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a 1.60cos(2f) V. 
b. l.GOsin(t) V. 
c. 3.2ms(f) V. 
d. 2.26cos(t) V. ' Nom of the above. 

5. Find the vohage v, (t) across the 

6. Two lnypsdances 2, = 9 . 8 ~  - 78' B and 2, = 1 ~ 5 ~ 2 1 . 8 '  fl, are connected in p d l d  
and the combinatIan in series with an impedance 2, =5.&3%. E this circuit is 
corn across a IOQ-V source (m), how much average powezwill be supplied by the 
SOurCe. 

a 980.8 W. 
b. 490 W. 
c. 1960 W. 
d. 1391.6 W. 
e. None o f  the above. 

7. Find the phasor voltage V, {rms) in the circuit shown if loads LL and Lz rn &~arbing 15 
kVA at 0.6 pf lagging and 6 kVA at 0.8 pf leading, respectively. 

a 2401 - 18' V. 
b. 17644.71' V. 
c. 230~7.8' V. 

d. 251~15.91~ V. 
e. None of the above. 

I 

8. The source current in the circuit shown is3cos(5OUOt) A .  What impedance should be 
connected across the tamin& a,b for maximum average pow= transfer. f k m H  

a 1 0 - 2 0 j n  
4 20-10jSL 
c. 10+20jQ 
d. lo-ZOjn 
8. None of the above. 

www.amal-aub.org
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Problem 1 

 
In the circuit above, A=1. Find the total power delivered by the 4 V source. 
A) 1.5 W 
B) 3.0 W 
C) 8.0 W 
D) 6.0 W 
E) None of the above 
 
 
 
Problem 2 
 
Find the value of the load impedance ZL such that maximum real power is delivered to it 
 

 
 

  
 
A)  3.0 +j1.0 Ω  
B)  1.75+ j0.25 Ω 
C)   1.5 - j0.5 Ω 
D)  3.0 + j1.1 Ω 
E) None of the above 
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Problem 16 

 
It is given that the load above has complex power S==20 + 15j KVA. It is required to connect an 
element Z in parallel with the load so as to correct the power factor to unity (power factor= 1).  The 
source voltage is Vs=200∠50 V rms and the frequency is 60 Hz [that is Vs=200cos(377t+50o) V (rms)]. 
 Determine the value and nature of this element Z. 
 
A) Capacitor with value C=994.7 μF 
B) Inductor with value L=7.07 mH 
C) Capacitor with value C=663.13 μF 
D) Inductor with value L=10.61 mH 
E) None of the above.  
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Consider the circuit shown 
Problem 8 ( 14 pts) 

 
a. Determine the value of the load LZ  

to maximize the average power  
absorbed by the load. (4 pts) 

 

712
)78(478.5

j
jjZsrc −

−
+=  

 = 3 + j 5.2 Ω; 
ZLm = 3 – j 5.2 Ω. 

 
b. For the value obtained in (a), determine the average power developed by the voltage 

source and the average power absorbed by the load. (4 pts) 
 

VTh = 74.19
712
7812 j
j
j

−=
−
− V; 

|VTh| = 9.18 V; 
IL = VTh /6 29.05.1 j−= A; 
V1 = (3 – j 0.58)IL = 4.68 +j 0 V 

ISRC = =
−
4

68.412 1.83 +j 0 A 

PSRC = V1ISRC = 12×1.83 ≅ 22 W; 
34
)18.9( 2

×
=LP ≅ 7 W. 

 
c. For a purely resistive load, determine its value maxR for maximum power transfer and 

find the power absorbed by the load. (3 pts) 
 

Rm = 22 )2.5()3( + ≅ 6 Ω; |I| = |VTh|/|Z| = 
22 )2.5()63(

18.9

++
= 0.883 A 

P = |I|2×6 = 4.68 W. 
 
d. For a purely resistive load with max2RRL = ( maxR  of part c), determine the power 

absorbed by the load. (3 pts) 
 

|I| = |VTh|/|Z| = 
22 )2.5()123(

18.9

++
= 0.578 A; P = |I|2×12 ≅ 4 W 

 
 

 

–
+
–
+

4 Ω

-j 7 Ω

8 Ω

j5.78 Ω

12∠0° V
rms

ZL

–
+
–
+

4 Ω

-j 7 Ω

8 Ω

j5.78 Ω

12∠0° V
rms -j 5.2 Ω

3 Ω

V1
ILISRC



17. If a capacitor with impedance Z2 is connected in parallel to a load Z1 = 300 +j450 Ω. 
What should be Z2 in ohms so that the equivalent load is purely resistive? 
 
a) -928.6 j 
b) -1112.5 j 
c) -650 j 
d) -750 j 
e) None of the above 
 
18. What is the power factor of the equivalent load of the previous question? 
 
a) 0.8 
b) 0.6 
c) 0 
d) 1 
e) None of the above 

 
19. If Vs = -9V, R1=5KΩ, R2=2KΩ, R3 =2KΩ, then the voltage Vc across the capacitors at 
time t=0 is: 
 
a) Vc= -9V 
b) Vc= 9V 
c) Vc= 20V 
d) Vc= -20V 
e) None of the above 
 
20. In the circuit shown above find in milliseconds the value of tau for the time interval 
3≤ t<6. 
a) tau= 0.08 msec 
b) tau= 0.48 msec 
c) tau= 0.96 msec 
d) tau= 0.64 msec 
e) None of the above 
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23. Find the maximum power dissipated in R if: Is=2mA, R1=100kΩ, Vs=50V.  

 
a) P= 12.5 mW   
b) P= 1.25 mW   
c) P= 50 mW   
d) P= 56.25 mW 
e) None of the above 
 
24. Solve for V2 if VS= 2V, R1= 4Ω, R2= 4Ω, R3= 4Ω. 
 

 
a) V2= 1.5 V 
b) V2= 1.8 V 
c) V2= 2.5 V 
d) V2= 3 V 
e) None of the above 
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11. 

assuming L = 1 H. 

Determine the frequency at which maximum 

–

+

L 8 Ω

10 Ω

1 F

5∠0° V

power is dissipated in the 10 Ω resistor, 

Solution: 
ωω
11

= Ω. Ma
C

 ximum power is 

issipated in the 10 Ω resistor when XL = -XC, d

which gives ωL = 
ω
1  , or 

L
 rad/s. 

dissipated in R if R = 

Solution: With either of the 

1
=ω

 

15. Determine the total power 

1 Ω. 

10cos100t V acting alone, iR1 = 

1
5

2
2

2
2

10
+

=
+

×

+
RR

R
R

. The 

V sources, with the 10cos200t 

2 Ω 2 Ω

R

–

+
10cos100t V

2 +

current due to both 10cos100t 

V source set to zero, is 
1+R

10  and the power dissipated in R is 
( ) ( )22 1

50
12

100
+

=
+ R

R
R

R . With the 

t V source acting alone, iR3 = 10cos200
1

10
+R

, and the power dissipated in R is 

( ) ( )22 1
50

12
100

+
=

+ R
R

R
R . The total power dissipated in R is 

( )21
100
+R

R . 

6. Determine iO, given that 

VSRC1 is 15 V dc and VSRC2 = 

10cos(3,000t) V. 

 

 

 

1

 

 

 

 

 

 

 

–

+ –

+
10cos100t V

10cos200t V

–+

2Vx

2 Ω
5 Ω

5 Ω

–

+

Vx VSRC2–
+

2 Ω

10 mH

50 μF

V +
SRC1

–

iO
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Problem 3 
Consider the periodic signal Vs(t) shown below. Assume this signal is applied to the circuit in the figure 
below, find an expression for the voltage Vo(t) across the terminals a,b as shown.   
 

 
 

 

  A)   ∑
∞

=

+=
1

cos
28

)( 2
sin

n
o

mm
o tn

VV
tV

n

n

ω
π

π

 

 

B)   ∑
∞

=

+=
1

0 cos
48

)( 4
sin

n
o

mm tn
VV

tV
n

n

ω
π

π

 

 

C) ∑
∞

=

+=
1

4 cos
24

)( 2
sin

n
o

mm tn
VV

tV
n

n

ω
π

π

 

 

D)   ∑
∞

=

+=
1

4 cos
24

)( 2
sin

n
o

mm tn
VV

tV
n

n

ω
π

π

 

 
E) None of the above 
 
 
 
 

mvu3
Line



nsabah
Text Box
TF = 1/50, G(t) = 1



nsabah
Text Box
rms

nsabah
Text Box
A0=1.5, A5=1.15, B5=0

mvu3
Line



nsabah
Line





nsabah
Line

nsabah
Line









nsabah
Line







nsabah
Text Box
10 ohms

nsabah
Line









nsabah
Rectangle



Derive the trigonometric form of the FSE of the waveform 

shown 

Solution: The function is even, and a0 = C0 = 

44
1 ATA
T

=×× ; ∫ ⎟
⎠
⎞

⎜
⎝
⎛ +−=

4/

0 0cos144 T

n tdtnt
TT

Aa ω  

=
4/

0
0

0
0

0
02

0
2 sin1sin4cos144

T

tn
n

tn
n

t
T

tn
nTT

A
⎥
⎦

⎤
⎢
⎣

⎡
−−− ω

ω
ω

ω
ω

ω

⎟
⎠
⎞

⎜
⎝
⎛ −=⎥⎦

⎤
⎢⎣
⎡ −=

2
cos14

2
cos116

222
0

22
π

π
π

ω
n

n
An

nT
A . Hence, 

⎜
⎝
⎛ ++++= tttAAtf 0002 3cos

9
12cos

2
1cos4

4
)( ωωω

π
 ⎟

⎠
⎞+ ...5cos

25
1

0tω . 

f (t)

t

A

T

T/2

-T/4 T/4
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1.  in the circuit shown, each source is 15cos10t V. The 

power dissipated in R is 50 W. If the frequency of one 

of the sources is doubled, the power dissipated in R 

is: 

–
+

1 Ω 1 Ω

–
+

1 ΩRA. 100 W 

B. 50W  

C. 25 W 

D. 12.5 W 

E. None of the above. 

Solution: The current due to each source is t10cos
5.1

15
2
1

⎟
⎠
⎞

⎜
⎝
⎛ t10cos5= A. The power is 

5.12
2

5
2

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
W. the power dissipated due to both 

sources is 25 W. 

 

2. f2(t) is the function f1(t) lowered by 1 unit, as 

shown. If F1rms and F2rms are the rms values of 

f1(t) and f2(t), respectively, then: 

A. F1rms = F2rms 

B. F1rms > F2rms 

C. F1rms < F2rms 

Solution: The AC components of f1(t) and f2(t) are 

the same. The DC component of f1(t) is larger than that of f2(t). Hence, F1rms > F2rms. 

f1(t)

t
T

f2(t)

tT

3

2

 

5. The Fourier coefficients ak and bk for the periodic 

function shown are: 

t

v  V

10π

2.5π

-2.5π

-10π

T

3T/4

T/4
T/2

A. ak = 0 for all k; bk = 0 for k odd and is non-zero 

for k even 

B. bk = 0 for all k; ak = 0 for k even and is non-zero 

for k odd 

C. bk = 0 for all k; ak = 0 for k = 0, ak = 0 for k odd 

and is non-zero for k even 

D. ak = 0 for all k; bk = 0 for k even and is non-zero for k odd 

E. None of the above. 

Solution: The function is odd, half-wave symmetric. Its average is zero; it contains no 

cosine terms, only odd sine terms. 
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11. The current through an inductor of 1 H is 

given by the periodic triangular wave. The 

amplitude of the fundamental component of 

the voltage across the inductor is: 

t, s

-Ip

i, A

Ip

T =1/2πA. 4Ip 

B. 8Ip 

C. 16Ip 

D. 32Ip 

E. None of the above. 

Solution: p
p I

I
dt
diLv π

π
8

4/1
2

1 =×== , which is the amplitude of the square waveform 

representing v. the amplitude of the fundamental is 
π

π pp II 3284 =×
. 

 

15. The voltage and current at the terminals of a circuit are: 

 V ttv  1500sin100 500cos40015 ++= +

–
v

i

)151500cos(3)60500sin(52 oo −+++= tti A 

3% a) Calculate the average power delivered to the circuit. 

∑
=

−+=
3

1

)cos(
2n

invn
mm

dcdc
IVIVP θθ = 15×2 + )75cos(3100

2
1)30cos(5400

2
1 oo −×××+××  

 = 934.85 W 

 

3% b) Calculate the rms value of v. 

93.291
2

)100(
2

)400()15(
22

2 =++=rmsV  V 

 

2% c) Calculate the rms value of i. 

58.4
2
)3(

2
)5()2(

22
2 =++=rmsI  A 
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12. For n = 1, 2, 3,…, the function shown has: 

A. an and bn nonzero for all n 

B. an and bn are zero for even n 

C. an and bn are zero for odd n 

D. an = 0 for all n 

E. bn = 0 for all n 

Solution: When the dc value is removed, the ac 

component has half-wave symmetry but is neither even nor odd. Hence, an and bn are 

zero for even n. 

f(t)

tT

-T/2 T/2

A

A

 

 

 

13. Determine the total power dissipated if vI is a full-wave 

rectified waveform given by: vI = 6|sin(500t)| V. 

Solution: 5102
100500

11 5 <<×=
×

= −

Cω
ohms; 

π
m

dc
VV 2

= ; 

2
2

2
04053.0

10
4

m
m

dc VVP ==
π

; 

2
2

222
2

22
09472.04

2
1  ;4

2 mmacac
mm VVVVVV

=⎟
⎠
⎞

⎜
⎝
⎛ −=+=

ππ
; 

5
09472.0 2

m
ac

VP =  ; 

. 

201894.0 mV

205947.0 mVP =

100 F 

5 Ω

5 Ω
–

+

vI

 

 

 

14. A period of a periodic function f(t) is given by: K(4 + 

2sint), 0 < t < 2π. Determine the rms value of f(t), if K = 

0.5. 

Solution: The square of f(t) is ( ) =++ ttK 22 sin4sin1616   

 

( ttK 2cos2sin162162 −++

(2

0

2 cos2sin16216 tK
π

−++∫

)

)

. The area under the square is 

; the mean square is 2362 Kdtt π= 2
2

18
2

36 KK
=

π
π  and the rms 

value is K23 . 

f(t)

t
π

4
2

2π
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16. Derive the trigonometric Fourier expansion of the given 

periodic function f(t). 

1-1 2-2

1

2

-1

-2

t

f(t)

 

 

 

 

 

 

Solution: Since f(t) is odd, a0 = 0 = an; T = 2, ω0 = 2π/T = π; f(t) = t + 1;  

∫=
2/

0 0 )sin()(4 T

n dttntf
T

b ω =  = ⎥⎦
⎤

⎢⎣
⎡∫

2/

0
0)(Im2

T
tjn dtetf ω =⎥

⎦

⎤
⎢
⎣

⎡
+−

1

00
2

00

000

)(
Im2

ωωω

ωωω

jn
e

jn
e

jn
te tjntjntjn

 

=⎥
⎦

⎤
−+−

ππ jnn
110

22⎢
⎣

⎡
++

πππ

πππ

jn
e

n
e

jn
e jnjnjn

)(
Im2

2 ⎥⎦
⎤

⎢⎣
⎡ +−

ππ
π

nn
n 1cos22  = ( )⎥⎦

⎤
⎢⎣
⎡ − π

π
n

n
cos2112 = 

( )⎥⎦
⎤

⎢⎣
⎡ −+ +1)1(2112 n

nπ
 f(t) = ⎥⎦

⎤
⎢⎣
⎡ +−+− ...

4
4sin3sin

2
2sinsin32 tttt ππππ

π
. 
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Problem 18

The device D in the following circuit is powered by a voltage v(t) = 2 + 2 cos(1000t) +
cos(2000t)(V ). The current across is given by i(t) = 1 + sin(1000t) + 0.5 sin(2000t)(A) find
the average power associated with D.

−

+
v(t) D

i(t)

A) 2W

B) -2W

C) 4W

D) -4W

E) None of the above

Problem 19

The following circuit is powered by a periodic voltage source that has the following Fourier
expansion: v(t) = 21 + 20 cos(1000t) + 10 cos(2000t). Find the RMS value of the current
i(t).

−

+
v(t)

3Ω

4mH

i(t)

A) 6.68A

B) 8.14A

C) 7.3A

D) 7.6A

E) None of the above
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Problem 20

For the function v(t) given below, find the value of a5. You may use the following:

∫
t cos(αt) =

cos(αt)

α2
+

t sin(αt)

α

.

0 1 2 3 4 5
0

1

2

t(s)

v(t)

A) 0

B) -0.0162

C) 1.27

D) -16.7

E) None of the above

Good Luck
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The following given is used in the next 5 problems. 3 electrical elements are

powered by a 240VRMS, 60Hz source:

I

L1

I1

L2

I2

L3

I3

-

+

240VRMS∠0
o

The following is given for the three elements:

L1: 240W, PF=0.6 Lag

L2: 200VARS, PF=0.5 Lag

L3: 100VA, PF=0 Lead

Problem 11

Find the total apparent power.

A) 725.67VA

B) 626.33VA

C) 550.2VA

D) 888.8VA

E) None of the above

Problem 12

Find the total power factor.

A) 0.567 Lag

B) 0.646 Lag

C) 0.808 Lag

D) 0.747 Lag

E) None of the above
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Problem 13

Find the magnitude of the total current I.

A) 5.21A

B) 3.02A

C) 2.292A

D) 7.40A

E) None of the above

Problem 14

Find the capacitor that needs to be placed in parallel with the loads to adjust the power
factor to 0.9 Lag.

A) 62.7µF

B) 147µF

C) 49µF

D) 11.4µF

E) None of the above

Problem 15

Find the magnitude of I again after the power factor is adjusted as in the previous problem.

A) 1.64A

B) 3.29A

C) 0.91A

D) 2.13A

E) None of the above
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Problem 9

Given ZL = 100 + 100j, N2=90, N1=10, find V.

5A

+

V

−

N1

N2

ZL

A) 7.07V∠− 135o

B) 63.64V∠45o

C) 63.64V∠− 135o

D) 7.07V∠45o

E) None of the above

Problem 10

Find X such that the maximum power transfer constraint is satisfied.

6jΩ

−2jΩ

5jΩ

−

+ 5j(V )

−4jΩ

6jΩ

2jΩ
X

1Ω

(5 + 5j)(A)

A) 1− 2.5jΩ

B) 1 + 2.5jΩ

C) 2− 2.5jΩ

D) 2 + 2.5jΩ

E) None of the above
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Problem 7

Find the Norton equivalent current source between A and B.

R

R R

I

R

RR

R

R R

R

I

A

B

A) -2.28I(A)

B) -1.24I(A)

C) -3.21I(A)

D) -6.42I(A)

E) None of the above

Problem 8

Find N2 and X such that maximum power is delivered to the 1000Ω resistor.

−

+
5V

10Ω 0.16jΩ
jX

1000Ω

5 : N2

A) N2 = 50, X = −16

B) N2 = 10, X = −16

C) N2 = 10, X = −0.64

D) N2 = 2, X = −0.64

E) None of the above
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Problem 3

Find R that satisfies the maximum power transfer constraint.

−

+
100V

−

+
100V

10Ω

20Ω

20Ω

10Ω

20Ω 3A
R

A) 14Ω

B) 15Ω

C) 16.33Ω

D) 17.46Ω

E) None of the above

Problem 4

Find V1.

−

+
5V

2Ω

6V1

2Ω

2Ω

+

V1

−

−

+ 6V

A

B

A) -1.22V

B) 1.22V

C) -1.57V

D) 1.57V

E) None of the above
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Problem 1

Find the Thevenin equivalent voltage between A and B (VAB).

−

+
2V0

20jΩ

−3jΩ

5∠0 3jΩ

+

V0

−

A

B

A) 15j V

B) -20j V

C) 20j V

D) -15j V

E) None of the above

Problem 2

Find the average power associated with the 6A current source between A and B.

10jΩ 3A∠0o

B

2Ω A

2jΩ

6A∠0o
5Ω

A) -23.86W

B) 23.86W

C) 28.71W

D) -28.71W

E) None of the above
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8. Determine Z so that maximum power is 

transferred to it and calculate this 

power given that the source voltage is 

10 V peak value. 

 

s 

= 

ancel 

 peak va

h

re as shown. F

KVL: 10∠0° – 5(I  + I/2) – 5(I  – 

I/2) = 0. Again, the terms 

1

 

 

 

 

Solution: We will determine TEC as seen

by Z. On open circuit, the currents are a

shown. From KVL: 10∠0° – 5I/2 + 5I/2 

VTh. In This particular problem, the 

voltages across the 5 Ω resistors c

out. Hence, VTh = 10∠0° V

 When Z is replaced by a s

circuit, the currents a

sc sc

involving I cancel out. Hence, Isc 

= 1∠0° A, and ZTh = 

lue 

ort 

rom 

10
01∠ o

010
=

∠ o

Ω. It follows that for 

aximum power transfer, Z = 10 

. The power dissipated in the 

load is 

m

Ω

25.1
104

1
2

2

=
×⎟⎟

⎠

⎞
⎜⎜
⎝

⎛ ThV  W. 

 

 

–

+
10∠0° V

1:2

5 Ω

j2 Ω

5 Ω

Z

–

+
10∠0° V

5 Ω

j2 Ω

1:2

5 Ω

–

+

VTh

I I/2
I/2

I/2

–

+
10∠0° V

j2 Ω

1:2

5 Ω

5 Ω

I I/2
ISC – I/2

Isc

Isc + I/2



 If the independent voltage source is replaced by a short circuit, the impedance on the 

primary side is (5 + j10) Ω and ZTh = 4(5 + j10) = 20 + j40 Ω. 

 

3. Determine the 

impedance seen 

by the source, 

assuming a = 2. 

Solution: Reflection 

of the (5 – j5) Ω 

through the RH transformer gives (20 – j20) Ω. The impedance on the secondary side of the 

LH transformer is (25 – j10) Ω. Reflected to the primary side, this becomes (25 – j10)/a2 Ω.  

–
+

4∠0°V

5 Ω j10 Ω

2:1

5 Ω

-j5 Ω

1:a

 

4. If vsrc = 10cos(1,000t) V, determine the energy 

stored in the circuit in the sinusoidal steady state 

at t = 0, assuming C = 1 μF. 1H

1H

k = 0.5
–

+vsrc CSolution: At t = 0, the voltage across C is 10 V and 

the current through the inductors is zero, being 

proportional to the integral of vsrc. The energy stored 

is W = =2

2
1 Cv 50C. 

 

–
+

10∠0° V

8 Ω

6 Ω

-j5 Ω

–
+

30∠0° V
-j10 Ω

R

Rx

I

5. Determine Rx given that I = 0 

and R = 2 Ω. 

Solution: Since I = 0, the voltage 

across Rx is 10 V, and the same  

current 
R

oo 010030 ∠−∠  flows 

through R and Rx. It follows that 

–

+
5∠0° V

R

–

+
2∠0° V

1:2

1:2

RL

1020
=xR

R
, or 

2
R

x =R . 

 

7. Determine the maximum power that 

can be delivered to RL, assuming R 

= 0.5 Ω. 

Solution: The primary voltage of the 

upper transformer is always 1 V. On  

 3/5
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open circuit, the source current is zero, the primary voltage is 5 – 1 = 4 V, and VTh = 8 V. On 

short circuit, the primary voltage of the lower transformer is zero, the source current is (5 – 

1)/R and the short circuit current is 2/R. This gives, RTh = 4R. The maximum power delivered 

is (8)2/(4×4R) = 4/R. 

 

-j30 ΩL

RLine

Supply
voltage

8. Given that the load L consumes 1200 W at 0.8 

p.f. lagging and the magnitude of the voltage 

across L is 300 V rms. Determine the power 

dissipated in the resistance Rline, if Rline = 0.5 Ω. 

Solution: The reactive power absorbed by the load 

is 9006.0
8.0

=×
1200  VAR. The reactive power absorbed by the capacitor is 3000

30

2
−=

−
V  

VAR. The total complex power is 1200 + j(900 – 3000) = 1200 – j2100 VA. The magnitude of 

the line current 65
300

)2100()1200( 22
=

+
 A. The power dissipated in Rline is 65Rline. 

 

9. Two identical coils, each having an inductance of 10 mH, are connected in series. When 

the connections to one of the coils are reversed, the total inductance is multiplied by a 

factor a. Determine the coupling coefficient of the coils. 

Solution: (10 + 10 + 2M) = a(10 + 10 – 

2M); 2M(a + 1) = 20(a – 1); 

–

+
10∠0° V

R 2 Ω

–

+

400
turns

100
turns

200
turns

4∠0° V

Ix

1
)1(10

+
−

=
a
aM ; 

1
)1(

10 +
−

==
a
aMk   

 

10.  Determine Ix, assuming R = 4 Ω. 

Solution: The voltage across all 

windings is zero. Hence, I1 = 
R
10 A, and 

I2 = 2
2
4
= A. Setting the net mmf to 

zero, 400I1 – 100I2 + 200I3 = 0, or 

–

+
10∠0° V

R 2 Ω

–

+

400
turns

100
turns

200
turns

4∠0° V

Ix

I1 I2

I3

22104
+−

×
R

I3 = 0, which gives I3 = 

R
201− ; IX = I2 – I3 = 

R
20

+1 . 
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1. If M = 5 mH, determine the ratio v1/v. 
M

40 mH60 mH

i

_+ v1
_+ v

Solution: Leq = L1 + L2 – 2M; 
dt
diLv eq= ; 

dt
diM

dt
diLv −= 11 ; 

hence, =
−+

−
=

MLL
ML

v
v

221

11  
M

M
2100

60
−
−   

 

2. Determine VO, given that I = 1∠0° A and ω = 10 rad/s. 

1 H 

k =
0.5

I VO

_

+

1 H 

Solution: 5.021 == LLkM H; secondary voltage is jωMI, 

with the dotted terminal positive with respect to the 

undotted terminal. Hence, VO = -jωMI = -j10×0.5I = -j5I.  

 

3. The lamp glows brighter when the dots are at coil terminals 

200
turns

100
turns

1

1′
2

2′

12 V
ac

Solution: The lamp glows brighter when the voltage across it is 

largest. This occurs when the voltages across the windings are 

additive, that is, when the dots are at terminals 1 and 2 or 1′ and 2′. 

 

 

 

4. Determine the reactive power absorbed in the circuit, 

given that I = 1∠0° A rms.  

Solution: The equivalent series impedance is 

55
555
)55(5 j

jj
jj

+=
−+
− . The reactive power is 5|I|2 VAR. As a 

check, the current in the capacitive branch is 
555

5
jj

j
−+

I = jI; the reactive power absorbed 

by the capacitor is -5|jI|2 = -5|I|2 VAR. The current in the inductive branch is 

j5 Ω -j5 Ω

5 ΩI

555
55

jj
j
−+

− I = (1 

– j)I = ∠-45°I; the reactive power absorbed by the inductor is 5|2 2

assuming VSRC = 200∠0° V rms. 

I|2 = 10|I|2 VAR. The 

total reactive power absorbed is 10|I|2 – 5|I|2 = 5|I|2 VAR. 

 

5. In the circuit shown, L1 consumes 

160 W at 0.8 p.f. lagging and L2 

consumes 320 VAR at 0.6 p.f. 

lagging. Determine I when XC is 

chosen for unity power factor, 
–

XCVSRC
+ L1 L2

I
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So nce seen by the source is zero and the source applies lution: Ay unity p.f. the total reacta

only real power. The real power consumed by L2 is 2406.0320
=×  W. The total real 

8.0

power supplied by the load is 160 + 240 = 400 W. The current is o

o
0

0
∠=

∠ SRCSRC VV
 A 

rms. 

 

. Derive the time-domain expression for vC, 

400400

6

_

+
vC 5ix

3 Ω

_
+

2 mH

100 μF

2 mH

vSRC

ix

given that vSRC = 10sin(2,000t) V. 

Solution: ωL = 2×103×2×10-3 = 4 Ω; 

5
10100102 63 ××× −Cω SRC = 10∠0°. 

 The node-voltage method can be a

x – V  5(10 – VC)/j4 

at 

. Derive VTh and ZTh as 

s 

. 

 Ω; ωL2 

11
==  Ω; V

pplied, 

the circuit being as shown. At the middle node: 

VC/-j5 + (VC – Vx)/j4 + (VC – 10)/j4 = 0 

5Ix

3 Ω

_
+10∠0°

Ix
-j5 Ω

j4 Ω j4 ΩVC Vx

 At the right-hand node: 

(V C)/j4 + (Vx – 10)/3 = 5Ix =

Solving, VC = 11.98 + j1.44 = 12.1∠6.86°, so th

vC = 12.1sin(2,000t + 6.86°) V. 

 

 

–

+vSRC

5 Ω

50 μF

20 mH30 mH

20 mH

a

b
1:2

7

seen between terminal

ab, given that vSRC = 

10cos(1,000t + 45°) V

Solution: ωL1 = 

103×30×10-3 = 30

= ωM =103×20×10-3 = 20 

Ω; 
63 105010 −××Cω

= 20 Ω; VSRC = 10∠45°. 

 will be as shown, where ω(L1 – M  0 Ω and is omitted. 

11
=  

The circuit in the 

frequency domain

The j20 Ω in parallel with -j20 Ω is effectively an open circuit. The current in the (5 + j10) Ω 

impedance is zero, Vcd = 10∠45°, and Vab = VTh = 20∠45°. 

) = 10 Ω; ω(L2 – M) =

–

+

5 Ω
a

b
1:2

j20 Ω
-j20 Ω

c

d

10∠45°

j10 Ω
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 Problem 14 
 
 
  
 
 
 
 
 
 
 
 
 
 
It is given that the complex power of L1 is 5+j10 VA. It is also given that L2 absorbs 20W at lagging 
power factor of 0.8. What is the phase difference between I and V as shown in figure? 
 
A)  45.00o 
B)  39.81o 
C)  63.33 o  
D)  60.00 o 
E) None of the above.  
 
 
Problem 15 
 
What is the impedance of a load if it absorbs 20KVAR at lagging power factor of 0.6 when a current of 
magnitude 50 A rms flows through it? 
 
A) 6 + 8j ohms 
B) 3 + 4j ohms 
C) 4+ j3 ohms 
D) 8+ j6 ohms 
E) None of the above. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

– 
+ 

5Ω  

100∠20 Vrms 
 L1 L2 + 

V 
_ 

I

mvu3
Line

mvu3
Line



and L are unknown Load 1 absorbs a complex power 
absorbs a complex power of 1 0 0 ~ 4 5 ~  VA. Determine Rz 

2. A balanced deltmxmected Ioad draws 10 A of line current (m) and 3 kW at 220 V 
(rms). DeterHlim the reactance X of each phase. 

a, 38.1 52. 
b. 23.486 $2. 
c. 30 0. 
d. 35 0. 
s. None of the above. 

3. ~ ~ T h e v ~ ~ c e t o t h . e l & o f t h e ~ T l - T 2 o f ~ ~ ~ m  
in figure- 

a. 15~50 '  Q t 
b. 5 + 5 j 6 2  
c. I.O8G+ 2.5351 fi I 

d. 9.69~51.07~ SZ 
e. None of the above. 

4. How mu& complex power is delivered by the 5630' A (rms) c u r r d  source to fhe 
circuit shown in figure. 

a 7.5~137.48' VA. 
b. 0 VA. 
C. 100 VA 
d. 15.35~137.48~ VA. 
e- None of the above. 

www.amal-aub.org
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and L are unknown Load 1 absorbs a complex power 
absorbs a complex power of 1 0 0 ~ 4 5 ~  VA. Determine Rz 

2. A balanced deltmxmected Ioad draws 10 A of line current (m) and 3 kW at 220 V 
(rms). DeterHlim the reactance X of each phase. 

a, 38.1 52. 
b. 23.486 $2. 
c. 30 0. 
d. 35 0. 
s. None of the above. 

3. ~ ~ T h e v ~ ~ c e t o t h . e l & o f t h e ~ T l - T 2 o f ~ ~ ~ m  
in figure- 

a. 15~50 '  Q t 
b. 5 + 5 j 6 2  
c. I.O8G+ 2.5351 fi I 

d. 9.69~51.07~ SZ 
e. None of the above. 

4. How mu& complex power is delivered by the 5630' A (rms) c u r r d  source to fhe 
circuit shown in figure. 

a 7.5~137.48' VA. 
b. 0 VA. 
C. 100 VA 
d. 15.35~137.48~ VA. 
e- None of the above. 
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a 1.60cos(2f) V. 
b. l.GOsin(t) V. 
c. 3.2ms(f) V. 
d. 2.26cos(t) V. ' Nom of the above. 

5. Find the vohage v, (t) across the 

6. Two lnypsdances 2, = 9 . 8 ~  - 78' B and 2, = 1 ~ 5 ~ 2 1 . 8 '  fl, are connected in p d l d  
and the combinatIan in series with an impedance 2, =5.&3%. E this circuit is 
corn across a IOQ-V source (m), how much average powezwill be supplied by the 
SOurCe. 

a 980.8 W. 
b. 490 W. 
c. 1960 W. 
d. 1391.6 W. 
e. None o f  the above. 

7. Find the phasor voltage V, {rms) in the circuit shown if loads LL and Lz rn &~arbing 15 
kVA at 0.6 pf lagging and 6 kVA at 0.8 pf leading, respectively. 

a 2401 - 18' V. 
b. 17644.71' V. 
c. 230~7.8' V. 

d. 251~15.91~ V. 
e. None of the above. 

I 

8. The source current in the circuit shown is3cos(5OUOt) A .  What impedance should be 
connected across the tamin& a,b for maximum average pow= transfer. f k m H  

a 1 0 - 2 0 j n  
4 20-10jSL 
c. 10+20jQ 
d. lo-ZOjn 
8. None of the above. 

www.amal-aub.org

nsabah
Line

nsabah
Line



www.amal-aub.org

nsabah
Line

nsabah
Line

nsabah
Text Box
j40sqrt(2)



www.amal-aub.org

nsabah
Line

nsabah
Line

nsabah
Line

nsabah
Text Box
Repeated

nsabah
Line

nsabah
Text Box
j40sqrt(2) rms



www.amal-aub.org

mvu3
Line



1 
 

2. In the circuit shown, the capacitance 

absorbs -200 VAR. Determine the average 

power dissipated in R if R = 5 Ω. 

A. 57.1 W 

B. 80 W 

C. 44.4 W 

D. 66.7 W 

E. 50 W 

Solution: Q = 2
rmsBV− , where Vrms is the rms voltage across R and C, and B = -1/X = 1/2 S. 

Substituting, -200 = 2
rms2

1V−  , and Vrms = 20 V. It follows that PR = 80
5

4002
rms ==
R

V  W. 

 

3. Determine IX assuming ISRC = j A. 

A. j6 A 

B. -j3 A 

C. j3 A 

D. -j6 A 

E. j4 A 

Solution: The voltage across the -j3 Ω capacitor is 6 V and 

the current through this capacitor, directed upwards is j2 A. It 

follows that IX = ISRC + j2 = j3 A. 

 

5. Two coils are tightly coupled to a high-permeability core, so that the leakage flux is 

negligibly small. If coil 1 has 100 turns and an inductance of 10 mH, and the mutual 

inductance is 12.5 mH, determine the number of turns of coil 2. 

A. 125 

B. 250 

C. 150 

D. 175 

E. 200 

Solution: From  the definitions of self and mutual inductance, with negligible leakage flux, 

1

211
1 i

NL φ
=  and 

1

212

i
NM φ

= . It follows that MN
L
MN 101

1
2 ==  = 125. 

 

 

 

6 V

ISRC 

j18 Ω

-j3 Ω

5 Ω

IX

8 Ω

j20 Ω -j2 Ω

R

_
+

50∠0° V



2 
 

6. Determine the inductance of coil 2 of the preceding problem. 

A. 22.5 mH 

B. 30.63 mH 

C. 15.63 mH 

D. 40 mH 

E. 50.63 mH 

Solution: Since the coils are tightly coupled to the core, k = 1, so that M2 = L1L2, or 

2

1

2

2 1.0 M
L
ML == mH. It also follows from the solution of the preceding problem that 

2
2

1 N
L
MN = . Dividing, 2

2

1

2
12 1.0 M

N
NLL =⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
= =  0.1×(12.5)2 = 15.625 mH. 

 

7. A D’Arsonval movement has a resistance of R Ω and a full-scale deflection of 100 μA. 

Determine the shunt resistance that will result in a full-scale deflection of 150 μA, 

assuming R = 50 Ω. 

A. 150 Ω 

B. 200 Ω 

C. 300 Ω 

D. 100 Ω 

E. 250 Ω 

Solution: At full-scale deflection, the voltage drop across the movement and shunt is (R 

Ω)×(100 μA) = 100R μV. The shunt has to pass 50 μA, so its resistance is Rshunt = 100R/50 = 

2R = 100 Ω. 

 

8. When a 9950 Ω resistance is connected in series with a D’Arsonval movement of 

unknown resistance and full-scale deflection current, a voltage of 1 V across the series 

combination gives a certain full-scale deflection. If an additional 10,000 Ω is connected in 

series with the combination, 2 V are required for full-scale deflection. Determine the 

resistance of the D’Arsonval movement. 

A. 150 Ω 

B. 100 Ω 

C. 75 Ω 

D. 125 Ω 

E. 50 Ω 



3 
 

Solution: Let the resistance of the movement be Rm, its FSD current be IFSD, and the FSD 

voltage with series resistance be VFSD. Then IFSD(R + Rm) = VFSD, and IFSD(10,000 + R + 

Rm) = 2VFSD. It follows that R + Rm = 10,000, or Rm = 10,000 – R = 50 Ω. 

 

9. Determine Leq if L = 1 H. 

A. 6 H 

B. 4 H 

C. 8 H 

D. 7 H 

E. 5 H 

Solution: Consider that a voltage V is applied, causing a current I to flow. V = jωI[(2 – 1 +1) 

+ (3 – 1 – 1) + (L + 1 – 1)]; Leq = 3 + L = 4 H. 

 

10. Determine VTh, assuming VSRC = 1∠0° V 

A. -1∠0° V 

B. 1∠0° V 

C. -2∠0° V 

D. 2∠0° V 

E. 4∠0° V 

Solution: On open circuit, no current flows. The primary voltage 

is VSRC as shown, and VTh = -VSRC = -1∠0° V 

 

 

 

 

 

11. Determine ZL for maximum average power 

delivered to it if R = 5 Ω and IX = k∠-45° 

where k = 2  A rms. 

A. 10 + j10 Ω 

B. 5 + j5 Ω 

C. 5 – j5 Ω 

D. 10 – j10 Ω 

E. 15 – j15 Ω 

Solution: ZTh is (R + j5) Ω. Hence, ZL for maximum power transfer is (R – j5) = (5 – j5) Ω. 

10 Ω

_
+VSRC

–

+

VTh

1:2

10 Ω

_
+VSRC

–

+

VTh

1:2_

+

VSRC

_

+

2VSRC

2 HLeq
3 H L

1 H1 H

1 H

R

_
+100∠0° V

rms

IX

j10 Ω

j10 Ω ZL
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12. Determine the maximum average power delivered to ZL in Problem 11, assuming that R 

= 5 Ω and IX is as in Problem 11. 

A. 90 W 

B. 200 W 

C. 320 W 

D. 180 W 

E. 245 W 

Solution: VTh as seen by ZL is determined from superposition as °∠×
+

0100
1010

10
jj

j  + 

XI)10||105( jj+  = XI)1(5050 j++∠ o = ooo 45)4525(050 −∠×∠+∠ k = k2550 + ; 

( ) ( )
20

2550
4

2550
22

max
k

R
kP

Th
L

+
=

+
=  ( ) ( )

20
60

20
22550 22

=
×+

= = 180 W. 

 

13. Load L1 absorbs 15 kVA at 0.6 p.f. lagging, 

whereas Load L2 absorbs 4.8 kW at 0.8 p.f. 

leading. If VSRC = 200∠0° V rms at f = 50 Hz, 

determine the capacitor that must be connected 

in parallel with L1 and L2 to have maximum 

magnitude of current through the source. 

A. 0.67 mF 

B. 0.55 mF 

C. 0.34 mF 

D. 0.46 mF 

E. 1.24 mF 

Solution: The reactive power absorbed by L1 is 15×0.8 kVAR = 12 kVAR, whereas the 

reactive power absorbed by L2 is 6.36.0
8.0
8.4

−=×−  kVAR. For maximum magnitude of 

source current, the p.f. should be unity. The capacitor must add a reactive power of -(12 – 

3.6) = -8400 VAR. hence, -8400 = -ωC×|VSRC|2, or 22 ||
84

||100
8400

SRCSRC VV ππ
==C  = 

67.0
)200(

84
2 ≡

π
 mF. 

 

 

 

 

–

+ L1 L2VSRC
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14. A periodic current is shown, where over a 

period, 

i = 6 + Asin2t 0 ≤ t ≤ π  

i = -4 + Asin2(t – π)  π 0 ≤ t ≤ 2π  

Determine the rms value of i if A = 1 A. 

A. 5.83 A 

B. 5.15 A 

C. 6.20 A 

D. 5.29 A 

E. 5.52 A 

Solution: The waveform consists of three components: i) a dc component of 1 A, ii) a 

square wave of 5 V amplitude, and iii) a sinusoidal wave of amplitude A. It follows that the 

rms value is I = 2/262/51 2222 AA +=++  = 15.55.26 = A. 

 

15. The current waveform of the preceding problem is applied to a 2 Ω resistor in parallel 

with a very large capacitor. Determine the voltage across the parallel combination. 

A. 2.5 V 

B. 2 V 

C. 3 V 

D. 4 V 

E. 3.5 V 

Solution: The ac voltage will be negligibly small. The dc voltage is the dc component of 

current multiplied by R, or V = 1×R = 2 V. 

 

16. The period of a periodic function f(t) is defined as: 

  f(t) = cos(t + π) – 2, -π < t < -π/2 

  f(t) = -cos(t) + k, -π/2 < t < +π/2 

  f(t) = cos(t – π) – 2, π/2 < t < π 

Derive the trigonometric Fourier series expansion of 

f(t), assuming k = 3. 

Solution: ( ) ⎥⎦
⎤

⎢⎣
⎡ −−++−= ∫∫

π

π

π
π

π 2/

2/

0
2)cos()cos(1 dttdtktao = 

⎥⎦
⎤

⎢⎣
⎡ −−− ∫ ∫∫∫

2/

0 2/2/

2/

0
coscos21 π π

π

π

π

π

π
tdttdtdtdtk = ⎥⎦

⎤
⎢⎣
⎡ − ∫∫

π

π

π

π 2/

2/

0
21 dtdtk = ⎥⎦

⎤
⎢⎣
⎡ − ππ

π 2
1 k = 1

2
−

k . 

f(t)

tπ
1

π /2-π -π /2

k

-1

-2

tπ

6
A

2π

-4
A
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5 Ω

–
+

j5 Ω

1:2

1:3 jX R

VSRC

an = ( ) ⎥⎦
⎤

⎢⎣
⎡ −−++− ∫∫

π

π

π
π

π 2/

2/

0
cos2)cos(cos)cos(2 ntdttntdtkt = 

⎥⎦
⎤

⎢⎣
⎡ −+− ∫∫∫

π

π

ππ

π 2/

2/

00
cos2coscoscos2 ntdtntdtkntdtt = 

⎥⎦
⎤

⎢⎣
⎡ −++−−− ∫∫∫ ∫

π

π

ππ π

π 2/

2/

00 0
cos2cos)1cos(

2
1)1cos(

2
12 ntdtntdtktdtntdtn = 

[ ] [ ]πππ
π

πππ 2/
2/

0
0

sin4sin2
1

)1sin(
1

)1sin(1 nt
n

nt
n

k
n

tn
n

tn
−+⎥⎦

⎤
⎢⎣
⎡

+
+

+
−
−

− = 

2
sin400

2
sin200 π

π
π

π
n

n
n

n
k

+−−+− = 
2

sin)2(2 π
π

n
n
k + . an is zero for even values, and the 

odd harmonics alternate in sign. Thus, 

⎟
⎠
⎞

⎜
⎝
⎛ +−+−

+
+⎟

⎠
⎞

⎜
⎝
⎛ −= ...7cos

7
15cos

5
13cos

3
1cos)2(2

2
11

2
)( ttttkktf

π
 

⎟
⎠
⎞

⎜
⎝
⎛ +−+−+= ...7cos

7
15cos

5
13cos

3
1cos10

2
1 tttt
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19. Determine X and R for maximum power 

transfer to R and calculate this power. 

Assume VSRC = 4∠0° V rms. 

 

 

 

 

 

Solution: On open circuit, VTH = V = VSRC. On 

short circuit, V = 0 and IN = I = 
)1(5 j+

SRCV . YN = 

)1(5
1

j+
= 0.1(1 – j) S. For maximum power 

transfer, GL = 0.1 S, or R = 10 Ω, and BL = 0.1 

S, or X = -10 Ω. 
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I Under conditions of maximum power 

transfer, the current in R is 0.5|IN| = 
10

||50 SRCV.   

and the power transferred is 
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SRCV. = 

40
|| 2

SRCV 4.0
40
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==  W. 

 

 

20. Determine the complex power delivered by each 

source given that VSRC = 5cosωt, ISRC = -2sinωt, 

and assuming ZL = k(1 – j) where k = 1. 

Solution: The currents and voltages are as shown. 

Equating mmfs: 100×2∠90° + 200IL = 0, or j2 = -2IL, 

and IL =-j A, I1 = IL – j2 = -j3 A. 

VL = ZLIL = -jk(1 – j) = -k(1 + j) V. V2 = VL – 5 = -(k + 

5) – jk. V1 = V2/2 = -(k + 5)/2 – jk/2 V. VI = 5 – V1 = 

(15 + k)/2 + jk/2 V. 

Power delivered by voltage source = Sv = 

( )
2
15)3(5

2
1

22
1 jjIVsrc ==
∗

 = j7.5 VA 

Power delivered by current source SI = 

=−⎟
⎠
⎞

⎜
⎝
⎛ +

+
=

∗

)2(
22

15
2
1

2
I

2
V SRCI jjkk

( ))15(
2
1 kjk +−  = 0.5 – j8 VA 

Total power delivered by sources = 

( ) ( )jkjkjkj −=−−+ 1
2

)1515
2
1  

As a check, SL = 

( ) ( )jkjjjkIV LmLm −=−−=
∗

1
2

)()1(
2
1

22
 VA. 
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2. In the circuit shown, the capacitance 

absorbs -200 VAR. Determine the average 

power dissipated in R if R = 5 Ω. 

Solution: Q = 2
rmsBV− , where Vrms is the rms 

voltage across R and C, and B = -1/X = 1/2 S. 

Substituting, -200 = 2
rms2

1V−  , and Vrms = 20 V. It 

follows that PR = 80
5

4002
rms ==
R

V  W. 

 

8. When a 9950 Ω resistance is connected in series with a D’Arsonval movement of 

unknown resistance and full-scale deflection current, a voltage of 1 V across the series 

combination gives a certain full-scale deflection. If an additional 10,000 Ω is connected in 

series with the combination, 2 V are required for full-scale deflection. Determine the 

resistance of the D’Arsonval movement. 

Solution: Let the resistance of the movement be Rm, its FSD current be IFSD, and the FSD 

voltage with series resistance be VFSD. Then IFSD(R + Rm) = VFSD, and IFSD(10,000 + R + 

Rm) = 2VFSD. It follows that R + Rm = 

10,000, or Rm = 10,000 – R = 50 Ω. 

 
11. Determine ZL for maximum average power 

delivered to it if R = 5 Ω and IX = k∠-45° 

where k = 2  A rms. 

Solution: ZTh is (R + j5) Ω. Hence, ZL for 

maximum power transfer is (R – j5) = (5 – j5) 

Ω. 

 

12. Determine the maximum average power delivered to ZL in Problem 11, assuming that R 

= 5 Ω and IX is as in Problem 11. 

Solution: VTh as seen by ZL is determined from superposition as °∠×
+

0100
1010

10
jj

j  + 

XI)10||105( jj+  = XI)1(5050 j++∠  =  45)4525(050 −∠×∠+∠ k = k2550 + ; 

( ) ( )
20

2550
4

2550
22

max
k

R
kP

Th
L

+
=

+
=  ( ) ( )

20
60

20
22550 22

=
×+

= = 180 W. 
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13. Load L1 absorbs 15 kVA at 0.6 p.f. lagging, 

whereas Load L2 absorbs 4.8 kW at 0.8 p.f. 

leading. If VSRC = 200∠0° V rms at f = 50 Hz, 

determine the capacitor that must be connected 

in parallel with L1 and L2 to have maximum 

magnitude of current through the source. 

Solution: The reactive power absorbed by L1 is 15×0.8 kVAR = 12 kVAR, whereas the 

reactive power absorbed by L2 is 6.36.0
8.0
8.4

−=×−  kVAR. For maximum magnitude of 

source current, the p.f. should be unity. The capacitor must add a reactive power of -(12 – 

3.6) = -8400 VAR. hence, -8400 = -ωC×|VSRC|2, or 22 ||
84

||100
8400

SRCSRC VV ππ
==C  = 

84/(π2002) ≡ 0.67 mF.  

 

20. Determine the complex power delivered by 

each source given that VSRC = 5cosωt, ISRC = -2sinωt, 

and assuming ZL = k(1 – j) where k = 1. 

Solution: The currents and voltages are as shown. 

Equating mmfs: 100×2∠90° + 200IL = 0, or j2 = -2IL, 

and IL =-j A, I1 = IL – j2 = -j3 A. 

VL = ZLIL = -jk(1 – j) = -k(1 + j) V. V2 = VL – 5 = -(k + 

5) – jk. V1 = V2/2 = -(k + 5)/2 – jk/2 V. VI = 5 – V1 = 

(15 + k)/2 + jk/2 V. 

Power delivered by voltage source = Sv = 

( )
2
15)3(5

2
1

22
1 jjIVsrc ==
∗

 = j7.5 VA 

Power delivered by current source SI = 
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Total power delivered by sources = 

( ) ( )jkjkjkj −=−−+ 1
2

)1515
2
1  

As a check, SL = 

( ) ( )jkjjjkIV LmLm −=−−=
∗

1
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 VA. 
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15. The current waveform of the preceding problem is applied to a 2 Ω resistor in parallel 

with a very large capacitor. Determine the voltage across the parallel combination. 

Solution: The ac voltage will be negligibly small. The dc voltage is the dc component of 

current multiplied by R, or V = 1×R = 2 V. 

 

16. The period of a periodic function f(t) is defined as: 

  f(t) = cos(t + π) – 2, -π < t < -π/2 

  f(t) = -cos(t) + k, -π/2 < t < +π/2 

  f(t) = cos(t – π) – 2, π/2 < t < π 

Derive the trigonometric Fourier series expansion of 

f(t), assuming k = 3. 

Solution: ( ) 
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k + . an is zero for even values, and the 

odd harmonics alternate in sign. Thus, 







 +−+−

+
+






 −= ...7cos

7
15cos

5
13cos

3
1cos)2(2

2
11

2
)( ttttkktf

π
 







 +−+−+= ...7cos

7
15cos

5
13cos

3
1cos10

2
1 tttt

π
. 

 

7. A D’Arsonval movement has a resistance of R Ω and a full-scale deflection of 100 µA. 

Determine the shunt resistance that will result in a full-scale deflection of 150 µA, 

assuming R = 50 Ω. 

f(t)

tπ
1

π /2-π -π /2

k

-1

-2
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Solution: At full-scale deflection, the voltage drop across the movement and shunt is (R 

Ω)×(100 µA) = 100R µV. The shunt has to pass 50 µA, so its resistance is Rshunt = 100R/50 = 

2R = 100 Ω. 

 

19. Determine X and R for maximum power transfer to R and 

calculate this power. Assume VSRC = 4∠0° V 

rms. 

 

 

 

 

 

Solution: On open circuit, VTH = V = VSRC. On 

short circuit, V = 0 and IN = I = 
)1(5 j+

SRCV . YN = 

)1(5
1

j+
= 0.1(1 – j) S. For maximum power 

transfer, GL = 0.1 S, or R = 10 Ω, and BL = 0.1 

S, or X = -10 Ω. 

 Under conditions of maximum power 

transfer, the current in R is 0.5|IN| = 
10

||50 SRCV.   

and the power transferred is 
10

||250 2
SRCV. = 

40
|| 2

SRCV 4.0
40
16

==  W. 

 

14. A periodic current is shown, where over a 

period, 

i = 6 + Asin2t 0 ≤ t ≤ π  

i = -4 + Asin2(t – π)  π 0 ≤ t ≤ 2π  

Determine the rms value of i if A = 1 A. 

Solution: The waveform consists of three 

components: i) a dc component of 1 A, ii) a 

square wave of 5 V amplitude, and iii) a sinusoidal wave of amplitude A. It follows that the 

rms value is I = 2/262/51 2222 AA +=++  = 15.55.26 = A. 
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Derive the trigonometric form of the FSE of the waveform 


shown 


Solution: The function is even, and a0 = C0 = 


44
1 ATA
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Derive the trigonometric form of the FSE of the waveform 


shown 


Solution: The function is even, and a0 = C0 = 
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