EE2301 Basic Electronic Circuit Problem Set 1

Block B: AC circuits

Q1. Problem P4.49

For the circuit shown in Figure P4.49, the currenti_(t) = 1, coslet +30°), 1, =13mA @ :1000@,

S
and the value of the capacitance C is 0.5uF.

Find:

a) The phasor notation for the source current.

b) The impedance of the capacitor.

c) The voltage across the capacitor, showing all the passages and using phasor notation only.
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G I & 4:

Figure P4.49

Solution:

a) Phasor notation:
I,=1y Z$p=13/30° mA

. 1 1
b) Lo ==X ==]—(©==-

| (1000 “s‘dj(o.s 1F)

=0- j2kQ =2/ -90°KO

c)

Vo =1,-Z-=(13230° mA)(24—900 kQ):264—600 %
ve(t)=26 (10001~ 60° )V
Note that conversion from phasor notation to time notation or vice versa can be done at any time.
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Q2. Problem P4.50*(modified)

a) For the circuit shown in Figure P4.50, find the current i3(t). Given that
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i, (t) =141 4sin(et +135° JmA | Z
rad S 4
i>(¢)=S0cos(wr +53.13° )mA, =377 225, = li’ i
+ Y
b) If Z; is an resistor R in series with an C_’)K- 75 [] Zs
inductor L where R=50Q2 and -
L=12.5mH, determine the phase

voltage Vz across Z; and its
corresponding voltage vz (t) in time domain. Figure P4.50

Solution:

a) A solution using trigonometric identities is possible but inefficient, cumbersome, and takes a lot of
time. Phasors are better! Note that one current is described with a sine and the other with a cosine
function. When using phasors, all currents and voltages must be described with either sine
functions or cosine functions. Which does not matter, but it is a good idea to adopt one and use it
consistently. Therefore, first converts to cosines.

KCL: —il(t)+i2(t)+i3(t):0 = +i3(t):i1(t)—i2(t]
i, (t)=141.4sin(et +135° )nA —50cos(et + 53.13° mA
—141.4cos(et +135° —90°JmA —50cos(et +53.13° JmA

I, =141.4mA £45° —50mA /53.13°
=(99.98 + j-99.98)mA —(30.00 + j-40.00)mA
=(69.98+ j-59.98)mA =92.17 £40.60°mA

i, (t) = 92.17 cos{et + 40.60° JmA

If sine functions were used, the result in phasor notation would differ in phase by 90 degrees.

b) Zz=R+joL =50+ j(377)(12.5x10'3) =50 +j 4.71Q
Therefore
V,, =1,+Z, =(141.4.45) (50 £5.38) = 7.1V £50.38°

3V, (t)=7.Lcos(wt +50.38° )V
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Q3. Problem P4.51* (modified)

For the circuit shown in Figure 5.51, determine the current through Z; if

a) Vg1 = Vs, =170 COS(377t) V;
b) Vs1==170 cos(377t) V and Vs, = 170 cos(1000t) V;
c) Please comment whether a change in the value of Z; or Z, will affect the answer in part (a) and (b)

or not. Justify you answer.

Giventhat Z, =17 /11°Q
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Solution:

a)

b)

V,

s

1=V =170£0° V=(170+0) V

KVL: —Va—Vo+1Z43=0
| _Va+V, _170£0°V +170£0°V _ 340£0°V
’ Z, 1741°0 1711°0Q

i3(t):2000{377 r—:d-z—noj A

=20£-11°A

Since the source frequency of Vs; and Vs; are now different, we cannot just add them together
in phasor domain. Instead, we have to apply superposition theorem and determine of the effect
of each source on Zs.

Consider Vg; by short circuit Vs,

V, =170 £0°V = (170 + jO)V

KVL: —Vgq+15,Z2,=0
V, 170£0°V 170£0°V

S!

= = =10/-11°A
Z, 1741°Q 17/411°0Q

3a
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i (t)=10 cos(377 rad —11°jA
S
Consider Vs, by short circuit Vs,

V,, =170 £0°V = (170 + jO)V

KVL: =V +153Z,=0
V,, 170/0°V _170/0°V
Z, 17/11°Q 17A1°Q

3b T

=10/-11°A

iy, (1) =10 cos[lOOO % t-11° jA

By adding the two current iz; and iz in time domain, we have

i, (t) = iy, (t)+ iy, (£) = 10 005(377 rad —11°J+ 10 cos(lOOO rad —11°jA
S S
C) No. It is because Z3 is connected to voltage sources. As a result, the voltage across Zz will be

kept constant.
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Q4. Problem 4.52

Given that the values of the impedance in the circuit shown in Figure P4.52 are Z; =(13000+ ja3) Q,
R=120 Q, L=19 mH, C=220 pF determine the frequency such that the current I, and the voltage v,

are in phase.
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Figure 4.52

Solution:

Z, is not a factor in this solution. Only R, L, and C will determine if the voltage across this
combination is in phase with the current through it. If the voltage and current are in phase, then, the
equivalent impedance must have an "imaginary" or reactive part which is zero!

Vo / =
a2 O <Ry )0

a
_ (ZR +ZL)'ZC _ (R"‘ jXL)'(_ jxc) :( XLXC - ijc j(R_ j(xL _XC)J
. ZR+ZL+ZC R+jXL_jXC R+j(XL—XC) R—j(XL—XC)
_ [XLXCR_ RXC(XL — Xc)]_ j[RZXc + XLXC(XL _Xc)]
R? +(XL_XC)2
At the resonant frequency the reactive component of this impedance must equal zero:
X (@)= R®X ¢ + X Xc (X, = X¢)
h R2+(XL_XC)2

R2+wL(a)L—LJ:0 = o2 =L g2
oC C

2 2
o= |1 _R°_ - _ (12@) :\/23924Gra—d—39.89Mra—d:4891kra—d
LC |2 (LOmH)220F)  (1omH)? s s s

=0=R?+ X (X, = X.)=0,if X, #0

Notes:

1. To separate the equivalent impedance into real (resistive) and "imaginary" (reactive) components,
the denominator had to be "rationalized". This was done by multiplying numerator and denominator by
the complex conjugate of the denominator, and multiplying term by term. Remember that j* =—1, etc.
2. The term with R had a negligible effect on the resonant frequency in this case. If R is sufficiently
large, however, it will significantly affect the answer.
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Q5. Problem 4.53

For the circuit shown in Figure P4.53, determine the current supplied by the source. Given that the
values of the impedance, R,=50Q, R, =40Q, L=20 uH, C=125nF, and the voltage applied to the

. . . . d
circuit shown in Figure P4.53, v,()= Vg ws(wr+0°) 1y =10V, =6 M"“T :
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Figure P4.53

Solution:

Assume clockwise currents:
X, =0l = (BM @J(zoﬂH)ﬂon:zL =0+ j120Q =120 Z/90° Q
S

1 1

Xp=—=
o (6 M“‘dj(l 25 nF)
S

R. =40Q=40,0°Q, R, =50Q2=50./0°Q
Equivalent impedances:
Z.y =R.+Z =40+ j120Q2=126.5/71.56"Q

Re Zew _ ¢, (13332-90°0)-(1265,7156°02) _

=1333Q = Z-=0-,1333Q=133324-90° Q

Zeq =Rg + . .
Re +Zoq 133.3/-90°Q+126.5/71.56° Q)

04 16.87/ —18.44° kQ?
42161/ -18.44°Q)

V, 10£0°V

S Zy  45020° Q

=50-£0°Q+40020°Q =450£0°Q

OL: 1,=—% =222240° mA = iy(1)=2222cof@r+0’ )mA

Note:
The equivalent impedance of the parallel combination is purely resistive; therefore, the frequency
given is the resonant frequency of this network.
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Q6. Problem P4.54* (modified)

a) Determine the current in the circuit shown in Figure P4.54.
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3Q 3H !

——

V(1) = 12 cos 3t VCD 1/3F =

Figure P4.54

b) If the frequency, o, of the source is variable, determine at which frequency in rad/s such that the
current i is maximum. Under this situation, calculate also the phasor voltage across the 3H inductor
and 1/3F capacitor respectively. What can you observe?

Hint: maximum current occurs at which the equivalent impedance seen by the source vs is resistive.
Do you know why? You can use the previous finding to explain it.

Solution:

a) Assume clockwise currents:

w=314 p 10V
S

ZC:%:—]'Q, Z;=joLb=79Q = Ziyq =3+j9-j=3+j8 Q

J

I= 312,8 =0.4932-j13151A= 14045/~ 6944° A, i(t)=14cos(@r-694°) A
+J

b) Assume the frequency at which the current is maximum is .

. 1 . 3
. Z =3+ j(3w, ———) =3+ j(3m, ——
The impedance seen by the source 1B, %a)o) 1B, 600)

3
- 3w, ——)=0 =1rad/s
For Z to be resistive, S a)o) =

12.0° o
Under this situation, the current ' :—3400 =420°p

Hence, voltage across the inductor V= 0.5*1*X = j0.5*3*4 = j6V
voltage across the capacitor V¢=0.5*1*X¢c = -j0.5*3*4 = -j6V

They have the same magnitude but opposite in phase. As a result, all the source voltage will apply only
on the resistor, resulting in maximum current flow.
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Q7. Problem P4.57* (modified)

Determine the voltage V, of the circuit shown in Figure P4.57. It is given that the frequency of the
source is 2 rad/s. Calculate also the current though the 6H inductor and its power dissipation. What is
the physical meaning if you find the answer (power dissipation) is a purely imaginary value?

Noted: the source voltage is in rms.
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+ vV, 5
V=25,0V C*) @ 6 s‘z§ Vv,

Figure P4.57

Solution:

Specifying the positive directions as in figure P4.57:
Z =joL=j120Q
Reo _ 6Q2 25,/0° 15020°Q

2 Roo+Z, +Ry, . (2+ [12+6)02 18+ j120

=6.93/-33.7°V

The current through the 6H inductor, I is given by

I, = v -0 56,3370V
Rypo+Z, +Ryy  (12+ j12+6)

The corresponding power dissipation by the 6H inductor, Q, is given by

Q=1,_*1_*Z,  (becausesourcevoltagein rms)
= (1.156/ —33.7)(1.156 2 - 33.7) "(j12)
=(1.156£-33.7)(1.156 £ + 33.7)(j12)

= JI6VAr

The complex j indicates the average energy which is stored by the inductor. It should be noted that a
pure inductor does not dissipate energy as heat. The unit VAr is used to differentiate the different in
nature to the energy dissipated by resistor. In the later case, we use W to represent it. Please refer to
chapter 7 for more concept about complex power
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Q8. Problem P4.66 z

1Q

AMA
YWYy

a
Po!

a) Find the equivalent impedance Z, shown in Figure P4.66(a),
as seen by the source, if the frequency is 377 rad/s —

. ©® g

13.26 mH

b) If we want to source to see the load as completely resistive,
what value of capacitance should we placed between the
terminal a and b as shown in Figure P4.66(b)?

N

Figure 4.66 (a)
Hint: Find an expression for the equivalent impedance Z, 4
and then find C so that the phase angle of the impedance is o W
zero. S
¢) What is the actual impedance that the source sees withthe | 1 a3
capacitor included in the circuit? O T
b
(b)
Solution:
Figure 4.66 (b)
a) Z, =R+ jX_ =1+ j(377><1326><10_3):1+ j5
1 1
b) z, =2\||1Z¢c, Zc=—==
) ZL=Z\liZ¢, Z¢ joC - J3TIC
1 :
——— (5
j377C (4 )_ (1+j5) 1+j5

such that z,= =— — = _
H{1+]5) 1+j377C(1+j5)  1-1885C+j377C

jarrc
The impedance angle is: ~Z, =a1ctarGj—amtar(

377C ]
1-1885C
In order to have a strictly real impedance we set ~z, =0, or:

[§j:( 37ic j,which leads to: 5=(377+9425)C or C:%Z:mm uF

1 1-1885C
1 ] 1 ]
: (1+j5) - (1+j5)
o 7,2 J377C _ jo1923 .
+(1+]5) +(1+5)

j3r7C j01923
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Q9. Problem P6.1

Find:

a) The frequency response for the circuit of Figure P6.1.

b) Plot magnitude and phase of the circuit using a linear scale for frequency.
c) Repeat part b., using semilog paper.

d) Plot the magnitude response using semilog paper with magnitude in dB.
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Figure P6.1
Solution:
Vou ¢ R _ 1 1
—(JC())Z . - . = . 6
Vi R+joL 1+ joL/R 1+ j(2.5x10%w)
0 - 1 1- j(25x10°0)
1+ j(25x10°w) \ 1~ j(25x10° w)
1-j(25%x10%0) 1 . [25x10%0)

1+ (25x10%0f  1+[25x10°0]  1+(25x10°0)

‘ Vou| _ 1 i N (2.5x10° o) i _ 1
n 1+(25x10%0f ) (1+(25x10%0f ) V1+6.25x10% 0’
(2.5x10°w)
. 2
o(w) = —arcta 1+(2'5X110 6w) = —arctar|(2.5><10’6 a))

1+(25x10° o)
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The plots obtained using Matlab are shown below:
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Q10. Problem P6.3

Find:

a) The frequency response for the circuit of Figure P6.3.

b) Plot magnitude and phase of the circuit using a linear scale for frequency.
c) Repeat part b., using semilog paper.

d) Plot the magnitude response using semilog paper with magnitude in dB.
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Figure P6.3

Solution:

First, we find the Thévenin equivalent circuit seen by the capacitor:
Ry =200(2000+1000=2000 ©

and
b 2000 vy,
200042000 " 2
/)
a) vout: ]wc — 1 — 1
voo  Rp+ %a} c 1HjoRIC 1+ (0.020)
Vout — 1
voc| Al + 4x107% 02
Y out :1 Vour | _ 0.5
Vin | 2| voc 1/1+4><10_4a)2

) =—arctar(0.02)
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b) The plots obtained using Matlab are shown below:
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Q11. Problem P6.4

Given: R1=500£2, R,=100042, L=2H, C=100uF

Find:

a) The frequency response for the circuit of Figure P6.4.

b) Plot magnitude and phase of the circuit using a linear scale for frequency.
c) Repeat part b., using semilog paper.

d) Plot the magnitude response using semilog paper with magnitude in dB.
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Figure P6.4
Solution:
v, L) +J'60L+%a,c 1+ joCR, +(jw) LC 1-0.00020% + j(0.1)w
a) ~2(jo) = g = 2 - :
Vin R+ Ry+jol+ Vo 14 joC(R) + Ry)+(jo) LC  1-0.00020° + j(0.15)w

b) The plots obtained using Matlab are shown below:
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Magnitude Response
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Q12. Problem 6.12

Compute and plot the frequency response function for the circuit shown in Figure 6.12 using semilog
in frequency with magnitude in dB (Bode Plot).

Giventhat R, =100Q2; R, =100Q; R, =50Q; C =80nF
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Vi(jw) R, ZV.( jw)
1
Figure P6.12
Solution:
Using voltage division:
1
Ry —— .
_ Zr2Zc  _ 2 joC joC R>
Zgg = ——— = 1 ; = ;
Zr2t Zc Ry + JjoC 1+jwR,C
2 .
joC
. 0 1+ joR,C
w: e = Ll ZRL = R JOTa =
Vilio ZrR\ t Zag t ZRL Ry + R> N 1+ joR,C
1 3 R
1+ joR,C
_ Ry [1 1] awRrC]J _ Ry 1 +jwR,C
Ri * Ry *+ Ry *j[ R1 + Ry ]wR2C Ri + Ry + R, 1+j[R1 + Ry ] oRC

R1 T Ry t Ry
Plotting the response in a Bode Plot:

Bode Diagram

Magnitude (dB)

Phase (deg)
-

Frequency (rad/sec)



