2. Determine Ry for maximum power transfer,
and calculate the value of this power,
assuming Vs=12Vand R=3 Q.

>

moom>

4 0 W
8 0 0.5wW
40 4 W
801 2 W

Mone of the above

2R

2R
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8. The source current in the circuit shown is3cos(50007) A. What impedance should be
connected across the terminals a b for maximum average power transfer.

—>h

e

10-207 Q.
20-105 Q.
10+207 Q
10~-205
None of the above.

3.6 mH

/

. (1

9

)

2040

SHF

I

L

3/4

o Ll

Q.
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Problem 2

Find the value of the load impedance Z, such that maximum real power is delivered to it

"7 & 50
\\.. £ .l’ll ‘
10Q
i1 Q
2Q
- 10 Q
‘.-'\I."‘-\_\.."\ . /m
4% j100ﬁ v
( il 10g) PO 2| J

—>A) 3.0+1.0Q
B) 1.75+j0.25 Q
C) 15-j05Q
D) 3.0+j1.1Q
E) None of the above
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Problem 16

Vv £ Complex Z
g\ — Power

S (VA)

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=200.250 V rms and the frequency is 60 Hz [that is Vs=200cos(377t+50°) V (rms)].
Determine the value and nature of this element Z.

—> A) Capacitor with value C=994.7 uF
B) Inductor with value L=7.07 mH
C) Capacitor with value C=663.13 pF
D) Inductor with value L=10.61 mH
E) None of the above.
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Problem 8 ( 14 pts)

Consider the circuit shown

a.

4Q j5.78 Q
Determine the value of the load Z,
to maximize the average power ” 80
absorbed by the load. (4 pts) 1220°V () Z I::I
rms - i
-7 Q
Z..=j5.78 +M T
12-j7
=3+j5.2Q;
Zim=3-j520Q.

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)

V=12 8-j7 =9-j1.74V; |§9 4Q v, j5.780Q L
12— j7 ’ |
[Vth]| = 9.18 V; 80 30
IL=Vi/6=15-j0.20A;  12,0°V <+>
V;=(3-j0.58)I.=4.68+0V rms - J70 520
|SRc=w=1.83+jOA T —|_
2
Psrc = Vilsre = 12x1.83 =22 W; P, =w;7w_

X

For a purely resistive load, determine its value R,,,, for maximum power transfer and
find the power absorbed by the load. (3 pts)

Rm = (3)2 +(5.2)2 =6 O; |I| = [Val/|Z| = 918 =0.883 A
JB+6) +(5.2)

P = |I°x6 = 4.68 W.

For a purely resistive load with R, =2R, ., (R
absorbed by the load. (3 pts)

of part c), determine the power

max

9.18

|=VTh/2=
= Mamlel JB+12)? +(5.2)2

=0.578 A; P = |I’x12 =4 W

1M




17. If a capacitor with impedance Z; is connected in parallel to a load Z; = 300 +j450 Q.
What should be Z, in ohms so that the equivalent load is purely resistive?

a) -928.6 ]
b) -1112.5]
—>¢) -650]
d) -750]
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
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23. Find the maximum power dissipated in R if: [=2mA, R;=100kQ, V=50V.

ISCD R1 VS CD

a) P=12.5 mW
b) P=1.25 mW
¢) P=50 mW
—>d) P=56.25 mW
e) None of the above
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-1~ Two inductive loads of 0.88 KW and 1.32 KW at power factors
of 0.8 and 0.6 respectively are connected in parallel across a
220-V (rms), 50Hz supply. Calculate the total current taken by

this combination.

a. 1A _b. 14.86A c. 10.86A d. 15.45A e. None of the above

P

-2~ For the previous problem, find the value of capacitance in
microfarads, to be connected in parallel with the loads to brmg
the combined power factor to 0.9 lagging.

—>a.89 b.35.8 c.25.6 d.44.5 e. None of the above

P L . 1

-6~ Two impedances Z=(2+j4) Q and Z’=R Q are connected in
parallel. Find R so that the power factor of the circuit is 0.9 la

a.1.3Q b. 3.20 c.2.40 d.30 e. None of the above

8. Find the maximum average power given that R, is adjusted for maximum
power transfer. s
At
iz [
/ Lf g5
Ju
A 50W - Jopds 6x
B. 10W a ”
C. 100 W 400" (kris) KL
—>D. 25W \V4
E. None of the above
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8%

4. Rpand the turns ratio of the ideal 105 I35 B
transformer can be varied over an . ] [ ’7
" + :
arbitrary range. Determine R ;. for Vare ’ e
maximum power transfer to it. 5
Al
0Q B. 200 C. 300 /D 40 Q E. None of the ahove

3

primary-to-secondary. Hence Ry =4x10=40 0.

18%

I'ven an ideal autotransformer
having three wi
turns, Nz = 300 turns, and &

turns. Determine Rp,.

100 ohms

1020°V

-3~ The load impedance Z for the
circuit shown is adjusted until
maximum average power is
delivered to the load. Find this
maximum power.

a. 5W b. 25.34W c. 296.8\!‘\:‘/[1. 7.81W e. None of the above
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11. Determine the frequency at which maximum
power is dissipated in the 10 Q resistor,
assuming L =1 H.

Solution: 11 Q. Maximum power is 520°V
oC o

80 1F

glOQ

dissipated in the 10 Q resistor when X, = -X,

which gives ol = 1 ,0r @= L rad/s.
w

JL
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Bng. & AfCh. Liomy

4, Consider the following circuit where 'V2 is a current dependent source of
vnltége, Ry Is a variable pure resistive load. Calculate the value of Ry that dissipates
the maximum average power. Given X= 1Q, R= 20}, k=1

=K]:1
A 50
—>B. 1150
C. 2W5Q
D. 20
. f above
E. . None of the asuagp W UL LIVIELY 70
7. Given that the complex power absorbed by the
inductive branch is 12 + j16 VA, find the smallest @ t T
C that gives unity power factor at terminals ab,
assuming w= 1 rad/s. R 250
50
~por T
C. 005F b j_
D. 0.15F
E. None of the above
18.  Find the wattmeter reading of the circuit below. Where C= 1/2 F
V.. =150 <0,V
. - - 120nms -110.0hms
vims C-:-) B éOlhrﬁs_- :
B 5= 14C Ohms

—>(a) P=38793W
(b) P=41284W
(c) P=44554W
(d P=2794W
(e)  None of the above
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9. What should be the value of resistance Ry for maximum power to be
fransferred to it?

i1
i
Xc=10 kOhms

Vs=5<0 R R = 10 kOhms
XL = 5 kOhms
a. RL = SKﬂ
b. RL = 10KQ
. R =7.62KQ

—>d, RL=7.07TKQ
e. None of the above

3. An e[ecT:riG mntqz_" draws an active power of 100 kW at 0.8 p-flagging from a 240 W, 60 Hz
source. This motor is connected in parallel to another load of 0.1+ 10.4 Q. What is the size of
the parallel connected capacitor needed to raise the togal power factor to (.95 lagging.

a.6.27 mF
b.4.25 mF
- . 768 mF
d. 2.88 mF
. None of the above

==

3 . : 100w : : :
(;ﬂ}r 0.9 bﬂ ’a. 1+ 0L
coHy '
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2. A 1Q resistor is connected in parallel with
a d"Arsonval movement having a full scale
deflection of 1 mA. If a 40 mA current pro-
duces a deflection that is 80% of full scale,
determine the resistance of the d°Arsonval
movement.
a) 580

—>hb) 490
c) 3782
d) Ta
) None of the above
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5. A 300-YV wveltmeter that draws Ima current for full-scale
reading is used to measure the volt&ge across the 3J0-RE
resiator of Figure 6. The volimeter reading is:

a. GOW
b, 120V
= 400 B L
@n 90V T L Ridh, ey
&, pone al the above
o T
B
[ M
£ Ao
-

Fig.é

15. 00
% 00, ﬂ,lﬁ dersnnvu! Meler movement is uvsed in o
\n]tmtter eircuit  (Figure 13). Determine the valtmeter
reading actoss the terminals X-y on a Tull-scale af 30V
ot -

B.  26.49V
B, 33V

—> 3179y
d.  38¥

{E?] Hone of the abave

“p
duy

-_..{lh

Add 250
ohms

A0T=

204
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Add 250 ohms
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10. A load resistance in the range of [1,5] 2 Is to be connected across the
terminals a,b in such a way that maximum power is delivered to it. Determine the
power dissipated by R.

a) 10.58 W
—>b) 4.13 W
c) 595 W
d) 8.26 W

€) none of the above

13.  Find the maximum power transfer in the circuit below, where R = 20

. '60hms. |

. 30hms . ..Rp . . @

1344 W

10.08 W

121W

B34 W

None of the above
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7%
4.  For what value of R is maximum power 10Q 100

transferred to R, ?

A 10Q 10V
B. 150 o o

C.200
— D. Infinite resistance
E. None of the above

T%

5. Acircuit N has an open-circuit voltage of
15 V between terminals ab, and an unknown
source resistance Rs. A voltmeter across ab
reads 12 V. when R, = 10 kQ and 10 V when
R = 40/9 kQ. Determine Rs and Ry, the
resistance of the voltmeter.

—> A. R5=2m,RV=4Dm

B. Rs=2kQ, Ry = 80 kQ
C. Rs=4kQ, Ry=40kQ
D. Rs=4kQ, Ry=80kO
E. None of the above
O
Ty ]
20 10
—VVA—e—AAA-

17%

t : 15V 10 4]
7. Determine R for maximum power e

transfer to it and the value of this power. i J



Solution: When R is replaced by an open

10 b
circuit, the current source is set to zero. The g T
circuit becomes as shown. Va=Va=
15x% ] =10V,
30
Ve

When a source ¥y is applied, with the

15 V short circuited, and Ir as shown, the polarity of __{T_
the current source is reversed. From KVL.: Vr=5I; |
i Koo i 20 10 5
(1+ 2|1). This gives E-—R =Rm= =5 Q. Max * el Ve NN
: 100
ower transferred is - -=3W.
L L

- | |




Problem 3

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

V()
Vm
T T T 7 T t
4 4 5

10 Q 8 mH a
V. (D SR amH) v

10 Q 50
. _
b
sinn”
Vo Vo =2
A V{H="—4+T cosnw, t
—> A) V() 3 27[; - o
sinnﬁ
V V, & 4
B) V,(t) ="+ -1 cosnw,t
) Vo(b) 3 47[; - o
. Nt
w SIN——

V.V 2
oOv,t)="—_+-1 coshw. t
) V. (1) 2 T2, le - o

sin e
Vm Vm C 2
D) Vi()="+2" > 2

27 = n

cosna,t

E) None of the above
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-1- Consider the two signals :
F(t) = 2+3Cos(100nt)+4Cos(200mt)+6Cos(400mt)
G(t) = Cos(100xnt).Sin(300xnt) - Sin(100xnt).Cos(300mnt)
Sin(200xt)
Find the period of each of the signals, TF and TG. (/zg)

a) TF=1/100 TG=1/100 b) TF=1/200 TG=1/300
c) TF= 1/50 TG= 1/50 d) TF=7/200 TG=1/200

> o)f/am? of /ﬁ"' o bov “|TF 1/50, G(t) =1 |

-2- The signal F(t) given in (1) is an approximation of the real
signal f(t) with average power equal to 50Watt.
What is the %average power error in the approximation?(take

R=1Q) (p25)
63\1%; b) 35% c¢) 65% d) 39% e) None of the above

SN
-3- Consider the trigonometric Fourier series representation of f(t)
as given over the interval (-2,2): f(t)= t+1 -1<t<0
-t+1 0<t<1
0 elsewhere
The Fourier series is also a representation of the periodic signal
F(t) obtained by repeating f(t) periodically. The period of F(t) is:

o~ (p25)
a)3 b)2 c)l id)4 ;e) None of the above
\\‘/f’;
-4~ Two periodic functions of period 6 seconds each are given by:
f(t) = -t -3<t<0 g(t) =1 0O<t<3
t 0st<3 -1 3<t<6

Find the ratio of the amplitude of the 3™ harmonic present in
f(t) to that present in g(t). (p2¢/

5% b) 3/m c¢)=n/3n d) n e) None of the above


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


jLotE fokz
oo oV }c{\/ rms
N
=5=- Calculate the rms value of the Q’J w
current flowing in the circuit shown. (pzé} [
pe— SOV
a)8.5A b)54.85A - (c)42.58A |
d) 25A e)None of the above NN L —
3 2. 65mH
-6~ For the wave shown, calculate Ao, A <
As and Bs. (p24) —
a) Ao=1.5 , As=1.5 (b)As=1.15 -2 i >
c) Bs=1.5 d) As=1.5, Bs=1.15 54 3_%7
e) None of the above[A=15, As=1.15, Bs=0 | 4 F

-7- Find the average power in a resistance R=2Q , if the voltage is
v= 32Sin(3t)Cos2(t/2) (p24 )
a) 256W b) 512W c) 192 W96 W e) None of the above

-8- In a circuit : v(t) = 5Sin(t) +10Sin(3t),
I(t) = 7Sin(2t) + 50 Sin(8t)
What is the average power ? (p 2,57

a) 267.5 W @o W c) 250 W d) 35 W e) None of the above

-9- Two periodic voltages V1(t) and V2(t) of the same period
(T=2s)are applied to the circuit. Find the current in this circuit due

to the first harmonijc. (p24)
140 —— N8
iy il./L OmH

N v(H |
e | - ¢t
' i \I%(’H e

<aj;lz Cos(nt) b) 12 Sin(nt) c¢) 12Cos(nt)+12Sin(xnt)
d) o

) e) None of the above

-10- The function e* (0<x<1) is to be represented by a cosine
series, find az. ( y24)

a)-0.684 b)-0.0827 | ¢)0.0848) d)0.0424 e) None of the above


nsabah
Text Box
rms

nsabah
Text Box
A0=1.5, A5=1.15, B5=0
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-11- Consider the wave form f(t). Find the amplitude and phase of the
3™ harmonic components of this waveform. {pz 7)

1\"’ N

a) C3= 5.1 03=x90° b) C3= 2.57 03=%90° :
c) CG3= 4.8 03=%180° d) Cs=5.1 e3=i180°None of the above
-12- A rectifier system with input f(t)and output g(t) is described by:

g(t) = |f(t)]. For an input of f(t) = (n/4)Sin(wt), the coefficient
of the exponential Fourier series of g(t) with n even is: (/727)

@/ 2(1—n2)/]b)1/(1-n2) c)2/(1-n?) d)1/(n-mn2?) e)None of the above

-13- Let the signal f(t) be a signal defined between -n and n. F(t) is
zero outside the following exponential Fourier series: (/9 z”?)

; i

The series represents the periodic extension of f(t) with period T.
Find T.

a)8n b)2n c) 6m @411: e) None of the above

-14- Consider the following signal :
F(t) = 2Cos(100nt)+3Cos(300nt)+6Cos(500mnt)+9Sin(300mnt)
Find the coefficients of the exponential Fourier series of F(t). (/;:Z‘?

— a)Ci=C.1=1; C3=1.5-4.5] C.3=1.5+4.5] ; Cs=C.s=3
b)C1=C-1="1 ; C3=4.5-1.5j C-3=4.5+1.5j i Cs=C.5=-3
C)Ci1=C.1=2 ; C3=2.5-4.5] C.3=2.5+4.5] : Cs=C.5=3 :
d)Ci=C.1=2; C3=2.5-4.5] C3=2.5+4.5] ; C5=C.5=3 ;
e) None of the above
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1. Find the rms value of v(t) in Fig. 1 over the

time interval (0, 5). { 7 ?@}

\
Mo oW

Vs = 0.54
Vems = 0.98
Vems = 0.86
Vims = 0.68
None of the above

(3]

v(t)
A

[0S}
[
N




10.  Find the expression for the Fourier coefficients
C, for the periodic function shown in Fig. 9.( /772} v(t)

A 1/2mn,n=0; 1/2,n=0
B. j/mn, n=0; 0,n=0 /M/]’/]/]
—>C. j2 0; 2 0
j2mn, n=0; 1/2.n= /t

D. j/3nn, n#0; 1,n=0
E. Nong ofthee_ibo%{e_?' .

Figure 9.
11. A periodic function is represented by:
g j20
V(t) — Z Vn e.l 075 nt . Vn
n=-—cw A
Fig. 10 shows the plot of the magnitude of e
the coefficients Vn.  Find the average and -
the fundamental frequency of v(t). ( P ) 5L
A 2; 1Hz T \
B. 5, 10Hz ‘ L |
C. 0; 10Hz ; T . T
—>D. 5; 100Hz 4 3 -2 -0 0 1 2 3 4
E. None of the above ; !

- 11
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14.

Calculate the power dissipated in the resistor

MY oW

" in Fig. 12 if v1(t) = 10cost and v,(t) = 10cos3t. (/7 73)

127 W

507 W

60.8 W vi(t)
70.5 W \V

None of the above

iF

10

s
i1

Figure 12

v4(1)



4. A series RL circuit in which R = 5Q and L= 20 mH has an applied voltage v=100+
50sin wt + 25sin 3wt V, with ®=500 rads/s. Find the instantaneous current. (/7 /0/4)

. iF20+4.47sin(ot+63.4)+0.822 sin(3wt+80.54), A
b. i=20+4.47sin(ot-63.4)+0.822 sin(3wt-80.54), A
C. i=8.96+4.47sin(wt-63.4)+0.822 sin(3wt-80.54), A
d. i=sin(wt-63.4)+0.822 sin(3wt-80.54), A
e. None of the above

5. Determine the power dissipated in the resistor of problem 4. j? { /0!91/5

.~50.1W

.~51.79 W

. ~2000W

.~ 2053 W

. None of the above

\
O Q0 T o

—— « TT™ & NN



11. The figure below shows the triangular waveform of a voltage source operating at
frequency f= 1kHz. Find the amplitudes of the fundamental (I4 ) and the second order
harmonic (I;) current that flows through an inductor of value L= 1mH when it is supplied by
this source.. (Answers are rounded to 2 digits after the decimal point) [ﬂgaé/}

e

a) 1,=231AL=110A s —_—
b) 1;=134A1,=0A T 7
) h=0A1L=110A \ 0 ! z _/_>t

\

{

]

/d) L=129A,1,=0A T
e) None of the above 4

<

Test ID 1000 4/7




8. The following spectrum is the frequency representation of which Fourier function-

(piry)

! i 00053 .
[} 2 32 4 &5 5 7

4r . 4) . 47 .

a.  f(t) =—sin o + —sin 3ot -+ _lsm Ser + .
Vs 37 o7
Vo4 4 4 .

b (1) =—+——sin o + —sin 3ar + S Saft + ..
2 ir Sr

.
i C. f(t)=~V—+icosa)t+ 4V7 cos3wr + al .
z (Bz) (57)
d f@® :K+ 41? sin @t + il —-sin 3ot —F—ﬂz—sin St + ..
8 &~ (37r) (57r)

—>e. Nohe of the above

cosdaor + ...
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4. A complex waveform of RMS value of 240 V has 20% 3-rd harmonic content,
5% 5-th harmonic content and 2% 7-th harmonic content. Find the RMS value

of the 3-rd and 7-th harmonics respectively. ( V4 17 ?)

A. 11.5V, 46V

B. 7.6V, 1.3V
—=C. 47V, 4.7V

D. 30V, 3.2V

E. None of the above



11. A voltage v(t) is applied to a 5% resistor. v(t) can be written as:
v(t) = 1 - Z"0=1 (1/n?) cos (500nt)

Estimate the Power dissipated in the resistor using the first four non-zero terms

of V). ( 141/

a. 2.36 W
==h 0.31W
c. 1.25W
d. 0.95W
e. None of the above



18. The periodic voltage v, is applied
to the circuit shown, the reactance
of C at the frequency of the
fundamental being much smaliler
than 10 Q. Determine the power
dissipated in the circuit. ( /44/

13.33W

8.33W

6.67 W

417TW

None of the above

moow»

v

10 V-

1


nsabah
Text Box
10 ohms
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20. The current through a 1 pF capacitor is 2cos? 1002t mA, where tis in s.
Determine the period of the voltage across the capacitor.

25 ms

50 ms

100 ms

200 ms

None of the above

moowy



4. The periodic voltage waveform shown below i 1

s applied across a 10 Q resistor. Determine

the average power dlss1pated in the resistor. ( p) T3
NGV
LO
= 3. 8.8 W ' 1 --
b. 88W ¥
c. 77.4W
d. 4.4W Iz 3 -
e. None of the above ?
L (_4s)
-8t —_ : /q




9. Ahalf-wave rectified waveform f,,(£) of

frequency 50 Hz and having A = 10 V is

applied to the circuit shown, where the -

reactance of C is negligible at 50 Hz.

Determine the total power dissipated in

the circuit. (/Q/gﬂf/

é
SISRoR- IS

0.83 W

1.49W

1.82 W

25W

None of the above

fh w( t)

At

-T/4

774




8%
4. A voltage having the waveform of the figure of Problem 9 below, with A= 8V and T
=1 s is applied to a coil having a resistance of 4 Q and an extremely large

inductance. Determine the average power dissipated in the coil. (/p/ 70/
A 1.56 W

C. 3.28W
D. 4W

E. None of the above


nsabah
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Problem 9

Derive the trigonometric form of the FSE of the waveform (1)
shown

Solution: The function is even, and ag = Cq =

T /4
! T_A, a, _4A —it+1 COS N, tdt T/2
T 4 4 T o T ;

T4 Tia

T/4

2 2
T n“wyg T na, Na,

16A Nz 4A Nz
== 1-cos— =— 1-cos— |. Hence,
Tn“w; 2 7°n 2

4 . 1 .
cosnNawyt — — sinnat — sinne,t
0

1
f(t)=é+£ cosa)ot+10052a)0t+lcos3a)ot+ —COoS 5wt +... |.
4 7 2 9 25


nsabah
Text Box
Problem 9


6. Consider a periodic function f(t), described by the following sequence during one
period of time:

flty=0 for —-4<t<-3
fity=—Vm  for -3<r<~1
fity=0 for —-1<t<+1
fit)y=+Vm  for +1<t<+3
flty=0 for +3<t<+4

where Vm = 20. Find the amplitude “A” of the third order harmonic in the Fourrier
series, expressed by Acos(3mt — ®). ( Pl 75;,)

A. A=3
B. A=4
C. A=5

E None of the above
Solution: The function is as

shown. It is odd and quarter- [n
wave symmetric. Hence, ag = D 1
2 A ' ; — !
and b, =§j V., sin3w,zdt 1 2 3 4
T
27 -V

where T =8 and W, = —8— = m

: 14 2
E.Hence, b, :——”—'—[—cos3mot]; :—9 —COSEZ-FCOSE = 80 =6.0
4 3w,T 4 2



11. A voltage Ssinwpt V applied to a given resistor dissipates 5 W. What is the power
issipated by a voltage S|sinapt| V applied to the same resistor? C P27y

B. 5/2W
C. 5/2W
D. 10W

E. None on the above
Solution: The two waveforms have the same rms value and would therefore dissipate

the same power in a given resistor.
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B. 7.56 W
C. 37.8W
D. None of the above

Solution: Mean square is
64x2+100x3+64x3+100x2

10
P:§—2—:8.2W
10

82.

& vgi)v

-10
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1. in the circuit shown, each source is 15c0s10t V. The 10 10
power dissipated in R is 50 W. If the frequency of one

of the sources is doubled, the power dissipated in R

100 W O R210 c

50W
25W
125W

None of the above.

is:

mo o w»

Solution: The current due to each source is %[%) cos10t =5co0s10t A. The power is

2
(ij =12.5W. the power dissipated due to both

J2
sources is 25 W. f1(t)
3x ’
’ 1 7
2. f,(t) is the function f,(t) lowered by 1 unit, as // V //
shown. If Fims and Foms are the rms values of ' T t
f1(t) and f,(t), respectively, then: f,(t)
A- Flrms = FZrms 2
[ /7
B. I:1rms > I:2rms ///| / /\TA ///
t
C. I:1rms. < I:2rms. Y/ l/ / V l'/

Solution: The AC components of fi(t) and f,(t) are

the same. The DC component of fy(t) is larger than that of f,(t). Hence, Fims > Fams.

5. The Fourier coefficients ax and by for the periodic

] vV
function shown are:
] 107+

A. a, =0 for all k; b, =0 for k odd and is non-zero s

for k even 25, 3T/4 -
B. by, =0 for all k; ax = 0 for k even and is non-zero ——— t—t+—

257+ Tl4

for k odd + T/2 T

C. by=0forallk; a,=0 fork =0, a, =0 for k odd _10,,:

and is non-zero for k even
D. ax =0 for all k; b, = 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.

1/1



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:

A. 4l,

B. 8,

C. 16l,

D. 32I,

E. None of the above.
Solution: v = L% =1x 1?:,,

representing v. the amplitude of the fundamental is

=8, , which is the amplitude of the square waveform

4x 8, =321,

T

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

v =15+400cos500t +100sin1500t V

i = 2+ 5sin(500t + 60°) + 3cos(1500t —15°) A

3%

lem
2

3
P =Vyelge +
n=1

=934.85 W

3% b) Calculate the rms value of v.

(4020)2 . (100)?

Ve = \/(15)2 + =291.93 V

2% c¢) Calculate the rms value of i.

lims = \/(2)2 LB B 4ss A
2 2

2/2

a) Calculate the average power delivered to the circuit.

cos(6, — 6. )= 15x2 + %x 400 x 5¢0s(30°) + % %100 x 3 x COS(—75°)



12. Forn=1, 2, 3,..., the function shown has:
A. a, and b, nonzero for all n

B. a, and b, are zero for even n e

C. a,and b, are zero for odd n

D. a,=0foralln = A : [T t
E. b,=0foralln -T/2 \L T/2 |

Solution: When the dc value is removed, the ac

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

zero for even n.

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

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

. 1 1 5 2V, +
Solution: — =——=2x10" <<50hms; V,, = —T;
oC  500x100 T §SQ

Vi 100F
4V2 . _ T
Py = 10;2 =0.04053V?2;
2 2 2
V?m = —47\[/;“ +V2; V2 =V2? (% _%j =0.09472V2; P, = 0.09472V,, 0.01894V2;
P =0.05947V2.
14. A period of a periodic function f(t) is given by: K(4 + f(t)
2sint), 0 <t < 27 Determine the rms value of f(t), if K =
0.5. —
2]
Solution: The square of f(t) is K2(16 +165sint + 4sin? t): 4
t
K2(16 + 2 +165sint —2cos 2t). The area under the square is 4 2z

2

27
J:) K?(16 + 2 +16sint — 2cos 2t )t = 367K ?; the mean square is 307K” _18K? and the rms

27

value is 3\/§K .

1/2



16. Derive the trigopnometric Fourier expansion of the given f(t)

periodic function f(t).

Solution: Since f(t)isodd, ap=0=a,, T=2, aw =24T =z, ft) =t + 1,

ejna)ot ejnwot ejna)ot :|1
0

b —iff’(zt)sin(na) t)dt=2ImUT/2f(t)ej””’0‘dt} = om0 _ +
T ° 0 inw,  (inwg)?  jnay,

jnz inz inz
2im & B gy L g Zeoonn, Lo 2 pc0sns) -
int  (nz)?>  jnrx n?z? jnx nz nr z|n

3{1 (L+ 2(—1)n+1)} f(t) :3[3 sin zt —
Tl n T

sin 27 +sin3xat — Sm:'ﬂt + } .

2/2



Problem 18

The device D in the following circuit is powered by a voltage v(t) = 2 + 2cos(1000t) +
c0s(2000¢) (V). The current across is given by i(¢) = 1 + sin(1000¢) + 0.5sin(2000¢)(A) find
the average power associated with D.

o(t) Cf) D

>

2W
-2W
W
-4W
None of the above

Q™
W

O

)
)
)
)
E)

Problem 19

The following circuit is powered by a periodic voltage source that has the following Fourier
expansion: v(t) = 21 + 20 cos(1000¢) 4+ 10 cos(2000¢). Find the RMS value of the current

i(t).
30

v(t) Cf) AmH
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Problem 20

For the function v(t) given below, find the value of as5. You may use the following:

/tcos(at) _ cos(at) N tsin(at)

o? o

v(t

2 -

1 4

0 i | i |

0 1 2 3 4 5 )

A) O
B) -0.0162
C)1
D) -16.7
E) None of the above
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The following given is used in the next 5 problems. 3 electrical elements are
powered by a 240Vy,;5, 60Hz source:

1 \Ji VI, \IB

240VRMSZOO@ Ll L2 L3

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
—> () 550.2VA
D) 888.8VA

)

E) None of the above

Problem 12

Find the total power factor.

A
—>B

) 0.567 Lag
)
C) 0.808 Lag
)
)

0.646 Lag

D
E

0.747 Lag

None of the above
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Problem 13

Find the magnitude of the total current I.

A) 5.21A

)

B) 3.02A

—> () 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.

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

D) 2.13A

E) None of the above

)
)
C) 0.91A
)
)
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Problem 10

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

—25Q
|
6]9% %5]'9
29
e X (D) 6+5)4)
6/0E Q)siv)
|| A
—459 10
—>A) 1-255Q
B
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Problem 8

Find Ny and X such that maximum power is delivered to the 1000§2 resistor.

109 0.16592 -
Ay, AAAS 5: N2 JX

5V Cj % ‘ 100092

=>A) Ny =50, X =—16
B) Ny =10, X = —16
C) Ny =10, X = —0.64
D) Ny =2, X = —0.64
E) None of the above
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Problem 3

Find R that satisfies the maximum power transfer constraint.

10€2

e

) 149
) 150
C) 16.33Q
)
)

oy

—

D) 17.46%)
E) None of the above
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Problem 2

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

20 A
assume rms values MWy
10j9§ 3A/0° 27 §5Q
6A/0°

A) -23.86W
—>B) 23.86W
Q) 28.71W
D) -28.71W
E) None of the above
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18. Determine Z so that maximum power is
transferred to it and calculate this
power given that the source voltage is

10 V peak value.

Solution: We will determine TEC as seen
by Z. On open circuit, the currents are as
shown. From KVL: 10£0° — 51/2 + 51/2 =
V. In This particular problem, the
voltages across the 5 Q resistors cancel
out. Hence, V1, = 10£0° V peak value
When Z is replaced by a short
circuit, the currents are as shown. From
KVL: 10.£0° — 5(lsc + 1/2) = 5(lsc —
I/2) = 0. Again, the terms
involving | cancel out. Hence, I
=1,0°A, and Z, =

10207 _ 10 Q. It follows that for

o

maximum power transfer, Z = 10

Q. The power dissipated in the

2
load is Vin 1 =1.25 W.
J2 ) 4x10

+
10207V <>

717

50

= |

50

L 112 J ol e +
<:>m4mv " Vo




7. Determine the maximum power that
can be delivered to R, assuming R
=050Q.

Solution: The primary voltage of the

upper transformer is always 1 V. On

3/5

2,0°V
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open circuit, the source current is zero, the primary voltageis5-1=4V, and V;; =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, R = 4R. The maximum power delivered
is (8)%/(4x4R) = 4/R.

8. Given that the load L consumes 1200 W at 0.8 Riine
p.f. lagging and the magnitude of the voltage %7
across L is 300 V rms. Determine the power Supply L] Lisoa——
dissipated in the resistance Rjpe, if Rjne = 0.5 Q. voltage J T

Solution: The reactive power absorbed by the load l

is 12?30 x 0.6 =900 VAR. The reactive power absorbed by the capacitor is v 20 =-3000

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

J(1200)? +(2100)2

300 =4/65 A. The power dissipated in Rjne iS 65Rjine.

the line current




4. Determine the reactive power absorbed in the circuit,

given that | = 1.20° A rms.

Solution: The equivalent series impedance is 15 Q — B
M =5+ j5. The reactive power is 5|I]* VAR. As a
15+5-]5
check, the current in the capacitive branch is T 155 = | = jl; the reactive power absorbed
Joto—)
by the capacitor is -5|jI|* = -5|I|> VAR. The current in the inductive branch is %I =(1
Jo+o—]

— )l = 42 £-45°l; the reactive power absorbed by the inductor is 5|+/2 I = 10|I]> VAR. The
total reactive power absorbed is 10|I|> — 5|1]* = 5|I|* VAR.

5. In the circuit shown, L; consumes

160 W at 0.8 p.f. lagging and L, T T

consumes 320 VAR at 0.6 p.f. m

lagging. Determine | when X¢ is Vsre C_) Ly L, — Xc
chosen for unity power factor, l l

assuming Vsgc = 200£0° V rms.

1/5



Solution: [At]unity p.f. the total reactance seen by the source is zero and the source applies

only real power. The real power consumed by L, is 3;22 x0.6 =240 W. The total real

power supplied by the load is 160 + 240 = 400 W. The current is 400 = 400 Z0° A

Vsre £0°  Vgre

rms.
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8% Load,
5. The complex powers absorbed Tne

by L) and ; are 1 + 0.2 kVA
and 1 —j0.2 kVA. Determine
Isrc, assuming that the phase

VYsne Load,

angle of Vgge is zero, Note S
that X need not be given. ekt b et

A. 202907 A B. 10£90°A

C. 10-0°A —>D. 2020° A
E. None of the abave

Solution: The complex power delivered by the source is 2 KVA The real power absorbed

2
|
by Iz is in the 10 Q resistor. If Vepe = V. £0 V. then L{’E'L =1000, or ¥,,= 100 V. It

follows that I, = 31?% =20 A, and Iscr = 2070 A.
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Problem 14

100220 Vrms

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 | and V as shown in figure?

—>A) 45.00°
B) 39.81°
C) 63.33°
D) 60.00°
E) None of the above.

Problem 15

What is the impedance of a load if it absorbs 20KVVAR 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.
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= e
4. How much complex power is delivered by the 5230° A (rms) current source to the

circuit shown in figure. Sy e bi
__S.ﬂ
& 7513748 VA, L 130 Lop
b 0 VA A Qé(_.o. ) 3V, g It
¢ 100 VA (1m$) vV
—>d. 1535£137.48° VA. - '
€. None of the above. \_

2/4
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1. The values of Ry, R,, C and L are unknown Load 1 absorbs a complex power of
50£—45° VA and load 2 absorbs a complex power of 100£45° VA . Determine R; if

¥, =25020° |
o st — o
1 K 1
B e
1 cl 3 Ra L
—>a 250M2 Q L_"jﬂ‘“:‘; b it
B s2 O | oud 4 ]
end L [ ead2
. 125Q Ve @ sad
g 125/42 Q.
e. None of the above.
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5. Find the voltage v,(f) across the capacitor of the circuit shown in & gure.o 35 ¢

£—afi=
e e YV
4H -

4F 1
a  1.60cos(2r) V. o A
b. 1.60sin() V. <+ T R
c. 32cos(r) V. = i

—>d. 226c0s() V. 202 cost (V)

©  None of the above.

6. Two impedances Z, =9.8£~78° Q and Z, =18.5£21.8° & are connected in parallel
and the combination in series with an impedance Z, =5253° Q. X this circuit is
connected across a 100-V source (rms), how much average power will be supplied by the
source.

980.8 W.

490 W.

1960 W.

13916 W.

None of the above.

v

o a0 op
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1. Animpedance Z1= (4+j4)
(12+j6) Q. If the input rea
active (average) power ?

1210 W

3025 W

826.39 W

1150 W

None of the above

moowr

{is connected in parallel with an impedance Z2=
ctive power is 1000 VAR (lagging), what is the total
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3. The conjugate of the complex power delivered by a current source is 200 ~ 200
VA. If the source current is %445" A peak, determine the rms voltage across

the source.

40V rms

/40 V rms

80V ms

—40 V rms

None of the above j40sqrt(2) rms

moowmy
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!

11. Determine the value of C in the circuit shown if C takes 5 VAR, The operating frequency

is 50 Hz.
G
| MA
(3 ¢0° 2n 30,/0°
v < U
A. 1263 puF 562 —_ |
B. 14.74 uF Jo-6280
—C. 17.68 uF
D. 3uF

E. None of the above
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2. In the circuit shown, the capacitance

8Q R
absorbs -200 VAR. Determine the average AVAVAY, —\V\VV
power dissipated in Rif R =5 Q. .

j20 Q -j2Q
A. 57.1W I I ®
B. 80 W
C. 44.4W C*) £0./0° \/
D. 66.7W T
E. 50 W

Solution: Q = —BV?2,, where Vs is the rms voltage across R and C, and B = -1/X = 1/2 S.

_ V2. 400

Substituting, -200 = — %Vz and V,ms = 20 V. It follows that Pg = % = = =80 W.

rms !

3. Determine Ix assuming Isgc =j A.
6 A
{3 A
iBA
-6 A
E. 4A

o0 ®p

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

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

follows that Ix = Isgc +j2 = j3 A.

5. Two caoils 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,

L, = N}¢21_ and M :—N2_¢21 . It follows that N, = LMNl =10M =125.
i

Il 1 1



6. Determine the inductance of coil 2 of the preceding problem.
A. 225 mH
30.63 mH
15.63 mH
40 mH
E. 50.63 mH
Solution: Since the coils are tightly coupled to the core, k =1, so that M? = L,L,, or
M2

L, =— =0.IM*mH. It also follows from the solution of the preceding problem that
1

o0 W

M I N
N, = L_NZ' Dividing, L, = Ll(N_Z

2 1

JZ =0.IM?= 0.1x(12.5)* = 15.625 mH.

7. A D’Arsonval movement has a resistance of R Q and a full-scale deflection of 100 pA.
Determine the shunt resistance that will result in a full-scale deflection of 150 pA,
assuming R =50 Q.

150 O

200 Q

300 Q

100 Q

E. 250 O

O 0w

Solution: At full-scale deflection, the voltage drop across the movement and shunt is (R
0)x(100 pA) = 100R pV. The shunt has to pass 50 pA, so its resistance is Rspunt = 100R/50 =
2R =100 Q.

8. When a 9950 Q 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 Q is connected in
series with the combination, 2 V are required for full-scale deflection. Determine the
resistance of the D’Arsonval movement.

150 O

100 ©

75 Q

1250

50 Q

mo o W



Solution: Let the resistance of the movement be R,,, its FSD current be Igsp, and the FSD
voltage with series resistance be Vesp. Then Iesp(R + Ry) = Visp, and lgsp(10,000 + R +
Rm) = 2VEsp. It follows that R + R, = 10,000, or R, = 10,000 — R = 50 Q.

1H

9. Determine Leqif L =1 H.
6H
4H
8 H
7H
E. 5H

o0 ®p

Solution: Consider that a voltage V is applied, causing a current | to flow. V = jel[(2 — 1 +1)
+@-1-1)+(L+1-1);Leg=3+L=4H.

10. Determine V,, assuming Vsge = 120° V ® -2 L] *
A. -1/£0°V
B. 1/0°V §10 o Vi
C. -2£0°V
D. 240°V Vsre
E. 440°V -
Solution: On open circuit, no current flows. The primary voltage 1 "
is Vsre as shown, and V1, = -Vgre = -120°V - e -
VSRC 2VSRC
§10 Q+ + V1
VSRC

11. Determine Z, for maximum average power

delivered to itif R =5 Q and Ix = k£-45°

where k = \/E Arms.

A. 10+j10 Q 1100 R

B. 5+i50

C. 5-j50 100./0° V 100 Z,
. rms

D. 10-j10Q

E. 15-j150

Solution: Zm, is (R + j5) Q. Hence, Z, for maximum power transfer is (R —j5) = (5 — j5) Q.



12. Determine the maximum average power delivered to Z, in Problem 11, assuming that R
=5 Qand Iy is as in Problem 11.
A. 90W

200 W

320w

180 W

245 W

moow

Solution: V1, as seen by Z, is determined from superposition as 1()#010 x10020° +
JAU+ )

(5+j10]| j10)ly = 50£0° +5(1+ j)ly = 50./0° + (552245 ) x K/ — 45°= 50+ 542k ;

(o+5v2kf (50+5vakf (50+5v2x+2f (60 _
PLmax = = = = - 180 W-
4R, 20 20 20
13. Load L, absorbs 15 kVA at 0.6 p.f. lagging,
whereas Load L, absorbs 4.8 kW at 0.8 p.f. T |
leading. If Vsgc = 20020° V rms at f = 50 Hz, Vsre CD L, L,
determine the capacitor that must be connected T l I

in parallel with L; and L, to have maximum
magnitude of current through the source.
0.67 mF
0.55 mF
0.34 mF
0.46 mF
E. 1.24 mF
Solution: The reactive power absorbed by L, is 15x0.8 kVAR = 12 kVAR, whereas the

o0 ®»

reactive power absorbed by L, is —g—': x 0.6 = -3.6 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 = 'wCXIVs,RcIZ, or C = 8400 - 84 -
1007 | Vgge | 7 | Vre |

84

W =0.67 mF.



14. A periodic current is shown, where over a
period,
i =6+ Asin2t 0tz
i=-4+ Asin2(t — n) 70<t<2rx

Determine the rms value of i if A= 1 A.
5.83 A
5.15 A
6.20 A
5.29 A
E. 552A

o0 ® >

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

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

rms valueis | = V12 +52 + A2 /2 =26+ A2 /2 = /26 .5 =5.15A.

15. The current waveform of the preceding problem is applied to a 2 Q resistor in parallel
with a very large capacitor. Determine the voltage across the parallel combination.

25V

2V

3V

4V

E. 35V

o 0w p

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

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

f(t) = cos(t— n) — 2, m2<t<r

f(t)
16. The period of a periodic function f(t) is defined as: i \7y E
f(t) = cos(t + ) — 2, -r<t< -2 i - i
i +1 :
f(t) = -cos(t) + k, -2 <t < +72 i |
(9 = -cos() -7 |-xl2 7l2 \rx

Derive the trigonometric Fourier series expansion of

5
N\H

f(t), assuming k = 3.

7l v
Solution: a, = l[J.(—Zcost +k)dt +I (cos(t — ) - 2)dt}:
7| J0 712

i[kroﬁ—z ;at—rlzcostdt— ”costdt}:i[kré%—Z ”dt}: i{k—”—ﬁ}Zh—l.
T o 12 o 12 T o | 2

12



7l
a, = 2 U (—Zcost +k)cosntdt +I (cos(t — ) - 2)cos ntdt} =
| Y0 2

!
2 v ]2 4
— [— Icost cos ntdt +j k cosntdt — J. 2cos ntdt} =
T 0 o 712

2 1 ¢~ 1 ¢ 712 z _
— [— 2 L cos(n —Dtdt — 3 J;cos(n + Dtdt +kLcos ntdt — Zj;%os ntdt} =

_l[sm(n -t N sin(n +1)t} +&[sinnt]§’2 —i[sin ], =
nz nz

V4 n-1 n+1 |,
0—0+2—ksinn—”—0—0+isinn—”= Msinn—” . a, IS zero for even values, and the
nzx 2 nrz 2 nz 2

odd harmonics alternate in sign. Thus,

ft)= 5—1 l+M COSt—lCOSSt+1COS5t—lCOS7t+...
2 2 Vs 3 5 7

:1+£ cost—lcos3t+1c035t—1cos7t+... .
2 3 5 7

50 5 Q
19. Determine X and R for maximum power
transfer to R and calculate this power.

Assume Vsge = 420° V rms. Vsre

Solution: On open circuit, Vi =V = Vgge. On
V

SRC Y —

51+)

50 j5Q

short circuit, V=0and Iy =1 =

—=0.1(1 -J) S. For maximum power
51+ j)

transfer, G, =0.1S,orR=10Q, and B. =0.1
S,or X=-10 Q.




Under conditions of maximum power
05 | VSRC |
10
0.25| Veee I° _

10

transfer, the current in R is 0.5|ly| =

and the power transferred is

M:E:OA W.
40 0

20. Determine the complex power delivered by each
source given that Vsgc = 5cosat, Isrc = -2Sinat,
and assuming Z_ = k(1 —j) where k = 1.

Solution: The currents and voltages are as shown.

Equating mmfs: 100x2.290° + 200I_ = 0, or j2 = -2,

and I, =-jA, I, =1, —j2 = -3 A.

V=2l =-k(1-j))=-k(+j)V.Vo=V, -5=-(k +

5) —jk. Vi = Vo2 = -(k + 5)/2 —jk/2 V. V, =5 =V, =

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

Power delivered by voltage source = S, =

Vae i _ L(5yjg)- Jl5 =j7.5 VA

S22 2

Power delivered by current source S, =

il;i:l(15+k Jk)( i2) =
V22 20 2

%(k - jA5+k)) =0.5-j8 VA

Total power delivered by sources =

1,. , , Kg_
E(115+k—115—J|<))=E(1—J) 5V<+

As acheck, S, =

C

200
turns

100
turns

ISRC

TZE( k(- DXi) == (—J)VA




2. In the circuit shown, the capacitance

8Q R
absorbs -200 VAR. Determine the average AN e AVAYAY:
power dissipated in Rif R =5 Q. .

j20Q J2Q
Solution: Q = — BV,anS, where Vs is the rms , YN I I ®
voltage across Rand C,and B=-1/X=1/2 S.
o 1 50-0° V
Substituting, -200 = —Evris ,and Vims = 20 V. It

2
follows that Pg = % = % =80 W.

8. When a 9950 Q 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 Q 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 R,,, its FSD current be lg5p, and the FSD
voltage with series resistance be Vesp. Then lgsp(R + Ry) = Vesp, and 1gsp(10,000 + R +
Rm) = 2Vesp. It follows that R + Ry, =
10,000, or Ry, = 10,000 — R =50 Q.

11. Determine Z_ for maximum average power
deliveredto itif R =5 Q and Ix = k£-45°

where k = \/E A rms.
Solution: Zm, is (R + j5) Q. Hence, Z for 100,0° V
maximum power transfer is (R —j5) = (5 — j5) fms

Q.

12. Determine the maximum average power delivered to Z, in Problem 11, assuming that R
=5Q and Iy is as in Problem 11.
j10

Solution: V+y, as seen by Z, is determined from superposition as ﬂx 100£0° +
J1O+ ]

(5+ j10|| j10)ly = 50.£0° +5(1+ j)l, = 50.£0° + (54/2./45°) x k/ — 45° = 50 + 542K ;

[Bo+svakf (s0+5v2kf  (50+5v2xv2f (60F
- - - 20 - 20

P
Lmax 4R, 20

=180 W.




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

whereas Load L, absorbs 4.8 kW at 0.8 p.f. T
leading. If Vsrc = 20020° V rms at f = 50 Hz, Vsre <+> L,
determine the capacitor that must be connected T

in parallel with L; and L, to have maximum

magnitude of current through the source.

Solution: The reactive power absorbed by L; is 15x0.8 kVAR = 12 kVAR, whereas the

reactive power absorbed by L, is —%x 0.6 = -3.6 kVAR. For maximum magnitude of

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

8400 84

3.6) = -8400 VAR. hence, -8400 = -&Cx|Vsgcl|, or

84/(72002) = 0.67 mF.

1007 | Vsre |2 7| Vsre |2

20. Determine the complex power delivered by

each source given that Vsge = 5cosat, Isge = -2Sinat, ° 200

and assuming Z, = k(1 —j) where k = 1. turns
Solution: The currents and voltages are as shown.

Equating mmfs: 100x2.290° + 200, = 0, or j2 = -2I,, o . I:I
and I, =-jA 1 =1.—j2=-3 A. ti?r?s -
Vi=2Z =-k(@ -))=-k(L+))V.Vo =V, -5=-(k + Vsre

5 —jk. Vi =Vy/2=-(k+5)/2-jk/l2V.V,=5-V, =

(15 + K)/2 + jk/2 V. Isre

Power delivered by voltage source = S, =

\\//_\'/_ 2( Xj3) =12 115 = 7.5 VA

Power delivered by current source S, =

Vi lge _ 1 15+k+ﬁj(_j2)=
2 2

V2 V2 2

%(k - j5+k)) =0.5-8 VA

Total power delivered by sources =
1,. : , Kk :
S (15 +k - j15 - jk)) =2 (1= ]) 5v<+

As a check, S, =
I*

w1 K
\/5—2( k(@ J))(J)—2(1 j) VA

N1



15. The current waveform of the preceding problem is applied to a 2 Q 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=1xR =2 V. -
t

16. The period of a periodic function f(t) is defined as: i Ky i
f(t) =cos(t+ n) —2, -z<t<-m2 i L i
| +1 |
f(t) = - t) + k -2 <t<+7a2 | |
() = -cos(t) + k, g < - |-7l2 zl2 i«
f(t) = cos(t — n) — 2, m2<t<r i i
Derive the trigonometric Fourier series expansion of \ I /
) 1 1 _2 1
f(t), assuming k = 3.
7l T
Solution: a, = lU(—Zcost + k)dt +J (cos(t - z) - 2)dt} =
| Y0 7l2
[k dt - 2{at —jmcostdt - costdt}——[kj.dt 2 dt}— —|:k—7r—ﬂ:|=5—l.
Via 12 0 rl2 12 T 2 2

7zl v
a, = E[J‘ (—Zcost + k) cos ntdt +J (cos(t — ) - 2)cos ntdt} =
| Y0 /2

2 T l2 4
—[— J-cost cos ntdt +I k cos ntdt — I 2cos ntdt} =
T 0 0 72

2 1 3 l 4 712 Y1 _
;[— E.[o cos(n —tdt — > Lcos(n + Dtdt +k _[0 cos ntdt — ZJ;(/ZIZOS ntdt} =

_1isin(n-1t . sin(n + Dt [sm ]2 —i[sin ntl, =
b2 n-1 n+1 |, nz
0-0 +&smn—ﬂ—0 0 +ism N7 _ 2k +2) sm— a, is zero for even values, and the
nz 2 nz 2 nz 2

odd harmonics alternate in sign. Thus,

ft)=|=- 1 2(k+2) OSI—ECOS3I+1COS5t—ECOS7t+...
2 T 3 5 7

=£+E cost —ECOS3'[ + 1cosSt —lcos7t+
2 3 5 7

7. A D’Arsonval movement has a resistance of R Q and a full-scale deflection of 100 pA.
Determine the shunt resistance that will result in a full-scale deflection of 150 pA,

assuming R =50 Q.



Solution: At full-scale deflection, the voltage drop across the movement and shunt is (R
0)x(100 pA) = 100R pV. The shunt has to pass 50 pA, so its resistance is Rgpynt = 100R/50 =
2R =100 Q.

19. Determine X and R for maximum power 50 transfer to R and

calculate this power. Assume Vggc = 420°V

rms. n
_)Vsre

Solution: On open circuit, Viy =V = Vgre. On

short circuit, V=0and Iy =1= VSRC_ .Yy =
50+ j)
1 —=0.1(1 -j) S. For maximum power
51+ j)

transfer, G, = 0.1 S,orR=10Q, and B, =0.1
S,or X=-10 Q.

Under conditions of maximum power

transfer, the currentin R is 0.5|ly| = —0'5 |1\(;SRC |
2
and the power transferred is %:
Weee ' 16 _g 4y
40 40

14. A periodic current is shown, where over a

period,

i =6 + Asin2t O<t<nrx
i=-4+ Asin2(t — 7n) 70<t<2rx

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 valueis | = Y12 +52 + A2 /2 =+/26 + A2 /2 = /26,5 =5.15A.

4
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-1- Consider the two signals :
F(t) = 2+3Cos(100nt)+4Cos(200mt)+6Cos(400mt)
G(t) = Cos(100xnt).Sin(300xnt) - Sin(100xnt).Cos(300mnt)
Sin(200xt)
Find the period of each of the signals, TF and TG. (/zg)

a) TF=1/100 TG=1/100 b) TF=1/200 TG=1/300
c) TF= 1/50 TG= 1/50 d) TF=7/200 TG=1/200
> o)f/g,é of /;w o bt

-2- The signal F(t) given in (1) is an approximation of the real
signal f(t) with average power equal to 50Watt.
What is the %average power error in the approximation?(take

R=1Q) (p25)
63\1%; b) 35% c¢) 65% d) 39% e) None of the above

SN
-3- Consider the trigonometric Fourier series representation of f(t)
as given over the interval (-2,2): f(t)= t+1 -1<t<0
-t+1 0<t<1
0 elsewhere
The Fourier series is also a representation of the periodic signal
F(t) obtained by repeating f(t) periodically. The period of F(t) is:

o~ (p25)
a)3 b)2 c)l id)4 ;e) None of the above
\\‘/f’;
-4~ Two periodic functions of period 6 seconds each are given by:
f(t) = -t -3<t<0 g(t) =1 0O<t<3
t 0st<3 -1 3<t<6

Find the ratio of the amplitude of the 3™ harmonic present in
f(t) to that present in g(t). (p2¢/

5% b) 3/m c¢)=n/3n d) n e) None of the above





jLotE fokz
-5- Calculate the rms value of the NN,
current flowing in the circuit shown. (pzé}
—L_¢dov
a)8.5A b)54.85A - (c)42.58A
d) 25A e)None of the above AN —— LW —
3 Z.65mH
-6~ For the wave shown, calculate Ao, Ax
As and Bs. (/725) r‘
a) Ao=1.5, As=1.5 @A5=1.15 -7 i >
¢) Bs=1.5 d) As=1.5, Bs=1.15 T 3T
e) None of the above -7 z r

-7- Find the average power in a resistance R=2Q , if the voltage is
v= 32Sin(3t)Cos2(t/2) (p24 )
a) 256W b) 512W ¢) 192 W 96 W e) None of the above

-8- In a circuit : v(t) = 5Sin(t) +10Sin(3t),
I(t) = 7Sin(2t) + 50 Sin(8t)
What is the average power ? (p 2,57

a) 267.5 W @o W c) 250 W d) 35 W e) None of the above

-9- Two periodic voltages V1(t) and V2(t) of the same period
(T=2s)are applied to the circuit. Find the current in this circuit due

to the first harmonijc. (p24)
140 —— N8
iy il./L OmH

N v(H |
e | - ¢t
' i \I%(’H e

<aj;lz Cos(nt) b) 12 Sin(nt) c¢) 12Cos(nt)+12Sin(xnt)
d) o

) e) None of the above

-10- The function e* (0<x<1) is to be represented by a cosine
series, find az. ( y24)

a)-0.684 b)-0.0827 | ¢)0.0848) d)0.0424 e) None of the above





-11- Consider the wave form f(t). Find the amplitude and phase of the
3™ harmonic components of this waveform. {pz 7)

1\"’ N

a) C3= 5.1 03=x90° b) C3= 2.57 03=%90° :
c) CG3= 4.8 03=%180° d) Cs=5.1 e3=i180°None of the above
-12- A rectifier system with input f(t)and output g(t) is described by:

g(t) = |f(t)]. For an input of f(t) = (n/4)Sin(wt), the coefficient
of the exponential Fourier series of g(t) with n even is: (/727)

@/ 2(1-n2) b)1/(1-n2) ¢)2/(1-n2) d)1/(n-nn2) e)None of the above

-13- Let the signal f(t) be a signal defined between -n and n. F(t) is
zero outside the following exponential Fourier series: (/9 z”?)

; i

The series represents the periodic extension of f(t) with period T.
Find T.

a)8n b)2n c) 6m @411: e) None of the above

-14- Consider the following signal :
F(t) = 2Cos(100nt)+3Cos(300nt)+6Cos(500mnt)+9Sin(300mnt)
Find the coefficients of the exponential Fourier series of F(t). (/;:Z‘?

— a)Ci=C.1=1; C3=1.5-4.5] C.3=1.5+4.5] ; Cs=C.s=3
b)C1=C-1="1 ; C3=4.5-1.5j C-3=4.5+1.5j i Cs=C.5=-3
C)Ci1=C.1=2 ; C3=2.5-4.5] C.3=2.5+4.5] : Cs=C.5=3 :
d)Ci=C.1=2; C3=2.5-4.5] C3=2.5+4.5] ; C5=C.5=3 ;
e) None of the above

-15- Consider a resistance R=1Q across which the following voltage
is induced : V(t) =19+ (2+4§) e/290™ 1 (349j)el300n
Find the % energy contained in this sum when taken as an
approximation of the signal f(t) defined over (1/50 s; 2/50 s).
f(t) has an energy E=2.5 joules. (27

a) 78.8% b) 82% (c) 88.8% \d) 98.8% e) None of the above





-16- A voltage v(t) = Cos(w;t)+2Sin(wsyt) with fi=4KHz and
f,=8KHz is passed through a non-linear system having a transfer
function of the form : Vpo(t)=v+0.1v2

How many distortion (harmonic and inter-modulation) components
are present m the output voltage? (/azg}

a) 2( b) 4 )6 )8 e) None of the above
-17- If two ﬂlters of 300Hz passband are used at each frequency ,
how many distortion components will remain?(referring to —16-) (/925’

(J b)4 c¢) 6 d) None e) None of the above

-18- Referring to —16-, what is the amplitude and phase distortion
of the output voltage? (fz(_{’)

a)A=0.8, 0=2.9°

b) A=1, 06=45°
= C)A=1.02, 6=11.3°

d)A=1.2, 6=90°

e)None of the above






1. Find the rms value of v(t) in Fig. 1 over the

time interval (0, 5). { 7 ?@}

\
Mo oW

Vs = 0.54
Vems = 0.98
Vems = 0.86
Vims = 0.68
None of the above

(3]

v(t)
A

[0S}
[
N






10.

11.

Find the expression for the Fourier coefficients
C, for the periodic function shown in Fig. 9.( /772} v(t)

A 1/2mn,n=0; 1/2,n=0

B. j/mn, n=0; 0,n=0

C. j/2nn,n=0;, 1/2.n=0 /
D. j/3mn,n#0; 1,n=0 :
E. None of the E_L.bO;\/e :

) Figure 9.
A periodic function is represented by:

+-00 i20
= % v, ~ v
n=-—oo A
Fig. 10 shows the plot of the magnitude of
the coefficients Vn.  Find the average and -
the fundamental frequency of v(t).(p 72 )

2, 1Hz T \
5

OE }8322 ; T : 1 S T

1]
()
=

5f 100 Hz 403 2 -1 0 1
None of the above ;

3

moOwy

- 11





14.

Calculate the power dissipated in the resistor

MY oW

" in Fig. 12 if v1(t) = 10cost and v,(t) = 10cos3t. (/7 73)

127 W

507 W

60.8 W vi(t)
70.5 W \V

None of the above

iF

10

s
i1

Figure 12

v4(1)





4. A series RL circuit in which R = 5Q and L= 20 mH has an applied voltage v=100+
50sin wt + 25sin 3wt V, with ®=500 rads/s. Find the instantaneous current. (/7 /0/4)

. iF20+4.47sin(ot+63.4)+0.822 sin(3wt+80.54), A
b. i=20+4.47sin(ot-63.4)+0.822 sin(3wt-80.54), A
C. i=8.96+4.47sin(wt-63.4)+0.822 sin(3wt-80.54), A
d. i=sin(wt-63.4)+0.822 sin(3wt-80.54), A
e. None of the above

5. Determine the power dissipated in the resistor of problem 4. j? { /0!91/5

.~50.1W

.~51.79 W

. ~2000W

.~ 2053 W

. None of the above

\
O Q0 T o

—— « TT™ & NN





11. The figure below shows the triangular waveform of a voltage source operating at
frequency f= 1kHz. Find the amplitudes of the fundamental (I4 ) and the second order
harmonic (I;) current that flows through an inductor of value L= 1mH when it is supplied by
this source.. (Answers are rounded to 2 digits after the decimal point) [ﬂgaé/}

e

a) 1,=231AL=110A s —_—
b) 1;=134A1,=0A T 7
) h=0A1L=110A \ 0 ! z _/_>t

\

{

]

/d) L=129A,1,=0A T
e) None of the above 4

<

Test ID 1000 4/7






6. Consider a periodic function (1), described by the following sequence during one
period of time:

fty=0 for —4<t<-3
ft)=-Vm  for —-3<1<-1
flty=0 for —1<r<+]
ft)=+Vm  for +1<7<+3
fity=0 for  +3<r<44

where Vm = 20. Find the amplitude “A” of the third order harmonic in the Fourrier
series, expressed by Acos(3wmt — ). (/0 /Z}]

a) A=3
b) A=4
c) A=5
d) A=6
e) None of the above




nsabah

Rectangle





8. The following spectrum is the frequency representation of which Fourier function-

(piry)

! i 00053 .
[} 2 32 4 &5 5 7

4r . 4) . 47 .

a.  f(t) =—sin o + —sin 3ot -+ _lsm Ser + .
Vs 37 o7
Vo4 4 4 .

b (1) =—+——sin o + —sin 3ar + S Saft + ..
2 ir Sr

.
i C. f(t)=~V—+icosa)t+ 4V7 cos3wr + al .
z (Bz) (57)
d f@® :K+ 41? sin @t + il —-sin 3ot —F—ﬂz—sin St + ..
8 &~ (37r) (57r)

Nohe of the above

cosdaor + ...

@





11. The voltage waveform shown below is applied across a 10 Q resistor. Determine
the power dissipated by that resistor. ( piz S )

‘f Vo v

a. 75.6 W

b. 82W

c. 756 W

d. 378W

e. None of the above





A periodic signal consists of a square wave of

a square wave of amplitude + A, and unit impulse,
the period of both signals being 2 s. Determine the
magnitude of the third harmonic if A = 1. (//az/

A. 0.86
B. 1.21
C. 142
D. 1.85
E. None of the above’

ls





4. A complex waveform of RMS value of 240 V has 20% 3-rd harmonic content,
5% 5-th harmonic content and 2% 7-th harmonic content. Find the RMS value

of the 3-rd and 7-th harmonics respectively. ( V4 17 ?)

A. 11.5V, 46V

B. 7.6V, 1.3V
—=C. 47V, 4.7V

D. 30V, 3.2V

E. None of the above





11. A voltage v(t) is applied to a 5% resistor. v(t) can be written as:
v(t) = 1 - Z"0=1 (1/n?) cos (500nt)

Estimate the Power dissipated in the resistor using the first four non-zero terms

of V). ( 141/

a. 2.36 W
==h 0.31W
c. 1.25W
d. 0.95W
e. None of the above





18. The periodic voltage v, is applied
to the circuit shown, the reactance
of C at the frequency of the
fundamental being much smaliler
than 10 Q. Determine the power
dissipated in the circuit. ( /44/

13.33W

8.33W

6.67 W

417TW

None of the above

moow»

v

10 V-






20. The current through a 1 pF capacitor is 2cos? 1002t mA, where tis in s.
Determine the period of the voltage across the capacitor.

25 ms

50 ms

100 ms

200 ms

None of the above

moowy





4. The periodic voltage waveform shown below i 1

s applied across a 10 Q resistor. Determine

the average power dlss1pated in the resistor. ( p) T3
NGV
LO
= 3. 8.8 W ' 1 --
b. 88W ¥
c. 77.4W
d. 4.4W Iz 3 -
e. None of the above ?
L (_4s)
-8t —_ : /q






9. Ahalf-wave rectified waveform f,,(£) of

frequency 50 Hz and having A = 10 V is

applied to the circuit shown, where the -

reactance of C is negligible at 50 Hz.

Determine the total power dissipated in

the circuit. (/Q/gﬂf/

é
SISRoR- IS

0.83 W

1.49W

1.82 W

25W

None of the above

fh w( t)

At

-T/4

774






17. The time domain representation of a certain periodic signal is:
ft) = 25(r+3T/8) -2 8(t+ T/8) + 2 5(t- T/8) -2 §(t-3 1/3)

The correct truncated Fourier series for T=1 is
.82 005277 1) — 8/2 cos(67 £) — 82 cos (107 1) + 842 cos(ldrr £)

b.- 82 sin(277 1) — 8/2 sin(67 1) + 8v'2 sin(1077 1) + 82 sin(147z 1)
= .168in(472.1) =16 sin(127 t)

d.-16cos(87t) +16cos(167 1) +8

e. None of the above

(/7/6//





8%
4. A voltage having the waveform of the figure of Problem 9 below, with A= 8V and T
=1 s is applied to a coil having a resistance of 4 Q and an extremely large

inductance. Determine the average power dissipated in the coil. (/p/ 70/
A 1.56 W

C. 3.28W
D. 4W

E. None of the above



nsabah

Rectangle





Derive the trigonometric form of the FSE of the waveform (1)

shown A
Solution: The function is even, and ag = Cq =
T /4
1><A><I=é;an:ﬂ —it+1 COSs N, tdt
T 4 4 T Jo T ; "
T4 Ti4
T/4

4A| 4 4 . 1 .
=—|-=— 5 cosnapt - — sinna,t — sinna,t

T Tn%w T na, N, 0

= ﬂ[1— cos%ﬂ = i(l— cosnT”j. Hence,

Ton%a} 7n?

1
f(t)=é+£ cosa)ot+10052a)0t+lcos3a)ot+ —COoS 5wt +... |.
4 7 2 9 25





6. Consider a periodic function f(t), described by the following sequence during one
period of time:

flty=0 for —-4<t<-3
fity=—Vm  for -3<r<~1
fity=0 for —-1<t<+1
fit)y=+Vm  for +1<t<+3
flty=0 for +3<t<+4

where Vm = 20. Find the amplitude “A” of the third order harmonic in the Fourrier
series, expressed by Acos(3mt — ®). ( Pl 75;,)

A. A=3
B. A=4
C. A=5

E None of the above
Solution: The function is as

shown. It is odd and quarter- [n
wave symmetric. Hence, ag = D 1
2 A ' ; — !
and b, =§j V., sin3w,zdt 1 2 3 4
T
27 -V

where T =8 and W, = —8— = m

: 14 2
E.Hence, b, :——”—'—[—cos3mot]; :—9 —COSEZ-FCOSE = 80 =6.0
4 3w,T 4 2





10. The following spectrum is the frequency representation of which Fourier function: { P 3)2/)

o]

¥
3

!

l I |0.0083V
3

2 4 58 7

-
A f()= —4Lsin ot + ﬂsin 3ot + ilKsin Swt +...
T r S

B. f(t)= %Jvﬂsina)t +§Ksin 3wt +:—V—sin Swt +...

T T P2
C. f(t)= 14 + 4 cos 3! + ——cosSwt + ..
2 (Bz) ( )
14 4V 4
D. f(»)= §+ (37r)2 s 3wt + —— ( ) —-sin5wr + ..

E. None of the above





11. A voltage Ssinwpt V applied to a given resistor dissipates 5 W. What is the power
issipated by a voltage S|sinapt| V applied to the same resistor? C P27y

B. 5/2W
C. 5/2W
D. 10W

E. None on the above
Solution: The two waveforms have the same rms value and would therefore dissipate

the same power in a given resistor.
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14. The voltage waveform shown below is applied across a 10 Q resistor. Determine
the power dissipated by that resistor. ( P17 9}3





B. 7.56 W
C. 37.8W
D. None of the above

Solution: Mean square is
64x2+100x3+64x3+100x2

10
P:§—2—:8.2W
10

82.

& vgi)v

-10
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-1- Consider the two signals :
F(t) = 2+3Cos(100nt)+4Cos(200mt)+6Cos(400mt)
G(t) = Cos(100xnt).Sin(300xnt) - Sin(100xnt).Cos(300mnt)
Sin(200xt)
Find the period of each of the signals, TF and TG. (/zg)

a) TF=1/100 TG=1/100 b) TF=1/200 TG=1/300
c) TF= 1/50 TG= 1/50 d) TF=7/200 TG=1/200
> o)f/g,é of /;w o bt

-2- The signal F(t) given in (1) is an approximation of the real
signal f(t) with average power equal to 50Watt.
What is the %average power error in the approximation?(take

R=1Q) (p25)
63\1%; b) 35% c¢) 65% d) 39% e) None of the above

SN
-3- Consider the trigonometric Fourier series representation of f(t)
as given over the interval (-2,2): f(t)= t+1 -1<t<0
-t+1 0<t<1
0 elsewhere
The Fourier series is also a representation of the periodic signal
F(t) obtained by repeating f(t) periodically. The period of F(t) is:

o~ (p25)
a)3 b)2 c)l id)4 ;e) None of the above
\\‘/f’;
-4~ Two periodic functions of period 6 seconds each are given by:
f(t) = -t -3<t<0 g(t) =1 0O<t<3
t 0st<3 -1 3<t<6

Find the ratio of the amplitude of the 3™ harmonic present in
f(t) to that present in g(t). (p2¢/

5% b) 3/m c¢)=n/3n d) n e) None of the above





jLotE fokz
-5- Calculate the rms value of the NN,
current flowing in the circuit shown. (pzé}
—L_¢dov
a)8.5A b)54.85A - (c)42.58A
d) 25A e)None of the above AN —— LW —
3 Z.65mH
-6~ For the wave shown, calculate Ao, Ax
As and Bs. (/725) r‘
a) Ao=1.5, As=1.5 @A5=1.15 -7 i >
¢) Bs=1.5 d) As=1.5, Bs=1.15 T 3T
e) None of the above -7 z r

-7- Find the average power in a resistance R=2Q , if the voltage is
v= 32Sin(3t)Cos2(t/2) (p24 )
a) 256W b) 512W ¢) 192 W 96 W e) None of the above

-8- In a circuit : v(t) = 5Sin(t) +10Sin(3t),
I(t) = 7Sin(2t) + 50 Sin(8t)
What is the average power ? (p 2,57

a) 267.5 W @o W c) 250 W d) 35 W e) None of the above

-9- Two periodic voltages V1(t) and V2(t) of the same period
(T=2s)are applied to the circuit. Find the current in this circuit due

to the first harmonijc. (p24)
140 —— N8
iy il./L OmH

N v(H |
e | - ¢t
' i \I%(’H e

<aj;lz Cos(nt) b) 12 Sin(nt) c¢) 12Cos(nt)+12Sin(xnt)
d) o

) e) None of the above

-10- The function e* (0<x<1) is to be represented by a cosine
series, find az. ( y24)

a)-0.684 b)-0.0827 | ¢)0.0848) d)0.0424 e) None of the above





-11- Consider the wave form f(t). Find the amplitude and phase of the
3™ harmonic components of this waveform. {pz 7)

1\"’ N

a) C3= 5.1 03=x90° b) C3= 2.57 03=%90° :
c) CG3= 4.8 03=%180° d) Cs=5.1 e3=i180°None of the above
-12- A rectifier system with input f(t)and output g(t) is described by:

g(t) = |f(t)]. For an input of f(t) = (n/4)Sin(wt), the coefficient
of the exponential Fourier series of g(t) with n even is: (/727)

@/ 2(1-n2) b)1/(1-n2) ¢)2/(1-n2) d)1/(n-nn2) e)None of the above

-13- Let the signal f(t) be a signal defined between -n and n. F(t) is
zero outside the following exponential Fourier series: (/9 z”?)

; i

The series represents the periodic extension of f(t) with period T.
Find T.

a)8n b)2n c) 6m @411: e) None of the above

-14- Consider the following signal :
F(t) = 2Cos(100nt)+3Cos(300nt)+6Cos(500mnt)+9Sin(300mnt)
Find the coefficients of the exponential Fourier series of F(t). (/;:Z‘?

— a)Ci=C.1=1; C3=1.5-4.5] C.3=1.5+4.5] ; Cs=C.s=3
b)C1=C-1="1 ; C3=4.5-1.5j C-3=4.5+1.5j i Cs=C.5=-3
C)Ci1=C.1=2 ; C3=2.5-4.5] C.3=2.5+4.5] : Cs=C.5=3 :
d)Ci=C.1=2; C3=2.5-4.5] C3=2.5+4.5] ; C5=C.5=3 ;
e) None of the above

-15- Consider a resistance R=1Q across which the following voltage
is induced : V(t) =19+ (2+4§) e/290™ 1 (349j)el300n
Find the % energy contained in this sum when taken as an
approximation of the signal f(t) defined over (1/50 s; 2/50 s).
f(t) has an energy E=2.5 joules. (27

a) 78.8% b) 82% (c) 88.8% \d) 98.8% e) None of the above





-16- A voltage v(t) = Cos(w;t)+2Sin(wsyt) with fi=4KHz and
f,=8KHz is passed through a non-linear system having a transfer
function of the form : Vpo(t)=v+0.1v2

How many distortion (harmonic and inter-modulation) components
are present m the output voltage? (/azg}

a) 2( b) 4 )6 )8 e) None of the above
-17- If two ﬂlters of 300Hz passband are used at each frequency ,
how many distortion components will remain?(referring to —16-) (/925’

(J b)4 c¢) 6 d) None e) None of the above

-18- Referring to —16-, what is the amplitude and phase distortion
of the output voltage? (fz(_{’)

a)A=0.8, 0=2.9°

b) A=1, 06=45°
= C)A=1.02, 6=11.3°

d)A=1.2, 6=90°

e)None of the above






1. Find the rms value of v(t) in Fig. 1 over the

time interval (0, 5). { 7 ?@}

\
Mo oW

Vs = 0.54
Vems = 0.98
Vems = 0.86
Vims = 0.68
None of the above

(3]

v(t)
A

[0S}
[
N






10.

11.

Find the expression for the Fourier coefficients
C, for the periodic function shown in Fig. 9.( /772} v(t)

A 1/2mn,n=0; 1/2,n=0

B. j/mn, n=0; 0,n=0

C. j/2nn,n=0;, 1/2.n=0 /
D. j/3mn,n#0; 1,n=0 :
E. None of the E_L.bO;\/e :

) Figure 9.
A periodic function is represented by:

+-00 i20
= % v, ~ v
n=-—oo A
Fig. 10 shows the plot of the magnitude of
the coefficients Vn.  Find the average and -
the fundamental frequency of v(t).(p 72 )

2, 1Hz T \
5

OE }8322 ; T : 1 S T

1]
()
=

5f 100 Hz 403 2 -1 0 1
None of the above ;

3

moOwy

- 11





14.

Calculate the power dissipated in the resistor

MY oW

" in Fig. 12 if v1(t) = 10cost and v,(t) = 10cos3t. (/7 73)

127 W

507 W

60.8 W vi(t)
70.5 W \V

None of the above

iF

10

s
i1

Figure 12

v4(1)





4. A series RL circuit in which R = 5Q and L= 20 mH has an applied voltage v=100+
50sin wt + 25sin 3wt V, with ®=500 rads/s. Find the instantaneous current. (/7 /0/4)

. iF20+4.47sin(ot+63.4)+0.822 sin(3wt+80.54), A
b. i=20+4.47sin(ot-63.4)+0.822 sin(3wt-80.54), A
C. i=8.96+4.47sin(wt-63.4)+0.822 sin(3wt-80.54), A
d. i=sin(wt-63.4)+0.822 sin(3wt-80.54), A
e. None of the above

5. Determine the power dissipated in the resistor of problem 4. j? { /0!91/5

.~50.1W

.~51.79 W

. ~2000W

.~ 2053 W

. None of the above

\
O Q0 T o

—— « TT™ & NN





11. The figure below shows the triangular waveform of a voltage source operating at
frequency f= 1kHz. Find the amplitudes of the fundamental (I4 ) and the second order
harmonic (I;) current that flows through an inductor of value L= 1mH when it is supplied by
this source.. (Answers are rounded to 2 digits after the decimal point) [ﬂgaé/}

e

a) 1,=231AL=110A s —_—
b) 1;=134A1,=0A T 7
) h=0A1L=110A \ 0 ! z _/_>t

\

{

]

/d) L=129A,1,=0A T
e) None of the above 4

<

Test ID 1000 4/7






6. Consider a periodic function (1), described by the following sequence during one
period of time:

fty=0 for —4<t<-3
ft)=-Vm  for —-3<1<-1
flty=0 for —1<r<+]
ft)=+Vm  for +1<7<+3
fity=0 for  +3<r<44

where Vm = 20. Find the amplitude “A” of the third order harmonic in the Fourrier
series, expressed by Acos(3wmt — ). (/0 /Z}]

a) A=3
b) A=4
c) A=5
d) A=6
e) None of the above
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8. The following spectrum is the frequency representation of which Fourier function-

(piry)

! i 00053 .
[} 2 32 4 &5 5 7

4r . 4) . 47 .

a.  f(t) =—sin o + —sin 3ot -+ _lsm Ser + .
Vs 37 o7
Vo4 4 4 .

b (1) =—+——sin o + —sin 3ar + S Saft + ..
2 ir Sr

.
i C. f(t)=~V—+icosa)t+ 4V7 cos3wr + al .
z (Bz) (57)
d f@® :K+ 41? sin @t + il —-sin 3ot —F—ﬂz—sin St + ..
8 &~ (37r) (57r)

Nohe of the above

cosdaor + ...

@





11. The voltage waveform shown below is applied across a 10 Q resistor. Determine
the power dissipated by that resistor. ( piz S )

‘f Vo v

a. 75.6 W

b. 82W

c. 756 W

d. 378W

e. None of the above





A periodic signal consists of a square wave of

a square wave of amplitude + A, and unit impulse,
the period of both signals being 2 s. Determine the
magnitude of the third harmonic if A = 1. (//az/

A. 0.86
B. 1.21
C. 142
D. 1.85
E. None of the above’

ls





4. A complex waveform of RMS value of 240 V has 20% 3-rd harmonic content,
5% 5-th harmonic content and 2% 7-th harmonic content. Find the RMS value

of the 3-rd and 7-th harmonics respectively. ( V4 17 ?)

A. 11.5V, 46V

B. 7.6V, 1.3V
—=C. 47V, 4.7V

D. 30V, 3.2V

E. None of the above





11. A voltage v(t) is applied to a 5% resistor. v(t) can be written as:
v(t) = 1 - Z"0=1 (1/n?) cos (500nt)

Estimate the Power dissipated in the resistor using the first four non-zero terms

of V). ( 141/

a. 2.36 W
==h 0.31W
c. 1.25W
d. 0.95W
e. None of the above





18. The periodic voltage v, is applied
to the circuit shown, the reactance
of C at the frequency of the
fundamental being much smaliler
than 10 Q. Determine the power
dissipated in the circuit. ( /44/

13.33W

8.33W

6.67 W

417TW

None of the above

moow»

v

10 V-






20. The current through a 1 pF capacitor is 2cos? 1002t mA, where tis in s.
Determine the period of the voltage across the capacitor.

25 ms

50 ms

100 ms

200 ms

None of the above

moowy





4. The periodic voltage waveform shown below i 1

s applied across a 10 Q resistor. Determine

the average power dlss1pated in the resistor. ( p) T3
NGV
LO
= 3. 8.8 W ' 1 --
b. 88W ¥
c. 77.4W
d. 4.4W Iz 3 -
e. None of the above ?
L (_4s)
-8t —_ : /q






9. Ahalf-wave rectified waveform f,,(£) of

frequency 50 Hz and having A = 10 V is

applied to the circuit shown, where the -

reactance of C is negligible at 50 Hz.

Determine the total power dissipated in

the circuit. (/Q/gﬂf/

é
SISRoR- IS

0.83 W

1.49W

1.82 W

25W

None of the above

fh w( t)

At

-T/4

774






17. The time domain representation of a certain periodic signal is:
ft) = 25(r+3T/8) -2 8(t+ T/8) + 2 5(t- T/8) -2 §(t-3 1/3)

The correct truncated Fourier series for T=1 is
.82 005277 1) — 8/2 cos(67 £) — 82 cos (107 1) + 842 cos(ldrr £)

b.- 82 sin(277 1) — 8/2 sin(67 1) + 8v'2 sin(1077 1) + 82 sin(147z 1)
= .168in(472.1) =16 sin(127 t)

d.-16cos(87t) +16cos(167 1) +8

e. None of the above

(/7/6//





8%
4. A voltage having the waveform of the figure of Problem 9 below, with A= 8V and T
=1 s is applied to a coil having a resistance of 4 Q and an extremely large

inductance. Determine the average power dissipated in the coil. (/p/ 70/
A 1.56 W

C. 3.28W
D. 4W

E. None of the above
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Derive the trigonometric form of the FSE of the waveform (1)

shown A
Solution: The function is even, and ag = Cq =
T /4
1><A><I=é;an:ﬂ —it+1 COSs N, tdt
T 4 4 T Jo T ; "
T4 Ti4
T/4

4A| 4 4 . 1 .
=—|-=— 5 cosnapt - — sinna,t — sinna,t

T Tn%w T na, N, 0

= ﬂ[1— cos%ﬂ = i(l— cosnT”j. Hence,

Ton%a} 7n?

1
f(t)=é+£ cosa)ot+10052a)0t+lcos3a)ot+ —COoS 5wt +... |.
4 7 2 9 25





6. Consider a periodic function f(t), described by the following sequence during one
period of time:

flty=0 for —-4<t<-3
fity=—Vm  for -3<r<~1
fity=0 for —-1<t<+1
fit)y=+Vm  for +1<t<+3
flty=0 for +3<t<+4

where Vm = 20. Find the amplitude “A” of the third order harmonic in the Fourrier
series, expressed by Acos(3mt — ®). ( Pl 75;,)

A. A=3
B. A=4
C. A=5

E None of the above
Solution: The function is as

shown. It is odd and quarter- [n
wave symmetric. Hence, ag = D 1
2 A ' ; — !
and b, =§j V., sin3w,zdt 1 2 3 4
T
27 -V

where T =8 and W, = —8— = m

: 14 2
E.Hence, b, :——”—'—[—cos3mot]; :—9 —COSEZ-FCOSE = 80 =6.0
4 3w,T 4 2





10. The following spectrum is the frequency representation of which Fourier function: { P 3)2/)

o]

¥
3

!

l I |0.0083V
3

2 4 58 7

-
A f()= —4Lsin ot + ﬂsin 3ot + ilKsin Swt +...
T r S

B. f(t)= %Jvﬂsina)t +§Ksin 3wt +:—V—sin Swt +...

T T P2
C. f(t)= 14 + 4 cos 3! + ——cosSwt + ..
2 (Bz) ( )
14 4V 4
D. f(»)= §+ (37r)2 s 3wt + —— ( ) —-sin5wr + ..

E. None of the above





11. A voltage Ssinwpt V applied to a given resistor dissipates 5 W. What is the power
issipated by a voltage S|sinapt| V applied to the same resistor? C P27y

B. 5/2W
C. 5/2W
D. 10W

E. None on the above
Solution: The two waveforms have the same rms value and would therefore dissipate

the same power in a given resistor.
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14. The voltage waveform shown below is applied across a 10 Q resistor. Determine
the power dissipated by that resistor. ( P17 9}3





B. 7.56 W
C. 37.8W
D. None of the above

Solution: Mean square is
64x2+100x3+64x3+100x2

10
P:§—2—:8.2W
10

82.

& vgi)v

-10
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