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Chapter 2
Circuit elements

i
Ifv, :E andv, =$ thenv, +v, =

thus satisfying the property of superposition.

diy  dip _d

a ot U1 i)

Since vy =% and for ki;we get %(ki1)=k%, thus the property of homogeneity

isalso satisfied. Thusthe element islinear.

Consider homogeneity only.

For i <0 an excitation, i, yields v = 0 and an excitation, Ki, yieldsv = 0 aswell.
Since the response, v, does not scale in the manner of the excitation, i, the property of
homogeneity is not satisfied.

a v= (215)

b) =H2Hi- "% =_1333 for -15<i<15
HsH - 3!~ ' :

for —1<i<1

2 (10v)®
P=— = =1
R 100Q ——
2 2
p=V® _(10cost)” _.5 2w

R 10

i, = —12A, vy =24V
iy=4(-12) = -48A
P = vi = (24)(-48A) = -115.2 W absorbed

Ve =2V, iy =15A
Vg =2(2) =4V
P=vi =(4V)(1.5A) = 6 W absorbed

i, =125A, iy =175A
vy =2(125) = 25V
P = vi = (2.5V)(L.75A) = 4.375 W absorbed
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Ex. 2.9-1 .
8=45,1=2mA, R, =20kQ

{"L‘Cl-jﬁp -+ wherea=% 0 aRg %(2@& ) =2.9R
G.RP \"m
\ - v=iR
Vi, = (2mA)(2.5kQ) = 5V

1

EX.292  v=10v, i=280uA k=1" for ADS%0
K

i =KT

. OK )
T= i/, =(280pA) 1— |=280 K
& ( )[ IlA] —_—

Ex.2.10-1 t=1s(switch closed)

= VR = #gq=4mA

t = 5 (switch open) i = 0A

Ex. 2.10-2 t=4s(both switches open)
i=0

4s (switch up)

iR= (2mA)(3kQ) = 6V
6s (switch down)

=0

Ex. 2.10-3

<< =+ <
1

Ex.2.10-4 t=Is(switch up)

t=3s (switch up)

_y/ 2V _
i=Yg=! )(3kQ)‘%



Problems

Section 2-3 Engineering and Linear Models

P 2.3-1 The element isnot linear. For example, doubling the current from 2 A to 4 A does not double the
voltage. Hence, the property of homogeneity is not satisfied.

P 2.3-2 Plotting v versusi using the given data produces a straight line with a slope equal to 16 V/A. This
straight line passes through the origin. The equation of thelineis V =161 . Such arelationship was shown
to belinear in Example 2.3-1.

P 2.3-3 (a) The data points do indeed lie on a straight line. The slope of the lineis 120 VV/A and the line
passes through the origin so the equation of thelineis vV =120i . The element isindeed linear.

(b) Wheni = 40 mA, v = (120 V/A)x(40 mA) = (120 V/A)x(0.04 A) = 4.8V

(c)Whenv=4V, i =i=0.033A:33mA.
120

P 2.3-4 (a) The data points do indeed lie on a straight line. The slope of the lineis 256.5 V/A and the line
passes through the origin so the equation of thelineis V = 256.5i . The element isindeed linear.
(b) Wheni =4 mA, v = (256.5 V/A)x(4 mA) = (256.5 VV/A)x(0.004 A) = 1.026 V

() Whenv=12 V, | = i =0.04678 A =46.78 mA.
256.5

P2.3-5
Element is not linear

P236Leti=1A ,thenv=3i+ 5=8V.Next2i =2A but 16 =2v # 3(2i) + 5= 11. . Hence, the
property of homogeneity is not satisfied. The element isnot linear.

P2.3-7
. P
2 b) efficiency = —'oxd
Pgen
Rline ? )’
. 9x 10”)
o ' now P — Vloa% 0OR = (7 = 675Q
y ‘.:r " 1 load Ricad load ™1 2x10°W
n R i
ye ead £ Rigad Oi= Ve = 910° _ ) a5 A
RIoad 675

0 Pyen = Vgen | = (95 10°)(138 10°) = 1.2% 10°W

O efficiency = Pom _ 12CW _ 545
P 127GW ——

gen

c) lost power goesto the resistance in power lines

9 w= Pat=(1.2x10° W)(24hr)(3600 3/, )= 1.04 x 101
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P2.3-8

Charging power to battery: P = 12(2.8A) = 33.6 W
total power to charging source: P, = (14.52) x 2.8 = 40.66 W
total power to battery: B, = (12.0 + 1.68) x 2.8 = 38.3W
total power lost in charger: B = .84 (2.8) = 2.352 W
now 2.8(12+1.68+.84) = 2.8(14.52)

so power from source = total power absorbed by 3 elements
need 3360 C of charge

- 4q

i=— or At= Aq _ 3360
At

3 =1200s = 20 minutes
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Section 2-4 Active and Passive Circuit Elements

P24-1 &  Pt)=vi = (10 sin 100 t)(2 cos 100t mA)
=20sn100tcos100t=10sin 200t mwW
plt)
[0 - /\
I J fm an° g
Zoo oo FIES
-t
)  Power absorbed for 2nm t< @+l n=012..
200 200
power delivered for (2n=drt <t< 2nm n=123...
200 200
P2.4-2

P=vi= (251(2 sin t))(z sint)

= (4 cost)(2sint)=8costsint t>0

t t
W:det Sjcostsintdt
0 0

t
8gn2t
0
0 element ispassive

=4sn’t >0
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Section 2-5 Resistors
P2.5-1

i=ig=8Aandv=Ri=7 x 3=2lv

{.- 5 v and i adhereto the passive convention
C/D R W

OP=vi=2k 3=63W isthe power absorbed by the resistor.

pP2.5-2

i=ig=3mA andv =24V
_ v _ 24

— = —— = 8000 =8KQ
i .003

P= (3x107%)x24 = 72x107% = 72 mW

P2.5-3 v=v,=10V and R=5Q
= Y Vg
R 50 —

v and i adhere to the passive convention
O p=vi=2A10V = 20W
is the power absorbed by the resistor

P2.5-4
v=v =24V and i=2A
+
R=Y -2V _19
W i 2A T

p=vi =242=48W
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P2.5-5

v, =V, =v,=150V; R, =50Q; R,=25Q

i |
L ¢ + 2 T + v, and i; adhere to the passive convention so iy :%:@:SA

+ L 50
Vs C—) RSy R v

v, and i, do not adhere to the passive convention so i, :—§ = —% = -6A
2

The power absorbed by R, isP, =v;i; =150 (B=450W

The power absorbed by R, isP,= —v,i,=—150( - 6)= 900W

P2.5-6

ip=i,=1=2A; R;=4Q and R,=8Q
v, and i, do not adhere to the passive convention so v;=-R; i;=-4[2=-8V.

The power absorbed by R; is P,=-vji; =—(-8)(2) =16 W.
£ V,andi, do adhereto the passive conventionsov,=R, i,=8[2 =12V .

The power absorbed by R, isP,=v,i,=12[2=24 W.

P2.5-7 2 2 2
. v _ve_ o (250)° _
Model the heater as aresistor, then from P:ﬁ 0 R= P> 1000 - 628
v2_(210)2
witha 210V source P=—="_=705.6 W
R 625 —

P2.5-8
The current required by the mine lightsis: i = P 5000 _ 12% A
v 120
Power lossin thewireis: i’ R
Thus the resistance of the copper wireis
R = 0.05P _ 0.05x5000 — 0144 O

i2 (125/3)2
now since the length of the wireis
L = 2x100 = 200m
thus R = PL/A  with P = 1.7x107°Q [6m from table 2-1
PL  17x107°x20,000

O0A=-—= =772 720 = 0236cm?
R 0144
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Section 2-6 Independent Sources
P26-1 (@) i=Ys=20_3a

P= Ri%= 5(3%) = 45

(b) i and Pdonot depend onig. Thevauesof i and P are 3A and 45W
bothwhen i, = 3A and when i, =5A.

P262 (& y=Ri =5m2=10v.

v2 _ 10° _
R- 5 ~2OW
(b) Vv and P do not depend on V,. The values of v and P are 10V and 20 W

both when v,=10V and when v =5V

P2.6-3

Consider the current source. i ; and v, do not adhere to the passive convention,

<+

i
0 Py =igvs=302=36W isthe power supplied by the current source. S

s

Consider the voltage source. i and v, do adhere to the passive convention,

o

0 R=ig vs=312=36W isthe power absorbed by the voltage source.
0 The voltage source supplies 36 W. v

n
-2

P2.6-4

Consider the current source. i and v adhere to the passive convention

S0 P=igvs=3[12=36W isthe power absorbed by the current source. US

TS

Current source supplies — 36W.

Consider the voltage source. i, andv, do not adhere to the passive convention

so R=igvs=3M02=36 W isthe power supplied by the voltage source.

P2.6-5 .
a P=vi=(2cost) (10 cost) = 20 cos’t mW

1 1 2
b) W:J'Pdt: jZOcostdt
0 0

1
=10+5sn2mJ

- 20(1t+1sin2t)
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Section 2-7 Voltmeters and Ammeters

5V

—— =100
.5A

The voltage, 12V, and current, 0.5 A, of the voltage
source adhere to the passive convention. So

P =12(0.5) = 6 W isthe power absorbed by the voltage
source. The voltage source delivers -6 W.

P2.7-1
W,R @ R= /I =
e/ 12
P2.7-2
AQ en

.t-

im= —2A

im and vy, adhere to the passive convention so

im-Vp=-40W 0O v5i 20V
Section 2-8 Dependent Sources
pP2.8-1 l &b -;Z_A r:\_lib:y:4
/\ - i, 2A —
+ &
- L=V =
Y 4= Y= ¥v
. i 2A A
pP2.8-2 =8V ; =i, =2A; :Ii =— =025—
Vi vy =1a g v, 8V v
. . . i 32A A
.8 i,=8A; di,=i,=32A; d=2="=4—
Y 8Vv \Y
84 v,=2V: bv,=v,=8V; b=-8=""=4"
P2.8-4 a a=Vp v. v
Section 2-9 Transducers
P2.9'1 ( i: _G,) RP
+ a = 6 _360vy,
T &RP Vm 360 Ry
- o= (360)(23Vv)  _ 7597°
(100kQ)(1L1mA) -
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P2.9-2

AD500: K =1MA

K

4 pA <i<13pA

T=ilk

4" K<T<13' K

Section 2-10 Switches

P2.10-1

P2.10-2

t=1s

t=4s

t=1s

t=4s

, V =20V (voltage condition satisfied)

T i =viR= 2 - om
BkQ |
Sk 1Owv
L.
i:v/R:%zm
\ov jSLety
L
" v =iR = (3mA) (5kQ)
WA VEska ®2mA e
- V=0
A
A v ®
L\ I ‘5*&51%__ Tl \
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Verification Problems

VP2-1 V=40 and ig=—(-2) = 2. (Notice that the ammeter measures —ig rather thanig.) So

Vo o 40V _ 0V
is 2A A
Y our lab partner is wrong.
VP 2-Z 12v
“We expect the resistor current to be i = % = 25 " 0.48A. The Power absorbed by

this resistor will be P = ivg= (0.48A) (12V) = 5.76W A half watt resistor can't absorb this much powe.

Y ou should not try another resistor.

Design Problems

DP 2-1:
1) E>O.04 0 R £= 250Q
R 004
2
2) 10 < 1 O R 20Q
R 2
Therefore 200 < R < 250 Q. For example, R = 225 Q.
DP 2-2:
1)2R>40 O R 2@
2) 2°R<15 O R £45= 375Q
Therefore 20 < R < 3.75 Q. These conditions cannot satisfied simultaneously.
DP 2-3:
P, = (10 mA)” {1000 Q) = (.01)?(1000) =01W <% W
P, =(10mA)” 2000 Q) =(.01)*(2000) =02W <%W
P, = (10 mA)2 [(]4000 Q) = (.01)2(4000) =04W <%W
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