G. Rizzoni, Principles and Applications of Electrical Engineering, 5" Edition Problem solutions, Chapter 2

Chapter 2:  Fundamentals of Electrical Circuits — Instructor Notes

Chapter 2 develops the foundations for the first part of the book. Coverage of the entire chapter would be
typical in an introductory course. The first four sections provide the basic definitions (Section 2.1) and cover
Kirchoff’s Laws and the passive sign convention (Sections 2.2, 2.3 And 2.4); A special feature, Focus on
Methodology: The Passive Sign Convention (p. 39) and two examples illustrate this very important topic. A second
feature, that will recur throughout the first six chapters, is presented in the form of sidebars. Make The Connection:
Mechanical Analog of Voltage Sources (p. 24) and Make The Connection: Hydraulic Analog of Current Sources (p.
26) present the concept of analogies between electrical and other physical domains.

Sections 2.5and 2.6 introduce the i-v characteristic and the resistance element. Tables 2.1 and 2.2 on p. 45
summarize the resistivity of common materials and standard resistor values; Table 2.3 on p. 48 provides the
resistance of copper wire for various gauges. The sidebar Make The Connection: Electric Circuit Analog of
Hydraulic Systems — Fluid Resistance (p. 44) continues the electric-hydraulic system analogy.

Finally, Sections 2.7 and 2.8 introduce some basic but important concepts related to ideal and non-ideal
current sources, and measuring instruments. In the context of measuring instruments, Chapter 2 introduces a third
feature of this book, the Focus on Measurements boxes, referenced in the next paragraph.

The Instructor will find that although the material in Chapter 2 is quite basic, it is possible to give an
applied flavor to the subject matter by emphasizing a few selected topics in the examples presented in class. In
particular, a lecture could be devoted to resistance devices, including the resistive displacement transducer of Focus
on Measurements: Resistive throttle position sensor (pp. 56-59), the resistance strain gauges of Focus on
Measurements: Resistance strain gauges (pp. 58-59), and Focus on Measurements: The Wheatstone bridge and
force measurements (pp. 59-60). The instructor wishing to gain a more in-depth understanding of resistance strain
gauges will find a detailed analysis in the references’.

Early motivation for the application of circuit analysis to problems of practical interest to the non-electrical
engineer can be found in the Focus on Measurements: The Wheatstone bridge and force measurements. The
Wheatstone bridge material can also serve as an introduction to a laboratory experiment on strain gauges and the
measurement of force (see, for example®).  Finally, the material on practical measuring instruments in Section2.8b
can also motivate a number of useful examples.

The homework problems include a variety of practical examples, with emphasis on instrumentation.
Problem 2.51 illustrates analysis related to fuses; problems 2.65 relates to wire gauges; problem 2.70 discusses the
thermistor; problems 2.71 discusses moving coil meters; problems 2.79 and 2.80 illustrate calculations related to
strain gauge bridges; a variety of problems related to practical measuring devices are also included in the last
section. The 5™ Edition of this book includes 26 new problems; some of the 4" Edition problems were removed,
increasing the end-of-chapter problem count from 66 to 80.

It has been the author's experience that providing the students with an early introduction to practical
applications of electrical engineering to their own disciplines can increase the interest level in the course
significantly.

Learning Objectives for Chapter 2

6. Identify the principal elements of electrical circuits: nodes, loops, meshes, branches, and voltage
and current sources.

7. Apply Kirchhoff’s Laws to simple electrical circuits and derive the basic circuit equations.

8. Apply the passive sign convention and compute power dissipated by circuit elements.

9. Apply the voltage and current divider laws to calculate unknown variables in simple series,
parallel and series-parallel circuits.

10. Understand the rules for connecting electrical measuring instruments to electrical circuits for the
measurement of voltage, current, and power.

'E. 0. Doebelin, Measurement Systems — Application and Design, 4™ Edition, McGraw-Hill, New York, 1990.
2 G. Rizzoni, A Practical Introduction to Electronic Instrumentation, 3™ Edition, Kendall-Hunt, 1998.
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Section 2.1: Definitions

Problem 2.1

Solution:
Known quantities:

Initial Coulombic potential energy, V; =17kJ/C; initial velocity, U; = 93M ﬂ; final Coulombic potential energy,
s

Vp=6k]/C.

Find:

The change in velocity of the electron.

Assumptions:
APE, << APE,

Analysis:

Using the first law of thermodynamics, we obtain the final velocity of the electron:
Oheat =W =AKE+APE. + APE, + ...

Heat is not applicable to a single particle. W=0 since no external forces are applied.
AKE =-APE,

1
SmeUF=UD =0, (V;=V))
20

m

U =U7 -2V, - V)

e

2 2(16x10" C
:(931\4 ﬂ} - ¢ - )(6kV—17kV)
s 9.11x1077 ¢

2 2

—8.649x10'5 m—z— 3.864 x 1017 ’"—2
) S

U;=6917x107 &

S

|U —U-|: M _eo17m ™ -2383m ™.
f ! S S S
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Problem 2.2

Solution:

Known quantities:
MKSQ units.
Find:

Equivalent units of volt, ampere and ohm.

Analysis:
Voltage = Volt = _Joule V= CA
Coulomb C
Current = Ampere = Coulomb a= ¢
second s
Resistance = Ohm = Volt _ Joule x secoznd 0= ]_2s
Ampere Coulomb C
2
Conductance = Siemens or Mho = M = C_
Volt J-s

Problem 2.3

Solution:

Known quantities:
Battery nominal rate of 100 A-h.
Find:

a) Charge potentially derived from the battery
b) Electrons contained in that charge.

Assumptions:
Battery fully charged.

Analysis:

a)
100A x 1hr = (100 £J(lhr{3600 h—vj =360000 C
s r

b)
charge on electron: —1.602 x 107" ¢

no. of electrons =
360x103C

=224 1022
1.602x10° ¢

23
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Problem 2.4

Solution:

Known quantities:
Two-rate change charge cycle shown in Figure P2.4.
Find:

a) The charge transferred to the battery
b) The energy transferred to the battery.

Copyrighl @ Tie Mol rew_Hill o mpanies, Ine, Pepmission requind formg i dlisplay,

Analysis:

Battery voltage

a) To find the charge delivered to the battery during the charge

cycle, we examine the charge-current relationship:

0 5h 10h 3
i:ﬁ or dq=i-dt
dt
thus: E oA
Q:j:(l)i(t)dt 510 .
- LM —
0 = 13" 50mAdr + [ 10" 20mAdr 2
|

= [ 189005 051 + [ 35999 0.0241 0 Sh on

=900+ 360

=1260C

b) To find the energy transferred to the battery, we examine the energy relationship

pzd—w or dw=p(t)dt
dt

w= 1 p@)dt =] v(0)i(n)dr
0 0

observing that the energy delivered to the battery is the integral of the power over the charge cycle. Thus,

18000 36000
we T 0051 +2PY a0 27T 002010 + 22 g
o 1800 15000 18000

0.25 12)| 36000
36000 |18000

— (0.05t +%t2)‘ 18000 40,027 +
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Problem 2.5

Solution:

Known quantities:
Rated voltage of the battery; rated capacity of the battery.

Find:
a) The rated chemical energy stored in the battery
b) The total charge that can be supplied at the rated voltage.

Analysis:

a)
Ay = APE._AQ
AQ At

Chemical energy = APE, = AV -AQ = AV -(I - Ar)

12V 350 A—hr 3600hi= 15.12 MJ.
T

As the battery discharges, the voltage will decrease below the rated voltage. The remaining chemical energy stored
in the battery is less useful or not useful.
b) AQ is the total charge passing through the battery and gaining 12 J/C of electrical energy.

AQ:I~At:350ahr=SSOEhr~36OOhi:l.26MC.
S r

Problem 2.6

Solution:

Known quantities:

Resistance of external circuit.

Find:
a) Current supplied by an ideal voltage source
b) Voltage supplied by an ideal current source.
Assumptions:
Ideal voltage and current sources.

Analysis:
a) An ideal voltage source produces a constant voltage at or below its rated current. Current is determined by the
power required by the external circuit (modeled as R).
VS'

[==2P=V;-1
b) An ideal current source produces a constant current at or below its rated voltage. Voltage is determined by the
power demanded by the external circuit (modeled as R).

V=I,-R P=V-I,
A real source will overheat and, perhaps, burn up if its rated power is exceeded.
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Problem 2.7

Solution:

Known quantities:

Rated discharge current of the battery; rated voltage of the battery; rated discharge time of the battery.
Find:

a) Energy stored in the battery when fully recharging
b) Energy stored in the battery after discharging

Analysis:

60 min | 60sec
a) Energy = Power x time = (1A {12V X120hr —_—
) & ( )( X { hr j( min ]

lw=5.184x10° J

b) Assume that 150 W is the combined power rating of both lights; then,

Wosed = (150W><8hrs)(%J _432x10°)

Wtored =W~ Wysed = 864X 103 J

Problem 2.8
Solution: oo .
oy F
Known quantities:
Recharging current and recharging voltage 12 /ﬂ-—‘
Find: g °
a) Total transferred charge g s
b) Total transferred energy s
Analysis: o ; 2 P
1. hewrs
a) »
Q =area under the current - time curve = [ ldt o
= %(4)(30)(60) +6(30)(60) + % (2)(90)(60) + 4(90)(60) + % (4)(60)(60) = 48,600 C : 9
= 6
4
Q=48,600C .
dw . .
b) praal B w= [ pdt = [vidt ¢ L e }
v=9+ t V, 0<t<10800s
10800

i =10-— ¢ A, 0<t<1800s
1800

. 2
1, =6-——t A, 1800<t<7200s
5400

iy =12-—2 ¢ A, 7200<t<10800s
3600
26
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where i=ij +ip +i3

Therefore,
= (59 i+ (T2 P800 i
1800
2 ¢
=90t+—-—-——
720 100 486x10° |
7200
2 2 3
1% 1080 600 - 6
29.16x10 1800
10800
2 2 £
9.72x10 7200
=1329%10° +380.8x10°-105.4x10% +648x10°-566.4x10°
Energy = 4899 kJ
Problem 2.9
Copyright © The McG raw-Hill companies, Inc Permissier required for reproduction or disply
. Iy
Solution:
4
Known quantities: .
Current-time curve s
= 0 -
Find: £ 123 4 5 6 7 8 9 10 fs)
-2
a) Amount of charge during 1* second
b) Amount of charge for 2 to 10 seconds -4
¢) Sketch charge-time curve
Analysis:
a) i= 4x107¢
1
b 1
0, = Jyid = [y 4x107 1dr = 4><10*3’7 =2x1073 22 _ 24103 Coulombs
0 sec
b) The charge transferred from =1 to ¢#=2 isthe same as from =0 tor=1. 0, =4x 10~ Coulombs

The charge transferred from # =2 to ¢ =23 is the same in magnitude and opposite in direction to that from #=1

tor=2. Q3=2x 10~ Coulombs :
t=4 al

04 =2x107~[§4x107dr =2x107° -4 x107> =—2x 10" Coulombs T/
1=5,6,7 T/

Q5 =-2x107+[32x107dr =0
Q6 =0+ [92x1073dr = 2x 107> Coulombs 1

Q7 :2><1073+J(ZQ><1073dt:4><1073 Coulombs S -1 B
1=28,9,10s

0 =4 x 103 Coulombs
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Problem 2.10
. . 3 L

Solution: ; b= oty asiezn
Known quantities:
Current-time curve and voltage-time curve of battery recharging = m —
Find:

a) Total transferred charge t wwmAl

b) Total transferred energy §
Analysis:

a) 100mA=0.14

6
Q = area under the current - time curve = | Idr = (O.l)(2)(3600)+ (3600)] 0.1e (1720824, _ 1,011 C
2
0 = L0IIC
b) v _ P so
dt

2 y 2 1/0.82 y (t-2)/0.82
w= t = |vidt = vidt + vidt = Sl+1.89e" At + .le ’ =3,
[ Pdt = [vidt = (3600)[ vidt + (3600)] vid. (3600)](6 81+1.89 Xo 1) (3600)[9(01 At )4 8,114]
0 2 0 2

[Energy = 8,114J|

Problem 2.11

Solution:

Known quantities:

o b Xy
Current-time curve and voltage-time curve of battery recharging ] e S
Find: ol
¢) Total transferred charge % v L /
d) Total transferred energy i, \
AnaIySiS: - Wbz |2 - Ddse b
a) 40mAd =0.044 e e
Q = area under the current - time curve = [ Idf = (0.04)(6)(3600) =864 C y
Q=864C
E
E
b) d_w =P so ;
dt E 0k
2 4
w = [ Pdt = [vidt = (3600)[ vidt +(3600)] vidt
0 2 1 1
ih 4h &h '

= (3600)? (1.2 —045¢704 Xo.o4}1¢ + (3600)? (1.5 03¢ (-2)/04 Xo.o4}1t
0 2

=1167J

Energy =1167J
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Problem 2.12 o T

Solution:

<
-
T

Baers s oliape
M
\

Known quantities:
Current-time curve and voltage-time curve of battery recharging

Find:

e) Total transferred charge
f) Total transferred energy

H
Analysis: § N I
a) \ |

12 itn
Q =area under thecurrent - time curve = | Idt = (3600) [ ¢™>12dt = 8,564 C
0

b) d—W:P SO
dt

2
w = [ Pdt = [vidt = (3600)f (12 - 3e'5V12Xe-5t/12 );t
0

=8,986J

|Energy = 8,986J |
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Section 2.2, 2.3 KCL, KVL

Copyrght @ The MeGraw-Hill Companies, Inc. Permission required for reproduction or display.

R
ll:l a4
Problem 2.13
I, I
. l v !
Solution: | 2y
. R3S R,
Known quantltles: s R‘:
Circuit shown in Figure P2.13 with currents Iy = -2 A, L b ’ 3
Iy =—4A, Ig=8A, and voltage source Vg =12V. I | v
+ >
Find: V= R3
The unknown currents. = AV
R."! -

Analysis:
Applying KCL to node (a) and node (b):

{IO+11+12:0 Iy==(Ig+1})=6 A
=

IO+IS+II_I3=O 13210+Is+11:2A

Problem 2.14

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
i

>

Solution:

Known quantities:
Circuit shown in Figure P2.14.

Find:

The unknown currents.
Analysis:
Applying KCL at the node: -i+246-5=0

thus i =3 A which means that a 3-A current is leaving the node.

Problem 2.15

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

6A

Solution:

Known quantities:
Circuit shown in Figure P2.15.

Find: WHA

The unknown currents.
Analysis:
Applying KCL at the node: i+6-5+2=0

thus i = -3 A which means that a 3-A current is leaving the node.

2.10
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Problem 2.16

Solution:

Known quantities:

Circuit shown in Figure P2.16.

Find:
Voltages v; and v,

Analysis:

Applying KVL:

Caopyright & The McGraw-Hill Companies, Inc, Permission required for reproduction or display,

-— I
+ 3V - 1oV +
AMAA AMAA
Yyyy yvy
R +

of SEEOR

AMAA
Yyyy

S5+3+v, =0=v, =2V
=5+3-10+v; =0=>v; =12V

Problem 2.17

Solution:

Known quantities:

Circuit shown in Figure P2.17.

Find:
Current [

Analysis:

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Let us refer to the current (down) through the 30Q resistor as /5.

Applying KCL, we have

Also, applying KVL and Ohm's law, we have

Solving Eq.1 and Eq.2, we obtain

|
Y
10A CJD 300 1503,
Il+12=10A (qu)
151, -301, =0 (Eq.2)

11:§ A and 12:& A
3 3

2.11

PROPRIETARY MATERIAL. © The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and

educators for course preparation.

If you are a student using this Manual, you are using it without permission.



G. Rizzoni, Principles and Applications of Electrical Engineering, 5™ Edition Problem solutions, Chapter 2

Section 2.4 Sign Convention

Problem 2.18
- Copyright © Th »vcuml--cc:::-;u inc. Permission required for reproduction of depley.
Solution: o
I
Known quantities: i
Circuit shown in Figure P2.18. 5% (') nT%E wa
Find:

Voltages and currents in every figure.

{a)

Analysis:

(a) Using [ =i (clockwise current) : I} =—-034;1, =034V, =6V
30+20

(b) The voltage across the 20 Q2 resistor is % =5V ; since the current flows \C) By £ o 1A £ w0

from top to bottom, the polarity of this voltage is positive on top. Then it

follows that ¥} =5V and I, :%: -0.167A =

(b}

(the negative sign follows from the direction of I3 in the drawing). 00

(c) Since -0.5A pointing upward is the same current as 0.5A pointing I

downward, the voltage across the 30 Q resistor is "‘C) " =

00
V3OQ =15V (positive on tOP); and 12 = % =0.75A,

a0

ARAA
Vv

0sal

since V3pn is also the voltage across the 20 €2 resistor.  Finally,

Iy =-(I5+05)=-1254,and V; =-30 I, +15=525V ©

Problem 2.19 AT IR SR

for rproduction or display.

Solution:
10V 2A i
Known quantities: Eﬁ C)
Circuit shown in Figure P2.19.
Find: ()
Power delivered by each source.

Analysis:

Il
Fn
/

(a) Power delivered by source to load = power absorbed by load
2x10=20W
b)Y P= (-9)><4 =-36 W ; the source is actually absorbing power, thus the —

"load" must be a source!

2.12
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Problem 2.20

Copyright & The McGraw-Hill Companies, Inc. Permission required for reproduction or display,

. I5V
Solution: + 7

Known quantities:
Circuit shown in Figure P2.20. 25A
Find:

Determine power dissipated or supplied for each power
source.

Analysis:

Element A:
P=-vi=-(-12V)(254) =300W (dissipating)

Element B:
P=vi=(15V)(254)=375W (dissipating)
Element C:
P=vi=(27V)(254)=675W (supplying)
Problem 2.21
Copyright 8 The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
. N ;- - 1oV
Solution: 2N o
YYYy YYvy
Known quantities: R

Circuit shown in Figure P2.21.

Find: (D 5V
Power absorbed by resistant R and power delivered by
current source.

AMA
Yyvyy
I:
(VY]
=
i)
_/

Analysis:

Power absorbed by R = (10 }34)=30W

From Problem 2.16, v; =12 V. Therefore,

Power delivered by the current source = (12V)(3A) =36/

2.13
PROPRIETARY MATERIAL. © The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and
educators for course preparation. If you are a student using this Manual, you are using it without permission.



G. Rizzoni, Principles and Applications of Electrical Engineering, 5" Edition Problem solutions, Chapter 2

Problem 2.22

Solution:

Known quantities:
Circuit shown in Figure P2.22.
Find:

a) Determine power absorbed or power delivered

b) TeStlfy power Conservation Copyrighl € The MoGmw-Hill Companies, Inc, Penmissien required for mpreduction ar display,

- IV o+ 1A
Analysis: /B —_
y \/

By KCL, the current through element B is 5A, to the right.

By KVL, —-v,-3+10+5=0. (xb (@ <§1T}v

Therefore, the voltage across element A is - 5V + + A

v, =12V (positive at the top). @
A supplies (12V)(54) = 60w

B supplies (3V)(5A): 15w

C absorbs (5V)(5A)= 25w

D absorbs (101 )(34)=30W

E absorbs (101 )24)= 20w

Total power supplied = 60W + 15W = 75W

Total power absorbed = 25W + 30W + 20W =T75W

Tot. power supplied = Tot. power absorbed

..conservation of power is satisfied.

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
Problem 2.23 >

AAAA
YYYy

Solution:

Known quantities:
20V C 150

Circuit shown in Figure P2.23. —)
Find:

Power absorbed by the 5Q) resistance.

AMAA
yyy

Analysis:

201
=500~
The voltage across the 5 Q resistor, positive on the left, is ~ vso = (14)(52)=5V

Therefore, Psg =(5V)14)=5 W

The current flowing clockwise in the series circuit is i 14

2.14
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Problem 2.24

Solution:

Known quantities:
Circuit shown in Figure P2.24.

Find:
Determine power absorbed or power delivered and corresponding
amount.

Analysis:

If current direction is out of power source, then power source is

supplying, otherwise it is absorbing.
A supplies (100V)(4A) = 400 W

B absorbs (10V)(4A) = 40 W

C supplies (100V)(1A) = 100W

D supplies (~10V)14) = —10/ , i.e absorbs 10/
E absorbs (90V)(54) = 450w

Copyright & The McGraw-Hill Companies, Ing. Permission required for reproduction or display.

+ 10V_

..... - B

: [A1A . H:‘-:’\
> v| e

100 V 100 vV C 90V

LA D

Problem 2.25

Solution:
Known quantities:
Circuit shown in Figure P2.25.

Find:
Determine power absorbed or power delivered and corresponding
amount.

Analysis:

Caopyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display,

4 2N -
B
) ——
4AY 6A T.;A
*2.1\

N | »
A Y D B

- 5 o

If current direction is out of power source, then power source is supplying, otherwise it is absorbing.

A absorbs (5 )f44) = 200
B supplies (21 )64) = 12
D supplies (37 )44) = 12

Since conservation of power is satisfied, Tot. power supplied = Tot. power absorbed

Total power supplied = 12W +12W =24W
.. C absorbs 24W —20W =4W

2.15
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Problem 2.26

Solution:

Known quantities:
Current absorbed by the heater; voltage at which the current is supplied; cost of the energy.
Find:

a) Power consumption

b) Energy dissipated in 24 hr.
c) Cost of the Energy

Assumptions:
The heater works for 24 hours continuously.

Analysis:
a) P=VI=110V (23 A)=2.53x 103£§= 2.53KW
N
b) W =Pr=2.53x1032 x 24 hr x 3600hi= 218.6 MJ
S T

¢) Cost = (Rate) x W = 6%(2.53 KW)(24 hr)= 364.3 cents = $3.64
—nr

P r O b I e m 2 . 2 7 Copynght © The McGraw-Hill Companies, Inc, Permission required for reproduction or display.
_ = ot DR
Solution: : R |
H ! + .
Known quantities: Ow 1w r3
Circuit shown in Figure P2.27 with voltage source, § E

V, =12V ; internal resistance of the source, R, = 5kC2; and S
resistance of the load, R; =7kQ. Nonideal source
Find:

The terminal voltage of the source; the power supplied to the circuit, the efficiency of the circuit.

Assumptions:
Assume that the only loss is due to the internal resistance of the source.

Analysis:
L
—VS+ﬁR5+VT=0
Ry
v, - V_;e _ 125\];2:7‘/ or VDV, = VsR, _ 12V7kQ _
LBy Rg+R;, 5kQ+7kQ
R, 7 kQ
2 2 2
p =V_R=V_T=ﬂ=7mw
L™R, "R 3V
L L 7x10°—
A
P P, 2R 7kQ
perowt TR TTRL ~0.5833 or 58.33%.

P,  Pg +Pg, - 12Rs +12R;, C5KQ+T kQ
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Problem 2.28

Solution:

Known quantities:

Headlights connected in parallel to a 24-V automotive battery; power absorbed by each headlight.
Find:

Resistance of each headlight; total resistance seen by the battery.

Analysis:

Headlight no. 1:
2

P=vxi=100W="— or
R

2
38 560
100 100
Headlight no. 2:
2
P=vxi=T5W="— or
R
2
Y6 680
75 75

The total resistance is given by the parallel combination:
1 1

= +

or RTOTAL =329 Q

Problem 2.29

Solution:

Known quantities:

Headlights and 24-V automotive battery of problem 2.13 with 2 15-W taillights added in parallel; power absorbed
by each headlight; power absorbed by each taillight.

Find:

Equivalent resistance seen by the battery.

Analysis:
The resistance corresponding to a 75-W headlight is:
2
v 576
R =—="=7.680Q
W5 s
For each 15-W tail light we compute the resistance:
2
v 576
Risw = —=—=384Q
SANTRNT

Therefore, the total resistance is computed as:
1 _ 1 N 1 N 1 N
Rrorar, 7.68Q 7.68Q2 38.4Q 38.4Q

or RTOTAL =320
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Problem 2.30

Copyright @ The McGraw-Hill Companies, Ing, Permission required for reprodudtion or display.

Solution:

Known quantities:

Circuit shown in Figure P2.30 with voltage source,
V=20V ; and resistor, R, =5Q.

Find:
The power absorbed by variable resistor R (ranging from 0 to 20 Q).
Analysis:

The current flowing clockwise in the series circuit is:
20

l_
5+R

The voltage across the variable resistor R, positive on the left, is:
20R

R+5

VRZRiZ

2
Therefore, Pp =vgi= (ﬂ] R
5+R

502

zov

Prowst st P W]
=

T P& & W W W Tw R A
Vistiatia rrstance B |24

Problem 2.31

Copyrght @ The MeGraw-Hill Companies, Inc. Permission required for reproduction or display.

Solution:

Known quantities:

Circuit shown in Figure P2.31 with source voltage,
V, =12V ; internal resistance of the source, R;=0.3Q.

Current, I =0, 5, 10, 20, 30 A.
Find:

=
AAAA
YYYY
=

b

Nonideal source

a) The power supplied by the ideal source as a function of current
b) The power dissipated by the nonideal source as a function of current

¢) The power supplied by the source to the circuit

d) Plot the terminal voltage and power supplied to the circuit as a function of current

Assumptions:
There are no other losses except that on Rs.

Analysis:
a) Ps=power supplied by the source =Vglg=Vqlr.
b) Rs =equivalent resistance for internal losses
Ploss = I%RS
c¢) Vp =voltage at the battery terminals:
VD: Vy=Vs—Rgly
P, = power supplied to the circuit (R ; inthis case) =1;Vr.
Conservation of energy:
Pg = Pjy5s + Fy.

2.18
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I7(A) Pg(W) ProssW) Vr(V) PW)
0 0 0 0 0
2 30 1.875 114 28.13
5 60 7.5 10.5 52.5
10 120 30 9 90
20 240 120 6 120
30 360 270 3 90
Note that the power supplied to the 0
circuit is maximum when %00
IT =20a. 250 -~ °r
) 200 s s
L=P_(2)= 120VZ=30mZ=30mQ \gwo g
IT (20 a) a I i
RS :.PIOZSS _ 120 V‘; =30 mQ 50 j
IT (20 a) 00 5 10 15 20 25 30 L L L
R L= R S 1@ ’ : * o ® »
Problem 2.32
Solution:

Known quantities:

Circuit shown in Figure P2.32 if the power delivered by the source is 40 mW; the voltage v= v, /4; and
R| =8kQ, Ry =10kCY, R3 =12kQ

FI n d Copyright © The McGraw-Hill Companies, Inc, Permission required for reproduction or display.
The resistance R, the current i and the two voltages v and v, R
YYYy
Analysis: R
=
P=v-i=40mW (eq. 1) .-@) N
. .Y >
V1=R2'Z=IOOOO'ZZZ (eq.2) k=
AMAA
. YVYy
From eq.1 and eq.2, we obtain: Ra

i=1.0mA and v=40V.
Applying KVL for the loop:

—v +8000i +100007 + Ri +12000 =0 or, 0.001R=10
Therefore,

R =10kQ and v;=10V.
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Problem 2.33

Solution:

Known quantities:
Rated power; rated optical power; operating life; rated operating voltage; open-circuit resistance of the filament.
Find:

a) The resistance of the filament in operation
b) The efficiency of the bulb.

Analysis:
a)
pvi ~1=FR_OO0VA _ 5 gma
Vg 115V
oL R=V=Ye__ 115V 5540
I I 521.7mA
b)

Efficiency is defined as the ratio of the useful power dissipated by or supplied by the load to the total power supplied
by the source. In this case, the useful power supplied by the load is the optical power. From any handbook
containing equivalent units: 680 lumens=1 W

w
P = i =820 lum ———=1.206 W
0.,0ut Optical Power Out 630 lum

Pypou _ 1206 W
Pr  60W

11 = efficiency = =0.02009 =2.009 %

Problem 2.34

Solution:

Known quantities:

Rated power; rated voltage of a light bulb.

Find:

The power dissipated by a series of three light bulbs connected to the nominal voltage.
Assumptions:

The resistance of each bulb doesn’t vary when connected in series.

Analysis:

When connected in series, the voltage of the source will divide equally across the three bulbs. The across each bulb
will be 1/3 what it was when the bulbs were connected individually across the source. Power dissipated in a
resistance is a function of the voltage squared, so the power dissipated in each bulb when connected in series will be
1/9 what it was when the bulbs were connected individually, or 11.11 W:

V2 V2 V)2
2 B 5 _(10V)
’ . P=1Vg=I"Rp= Vp=Vg=110V Rp=—"-= =121Q
Ohm’s Law: B B Ry B=Vs B="p T 100 VA

Connected in series and assuming the resistance of each bulb remains the same as when connected individually:
KVL: —Vs+Vp1+Vpy+Vp3=0  OL: —Vs+IRp3+IRpy +IRp =0
Vg 110V

= - =303 mA
Rp +Rpy+Rpy 121+121+121V/A

Py = 1Ry =(303mA) (121 V/A)=11.11 W = % 100 W.
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Problem 2.35

Solution:

Known quantities:
Rated power and rated voltage of the two light bulbs.

Find:
The power dissipated by the series of the two light bulbs.

Assumptions:
The resistance of each bulb doesn’t vary when connected in series.

Analysis:
When connected in series, the voltage of the source will divide equally across the three bulbs. The across each bulb
will be 1/3 what it was when the bulbs were connected individually across the source. Power dissipated in a
resistance is a function of the voltage squared, so the power dissipated in each bulb when connected in series will be
1/9 what it was when the bulbs were connected individually, or 11.11 W:
2
2 V
Ohm’s Law: P=1Vp=1I"Rp :R_B

B
Vp=Vg=110V
2 (110 V)
Reo :V_B:u: 20170
Py 60 VA
2 (110 V)
Rig =B _WOVY g
Py 100 VA
When connected in series and assuming the resistance of each bulb remains the same as when connected
individually:

KVL: —Vs+Vgeo+Vpi00 =0
OL: —Vs+IRpey+1Rpioo =0

= Vs _ MOV 3409 ma
Rpso +Rp1o0 20174121
A

Pyeo = I*Rpgo = (340.9 mA)2(201.7 %} =23.44 W

Pgpioo = I2R3100 =(340.9 mA)2(121 %J =14.06 W
Notes: 1.It’s strange but it’s true that a 60 W bulb connected in series with a 100 W bulb will dissipate more power
than the 100 W bulb. 2. If the power dissipated by the filament in a bulb decreases, the temperature at which the
filament operates and therefore its resistance will decrease. This made the assumption about the resistance
necessary.
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Problem 2.36

Solution:

Known quantities:

Schematic of the circuit shown in Figure P2.36 with source voltage, v =24V ; and resistances,
R,=8Q,R; =10Q,R, =2Q.

Fl n d . Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
. . R R
a) The equivalent resistance seen by the source ——AMA—AMA—
b) The current i i i
¢) The power delivered by the source (+) )
v 21 ZV2
d) The voltages v, and Vv, T =
e) The minimum power rating required for R;

Analysis:
a) The equivalent resistance seen by the source is Rey =Ry +R+ Ry =8+10+2=20Q
V. 24V

b) Applying KVL: V—-R, i=0, therefore i=—=——-=12A

) Applying eq Req 200
c) Popurce =Vi=24V - 12A=288 W
d) Applying Ohm's law: v =R;i=10Q-12A=12 V,and v, =R,i=2Q-1.2A=24V
e) P =R;i*=10Q ~(1.2A)2 =14.4 W, therefore the minimum power rating for R;is 16 W.
Problem 2.37
Solution:

Known quantities:
Schematic of the circuit shown in Figure P2.37 with resistors, Ry =25Q,R, =10Q,R3=5Q,R, =7Q.

Find:
a) The currents i; and i,

b) The power delivered by the 3-A current source and the 12-V voltage source
¢) The total power dissipated by the circuit.

Analysis:
a) KCL at n()de 1 requires that: Copyright & The McGraw-Hill Cc)mp;;lies, I:c Pen’nfi;a_:ion required for reproduction or display.
l + M _3A=O My _:2
R2 R3 h
Solving for Vv, we have 3A CD ‘]T 2k 12 VC)%E'H
4+R
vy ERIR ey
R2 + R3
Therefore,
1
. o I8 A
R, 10
12— 6
=L 212 A
R;

222
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b) The power delivered by the 3-A source is:
P3.A=(3-A)(3)

Thus, we can compute the voltage across the 3-A source as
v3-A =3R|+v{=3-25+18=93V

Thus,
P3.A =(93)(3) =279 W.

Similarly, the power supplied by the 12-V source is:
P12-v =(12)112-v)

We have Ijo.y = 11{—2 + I, =514.3 mA, thus:
4

P12-v = (12)I12-V) = 6.17W
¢) Since the power dissipated equals the total power supplied:

Pdiss = P3-A + P12-v =279 + 6.17 =285.17 W

Problem 2.38

Solution:

Known quantities:
Schematic of the circuit shown in Figure P2.38.
Find:
The power delivered by the dependent source.
Analysis:
iz 24V 24
7+5Q 12
isource = 0512 =0.5-(4)=2 A

A=2A

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

AMAA AAAA
Yyyy yy ¢
i

150 70

<J> ost (Duv 3se

The voltage across the dependent source (+ ref. taken at the top) can be found by KVL:

—vp +QA(15Q)+24V =0 = vp=54 V

Therefore, the power delivered by the dependent source is

Pp = Vpispurce = 34 -2=108 W.

source

2.23
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Problem 2.39

Solution:

Known quantities:
Schematic of the circuit in Figure P2.39.
Find:
a) If Vi=12.0V,R; =0.15Q,R; =2.55Q, the load current and the power dissipated by the load

b) If a second battery is connected in parallel with battery 1with V, =12.0V,R, = 0.28Q, determine the

variations in the load current and in the power dissipated by the load due to the parallel connection with a
second battery.

A n a.l yS IS. Copyright © The MoGraw-Hill Companies. inc. Penmission required for regroduction or display.

Mo 12 12 ' 1]
Rl +RL 0.15+2.55 2.7 Ry \

a) IL

YYYY

2
Plx)ad :ILRL = 504 W

=

b) with another source in the circuit we must find the new power

Load

dissipated by the load. To do so, we write KVL twice using mesh R

+Q

currents to obtain 2 equations in 2 unknowns: 5
IRy +V =V, —I1R; =0 028-1,-0.15-1;=0 R R,
(I; + IR, + IRy =V, 2.55-(Iy+15)+0.28 1, =12

YV
=

=l =21
Solving the above equations gives us: L — )
/=295 A, [,=158 A = I[;=1+1,=453 A Bencry#2 Batwery- 4l
= Ploga = 17R;, = 52.33W
This is an increase of 1%.
Problem 2.40
Solution:

Known quantities:
Open-circuit voltage at the terminals of the power source is 50.8 V; voltage drop with a 10-W load attached is 49 V.
Find:

a) The voltage and the internal resistance of the source

b) The voltage at its terminals with a 15-C load resistor attached
¢) The current that can be derived from the source under short-circuit conditions.

Analysis:
(49V)* . ,
(a) R 10W = R; =240Q2 v, =50.8V, the open-circuit voltage is
L
R—LvS:49:>ASO.8:49 :RS:W—MO:&&Q
RS+RL Rs+240 49
(b) S vg = 1 s508-320v
R¢+Ry 8.82+15
v 50.8
c icc(R, =0)=—3-="—""=576 A
©  lee®Ri=0=% =5
2.24
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Problem 2.41

Solution:

Known quantities:
Voltage of the heater, maximum and minimum power dissipation; number of coils, schematics of the configurations.
Find:

a) The resistance of each coil

b) The power dissipation of each of the other two possible arrangements.

Analysis:

(a) For the parallel connection, P =2000 W. Therefore,

2 2
2000 220" (20) (220)2£i +i]
Ry Ry Ry Ry

or,
1 1 5

- =

R, R, 121
2
(220) o 1 3

I, =—,
R1+R2 R1+R2 484

For the series connection, P =300 W. Therefore, 300=

Solving, we find that R; =131.6Q and R, =29.7Q.

(b) the power dissipated by R, alone is:
(220

1

Py =368W

1
and the power dissipated by R, alone is

2
G20 63w
2

PRZZ R

2.25
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Section 2.5, 2.6 Resistance and Ohm’s Law

Problem 2.42
Solution:
Known quantities:
Circuits of Figure 2.42. P T — R
Find: S R -1580
Values of resistance and power rating 1
. S0V (+) I
Analysis: Vo - 20V
z &
(a) 20— Ra (50)
R,+15,000 T
R, (50 - 20)= 20(15)x10° "
R, =10kQ |
2 50 2 3
Pa=1"R=| —— | (10,000 F40 mW sy Y
[25000} ( r O a4
1 03
P =—W )

1 A
f’R1 :gW Ry =142
b 225=5x| 219 ,
270+ R, nov (@ L
Vo p= 283V
Ry = 3300 R0
1 L
PR}’ :gw IL'|:
1
PR2 =§W
3
¢ 283=110x 27x10°_
27x10° +1x10° + R,
R, = 6.8kQ
P, =1W
1
PR3 =§W
Py = ! W
R, _5
2.26
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Problem 2.43

SO I U tl 0 n . Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
iy 20 6L

Known quantities: SR S

Circuit of Figure 2.43. —— o -

Find:
a) equivalent resistance 6V <+> R=4Q B
b) current =
c) power delivered

d) voltages
e) minimum power rating for R;

YYyy

Analysis:
a) The equivalent resistance seen by the source is
R=2+6+4=12Q

b) Applying KVL: -6+12i=0
Therefore, i = 05 A .
c) P=vi=6x05=3W
d) Applying Ohm's law:

vy =6i=3V and v, =-4i=-2V.
e) Ppomin= iR =1W.

P r 0 b I e m 2 44 Copyright @ The MeGraw-Hill Companies, Inc. Permission required for reproduction or display.
20

Solution: Wy +{_

Known quantities:
Circuits of Figure 2.44.
v G

Find: , _D 90 § 70 +‘__.

Equivalent resistance and i, ij, v .

AAAM
YYYY

Analysis:
Rpg =2+(91] 72)=10 Q. Therefore,

i=—=09A

By the current divider rule:

N 72000y
= (09)= 81(0.9)_0.8A.

Also, since the 9 Qand 72 Q resistors are in parallel, we can conclude that
V= 911 = 72 \Y%

2.27
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Copynght © Tha MoGraw-Hill Companies. Inc. Penméssion required for reproduction or display.

10 40

Problem 2.45

Y':'

Solution:

> 220

AAAA
VWYY

Known quantities: -
. . . 0V +
Circuits of Figure 2.45. C—)

Find: it

Equivalent resistance and current i

2O

AAMA
V¥V
AAAA
VYV

L=

AAAA
YWYy

AMAA
YWV

Analysis:
Stepl: (4)4)+22=24 Q i
Step 2:  24||8 =6 Q

. o . ) +
Therefore, the equivalent circuit is as shown in the figure: 50 ) 0 é 6Q

Further, (4+6)[90=9 W

The new equivalent circuit is shown below.
Thus, Ry =10Q.
We can now find the current i by the current divider rule as

follows: 90

50 v
i:(L) (5) = 05A
10 + 90

2.28
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Problem 2.46

Copyright © Tha MoGraw-Hill Companies. Inc. Penmission required for reprodus

R

Solution:

Known quantities:
Circuits of Figure 2.46.

Find: :5\-(

Resistance R
Analysis:

Combining the elements to the right of the 15 Q resistor, we compute
Ry, =(414)+6)R4+4=100Q.

The power dissipated by the 15-Q resistor is
2
v
Pso=—=15W ,
150Q 15

therefore, visQ=15Vandii =1A.
Using the current divider rule: iy = % (il): 154.

Applying KCL, we can find iR: ip=i+ip=25A.
Using KVL: 254+25R +15=0

Therefore, R = 4Q2.

40

AAAA

ction or display

YYYY

660 Z

=

YYYY

44

AAAA
VYV
YV

<
40 =
3

2440

AAAA
VYV

PrObIem 247 Copyight £ The Mo rtw-] i o ompanies, Inc, & iwn requirsd for rep
340
Solution: e ——
Known quantities:
64 X
Circuits of Figure 2.47. z 2@
Find: 40
Equivalent resistance. vy
Analysis: i i
20+2Q=40Q E3
6Q[12Q = 4Q 20
boe A ——
40J4Q =20
40J4Q =20
2Q+2Q =4Q

R,y =3Q+4Q4Q =5Q

Son or tispidy,

25

2.29
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Problem 2.48

Solution:

Known quantities:
Circuits of Figure 2.48.

Find:

a) Equivalent resistance
b) Power delivered.

Analysis:

(a)

(b)

Caopyright & The McGraw-Hill Companies, Inc, Permission required for reproduction or display,

7Q 40 20
_M ‘M ‘v‘v‘\f‘v
C—)“‘" 60 30 10
50

AAAA

20+1Q =30
303 =150
40+1.5Q+5Q =10.5Q
10.5Q6Q = 3.818Q2

Ryy =3.818Q0+ 70 =10.8180Q

I= _lav_ 129A
10.818Q

P=(14V)1.29A)=18.06W

Yyyy

Problem 2.49

Solution:

Known quantities:
Circuits of Figure 2.49.
Find:

Equivalent resistance.

Analysis:

(Rg |R4)+Rs =(1,00002]]100 Q) +9.1Q ~ 1002, resulting in the

circuit shown below.

Therefore,

the equivalent resistance is

Cupmighl & The MG ew-Hill o rpanea i, Frennission requines] 1o iepa iy ol e dispday

R;
ALAA
sy
K,
. AAAR
Ty
- - b K,
=z R z R Z g £
> - = >
o
Ry
R R3 100

Ry =(100[[R3]|Ry )+ Ry = (100][100][1000)+5 =52. 6 ©
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Problem 2. 50

Solution:

Known quantities:

Figure P2.50. Diameter of the cylindrical substrate; length of the
substrate; conductivity of the carbon.

Find:
The thickness of the carbon film required for a resistance R of 33 kQ.

Assumptions:

Assume the thickness of the film to be much smaller than the radius
Neglect the end surface of the cylinder.

Copynight © The McGraw-Hill Companses, Inc. Permission required for reproduction or display

Analysis:
c-A o-2ma-At
-3
o4 9-10 Sm
R-2m-o 33.10°Q-29-10° 2. 27-1-10° m
m
Problem 2.51
Solution:

Known quantities:
Figure P2.51. The constants A and k; the open-circuit resistance.

Find:

The rated current at which the fuse blows, showing that this happens at:

1

VAR,

Copyrighl € The MoGmw-Hill Companies, Inc, Penmissien required for epreduction ar display,

Assumptions:

Here the resistance of the fuse is given by:
R=Ry[1+AT -Ty)]

where T, room temperature, is assumed to be 25°C.

We assume that:

T-Ty=kP
where P is the power dissipated by the resistor (fuse).
Analysis:
R=Ry(1+A -AT)=Ry(1+ AkP) = R0(1+Ak12R)
R—RyAKI’R =R,

R:L2 %  when I—RoAkI*> =0
1- RyAkI
1
I 07 035C 011 Yy 22600 A,
«\’AkRO OC Va a

Fuse
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Problem 2.52
. . R,
Solution:
Known quantities: IT R%ER
2 3
Circuit shown in Figure P2.52 with voltage source, V, =10V and resistors, N
Ry =20Q,R, = 40Q,Ry = 10Q, R, = Rs = Rg = 15Q. v (D)

Find: R4{5£:Rs
-

The current in the 15-Q resistors.

Analysis: _L_
Since the 3 resistors must have equal currents, Figure P2.52
1
Liso = g -1
and,
Vs 1010

1= = =—=303 mA
R1+R2 ||R3+R4 ”R5 “R6 20+8+5 33

Therefore, 150 :;—g =101 mA

Problem 2.53

Solution:

Known quantities:

Schematic of the circuit in Figure P2.13 with currents I =-2A, I; =—4 A, I¢=8A, voltage source Vg =12V,
and resistance Ry =2 Q.

Find:

The unknown resistances R;, R,, R3, Rjand Rs.

Assumption:
In order to solve the problem we need to make further assumptions on the value of the resistors. For example, we
2 1 r
may assume that Ry =—R; and R, =—R;. i a
4 3 1 2 3 1 —AM
_ o i
Analysis: h)
We can express each current in terms of the adjacent node voltages: Ro%nE R
V,—V v, —V B RZ
ly=—+ b=“2b=—2 o] 2
RO + R4 242 Rl +-5'
3 Pl %
V,—V - L
I a b __4 ks
R
Figure P2.13
% v :
I, =—4 = : a _g
Ry, 1 R
3
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Vb

Ii=Yb =2

3 RS

_Vs—vy, 12-v)
Rs Rs

8

I

Solving the system we obtain:

v, =3V, v, =9V, R;=15Q, R,=05Q, R;=45Q, R, =1Q and Rs5=0375Q.

Chapter 2

Schematic of the circuit in Figure P2.13 with resistors R; =2Q, R, =5Q, R,
R;=4Q, R4 =1Q, R5=3Q, voltage source Vg =154V, and current

The unknown currents I, I,, I;, I and the resistor R, .

1,

LAAAS -
=
o m—
o~

Nl
AAAA
YYVy

A
VYV

Figure P2.13

We can express each current in terms of the adjacent node voltages:

Problem 2.54
Solution:
Known quantities:
I,=4A.
Find:
Analysis:
IO — Va— Vb
]?O 4—}?4
Il — Va = Vp
R
v
Ihb=—%=4 =
Ry
Vb
Iy=—L
R
Is — VS _vb
RS

Applying KCL to node (a) and (b) :

I, +1,+1,=0
I,+Ig+1,-1;=0

v, =4-5=20V

20— Vp " 20— Vp

=0

+4=0
I{O +1 2
20—y +54—vb +20—vb v
I{O +1 3

Solving the system we obtain: v, =24 V and Ry=1Q.

2 4

PROPRIETARY MATERIAL. © The McGraw-Hill Companies, Inc.
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Problem 2.55
Solution:
Known quantities: ®E A i) 2R
Schematic of the circuit shown in Figure P2.55 with resistors ) L
Ro=2Q,R| =1Q,R, =4/3Q,R;=6Q and voltage source Vg =12V. ‘\‘Q kg
+ >

Find: B4 ) 3R

a) The mesh currents i,, i, i,

b) The current through each resistor. _

Analysis: Figure P2.55
Applying KVL to mesh (a), mesh (b) and mesh (c):

iRo+(ig —ip)R; =0 2iq +(ia=ip)=0
(lu_lb)Rl_le2+(lc'_lb)R3:0 = (la—lb)—glb +6(lc—lb)=0
Vs =(ic —ip)R3 6(i. —ip)=12

Solving the system we obtain:

I, =ig=2A (positive in the direction of i)
la=2A Ig =i, —i, =4 A (positive in the direction of ij)
ipb=6A = b o L .
. 8 A Ig,=ip=06A (positive in the direction of i},)
l1.=
‘ Ig, =i.—ip =2 A (positive in the direction of i)
Problem 2.56
NOTE: Typo in Problem Statement for units of Rj. It’s Q, not A.

. 2 bi) 2R
Solution: oz )
Known quantities: Lt
Schematic of the circuit shown in Figure P2.55 with resistors V*___ N 2k
Ry =2Q,R, =2Q,R, = 50,R3=4Q and voltage source Vg=24V. =)
Find: T

a) The mesh currents i,, i, i, Figure P2.55
b) The current through each resistor.

Analysis:

Applying KVL to mesh (a), mesh (b) and mesh (c):
iaRO+(ia—ib)R1:O 2ia+2(ia—ib)=0
(ia—ib)Rl—ibR2+(iC—ib)R3:O = 2ia—ib)—5ib+4(ic—ib):0
Vs = (ic —ip)R3 Aic —ip)=24

Solving the system we obtain:
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Vg, =Rgi, =4V (® up)
i,=2A A =R1(ib—ia):4v (® down)
ip=4A = ‘ .
i.=10 A R, T2 ©w
VR3 =R3(ic_ib):24v (® up)
Problem 2.57

NOTE: Typo in Problem Statement for units of R;. It’s ), not A.

Solution:

Known quantities:
Schematic of the circuit shown in Figure P2.55 with resistors Ry =1Q,R; = 3QQ,R, =2Q,R; =4Q and of the
current source Ig=12A.

Find:

The voltage across each resistance.

Analysis:

Applying KVL to mesh (a), mesh (b) and mesh (c):
i Ro+(i,—ip)R1 =0 ig +3(i,—ip)=0
(g —ip)Ry=ipRy+(ic =iy R3=0 = \3(i, —ip)—2i) —4ip +48=0
i, =1g i, =12 A

Solving the system we obtain:

i, = % A Vi, =Rgiy =533V (@ up)
L 64 - VR, =R(ip —i,)=533V  (® down)
P79 Vi, =R, =1422V (@ up)
ie=12A Vi, =Rs3(i, —iy)=19.55V (@ up)
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Problem 2.58

Solution:

Known quantities:
Schematic of voltage divider network shown of Figure P2.58.

Find:
a) The worst-case output voltages for +10percent

tolerance
b) The worst-case output voltages for t5percent tolerance

Analysis:

a) 10% worst case: low voltage

Ro = 4500 Q, R] = 5500 O

4500

" - P 5_705v
OULMIN = 4500+ 5500

10% worst case: high voltage

Ro = 5500 Q, R} = 4500 O

5500

" -2 5_775v
OULMAX ™ 4500 + 5500

b) 5% worst case: low voltage

R, =4750 Q, R, = 5250 Q

4750
" - Y 5_9375v
OULMIN = 4750+ 5250

5% worst case: high voltage

R, =5250 Q, R, =4750 Q

5250
v -2 5_2625V
OUTMAX ™ 5550 + 4750

Figure P2.58
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Problem 2.59
. Copyrighl € The MoGmw-Hill Companies, Inc, Penmissien required for epreduction ar display,
Solution: Ry Ry
. O YWy
Known quantities: R | |
Schematic of the circuit shown in figure P2.59 with e RZ g SR
resistances,
Ry =4Q,R; =12Q,R, =8Q,R3 =2Q,R, =162, R5 = 5Q. R
Find:
. . — Y,
The equivalent resistance of the circuit. a0 L L [
Analysis: — 120 50 00z
Starting from the right side, we combine the two resistors in series: o AAA T j
Iy
160
— AWV,
40
Then, we can combine the two parallel resistors, namely the 5 Q resistor Req —» 12 Q§ 333 Qg
and 10 Q resistor:

1 1 1 -1 10 o !
—=§+E(Q )jRParalleZ:?Q /\f\/\/—_

R 16 2

— AV '
40

parallel

Then, we can combine the two resistors in series, namely the 3.33 Q and

) Req —_— 202 19.33 2
the 16 Q resistor:

o
Then, we can combine the two parallel resistors, namely the 12 Q resistor and 19.33 Q a g") ¥ i
S =
resistor: . | X R(-\_q 14 Q}
—:_'*__(Q_l)::’Rparallel:7'4Q <

Rparatier 12 19.33

Therefore, Req =4+74=114Q.
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Problem 2.60

SO I U tl 0 n . Copyright @ The MoGraw-Hill Companies, Inc. Permission required for reproduction or display.
. Ry R Rs

Known quantities:

Schematic of the circuit shown in Figure P2.60 with source )

voltage, V; =12V ; and resistances, Vo R"R \; . "

RO = 4Q,R1 = ZQ,RZ = 50Q,R3 = SQ,R4 = IOQ,RS = 1ZQ,R6 = 6Q . i

Find:

The equivalent resistance of the circuit seen by the source; the current I through the resistance R;.
Analysis:

Starting from the right side, we can combine the three parallel resistors, namely the 10 Q resistor, the 12 Q resistor

and the 6 Q resistor: 0—/;/}2/\/ /;;/g\)/\/
; ZL+L+1 (Q_l)::> Rl’amllel :E Q
Rpamllel 10 12 6 7 Ry —» 4 (2; 50 Q§ 2.86 Q§
O

Then, we can combine the two resistors in series, namely the 8 Q and

—AM
the 2.86 Q resistor: 28

Ry —» 4Q§ 50 Q§ 10.869;

O

Then, we can combine the three parallel resistors, namely the 4 Q resistor, the 50 Q resistor and the 10.86 2

resistor:

1 1 1 1 -1
I — Thor (Q ):> Rparallel =276 Q © !\M

=—4+—+
Rparatier 4 50 10.86

Therefore, Req =2+276=4.76 Q.

o
We can apply KVL and KCL to the equivalent circuit: | t
. —= AN —.
Iy =125 AL — YW/
Vg —-21-41,=0 I =625 lna l, L
I =1g+i+1 = peem e = v. @ 40 500 E%Q§
P e I,y = 4.604i _

41y = 50i = 10.861,,

i:II_IO_qu -
i=140 mA
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Problem 2.61

Solution:

Known quantities:

Schematic of the circuit shown in Figure P2.61 with source voltage, V, = 50V ; resistances,

R =20Q,Ry =5Q,R3 =20, R,y =80, R5 = 8Q2, Rg = 30Q2; and power absorbed by the 20-(2 resistor.
Find:

The resistance R.

Analysis:
Starting from the right side, we can replace resistors R; (i=2..6) with a
A A
single equivalent resistors: : ¥ R\AJ L
Reg =Ry +(R3+(Ry || Rs))II Rs =10 Q v, & l 200 100>
The same voltage appears across both R; and R,, and, therefore, these T T
element are in parallel. Applying the voltage divider rule: L
_ RillRy .~ 1000 -
BT R+R Ry ° 3R+20
The power absorbed by the 20-Q resistor is:
2
Vg 2
sz( ) =L( 1000 ] _ 500002=20 . R-100
R, 20\3R+20 (3R + 20)
P ro b I em 2 . 62 Copyrighi® The MoGmw-Hill Companies, Inc, Penmissien required for reproduction ar display,
. R R
Solution: — - —
o # Conlinues...
Known quantities: .

Schematic of the circuit shown in Figure P2.62.
Find:

The equivalent resistance R, ” of the infinite network of resistors.

Analysis:

We can see the infinite network of resistors as the equivalent to the circuit

in the picture: 0—/\/\/\/

Therefore, R
Ry Req

Rey=R+(R ||R€q)+R:2R+RRf;Zq = Ry =(1+ V3 R R

o AAA—4 |
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Problem 2.63

Solution:

Known quantities:
Schematic of the circuit shown in Figure P2.63 with source voltage, V, =110V ; and resistances,
=90Q,R, =50Q,R5 =400, Ry =20Q,R5 = 30Q, Rg =10Q, Ry = 60, Rg = 80Q2.

Find:
a) The equivalent resistance of the circuit seen by the
source.
b) The current through and the power absorbed by the
resistance 90-Q resistance.

Copyright © The McGraw-Hill Companias, Inc. Permission required for reproduction or display.

Analysis:

a) Starting from the right side, we can combine the two
parallel resistors, namely the 20 Q resistor and the 30 Q

resistor:
LI (9‘1 ):> R 120
parallel —
Rparallel 20 30 > AR A AV3 Py pam—
50 129
Ry —» % o> 40 Q:é 00S
Then we can combine the two parallel resistors in the bottom, namely < < <
the 60 Q resistor and the 80 Q, and the two resistor in series: o - AN
i)
1 1 1 -1
=—+—(Q ):>R el = 3430
Rparatier 00 80 paree AN
Then we can combine the two parallel resistors on the right, namely the @ [ ’;S'\E: W [
40 Q resistor and the 22 Q: & L .
| L1 R, —» W0Q2> o 02
_1 -l > >
—=4_+Z(Q ):Rparallel=14"2Q 9 <I <
R parallel 0 e AN
R A3 01
1 1 -1
Therefore, =t (Q ):> Req =47Q.
eq 90 (50+14.2+ 34.3) o AN
b) The current through and the power absorbed by the 90-Q resistor are: S04
Ry, —» 90 Q§ 14.2 Q§
1909=V5_“0_122A eq
R, 90
Vs)” _110° ° VY
Pooq = Gs) ) o T 1344 W 343 Q
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Problem 2.64

Solution:

Known quantities:
Schematic of the circuit shown in Figure P2.64.
Find:

The equivalent resistance at terminals a,b in the case that terminals c,d are a) open b) shorted; the same for terminals
c¢,d with respect to terminals a,b.

Analysis:

With terminals c-d open, Req= (360+ 540)[[(180+540)Q = 40002, o«

with terminals c-d shorted, Req= (360"180) +(540]540)Q2 = 3900, ?°

with terminals a-b open, Req= (540+ 540)[(360+180)Q = 36002,

with terminals a-b shorted, Req= (360540) + (180[540)2 = 35102, Figure P2.64

Problem 2.65

Solution:

Known quantities:

Layout of the site shown in Figure P2.65; characteristics of the cables; rated Conductors
voltage of the generator; range of voltages and currents absorbed by the engine at
full load.

Find: (_) Ve
The minimum AWG gauge conductors which must be used in a rubber insulated
cable.

d
Analysis: T e
The cable must meet two requirements: Figure P2.65

1. The conductor current rating must be greater than the rated current of the
motor at full load. This requires AWG #14.
2. The voltage drop due to the cable resistance must not reduce the motor voltage below its minimum rated voltage
at full load.
KVL: - VG + VRCI + VM—Min + VRC2 =0

=V +Iy—rrRe1+ Var—min + Iy-rrRc2 =0

Ve =V
RC1+RC2= GI M—-Min _
M-FL
_HOV=105V o6z 9 00
7.103 A
1
—[703.9 mQ]
Rypay =L Rz _2 —2346m S
d d 150 m m

Therefore, AWG #8 or larger wire must be used.
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Problem 2.66

Solution:

Known quantities:

Schematic of the circuit shown in Figure P2.66 with oD
resistances, R; = 2.2kQ, Ry =18kQ , Ry =220kQ, Ry =3.3kQ2.

Find: Figure P2.66
The equivalent resistance between A and B.

Analysis:

Shorting nodes C and D creates a single node to which all four resistors are connected.

RRy  [22KQJ4.7 KQ]

R3 = = =1.499 KQ
Rl + R3 22+4.7 KQ

RyRy _[18KQ[3.3KQ]
R2+R4 18+3.3 KQ

Roy = Rog1 + Rogy =1.499+2.789 KQ = 4.288 KO

Regi = Ry

Ryn =Ry =2.789 KQ

eq2 = Ry =

Problem 2.67

Solution:

Known quantities:

Schematic of the circuit shown in Figure P2.67 with source voltage, V=12V ;
and resistances, R| =11kQ,R, =220kQ),R3 = 6.8k, R, = 0.22mQ2

Find:
The voltage between nodes A and B. Figure P2.67

Analysis:
The same current flows through R1 and R3. Therefore, they are connected in series. Similarly, R2 and R4 are
connected in series.
SPECIFY THE ASSUMED POLARITY OF THE VOLTAGE BETWEEN NODES A AND B. THIS WILL HAVE
TO BE A GUESS AT THIS POINT.
Specify the polarities of the voltage across R3 and R4 which will be determined using voltage division. The actual
polarities are not difficult to determine. Do so.

VeRy  [12V][6.8 kQ]

VD: Vpz= = =4584V
R1+R3 11+ 6.8 kQ

ver, [12V]p22x107° 1]

VD: Vgy= =120x10°% VvV ~0

Ry +Ry (220 +0.22x 10‘6)kQ
KVL . _VR3 +VAB + VR4 = O VAB = VR3 - VR4 = 4584V

The voltage is negative indicating that the polarity of V,, is opposite of that specified.

A solution is not complete unless the assumed positive direction of a current or assumed positive polarity of a
voltage IS SPECIFIED ON THE CIRCUIT.
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Problem 2.68

Solution:

Known quantities:

Schematic of the circuit shown in Figure P2.67 with source voltage,
V, =5V ; and resistances, R =2.2kQ,R, =18kQ,R3 =4.TkC, R, = 3.3kQ2

Find:
The voltage between nodes A and B. Figure P2.67

Analysis:

The same current flows through R1 and R3. Therefore, they are connected in series. Similarly, R2 and R4 are
connected in series.
SPECIFY THE ASSUMED POLARITY OF THE VOLTAGE BETWEEN NODES A AND B. THIS WILL HAVE
TO BE A GUESS AT THIS POINT.
Specify the polarities of the voltage across R3 and R4 which will be determined using voltage division. The actual
polarities are not difficult to determine. Do so.
VeR S5V |4.7KQ
VD Vg = —5—3— = [57] ] = 3.406V
Ri+R; 22KQ+47KQ

VeRy  [5V]3.3kQ)]
Ry +R; 18KQ+3.3KQ
KVL — VR3 + VAB + VR4 = O = VAB = VR3 - VR4 = 2631V

=0.775V

VD :VR4 =

A solution is not complete unless the assumed positive direction of a current or assumed positive polarity of a
voltage IS SPECIFIED ON THE CIRCUIT.

Problem 2.69

Solution:

A
YVYY

A
YYYy

Ry 2

A

Known quantities: C)F oz
Schematic of the circuit shown in Figure P2.51 with source voltage, V=12V ;
and resistances, R; =1.7m€, R, = 3kQ, Ry =10kQ2. Figure P2.69

Find:

The voltage across the resistance R, .

Analysis:
The same voltage appears across both R, and Rj3 and, therefore, these element are in parallel. Applying the
voltage divider rule:

R, || Rs Ve = 2.3kQ

= g = 12 V=11.999991 V (@ down)
R1+R2 ”R3 1.7mQ + 2.3kQ2

R,

Note that since Rl << R2 ” R3, then VR3 = Vs.
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Sections 2.7, 2.8: Practical Sources and Measuring Devices

Problem 2.70

Solution:

Known quantities:
Parameters R =300 Q (resistance at temperature 7, =298 K), and £=-0.01 KL, value of the second resistor.
Find:

a) Plot R, (T') versus T in the range 350<T < 750[°K]

b) The equivalent resistance of the parallel connection with the 250-Q resistor; plot R, (I') versus T in the
range 350<T <750[°K] for this case on the same plot as part a.

Assumptions:

Ry (T) = Roe P07), wll
Analysis: T
a) Ry, (T)=300e 00 (T-2%9) % |~
~0.01 (T-298) §
1500 e L
b) R,,(T)=R; T)| 2500 = *
eq g 546 ¢ 001 (7-298) @
The two plots are shown below. :
—
W w w W # w w Wwe Tk
Tamperature [i]

In the above plot, the solid line is for the thermistor alone; the
dashed line is for the thermistor-resistor combination.

Problem 2.71

Solution:

Known quantities:

Meter resistance of the coil; meter current for full scale deflection; max
measurable pressure. Sensor Meter

Find: L R ARER PSRN ]

a) The circuit required to indicate the pressure measured by a sensor
b) The value of each component of the circuit; the linear range
¢) The maximum pressure that can accurately be measured.

Vi {mV)

Assumptions:
Sensor characteristics follow what is shown in Figure P2.71

Analysis:

a) A series resistor to drop excess voltage is required.
b) At full scale, meter:

Ljps =104A
rs =2000

at full scale, sensor (from characteristics):
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Prg =100 kPa
Vips =95 mV

KVL: —Vipg+Vgps +Viapg =0

VRFS = VTFS — VnA1FS = 95 mV-2mV=75mV
Igps =Irps =1 jps =100A
 Veps _ 1.5mV
B 10 A

IRFs
¢) from sensor characteristic: 30 kPa —110 kPa.

Ohm law: R =750Q,

EditionProblem solutions, Chapter 2

Problem 2.72

Solution:

Known quantities:

Schematic of the circuit shown in Figure P2.72; voltage at terminals
switch open and closed for fresh battery; same voltages for the same
battery after 1 year.

Find:

The internal resistance of the battery in each case.

10 £2
‘!OI.II

(Switch

Figure P2.72

with

Battery

Analysis:
a)
10
Vour = [MJVOC
rg= 10(h - IJ = 1O(E - IJ =0.044Q
Vour 2.27
b)
rg = 10[h - IJ = 10(£ - 1) =60.97Q
Vour 0.31
2.45
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Problem 2.73

Solution:

Known quantities: o—=

Ammeter shown in Figure P2.73; Current for full-scale deflection; /,
desired full scale values. @ Switch

Find:

Value of the resistors required for the given full scale ranges.

E1kQ R, 2R, 2R

AMMA

Analysis:

O

We desire R, R2, R3 such that I3 = 30 pA for I = 10 mA, 100 mA, and
Figure P2.73

1 A, respectively. We use conductances to simplify the arithmetic:
1 1

G: _— s —
a 1000

a

G123= R
1,2,3

By the current divider rule:
_Ga
G, + Gy

1 1 1 1
Gx:Ga(T]‘Ga“G—:G—[z_“I ]
a X a a

1
o)
a

We can construct the following table:

Iy=

or:

x |1 Ry (Approx.)

1 |102A 30
2 |10l A 030
3 1100 A 0.03Q

Problem 2.74
Solution: —«ﬁ»—o

Known quantities:
Schematic of the circuit shown in Figure P2.74; for part b: value of

R, and current displayed on the ammeter. Vs C_)

Find:

The current #; the internal resistance of the meter.

o

Assumptions:

r, << 50 kQ Figure P2.74
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Analysis:

a) Assuming that r, << 50 kQ
V, 12

—S =——— =240 pA
Ry 50000
b) With the same assumption as in part a)

R
= 150.(10)—6 = P
r, +R,

i

meter

or:

150-(10)6 = %240.10'6.
4_

Iy

Therefore, 1,=9 Q.

Problem 2.75

Solution:

Known quantities:

Voltage read at the meter; schematic of the circuit shown in Figure P2.75 with R
source voltage, V; =12V and source resistance, Ry = 25kQ. —[‘WW—O

Find: Vs =

The internal resistance of the voltmeter. T _
. Source Load
/\|1 Eil)/s;ls;- _'___iisﬁ;h;;é;___
. .. Ry =25kQ
Using the voltage divider rule: Vg=12V
r

V=1181= —28_ (12) Figure P2.75

I, + Rg

AAAA
¥

Therefore, 1, =1.55MQ.
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Problem 2.76

Solution:

Known quantities: Rs
Circuit shown in Figure P2.75 with source voltage, V=24V ; and ratios

Vs —

between R and 1. -‘-

AAAA
¥

Find: Source Load

The meter reads in the various cases. Voltmeter
Rs =25kQ

Analysis: Vs= 12V
By voltage division: Figure P2.75

v= —m__ (24

rm + Rg

02r, [20V

04r1, 17.14V

06r, |15V
12r, 1091V

ar. |48V

m

6r. |343V

m

10 r_ |218V

m

For a voltmeter, we always desire 1, >> R

Problem 2.77

Solution:

Known quantities:

Schematic of the circuit shown in Figure P2.77, values of the ARAA
TYYY

components. R,

Find: “

The voltage across R, with and without the voltmeter for the Iy C‘) Rs Rg§ °
following values: R4
a) R, =100Q
b) Ry =1kQ ¢
c) R, =10kQ2 =

d) R, =100kQ . Figure P2.77

MWV

4

[+ ]}

Assumptions:

The voltmeter behavior is modeled as that of an ideal voltmeter in parallel with a 120- k< resistor.
Analysis:

We develop first an expression for R, in terms of R, . Next, using current division:
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I, =1 Rs
e Ry +R, + R, ||(R3+R4)

[_[L
B TRUR,+R, +R,

Therefore,
RS RZ
I, =1, :
s R, +R +R,|(R,+R,)) | R, +R, +R,
Ve =14 R,
_7 R¢R, . R,
\Ry+R +R,||(R,+R,)) \ R, + R, +R,
_ 66000-R,
R, +2.1352-10°
Without the voltmeter:
a) Vg =308V

b) Vg =3047V

c) Vg, =26991V

d) Vg =1260.7V.

Now we must find the voltage drop across R, with a 120-kQ2 resistor across Ry . This is the voltage that the

voltmeter will read.

IR :IS RS . R2 \
4 RS +R1+R2 ||(R3+(R4 ||120kQ) R2 +R3+(R4 ||120kQ)}
Ve, =1g, R4

— 71 RsRy [ Ry )
S\ R+ Ry + Ry [[(Ry + (Ry [[120k2) ) (R, + Ry + (Ry || 120kQ2)
120000+ Ry )- R
_go5 L 1) L
7319R, +320.28-10

With the voltmeter:
a) VR4 =308V b) VR4 =3047V
c) VR4 =272.57V d) VR4 =172499 V.
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Problem 2.78

Solution:

Known quantities:

Schematic of the circuit shown in Figure P2.78, value of the components. Ammeter internal model
P N

Find: o &

The current through Rsboth with and without the ammeter, for the
following values of the resistor Rj:

a) Rs5=1kQ

b) R5=100Q

c) R5=10Q

d) R;=1Q.

Analysis: Figure P2.78

First we should find an expression for the current through Rs in terms of Rs5 and the meter resistance, R,,. By

the voltage divider rule we have:

Ry || (Ry +Rs +R,,)Vs

VR =
’ R3||(Ry +R5 +R,,) + Ry +(R; || Rg)
And Ip = L
3 R4 +R5 +Rm
Therefore,
7. = Ry || (Ry +Rs +R,,)Vs 1 _ 5904
R, =

R3 “ (R4 +R5 +Rm) + R2+(R1 “RS) . R4 +R5 +Rm B 208350+ 373(Rm +R5)

Using the above equation will give us the following table:

with meter in | without meter
circuit in circuit
a [10.15mA 9.99 mA
b |]24.03 mA 23.15 mA
c [|27.84mA 26.67 mA
d [28.29mA 27.08 mA
Problem 2.79
Solution: LR R FL n
Known quantities: : ]
7 R R —
Schematic of the circuit and geometry of the beam shown in Figure P2.79, L f | w |
characteristics of the material, reads on the bridge.
Find: R §§R3
The force applied on the beam. C—) Voo A et ,B
R, 2R,
Assumptions: 1
Gage Factor for Strain gauge is 2 Figure P2.79

Analysis:
Ry and Ry arein series; R3 and R4 are in series.
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Voltage Division: Vg, = YsRy Vs —AB) _JsRo-AR)
© "R T R+R, Ry+AR+Ry—AR 2R,

Voltage Division: Vg, = VsRa Vs - AR __ VsRo+AR)
’ 4 R3+R4 RO—AR+R0+AR 2R0

KVL: —Vg, —Vpa+Vg, =0

_ VS(RO +AR) _ VS(RO —AR) _ VSZAR

Ve2*6* LF
VBA :VR4 _VRZ = :VSGFg:S—

2R0 2R0 ZRO Wh 2Y
assuming GF=2 for aluminum.
0.050 V (0.025 m)(0.100 m)? 69 x 10° ﬂz

2
F=YBaWhty M~ _19.97 kN.
V2L 12v(12)0.3m
Problem 2.80
Solution:
Known quantities: Ri Ry Fl |’i|:|
Schematic of the circuit and geometry of the beam shown in Figure P2.80, R R T|_‘ -
characteristics of the material, reads on the bridge. "
Find: R s R
The force applied on the beam. C_) Ve 4 1 Y 448
Assumptions: RZ Ry

Gage Factor for Strain gauge is 2
Figure P2.80

Analysis:
Ry and Ry arein series; R3 and R4 are in series.
_ VsRy  Vg(Rg—AR) _ Vg(Ry—AR)
VD: Vg, = = =
2 R1+R2 R0+AR+R0—AR 2R0
_ VsRy  Vg(Ry—AR)  Vg(Ry+AR)
VD: Vg, = = =
* R3+R4y Ry—AR+Ry+AR 2R,

KVL: —Vg, =Vpa +Vg, =0
Ve(Ry+AR) Ve(Ry—AR Ve2AR Ve2*6* LF
_Vs(Ry ) _Vs(Ry ) _Vs —VoGFs =13
2R0 2R0 2R0 thy

Assuming GF=2 for aluminum.

V5,4(0.03m)(0.07 m)>200x10° %

VB4 =VR, —Vg,

2
F=13x106 N= /8417 _ m
v 12L 247 (12)1.7m
6
vy = 1.3x10° Nx 24V (12)1.7m 16 mV
(0.03m)(0.07 m)%200x10° —
m
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