7=75=208330 R = =35=12500

3.103 A transistor base bias circuit and its equivalent are respectively shown in Fig. 3-36a and b. For the values
shown in Fig. 3-36, determine R,.

(2) (5) Fig. 3-36
I From Fig. 3-36b,
=Y 06 _ oy 5 A  L=L+I,=731.7+200=931.7 uA
2_R2_820_ Ry 17 f2 B . - S
1% A
V,=V_,-V,,=10-06=94V R = _ 24 _10.00k0

I, —931.7x10°¢

3.104 A dc generator having an internal resistance of 1{) supplies a resistive load shown in Fig. 3-37a. For what
value of R, will the load draw the maximum power from the generator?

I First we convert the delta-connected resistors to an equivalent wye, shown in Fig. 3-37b, which is finally
reduced to the circuit of Fig. 3-37¢c. Therefore,

R _r —_JOR, _ 10R, _ 20R,
toad = Tab T 10+ R 10+ R, 10+R,

For maximum power transfer (see Prob. 3-28),

R =R L= 2R,
g~ Nioaa 0T T10+R,
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R [Fg
1
(c)
Fig. 3-37
10
Hence, R, = D) Q0

3.105 For the three cases R, =0, i3 Q, and », calculate the power absorbed by the load of Fig. 3-37a. The
voltage across the load is 120 V.

I For R =0, R,=0. Thus, in the absence of a load, P, ,,=0.
For R, =1, R,=R,=[20(10/19)]/(10+10/1)=1Q. Thus, P, ,=120°/1=14.4kW.
For R =%, R,=20Q and P, =120°/20=720W.

3.106 A wattmeter measures power by measuring the product of the current through and the voltage across a circuit.
Two possible connections are shown in Fig. 3-384 and b; find the power measured in each case. The voltage
coil of the wattmeter has a resistance of 9 k) and the resistance of the current coil is 6 (2.

I For connection shown in Fig. 3-38a:

150

V=150V I=m-

=0.9615 A P=VI=14423W

For connection of Fig. 3-38b:
_ 150
~ 6+ [9000(150)] /(9000 + 150)

V=150—-0.9769 X 6 =144.14V P=VI=140.81 W

1 =0.9769 A

{So L1

(&) Fig. 3-38

3.107  What is the actual power dissipated in the 150-€} resistor for the two connections shown in Fig. 3-38a and b?
I For Fig. 3-38a: Pisoo=I’R=(0.9615)"150 = 138.68 W

> (144.14)
For Flg 3-385b: P;sgn = % = (_l_fs(l;‘)

=138.51'wW
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3.108 How much power is absorbed by the wattmeter in the two connections of Fig. 3-38?

I For Fig. 3-38a:

P_=I’R_=(0.9615)’6=5.547W P =—-= =25W P, =5547+25=8.04TW

For Fig. 3-38b:

_ (144.14)

i 2 =
P.=(0.9769)°6=5726 W P = -5

=2.308 W P, =5.726+2.308=28.034 W

3.109 For the interconnected resistors shown in Fig. 3-394 find the net resistance between the terminals 1 and 3.

te 4
£ 20
—_——— ANV AN 8n
i 8 3 AV
{ 3
() L) Fig. 3-39

I First, we convert the two delta-connected resistors to equivalent wyes, as shown in Fig. 3-39b. Subsequent
reduction steps are shown in Fig. 3-39¢ through g. Finally, R, ,=8%.

3.110  Find the total resistance between points 1 and 2 shown in Fig. 3-40a.
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Ao v
2
(a)
| i
4o0x20 /3330
So L2 4o+ 20
(L
bo 2 f/f/v\ 4
To S1-
o
(b)

13,%% /1 3,320
* 4
4
8 75‘70)&’(7 :)'
T
(d)
7
(c) Fig. 3-40

I Notice that the 50-Q resistor is short-circuited and the 20-Q and 40-Q} resistors are in parallel so the network
reduces to that of Fig. 3-40b. Subsequent reduction steps are shown in Fig. 3-40c¢ and a from which
1333 x37.64

127 133373764 0840
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CHAPTER 4
Kirchhoff’s Laws

Kirchhoff’s voltage law (KVL) states that the algebraic sum of the voltages around any loop of a circuit is zero.
Apply this law to the circuit shown in Fig. 4-1.

I The direction of current I is arbitrarily chosen as indicated in Fig. 4-1. The voltage across each resistor is
assigned a polarity; it is understood that Ohm’s law yields V=R if I enters the positive terminal of a
resistor, and V=—IR otherwise. Application of KVL to Fig. 4-1 leads to V, + V,+V,— V=0, where
V,=IR,, V,=IR,, and V,=1IR,.

+ 0 +
A AA" SAA"
R, R;
+
Y,
+ ,,v:,\ hl +AI\/5\ h VZ§RZ +
R R3 'l ’1
- [ - R‘ Va
Y 3R -
t i +
+ A = Vs
1 V,, T r
I +\ - N il
+1N- -+
Fig. 4-1 Fig. 4-2

Write the Kirchhoff’s voltage equations for the two indicated loops of the network of Fig. 4-2. Assume
polarities as marked.  Also, express ¥, in terms of I,, I,, and R,.

I Loopl: -V, +V,+V,+V,=0
Loop 2: Vo=V AV, +V,+V, =0
Voltage across R,: V,=0, - L)R,

Kirchhoff’s current law (KCL) states that the algebraic sum of all currents leaving or of all currents entering any

node of a circuit is zero. A node of a network is shown in Fig. 4-3, with currents flowing in the directions
shown. Apply KCL to find the magnitude and direction of I.

Y

4 A

~ A

Fig. 4-3

I Assume the indicated direction for I: —[—1+3+5—4—2—6=0. Hence, I=-5A; i.e., 5A into
the node.

Apply KVL to obtain an expression for the equivalent resistance formed by n resistances R,R,,...,R,
connected in series.

I Let V be the voltage across the series circuit combination, I the current through it, and R, the equivalent
resistance. Then, from Ohm’s law,

V=KR,+R,+---+R,)=IR,  whence R,=> R,

k=1

43
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4.5

4.6

4.7

4.8

Resistances R, R,,..., R, are connected in parallel. Obtain an expression for the equivalent resistance
by using KCL.

I Let I be the total current into the parallel combination, V the voltage across it, and R,, the equivalent
resistance. Then, from KCL,

1 \ 1% 1 o1
= R J— ee e 4 — b m —— _— = —
1 V( + + R or ERk

n’ ep Rep k=1

If the voltages, currents, and resistances in a series circuit can be respectively transformed to currents, voltages,
and conductances of a parallel circuit, such that the KVL equations of the series circuit go over into the KCL
equations of the parallel circuit, then the circuits are said to be duals of each other. Construct the dual network
for three resistors, R, R,, and R, connected in series with a voltage source V.

I The network is shown in Fig. 4-4a. We draw the dual network, Fig. 4-4b, by replacing the series elements

by parallel elements. The equations for the two networks are:
v VvV v

(@) V=IR, +IR,+ IR, (b) I=5+ +-5 =VG, +VG,+ VG,
R, R, R

where conductances G,, G,, and G, are the reciprocals of the respective resistances.

Rl Rz RJ
s A'A% ANVV
\'4
+ m_
(a)
+ I = Ibat!er) A
I G, G, GV d
E
) il
®) Fig. 4-4 L Fig. 4-5

A bridge circuit is shown in Fig. 4-5. With the currents as marked, write (a) Kirchhoff’s current law at the
four nodes and (&) Kirchhoff’s voltage law around the loops abda, bedb, and adca.

I (o Node a: I=i, +1i, Node c: =1+,
Node b: i =10, +I Node d:  0=i,+i,+i
(b) Loop abda: LR, +i,R,=iR, Loop adca: LR,—i,R,=E

Loop bcdb: IsR;=1i,R,+,R,

For the circuit of Prob. 4.5, consider the special case of the balanced bridge (i;=0). (a) If R, =100,
R,=20Q, and R,=30Q), determine R,. (b) If E =45V, calculate the current supplied by the
battery.

I (a)Since i,=0, wehave i,=i, and iy=-1,. Also, nodes b and d are at the same potential. Thus,
ilRl = I.BRg l.2R2 = i, R2 = _i4R4 = i_'; R4

From the above we obtain
Rl

R.R, _ (20)(30) _
R, & 10 ¢

R, 10

0 £}

| 2

&

or R4 =
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(b) The effective resistance R, across the battery becomes

_ (10+20)(30 +60) _ _E _ 45
e~ 10+20+30%60 220 and L, =g =555 =20A
v
10 0 i| 50‘[\’ - i, 20 50" 1 i, + ly
—\AN/ - =i -> -ANN\— —} ->
+ h 20
100 V== [0) ) ) 30
- 50 iy
Fig. 4-6

Determine the currents i, and i, in the network shown in Fig. 4-6.
I On the basis of KCL, the currents in the remaining branches are also marked in Fig. 4-6. By KVL for
meshes 1, 2, and 3,

100 = 10i, + 5i, 50=2(i, —i,)—2i,—5i, 50=3(i, —i, +1i)+2i

Solving these simultaneous equations yields i, =—3.87 A, i, =0.51 A. The negative sign on i, implies
that the actual current flows in the direction opposite to that given in Fig. 4.6.

This problem relates to the concept of source transformation. Replace the voltage source v and its internal
(series) resistance R, in Fig. 4-7a by a current source i with internal (shunt) resistance R, in Fig. 4-7b, such that
the current through R remains unchanged.

R, ir in
N >
v R i R; R
(a) ®)

Fig. 4-7

I From Fig. 4-7a: = T TR
: . iR,
From Fig. 4-7b: ip = R TR
Then, for equivalence: v _ iR _
en, for equivalence: TR = RR

which will hold if we take i=v/R, and R,=R,.

Find the current in, and the voltage across, the 2-Q) resistor in Fig. 4-8a.

1 Using the results of Prob. 4.10, we transform the 5-A current source to a voltage source; the circuit then
becomes as shown in Fig. 4-8b. For the two loops, KVL gives ’

25—-181,-10+31,~-31,=0 20-31,+31,-21,=0
which when solved yield I,=5A and V,,=(5)(2)=10V.
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c 10 N 0oV a
—A\- i -
5A § 50 3in 20
, | _
d 20V b
(a)
50 c 100 "’I v
ANN————ANN- i
+ +
I
5V h 30 : 20
_ | ilt |
d wv °
) Fig. 4-8
4.12 Determine I of Fig. 4-9 by mesh analysis.
60N 1 20 2 a
A" AA'AY
] + /’\ + I
0ov= l Vlgln < h Vz§3n 5
10 N
- \. , -
1l
0 k! b
20V
Fig. 4-9

I In terms of the three mesh currents I,, I,, and I, (=) indicated in Fig. 4-9, we have
71, ~1,=10 -1, +61,-31,=0 =31, +131,=-20
Solving for I, yields I,=1=—-1.68 A.

4.13 Evaluate I of Fig. 4-9 by nodal analysis.

I Figure 4-9 can be redrawn so that the two principal nodes labeled 0 coincide. Choosing this single node 0 as
the reference, we have the nodal equations

-V, V, V-V, _

V.-V, V, V,-20

6 1 2 2 3 10 0
from which V,=3.2V. Hence,
=20 16
0
4.14 A resistive network with voltage and current sources is shown in Fig. 4-10a. Determine the currents /, and 1,

by mesh analysis.

I To apply mesh analysis, we first transform the 10-A current source in parallel with the 5-Q resistor to a
10x5=50V voltage source in series with a 5-() resistor. Thus, we obtain the network of Fig. 4-10b, for
which mesh equations are

351, ~20L,=50 =201, + 501, = —100

Solving, I,=037A and I[,=-1.85A.

4.15 Solve for I, and I, of the network of Fig. 4-10a by nodal analysis.
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4.17

I For nodal analysis, define the node voltages V, and V, as shown in Fig. 4-10a.

respectively, KCL gives
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; 100 L 2 b 300 50 1 100 L O
ANN > > d A A >
+ + + + +
10A v.§sn 2()0§V1 100 V 50 Vv 2on§ 100 V
0 _ - -
(a) (b)
Fig. 4-10

At nodes 1 and 2,

v, vi—-V, vV, V,—100 V, -V,
_ _— — 4 =
st 0wt 10
which have the solution
AL AERAL 2%
-V, 10 _V,—100 -50
Thus, I = TR 037A I,= 0 - 7 —1.85A

For the network of Fig. 4-104, calculate the power supplied by the current source and by the voltage source.
Verify that the sum of the powers from the two sources is the total power dissipated in all the resistances.

I Power supplied by the 10-A source=10x V, =

10(1300)

7 481.48 W

Power supplied by the 100-V source = 100(—1,) = (100)(1.85) = 185 W
Total power supplied by the two sources = 481.48 + 185 = 666.48 W

Power dissipated in the 5-(} resistance = == = -

Power dissipated in the 10-Q resistance = I3 x 10 = (0.37)*(10) = 1.37 W

Power dissipated in the 20-Q) resistance = —

Vi o (1300)2
=5 57 ) —43.65W
1 290! (400)2
%-20 5 =908.76 W

Power dissipated in the 30-Q resistance = I5 X 30 = (1.85)*(30) = 102.67 W
Total power dissipated = 463.65 + 1.37 + 98.76 + 102.67 = 666.45 W

Determine the current I shown in Fig. 4-11.

I Without the values of the resistors, it is not possible to calculate the branch currents.

However, the

network within the shaded area may be viewed as a single node, at which KCL gives

2-3-1-4=0

or I=-5A
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4.18

4.19

4.20

For the ladder network shown in Fig. 4-12, find the source voltage V, which results in a current of 7.5 mA in the
3-0) resistor.

I A current of 1 A will be assumed. The voltage necessary to produce 1 A is in the same ratio to 1 A as V,is
to 7.5 mA because of the linearity of the network.

V,=11+3+2)=6V I,=%=1A
Then, by KCL,

L,=1+1=2A v, =2(#)+6=14V I,_=

Niry
Il
[\*]
>

Again from KCL,
L,=2+2=4A and V, =4(8)+14+4(12) =94V

Now, scaling down,

Vah . Vx —
1A - 75mA whence V.=0.705V

Fig. 4-13

Determine the readings of an ideal voltmeter connected in Fig. 4-13 to (a) terminals a and b and (b)
terminals ¢ and g. The average power in the 5-(} resistor is 20 W.

I P=1I(5) I=\[25E=:2A

The direction of I through the 5-Q} resistor is determined by noting that the polarity of the 90-V source requires
that the current pass from d to ¢. Thus d is positive with respect to c and V,, = (2)(5)=10V.

(a) An ideal voltmeter indicates the voltage without drawing any current. It may be considered as having an
infinite resistance. KVL applied to the closed-loop acdba results in

V,+V,+V,+V,,=0 0-10+0-VM=0 VM=-10V

If the meter is of the digital type, it will indicate —10 V. A moving-coil galvanometer will try to go
downscale, with the pointer stopping at the pin. If the leads are reversed, it will indicate 10 V. (And
with its + lead at point b, it is known that b is 10 V positive with respect to a.)

() KVL applied to the path cefgc gives
V,+V,+V,+V, =0 2(17)-90+2(6)+VM=0 VM=44V

In this connection, the meter reads positive 44 V, indicating that point g is 44 V above point c.

Determine the current supplied by the 100-V battery in the circuit of Fig. 4-14,

I With the currents marked in Fig. 4-14, the required current is [, + I,. Writing the loop currents, for the
loop 1241 we have

50-10/, ~- 101, +101,=0 @8
For the loop 2342 we have:
—10(Z, - I;) +50 + 10(1, + I,) + 101, =0 2)
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For the loop 1431 (containing the 100-V battery) we get:
—101, — 10(L, + I,) + 100 — 10({, + 1,) =0 3)

Solving for I, and I, in Eq. (3) yields
L=%A and I,=

B

A

Hence, L+L=%+3=75A

looV Fig. 4-14

4.21 How much power is consumed in the 10-(} resistor across the terminals 2 and 4 in Fig. 4-14?

I Power=I3(10)W. From Egs. (1) and (2) of Prob. 4.20 we have:
L-L+1,=5 and I, —1—-3L=5
Thus, I,=0 and power=20.

4.22 Determine the current [ supplied by the battery to the resistive network shown in Fig. 4-15.

I:1;+IL o2 i o 7,

it Fig. 4-15

I We apply KVL to the following loops:

Loop 1231:  —10I, — 301, + 501, = 0
Loop 2342:  —301, — 10(I, + I,) + 50(, — I) =0
Loop 1241:  —10I, — 50(1, — I,) + 10— 10(I, + I,) =0

Rewriting the above equations yields
-1, +5,-3,=0 SI,-1,—-91,=0 =71, - L +5I,=-1
Solving for the currents we obtain

IL=3A L=%A and L=%A

Hence, I=1+1,=
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4.23

4.24

4.25

4.26

For the network shown in Fig. 4-16, calculate the power supplied (or absorbed) by each voltage source.

I Applying KVL to the loops, for the assumed directions of current flow we obtain

SI,—100+50—L,=0  -200+10(I, + I,) + 51, — 100=0
or SI,—1,=50 151, + 101, =300
Thus 1,=123077A  L=11.538A I, +1,=23.8457TA

P,y = 1,(100) = 12.3077 >: 100 = 1230.77 W (supplied)
P, = L,(50) = 11.538 x 50 = 576.9 W (supplied)

P = (1, + 1,)200 = 23.8457 x 200 = 4769.14 W (supplied)

200V

Fig. 4-16

Determine the power absorbed by each resistor of the network of Fig. 4-16. Verify that the sum of the powers
absorbed by the resistors is equal to the total power supplied by the sources.

I Py = (I, + 1,)’10 = 23.8457% x 10 = 5686.17 W
P, = [}(5)=12.3077 x 5=757.40 W
P, ,=0[(1)=11.533 x1=133.12W
S P na=6576.70W

From Prob. 4.23, YL P

supplied

=6576.81 W.

Solve for the current in the 2-() resistor of the network of Fig. 4-17 by mesh analysis.

I There are three meshes, and we define I, as the current flowing in mesh k (k=1,2,3). Then, KVL gives
61, +4(1,—1,)=20 SL+3(L,—-1)+4(,—-1)=0 2I,+3(,—-1,)=10
Solving for I,, the current in the 2-Q resistor, we get [, =2.98 A.

- 60 v, 50
AN N 7 NN
+
I I
0wV = : 4n$ C
in
V.
- ALY 51"2
+ I
10V == 3 gzn

B Fig. 4-17

By nodal analysis, obtain the current in the 2-(} resistor of the network of Fig. 4-17.
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I 1n Fig. 4-17 we identify the principal nodes 0, 1, and 2, and choose node 0 as the reference node. Next, we
define the voltages of nodes 1 and 2 with respect tonode 0: V,,=V,, V,,=V,. We now apply KCL at nodes
1 and 2 to obtain

. V-V, Vi+10 Y,

=0 55—z 370

Solving for V,, we get V,= —4.046 V. Hence, the current in the 2-Q) resistor is

_V,+10  -4.046+10
o2 2

and is directed from node 2 to node B. This result is in agreement with that of Prob. 4.25.

0-V, V-V, _V,
4

1, =2.98A

4.27 Using mesh analysis, find the currents I, and [, in the network of Fig. 4-18a.

I Transforming the current sources to voltage sources yields the circuit of Fig. 4-18b, for which the mesh
equations become

100 — 41, — 104, —2(1, - 1,) —40=0 40-2(L,-1)-1,-10(,-1,)=0 -20-10(1,-1,)=0
These equations simplify to
161, —21, =60 =21, + 131, — 101, =40 -101, + 101, = -20
Solving for I, and I, yields I,=5A and I,=10A.

I lo L Ia; (g IZ
*

I I Y +
%4 ta LeA o2 L1 losLL @
(€))

Fig. 4-18

4.28 Apply nodal analysis to the network of Fig. 4-18b and solve for the currents I, and 1,.

I Let V, be the voltage shown at node 1. At this node, we have
V, — 100 + V,.—-40 V, -20

1 2 T
Thus, 22V_ =660 or V.=30V
100-V, 100-30 _ _V.-20 30-20
L= VY =5A L= T =1 =10A
4.29 Calculate the power supplied by each source to the entire network of Fig. 4-184. Determine if all sources

supply power.
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I Since I, =5 A (from Prob. 4.27), from Fig. 4-18a,
25=I+1,=5+1, or I ,=20A
V,q=20x4=80V P, , =25x80=2000W

Similarly, 20=I1~1L+L=1-5+10 or I =15A
V,a=15x2=30V P, , =30x20=600W

and IL+,-%=0 or [,+10-2=0

or I,=-8A P,,=-8x20=-160W

So the 20-V source absorbs power and the other sources supply power.

4.30 Calculate the power absorbed by each resistor of the network of Fig. 4-18a and determine the total power
absorbed by all the resistors.

§ From the results of Probs. 4.28 and 4.29,

P,o=(1,)'4=(20)’4=1600 W
P10(1=(11)210=(5)210= 250 W
P,o=(1,)2=(15)2= 450W
P, o =(L,)’1=(10y’1= 100W
(20)*
Puo= 10 =

> P=2440 W

40w

4.31 Using the result of Prob. 4.29, verify the result of Prob. 4.30.

I D Piea=2 Pasomea =2 P O Ppp+ Py + Pygy=3, P or 2000+ 600 — 160 = 2440 = 3, P

which is the same as in Prob. 4.30.

4.32 Solve for the current in the 5-€ resistor of the circuit shown in Fig. 4-19a.
I Writing the mesh equations, we have
90—-81, -8, - L,)=0 4L,+8(,—-1)+8(,-1,)=0 61, +5,+8(I,—1,)=0
These equations simplify to
81, —41,=45 =21, +51,-21,=0 -8, +191,=0
Solving for I, yields I,=1.5A.

. 22 £
s g2
4 b
(3]
CQ. Gf\- a
8x8
- ory
=4.n.8 g —‘Zg—
9+9
T 40 b
. —d e .
o (c) («) (¢)

Fig. 4-19
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In the circuit of Fig. 4-19a find the voltage across ab if the 5-Q resistor is removed and the terminals ab are
open-circuited.

I Writing the mesh equations we obtain

90-81, -8, - 1,)=0 and 8I,+4[,+8(,—-1)=0
or 161, — 81,=90 —81,+201,=0
Thus, I,=2.8125A and V,=L(8)=28125x8=225V

With the 5-Q resistor removed from the circuit of Fig. 4-19a, the 90-V source is short-circuited. Determine the
resistance that will be measured across ab.

I With the voltage source short-circuited, the network reduction is shown in Fig. 4-19b through e. Hence,
R, =109.

Refer to the results of Probs. 4.33 and 4.34. Using the open-circuit voltage V,, of Prob. 4.33 in series with the
short-circuit resistance R_, of Prob. 4.34, connect the 5-Q) resistor across ab as shown in Fig. 4-20. Find the
current in the 5-Q) resistor. Verify that the result agrees with that of Prob. 4.32.

22.5

=m=1.5A

I From Fig. 4-21 I

which is the same as in Prob. 4.32.
The network to the left of ab is known as the Thévenin equivalent circuit (see Chap. 5).

lo£ a

5L

Fig. 4-20 Fig. 4-21

Calculate the current in the 2-Q resistor of the network shown in Fig. 4-21a.

I First we transform the delta-connected: resistors to an equivalent wye to obtain the network of Fig. 4-21b.
Writing the mesh equations, we get

61, —1.5,-0.51,=20  —1.51,+7.8751, - 0.375,=30  —0.51, — 0.3751, + 2.8751, = 10

Solving for I, which is the current in the 2-(} resistor, yields I, =5A.
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4.37

4.38

4.39

4.40

Determine the power delivered by the 30-V source in the network of Fig. 4-21a.
1 P, =30, W
Solving for I, from the mesh equations of Prob. 4.36, we obtain [, =5A. Thus, P,,, =30x5=150W.

How much current flows through the 1-€) resistor of the network of Fig. 4-21a?
I From Fig. 4-21a,

Vig+Vpa=10  or V=10~ V,,=10~5x2=0 or [,=0A

10

Find the value of R in Fig. 4-22 such that the power supplied by the 100-V source to the network is the same as
the power supplied by the 5-A source.

B S .
7 I, Y5 &
Sh vV 9R 2o loo V
= Fig. 4-22
vV V-100
I At node 1: 5=%""To (1)
V~100 100
At node 2: 0t 1,= £ =5 2)
For equal power: e, =5v 3)
From Egs. (1) and (2) we obtain:
LANLANSY: 4
R 10 )
vV
L+ 5=15 (5)
Vv
Thus, 1,= R (6)
Finally, Eqs. (3) and (6) yield
100V

A3 =
R 5% or R=200Q

Find the current in the 10-{} resistor of the circuit shown in Fig. 4-23a.

I By source transformation we obtain the circuit of Fig. 4-23b for which we have
50 =301, — 301, —100 = -301, + 801, or -50=1501,
Hence, I,=1,,,=-1A.

2oL

NNy
- Zo o

— AN\ -

(b Fig. 4-23
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Solve Prob. 4.40 by using nodal analysis only.

I With the voltages V, and V, and the current I defined in Fig. 4-23a, for node 1 we have -

(=0, 0V 301 +3V, =2
=3 10 or , =200 1)
For node 2 we have
50—V, V,-V.

o 2 4+5= 220 2 or  3V,-V,=200 ()
Finally, for node 3 we obtain

V,-V, V.

220 3=5+2—5 or V,—-2V,=100 (3)

Solving for V, from Egs. (2) and (3) yields V,=60V.

50-V, 50-60
Hence, Loa= T2 = BT =

-1A
In the circuit of Fig. 4-23a calculate the current through the 50-V voltage source and the voltage across the 5-A
current source.

I From Eq. (1) of Prob. 4.41, we have I= %(200-3V,)= %(200—3 X 60) =2 A = current through the
50-V voltage source.

From Eq. (3) 2V,=V,—-100=60—-100=-40 or V,=-20V.

Voltage across the 5-A source=V, -V, =60—(-20)=80V.

For the circuit of Fig. 4-23a verify that the total power dissipated in the resistors equals the total power supplied
by the two sources.

I P, otieca = Psoyv + Pso=50x 5 +5x80=433.33W
_ (s0p° (207 , (80 _ }
Pdissipated - 30 + (1)210 + _20_ + 20 - 43333 W - Psupplied

Find the power dissipated in the 20-Q resistor of the circuit of Fig. 4-24a by using nodal analysis.

I To use nodal analysis we convert to the 10-V voltage source to an equivalent current source to obtain the
circuit of Fig. 4-24b. Defining the node voltages V, and V, as shown, we obtain:

Vl V1 VI_VZ
“0tat 20
Vl_Vz

F de 2 —V2+2
or node 2, 0 -8

For node 1, 1

Solving for V, and V, yields V,=1.11V and V,=-11.11V.
V.-V, 111-(-11.11)
Thus, Loa=—%"= 20

=0.611A and P, ,=(0.611)%20 =7.466 W

ton 20 £~ 5

Fig. 4-24
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4.45 By applying only mesh equations to the circuit of Fig. 4-24a find the power dissipated in the 20-{} resistor.
I Writing the mesh equations for the currents I, and I, in Fig. 4-24a, we obtain
10=141 - 41, 0= —41 + 321, - 2(8)
Solving for I, yields
» 33)\?
L=xA or Poa= 34 20=7.469 W
4.46 Solve for the power supplied by the 12-V source shown in Fig. 4-254 by network reduction, source
transformation, and finally using KVL and KCL.
I The network reduction is shown in Fig. 4-25b and ¢ and the source transformation in Fig. 4-25d.
From KVL, for the mesh current I we have
13.2
12-I(1)+2-1(0.8) — I(1.6) - 1{0.8) =0  or I=W=3.88A
and P,,=121=12x3.88=46.56 W
L . -
T Sl S szh . 5
Y :
|A :44.[7—- %1-@- éi 2L Z}i} 2k
(4>
4 -
o Gg 24
244 6
1A
2 2.8
(A
Fig. 4-25
4.47

Solve for the power supplied by the 12-V source of Fig. 4-25a using the following steps: First convert the two

current sources to voltage sources. Then use network reduction and, finally, obtain the power by applying
KVL and KCL. Verify that the result is the same as in Prob. 4.46.

I The source transformations and the network reduction are shown in Fig. 4-26a. Thus we obtain the circuit
shown in Fig. 4-26b. The mesh equations becomne
—-6=151, - 21, 12=4671,—21, - 21, 4=41,-2I,

Solving for I, gives [, =¥ =3.88A or P,,=12x3.88=46.56W.
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12 (- z I £

0.6 3 2

(b Fig. 4-26

Without using network reduction and source transformation, solve Prob. 4-46 by using only mesh equations.

I First, we redraw the circuit (Fig. 4-27), identify the mesh currents, and write the corresponding equations,

Notice from Fig. 4-27 that [,=—-1A and I,=2A. For the remaining currents, we have

—6(=1)+181,—-61,=0 or 3,—IL=-1 (1)
—6I,+12I,—4I,=0 or  —31,+6I,—2I,=0 2)
—4I,+6l,-21,=12 or -2L,+3L,—1,=6 ()
—2I,+41,=22) or —I+2I,=2 (4)

Solving for I, yields I, =% =3.882A and P,,,=12x3.882=46.59W.

E’zﬂ—@ 2 n.}) 2A
)’ N,
%

Fig. 4-27

Find the power delivered (or absorbed) by each source shown in Fig. 4-27.

I Solving for I, and I, from Eqs. (1) through (4) of Prob. 4-48, we obtain I,=0.117A and [,=2.94A.
Voltage across the 1-A source=(1+0.117)6=6.702V. P, ,=1x6.702=6.702W=P, Voltage

supplied*
across the 2-A source=(2-294)2=-188V. P, =2(-1.88)=-376W=P,  1ca; Piv=4559W=
P, opiica (calculated earlier).

s

For the circuit of Fig. 4-27, verify that the net power supplied from the sources equals the total power dissipated
in the resistors.

Pospares = (I = 1,Y?6 + I2(6) + (I, — L)?6 + 12(2) + (I, = L,Y*4 + (I — 1,2+ (I; - I,)*2
= (0.117 + 1)’6 + 6(0.117)* + (1.35 — 0.117)%6 + (1.35)°2 + (3.88 — 1.35)%4 + (2.94 — 3.88)*2
+(2.94-2)2=49.47W
P =45.59+6.702 - 3.76 = 48.53 W; error = 0.94 W due to roundoff.

supplied —
A network excited only by current sources is shown in Fig. 4-28. Determine the current through the 2-Q
resistor.

I Defining the node voltages V, and V, as shown, we have:

| % V,-V
For node 1: 10=Tl+5+ 12 2

or 3V, -2V, =20 (1)
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"’1 - V2 _ V2 V2
For node 2: 5+ 57 = T
or -8V, + 11V, = 80
Solving for V, and V, yields
V,=22.353V V,=23.529V

V-V, 22.353-23.529 _

Lao=1 =

—0.588 A .

2
T
® lo
LN
* 2 T +
loA l{ 40, 8 O VL len
- - Fig. 4-28
4.52 Verify the power balance for the network of Fig. 4-28.
I Power balance implies that
Vi (22353
supplied from sources = Pabsorbed by resistors P4 = —4—1 = —4— = 1249141 W
P,y o =10V, =10x22.353 =223.53 W P,,=1(2)=(0.588)"2=0.6915W
vV, (23.529)°
Via=V,~-V,=23529-22353=1.176 V P, = —8—2 = (—8—) =69.2017W
vy  (23.529)
P, ,=5V,,=5%x1.176=5.88W P161,=—1€2=£—16—)=34.60W

2 Poppiea =223.53+5.88 =229.41 W

4.53 For the network shown in Fig. 4-29, write a set of mesh equations to solve for the currents I,, I,, and I,.

I The mesh equations are:

Vi=(R,+R,+ R, - R;I, - R,I;

D Papeorea =229.41W =2, P

supplied

V,= —R,1, + (R, + R, + R)I, - R,

V,=—R,J,~ R, +(R,+ R, + R,

Fig. 4-29

(2

4.54 In Fig. 4-29 if all the voltages are equal, each being (' V, and if all the resistances are also equal, each being 52,

find the currents [, I,, and I,.

I From symmetry we have I, =I1,=1,=1.

Thus, we may use only one of the three mesh equations of Prob. 4.53. Hence,

or 10=5I, or I=¥=2A.

V=3RI- RI- RI=RI,
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In Fig. 4-29, let the resistors R, and R, be short-circuited, R,=R,=50Q, R;=10Q, and V,=2V,=10V.
What is the current in Rg?

I Since R, and R, are short-circuited, the circuit reduces to that shown in Fig. 4-30. So, we use only the last
two of the mesh equations of Prob. 4.53. With the given numerical values we obtain

10=(5+10)1, - 10, =151, - 101, 5=-10I,+(5+10),=-10,+151, or I,=%A and L,=1A
Currentin R,=I=1,-1,=1-%8=-0.2A.
I S W (&)
R, il .y,
I
Y I Re @ i (%) % R
i R feo S0 32
> -—
Fig. 4-30 Fig. 4-31

The two ideal ammeters in the circuit of Fig. 4-31 read a current of 8 A each. The power absorbed by the
resistors is 3200 W. Determine V, R,, and R,.

I Writing the nodal equation gives

1%/6+%+R—V2=8 or I=8+8=16A
Now, since P=VI =% I’R, we have

3200 = V(8 + 8) or V=200V R11=8A or R1=%=2—gg=259
Finally,

R12=8~EV6~% or 27%0= -8 -®W=2A or R,=%F=100
Find the ratio 1,/1_ for the circuit shown in Fig. 4-32.
I Writing the nodal and mesh equations, we obtain, respectively,

IS:R11+12 V+uV=LR,=V(1+ pu) 1)

or V= % (2)

Substituting Eq. (2) into Eq. (1) yields

_ R2 :I 12_ (1+I‘L)Rl
’s"z[kl(lw)“ 1L R+(+mR,

| QE 50033
+

Fig. 4-32 Fig. 4-33
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4.58 Determine the total power dissipated in the two resistors of the circuit of Fig. 4-33.

I Since the voltage across the 5-Q resistor is Vg,

I=- (1)
Now writing the mesh equation we have
100 = 500(1 — 1) + Vi ~ 5V, 2)
Substitﬁting Eq. (1) into Eq. (2) yields
Vi 6.25
500+100=500?+VR—5VR or V=% =625V and I=T:1.25A

(Ve)* _ (6.25)°
5 5

Py =(—1)’500=(1.25-1)°500=3125W  P,,= =7.8125W

Total power dissipated = 39.0625 W.

4.59 Verify that the power calculated in Prob. 4.58 is the same as the total power supplied by the two sources.

1 Via=(—1+1)500=(—-1.25+1)500= -125 V Py, =5Vp(I) =5x6.25 X 1.25 = 39.0625 W
P .=V . ()=(-125)1=~125W Py =100(1) =100 X 1.25 =125 W
L P, ppiiea = —125 + 39.0625 + 125 = 39.0625 W, which is the same as in Problem 4.58. Notice that the 1-A

current source absorbs power.

4.60 If the power dissipated in the 12-Q resistor of Fig. 4-34 is 147 W, what is the value of the source voltage V.?

I Since P,,=147TW=1*12), I=V¥ =35A.
Combining the 16-Q and 4-Q resistors in parallel and solving for I, yields

B 16 x 4> v, _ _ 8.8V,
Vs—<8.8+16+4 1, or 1,—1—2 and V., =881 = D v
With I=3.5A (calculated above), we apply nodal analysis to node 1 to obtain

V. V. 1 88V,

73 Y131z O

Finally, for the mesh containing the 12-( resistor, we have

V 14V
I(8.2+12+5.8+14) - ﬁ 14=0 or 3.5(40) = * =14(0.1V)) or V., =100V

7.3

Fig. 4-34

4.61 In the circuit of Fig. 4-34, calculate the current through the voltage source and the voltage across the
controlled-current source.

I As determined in Prob. 4.60, the current through the voltage source is

V, 100 _
=T 7y =833A

The voltage across the controlled-current source is

1% 1%
Vi=Viga+Viea=1055 + 14(7—3 - 1> =10(0.1V,) + 14(0.1V, —~ I) = 10 X 0.1 x 100 + 14(0.1 X 100 - 3.5) = 191V

4.62 Verify that the total power supplied by the two sources in Fig. 4-34 equals the total power absorbed by the
resistors.
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9.9 oLl o

+ axle \_Il ] —’ +
16+4 1 14Q 220
- =322

Sap) ) Fig. 4-35
I From the results of Prob. 4.60 and 4.61,
VX
P ptica =V, +V, 73= 100 x 8.33+ 191 % 0.1 X 100 = 2743 W

To determine the power absorbed by the resistors we reduce the network shown in Fig. 4-354 and b. Since
V.=100V and V /7.3=0.1V.=10A,

(100)?
Pabsorbed = 12

+(10)°(10+ 9.1) = 2743 W

which is the same as the power supplied.

4.63 Determine the power supplied (or absorbed) by the controlled-voltage source in the network of Fig. 4-36.

I Defining the node voltage V, (Fig. 4-36), the nodal equation becomes:
V,—4 V, -3V,
2 "7
Solving for V| yields V,=-24V. Now,
W=V 3V, -4 -V, 3(-24—-4)—-(-24) _
S5 5 a 5
Ve=-24—-4=-28V Py, =3Vel =3(V, ~ 4)1 = 3(=24 - 4)(-12) = 1008 W

2+

=0 and Vy=V,—4

1 -12A

4.64 Solve Prob. 4.63 by using mesh analysis.
I Let the mesh current be 1,. Then, the corresponding mesh equation becomes

44V, —-51,-3V,=0 or SI,=4-2V, but V,=-2(,+2)

Thus, 5I,=4+4(1,+2) or ,=12=~1
Hence, I=-12A Ve=-2(12+2)=-28V  and Py, =3(-28)(-12) = 1008 W

4.65 Determine the open-circuit voltage (across the terminals ab) with the polarities as marked in the circuit of Fig.
4-37.

I For the mesh we have I=3A, V,,=4I=12V, and V,=20-V,,=20~-12=8YV.

Fig. 4-37
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4.66 What is the voltage across the 3-A current source int Fig. 4-377

I ~Vya=V,~V,q=8-3x8=-16

or Via=16V

4.67 In the circuit of Fig. 4-37 if the terminals ab are short-circuited, determine the current through the short circuit.

I With the short circuit, we write the nodal equation as

20-V .V o _y__x
—4— =3+ 6 or V=35V and Ishort-circuit - 6 - 3%6
4.68 Solve for the current I, shown in the network of Fiz. 4-38a.
L
L8
4 cO ?:4\ 600
Pl
+ R
3 A I8 vv\”/l/\\ "
_ fa.
ZA 1241 12w
o]
(=)
I, |
{ =
2
40 1 aq. 2 2
@ L
i s
O]

I First, we change the current source to a voltage source and transform the 6-Q delta-connected resistors to an

equivalent wye, shown in Fig. 4-38b, which is then reduced to the network of Fig. 4-38¢.

mesh equations become
12—-61, — 141, + 141, ~24 =0 or
and 24~ 141, - 141, + 141, = C or
From Egs. (1) and (2), I,=0A.

4.69 The circuit of Fig. 4-38a is redrawn in Fig. 4-39. Using only nodal equations, find the current I,.

—12=201, — 141
24 = —141, + 281,

2

I At node 1:
12-v, V-V, V-V,
T - % + " or 7V, -2V,-2V,=36
. ViV, _ v, V.-V, .
At node 2: c D + —5 or 2V, =5V, +2V, =0
V, -V, V,~-V, V.
At node 3: 242+ 22 =3 or  —2V,-2V,+5V,=24
6 6 12
Solving for V, from Egs. (1), (2), and (3) yields V,= % V. Hence,
v, 72 6
L=p"nx7=74

For this network, the

ey
2

(1
(2)

3)



KIRCHHOFF'S LAWS [ 63

Fig. 4-39

4.70 Determine the total power dissipated by all the resistors of Fig. 4-39 and show that the entire power is supplied
by the 2-A current source.

I From Egs. (1), (2), and (3) of Prob. 4.69 we have
V=12V V,=%V  and V,=%V

Since V, =12V, I,=0A, P,,=0.
Power in the remaining seven resistors becomes:
V), )
12 12
=H(12- Y +(12- 3V +(F - 2)]1+ &) + 5(%) =27.48W

Voltage across the 2-A source,

E Pdissipated = %[(‘/1 - V3)2 + (Vl - V2)2 + (Vz - V3)2] +

V,=%V P,,=% x2=27.428W

A=

which is the same as the total dissipated power. Since 1, =0, P,,,=12x1I =0,

4.711 Since I, in Fig. 4-39 is zero, the 12-V source may be disconnected (by open-circuiting). Verify by network
reduction that I,=§ A.

&N Y™
M
£ Iz
1A [ e™ 12 £+
(A

Fig. 4-40

I Network reduction is shown in Fig. 4-40a and b. With the node voltage defined in Fig. 4-40b, we have

7 Vi 7 e
2~1+12+4—4_8V’ or Vi=%FV
v, 96 6
fence, L=rn T Txw A
4.72 Using nodal analysis, find the voltage across the 10-A current source in the circuit of Fig. 4-41.

I Let the node voltages be V;, V,, and V,, as shown in Fig. 4-41. At the three respective nodes we have:
10-V, V-V, N Vi—-V,

3 10 10 or 4V, -V,-V,=20 1)
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iV, Y. V.-V
10 10 10
Vi—-V, V.-V, _E

o= So=s tl0 o ViV, -4V, =100 (3)

or V,~-3V,+V,=0 )

Solving for V, from Egs. (1), (2), and (3) gives V;=—2#V, which is the required voltage.

Fig. 4-41

4.73 In the circuit of Fig. 4-41, transform the 10-V source to a current source and the wye-connected 10-(} resistors to
an equivalent delta. Thus calculate the voltage across the 10-A source.

10A

(%> &% Fig. 4-42

I The source transformation and the equivalent circuits are shown in Fig. 4-42a and b. From Fig. 4-42b we

obtain:
For node 1: PP (Sl 60 =11V, — 4V,
or node & 307" 152 A
For node 2: eV Vg ~300= —4V, + 11V,
or node & 15/2  30/7 o e >
Solving for V, yields V,=~2#V_ which is consistent with the result obtained earlier.
4.74 For the circuit of Fig. 4-41, verify that the total power absorbed by all the resistors is the same as the net power

supplied by the two sources.

I From the results of Prob. 4.72, we have

Vl=_§ :==—§V v}:-gv
10— (=36/7))> | [-36/7— (—204/7))
E Pabsorbed by resistors = [ ( 5 )] + [ 1(0 )]
-36/7—-(=80/7)]° , (—80/7)° | [~80/7—(-204/T)]> (—204/7)
+[ 18 ) + 4 %7) +[ 1(0 i +( 5 ) =321.711W
204  10Jj10 - (—36/7
E Psupplied by sources Pioat Py =10X% KB + ‘_[_'g—)] =321.71W
4.75 Find the current in each of the resistors of the circuit shown in Fig. 4-43.

A A A A P>

§ For node 1 9 7 5 + =

or 19V, — 15V, =500
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V,-V, V,-v,—-32 V
2t 12 =2 or 15V, ~17V, =240

For node 2: 4+ ) > =

Solving for V, and V, yields V, =50V, V,=30V. Hence,
|

_ Vi _50_ _Vi-V,-32 50-30-32 _
L=3=%5=10A 1= > = 5 =-6A
_Vi-V, _50-30 _ V30
I,= R =5A and 14—10—E—3A

4(L
[——V\/x——*———
+C ).@ /o £
LAY \Y,
1.
L)

Fig. 4-43 Fig. 4-44

Transform the two current sources in the circuit of Fig. 4-43 to voltage sources and find the current in the 4-Q
resistor.

I The transformed circuit is shown in Fig. 4-44, for which we have:
45-32~40=171, - 2I, or =27=171, - 21, and  32=-21+6I,
Solving for 1, yields I,=5A.

In the circuit of Fig. 4-45, determine the node voltages V,, V,, and V;.

I The node equations yield

| i-v,_ v, v, V-V, Vo=V, _V, V,-170
I A TS R 1 T2 24 2 =343 7"
9+ =3 +5=0 1 57207 2 2 47 n

Solving for the node voltages V,, V,, and V, yields

V,=50V  V,=60V  V,=94V

Solve for the power balance in the network of Fig. 4-45.

I With the currents marked in Fig, 4-45 and using the results of Prob. 4-77, we have:

V, 50 V,-V, 60-50 V, 60 V, 60
11=—5(’)=—50=1A 12:———21 ‘=—1 =10A L=3i=1=4A I4=2—6:—20=3A
V,-V, 94-60 V, 94 170-V, 170-94
I, = 32 2= 5 =17A 16:—4;=—47=2A 1= 3 2 = 3 =19A

2 Pguiors = 50(L)Y + 1LY +15(1,) +20(L, Y +2(L)° + 47(L,)* +4(1,)’
=50(1)% + 1(10)* + 15(4)> + 20(3)* + 2(17)% + 47(2)* + 4(19)* = 2780 W
2P, ees=170(1,) + 9(~V,) = 170 X 19— 9 X 50 = 2780 W

Notice that the 9-A current source absorbs power.
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4.79 Calculate the current in each resistor of the network of Fig. 4-46.
20-10-9
I lLoo=1,=%=2A 119:12=—1_—=1A
20-50-10
1200=I3:—;0—'“=“2A L,=1,=%¥=2A Lo=L=%¥=5A

14 |
+ _ 2ZosL 4

_<:: )____/\/\r\r—-,r Is

1y s B
2 lo £+ lov 2t
I o
Fig. 4-46
4.80 Determine the currents through each voltage source of the circuit of Fig. 4-46,
I Lov=L=L+L~1L=2+1-2=1A

Iyy=1=-2A I,,=L=1A
lLyw=l,=-L+1,+1~-1,=2+2+5-1=8A

4.81 Which of the sources supply power and which absorb power in the circuit of Fig. 4-46? Determine the total
power absorbed by the resistors.

I P\ =20(1,) =20(1) =20 W (supplied) Py, = 50(=1,) =50(2) = 100 W (supplied)
P, =9(-1,) = 9(-1) = ~9 W (absorbed) P, =10(1,) = 10(8) = 80 W (supplied)
Total power absorbed by the resistors =20+ 100 -9 + 80 =191 W.

4.82 An operational amplifier is schematically represented in Fig. 4-47a, and Fig. 4-47b shows the corresponding
equivalent circuit. For the ideal model assume I, =1_=0 and V,=V_. Draw the equivalent circuit of
the inverting operational amplifier shown in Fig. 4-47c.

() (@
R
A—— V.
Vs .
‘ A(V, -V +
i (V,-¥) + 8y
R RV
_ t (24
__l_ N I
(8) (@

Fig. 4-47



4.83

4.84

4.85

KIRCHHOFF'S LAWS [ 67

I For the circuit of Fig. 4-47¢ we have

L+L,=1_=0 or R, + R, = 1)
Now V_=V,=0 (since V, is grounded). Thus Eq. (1) becomes:
‘/s VO _ _ R2
'1—2—1 + '1—2—2 =0 or V() = Rl ‘/S
Hence, we obtain the equivalent circuit of Fig. 4-47d.
v
(-4
T v
I 0
+
(I+ R—'L V
R /%
(=) (6) Fig. 4-48

Draw the equivalent circuit of the ideal noninverting operational amplifier shown in Fig. 4-48a.

J Since V.=V,=V, and I_=0, we have

S
Vs V:_Vo_
R1+ R, =0

Solving for V, yields V,=(1+ R,/R,)V,. Hence, we obtain the equivalent circuit of Fig. 4-48b.

The circuit shown in Fig. 4-49 responds to the difference of two input signals.

hence, show that this circuit is a differential amplifier.

I Since the operational amplifier is ideal, we have

V.-V,
V—=Vs1_12R1=V:1_R1R—:;_TZ
and, by voltage division,
v, = R, 1% b V.=V
+_R1+R2 52 ut -7 Vs
V,—-V R
Thus, V.- R 51 0 _ 2 V.,

'R, +R, R,+R,
Solving for V, yields V,=(R,/R)(V,- V).

Fig. 4-49

Find an expression for V, and,

For the operational amplifier circuit of Fig. 4-50 determine V. All voltages shown are with respect to ground.
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'QS
v AN
Vl R 1
iR
Yy, — e v
X R Vy _ e
I =

5 Fig. 4-50

J Since I_=0 and V_=V, =0, the nodal equation becomes
vV, V. R R R
Vil Yo o v (R Rv)--Rwen)

3

4.86 The equivalent circuit of an operational amplifier circuit is shown in Fig. 4-51. Determine its input resistance.

. Kk
ﬂ Av‘.
L
Fig. 4-51
I Writing the loop equations we have:
Vi=V.+R (I, -L)=(R,+R)],-R], (1)
R - AR,
or —AV,= -AR,I,=—-R,I, + (R, + R, + Ry, I = m[l 2)
Substituting Eq. (2) into Eq. (1) yields
R - AR
Vi =<R,.+R1 - R,—J—'—)Il
Rl +R2+ RO

or the input resistance is

V, R ~ AR, R,+ R,+ AR,)R
_l:Ri+R1<1__'—_l__)=Ri ( 2 0 ,) 1
I, R +R,+ R, R, +R,+R,
4.87 In the circuit of Fig. 4-52, find the currents through each resistor.

I Let the required currents be I, I,, and I, as shown. The nodal equations may then be written as:

B V.V, V-2 64
4—6I,+I,+Iz—62+2+—3 or ]__ﬁv
Hence,
e 32
P T 23x2 T 23
- 20 -
I, = V, 20 (64/23)-20 __ 12,
3 3 23
61'“ 13::270:5/\
>
y N v Iy
L —— N
e :
v ? ILJIs . S B4
r- ‘(I-— -
4A iaﬁ- ¥ @ A o s 5T

Fig. 4-52 Fig. 4-53
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Evaluate the currents through the resistors of the circuit shown in Fig. 4-53.

I Writing the nodal equations we obtain

vV, V,-V, V,-V V. v,
S=L+L=7+ 5 12 P=L=L+5L=3+57
which, respectively, simplify to
3V,-V,=10 45V, =-7V,
Thus, V,=1.06V V,=-6.8V
vV, 1 V,-V, 1.06-(-6.
and Il=—1=-1—E=1.O6A L=— 2 L0 (682)=3.94A
1 1 2 2
V, -6.82
13_?_T__1'364A

Find k in the circuit of Fig. 4-54 such that the power dissipated in the 2-() resistor does not exceed 50 W.
I Since P,,=2(1,)°=50W, we have I,=\V2=5A and V,=2I,=10V. With the critical values,
the nodal equations are:

16— kI, -V, -5k -
= ! 116 Sk — 10 or -4=6-5k k=2

6+L=1=5 or L=-1A

Fig. 4-54

For the value of k determined in Prob. 4.89, determine the power supplied by each source of the circuit of Fig.
4-54,

I Pin=6(V)=6x10=60W P, =kl (-)=2x5x1=10W
Piev=16(L+ L) =16(-14+ $)=16 W

Calculate the power dissipated in the resistors of the circuit of Fig. 4-54 and verify the power balance in the
circuit.

I Poa=(,)2=(52=50W P,,=()4=(1)4=4W
Poo=(,)8=(2)’8=32W X P,
=60+10+ 16=86 W.

=86 W

issipated

From Prob. 4.90, Y P,

supplied

Determine the node voltages V,, V,, V;, and V, shown in the circuit of Fig. 4-55.

In é A'
m P
v ~
' ——(4V }* AAN— v
en v Vs s |t |*
é2 n 3N : 104
= Fig. 4-55
I Writing the nodal equations we have
Vi v,-V, V,+40-V.
2+ 21—+ 2=0 or 10V, -7V, = -40 1)

2 1 6
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V.-V, V,+40-V V,-V
’1 2y 5 2 +6= 35"1 or 35V, - 41V, +6V, = —380 )
v, V,-V,
and 6+ 3 =10+ === or 3V,-8V,=-60 3)

Solving for V,, V,, and V, from Egs. (1), (2), and (3) yields
V,=10V V,=20V V,=15V
Finally, V,+40=20 or V,=-20V.

4.93 Calculate the currents in the resistors of the circuit of Fig. 4-55.
vV, 10 V,-V, 10-20
I Lo=75 =75 =5A la=—77=—F—=-10A I+l a+1,=0
V.-V, 20-15 vV, 15
or Iia=-5+10=5A L,=—%—=="%—=1A La=73=73=5A

4.94 Verify the power balance for the circuit of Fig. 4-55.
I 2 Pyssipaea = (5)°2+ (10)°1 + (5)%6 + (1)’5 + (5)°3 = 380 W
2 Poppiica = 40(5) + 6(V, — V) + 10V, =200+ 6 X 5+ 10 X 15 =380 W

4.95 Solve for I in the circuit of Fig. 4-56. Also determine the current in the 3-() resistor.

I Writing the nodal equation yields

12-V 1% 12-V
T tS= g A4l 1=

Solving for I yields
12-41 _ 12-4(0.6)

1%
I=06A Im-g 3 3 =32A
S
s -
¥ Vv,
o) DD dua
- /1S 5
4a 1 v 41 - A
v, NN 2%
+ lo A 1 20, N
12V SA 30 40 3 /AN
. lo v
Fig. 4-56 Fig. 4-57
4.96 Solve for the four mesh currents shown in the netwerk of Fig. 4-57.

I Let the voltage across the 5-A source be V,. Then 50= 201, +V, —151,=201, + V, — 150, since
L,=10A. I,-1,=5 —-30=35I,-5I,-20,=35I,—5I,—-200, since I,=10A. V,=15I,-5I,.
The above equations simplify to

201, +V, =200 LL—-1=5
351, -51,=170 V,+51,-15L,=0
Solving these yields
I,=446 A I,=9.46 A 1,=622A V,=110.8V
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4.97 Verify that Kirchhoff’s current law is satisfied at the node 0 of the circuit of Fig. 4-57.

I KCL at node 0 reads
5+(,-L)+{I,-1)+I1,-1,=0 or 5-L+1,=5-946+4.46=0

4.98 How much power is supplied by each source in the circuit of Fig. 4-57?
! Py =50l =50x4.46 =223W P, =5V, =5x110.8=554W
P, =30(-1) = 30(-6.22) = —186.6 W (absorbed)

Py, o =10V, =[15(1, — I,) + 20(1, — 1,)]10 = 10[15(10 — 4.46) + 20(10 — 6.22)] = 1587 W
Net power delivered = 223 + 554 — 186.6 + 1587 = 2178 W

4.99 Verify the power balance in the network of Fig. 4-57.
i1 P, =5(1,)" =5(4.46)>=99.458 W P, =10(1,)> = 10(9.46)> = 894.916 W
Py =10(1,)* =10(6.22)* =386.884 W P,,, =15(I, — I,)* = 15(4.46 — 10)* = 460.374 W
Pso=5(I, - 1,)’ =5(9.46 — 6.22)> = 52.488W P, . =20(],~1)? = 20(6.22 - 10)> = 285.768 W

L =2179.9W, which is approximately the same as the power calculated in Prob. 4.98. A difference of 1.9 W
is due to roundoff error.

4.100  For the circuit of Fig. 4-58, find the value of R such that it absorbs 5 W of power.

4y,
. N’l —
% $ ’
Fig. 4-58
I From Fig. 4-58:
Vi
h=3+r
V 2
PR=1fR=<2+‘R R=5 ¢))
The nodal equation may be written as
V.-V, 20-V, v, A
s T3 Thegyg VTHieR
Combining these two equations yields
ﬁ_ K +5-— V V