EE221 - Practice for the 1* Midterm Exam

1. Consider this circuit and corresponding plot of the inductor current:
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Determine the values of L, R, and R,: L= 48 H, R,=_ 200 Q and R,=_ 300 Q.

Hint: Use the plot to determine values of D, E, F and a such that the inductor current can be represented

as
D for t<0
i(t)=
(1) {E+Fe‘at for t>0

Solution:
From the plot D = i(t) fort <0=120mA =0.12 A,E+F=1i(0+) = 120 mA = 0.12 A and

E = limi (t)=200 mA =0.2 A . The point labeled on the plot indicates that i(t) = 160 mA when t =
—m

N ( 160 — 200}
160 =200-80e 202 o\ 80 J_,¢
20.027725 S

27.725 ms = 0.027725 s. Consequently

. 120 mA for t<0
Then I(t)={

200-80e ' mA for t>0



When t <0, the circuit is at steady state so the inductor e
acts like a short circuit.
24 +
R, =——— =200 Q Dasv §R1
0.12

As t — oo, the circuit is again at steady state so the
inductor acts like a short circuit.

02A
R1||R2=£=12OQ
0.2
120=200[|R, = R,=300Q (i 24V §R,IR2
Next, the inductance can be determined using the time
constant:
R/IIR
25-a=tRIR 1200y 1200y
T L L 25
2.
20
25V 18 r
+ s
v(?) §80§2 =cC §R1 -3< =
o)
t=0
_ Ry
—AN\N\—o 10 b
1 1
0 322

t, S

()
Design the circuit in (a) to have the response in (b) by specifying the values of C, R; and R;.

C=__0125 F, R= 100 Q and R; = 20 Q.
Solution:
D fort<0

The voltage V(1) is represented by an equation of the form V(t) = {E Fea forts0
+ ort>

where D, E, F and a are unknown constants. The constants D, E and F are described by

D=v(t) whent<O0, E:%ngv(t), E+F =limv(t)

t—>0+

From the plot, we see that D=10, E=20, and E+F=10 V

10 fort<0
Consequently, (t)=

20-10e fort>0



To determine the value of a , we pick a time when the circuit is not at steady state. One such point is
labeled on the plot. We see v(3.22) =18 'V, that is, the value of the voltage is 18 volts at time 3.22

seconds. Substituting these into the equation for v(t) gives

) (0.2
18220-10e202) — o_10(02)_,
3.0
C d V(t) 10 fort<0
onsequen =
quently 20-10e" fort>0

Now let’s turn our attention to the circuit. When the circuit is at steady state, the capacitor acts like an
open circuit.

25V
After t = 0, the switch is closed and the steady state voltage is _ (7
determined from the plot to be v(t) = E =20 V. On the right we l
see the circuit that results from replacing the capacitor by an
open circuit and the switch by a short circuit. Using voltage v(t) g 30 O
division gives
80 _ Ry
20= 25) = R,=20Q T
sorR, ) = R —WW
25V
Before t = 0, the switch is open and the steady state voltage is _ (i)
determined from the plot to be v(t) =E + F =10 V. On the l /
right we see the circuit that results from replacing the capacitor
by an open circuit and the switch by an open circuit. Using v(t) § 80 Q g Ry
voltage division gives
R
80 80 - T 2
10=—(25)= 25) = R, =100Q o
8O+R1+R2( ) 100+R1( ) : Wy
l * Recalling that a = 0.5 from the plot, consider the time constant
2= L 7 =CR,. After t = 0, the Thevenin resistance of the part of
80 Q a
|_’ g the circuit connected to the capacitor is
2 T Ry R, =80||R, =80[/20=16 Q.
t ¢ AA"AY )

Then C=—=—=0.125F.
R. 16

t



= (e)

Here are three ac circuits, each represented in the frequency domain. The input to each of these circuits is
the phasor voltage V, =2.5/-75° V. Let P,, P, and P, denote the average power supplied by the

source in circuit (@), (b) and (C) respectively. Determine the values of P,, P, and P,:

P,=_ 00120 mW, P,= 0208 mW and P,= 0 mW

a

(a)

25/-75°  2.5/-75°

T 10-j50  51£-78.7°

2.5(0.0490)

=0.049043.7°mA = P, = cos(—75—3.7) =0.0120 mW

SL- 2.5(0.1667
1,=222"7 _01667/-75°mA = P, = Mcos(—% —(~75))=0.208375 mW

and I.=0 = P_=0
4. Given that R

<+ v.(t) L

V,(t)=24cos(3t+75°) V _J i
answer the following questions: O
source load

a) Suppose R=9Q and L =5 H. What are the average, complex and reactive powers delivered by
the source to the load?

P= 847 W, S=_ 847+jl41 VAandQ=_ 141 VAR



b) Suppose the source delivers 8.47 +j 14.12 VA to the load. What are the values of the resistance,
R, and the inductance, L?
R=_ 9 QandL=_ 5 H

c) Suppose the source delivers 14.12 W to the load at a power factor of 0.857 lagging. What are the
values of the resistance, R, and the inductance, L?

R= 15 QandL= 3 H

Solution:
Represent the circuit in the frequency domain as
I
N R
24/75°V joL
source load
a) I= 244_75 _ 24275 =1.37£16° A
9+ j15  17.54£59°
24(1.37 .
S = %(24475")(1.37416")>l< = MZUS —16)°=16.44,59°=8.47+ jl4.1 VA
2(8.47+[14.12)) (2(16.44259°)
AT+ 114. . °
b) I= ( J ) = ( ) =(1.374—16°)*=1.37416°A
24 /75° 24/75°
R+ j3L:£:17.5459°=9+ JISQ so R=9Q and L:1—5:5 H
1.37£16° 3
0.857 =cos(0)
c) pf =0.857 lagging = and so 6=31°.
0>0
14.12
Next 14.12 = P =S|cos & =[S](0.857) so [S|=—==16.48 VA
0.857
* *
: 28 2(16.48.231°)
Then S=1648231°=14.12+j849 and I=|—| =| ——=| =1.37444°
\% 24/75°
R+j3L= 24275 =17.5431°=15+J9Q so R=15Q and L=3H

1.37/44°



5. Given that O

V,(t)=24cos(3t+75°) V
Determine the impedance of the load and the complex vi(t) A

power delivered by the source to the load under each
of the following conditions:

source load

a) The source delivers 14.12 + ] 8.47 VA to load A and 8.47 + j 14.12 VA to load B.
Z=__9.016£45° Q, S=__ 2259+ j22.59 VA

b) The source delivers 8.47 +j 14.12 VA to load A and the impedance of load Bis 15+ j9 Q.
Z=__9.016£45° Q, S=__ 2259+ j22.59 VA

c) The source delivers 14.12 W to load A at a power factor of 0.857 lagging and the impedance of
loadBis 9+ j15Q.
Z=_9.016£45° Q, S=_ 2259+j22.59 VA

d) The impedance of load A is 15+ j9 Q and the impedance of load Bis 9+ j15Q.
Z=_9.016£45° Q, S=__ 2259+ j22.59 VA

Solution:
Represent the circuit in the frequency domain as

I
—>
O o
@ 24£75°V 1 A¢ $ I

source load

2(8.47 + j14.12
24/75°

2(14.12+ 18.47
(@ I,=
24 /75°

% %
)] =1.37/£44° A and IB:[ )j =137/16° A

I=1, +1, =(1.37£44°)+(1.37.£16°) = (0.986+ j0.954) +(1.319+ j0.377)
=2305+ j1.331=2.662/30° A

V4 _ LT 9.016£45°

2.662./30°

S= %(24475")(2.662430")* =31.9/45°=22.59+ j22.59 VA

*
) =1.37£16° A and IB=2447_5 =1.37£44° A
15+ )9

2(8.47 + jl4.12
(b) I, ‘[ (

B 24./75°

I=1, +1,=2.662/30° A



7= 242757 =9.016£45° Q) and S=22.59+ j22.59 VA

2.662./30°
241,
2

0.857 =cos(75-6, )
75-60, >0

(c) P=14.12 W=

cos(75—9A)
} = 0,=75°-31°=44°

Then INE 201412) 57 I, =137244° A

Al 24cos(31°)

Also I, = 244_75 =137£16°A so I=1,+1,=2.662230° A
9+ |15
7= 2427 9.016£45° Q2 and S=22.59+ j22.59 VA
2.662./30°
(d)
I, = 2447_5 =1.37/£44° and I, = 244_75 =1.37216° then I=1, +1,=2.662230° A
15+ )9 9+ |15
7= 24275 =9.016£45°Q and S=22.59+ j22.59 VA
2.662/30°
6. In this circuit an ac source is connected to a load by the i(1)
line. The load voltage is Vi = 120£0° Vrms and the load _O" ANN—O
receives 50 W at a power factor of 0.8 lagging. The line 0o + |
current is n
1=0.5208/-36.87° Arms @RN0 V()
Determine the RMS value of required source voltage, o o |
Vy(t), and the average power supplied by the source, Ps. source line load
[Vs|=_ 1242 Vmms and Py=_ 5271 W
Using KVL

Vs =10(0.52082—-36.87°)+120£0°=124.2— j3.125=124.2/~1.45° Vrms

The complex power delivered by the source is
S = (124.24 —1.45°)(0.52084—36.87°)* =64.68/35.42°=52.71+ j37.49 VA



7. In this circuit an ac source is connected to a load by the i(t)

line. The load voltage is Vi = 120£0° Vrms and the load o AAA—o
receives 50 W at a power factor of 0.8 lagging. The line 0o+ I
current is

I1=B /¢ Arms C) vs(?) v, (1)
Determine the values of B and ¢. o o |

source line load
B= 05208 Arms and ¢ =_-3687 °

The complex power delivered to the load is

S, =50+ ] %Sin(cos_l (0.8))=50+j37.5=62.5/36.87° VA

*
The line current is I= 62.5236.87° =0.5208£-36.87° Arms
120£0°
8. The input to this circuit shown is 200 11_(1) izi)
v, (t)=12cos(5t) V

The impedance of the load is 20 +j 15 Q. vy(1) (i)
Noticing that i;(t) and i(t) are mesh currents, 3
we can represent this circuit by the mesh O

equations
20+ ja jb I | [12£0°
jc  20+jd||I,| | ©

where a, b, ¢, and d are real constants. Determine the values of a, b, ¢, and d.

a= 20 O, b= 25 QO c=_ 25 QO and d= 55

Represent the circuit in the frequency domain as

20Q I
—_—
j25Q
-+ [ ] l I
12/0°V C_“) q Vi 720Q j40Q

The coil voltages are given by
V,=j20I,+ 251, and V,=j401,+ j25I,

Using KVL
201,+V,-12£45°=0 and 20I,+ j15I,+V,=0

Substituting the coil voltages:
201, +j20I,+ j251,=12£0°

201, + jI5I, + j401,+j251,=0

Solving gives I,=04676£-228°A and I,=0.19982177.1° A




9. This circuit consists of a source connected to a load —
by coupled coils. The input is

v (t)=12cos(5t) V @XXCI0
The impedance of the load is 20 +j 15 Q. -

¢

The mesh currents iy(t) and ix(t) are Source Coupled Inductors Load

i,(t)=0.4676cos(5t-22.8°) A and i,(t)=0.1998cos(5t+177.1°) A

Determine the values of S, the complex power supplied by the source, S, the complex power received by
the coupled inductors and Si, the complex power received by the load.

S= +j VA, S.= +] VA and S;= + ] VA

The complex power delivered by the source is

(12£0°)L,*  (12£0°)(0.4676£ —22.8°)* .
S=t— = : =2.5855+ j1.0893 VA

The complex power received by the 20 Q resistor is

o L’ 0.4676

20)=
1 (20)

The complex power received by the coupled inductors is
— Vl;l * + VZIZ *

2
) (20)=2.1865+ jO VA

S =0+ j0.79 VA

The complex power received by the load is

L[

2

S =

2
(20+ j15) :@(2O+ j15)=0.399+ j0.299 VA

10. Here is a circuit containing coupled coils,

represented in the frequency domain. The currents —j200 Q 7200 Q
I,and I, are mesh currents. The mesh equations | | Yyy®
representing this circuit can be expressed as ' f

7125 Q

(a+ jb)I, +(c+ jd)I, =15230° 6OQ§ @ % @
7225 Q

(c+jd)I,+(80+jf)I,=0

where a+ jb, ¢+ jd, and 40+ j f represent complex
numbers in rectangular form. Determine the following:

a=_ 60 , b=_25 | c=_ 0 , d=_ 100, f=_ 175




Apply KVL to the left mesh to get
(~5200)1,+[ (§225)(1, -1, )+ (j125)1, |~15230°+ 601, =0
(60+ j25)T, —(j100)T, =15./30°
Apply KVL to the right mesh to get
[ (5200)1, +(j125)(1, ~1,) |+801, = (§225)(1, -1, )+(j125)1, | =0

(—j100)T, +(80+ j175)1, =0

11. The current i(t) and voltage v(t) labeled on i(t) 50 4 H
the circuit drawing are B /\/\/

i(t)=__0.376__ cos (3t+68.4°) A ,
and vg(t) =5.94 cos (3t + 140°) V 2H—> < 5H v (t)

V(t)=_ 338__ cos(3t+__1584_°) V . o

Solution: The first step is to represent the circuit in the frequency domain, using phasors and impedances.

50 j12Q
/\/\/ * Yy o
0 +
V (0) =5.94/140° V j69%§j159 V (o)
() _
< °

This circuit consists of a single mesh. Notice that the mesh current, I(®), enters the dotted end of the left-
hand coil and the undotted end of the right-hand coil. Apply KVL to the mesh to get

5I(w)+(j121(@)- j6 I(w))+(-j6 (@) + jI5ST(®))-5.942140° =0

5T(@)+(j12— j6— j6+ j15)1(0)~5.94140°=0

=0.376£68.4° A

1(0)= 5.94/140°  5.94/140° 5.94./140°
5+j(12-6-6+15) 5+j15  158/716

Notice that the voltage, Vo(®), across the right-hand coil and the mesh current, I(®), adhere to the passive
convention. The voltage across the right-hand coil is given by is given by
V, ()= j151(0)- |6 1() = ] 91(w) = ] 9(0.376.68.4°)
=(9£90°)(0.376.£68.4°) =3.38£158.4° V
In the time domain, the output voltage is given by v, (t)=3.38 cos(3t+158.4°) V



12. The current i(t) and voltage v(t) labeled i(t)

on the circuit drawing are —> SH o
. 2:3
i(t)=__1.87__ cos(4t—51.3°) A . o +
and 48 cos 4t V % ‘ ‘ g 36 Q v(t)
v(t)=__ 45 cos(4t—-_513_°) V —
O O
Represent the circuit in the frequency domain. Then
I= 48402 = _4840 =1.874/-51.3° A
. 2 J20+16
j20+ 3 (36)
and V= —@j(l.8744—51.3°)(36) =44.9784-51.3°V
250 cos(6¢+24.8°) mA i)
13. _ _
o 5.2
+
(i 18 cos(6¢+75°) V L R g v(r)
Determine the values of Rand L: R = 18 Q and L= 2.5 H
18£75° 5Y o 11 1 5 (0.250.£24.8°
—_— = = (R||j6L):>—+_ = == | | ——
0.250£24.8° \2 R joL 18./75° [2] 2 18£75°
0.250£24.8°\ 5
2 o
LU [3)[025022387) ) 1668./50.20 = 0.05556 — j 0.066687
R joeL \2 18£75°
= ! =18 Q and 6L=;=15
0.05556 0.066687
14. This circuit consists of a load connected to a 18 Q 1 n
source through an ideal transformer. The input to the — —AM\—o ' O
circuit is 10 mF ° ° 288 Q
vy (t)=12cos(20t) V
) o
Determine the values of the turns ration, n, and load I
inductance, L, required for maximum power transfer to
the load. Source " ~ Load

n= 4 and L= 4 H

%

) =18+j5

5(4%)

Equating real parts gives n =, /% =4 . Equating imaginary parts gives L=———==4H

1

For maximum power transfer: %(288 +j20L)=| 18— j———
n 20x0.01



15. This circuit consists of a load connected to i, (1) i(1)

a source through an ideal transformer. The 1BQ — .y
input to the circuit is ' O
v, (t)=12cos(20t) V 10 mE v °+ 2880
The coil voltages and currents are Cf) vy (1) vy (1) ‘ ‘ ‘ v, ()
_ _ 4 H
v, (t)=Acos(20t+15.5°) V,
Source Load
V,(t)=Bcos(20t+15.5°) V -
i,(t)=Ccos(20t) A and i,(t)=Dcos(20t+180) A

Determine the values of A, B, C and D.

A=__6227 'V, B=__ 2491 V,C= 033 A and D=_0.0833 A

Represent the circuit in the frequency domain as
I

18Q I,
1{ I 1:4 -
| — W\
/59 iy o 2830
Ci 12200 vV H‘ Vv,
- — j80Q

Replace the transformer and load by an equivalent impedance

zZ :4—12(288+j80):18+j5 Q

equiv

Orarv W [ ]sse

1220° _1220° 1

1: - - = :—LOO A
(18—j5)+(18+j5) 36 3
and \'A :(18+j5)11 :(18+j5)(§40°j:6.227415.5°V
The secondary coil current and voltages
I, = —lIl = —1(1400] = —LAOC’ =-0.0833£0° A
4 4\3 12
4

and Vo=V, 2249141550V



16. This circuit consists of a load connected to i, (1) i(1)

a source through an ideal transformer. The 1BQ — .y
input to the circuit is '
v, (t)=12cos(20t) V 10 mE v °+ 2880
The coil voltages and currents are Cf) vy (1) vy (1) ‘ ‘ ‘ v, ()
3 4H
v (t)=6.227cos(20t+15.5°) V, -
Source Load

V,(t)=24.91cos(20t+15.5°) V

i,(t)=0.333cos(20t) A and i,(t)=0.0833cos(20t+180) A

Determine the values of S, the complex power received by the primary (left) coil of the transformer and
S1, the complex power received by the load.

S,= 1 +j 0277 _VAand S;i= 1 +j 0277 VA

The complex power received by the primary (left) coil of the transformer is

2
I* : | .
V‘T‘ =1+j0.277 VA = %(18+ i35)
The complex power received by the load is
2
* |
VLT o277 VA= | 22| (288+ j80)
17. The network function of a circuit is H(a)) =-10 1 . The table below tabulates frequency
1+ ] @2
20
response data for this circuit. Fill in the blanks in the table:
o, rad/s Gain, V/V Phase Shift, °
10 89.44 1166
40 1789 —-153.4

i(10) _ ,,_3(10) _ 100

H(10)=-10 =- = £(-180+90—tan ™" (0.5)) =89.442 ~116.6°
(10) 1410 1+j0.5 1.25 (180450~ tan”(0.5))
20
H(40)=-10 i(40) 1 i(40) 400 Z(-180+90—tan"'(2))=178.94~153.4°

20



k

18. The network function of a circuit is H(w) =

. The table below tabulates frequency response

1+ jg
data for this circuit.
o, rad/s Gain, V/V Phase Shift, °
10 17.18 -17.4
40 11.25 =513
Determine the values of pand k: p = 32 rad/s and k= 18 V/V
K = Z—tan™ 10 =17.184-17.4°
.10 2 p
1+ ] — (IOJ
P I+ —
P
SO
—tan™' 10 =-174° = 1—O=tan(17.4°)=0.3134 = p= 10 =31.9 rad/s
p p 0.3134
and
S 2=1(l)<48:17.18 = k=18
1+(0.3134 :
Hw] Ji+(03134)
p
19. The input to the circuit is the voltage of the voltage C
source, V; (t) The output is the voltage v,(t). The network SI lll F —|
function of this circuit is '
8 kQ 20 kQ
V. —0.1) j
H(w)=-2 (@) (=0.1) joo
V; (o) w w +
I+]— || 1+ ])— A /
p 125 vi() vy ()
o+ )
Determine the values of the capacitance, C, and the pole, p. =
C= 0.4 uF and p= 25 rad/s .
1 R
Ry II= —
joC, 1+ joC,R,
H(w)=- I joC,R +1
R] +— J : 17
Ja)cl ja)Cl
) (-C\R,)je

(1+joC R)(1+ jwC,R,)




—C,R,=-0.1

—C,R,) ] 20.1) ]
: (=C, Z)J_w = (=0.1) jo = ClRlzl or —
(1+joC R)(1+ jwC,R,) (ijj(lﬂ.w] p 125
p 125 1 1
C,R,=—7 or —
125 p

Since C, =5 pF, R, =8 k2 and R, =20 kQ
40 1 1

clRl=(5x10—6)(8><1o3):mz2—5;&E = p=25rad/s
d _cRrR o o1 _ ! —0.4x10°=0.4 yuF
125 *° *U125R, 125(20x10°) B
20. The network function of this circuit is: AVAYAY, I
10Q 2mF +
\Y i v
H(0)= O(C‘)):(k) Jo C_)Vi 4OQ§VO
p
Determine the values of k and p:
k=008 ,and p=__ 10 rad/s .
R o (@) R joCR
VO(a)): : VS(a)) = H(a)): (a)): : :1 i C Rz R :(k)_
R, +R,+- s R+R,+—— 'tl@ (Ri+R,) 1-
JoC Jo
Consequently
k=CR,=(0.002)(40)=0.08s and p= 1 = ! =10 rad/s

C(R,+R,) (0.002)(10+40)

21. The input to the circuit is the voltage of the voltage source, V; (t) The output is the voltage V,(t). The

network function of this circuit is

2 kQ 15 kQ
V, (») 4 AAAY
l(a)) 1+ Ji
100 Avel)  30kQ < volt)

Determine the values of the
capacitance, C, and the VCVS gain, A.

C= 5 puF and A= 6 V/V.



In the frequency domain, use voltage divisionon — —O0—"\/\,—
the left side of the circuit to get: R,

1
n L1
joC v 1 <—> Viw) Vol —— o

. =V
o ] (@)= Facr V(@)
jwc —Oo————

Ve(w)=

Next, use voltage division on the right side of the circuit to get:

2
Vo(0) =P AV (0)=2 AV (0) =3V (a)
VTR, 4R, V3 Y T 14 jwCR,

Compare the specified network function to the calculated network function:

2 2
4 38 3 A 2 1
= . = : = 4=—A and —=2000C
1+ jﬂ 1+ joCR, 1+ joC2000 3 100
100

Thus, C=5uFand A=6 V/V.

22. The network function of this circuit is: 40 Q

1+j2 i) (2 05F 10Q vo(t)

AN o
H(o)= Volo) __k w0 () l +
|

Determine the values of k and p:

k=02 ,and p=__ 0.25 rad/s .

Represent the circuit in the frequency domain. It’s —\/\/~ 0
convenient to calculate: R +
1
Ovo T FS Vo
R, | 1 R, —
*"jwC 1+ joCR, o
Then, using voltage division
R, R,
\Y 1+ joCR R;+R
H(a)) = o (a)) = J 2 = 1 2
V; (o) R, I+ joCR,

Ri+————
1+ joCR,
where R, =R || R, WhenR; =40 Q,R, =10 QandC=0.5F

02
I+ j4w

H()




