Problem 1.1

If 60 C of charge pass through an electric conductor in 30 seconds, determine the current in the conductor.

Suggested Solution

;=80 _60_,
At 30
i=24




Problem 1.2

If the current in an electric conductor is 2.4 A, how many coulombs of charge pass any point in a 30 second
interval?

Suggested Solution

AQ =ixAt=24x30=72C
AQ=T2C




Problem 1.3

Determine the time interval required for a 12-A battery charger to deliver 4800 C.

Suggested Solution

_AQ 4800
i 12

At =400s

At =400s




Problem 1.4

A lightning bolt carrying 30,000 A lasts for 50 microseconds. If the lightning strikes an airplane flying at
20,000 feet, what is the charge deposited on the plane?

Suggested Solution

AQ =ix At =30,000(50x10°)=1.5C
AQ=15C




Problem 1.5

Determine the energy required to move 240 C through 6 V.

Suggested Solution

Aw =V xAQ =6x240=1440J
Aw=1440J




Problem 1.6

Determine the amount of power absorbed or supplied by the element shown if
@V, =4V,I1=24
b)V,=—4V,I=-24

Suggested Solution

() P=4x2=8W

8 absorbed
(b) P=(-4)(-2)=8W

8 W absorbed




Problem 1.7

Determine the amount of power absorbed or supplied by the element shown if
@V, =-6V,1=34
b)V,=6V,1=-34

Suggested Solution

(@) P=(—6)x3=—18W

18 W supplied
(b) P=6x(-3)=—18"W

18 W supplied




Problem 1.8

Determine the missing quantity in the circuits shown.

P=24Ww

N /=24

(b)

Suggested Solution

()P=6x1=24 = [=44

(b) P=12x(-2)=-24W
P =24W supplied




Problem 1.9

Determine the missing quantity in the circuits shown.

P=12Ww

(b)

P=-24W

Suggested Solution

@P=(-6)xI=12 = [=-24

b)Y P=V,x[-(-2)]=-24 = V=-12V




Problem 1.10

Determine the missing quantity in the circuits shown.

(b)

Suggested Solution

(@) P=4x(-3)=-12W

P =12W supplied
(b) P=(—6)x(—4)=24W

P =24W absorbed




Problem 1.11

Determine the power supplied to the elements shown.

44

2 |8V

44 ]

Suggested Solution

P =2x4=8W

P, =8x4=32W
P, =32W




Problem 1.12

Determine the power supplied to the elements shown.

24

2 |8V
_el_'—

24

Suggested Solution

P =4x2=8W

P =(-8)x2=—-16W
P, =—16W




Problem 1.13

Two elements are connected in series, as shown. Element 1 supplies 24W of power. Is element 2
absorbing or supplying power, and how much?

+
1 |3V
2 |6V

M

Suggested Solution

If element 1 is supplying power, the direction of the current must be as shown.

B=3x(-1)=-24 = [=84

Then, P, = 6x8=48W

P, =48W absorbed



Problem 1.14

Two elements are connected in series, as shown. Element 1 absorbs 36W of power. Is element 2

absorbing or supplying power, and how much?

1|12V
+
+
2 |4V

—

Suggested Solution

If element 1 is absorbing power, the direction of the current must be as shown.

B=12x1=36 = [=34

Then, P, =4x(-3)=-12W
P, =12W supplied



Problem 1.15

Determine the power that is absorbed or supplied by the circuit elements shown.

+10 V- +6V-

> 1 1
24 (2A 14

n +
24V<_> [2] 14V 18V 12V

A

(a) (b)

Suggested Solution

(a) P, =24x(-2)=—-48W
P,,, =48W supplied
P =10x2=20W
P, =20W absorbed
P, =14x2=28W
P, =28W absorbed
(b) By, =18x(-1)=-18W
B, =18W supplied
P =6x1=6W
B =6W absorbed
P =12x1=12W
P, =12W absorbed




Problem 1.16

Find the power that is absorbed or supplied by the circuit elements shown.

+6V- +8 V-
24 L=44
1 > > 1
4
20 VQDZA Ci') 14V 16 VCD 44 21,
24 44
(a) (b)

Suggested Solution

(a) P, =20x(-2)=—40W
P, , =40W supplied
B=6x2=12W
B, =12 absorbed
P,, =14x2=28W
B,, =28W absorbed
(b) P, =16x(-4)=—64W
P, , =64W supplied
P =8x4=32W
B, =32W absorbed
P, =(21,)x4=8x4=32W
P, =32W absorbed




Problem 1.17

Compute the power that is absorbed or supplied by the elements in the network shown.

+12V- 11,
I,=44 24
> 1 ® @ >
24Y

+ + +
36V _ 2 |24V 3 |28V

Suggested Solution

Py, =36x(—4)=-144W
Py, =144W supplied

B =12x4=48W

B, =48I absorbed
P, =24x2=48W

P, =48 absorbed
B, =(11,)x(-2)=4x(-2)=-8W

B, =8W supplied
P, =28x2=56W

P, =56 absorbed




Problem 1.18

Find 7, in the network shown.

+ +

64
IZVGD 12V

24

2r] 2

4 |12V

Suggested Solution

P, =12x(-6)=-72W or 72W supplied

P, =12x2=24W absorbed
P, =12x1=12W absorbed
P, =4x1 =4I W absorbed
B, =8x1I =8I W absorbed
P, =12x1=12W absorbed

Since Power Supplied = Power Absorbed , then

72=24+12+41 +8I +12
or 12/ =24.

Therefore, [ =24.

24




Problem 1.19

Is the source V; in the network shown absorbing or supplying power, and how much?

+6V- Vs
34
A 64
94Y
wor| 1 9AGD16V 3 |sv
+ + +
34
< ®

Suggested Solution

B =10x3=30W absorbed
P, =6x3=18W absorbed
B, =16x(-9)=—144W or 144W supplied
P, =8x6=48W absorbed

In order to satisfy Conservation of Power,

P1+P2+R)A+PI,S +P =0
or 30+18—-144+F, +48=0

Therefore, P,,S =48W .

P,,S =48 W absorbed




Problem 1.20

Find ¥ in the network shown.

24 3 —EL A 44
6V -8V + Vs
+ -
o [1] Bl [Jer
+ - +
64

Suggested Solution

B =2x2=4W absorbed

P, =6x(=2)=—12W or 12W supplied

P, =4x6=24W absorbed

P, =8x4=32W absorbed

B, =V x(—4)=—4V;W or 4V W supplied
P, =6x4=24W absorbed

In order to satisfy Conservation of Power,
P+Py +P+P+P, +P =0
or 4—12+24+32-4V;+24=0

Therefore, 4Vy =72 or V=18V .
Ve =18V



Problem 1.21

Find /, in the network shown.

+ 8V -
64
— ]
44
"
24v (7 2 [10¥

+

41, 5 lev

34 -8V + 14

34

(Ix=2A

4 |16V

Suggested Solution

P, =24x(—6)=—144W or 144W supplied

P, =(41,)x(-3)=8x(-3)=-24W or 24W supplied
B, =8x6=48W absorbed

P, =6x1,=6I W absorbed

P, =8x3=24W absorbed

P, =10x4=40W absorbed

P, =6x1=6W absorbed

P, =16x2=32W absorbed

In order to satisfy Conservation of Power,
Py +Py +B+P+P+P+P+F =0
or —144-24+48+6/,+24+40+6+32=0

Therefore, 6/, =18 or [, =34.

I,=34




Problem 2.1

Find the current / and the power supplied by the source in the network shown.

1

6V Ci') 20 kO

Suggested Solution

6
20x10°

=0.3mA

P=VI=(6)(0.3x10")=1.8 mW




Problem 2.2

In the circuit shown, find the voltage across the current source and the power absorbed by the resistor.

3 mA Ves 3kQ

Suggested Solution

Vs =(3x107)(3x10°) =9V

P=VI=(3x10")(9) =27 mW




Problem 2.3

If the 10-kQ resistor in the network shown absorbs 2.5 mW, find V.

Vs Ci) 10 kQ

Suggested Solution

— VSZ
10 kQ

or Vy =PxR = [(2.5x107)(10x10") =5 V




Problem 2.4

In the network shown, the power absorbed by R is 5 mW. Find R .

Suggested Solution

-3
R 252&2:201@

C (05x107)




Problem 2.5

In the network shown, the power absorbed by R is 20 mW. Find R_.

2 mA R

Suggested Solution

-3
R :£:20><—102:5 kQ

P oso’]




Problem 2.6

A model for a standard two D-cell flashlight is shown. Find the power dissipated in the lamp.

1-Q lamp

1.5V

\I/

Suggested Solution
Vi =1.5+41.5=3V
vz (3)
Eamp = lamp = Q = 9 W
R

1

lamp




Problem 2.7

An automobile uses two halogen headlights connected as shown. Determine the power supplied by the
battery if each headlight draws 3 A of current.

12V

Suggested Solution

P =VI=(12)(3+3)=72 W




Problem 2.8

Many years ago a string of Christmas tree lights was manufactured in the form shown in (a). Today the
lights are manufactured as shown in (b). Is there a good reason for this change?

(b)

Suggested Solution

First of all, one must recognize the fact that a failed lamp becomes an open circuit. Then:
In (a), one faulty lamp would take out the whole string. There would be no way to identify the faulty lamp.

In (b), if one lamp fails, the others stay lit. It is easy to identify the faulty lamp.




Problem 2.9

Find I, in the network shown.

4 mA

L 2 mA

Suggested Solution

I

1, =0.004+0.002 = 0.006 A
0.012=1,+1,

= [, =6mA




Problem 2.10

Find /; and I, in the circuit shown.

[3:5mA [1

Suggested Solution

ByKCL, I, =1, =6 mA
Also, I, +1, =1,
or 0.003+17, =0.006

= [,=3mA




Problem 2.11

Find /, and I, in the network shown.

4 mA

8 mA

Suggested Solution

0.012=0.004+1,
= [, =8mA
0.004=1,+0.008

= [, =-4mA




Problem 2.12

Find 7, I, and I in the circuit shown.

I.+0.012=0.004
= [, =-8mA
1, +0.004 =0.002+0.012
= [,=10mA
I_+0.004 =0.002

= [, =-2mA




Problem 2.13

Find 7, in the circuit shown.

1.+0.001=0.004+21,

= [ =-3mA




Problem 2.14

Find 7, I, and I in the network shown.

1,+0.003=0.012
= I, =9mA

1,+0.012+0.002 = 0.004
= 1,=-10mA

1, +0.004 = 0.002

= [, =-2mA




Problem 2.15

Find 7, in the circuit shown.

Suggested Solution

21,+0.002 =, +0.006

= I =4mA




Problem 2.16

Find 7, in the network shown.

41.+0.001=1,+0.006

x

= I =£mA
3




Problem 2.17

Find V. in the circuit shown.

x

GDERw

Suggested Solution

KVL: =94V, +2V =0

= V. =3V




Problem 2.18

Find V,, in the circuit shown.

Suggested Solution

KVL: —12+4+V,, =0

= V,=8V




Problem 2.19

Find ¥V, in the network shown.

Suggested Solution

KVL: —4+V,-3=0




Problem 2.20

Find V,, and V,, in the circuit shown.

Suggested Solution

KVL:  2+V, +2=0



Problem 2.21

Find V. in the circuit shown.

Suggested Solution

KVL:

=

Vv, +2-12=0

V. =10V




Problem 2.22

Find V,, and V,, in the circuit shown.

Suggested Solution

KVL: 7V, -124+2+1=0
= V,=9V
KVL: V, +1-12=0

= V, =11V



Problem 2.23

Find ¥V, in the network shown.

O S

Suggested Solution

Using voltage division,

V., =(ij12:4v
3+6




Problem 2.24

Find V,, in the network shown.

Suggested Solution

o 12-4
3000+1000

KVL: ¥, —4-1000(0.002) = 0

= V;)(I:6V




Problem 2.25

Find V. in the circuit shown.

x

NV

2 kQ +

24V<1-> 5kQ

3
NS

Suggested Solution

Using voltage division,

v :( 5000

(24-6)=10V
2000+ 5000 +2000




Problem 2.26

Find V. in the circuit shown.

x

24V

e

Ve 4 kQ 6 kQ

NolNor

Suggested Solution

Using voltage division,

v :( 4000

—](6+8—24) =4V
4000+ 6000




Problem 2.27

Find V. in the network shown.

x

NV <P
150 3 ¥ +
Ct) 5V 50 v,
Suggested Solution
AMA—D
150 3y +
Ct) 5V 50 v,

A

KVL: —5+1571-3V_+V_=0,where VV, =51
Therefore, —5+151-3(51)+51=0
= [=1A

V.=5V

X




Problem 2.28

Find V| in the network shown.

KVL: —%—i— 200007 +400007 +5=0, where ¥, =40000/7

400007 +200007 +40000/+5=0

Therefore, —

= [=-0.125mA

V, =V, +5=40000]+5=-5+5=0V



Problem 2.29

Find the power absorbed by the 30-kQ resistor in the circuit shown.

—AN—>
30 kQ 27 +
12V Ci') 10 kQ v,
Suggested Solution
I
> \4\7
30 kQ Ad +
12V 10 kQ v,

KVL:  -12+30000/+2V_+V =0

where ¥V =100007

Therefore, —12+30000/ + 2(10000])+ 100007/ =0

= =200 A

P, .., = I*(30000)) = (200x10°)’ (30000) = 1.2 mW
30kQ




Problem 2.30

Find /, in the network shown.

12 mA 2 kQ 6 kQ 3kQ

Suggested Solution

1

_ 2000 _
1,=|— 1 — [(12mA) =6 mA

+ +
2000 6000 3000




Problem 2.31

Find /, in the circuit shown.

8 kQ
120 mA 4 kQ 4 kQ

Suggested Solution

Using current division,

1

1, =| /% (0.120) =90 mA

+
4000 8000+ 4000




Problem 2.32

Find /, in the network shown.

6 kQ 12 kQ 12 kQ
12 mA

Suggested Solution

Using current division,

1

1, =~ 1200 1(0.012)=-3mA

+ +
6000 12000 12000




Problem 2.33

Find ¥, in the circuit shown.

)

8 kQ

6 kQ

6 kQ

8 kQ

Suggested Solution

Combining the 8-kQ resistors in parallel yields the following circuit.

1

)

4 kQ

6 kQ

Using current division,

1

I = 6000 + 6000
1 1

+
4000 6000+ 6000

(0.024)=6 mA

Then,

V, =60001 =36V




Problem 2.34

Find /, in the network shown.

3kQ 6 kO

ONL

2 kQ

Suggested Solution

Combining the 3-kQ and 6-kQ resistors in parallel yields the following equivalent circuit.

2 kQ

(D

2 kQ

;e 4000
" | 4000+ (2000+ 2000

)}(0.012):6mA

Then,

I :( 6000

—— |/, =4mA
6000 +3000




Problem 2.35

Determine /, in the circuit shown.

I I
1
2kQ —= 4kQ
2
6 mA
Suggested Solution
I, N 3
I,
2kQ : % 4kQ
2 1

KCL: I¥—0.006+£+IL=0,where I = 4 and IL=L
’ 2 2000 4000
Therefore,
L—O.006+L+L =
2000 4000 4000
= =6V
Then,
6

I, =——=15mA
4000




Problem 2.36

Determine /, in the circuit shown.

o~

6 mA 3 mA
31,

3kQ

Suggested Solution

I
+ 6 mA 3 mA X
v, <L 6kQ 2kQ
_ 31,

3 kQ

KCL: 1 —0.006+37,+0.003+1, +1, =0, where I, =——— and I, =——1—
6000 ' 2000 3000

Therefore,

N 000643 )+0003+ s N Z

6000 2000 2000 3000

= Vlzgzl.ZV

and

I, =£=O.4mA
3000




Problem 2.37

Find R,; in the circuit shown.

2kQ
A
2kQ
R, —» 3kQ 12 kQ
6 kQ
B O

Suggested Solution

The network can be redrawn as shown below.

Then,

At 4-4: 600012000 = 4 kO
At B-B: 2000+4000 = 6 kQ
At C-C: 3000[6000 =2 kQ

and

R, =2000+2000 = 4 kQ

12 kQ




Problem 2.38

Find R,; in the circuit shown.

5kQ

2 kQ

Suggested Solution

At A-4: 2000+ 2000 =4 kQ

At B-B: 2000”4000 =§ kQ

At C-C: ZOOO+@ = ? kQ

At D-D: ZOOOHM =1250 Q

3
Then,

R,, =5000+1250 = 6250 Q

2 kQ




Problem 2.39

Find R,; in the network shown.

5kQ 4 kQ
A QO
R —» 6 kQ 8 kQ
3 kQ 3kQ
B O

Suggested Solution

The network can be redrawn as shown below.

C B A
r;kgﬁ 4 kQ
A
Rz —» 6 kQ ‘ 3k§i 3 kQ 41@‘ 8 kQ
:
¢ s ]

At 4-4: 4000+8000 =12 kQ

At B-B: 3000[3000[4000[12000 =1 k2

At C-C: 5000+1000 = 6 kQ

Therefore,

R,; =6000[6000 =3 kQ




Problem 2.40

Find R,; in the circuit shown.

40
2 kQ
12 kQ
RAB —_—
4 kQ
B O

Suggested Solution

The circuit can be redrawn as shown below.

C
e ar -
H §12k9
> i |
] N
| va |
WSEN J
PETVVVT

Atd4:  6000[3000 =2 kQ
AtB:  4000+2000 = 6 kQ
At C-C: 600012000 = 4 kQ

Then,

R,; =2000+4000+4000 =10 kQ




Problem 2.41

Find R,; in the network shown.

Suggested Solution

The 2-kQ resistor is shorted. Therefore, the network reduces to:

A0

Ryp —> 6 kO 6 kQ

B O

Then,

R, = 6000||6000(6000 = 2 kQ

6 kQ




Problem 2.42

Find R,; in the circuit shown.

Suggested Solution

The circuit maybe redrawn as follows:

40 @

TN

)

|

Ryp —> 4kQ§ \ §12k9

R

6 kQ /

_

BO °

Atd:  12000[6000 = 4 kQ

AtB:  2000+4000 =6 kQ

Then,

R, =4000[6000[12000 = 2 kQ




Problem 2.43

Find R,; in the circuit shown.

2 kQ 2 kQ

2 kQ 2 kQ

2 kQ 2 kQ

2 kQ 2 kQ

Suggested Solution

Combining each series pair of 2-kQ resistors, the circuit can be redrawn as follows:

4 kQ 4 kQ
2 kQ 2 kQ

4 kQ

4 kQ

or

¥

Rip—p 6 kQ 6 kQ
I

R,; = 6000[6000 = 3 kQ

Then,




Problem 2.44

Find the range of resistance for the following resistors:
a) 1kQ with a tolerance of 5%.
b) 470 Q with a tolerance of 2%.
c) 22 kQ with a tolerance of 10%.

Suggested Solution

a) Minimum value = (1—0.05)(1 kQ) =950 Q
Maximum value = (l+0.05)(l kQ) =1050 Q

b) Minimum value = (1-0.02)(470 Q) = 460.6 Q
Maximum value = (1+0.02)(470 Q) =479.4 Q

¢) Minimum value = (1—0.1)(22 kQ) =19.8 kQ
Maximum value = (1 + 0.1)(22 kQ) =242 kQ




Problem 2.45

Given the network shown, find the possible range of values for the current and power dissipated by the
following resistors:

a) 390 Q with a tolerance of 1%.

b) 560 QO with a tolerance of 2%.

"N

0V Cj) R

Suggested Solution

2
10V
Note that I:% and P:( 2 ) :@.

a) Minimum resistor value = (1-0.01)(390 Q) =386.1 Q
Maximum resistor value = (1+0.01)(390 Q) =393.9 Q

Minimum current value = l =2539 mA
393.9

Maximum current value = % =25.90 mA

Minimum power value = 100 =253.9 mW
393.9

Maximum power value = 100, =259 mW
386.1

b) Minimum resistor value = (1-0.02)(560 ) =548.8 Q
Maximum resistor value = (1+0.02)(560 Q)=571.2 Q

Minimum current value = l =17.51 mA
571.2

Maximum current value = & =18.22 mA
548.8

100

Minimum power value = ——=175.1 mW
571.2

Maximum power value = 100 =182.2 mW
548.8



Problem 2.46

Given the circuit shown:
a) Find the required value of R .
b) Use Table 2.1 to select a standard 10% tolerance resistor for R .
¢) Calculate the actual value of 7.
d) Determine the percent error between the actual value of 7 and that shown in the circuit.
e) Determine the power rating for the resistor R .

I=40 mA

»

510 Q R
100 mA

Suggested Solution

a) From KCL, the current in the 510-Q resistor is 100 mA —40 mA = 60 mA . From Ohm’s Law,
the voltage across the circuit is (510 Q)(60 mA)=30.6 V. Therefore, the required value of R is
(30.6 V)/(40 mA) =765 Q.

b) From Table 2.1, the nearest 10% resistor value is 820 Q.

c¢) To find the actual value of 7, first find the actual voltage across the circuit, which is

(100 mA)(510 Q[820 Q) =31.44 V . Then, I = LY 3535mA.
820 O

(38.35-40)

d) The percent error is (100)=-4.14 %.

(31.44 VY’

e) Since the power consumption in R is =1.206 W, a 2-W resistor should be used.




Problem 2.47

The resistors R, and R, shown in the circuit are 1 Q with a tolerance of 5% and 2 Q with a tolerance of
10%, respectively.

a) What is the nominal value of the equivalent resistance?

b) Determine the positive and negative tolerance for the equivalent resistance.

eq

Suggested Solution

a) The nominal valueis R, =R +R, =3 Q

b) The minimum and maximum values of R, are 0.95Q and 1.05Q, and the minimum and
maximum values of R, are 1.8 Q and 2.2 Q. Thus, the minimum and maximum values of R‘,q
are 0.95+1.8=2.75Q and 1.05+2.2=3.25 Q. The positive and negative tolerances are

iy (3.25-3)
Positive Tolerance = T(IOO) =833%

(2.75-3)

Negative Tolerance = (100) =-8.33 %




Problem 2.48

Find /; and V, in the circuit shown.

Suggested Solution

From Ohm’s Law: I = oV _ —0.5 mA
12 kQ
By application of voltage division: V, = _ ke (-6V)=—45V
Y app 8 " T 3k kO '




Problem 2.49

Find /; and V, in the circuit shown.

Suggested Solution

Combining resistors [6 kQ"(S kQ+4kQ) =4 kQJ reduces the network to the following:

2 kQ

12V Ci') 7, 4kQ

Using voltage division, then

v :( 4000 ]( ) 3V,
2000+ 4000

Looking back at the original circuit,

12V

Voltage division: V. = (ﬂj(g) = 8 AV
8000+ 4000 3




Problem 2.50

Find I, in the circuit shown.

12 mA

Suggested Solution

The circuit can be simplified as follows:

I
2kQ
12 mA 10 kQ 2 kQH(z kQ+2 kQ) =§ kQ
Then, I, = 10009 2000 (0.012)=9 mA
10000+(2000+3j
and I, = 2000 (9mA)=3mA
2000+ (2000 +2000)




Problem 2.51

Determine V, in the network shown.

14 kQ

Suggested Solution

The network can be redrawn as:

14 kQ

\
|
i

The equivalent resistance to the left of 4-4 is (14 kQ+4 kQ)[9 kQ[12kQ =4 kQ .

Then, 7, =—(2kQ+4kQ)(2mA)=-12 V.




Problem 2.52

Find ¥, in the network shown.

40

Suggested Solution

The network can be redrawn as:

24V

Combining the four resistors on the right-hand side [(4 Q+2 Q)"(S Q+4Q)=4 Q] yields:

4Q

24V

and / —24—V=4A
" (20+40)

Then, reconsidering the original circuit,




1, :{&}(4 A):% A

(4+2)+(8+4)
and

V= (4 A)G Aj:-? v



Problem 2.53

Find /, in the circuit shown.

9kQ

24V Ct) 6 kQ 3kQ
6 kQ

Suggested Solution

The circuit can be redrawn as:

3 kQ

At A-A: 6000[]3000 =2 kQ

At B-B: 6000](4000+2000) =3 kQ

The circuit simplifies to:

1

9 kQ

24V Ci') 3 kO

Then, /| :L:2mA = I,=
9000+3000

I, =1mA

1

6000
6000 + (4000 + 2000)

and [, :(&jlz :l mA
3000+ 6000 3




Problem 2.54

Find ¥, in the circuit shown.

§2k£2 12 kQ 3kQ

Suggested Solution

6 mA

At A-4: (2000+4000)[12000 = 4 kQ
At B-B: (4000 +2000)[3000 =2 kQ

Then, ¥, =(2kQ)(6 mA)=12 V.



Problem 2.55

Find /, in the network shown.

1 kQ 10 kO 2 kQ

12V<t> 4 kQ 6 kQ
3kQ

o

Suggested Solution

Redrawing the network:

At 4-4: 3000[6000 = 2 kO

At B-B: 4000/|(2000+2000) = 2 kQ

At C-C: 6000](10000+2000) = 4 kQ

At D-D: 4000[4000 = 2 kO

PR B
1000 +2000
Using current division, /, = __4000__ I, =2mA
4000+ 4000




Problem 2.56

Find ¥, in the network shown.

At 4-4: 4000/|(8000+4000) =3 kO

Using current division, [, = 6000 0.012=4 mA
6000 + (9000 + 3000)
Again using current division, /, = 4000 I, =1mA
4000+ (8000 + 4000)

Then, ¥, =40001, =4 V .



Problem 2.57

Find /, in the circuit shown.

6 kQ
12V C)
2kQ 4 kQ
I,
Suggested Solution
The circuit can be redrawn as:
6k N

3kQ

4 kQ

At 4-4: (2000+2000)(|4000

12

=————=15mA
6000 +2000

1,

=2kQ

(2000 +2000)

Using current division, /, = {

1,=0.75 mA
(2000 +2000) + 4000




Problem 2.58

If ¥, =4V in the network shown, find V.

14 4

o

== 1
4000 4000

Then, ¥, =80007+V, =8+4=12V .




Problem 2.59

If the power absorbed by the 4-kQ resistor in the network shown is 36 mW, find /, .

9kQ

Ct) 12 kQ 4kQ

Suggested Solution

4 kQ

2
Pp=——=36mW = =12V
4 kQ 4kQ 1
;_l2v

*T12KQ




Problem 2.60

If the power absorbed by the 4-kQ resistor in the circuit shown is 36 mW, find V.

9 kQ

Vs Ct) 12 kQ 4kQ

Suggested Solution

4 kQ

2
P, o =36 :40‘00 = V=12V
IO:L:ImA
12 kQ
I, =L:3mA
4 kQ

I,=1+1,=1mA+3 mA=4mA

Ve =(9kQ)1, +V, =48 V




Problem 2.61

In the network shown, the power absorbed by the 4-Q resistor is 100 W. Find V5.

3Q 7Q

Vs Ct) 40 30

Suggested Solution

Po=11(4Q)=100W = [ =5A
V=41, =20V

__n _
7Q+3Q

2

L=1+1,=T7A

Ve=3I,+V,=21+20=41V




Problem 2.62

In the network shown, ¥V, =6 V. Find .

V. 6

0

=— _=3mA
2kQ 2000

[]
Ve =(4kQ) +V, =12+6=18 V

v, 18

[2: = =1.5mA
8kQ+4kQ 12000

Ig=1+1,=3mA+1.5mA=45mA




Problem 2.63

In the circuit shown, / =4 mA . Find V.

2 kQ 5kQ

Vs Ct) 6 kQ 3 kQ

3 kQ

V=(6kQ)[=24V

LS. S P
5kQ+3kQ 8000

I, =1+1, =0.004+0.003 =7 mA

Vi =(2kQ)1,+V, =14+24=38 V



Problem 2.64

In the circuit shown, /, =2 mA . Find /.

4 kQ

4 kQ

6 kQ 2kQ

V,=(6kQ)1, =12V

__no 1,
1kQ+2kQ 3000

1
I, =1,+1, =0.002+0.004 = 6 mA
V,=(2kQ)1, =12V
Vy=V,+V, =12+12=24V

v, 24
[3: = :3
4 kQ+4kQ 8000

I =1I,+1,=0.003+0.006 =9 mA




Problem 2.65

In the network shown, ¥, =12 V. Find V.

Suggested Solution

A

At 4-4: 4000/|(1000+3000) = 2 kQ

v, 12

[ =—1-= =3mA
4kQ 4000
V, =V, +(2kQ)1, =12+6=18 V

AL . B Ny
6kQ 6000

I, =1,+1,=0.003+0.003 =6 mA

Ve =(2kQ) L, +V, =12+18=30 V



Problem 2.66

In the circuit shown, ¥, =2 V. Find I;.

2
[ =——=2-05A
4

S
4Q
Vi=(8Q)+V,=6V

n

I =
30

=2A

L=L+1=25A
V,=2Q)L+V, =11V

V2

=———=05A
10Q+12 Q

4

Ig=1+1,=25+05=3A



Problem 2.67

In the network shown, ¥V, =6 V. Find .

5kQ

V. 6

0

=— _=3mA
2kQ 2000

[]

V. 6

o

= = :1
1kQ+5kQ 6000

2

I, =1,+1,=0.003+0.001=4 mA
V=(3kQ)L =12V
V,=V,+V, =12+6=18V

=2 =18 oA
9kQ 9000

I =1I,+1, =0.004+0.003 = 6 mA

5kQ




Problem 2.68

In the circuit shown, /, =2 A . Find I;.

e
40
6V
80 Iy 30 40
80 40
V,=(3Q)1,=6V
L= i5A
40 4

I,=1+1=2+15=35A
V,=6V+V, =6+6=12V

v, 12
[3:—:—:
8§Q+40Q 12

Iy=1,+1,=35+1=45A




Problem 2.69

If I, =4 mA in the circuit shown, find /.

1 kQ

I <+> 10 kQ 2 kQ

12V

Suggested Solution

2 kQ

30,

V=(4kQ)I,-12V=16-12=4V

[
" 2kQ 2000

I,=1,+1,=0.004+0.002 = 6 mA
V,=(1kQ)1, =6V
V,=V,+V,=6+4=10V

I, = " =l=1mA
10 kQ 10000

Iy =1,+1,=0.006+0.001 =7 mA



Problem 2.70

Find /, in the circuit shown.

]1=5mA

12 kQ 12 kQ

12 kQ

D

2 kQ 8 kQ

Suggested Solution

11:5mA

\

_ L
4 12 kQ
+
C*) 9 mA
2 kO 8 kO

L+1,=9mA = I,=4mA
V,=(12kQ)1, =60 V
V,=(12kQ)1, =48V
V,=V,-V,=60-48=12V

v, 12

T12kQ 12000

I, =1,+1,=0.005+0.001 = 6 mA



Problem 2.71

Find ¥, in the circuit shown.

12 kQ
+
4kQ 6 kQ 18 kQ
6 kQ Vv,
[,=4mA Y 42V
O
Suggested Solution
12kQ [,
+
18 kQ
6 kQ v,
I,=4mA Y 2V
O

V,=(4kQ)1, =16 V
V,=42V-V,=42-16=26 V

v, 26 13

[2: = =
6kQ 6000 3

13

I,=1,-1, =— mA-4mA =— mA
3

W | —

V,=(12kQ)I; =4V

V.=V -V, =16-4=12V




Problem 2.72

Find the power absorbed by the network shown.

12 kQ

Suggested Solution

Redrawing the network:

A—>Y

The equivalent resistance seen by the source is:

R, =[(2 kQ+6kQ)|(6 k+2 kQ) |+3 kO

=4kQ+3kQ
=7 kQ
Then,
21V
P:( ) _ 44l =63



Problem 2.73

Find /, in the circuit shown.

AA—A—AAA,
00 , 30
36V<1-> 120 40
120 o
A4
18 Q

Suggested Solution

Note that the four right-most resistors can be combined as (3 Q+40Q+5 Q)”lZ Q=6 Q. Then the circuit

can be redrawn as:

~vy

36V
18Q Ci') 3Q

6 Q

36 V

[(9Q+30)|20+29)]+60 A

_ (9+3)




Problem 2.74

Find /, in the circuit shown.

(D

12Q

5Q 14 Q

A

Suggested Solution

Applying the A — Y transformation to the three 12-Q resistors yields:

I
<
<

40 40 12V<t>

5Q 14 Q

L W

(4+14) ] 12V 12

I =—|—~—+—=|I, where [ = ===
(4+5)+(4+14) ] T4+ (40+50)|40+140)] 10

1.2 A

B2 4 0804
2710 5




Problem 2.75

Find /, in the circuit shown.

12Q
6Q 18 Q2
4Q 6Q
12 A
Suggested Solution
Converting the A to a'Y yields the circuit:
1,
2Q 6Q
30
4Q 6Q
<+> 12 A
®
2+4
I = # (12A)=4A
(2+4)+(6+6)




Problem 2.76

Find /, in the circuit shown.

12 A 4Q 12Q
4Q
YI,
120 4Q
Suggested Solution
Applying the Y — A transformation:
—>
I 1,
12 A " 12Q 12Q 12Q
= <+> 12 A 12Q
Y, 12Q 12Q
120
®
The circuit can be further simplified to:
1
120

12 A
12Q




Problem 2.77

Find /, in the circuit shown.

6Q 6Q
12V
1,
120 120
6Q 6Q
Suggested Solution
Combining the two 12-Q resistors yields:
6Q 6Q 60 20
12V 12V
Lo A=Y L o
6Q -
=
6Q 6Q 6Q 20
The circuit can be further simplified to the following:
9 ———AMA——
12V
I 2Q 4Q
° = 12V
: 1, 20
8Q




Problem 2.78

Find ¥, in the circuit shown.

R Py
SAMN—D

3kQ 2000 I

12V<_ 5kQ

+

Suggested Solution

KVL: —-12+30007; —2000/ +5000/, =0
= [, =2mA

vV, =50001;, =10 V




Problem 2.79

Find V, in the network shown.

AYAYAY, NV
2kQ oy
12V Ct) 2kQ
Suggested Solution
I
AANN—E>
2kQ e
12V C:') 2kQ

KVL:

Therefore,

—12+20007 440007 +20007/ =0

= [=15mA

v, =2000(1.5x107) =3V

~12420007+2V, +V, =0 where ¥, =20001



Problem 2.80

Find ¥, in the network shown.

5 mA 2 kQ 21 1 kQ

Suggested Solution

KCL: -0.005+ v, +21 + %, =0 where I = %
2000 1000 T2kQ

Therefore,

—-0.005+ v, +2 7, + d =0 = V, =2V
2000 2000 1000




Problem 2.81

Find /, in the network shown.

®
8Q
o ORIROSE
+
I 40 V.
®
Suggested Solution
®
+
8Q
6Q 2 <+> 5A <'> 3V,
+
I 40 V.
°®

KCL: 24Vt 5437 =0 where V.= v e
6 8+4 ] 8+4 3

Therefore,

5+ﬂ—5+3ﬂ:0
6 12 3



Problem 2.82

Find ¥, in the circuit shown.

w3 G O

1 kQ

Suggested Solution

@ @
+
RN
6 kQ 0 4 mA
2000 < "
1 kQ

L 4 L 4

ke Vo 00044— " _0 where v, = [ﬂjrfl _n
6000 2000 2000+1000 200041000 3
Therefore,
37, — v, —-0.004 + 3V, =0

6000 2000 3000

= V, =4V




Problem 2.83

A single-stage transistor amplifier is modeled as shown. Find the current in the load R, .

+ Rg=1kQ |&=250Q 110 7, R, =400 Q

b

o

TR +R, 10004250

V=250 mV
_ R,=4kQ
A I,
(o,
Suggested Solution
Ve 025

2 mA

{

4000

—————__|(1107,)=-1007, =20 mA
4000 +400




Problem 2.84

A typical transistor amplifier is shown. Find the amplifier gain G (i.e., the ratio of the output voltage to
the input voltage).

100 Q 500 O
V, =250 mV Cj) 300 7,
SO I, 3.5x10°,
Suggested Solution
I
100 Q 500 O
V, =250 mV Cj) v
SO I, 3.5x10°,
v 025 s

I = =
1100 Q+(5kQ[500 Q) 554.5

5000
L =

I —]11 =409.8 uA
5000 +500

o

v, = (Lj[(—&leOS)QJ =-8.12V

300 + 5000
galo 812 45
v, 0250




Problem 2.85

For the network shown, choose the values of R, and R such that V, is maximized. What is the resulting
ratio, V, [V ?

Suggested Solution

R
Vi = Vs
RS + Rin

R R R
V,=| = |(uV,)=u| =" Vs
R +R, R;+R, \ R +R,

Therefore,

I/o _ Rin RL
Vs H R¢+R, \ R, +R,

o

in

Clearly, to maximize —-, we must maximize R,, . This is because
N N in

closer and closer to 1 as R, is made larger and larger.

in

is always less than 1, but gets

RL

On the other hand, to maximize —, we must minimize R, . This is because
Vs R +R,

4

is always less than

1, but gets closer and closer to 1 as R is made smaller and smaller.

In the limit,

. . r . R, . R,
lim | im —* |= x| lim o lim =uxIxl=u
Ry R,20 Ruoo R+ R, \%B>OR +R,




Problem 2.86

In many amplifier applications we are concerned not only with voltage gain, but also with power gain.

Power gain = 4, = (power delivered to the load)/(power delivered by the input)

Find the power gain for the circuit shown, where R, =50 kQ.

R, =2kQ

R, =100kQ) +
R =50kQ >

Suggested Solution

R, =2kQ
s " R =100kQ L ¥
VS Ct) Ii’l’l :8k§2 V V7100 RL =50k.(2 Vo

_( 8000

—j V, =08V,
8000 +2000

I =- __ 100,000 LJ=—5.33><103VS
100,000 + 50,000 )\ 100

P, =IR, =(533x107 ¥, ) (50,000)) = 1.42277

V. Ve
F,=VsIg=V > = >
8000+ 2000 10,000

2
4 =B _ 1A22V5 L 4on 08

P 13,',, VSZ
10,000




Problem 2.87

Find the power absorbed by the 10-kQ resistor in the circuit shown.

L 2 O
+
4 kQ 4 kQ
11 mAC ) 2 kO
+ <y> v, 10 kQ
V. "
2000
v, 3 kQ
@ O
Suggested Solution
Combining the two 4-kQ) resistors in parallel yields the following simplified circuit:
L 2 O
+
2kQ
11 mA 2 kO
<+> <v> v, 10 kQ
V. +
2000
v, 3 kQ
® O
—0.011+ 4 + v, + 4 + Ve =0 where V_ = ﬂl{)zOﬁVa
2kQ 2000 2kQ+3kQ 10kQ 2000+ 3000
Therefore,
-0.011+ Ve + 37, + Ve + Ve =0 = V, =10V
2000 10,000 5000 10,000
2 10’
FRowa = Ve ( ) =10 mW

10kQ 10,000



Problem 2.88

Find the power absorbed by the 12-kQ resistor in the circuit shown.

o
4kQ
31,
6 mA G‘) 6 kQ <y> v, 12kQ
6 kQ 3kQ
L,
® O
Suggested Solution
o
+
4kQ
31, I
6 mA G‘) 6 kQ <V> v, 12 kQ
6 kQ 3kQ
L,
® O
0,006+ +31, + Ve Lo 0 where I, :(ﬂjll _2
6 kQ 4kQ+(6kQ3kQ) 12 kQ 6000+3000) ' 3
7, 7, 7,

[ —_ 0 — I/z) 3 _%( 0 j__o
1_41<Q+(6 Q|3 kQ)_6000 °306000) 9000

Then, substituting:

0,006+ —e—13[ Lo v, "o o = v =8V
6000 9000 ) 6000 12,000
V2 64

=533 mW

P =0 _
PR 12 kQ 12,000




Problem 2FE-1

Find the power generated by the source in the network shown.

5kQ

—AWA

e

Suggested Solution

Applying the A > Y transformation yields:

5 kO
5kQ
3 kQ
= C) 120V
4kQ

A~

;120
12 kQ

10 mA

P=(120 V)1 =120x0.010=12 W




Problem 2FE-2

Find the equivalent resistance of the circuit shown at the terminals A-B .

—AAM—

12 kQ

4 O—@ @
6 kO § 12 kQ
12 kO
4 kQ
BO AYAVAY,

\ Suggested Solution

Combining resistors,

12 kQ[6 kQ = 4 kQ

12 kQ(12 kQ+12 kQ) =8 kQ

The circuit is now reduced to:

A0
4kQ
Ryp —>» 6 kO 8 kQ
B O

1 0—AAA—

4 kQ

and further to:

Ry —> 6 kQ|(8kQ+4kQ) =4 kO

B O——m
Therefore,

R, =4kQ+4kQ=8kQ



Problem 2FE-3

Find the voltage V, in the network shown.

1 kQ 2 kQ
+
BENORES

12 kQ

Suggested Solution

Combining resistors:

1 kQ+3kQ=4kQ

6 kQ[12 kQ =4 kQ

The network is now reduced to:

2 kQ J
+
wE ) S
4000

I= (24 mA) =6 mA
4000+ (2000 + 6000 + 4000)

Using current division,

V,=(6kQ)I=36V



Problem 2FE-4

Find the current /, in the circuit shown.

3kQ 4 kQ

- 12 kQ
+ 12V

3kQ 6 kQ

6 kQ

6 kQ

Suggested Solution

Combining resistors:

3kQ2+6 kQ =9 kO

3kQll6 kQ =2 kQ

Thus, the circuit simplifies to:

®
P I
12V <+> 12V
- 9 kQ = 6 kQ
18 kQ
6 kQ
6 kQ Ly
®

T2 mA
6 kQ2+6 kQ

P R P W
’ 9000 +18,000 3

(000 ), 2
3000+ 6000 9



Problem 3.1

Find I in the circuit using nodal analysis.

10kQ
12k 6 mA 6kQ 3kQ
Io
Suggested Solution
\% v,
* 6kQ 3kQ
e é -
Io
LA AR AN
12k 10k k
n-n.n.n
——t—=+—==0
10k 6k 3k ImA4
11 -1 B
—_— — 6
Wl |12k 10k 10k —| |36 6
= k|= I, =—=1mA
v, —1 1 1 1 0 6 6

10k 10k 6k 3k



Problem 3.2

Find I0 in the circuit using nodal analysis.

® s

M M
|
L

Suggested Solution

Vv, 3kOQ %

<:}:) 10 mA b

A—

!

K Vv 10
5 3k k
AN
3k 2k 2k
11 -1 B
—+— — 10
Nl_|sk 3k 3k =1 %%,
v, -1 111 556 "

~5.56

2k

=2.78mA

2.78mA




Problem 3.3

Find V, in the circuit shown using nodal analysis.

2 kQ

6 mA

o hehy
2kQ 4kQ

LtV Vi,
4kQ 6kQ 8kQ

V-V,
8 kQ

=6 mA

In matrix form:

1 1 1
— -— 0
2000 4000 4000 v

1
1 1 1 1 1
- + + - V,1=| O = V,=22V
4000 4000 6000 8000 8000
1 ) v, 0.006

0 _ -

© 8000 8000 |

Alternately, since we know the current through the 8 kQ resistor is 6 mA, we know that V; =V, +48 V..

Therefore, we really need only 2 equations to solve this problem. Those are:

W  h-n

2kQ  4kQ

=4 mA



Problem 3.4

Use nodal analysis to find 7, in the circuit shown.

4 kQ

6 kQ 4 kQ

4 kQ

Vol gma
6 kQ

A A el
6kQ 3kQ 4kQ

h-n,n

+ =-2mA
4kQ 4kQ
In matrix form:
L 0 1
| 6?00 | 1 60(;0 7] T 0.004 7] [ 6.5455
6000 3000 4000 4000 6000
V. -0.002 V. 30.5455
1 LS S ’ ’
4000 4000 4000 ]

V=V, -V, =-0.73-6.55=-728 V

Alternately, since we know the current through the 6 kQ resistor is 4 mA, we know that V; =V, +24 V.

Therefore, we really need only 2 equations to solve this problem. Those are:



Problem 3.5

Find I in the circuit using nodal analysis

3kQ 2kQ

Vv kO

Suggested Solution

4 2 Vs
3kQ 2kQ
ov 6kO
2
V,=9r
-V, V. VN
3k 6k 2k V,=12V
1,=0.6mA
v, 1.2

M+£+—3:O: V,=12V,I,=—=0.6mA4
2k 2k 2k 2k




Problem 3.6

Use nodal analysis to find both V| and V, in the circuit shown.

Suggested Solution

no Gl
3kQ  6kQ

=—4mA-2mA

v, V%

=2 mA
6kQ 12kQ 2kQ+2kQ

In matrix form:

1 1 1

_+_ [ —

3000 6000 6000 Vo|_| =006 (|12
1 1 1 1 |7 | 0.002 v, 0

- + +
6000 6000 12000 4000

oV, =-12V and Vo:ﬂVz:OV
2000 +2000




Problem 3.7

Find V1 and V2 in the circuit using nodal analysis Then solve the problem using Matlab and compare your
answers

+
§ X §
v
=310 v, = 12kQ 10kQ

6mA -

Suggested Solution

VoVt 4 6

—4+
6k 4k k k
NV Vo V4

4k S5k 10k &k

1 1 -1 -2
AR 4k k
=| "=
M Ll 1| |

4k 4k 5k 10k |k
V, =—12.6VV, =13V

Nodal — Equations
om+V,/6k+(V,-V,)/4k—4m=0
Am+V,=V))/ 4k +V,/5k+V,/10k =0
or

—24 =5V, -3V,

-80=-5V, +117




In Matlab
>> g=[5-3;-511]

5011
>> j=[-24;-80]
1=

24
-80

>> v=inv(g)*i
v =

-12.6000
-13.0000

V,=—12.6V;V, =13V

n

=-12.6V;V, =-13V



Problem 3.8

Find I in the network using nodal analysis

6V
Suggested Solution
12kQ 4kQ

V,=12V;V, =—6V

V2_12+£+V2—+6=0:>V2 =1V
12K 6k 4k V,=—1V;1,=1.25mA
1= T sy
4k k



Problem 3.9

Find V, in the network using nodal analysis

12v L

-V, + o
M=
6kQ 12kQ
12v-L —r
6kQ
V. =12V;V, =6V
v,-12 vV, V,-6
+—=+—=———=0=V, =6V .
6K 6k 12k : Vy=6v.V,=V,-V, =0V

=V, =6v..V,=V,~V,=0V




Problem 3.10

Use nodal analysis to find /, and /, in the circuit shown.

Suggested Solution

v, -2 _

V,=-12V =

I: = =
"2k 2000

i ot2v) necv) o V=8V = =8

== =2 mA
4 kQ 6 kQ 3kQ 4kQ 4000

-12 mA+

I, =2mA, I, =-6 mA




Problem 3.11

Find I in the circuit using nodal analysis

>
12kQ 12kQ
6V |
12kQ $2k9 éD
Suggested Solution
v, A
>
12kQ 12kQ
6V |
12kQ §12k9 ?

ne6, Vo V-l
12k 12k 12k
h-n.v%_2
12k 12k K
=
v, v, -1
12k 12k 12k
V22
12k 12k 12k
3V, —V, =6
—V, 42V, =24
=

12
Wi |3 -1|-6] |5
M

5

12 66

,=—=— =_0.9mA
12k

1, =-0.9mA




Problem 3.12

Use nodal analysis to find V|, in the network

Wy AWy o
4kQ) ‘ 2kQ
6V
T 2kQ Vo
2kQ
o -
Suggested Solution
\4
0
4kQ ‘ 2kQ
6V | § §
s 2kQ
0
Vi=(6) Vi 2 K _
4k 2k k 2k+2k %
= N=—7V
2
=7 -7, 2k
Vi=—V;..V,=— =7
= E g V=77V
v, = Ty




Problem 3.13

Find I, in the network

3kQ

Suggested Solution

3m
@
3mA
3/k

Iy

3mA
6kQ 4kQ
%kﬁ

;3 3k

"k 3k +6k

) =—1mA

I, =—1mA




Problem 3.14

Find V, in the network

—\WWy N W
2kQ 12kQ 8kQ
6V
- § - 12V §4m
4kQ 2mA

o)

Suggested Solution

+

8kQ

- 12v ao V0

o -
V, =12( 4k Y=4V Vo=

4k + 8k




Problem 3.15

Use nodal analysis to find V.

A~

AW —

8kQ 8kQ
- 4kQ -
6V 3V
—oO
+

4kQ

Vo

Suggested Solution
-6V v, -3V
8kQ 8kQ
—_ §4k§2 —_
6V 3V

—0O

+
§4k§2

Vo

A () Vl:_—SV s
6k 2k+2k 2k 2 Vv ="y
-5 1k -5 ‘6
Vo = _( ) =
2 lk+2k 6




Problem 3.16

Write the node equations for the circuit in matrix form and find the node voltages using Matlab
3mA

=)
-/

4kQ 3kQ

—\W\ WV

=, O~ =

Suggested Solution

nh, n-n _3

2k 2k+2k k

V=W Vi=Vi_6
1% 3k k
h-n_v%n_-
3k 4k k
=

Vl(%)—vz(%)w

3
k
1.6

):_

1 4
—Vl(;)+V2(§)— 3(3k .

O_n(i)_ﬂ/}(é) :73 Nodal — Equations
Vil12k(V,=V,)/ k-3m=0
- S V;=V))/3k+V,/4k+3m=0

ER— 0 3 V I2k+V./4k—-6m=0
v 2k k k I 3
plo|zt & 1| eé or
V2 3k 3k || k 6 =3V, -2V,
3 -1 7 |3 —36=—4V, +7V,
i 3k 12k || k| 24=2V,+V,




Using Matlab

EDU» g=[3-20;0-47;20 1]

o=
32 0
0 4 7
2 0 1

EDU» i=[6;-36;24]
i=
6

-36
24

EDU» v=inv(g)*i
v=
10.8000

13.2000
2.4000



Problem 3.17

Find I; in the network shown.

3V

ZmA 3KQ 6kQ

Suggested Solution

Vi 3V V-3

ZmA CD 3KQ 6kQ

VK32

+ =V, =5V;1,=1.6TmA 1, =1.67mA4
3k 6k Kk




Problem 3.18

Find I in the network shown.

M-

4kQ

6kQ
§ 2mA —_— 6V
12k

3V

Suggested Solution

[ =223 i s5ma
6k

I, =-1.5mA




Problem 3.19

Find I in the circuit shown.

4kQ 4kO
6V | § §
2kQ

- 12v

Suggested Solution

4kQ 4kQ
6V | § §
2kQ 6kQ
\2
\
I0
— 12v
V,=6V.,V, =12V
n-n n=r_ v _,
3k 2k 10k
= 1, =—-1.59mA
150 204

V,=—V,V,=12="2V
17 17

1, = (@—ﬁ)/ﬂc :_—27mA =—-1.59mA
17 17 17




Problem 3.20

Find I in the network using nodal analysis

3kQ
12—
2kQ
6kQ

3kQ
12V
2kQ)
6kQ)

hol2 W, 2. V, =12Vandl, = 2mA 1y =2mA
3k 6k k




Problem 3.21

Use nodal analysis to find V in the network shown. Then solve this problem using Matlab and compare
your results.

2mA
6kQ
6kQ CD
O

Ho12 Vi=12=V, ¥, Vi=Vi_

0

1k 1k lk 1k
v,-V, N i-0,-12) 2 Nodal — Equations
1k 1k k V,-V, =12
iVZ_EI/S:ﬁ;_ZVvZJr_z‘V?’:_IO Vi/Ilk+V,/1K =2m
k™ k- Kk kK k& Vs V) e+ (Vy =V) 1k = 2m
=

or
4V, =2V, = 24;-2V, + 2V, =—10

12=-V,+V,
=

2=V +V,

2V, =14 =V, = WVandV, =2V
2=V, -V, +2V,



EDU» g=[-110;1 1 0;-1 -1 2]

g=
-1 1 0
1 1 0
-1 -1 2



Problem 3.22

Find V in the circuit shown using Nodal Analysis

12V

WMWY o
2K 1kQ M
_ VO
6V]
1kQ 1kQ .
o)
Suggested Solution
12V
|
-6V \A
Vyt12 4\/\/\/\/_4\/\/\/\/ ©
2%KO 1kQ *
§ _ § VO
6V
1kQ 1kQ _
o)
V0+12+V0+12+6+V0+6+&=0
1k 2k 1% 1% V,==1.17V
7 =27
Vy(—) =—=
0(2k) 1k

Wy ==1.17V




Problem 3.23

Use nodal analysis to find I in the network shown.

12V

WV

e
= = @é

3KQ ZkQ KO

Y

Suggested Solution

Vl - 1 2 1 2V Vl VZ
T
3KQ s
3KQ ZkQ AmA e

3k 2k 3k
Ol
3k k 3k
—
v, 4
6k 3k k I, =1m4
W 2h 4
3k 3k k
7 1[4
[Vl}: 6k 3k k :>V1:2Vand10:l=lmA
LET I et N O s 2k
3k 3k k




Problem 3.24

Find /, in the network shown.

V,=V,+12V = V,-r =12
- V.=V,

d +Vl V2+1 =0 = W -V,-V,=0
1kQ 1kQ 1kQ
ol B KR a0 = 2V, 42V, +V, =6
1kQ 1kQ 1kQ
In matrix form:
o 1 -1[%] 2
3 -1 -1||¥,|=|0 = V,=0V
2 2 1|\l |6

1:L=OA



Problem 3.25

Use nodal analysis to find V| in the circuit shown.
: 9mA
12KQ + oV, -
\%

O mf@m

Suggested Solution

N

12KQ

O-

Note the position of the reference node

Vo

a7
i

A
>

KCL

9 6 K) V0=—90V
—+—+—=0

K K 6K

v, =90V




Problem 3.26

Find the Vg in the circuit shown using nodal analysis.
12kQ 12kQ

Suggested Solution

12kQ

5

12V
~ +
@ A% _ 6V

V0—12+V0+9+V0+6
12K 18K 16K

=0

V,=0.6211

1
— —+— 0.621/
0( TRET




Problem 3.27

Find V, in the network shown using nodal analysis.

Suggested Solution

Vi-V,=12V

o 1 o

—o =0 = 3V,-2 =0
2kQ  4kQ

V.-V V
+

hW=v,, n .V _ = 2V 43420, =0
2kQ  4KQ  2kQ

In matrix form:

3 2 0l|¥|=0

= V, =436V
-2 3 2n| |o



Problem 3.28

Find V, in the network shown using nodal analysis.

Suggested Solution

V.-V, =12V
Vol e Ve yma=o = 2~V =4
2kQ  2kQ

hW-v, " v,
+ +
2k 4kQ 2kQ

+2mA=0 = =2V, +3V,+2V, =-8

In matrix form:

o 1 -1[r,] [12
2 -1 0|V |=|4 = V, =45V
2 3 2||n| |-8




Problem 3.29

Suggested Solution

Vl_6+£+Vl_V2:0:>VI(L+L)_V2(L)ZL_£
4K K 4K 4K 4K 4K~ 4K K
u—i-FL:():)—VI(L)-FVz(L-FL):i
4K K 2K+2K 4K 8K 4K K
v, =10V

1/0:10(2—K):5V

2K +2K
V,=5V

v, =10V
V,=5V




Problem 3.30

Find Io in the circuit shown using nodal analysis.

6KQ

M MWV —
SKQ% 4KQ§ - C_") KO

Suggested Solution

6KQ

A

= = @, O =

_h o h 2 -6
4K+8K 4K K 6K

I, =1.5mA4
IL:izl.SmA t
4K

0=V, =6V V=6V




Problem 3.31

Find Vo in the circuit shown using nodal analysis.

1KQ
R
+
W/ 2<_> 2KQ 1 Vo
o

Suggested Solution

vO L Sm =

O
_
V
Vp-12-2 ),
2+VO 12+£=0
1K 2K 1K

14




Problem 3.32

Use nodal analysis to find Vo in the network shown.

DWW °
12V
?KQ ?1@ 1KQ Vo
Vo/2K -
O

Suggested Solution

V,-12

12V
KQ §1KQ §1KQ Vo

Vo/2K -

h-12 v h, "
1K 2K 1K 1K+1K
1K v,

"TIK+1K 2

V,=2.667V
5 v, 12
o) -—=—
2K° 2K K
S Jy 12
2K 2K K

V,=2.667V




Problem 3.33

Find the Vo in the circuit shown using nodal analysis. Then solve the problem using matlab and compare
your results.

1KQ

D
=

2% Io -
0
Suggested Solution
1KQ
Vi-12 V,
12V *
KQ 1KQ 1KQ v,
21y To )
0
21, + n-z n L h
1K 1K 2K
Where
_n
YK

CLALI Sy N YY1
K 1K K 1K 2K



Nodal _Equations

21, +V/1IK+V,/1IK+V, /1K =0
V,=Vy) /1K =V, /1K

V,-¥, =12

I, =V,/1K

OR

Vi+3V,+V0=0
V,=2V,=0
=V, +V, =12

EDU» G=[131;01-2;-11 0]
G=
I 3 1
0 1 -2
-1 1 0
EDU» I=[0;0;12]
I=
0
0
12
EDU» V=inv(G)*I
V=
-9.3333

2.6667
1.3333



Problem 3.34

Find Io in the network shown.

1KQ /N 40001
v
1KO . CD 4mA
4KQ
Ix Io

Suggested Solution

v+

1KQ
40001
A
N

Vl+4KIX Vl+4KIX V1 4
+ t—=—
2K 2K 4K K
V1+4K[X:IX IX_—_V1
2K 2K _16
5, 4 _4 h==5"
4K ' 2K K 4
I, =—mA
3
L1
3



Problem 3.35

Find V, in the circuit shown using nodal analysis.

V,~V, =2k,
V=12V

hh VLWV = V,-V,+V,=0
1kQ 1kQ 1kQ 1kQ

_
©1kQ

= V,—-1000, =0

In matrix form:




Problem 3.36

Find Io in the circuit shown using nodal analysis.
10kQ

\WW

2mA 2Ix 10kQ
To

Suggested Solution
10kQ

10! KO
Ix
21x
10! 1KQ 2mA 10kQ
Ix To

v_2 rn-n
__+ e
10K K 10K
_ =4y
ol +21, + £ =0 ?
10K 10K I, =—0.4mA
V,=—4v

1, =-0.4mA




Problem 3.37

Find V, in the network shown using nodal analysis.

1

X

+ O

10 kQ Vo

V, = 40001, = V, +40001, =0
VvV —
< V‘— A+ Vo =0 = 2V, -V, =40
10 kQ 10 kQ
IY=V"_VI = V., =V, —=10000, =0
O 10kQ :

In matrix form:

0 1 4000 |[7,] [0
2 -1 0 ||V |=|40 = V=15V
1 -1 —10000|[7, | |0




Problem 3.38

Find Vo in the network shown. In addition, determine all branch currents and check KCL at every node.

10KQ Iy

R

Suggested Solution

10KQ  V;

Iy

-6 7, v,
+ +1,+ =
10K 10K 20K

_6-7
Y 10K
V,=V,/2

V,=—4V,V, =8V,V, =4V

I, = Vo =0.4mA
10K
_6-1,
R R [
10K
I,=13+1, =1.4mA
I =L1=—o.4mA

' 10K



_ N

10K

I, :ﬂzlm/l
10K

L, =13+1, =1.4mA

V1

I =——=-0.4mA
10K

I, =0.4mA




Problem 3.39

Find Vo in the circuit shown.

10001
i
N

6KQ

Suggested Solution

PaN 10001y
N4
2KQ Vi SKQ
Iy +
Vo
6KQ f 6KQ
12mA -
Vo-KLy V-KL—Vi VW-h V, _
6K 2K 5K 6K
; VKLV
X

V,=32.25




Problem 3.40

Find Vo in the circuit shown.

+

2Vy/1000 M
Vx 1KQ 1KQ Vo

2mA

Suggested Solution

Vo
o
+
2Vy/1000 M
Vx 1KQ 1KQ Vo
_ 2mA
>

N 2 hh_,
2K K 2K
vV, =1/2V,
W=v 2V W
2K 1K 1K

V, =4V

v, =4V




Problem 3.41

Use matlab to find the node voltages in the network shown.

1KQ§ * 2mA §2KQ
1KQ 4mA
+
12v \ _ §2KQ §1KQ

Suggested Solution

Applying  kcl
hte 2 V-V _,

1K K 2K
v, =12

-V, 2,4 % _
K K K 2K
i-nh 4.V _,

2K K 1K

MATRIX FORM

0.0015 -0.001 0 —0.0005 || I, 0.002
0 1 0 0 v, 12
0 —-0.001 0.0015 0 vV, | -0.006
—-0.0005 0 0 0.0015 ||V, 0.004

EDU» g=[0.0015 -0.001 0 -0.0005;0 1 0 0;0 -0.001 0.0015 0;-0.0005 0 0 0.0015]

g=

0.0015 -0.0010 0 -0.0005
0 1.0000 0 0
0 -0.0010 0.0015 0
-0.0005 0 0 0.0015

EDU» i=[0.002;12;-0.006;0.004]

i=




0.0020
12.0000
-0.0060

0.0040

EDU» v=inv(g)*i
v=

11.5000
12.0000
4.0000
6.5000

V=

11.5000
12.0000
4.0000
6.5000



Problem 3.42

Use mesh equations to find Vo in the circuit shown.
2 , ,2@
o
12v
3KQ 4KQ Vo

O

Suggested Solution

12V

SK 3K ] [12
3K 4K ||| |0

1] [5k -3k7[1,
L] -3k 4K | |0

4y




Problem 3.43

Find Vo in the network shown using mesh equation.
12v 4V

)

N\, °
+
Vo
2KQ 2KQ 2KQ
o
Suggested Solution
12V 4v
+
2KQ N N Vo
I, 2KQ L, 2KQ
o

(4K 2K ] [12
2K 4K ||I,| |4

(1] [4K —2K7'[1,
L] |-2K 4K | |0

-y
3K
Vy=2v




Problem 3.44

Use mesh analysis to find Vo in the circuit shown.

4KQ
4KQ
o)
+
6KQ2 6KQ
2KQ <+> Vo
12V
o)
Suggested Solution
4KQ

4KQ

A :
§6KQ §6KQ
O

12V

(12K
| —6K

i

—6K |[1, ] [-12
12K || 1,]| |12

12K —6K
—-6K 12K

i



Problem 3.45

Use mesh analysis to find Vo in the network shown.

12v ﬁ)

Suggested Solution

2KQ
')
C
+
<+> 6KQ
12V N N Vo
I 2mA
I 2
12V
0
~12+3KI,+K(I,-1,)=0
2
12 = E
Lo E
3K

8 2
—124+3K(—)+2K(—)=V, =0V
(3K) (K) 0

oV




Problem 3.46

Use loop analysis to find Vo in the circuit shown.

2KQ
4KQ
O
+
2KQ
S,
— v
12V 2mA
0
Suggested Solution
2KQ

O ®

A
+
V= e
L

V
12v 2mA ¢
0
12 =2KI, +6KI,
2
12 _Il :E
2
12 :E

V= QR =4V

V, =4V

4y




Problem 3.47

Use loop analysis to find o in the circuit shown.

2KQ

=

Io
Suggested Solution
2KQ
2mA 1, 4mA

<DI2V q

2

c/?@i

2KOQ q -
I3

12 = 2K1, + 2KI,

I,=1,=7mA




Problem 3.48

Use both nodal analysis and mesh analysis to find o in the circuit shown.

12V

O,

2mA

T~
N,
WM §

Suggested Solution

2mA

2 . ANn-n

K K 2K

n-h Vo Vi 4

2K 1K 2K K
Where

V-V, =12
y, =10y
3
1, =-5.33mA
n==2p-24
K K

1K(I,—1,)—12+2KI, =0
10

PU3K

I,=1,—1,=-533mA




Problem 3.49

Find Io in the network shown using mesh analysis.

4KQ I
‘ 2KQ ‘
2mA 6 4mA
12V
Suggested Solution
4KQ

Io

LT

2KQ
2mA 6
-2
I <+> L I 4
— 3
12V I =X
—1242K (I, - 1,)+4KI, + 6K (I, ~1,) =0

I, :EmA
6

I,=1,=2.6TmA
I,=1,=2.6TmA




Problem 3.50

Find Io in the network shown using mesh analysis.

2KQ
2mA

1KQ

OVERO

Io
~12+2K(I, - I,)+ 2KI, +1K(I, = I,) = 0
2

11 —12 :E
=22 I,=1-1,=52m4

K
=5

5K

I,=1,—I,=52mA




Problem 3.51

Find Vo in the circuit shown using mesh analysis.

12V

1KQ

/_/\/\/\/\/7

1KQ

@
.

2

(1
\

@)

N
s

Suggested Solution

— AMM——

O Wi
AT HNONEE

2KI, —1KI, =-12
2KI, —1KI, =12

)
Ii=—>
=
2K, +2=-12
2K, +2=12
==L -2
K K

7 5
Vy=—(1K)-—(1K)=2V
o= (1K) ——-(K)

V,=2V

2V




Problem 3.52

Use loop analysis to find Vo in the network shown.

1KQ 1KQ /-\IZV
+ 1 O

=6

K

IK(I,+1,)+1K(,+1,)+1KI, +12+1KI, =0
1,=0

Vy=0

[1




Problem 3.53

Find Io in the network shown using loop analysis. Then solve the problem using matlab and compare your
answers.

AN

6KQ
6KQ 6KOQ

© =2

oV SmA

6+6K(/,—1,)++6K(I,—1,)+6KI, =0
6KI,+6K(I,-1,)+6K(I,—1,)=0

5
12—11:?
6K 12K -12K7[1,] [-6

-6K —-6K 18K ||1,|=|0
-1 1K 0 I 5
Using Matlab
EDU» Z=[6000 12000 -12000;-6000 -6000 18000;-1000 1000 0]
7 =
6000 12000 -12000

-6000  -6000 18000
-1000 1000 0



EDU» V=[-6;0;5]
V =
-6

0
5

EDU» I=inv(Z)*V

-0.0046
0.0004
-0.0014



Problem 3.54

Use loop analysis to find o in the circuit shown.

W

4KQ
2mA

i 6

6KQ

=

2KQ

Suggested Solution

L Ty

S
OV

=

2KQ

12V 6KO
Io
—12+43K(I,-1,)+6KI, =0
2
12 :E
9KI, =18

I =1,=2mA




Problem 3.55

Find Vo in the network shown using both mesh and nodal analysis.

O
6V

O

Suggested Solution

5
6V .
/IN ako N
KO I y
(0]
KO
Y, KO
2mA I, ]
o
2
[3 = E

6 =6KI, —4KI, —2KI,
0=—4KI, +12KI, - 2KI.

1, =1.14mA
V, =6KI, =6.86V

v, Lol =£:>2V1+V3—5V2:0
2K

2K 4K
L TR
2K 6K K

V=V =6

V, =686V

V,=V, =686V




Problem 3.56

Use loop analysis to find Vo in the circuit shown.

1KQ
WD)
1KQ
O
+




Suggested Solution

1KQ

0

IKQ I,
O
+
2KQ
/\V KO §1m
<D I /\/ Vo
®
2mA - I3
12V
o
=2
K

KT, —6+2K(I,-1,)+1K(I, - 1,) =0
—12+41K(I, - 1)+ 2K (I, - 1,)+1K(1,) =0

4Kk 2K1[12] [8
2K 4K || 13| |14
6KI, =36

I, =6mA
V,=6V

I, =6mA
V=6V



Problem 3.57

Use loop analysis to find o in the network shown.
1KQ

Suggested Solution

|
[OJQERO)

1KQ 1KQ

4mA
~12+1K(I, - L)+1K(I, - 1, - 1,) +1K(I,) =0

2
12 :E

—4
13 :?
\K(I, + 1) +1K(I,+ 1, - 1) +1K(I, = 1,)+1KI, =0
3KI, —1KI, =10

—1KI, +4KI, =10

=30
11K
I,=1,—1,=1.64mA

I,=1,—1,=1.64mA




Problem 3.58

Use loop analysis to find Vo in the network shown.

=
=

Suggested Solution

o)
+
KO Vo
o
2KQ
]
K
1
Ii-1, :E
—6+4K (I, —1)+12K(I, - 1,)+2KI,
0=—2KI, —12KI, +18KI, V,=41,=827V
31
> 15K

V,=4l, =827V




Problem 3.59

Find Vo in the network shown.

® e O
= D Zm

Suggested Solution

08

2KQ

K (Iy+ 1) +1K (I, + I, — 1) +1K (I, — I, + 2KI, = 0

5KI, =4

4
I, =—o
5K
Vo=V

5




Problem 3.60

Find Vo in the circuit shown.

m§ } mgm

D) °
WS

D™ Zn Zw -

4mA

Suggested Solution

1KQ /IW 2mA/hW/?ZKQ
W -
Dy S Ve

4mA )
O
0=2KI, +1KI, +1K(I, - 1,)+ 2K (I, - I,) + 1KI, = 0
4 2 2
L=—,1,-1,==,1,- ==
3 K 4 2 K 2 1 K
4
14 :E

Vy=1KI, =4V




Problem 3.61

Find Io in the circuit shown.

6 = 4KI, +2KI, + 6KI,
0=-2KI, —2KI, +8KI,

2 1
I -1 ==1,-1=—
U SR ¢
I, =-1.5mA

1,=0
I,=1,—1,=—1.5m4




Problem 3.62

Use loop analysis to find Vo in the network shown.

2KQ 6V
I
+
1KQ 1KQ Vo
21, ]
O

Suggested Solution

2KQ 6V

AN )
+ O
~ _/ R
§1KQ I, ﬂ 1KQ § Vo
21, ) )
O

1K(I,+1,)+2KI,-6+1KI, =0

I, =-21I,
3
IX :EA

Vy=3V

Vy=3V




Problem 3.63

Use mesh analysis to find Vo in the circuit shown.

4V

?4@

O -

12V

Suggested Solution

4V,

$4KQ L

Cr) /11\‘/ 6KQ Vo

12V

12=6KI, —4KI,

0=-4KI, +10K1I, +4V,

V,=2KI, V,=6KI2=-3.79V
I, =-0.63mA

V,=6KI2=-3.79V




Problem 3.64

Use loop analysis to find Vo in the circuit shown.

4KQ 4KQ
MWW\, o
2KQ +
O, v
6V 2Vy/1000 -
O

Suggested Solution

4KQ 4KQ
MWW o
2KQ +
+ Vo
O v E
1
6V 2Vo/ 1000 -
O
2V
I, -1, :70,1/0 =2KI,
6 = 4KI, +6KI, V,=2KI, =-2V
I, =—1mA4

V,=2KI, =2V



Problem 3.65

Find Vo in the circuit shown using mesh analysis.
2KQ

+
6V
+
<_> KO 2KO Vo
20001,
I, -
O

Suggested Solution

M, () o
W9

+

20001, )
O

I, =1,

2KI, =6KI, —4KI,

6 =-4KI, +6KI, Vy,=2KI, =6V

1, =3mA

V,=2KI, =6V



Problem 3.66

Use both nodal analysis and mesh analysis to find Vo in the circuit shown.

10V
& H—2

N
6KO 12mA
O
+ +
12KO Vx 8KQ Vo
4KQ )
= O

Suggested Solution

1PKO 11§VX I 8KQ Vo




22KI, —6KI, —4KI, =0
12KI, +10V, +8KI, =0

V. =4K(I, -1,)
12

[3 —]2 :E

I, =-20.35mA

V, =8KI, =—162.78V

Nodal _ Analysis

h-v, % 12
6K 4K K
h
12K 4K 8K
V, -V, =10VX

Vy=V,

V,=V,=—162.78V

V,=V,=-162.78V



Problem 3.67

Using mesh analysis finds Vo in the circuit shown

o
Vy /2000 .
§ 2KQ
4KQ 6KQ
Vo
2mA
§m
o

Suggested Solution

O
+
Vo
o
V. 2
I=20 R =y = (L= L)6K
(I, —I,)6K + (I, —1,)2K + 6KI, =0
b
5K
36

Vo =6KL =22V

V, = 6KI, =35—6V




Problem 3.68

Find Vo in the network shown.

+ Wx
= O
‘ 1KQ +
ImA KQ Vo
O

2Vy/1000

Suggested Solution

b Wx

T +
§th GDlmAh KQ Vo

WA -
1KQ 1KQ
>V Zw (D
2Vx/1000, ﬂ
2

1 2 —4
IIZE’IZZE’VX:_1K14’[3:?
2K(I,+1,))+1KI, +1KI, +1K(I, - ) +1K({,+1,—-1,)=0 7
12:—2]4 VOZ?V

~7
l,=—
'8k
o="lv

8



Problem 3.69

Use matlab to find the mesh currents in the network shown.

Suggested Solution

~1,AK)+I,5K)-I1,(2K) =12
~1,2K)-1,(K)+ I,(3K) =6
~L,(K)-1,2K)+1,(4K) - I,AK)=0
~L(K)+I,(2K) =12

EDU» r=[1 0 0 0 0;-1000 5000 0 -2000 0;-2000 0 3000 -1000 0;0 -2000 -1000 4000 -1000;0 0 0 -1000

2000]

Using Matlab

1

-1000
-2000

0
0

0

5000

0
-2000
0

0
0
3000
-1000

0 -1000

EDU» v=[0.002;-12;6;0;12]

0

0
-2000
-1000
4000

0
0
-1000

2000

1 0 0 0 0 1[4, ] [0.002]
~1000 5000 0 2000 0 |, |-12
2000 0 3000 -1000 0 ||, |=|6

0  -2000 —1000 4000 —1000|Z,| |0
0 0 0  —1000 2000 || 7| |12 |




V=

0.0020
-12.0000
6.0000
0
12.0000

EDUy i=inv(r)*v

0.0020
-0.0011
0.0041
0.0023
0.0071



Problem 3.70

Find Vo in the circuit shown.
5KQ

1KQ
+

AW
CD v Vo

Suggested Solution

KCL at the intersecting input
1-0 0-V0 VOo==-5V

0.1K 5K
V0 ==—5V




Problem 3.71

Find Vo in the network shown and explain what effect R1 has on the output.

+
O
§ 100 Vo

O

4\/\/\/\/_
42\?\/\/\/>—o

Suggested Solution

No current in R,. It has no effect. KCL at the inverting input.

2-0_0-7, V,=—10V
210
V,=—10V




Problem 3.72

Find Vo in the network shown.

A~
5

4V

O

Suggested Solution

KCL at the inverting input is

5-4 4-v,

1 4
V=0V




Problem 3.73

The network shown is a current-to-voltage converter or transresistance amplifier. Find Vo/Is for this
network.

M
® %j

O

Suggested Solution

KCL at the inverting input is

5-4 0-V,

1 1 & _ 1
no__ )

i




Problem 3.74

Find Vo in the circuit shown.

RO O Z.. .

4V -
o)
Suggested Solution
400
5KQ
—\WWy S
+

. @, QKQ § » %

Applying Voltage Division

20
V, =4(——)=3.2V
X (2o+5)

KCL at the inverting input
5=V, V-V,

5K 40K
Vy=—11.2V

V,=-112V




Problem 3.75

Find Vo in the circuit shown.
80KQ

10KQ

—An

J\/W\/_
\
/

5V
20Q

40Q




Suggested Solution

80K
0}

10KQ

—n

4\/\/\/\/_
\
/

5V
20Q

40Q

O
KCL at the inverting input

9-6 10-6 -12-6_ 6 6-V,
10K 20K 30K 40K 100K
v, =31

V=0V, =V,
Node—-Z7
40K +20 3
V=2, =2,
40K 2 V,=-11.4V
Node— X

53, N,
+ + =

10K 160K 40K

V,=-114V




Problem 3FE-1

Find Vo in the circuit shown.

Suggested Solution
KCLat node Vx
VX_12+V_X+VX—+6:0 2 10
PR =V =5
V,=5V 2+1 3

2 10
V.=V (—)=—V
0 X(2+1) 3




Problem 3FE-2

Determine the power dissipated in the 6-ohm resistor in the network shown.

4Q

C%V 6Q§ ﬁbﬂl ?129
-

Suggested Solution

KCL at node Vx
Vy=12 Ve (1220 ) Vi
4 6 4 12
V,=9V
VZ 92
P, =7=—=13.5W

P, =13.5W




Problem 3FE-3

Find the current Ix in the 4-ohm resistor in the circuit shown.

12V 3Q

)T MAM—

2V
60 -+ X
2A
IX

Suggested Solution

KCL at

Ve-12 _ Vy V,-2V,

6 tatT 3 70 1, =124
v, =48V

I, =124



Problem 3FE-4

Determine the voltage Vo in the circuit shown.

12V,

4Q

y
T 0

-/ +

4Q

0 § . § § Vo
I 2Ix )

O

Suggested Solution

KCL at Non Reference nodes

Venl2 Ve Ve=h

4 2
Vo=V +2IX+%:O

V,=-327V




Problem 3FE-5

Given the summing amplifier shown, select the values of R2 that will produce an output voltage of —3v.

R,
12KQ VYV
—+

—
2v A
—>1V

O L

< G

Suggested Solution

R

-R

Vo= _—2(2)——2(-1

0 12K() 24K( )

32K R R, =24KQ
12K 24K

R, =24KQ




Problem 3FE-6

Determine the output voltage Vo of the summing op-amp circuit shown.
36KQ

12KQ

24KQ) +

24KQ

o
2V ANNANA +
O '
_ 1 ) 24k _IL
v - + -
= 3V
Suggested Solution
At the output of 1st op-amp
- -36(2) 36(-1) :—_9V
12 24 2 V,=6V

249 24
Vo= _(E)(_E) - (Z)(—3) =6V
V,=6V




Problem 4.1

Find I, in the circuit shown using linearity and the assumption that [, = ImA.

If L=+A4 Then Vo=1(4K+2K)=6V, [ =5%=3mA
Then ]2=I1+Ia=%mA and Vo=Vi1+4KIl>=16V

Then [3=q5c=1mA. . Ir=12+13=1mA

72mA _ 4mA . . _ |7 _ 8
So fa = x=l=-mA




Problem 4.2

Find Io in the network shown using linearity and the assumption that [o=1mA.

M AN
2KQ 3KQ
+
64V C_) §6KQIO . § 2KO

Suggested Solution

If Io=1mA, Vi=6V. =5 =3mA. [.=1Io+11=4mA
Vo=V1+3KI2=18V, [3=3:=3mA Then Li=I+13=TmA

Vs=V2+2KI[4=32V - 22 =5 x=|I=2md|




Problem 4.3

Find Vo in the network shown using linearity and the assumption that Vo=1mV
M M °
2KO 2KO

o6V 2KQ 2KQ§ 2KQ § Vo

Suggested Solution

" +
+
R4
V, R5 V,=lmV
I4 IS -
All R=2KQ, Vs=6V
Is=22=1uA Ia=22=1puA4 =14+ 15=1uA
Vi=13R3=2mV Va=Vs+V'o=3mV [2=8=15u4
Li=1+13=25uA Vi=LhR =5mV V'is=Vi+V2=8mlV

-l — Vo=(L)1Im)=0.75V Vo=0.75V




Problem 4.4

Find Vo in the circuit shown using linearity and the assumption that Vo=1V

A MA o
4K 6K +
6K
8K § § K VO
12V

*J

Figure P4.4

Suggested Solution

Ly
I 4K 6K L
6K
+
8K Is 2K Vo
Vs 12V -
—_

Assume Vo=1V

I=32=imA= Vx=I128K)=4V
I =2==0.333m4
Is=11+1>=0.8333mA

Vs =Is(6K)+Vx =9V




Problem 4.5

In the network shown find Io using superposition

AN
6KQ 6KQ
12v
- ¢ e
6mA
Io
Suggested Solution
N
6KQ
§6KQ §6KQ 6KQ |:> § 9KQ 6KQ
6mA 6mA
Ilo IIO
Zero the indep. voltage source
I'e=-0.006(32-) =
I
—— VY NN
6KQ 6KQ
+
C_) 12V §6KQ 6KQ
I"o

Zero the indep. current souce

I = 12
I"

6K +6K[(6K+6K)

I(6K+12K

=SmA

5

< mA

' " 18 2 —_ 16
Lo=1"'0+1 0=(7?+g)771A ——?mA




Problem 4.6

Find Io in the circuit shown using superposition

N N N
6KQ ‘ 2KQ 2KO,
30V 12KQ 30mA §2KQ
Io

Suggested Solution

Zero the indep. current source

0 M
KQ 2KQ

6

30V<i_> 12KO

I'o

AN

C 3

[=="3%—=3mA, ['o=12&=1mA

T 6K+I2K|6K 18K

Zero the indep. voltage source

W AMN—T" W\
O6KQ ‘ 2KQ ‘ 2KQ
12KQ
30mA
IHO Il

S

K+6K[12K

I"0=-0.012() = -4mA

18K/

[lo=1'0+1"0=3mA|




Problem 4.7

In the network shown find Vo using superposition

G :
A A+ 1)

1KQ 1KQ

SNORN

Suggested Solution

Zero the indep. voltage source

— AN o

SNOEN

V'0=0.006(25)(1k) =3V

K+2K

Zero the indep. current source

1KQ 1KQ *
12V
V'o
glm 1KO

V'o=22(1K)=-3V
Vo=V'o+V"o=0V]




Problem 4.8

Find Vo in the network shown using superposition

3KQ 6KQ 3KQ

A

O Fe iEe O

Suggested Solution

R, R, Rs

AN

Y R, Vo<R, CD v

R, — A R, Rs
R, * +
- _ IR
—B

Rip=R2||[R3+(R4]|| R5)] =2.14KQ
Vap =9(z2£-)=3.75V

R4B+R1

Vo= V(=48 = 0.75V

(R4||R5)+R3




+> 12V

Rco = R4 ||[R3+ (R1|| R2)]=2.14KQ
Voo=—-12(x82-)=-5V

Rcp+Rs

Vo=Vo+Vo=-425V]




Problem 4.9

Find Io in the network shown using superposition.

6KQ 3KQ
— VW NV
OO
To
Suggested Solution
c<_ A
3KQ Ie 6KQ 3KQ
—\\N— N
6KQ 2KQ A 3KQ + 6V Vas 2KQ
2 B O o

Rep =3K +(6K || 2K) = 4.5KQ

IC 2m(3K+ch)

0.8mA

T2 = Ic(7255) =0.6mA

Rz =2K || 3K +3K) =1.5KQ

Vap = 6(-2
Toi=Var/2K =0.6mA

RAB+6K

=12V

|IO=IOl+102=1.2mA |




Problem 4.10

Find Io in the network shown using superposition

6V

3KQ Io
mA

S

y quH%

S

Suggested Solution

1KQ § 9mA §2KQ

S

—* B
Ris=3K+ (2K ||2K)=4KQ
Li=To=9m(2£—) =1.8mA
C -
3KQ

M

6V

+
1KQ§ 2KQ§ Ve

©

S

D <+
Rep=(1K +3K)||2K =1.33KQ
Vep = —6[-22—-1=-2.4V

Rcp+2K

Too=—r2_=0.6mA

1K+3K

To=Ton+1n=24mA, |[10=2.4mA




Problem 4.11

Find Io in the network shown using superposition.
2KQ

—/\/\/\,—
Ot
—/

4mA

MO IR .

Suggested Solution

6KQ

Lo
AN—
4mA <D 3KQ§ 4KQ § 2KQ §
A A
Reql
Reql=6K + (2K ||4K)=7.33K
o= 4m[2K ] =1.16mA
2KQ
MN—
6KQ
12V 4mA Ioy
3KQ
4KQ
A A
Req2

Req2=9K ||4K =2.77kQ, Vx =12[¢555%]=6.97V
Tor=—35=-0.77mA

[Jo=Toi+ 102 =0.39mA]




Problem 4.12

Find Io in the network shown using superposition

§ 12KQ2

4mA

12K

O 3

Suggested Solution

12KQ
12KQ 4mA
Io
4mA —
12KQ + 6
- v 12KQ
| —6 _ =3
I'o= 2K +12K|[(12K+12K) TomA
12KQ
MN— —

12KQ

4mA

§ 12KQ

NN —
C)W §1z: §12KQ 120 CD §1zm

1= dm(25 ) = 1.6mA

12K[12K

["o=111=0.

8mA

To=1"o+1"0==008 4 008 — 14

2

12KQ

I'o

12KQ

12KQ

MW\

§1 2KQ

12KO

I'"o

4mA




Problem 4.13

Find Io in the circuit shown using superposition

lo 4KQ
12 KQ
v 4KO §6
NN |
6KQ 6mA Vo
Suggested Solution
fo 4KQ
12 KO
v 4KQ §6
6KQ 1o
_ 0012 __
I'o=>3*=1mA
4KQ
4KQ 4KQ
4KQ §6KQ §6KQ
_—
ORQ 6mA yI'"o 6KQ 6mA YI'o

Current splits equally: I"o=-3mA
|10:I'0+I"0:—2mA|




Problem 4.14

Use superposition to find o in the circuit shown
2KO) A
NV Y

6V
2KQ

* 2mA 2KQ 2KQ

Suggested Solution

A S A S
2KQ I'o 2KQ I"o
2KQ 2KQ * 2mA 2KQ
T _ Current Splits equally
I'o = 12/4K=3mA "o=1mA
2KQ
AN
2KQ "o N
2KQ 2KQ

I"'o =-6/4K = -3/2 mA

Then Io=I'o + I"o + I"'0 = 3mA + ImA -3/2 mA = 5/2 mA

2KQ




Problem 4.15

Find Io in the network shown using superposition

6KQ

M

6KQ

6KQ

M

ANN——

ov [+ SmAl 6K
To
Suggested Solution
6KQ
6KQ 6KQ
6v( t
I'o
I'o= 6K+6KH7(66K+6K) = 16?( A
6KOQ 6KQ
N M
OKQ OKO §6KQ <D5mA 6KQ §6KQ
A ANN—
I"o
6KQ
5mAl
I"o
I"o= 5m(6K+6K+6KH6K )( )
Io=1'o+1"o=1mA+imA=2mA




Problem 4.16

Find Io in the network shown using superposition.

4mA
O
12
2KQ v
1mA 1KQ §2KQ
Io
Suggested Solution
-~
W
12v 2KQ
(D 2KQ
/ AN
1KQ 2KO KO KO 1KQ §2KQ
Ioy Iy Toy
Io due to 12V source To due to 2mA source To due to 4mA source
Io1= -12/(1K+12K) = -4mA Ip» = 2m[2K/(2K+3K)] = -1.33mA I3=0A

| Io= I()l + 102 + 103 = —533mAI




Problem 4.17

Find Io in the network shown using superposition

6V

()
-/
—AW
4KQ
3KQ 2mA
C 2
_ )9V 4KQ
2KQ
Y
Io

Suggested Solution

To due to 9V source

Io due to 6V source (redrawn)

A
4KQ

On

wi 2O F

2KQ

Toi=2-=225mA

=

Io due to 2mA source

—1.5mA

— =6
Too=73

AN

4KQ

3KQ

2KQ

2mA

4KQ

(4K) 3=0—>103=0
lo=Toi+1To2+ 103

IO3




Problem 4.18

Find Vo in the network shown using superposition

12v
()
6KQ u 2mA
- o
=/ ¥
6KQ 6KQ 6KQ 6KQ Vo
o

Suggested Solution

+

R5 §V0

+

R5 §V01

12V
O
2mA
R2
M &
—/
§ R1 R3 R4
All R=6K
Vo due to 12V
12V
sosurce @
2mA
Af R
NN
§ R1 R3 R4
~/
B
R2
A
o Ay
Ras RI R3 R4
O
B

RAB = R1||[R2+(R3||R4)]
RAB = 3.6K ohms

Vo1 = 12[R5/(R5+RAB)]
Vo =7.5V

Vo due to 2mA source

6KQ

NN

S

6KQ
6K||6K=3K
6KQ 2mA
M (—=)r— .
Vo2
§ 6KQ 3KO 6KQ §
RI1||R5=3K
+
3KQ R5 Voo R1
3K
2mA R2 K

Ip, = 2m[R2/(R2+3K+3K)] = ImA
Vo2 = 12(3K)=3V
Vo =V +V,=10.5V

Vo=10.5




Problem 4.19

Use source transformation to find Io in the circuit shown

6KQ

3KQ

M

OFES

2KQ
Io
Suggested Solution
6KQ 3KQ 6KO 3K+3K=6KQ
+ + +
O Eo OO We
Io 6V Io
[=6/6K + 6/6K = 2mA
3K=6K || 6K
I 3KQ 2KQ

Io = I3K/(2K+3K)) = 1.2mA




Problem 4.20

Find Vo in the network shown using source transformation
2KQ 2KQ

M

+

6V o V0 ko mA

Suggested Solution

D g EDe @ IO
?’</K\£}\: ’\2/K\Q/\,¢ +
O 2 ® D FurEa (Do

NOREE T =




Problem 4.21

Use source transformation to find Vo in the network shown.

6V

()
u 12KQ

+

2mA ‘D 6KQ  4KQ < Vo 24V

Suggested Solution

N

6V
12KQ
®
+ 6KQ +
§6m 4KQ§ Vo 24V 4KQ§ Vo
- 12v -

12KQ

DRI NORNORE

+

Vo =2V

24V




Problem 4.22

Find Vo in the network shown using source transformation

3KQ

A%

M S

5V

1KQ +

O TwE @ s

2KOQ

2mA

Suggested Solution

ROEFORNO

2mA

A

1KQ

-

Io +

3/4K IKL Vo
3/2mA -

lo =3 (32£5)=0.41mA

3/4K+2K

Vo=1K(lo) =041V




Problem 4.23

Find Io in the circuit shown using source transformation

12V

12KQ

6!

3KQ
+ 1 A\-
6KQ 3KQ
12KQ 12KO GDZmA
Suggested Solution
12V 3KO 12V ; 6KQ
4 A G )~
u 3KQ 3KQ

§JZK.Q
12KQ § G
oKQ 3KQ

1o

Figure P4.23

D 2mA 12KQ 6KQ 12KQ

To

12V

) ma i (D

To

4K
6K 12K
To
3K

4KQ
8V
¢ 2mA

4K

6K 12K 4K 2mA

To = 2m(3K/(3K+6K)) = 0.67mA

TIo=0.67mA

6V




Problem 4.24

Find Io in the network shown using source transformation.

2

-/

4KQ

-

S0

My

18KQ Q

)
ImA

Suggested Solution

18K

6K 5K 4KQ
|+ NN
| Io
12V
12V 18KQ ImA
9K 4KQ
To
VY I
18KQ
6V ImA
4KQ To
|
ImA
23 9K 18K
AV,
fo 6K 4K fo
1/3mA 6K § 12V
2

Io =-14/10K=-7/5mA|




Problem 4.25

Use source transformation to find Io in the circuit shown.

6KQ 3KQ

12v<+> §6KQ 6KQ
12KQ

2mA

3K
6K 12K oK 6 6K
Io 3K
‘ 4K 6K 2K
2m 1/2m
Io
6K To =-3/2m(3K/9K) = -1mA

3/2m

Io



Problem 4.26

Find Vo in the network shown using source transformation.

+ Vo -
2KQ 3KQ 4KQ
2KQ 2mA ‘D 12KQ 12KQ

12v

Suggested Solution

-8+ 1(4K+3K+3K)+9=0

+ Vo -
2KQ 3KQ 4KQ
2KQ§ 2mA §12m §12KQ 12V
6KQ
+ Vo -
2“?) §6K § 12K § 12K § 4K 3mA

4KQ 3KQ

4K 3K 3K I=-0.1mA

Vo=1(3K)=- 0.3V

Vo =-0.3V




Problem 4.27

Find Vo in the circuit shown using source transformation

21O
8KQ 3KQ oV 3KQ
4KQ
4 GD 1mA § 4KQ 3KQ
12V 1o

Suggested Solution

3K
NN ANN— AN
8K 3K K
4K
§ 4K 121<§ §41< 3m —_ 3K § 3m
12v
6K
NN > —
é) 9V GD 2m 6K GV Vom

—_—
NN

To Io Io=-1mA




Problem 4.28

Find Io in the network shown using source transformation.

1/2m

8K

(A
k&/r 2KQ 4KQ
®
b ) 2mA 4KQ \)
3KQ ) 6KQ Gy -~ omA
Io
Suggested Solution
4K
3K = — '_p
C) 6V K 4m §3K §6K 8v GD 1m
AV AV
4K 8K

3/2m

8K

To = -3/2m(8K/12K)

Io=-1mA




Problem 4.29

Find Io in the network shown using source transformation.

3KQ
4mA
Io 6KQ O 9KQ
—/
6V 12KQ 4KQ 3KO
Suggested Solution
3KQ
4mA 12V

Io 6K

(< y o
oW WAV

6KQ
+ -
6V §12KQ §4KQ §3KQ <_> 6V § 19K 4K || 12K=3
6K

6K 4K
& AV
oV 12K 6K 2m @\M @ v

A A ~6+To(6K+4K) +8=0

4K

Io=-0.2mA




Problem 4.30

Find Io in the network shown using source transformation.

M

12KQ

M M\
6V 2KQ 18KQ

ORI O

Suggested Solution

@ E,

18K

12v

6K

ze (D

Yy o

@

1/2mA

12K || 24K
24K 8K 2mAl 8K

2mA

To=2m[ 8K/ (8K+ 8K) ]

Io=1mA

To

8K




Problem 4.31

Find Io in the network shown using source transformation.

+
6V \ §2KQ 2mA

6KQ

Suggested Solution

+

b o
e @ e

3K || 6K 12K § 6K
3KQ 6KQ 2K

*2mA

To=2m(6/(6+12)=0.67mA

Io=0.67 mA




Problem 4.32

Use Thevenin’s Theorem to find Vo in the network shown.
+

W

3KQ 4KQ

12v OKQ 2KO Gy 2mA

Suggested Solution

_/\/\/\l__ + Voc -
4KQ Voc =12 ( 6K/ 9K) +2m 2K =12V

3KQ
+
12V C_) §6KQ §2KQ 2mA  Rth=3K| 6K+ 12K = 4K

— Rth
+
3K 3 4K
6K 2K
4K § Vo =6V
AY




Problem 4.33

Use Thevenin’s Theorem to find Vo in the network shown.

6V 12V
() :
+
2KOQ 4KOQ 2KQ Vo

O
Suggested Solution
6V 12V
OO
N V) =-6[ 4K/ (4K + 2K)]
V,=-4V
Vo 2KQ§ 4KQ § Vi Voc
_ Voc =12 +V,

Find Voc
Rth

2K 4K Rth = 2K || 4K = 1.33KQ Vo
Vo =4.8V]




Problem 4.34

Use Thevenin’s Theorem to find lo in the network shown.

2mA
D

Suggested Solution

2mA
K 6KQ C 2KQ
Y AN
2 -1, + 6K (I, - 2m) + 2K (I, -2m) + 1K1, =0
+ _
C_) 12V Voc §1KQ 12=28/9mA
Then Voc =12 - 6K( 12 -2m ) =16/3V

Yy S—yy —
! <
Rth 1K 16/3V g




Problem 4.35

Find Io in the network shown using Thevenin’s Theorem.

3KQ

+
_) 12v

MV

KO - mA

6KQ § 2KQ

Suggested Solution

MV
ko | 2mA
T
C) oy R®
4KO
MV

Voc = 12 + 3K (2m) = 18V

Rth = 3KQ

o (B S«

lo=2mA




Problem 4.36

Find Vo in the circuit shown using Thevenin’s Theorem.

?KQM’ 2mA
T

On w3 2

Suggested Solution

@ Voc =12 + 2K (2m) = 16V

KO 1KQ

Rth

Rth = 2KQ

glm LoV 9

2K

Vo =16 (2K / (2K + 2K)) = 8V




Problem 4.37

Find Io in the circuit shown using Thevenin’s Theorem.

+
12V d_) 4KQ§ 6KQ
4KOQ

M-

WS Qe |,

Suggested Solution

+

M-

24V
6KQ GD 6mA

Voc = 12 - 6K (6m) = -24V

O O
+
12v d) 4KQ é Q) Rth = 6KQ
4KQ

6K

6KQ

Io=-2mA

O O




Problem 4.38

Find Io in the network shown using Thevenin’s Theorem.

AV

2mA 2KQ 4mA

Rth

2K

2K

Rth = 4KQ

To

O O-

Voc =- 2K (2m) - 6m (2K) = - 16V

To= (16 + 12) / ($K)

lo=7mA




Problem 4.39

Find Vo in the circuit shown using Thevenin’s Theorem.

amA A 2KQ 2ZmA
1KQ
NN A% o
%
1KQ
1mA Vo
1m§ 2KQ
o)

Suggested Solution

KCL
4mA * 2KQ 2mA L m Jom 2m 1
1KQ
1KQ | Sm 1 Voc = 1K(-2m)+1K(5Sm)+1K(1m)
ImA Im _
1KO % V0|c Voc =4V
1K
A Y AV

3K +

= + — %
1K Rth = 3KQ (_) 4 2K§ Vo =4/ (3K + 2K) *2K

- Vo=28/5V




Problem 4.40

Find Vo in the circuit shown using Thevenin’s Theorem.

o C) » ém
ANV~ §2KQ vo

NC 2o

Suggested Solution

12 =2m
v <+> I, 2KQ 26+ 4K, + 2K(I, - 2m) = 0

KO I, = 10/6K=5/3 mA
§2m Voc =4K 1, + 2K 1, = 4K (5/3m) + 2K 2m = 32/3V
VVV Voc

NOYEES

4K

2K

Rth = 2K + 4K || 2K = 10K/3

2K

10K/3

C) 323 Vo §6K Vo = 32/3 [6K/(6K + 10/3 K)] = 48/7 V




Problem 4.41

Find Io in the network shown using Thevenin’s Theorem.
1KOQ

M

RERNS
C>6V §1KQ §1KQ

Suggested Solution

Find Voc
1KQ

A — %‘“&\ -
OO
O« S Sm w  Zw "\ Ew

®s
OF

I,=-1mA
Find Rth I,-L,=2mA, I,=-3mA
IK Voc = (1K), + (1K), = - 4V
NN Rth = 1K+ IK
-6 +1Io (Rth) + Voc =0
Rth = 2KQ

o § . Voo c c gy 10=(6-Voo)/Rih
Rh

To

Io=5mA




Problem 4.42

Find Io in the network shown using Thevenin’s Theorem.
2KQ

N

Y 2KQ

()
(DWW

2w D

Suggested Solution

2KQ Find Voc
/WAQ‘ I, = - 2mA
12V I KO Voc =12 - (4K) I,
m ,\/\/\I Voc =20V

Rth

MA Both 260 AA,
2K resistors Io
) I\/\/\’ are shorted!
Io = Voc / (Rth + 6K)
‘ 2K Rth = 4KQ (") Voo 6K
§4K Rth -
lo=2mA




Problem 4.43

Find Io in the network shown using Thevenin’s Theorem.

2KQ
AAY
4mA KO
Io
12V 2KQ 2KQ
Suggested Solution
Find Voc
2KQ
Il - 12 =4mA

R

Voc =4V
+
C_) 12V I §2m §2KQ
1

Find Rth

2K

M

Rth

3K

12=02K) I, + 4K (1,)
so, [, =2mA, I, = 6mA

Voc = 3K(, - L) - 4K (I,)

Rth
Rth = 3K + (2K || 4K) A

Rth = 4.33KQ
+
Vo C_) 6K

Io = Voc/(Rth + 6K)

Io

To =0.39mA




Problem 4.44

2KQ

N

12v 2mA

w3 Yooz

Suggested Solution

Find Voc KO

AN

12V 2mA

1 : :
2-11 =2mA
v (AK12 + 2K)I1 + (2K)I2=0
2 ¢ 2KQ yields: 12 = 0.5mA
4KQ Voc = 12 -(4K)I2 = 10V

M Ry

oK Rth = 4K || (2K + 2K)
Rth = 2K Io To=Voc/(Rth+ 6K)

4KO g Rth 2‘<§ 6K

Voc Io=125mA




Problem 4.45

Find Vo in the network shown using Thevenin’s Theorem.

2mA ﬁlm ImA

NN o
.
1KQ 1KQ
1KQ ImA ‘D KQ Vo
o

Suggested Solution

Find Voc

I =2mA I, =- ImA, I; = ImA
2mA® B élKQ ImA (IKI; + 1K(J; - [)) - (1K), + Voc =0
L

Voc =3V

+

AR A
o s 12>CD

1mA

Find Rth
Rth

1KQ *
= = —+
Rth = 3K 1KQ§V0 Vo = Voc [ 1K/ (1K + Rth)]

Vo=0.75V




Problem 4.46

Find Vo in the network shown using Thevenin’s Theorem.

Suggested Solution

I, = 6mA

I, - 12 =2mA

-1, +8K(I, - 1)) + (28K) I; =0
Voc = (4K)I; + (24K) I;
Yields Voc = 74.67V

4K

Rth = 4K + [(8K + 4K) || 24K ]

Rth Rth = 12KQ
Rth

24K

4K

Vo = Voc[ 8K/ (8K + Rth) ]

Vo =29.87V




Problem 4.47

Use a combination of Thevenin’s Theorem and superposition to find Vo in the circuit
shown.

A

4KQ

8
—
3KQ

4mA

6KQ 2KQ Vo
12v § § 4KO §

+O

O

Suggested Solution
W\I Find Voc1 and Rthl
/_\ 4KQ o 3K
oW o NN—F—
3KQ ey Vocl = 12[6/(6+3)]
Vocl =8V
6KQ 2KQ Vo 12V 6K
12V1 § § 4KO § vocl
o Rthl = 3K || 6K = 2K
New circuit: Find Voc2 due to 8V Find Rth2
K % + Voc2 = 8[(8+2)/(8+2+4+2)] AN
8K Voc2 = 5V 4K
Voc2
K K § 8K
- 2K Rth2
Find Voc2 due 4mA souce
I K + 11 =-4m(8+2)/(2+2+8+4)
~ 8K = 1mA Ril2 Rth2 = 6K]|10K = 3.75K
\_7 Voc2 W\I Voc = Voc2 + Voc2
Vo Voc =3V
2K Voc
12
2=4m[(4+8)/(4+8+2+20] =3mA
Vo = Voc[4K/(Rth + 4K)]
Voc2 =8KIIl +2KI2=-2V

Vo =1.55V




Problem 4.48

In the network shown find Vo using Thevenin’s Theorem.

12v

(D)o
A / +
1/2 Vo 2KQ 1KQ Vo
O
Suggested Solution
12V
o U/ + Voc = 12 + Voe/2 [ 2K/ (1K 5K) ] = 12 + Voc/3
4 KO Voc = 18V
1/2 VoN\_ Voc
o)
12 Vo— 0V 12V

(" +)
—/

Vo
12 Vo 2KOQ \ §II«2 §2KQ Yy Isc

Isc =12/ (1K|| 2K) = 18mA , Rth = Voc/Isc = 1KQ

M o

1KQ +

O 7 e

- Vo =9V




Problem 4.49

Find the Thevenin equivalent of the network shown at the terminals A-B.

1000 I,
A
1KQ
1KQ KO 2KQ
lX
O B
Suggested Solution
/\/\/\I V I Apply a test source, Vg
lm Test
R = V €S’ /I €s
Ve AB = VTest/ Test

Figure P4.49 = B

Ix=% Vx —Vres =10001x =
So, Vx =2Vre

At the reference node,

Troo =Bt 4+ 2 4 B = S [V 4+ 2VX]

RAE=M=%=4OOQ

1Test

Vx
2

= L [5Vm]




Problem 4.50

Find the Thevenin equivalent of the network shown at the terminals A-B.

N o

1KQ 1KQ A
+

KO QD Vx /1000
Vx 1IKQ

B
O
Suggested Solution
%\/\, I\Ks/é/\, A Iest Apply a test source,
+
1KQ Vx /1000 VTest VTesta RAB = VTest / ITest
Vx 1KQ
- B

Vx =Wy ]= Vx=2

At Vy: =24l —yields Vy =V

At Viest: [n =1 4 T — Vi = R, = 1K)

2K ITest




Problem 4.51

Find Vo in the network shown using Thevenin’s Theorem.

KO V2
AN
SV ) 0

:

oB
Suggested Solution
KO V,u/2 Find Voc V, =6 [1K/ (2K+1K) ]
A &> - V2 vi=2v
=
A A &>—o
+ ! N+
+ Va
6V _ 2KQ 3KQ Voc
Y 2KO
O
1KQ I Isc Voc =-V,/2 -Vy, +6=3V
Va I\N\l Rth = Voc / Isc

I

Vo=6-V,/2 =V,=4V
I1 =V, /1K=4mA, 12 =(V,/2)2K= lmA
Isc =1, -1, =3mA

«®

+

Rth = 1KQ
3KQ§ Vo

Vo = Voc[3K/(3K + Rth)] = 2.25V

Vo =2.25V




Problem 4.52

Find Vo in the network shown using Thevenin’s Theorem.

AN — g

Va

WO F wE

+

Suggested Solution

4KQ
AN ﬂ O . o
+ v, - \/ + Using voltage division
A 2V, V', = 12(4K/6K) = 8V
+
12VC_> §2KQ Voc
O
Figure P4.52
4KQ /\
N /\/\/\I _ v KVL outer loop
V's " 12+ VI 2V =0

>

VA =4V
+
12VC_> §2KQ Yy Isc

If V', =4V
1/=K Isc =-3mA and Rth = Voc/Isc = (-12) / (-3m) = 4KQ
A 4K 4A3/K
4K -
12V 4K Vo

- Vo =- 6V




Problem 4.53

Find Vo in the circuit shown using Thevenin’s Theorem.

ot Vo -o
v
4KQ n 2KQ 4KQ
6V Vx §2KQ QD 12V
] Vx/1000
Suggested Solution
5 Voe ¢
NN O % NN Vx=6[ 2K/ (4K+2K) ] =2V
KO 2KQ 4KQ
n n Vy = 12 - 4K ( Vx/1000 ) = 4V
6V\ _ vx < 2KQ C) 12V
Vy Y Vx/1000 - Voc = Vx + Vy =- 2V
Find Isc
4KQ Isc 4KQ

+
6V C) § +> 12V
- 2KQ VWIK N

= + -
Isc = VW/IK + (Vx - 12) / 4K > Ve 94V
(6 - VX)/4K = Vx / 2K + Isc Isc=-0.19mA
Rth Rth = Voc / Isc = 10.67 KQ

A

Vi + 2KQ Vo
A - Vo=-032V

Vo = Voc[ 2K/ ( 2K + Rth) ]




Problem 4.54

Use Thevenin’s Theorem to find Vo in the circuit shown.

IX‘ /-\
1KQ q%lx 1KQ Vo
o

™ A ——( )

2KQ u +
6V I'x=0, Voc =6V
1KQ § Voc
21I'x
©

I'x
LV ( ) I"x = Isc, I, =- 2 Isc

2KQ 6V 2K Isc + 1K Isc +1K T, - 6 =0

1KQ§ I, ! Isc Isc = 6mA

21'x

Rth = Voc / Isc = 1KQ NN O

— Vo =3V




Problem 4.55

Use Thevenin’s Theorem to Find Io in the circuit shown.

Vx
AN\~ NN

2KQ 4KQ

F
20V 2KQ _/ 2Vx

+

Suggested Solution

2KQ) 4KQ -20+2KI+4KI+2Vx=0

+ D Vx =2K (1)
20V\ _ Voc _/ 2Vx
I=2mA

Voc =20 -2m (2K) = 16V

4 V'x )
AN AN Vix = 20
2KQ 4KOQ Isc =20/2K+ 40/ 4K =20 mA
+ +
2OV<_> <_> 2V'x Rth = Voc / Isc = 4/5 KQ
Y Isc
4/5 K To=16/(2+4/5K=40/7K=5.71 mA

+
16V C_) 2K
lo=5.71 mA

Io




Problem 4.56

Find Vo in the network shown using Thevenin’s Theorem.

M vy
{ ) AN
2KQ 12V
N
2Vx §1KQ Vx §2KQ 2KQ§ Vo
o

e

Suggested Solution

Find Voc

2KQ
( ) + Vi
2KQ v
+
2Vx 1KQ Vx 2KQ \ 2KQ

A",
s

o
Find Isc \ (Vx - V2K = Vy/IK + Vx/2K
v, Isc 2KQ yields,
AGVW_ Vx=Voc =18V
2KO
+ 12
ov v 4 Now, Vx =0! and V, =- 12V
Vx § VooV §2KQ ko | s Vo/2K + Vy/IK + Tsc = 0., Isc = 18 mA
- 1KQ - Y

Rth = Voc/Isc = 1K

Rth 2K i

Vo = Voc [ 2K/ ( 2K+ 2K + Rth)] = 7.2V
Voc Vo

- Vo =7.2V




Problem 4.57

Use Thevenin’s Theorem to find Vo in the network shown.

= 2KQ

—( W
<
2KQ
2Klo §2KQ 1KQ§ 1KQ § Vo
Y

Suggested Solution

12V

/\/\/\, Voc-12 /I-+\ Voc

(Voc - 12 - 2KIx) / 2K + (Voc - 12) / 2K+ Voc / 1K= 0

<1'> 2KI'o §2KQ 1k I'x = Voc / IK  Then Voc = 12 V

I'x 1K Resistor is shorted
- I"'x=0

+0

Supernode - KCL
2KOQ

12V

S Zwe

Y Isc =12mA and Rth= Voc /Isc =1KQ

1K 2K
12 1K Vo = 12(1K/4K) = 3V




Problem 4.58

Find Vo in the network shown using Thevenin’s Theorem.

100Ix

6KQ /(\
4 NN o
N KO +
3V 2KQ CDlmA 2KQ § Vo
Ix -
o}

Suggested Solution

1OOIX 6KQ ﬁ()]\x
M O—
1KQ *
+
ImA 2KQ § Vo 3V 2KQ Voe
B Ix i
O
. Ix =- 3/8K=-0.38 mA
Find Isc 100Ix
/(\ 3 + (6K)Ix - (1K)Ix + Voc =0
+
N Voc =- 113V
Vx = 2000Ix - B
Vx = - 1000 Ix Rth = Voc / Isc = 2.25 KQ
Vi Vx=0 and Ix=0A
s¢ Now, -3/ 6K=1Isc => Isc =-0.5mA
—L—
Find Voc
100Ix 1K
NN o
T
Rth
+
‘ + ) Voc 1mA, Voc
ImA 2K Vo -
Ix - -
O
Voc = (Im)Rth + Voc
Voc =-1.13V, Rth=2.25K Voc =1.13V
. Rth 1K T Ve = Voc[2K / (2K+H K+R'th)]
R'th = Rth 2K«

Vo

L 5 Vo =0.43V




Problem 4.59

Use Thevenin’s Theorem to Find Vo in the circuit shown.

O
12V 1KQ
2Ix <D 1KQ 1KQ 1KQ Vo
Ix -
o

Suggested Solution

I+ O
_/ - (Voc - 12) / 1K+ 2I'x + Voc/1IK =0
12V
I'x =Voc / 1K
21'x<*> 1KQ § N
I'x Voc =3V
O
I +
\_/ I"x =0, The network is reduced to

12V
20"X 1KQ 1KQ Isc @

1K Y Isc =12mA

Rth=Voc /Isc =3/ 12m=0.25 KQ

NN—A

1/4 K 1K

+0

Vo=[3/Q2+ /K] 1K=4/3V

1K: Vo

Vo=4/3V




Problem 4.60

2Vx / 1000 QD

Vx
+ -
Ay N o
1KQ 1KQ
2KQ 1KQ Vo
Y 1mA
A N\~ o
1KQ 1KQ
2KQ ‘D 4mA

Suggested Solution

5

1
2KQ

gy

1KQ
2Vx / 1000
Find Isc i Vx )
1KQ 1KQ
2KQ Isc
I, ImA
1KQ 1KQ
'—\ /—13\‘
L
2KQ
2Vx / 1000 4mA

I; - Isc=1mA, I;=-4 mA

Find Voc
A AN
1KQ | 1KQ L =0
I, = ImA
ImA Voc I;=-4mA
- L=0

2Vx / 1000

n

(3K, +Voc - (1K) I; + 1K, - 1,) =0
Voc = -8V

!
)

Voe [ 1K/ (1K + Rth ) ]

+
1K§ Vo

Vo =

Rth = Voc / Isc

Rth = 8K

Vx =-1Isc (1K), I,

yields, Isc =-1mA

=2Vx / 1K
3KI, + (1K) Isc + 1K (Isc -I;) + 1K (I, - I,) = 0

Vo =

-0.89V




Problem 4.61

Use Norton’s Theorem to find Vo in the network shown.

20001x
AMN—— DA
6KQ AV 4KQ +
6V 2KQ 4KQ
Ix 2mA -

Suggested Solution

2000Ix Find Isc

6+ 6K, +2K(I, -1,) =0
2K, - 1)) - 2KIx + 4K Isc =0
Ix=1,-1, Isc-I,=3mA
yields: Isc = 0.86mA

Same equations as those used to find + Rth = Voc / Isc = 7K
Isc except Isc -> 0. Also, Vo =Isc[ Rth || 4K ]
I Rth Vi
Voc = 2K Ix + 2K Ix s¢ 4K °
- =21
yields: Voc = 6V Vo v




Problem 4.62

Find Io in the network shown using Norton’s Theorem

O

N

2KQ

A

4KQ

Suggested Solution

O

2K§

Find Isc
2KQ 4KQ I 2KQ 4KQ
2KQ <+ Vv 12v Isc W
y
Io I
& I1=12/2K=6mA
12=4/4K=1mA
I Isc =11 - 12 =5mA
| Req = 2K || 4K °
To =1Isc[ Req/( Req + 2K) ]
Req 2K

§4K Req = 1.33 KQ
Isc

To=2mA




Problem 4.63

Use Norton’s Theorem to find o in the circuit shown.

12V
3KQ

I+ A4 NN—
3KQ 2KQ
12V
3KQ 2KQ G' AmA
To
Suggested Solution
— NN NN— Isc = 12/ 3K - 4m[3K / (3K + 3K)]
3KQ

Y Isc G

2KQ
KO Isc =2mA
j ) 4mA

2KQ

i

Rth = 3K || 6K = 2KQ

OB

2K

lo=1mA




Problem 4.64

Find Io in the network shown using Norton’s Theorem.

6KQ 3KQ
AN
oV 2KOQ C‘D 3KQ §
Io 2mA
Suggested Solution
Find Isc
6KQ 3KQ 6KQ 3KQ
M NN
y Isc
ov 2KQ C‘D 3KQ § 6V ov <+>
2mA I, =6/6K=1mA
Io I I, — —
I L =6/ 6K=1mA
Find req 1KQ Isc =1, +1,=2mA
l Req = 6K || (3K + 3K) Io
Ko Req K § Req = 3KQ Isc AD Req 2K

To =1Isc [ Req/ (Req + 2K)]

Io=12mA




Problem 4.65

Find Io in the network shown using Norton’s Theorem.

2KQ Io
N :
6KQ 3KQ
12V 2KQ 4KQ
Suggested Solution
Find Isc
Isc
> Vv, =12V

(V; - Vo) / 6K+ (V, - V) / 3K=V, / 2K

v, — VW AN s, Vi — 6
+
12V _ 2KQ 4KQ Isc = (V; - V,) / 3K+ V, / 4K = SmA
Req
Io
6KQ 3KQ
M A TIo =1Isc[ Req/ (Req + 2K)]
Isc 1KQ 2KQ
2KQ 4KQ Req Io=2.57mA

Req=4K || [3K+ (6K || 2K)]
Req=2.12K



Problem 4.66

Use Norton’s Theorem to find Vo in the network shown.

1KQ

N

2KOQ

M "

+

+
IZV(—P Vo ko 1KQ ?

Suggested Solution

1KQ
Isc =12/2K+2/ 1K= 8mA
2KQ /2%
AVAVAY -,
+
12V<_> Y 1KOQ ?
Rth = 2K
1KQ
+
2KQ
AAA : §1KQ 8m CD 2KQ§ 2m§ Vo
Rth

Vo =8V




Problem 4.67

4KQ
o
. Ul >
4mA Vo
6V 6KQ KO 4KQ
o
Suggested Solution
4KQ Find Isc
- Ulas "y
4mA il 8K
6KQ 4KQ
v 2KQ Vo 3K 6K 2K Ise
- 2mA
4K Find Reg 4K
Find Isc AN AN
2K /IZ—\ 8K
6
I 4mA 8K 3K§ K§
4v 1 2K Is
2K:

I, -, =4mA, 2K(sc -1;) +8K(Isc-1,) =0
4=CKL+EK L
yields: Isc = 0.1333 mA

Req = (8K + 2K) || [4K + (6K || 3K)]
Req=3.75K

Req 4K Vo

Vo =Isc [ Req || 4K] = 258mV

Vo =258 mV




Problem 4.68

Given the linear circuit shown, it is known that when a 2-KQ load is connected to the
terminals A-B, the load current is 10mA. If a 10-KQ load is connected to the terminals
the load current is 6mA. Find the current in a 20K load.

o B

Suggested Solution

(Rth + Ry) I = Voc

" if Ry =2KQ, =10mA => Voc =20+ 0.01Rth
Voc
O R

if Ry =10KQ, I=6mA => Voc = 60 + 0.006Rth

B yield Voc = 120V and Rth = 10KQ

— A

If RL = 20KQ, I=Voc /(R; + Rth)

I=4mA




Problem 4.69

If an 8-KQ load is connected to the terminals of the network shown, Vag = 16V. If a 2-
KQ load is connected to the terminals Vag = 8V. Find Vg if a 20KQ load is connected
to the terminals.

Linear

Suggested Solution

Rth
A
Vag =Voc[ Ry / (R + Rth) ] => Voc=V,g[ 1+ Rth/R; ]

+

v If Ry = 8KQ, Vjp = 16V = Voc =16 [ 1 + Rth / 8K |

Voc AB
) If Ry =2KQ, Vj5 =8V => Voc =8[ 1 +Rth/2K]
' ; B yield: Rth=4KQ and Voc =24V
Thevenin eq. If RL=20KQ, Vj5=24[20/(20+4) ]

for linear circuit

VAB =20V




Problem 4.70

Find Ry for maximum power transfer and the maximum power that can be transferred in
the network shown.

e 12v 6KQ
6KQ §RL
w O

Suggested Solution

A o Find R,p
O All 3 Resistors are attached
to both node A and node B, so,
+ ) 12v 6KQ
— 6KQ Ryp = 6K || 6K || 6K
6KQ
6KO gRL L AN Ry Ra=2KO
-
§ 6KQ 3V g 6KQ
O
B
Find maximum load tranfer
-
Yields:
V;-V, =12V
V, =3V V=5V
At supernode: P =V /Ryp
(Vs - Vo) / 6K+ (V, - V) / 6K+ V3 / 2K+ V, / 6K =0
PL=12.5mW
-




Problem 4.71

Find Ry, for maximum power transfer and the maximum power that can be transferred in
the network shown.

2mA

6K §RL

5KQ

3KQ

Suggested Solution

A Find Rup
o A
3KQ 2mA * 2KOQ
2 Rap = 2K+ 3K+ 5K = 10KQ
6KO §RL
* S5KQ
5KQ§ B

B

Find maximum load tranfer

. -1, =2mA [, =1mA
3KO ! * 2mA Q2K I, +(10K) I; + SK (I3 - I,) + 3K (I, - 1,) =0

6KO : §RL yields: 13 = 0.9mA

Py = I23 Ryp

® (w2




Problem 4.72

In the network shown find Ry for maximum power transfer and the maximum power that
can be transferred to this load.

D KO C‘D v

2mA

Suggested Solution

Rth = 4K + 3K || 6K = 6KQ

4K 6K
3K

Il :2m
3K(I,-1)+6KI,+3=0
I, =1/3 mA
Voc = 4K (2m) + 6K (1/3 m) = 10V
6KQ
N Vo =5V
10 Vo < RL=06K PL=V’0 /Ry
B P, =25/6 mW




Problem 4.73

Find Ry for maximum power transfer and the maximum power that can be transferred in
the network shown.

oA C‘D 4KQ R,
Vx/2000q> 2KQ 2KQ < Vx

Suggested Solution

2KQ To find Req, replace RL with a ImA

I\/\/\I 1 current source,

Req = Vro / IMmA

ORI

Vx /2000 2KQ < Vx

Vx /2000

I, =Vx/2K, I,=Vx/2K

I;-1,=1mA

2K)I; + (2K, + 2K(1, -I;) + 4K(1; -1)) =0
Vi = 4K(s - 1)) + (2K

yields: Vro =3V

Req = Vr; / ImA = 3K

Il = lmA, IZ-II =VX/2K, I3=VX/2K
AK (I, - L) + 2K I, + 3K (I, - ;) = 0
2K+ 2K (I - L) + 3K (Ls - 1) = 0

yields: I; = 1.25mA and I, = 1.42mA => P, =3K (I, - I;)?

P, =833 uW




Problem 4.74

In the network shown find I, using PSPICE.

M

6KQ 6KQ

o ¢ ok
6mA

To

12V

Suggested Solution

I,=32mA.
Rl 6KQ R3 6KQ

VYWY N
12V I1
- r— R2 6mA KO

- 6KQ IDC L R5

—_
3.200mA




Problem 4.75

In the network shown determine V, using PSPICE.

6V

()
u 12KQ

+

2mA 6KQ  4KQ Vo 24V

Suggested Solution

Vo=2V

R3 6KQ

Vi 6V
| —AN
IDC 1w
6KQ 4KQ) :
—_

I1




Problem 4.76

Find 7, in the network shown using PSPICE.

+
Vo

W

3KQ 4KQ

12V 6KQ 2KO G

Suggested Solution

V,=5-(-1)=6 V

+ 5. OOOV -1.000V | I
12V

= R4 2mA
V1

- 2KQ 1bC

=




Problem 4.77

Find 7, in the network shown using PSPICE.

2Vx

Suggested Solution

Vo =8V

R4

8.000V 2K




Problem 4FE-1

Determine the maximum power that can be delivered to the load Ry in the network
shown.

ANMN— VN

1KQ 1KQ 1KQ

() Swa Sn

Suggested Solution

— VW VW0 (Vx - 12) / 1K - 4m + Vx / 3K =0

1KQ 1KQ Vx = 12V
Voc = Vx [ 2K/ 2K+ 1K)] = 8V
+
12\/(_) CD 2KQ§ Voc
4mA
')
NN NN o
1KQ
1KQ I Rth = 2K || 2K = 1K
o}
0
1KQ 1KQ R =2K

<+> R, Prt = (8/ 4K)2 (2K)

PRL =8mW




Problem 4FE-2

Find the value of the load Ry in the network shown that will achieve maximum power
transfer, and determine the value of the maximum power.

1KQ 1KQ

NN
Vx

+
12V R, _ D 2Wx

+

Suggested Solution

1KQ 1KQ I
A A
Vx

o + - 12+ 2KI+ 1KI+2Vx =0
+
12V<_> o Yo <—> VX vy =2K1

Voc =12 -2K1 =66/7V

1KQ 1KQ
—A AV, V= 12
vk Isc = 12/2K+24/ 1K =30mA

F
12VC‘> y Isc <_> 2V'x

Rth =Voc / Isc =2/7K

NN P = [(60/7)/(4/7 K)]? (2/7 K)
2/7 K

+ -
66/7 VC_) § R =277K P =643 mW




Problem 4FE-3

Find the value of Ry in the network shown for maximum power transfer to this load.

Ix
—\VW\

3Q

RORNE SRR 4

12Q

Suggested Solution

I'x
A 0
(Voc - 12) /3 +Voc /12-2Tx=0

30
I'x = (12 - Voc) / 3

+
12V<+> §1m <*> Voc Voc = 144/13 V
o1

X

O

—— AN I"x = 12/3 = 4mA

3Q Then

+ 21"x
12V<—> § 120 Isc =I"x + 2I"x = 12A
Y Isc

Rth = Voc / Isc = (144/13)/12 =12/13 Q

Then R, = 12 + 12/13

RL =12.92Q for MPT




Problem 5.1

A 12uF capacitor has an accumulated charge of 480uC. Determine the voltage across the
capacitor after 4 s.

Suggested Solution

w(t2) = v(tr) = %ji(t)dz C=100uF  i(t)=1mA=1I
t

v(t)=0. so, v(t2)=L4(t2—t1))  where  f2—ti=4sec




Problem 5.2

A 12uF capacitor has an accumulated charge of 480uC. Determine the voltage across the
capacitor.

Suggested Solution

C=2 Q=480uC |C=12uF V =40V




Problem 5.3

A capacitor has an accumulated charge of 600uC with 5V across it. What is the value of
capacitance?

Suggested Solution

C=2 Q0=600uC |V =5V C=120uF




Problem 5.4

A 25- u F capacitor initially charged to —10V is charged by a constant current of 2.5 1 A.
Find the voltage across the capacitor after 2 2 minutes.

Suggested Solution

v =] idt+v(0)
0

150

j 2.5x10°dt—10
0

_ 1
25x107°

150

= [ de—10=F [ <10
0

V =15-10=5V]




Problem 5.5

The energy that is stored in a 25-uF capacitor is w(t)=12sin?377t J. Find the current in
the capacitor.

Suggested Solution

w(t)=1Cv*(t) =12sin* 377t
2o 2(12) s o
C=25uF = Vv(t)=———5sin"377t=9.6x10"sin" 377¢
25x10
v(t) =1979.8sin377t V

dv(t
i(f) = c# = +25x107(979.8)(377) cos 377¢ = £9.23c0s 377t A




Problem 5.6

An uncharged 10-uF capacitor is charged by the current I(t)=10cos377t mA. Find (a) the
expression for the voltage across the capacitor and (b) the expression for the power.

Suggested Solution

i(1)=10cos(377ymAd  C=10uF  v(0)=0V
a)

v(t) =+ [ i(t)dt = 5sin(3770)
0

V(1) =2.65sin(377¢) V|

b)
P(t)=v(t)i(t) =(2.65)(0.01)sin(377t) cos(377¢)
but cos(x)sin(x)=3sin(2x)  so,

| p(t) =13.3sin(754t) mWw|




Problem 5.7

The voltage across a 100-uF capacitor is given by the expression v(t)=120sin(377t) V.
Find (a)the current in the capacitor and (b) the expression for the energy stored in the
element.

Suggested Solution

v(t) =120sin(377t) V,  C =100 uF

a) i(t) = c% = (100x10°)(120)(377) cos(377¢) = 4.52 cos(377¢) A

b) w(t)= %CVZ ()= %(10“)(120)2 sin® (377¢)

=720sin*(377¢t) mJ
=360—-360cos 754t mJ]




Problem 5.8

A capacitor is charged by a constant current of 2mA and results in a voltage increase of
12V in a 10-s interval. What is the value of the capacitance?

Suggested Solution

v(t2)—v(tl) = %] i(dt  i(t)=2mA=1
v(t,)—w(t)=12=L(t, 1) =£(10)
C=(2m)(10)/12=1.6TmF




Problem 5.9

The current in a 100uF capacitor is shown in Figure P5.9. Determine the waveform for
the voltage across the capacitor if it is initially uncharged.

4 I(OmMA)

10

»
.

t(ms)
Figure P5.9

Suggested Solution

C=100uF  w(t)= %J.i(t)dt

Time (ms) i(t) (mA) v(t) (V)
0<tL2 10 100¢
t>0 0 0+v(2m)=0.2V
A (D(mMA)
10
0 1 2 g

t(ms)




Problem 5.10

The voltage across a 100-pF capacitor is shown in Figure P5.10. Compute the waveform
for the current in the capacitor

s YO

\/

0 1 2 3 (ms)

Figure P5.10

Suggested Solution

C=100uF  i(t)=Cc

Time (ms) %(V/ms) i(t) (ma)

0<r<1 6 600

1<¢<L2 0 0

2<t<3 -6 -600
4 VOOV

6

v

0 1 2 3 (ms)

Figure P5.10




Problem 5.11

The voltage across a 6uF capacitor is shown in Figure P5.11. Compute the waveform for
the current in the capacitor

A VOOV

v

0 1 2 3 4 (ms)

Figure P5.11

Suggested Solution

C=6uF i(t)=C4u

Time (ms) %(V/ms) i(t) (mA)
0<trL2 61 6
2<t<4 -1 -6

4 VOOV
2

\/

t(ms)




Problem 5.12

The voltage across a 50-pF capacitor is shown in Figure P5.12. Determine the current
waveform.

s YO

10 ‘\
0 2 4 6\8 10 /12
\_/ t(ms)

Figure P5.12

\/

Suggested Solution

C=50uF  i(t)=C%

Time (ms) %(V/ms) i(t) (m)
0?2 5 250
2<t<4 0 0
4<t<8§ -5 -250
8<r<10 0 0
10<¢ <12 5 250
t>12 0 0

A VIOV

10 ‘\
0 2 4 6\8 10/12
\_/ t(ms)

v




Problem 5.13

The voltage across a 2-pF capacitor is given by the waveform in Figure P5.13. Compute
the current waveform.

v((V)

A

\

t(ms)

-12
Figure P5.13

Suggested Solution

C=2uF  i(t)=C%

Time (ms) %(V/ms) i(t) (mAd)
0<rL2 -6 -12
2<t<L3 0 0
35tL6 4 8
t>6 0 0
v(D(V)
A
0o 2 3 6 g
t(ms)

-12




Problem 5.14

The voltage across a 0.1-F capacitor is given by the waveform in Figure P5.14. Find the
waveform for the current in the capacitor

ve((V)

A

-12
0o 1 2 w >
t(s)

-12

Figure P5.14

C=01F  i()=C%

Time (s) %(V/ms i(t) (A)
0<t<L2 6 0.6
2<t<L3 -24 -24
3<t<5 6 0.6
t>5 0 0
V(O(V)

A
-12

0o 1 2 3 4 g
t(s)
-12




Problem 5.15

The waveform for the current in a 200-uF capacitor is shown in Figure P5.15. Determine
the waveform for the capacitor voltage.

i()(mA)
A

» t(ms)

0 1 2 3 4

Figure P5.15

Suggested Solution

C=200uF  w()==[i()dt
0<t<4ms

i(t)y=1.25t A4

v(t) = 3125¢t*+v(0)

assuming v(0)=0V,

v(t) =3125¢°

1> 4ms

i(t)=04

v(t) =0+v(4m)

v(t) =0+3125(4m) *=50mV

3125tV 0<t<4ms
v(t) =
50mV t>4ms




Problem 5.16

Draw the waveform for the current in a 12-uF capacitor when the capacitor voltage is as
described in Figure 5.16

v(H)(V)
A
12 [~ 7~ ‘
! 10 16
1 ‘ > t(us)
0 6 \/ 3
8\l ‘
Figure P5.16

Suggested Solution

C=12uF  i(t)=C%

Time (us) %(V/,us) i(t) (A)
0<t 2 24
6<tr<10 -5 -60
10<¢<16 1.33 16

t>16 0 0




v(H(V)
A

10

> t(us)
0 2 4 6 8 10 12 14 16

i(t)(mA)
A

-70 > t(us)
0 2 4 6 8 10 12 14 16

> t(us)
0 2 4 6 8 10 12 14 16

i(t)(mA)
A

30

10 I
10
30
50

=70 > t(us)
0 2 4 6 8 10 12 14 16




Problem 5.17

Draw the waveform for the current in a 3-uF capacitor when the voltage across the
capacitor is given in Figure P5.17

v(H(V)
A
4
2 :
: \ 9
‘ ! » t(ms)
0 2 4 7
] VAT
Figure P5.17
Suggested Solution
C=3uF i(t)=C2
Time (ms) %(V/,us) i(t) (A)
0<r<L2 2 6
2<t<4 -1 -3
4<t<7 0 0
7<t<9 2 ~4.5
9<t<10 1 3
t>0 0 0




v(t)(

A

0 2 4 6 8§ 10 12 t(ps)

i(t)(mA)
A

t
0 2 4 6 8 10 12 (ns)



Problem 5.18

The waveform for the current in a 100-pF initially uncharged capacitor is shown in
Figure P5.18. Determine the waveform for the capacitor’s voltage.

v(t)(mA)
A

» t(ms)

Figure P5.18

Suggested Solution

v(t)(mA)
A

» t(ms)




C =100uF

v(0)=0V

0<t<lms

1ms<t<2ms

2ms <t <3ms

3ms <t<4ms

dms <t < S5ms

wi)=L j i(t)dt

i(t)=—5mA
v(1)=50t v
i(t)=—5mA

v(t) =-50(t — 1m)+v(1m)

v(t)=-50t+0.1 v
i(t)=5mA

v(t) =50(¢t +2m) +v(2m)

v(t)=50t-0.1 v
i(t)=-5mA

v(t) =-50(t —3m)+v(3m)

v(t)=-50t+0.2 Vv
i(t)=5mA

v(t) =50(t —4m) +v(4m)

v(t)=50t-0.2 v

t>5S5ms i(t)=0
v(t)=50mV
50¢ \Y 0<t<1ms
-50t+0.1 Vv Ims <t <2ms
50¢t-0.1 \Y 2ms <t <3ms
v(t)=1-50t+0.2 V 3ms <t <4ms
50¢-0.2 \Y 4ms <t <Sms
50 mV t>5ms




Problem 5.19

The voltage across a 6-uF capacitor is given by the waveform in Figure P5.19. Plot the
waveform for the capacitor current.

v(t)(mA)
A
5
0.5 1
0 > t(ms)
-5
Figure P5.19

Suggested Solution

C=6uF i(t)=C%«
if v(¢)=10sin(wt)V
w=2rf=2n/T where T=I1m sec,
v(t) =10sin(20007zt)V

i(t) =(64)(10)(20007) cos(20007 1)

i(t) =377 cos(20007t)mA

v(H(V)

A

\/

0 0.5 1 H(ms)

-5

\/

(=)

0.5 1 Wks)



Problem 5.20

The current in an inductor changes from 0 to 200mA in 4ms in 4 ms and induces a
voltage of 100mV. What is the value of the inductor?

Suggested Solution

v(t)=L4%
Ai =200mdA  At=4ms v ,,=100mV
Assuming the current change is linear,

_ Al _ Ay
Vg =L&= L=v,,(3)=2mH




Problem 5.21

The current in a 100-mH inductor is 1(t)=2sin(377t)A. Find (a) the voltage across the
inductor and (b) the expression for the energy stored in the element

Suggested Solution

L=100mH  i(t)=2sin(377t)4

a)

v(t) = L4 =(0.1)(2)(377)cos(377t) =|75.4cos(377t)V
b)

Ww(t) = L2 () = & (2)2sin*(377¢) = 0.2sin* (3771)

but  sin’x=1-1lcos(2x) so

lw(t) =0.1-0.1cos(7541) J|




Problem 5.22

A 10-mH inductor has a sudden current change from 200mA to 100mA in Ims. Find the
induced voltage.

Suggested Solution

L=10mH  Ai=100mA—-200mA=-100mA At =1ms
v(t)=L%  assuming the current changed linearly
Vi = (0.0 & =1V

Vip ==V




Problem 5.23

The induced voltage across a 10-mH inductor is v(t)=120cos(377t) V. Find (a) the
expression for the inductor current and (b) the expression for the power.

Suggested Solution

L=10mH v(t) =120cos(377t)V Assume i(0)=0.
a)
i(r) =1 j W()dt =2 L sin(3777) = [31.83sin(3777) 4]

b)
(1) =v(0)i(?) = (120)(31.83) cos(377¢) sin(377¢)
but  sin(x)cos(x) =1sin(x) so,

| p(t) =1910sin(7540)7 |




Problem 5.24

The current in a 25-mH inductor is given by the expressions
i(t)=0 t<0
i(t)=10(1-te* YmA >0

Find (a) the voltage across the inductor, (b) the expression for the energy stored in it.

Suggested Solution

L=25mH

) 0 t<0
a) )= {10(1—6"’)mA >0
w(t)=L%

t<0:  w{t)=0
t>0:  v(t)=(0.025)(0.01)e™ =250e" uV

t<0
() = L
250e™" Vv t>0

b)
w(t)=Li*(1)=1.25[1-2¢ " +e’t]ut




Problem 5.25

Given the data in the previous problem, find the voltage across the inductor and the
energy stored in it after 1 s.

Suggested Solution

w(6) =250V w(t)=125[1-2¢" +e™ ]
at t=1sec. |v(1):91.97,uV W(1)=0.5,L1J|




Problem 5.26

The current in a 50-mH inductor is given by the expressions
i(t)=0 t<0
i(t=2te™ A >0

Find (a) the voltage across the inductor, (b) the time at which the current is a maximum,
and (c) the time at which the voltage is a minimum

Suggested Solution

t<0

0
L=50mH i(t) =
2te”" A t>0

a) v(t) =L = (0.05)(2¢* ' -8te™) for (>0

dt
t<0
n0= {0. 1e™ (1— 40y £>0
b)
The current will be at its maximum when di/dt=0, or, v(t)=0
V(l ) =0=0.1e"" (1- 4z,
c)
The voltage will be at its max. or min. when dv/dt=0
=[0.1e ¥ (-4)+0.1e ¥ (4)(4t = D] |,_,;u=0

) >t =0.25sec

i
dt

[=lmin

yields: |t =05 sec.




Problem 5.27

The current
i()=0 t<0
i(t)=100te™' A >0

flows through a 150-mH inductor. Find both the voltage across the inductor and the
energy stored in it after 5 seconds.

Suggested Solution

v(t)=L4%
v(t) =100x107 £ (100e™""")

~£/10
V(1) = 15 () (=e ™)

v(t)=-1.5¢""°
v(s)=-1.5¢"*=-091V
w(t) =1L’

w(r) =L (50x107)(10%¢ ™)
w(t) =4(50)(10)e )

w(t) =250e
[w(5)=91.97J]




Problem 5.28

The current in a 10-mH inductor is shown in Figure P5.28. Find the voltage across the
inductor.

i((mA) 4
+5

2 /—\ .

0 4 6 7 8  t(ms)
210

Figure P5.28

Suggested Solution

L=10mH v(t)=C4%

Time (ms) %(A/ms) v (t) (mV)
0<r<2 -5 -50
2<t<4 7.5 75
4<t<6 0 0
6<tr<7 -5 -50

t>7 0 0




Problem 5.29

The current in a 50-mH inductor is given in Figure P5.29. Sketch the inductor voltage.

i(H(mA) 4

100 /\

-100

>

Figure P5.29

Suggested Solution

L=50mH  w(r)=L%

Time (ms) %(A/s) v (t) (V)
052 0 0
2<t<4 -50 -2.5
4<t<8 50 2.5
8<t<10 -50 -2.5

t>10 0 0




10

time (ms)

A

[

120
80
40
4

-80

-120

(Vun(r

A

N N~ O —~ N e

WA

10

time (ms)



Problem 5.30

The current in a 16-mH inductor is given by the waveform in Figure P5.30. Find the
waveform of the voltage across the inductor.

(t(A)
A
12 pommmn 54T NG 112
| 5 9 | © t(ms)
-12 ;
24 ‘
Figure P5.30

Suggested Solution

L=16mH  w()=L%

Time (ms) %(A/mS) v (t) (V)
0<t2 -12 -192
2<t<5 +12 192
55t<9 0 0
9<r<11 -12 -192
11<¢<12 +12 192
t>12 0 0
12
@ 0
@-12
-24 >
0 5 10

time (ms)



Problem 5.31

Draw the waveform for the voltage across a 10-mH inductor when the inductor current is
given by the waveform shown in Figure P5.31

i()(A)
A
4
2
6 9
R 3 / 1 " (s)
Figure P5.31
Suggested Solution

L=10mH v(t)=L4%
Time (s) din/s) v (t) (mv)
0<t<3 2/3 6.67
3<t<6 -1 -10
6<t<9 0 0
9<r<l11 2.5 25

t>11 0 0




A

o

W)X

12

11

time(s)

<
<

=)
on

v =)

T Amn

v
—
1

12

11

time(s)



Problem 5.32

The voltage across a 10-mH inductor is shown in Figure P5.32. Determine the waveform
for the inductor current

v(H(mV)

A

10

0 1 2
Figure P5.32

Suggested Solution

L=10mH  i(t)= Hv(t)dt

0<t<lIms v(t) =10t mV
assuming i(0)=04, i(t)=500’4
1<t <2ms v(t)=107-10(z—107)V

i(1) = [ (2-10001)dt + K

where K = integration constant
i(t)=2t-500> +K A
Both equations for i(t) must be equal at t=1ms.
500(107)* =2(107)-500(107)° + K = K =-1mA
So i(t)=2t-500¢ -10" 4

500 4 0<t<lms
i(t)=1<2t-500*-10" 4 1<t<2ms
1 mA t>2ms




Problem 5.33

The waveform for the voltage across a 20-mH inductor is shown in Figure P5.33.
Compute the waveform for the inductor current.

v(H(mV)

A

10

Figure P5.33

Suggested Solution

L=20mH  i(t)="+[v(t)dt

0<t<2ms v(t) =10mV

if i(0)=04, i(t)=0.5t A4

2<t<3ms v(t)=-20mV

i(t)y=—(t-2m)+i(2m)
=—t+2m+1m

i(t)=(3x10" =¢) 4

t>3ms  v(t)=0V

i(t)=0+i(3m)=04

0.5¢ A 0<t<L2ms
i(t)=43x10" -t A4 2<t<3ms
0 A t>3ms




A

o

Awma

o
—
1

=)
a

time (ms)



Problem 5.34

The voltage across a 2-H inductor is given by the waveform shown in Figure P5.34. Find
the waveform for the current in the inductor.

v(H(mV)

A

0 1 2 3 4 5 t(ms)

Figure P5.34

Suggested Solution




L=2H  i(t)= Hv(t)dt

0<t<lms assume i(0)=04
v(t)=1mV
i(t)=500r pA

1<t<2mA v(t)y=0V

() =i(lms) =0.5u4
2ms <t<3ms  v(t)=1ImV
i(t)=500(t —2m)+ K, uA
K1l is an integrator constant,
i(2m)=0.5uA4=5002m—-2m)+ K,
K, =0.5uA4
so, i(t)=500t-0.5uA4
3ms <t <4ms v(t)=0
i(1)=0+i(3m)=1uA4
4ms <t <5ms  v(t)=1mV
i(t)=500(¢—4m)+ K,uA
i(4m) =1uA=500(4m—-4m)+ K,
K2=1uA
i(1) =5007 —1uA
(>5ms i(6)=15u4

500¢ uA 0<t<lIms
0.5 uA 1<t<2ms

(1) = 500¢-0.5 wuA 2<t<3ms
1.0 HA 3<t<4ms
5007 -1 uA 4<t<5ms
1.5 uA t>5ms




Problem 5.35

Find the possible capacitance range of the following capacitors.

a) 0.068 pF with a tolerance of 10%

b) 120pF with a tolerance of 20%

c) 39uF with a tolerance of 20%

Suggested Solution

a) Minimum capacitor value = 0.9C = 61.2nF
Maximum capacitor value = 1.1C = 74.8nF

b) Minimum capacitor value = 0.8C = 96pF
Maximum capacitor value = 1.2C = 144pF

¢) Minimum capacitor value = 0.8C = 31.2uF

Maximum capacitor value = 1.2C = 46.8uF




Problem 5.36

The capacitor in Figure P5.36a is 51 nF with a tolerance of 10%. Given the voltage
waveform in Figure P5.36b graph the current i(t) for the minimum and maximum

capacitor values.

i(t)

> -60 }

n . 0
v(t) C_) ~C€ %
>

-60 >
0 1 2 3 4 5 6
time (ms)
(a) (b)
Figure P5.36

Suggested Solution

Maximum capacitor value = 1.1C = 56.1 nF
Minimum capacitor value = 0.9C =45.9 nF

The capacitor voltage and current are related by the equation

. _ dv(t)
i(1)=C=~



Problem 5.37

Find the possible inductance range of the following inductors

a) 10 mH with a tolerance of 10%
b) 2.0 nH with a tolerance of 5%
c) 68 uH with a tolerance of 10%

Suggested Solution

a)
Minimum inductor value = 0.9L = 0.9 mH
Maximum inductor value = 1.1L = 1.1 mH

b)
Minimum inductor value = 0.95 = 1.9 nH
Maximum inductor value = 1.05L = 2.1 nH

c)
Minimum inductor value = 0.9L = 61.2 nH
Maximum inductor value = 1.1L = 74.8 nH




Problem 5.38

The inductor in Figure P5.38a is 330uH with a tolerance of 5%. Given the current

waveform in Figure P5.38b, graph the voltage v(t) for the minimum and maximum
inductor values.

i(t)

NoRET

(a)

Figure P5.38

Suggested Solution

Maximum inductor value = 1.05L = 346.5 uH
Minimum inductor value = 0.95L = 313.5 uH

The inductor voltage and current are related by the equation

v(t) = L&Y

dt




Problem 5.39

The inductor in Figure P5.39a is 4.7 pH with a tolerance of 20%. Given the current
waveform in Figure P5.39b, graph the voltage v(t) for the minimum and maximum
inductor values.

i(t)

NoRET

(a)

Figure P5.39

Suggested Solution

Maximum inductor value = 1.2L = 5.64 uH
Minimum inductor value = 0.8L =3.76 uH

The inductor voltage and current are related by the equation

v(t) = L&Y

dt




Problem 5.40

What values of capacitance can be obtained by interconnecting a 4-uF capacitor, a 6-uF
capacitor, and a 12-pF capacitor?

Suggested Solution

Combo A

]

-~ Cl Combo C
Combo B
~ C2
1 1T -
~ @ /l\Cl /l\CZ ~C3 /|\C2 /|\C3
o— (e, [e;

Ce=[C(G+C)]/I[C +(C+ ]
Cy=1/(1/C, + 1/C, + 1/Cy ) = 2uF Cy=C, +C, + Cy =22uF
Ce =3.27uF

o__L o__LC3 Cl
R T 7 T

G=[G(C+C)]/[C+(C+ G Ce=[G(G+CY /G +H(C+C] G =G +C G/ (C +Cy=144yF
Cp = 4.36uF Cc = 5.45uF
Combo G Combo H
——
| | CA=2yF
Cl 1 (¢ 1 CB=22puF
= €2 ¢ CC =3.27yF
CD = 4.36 uF
3 3 CE = 4.45uF
| | CF = 14.4uF
CG=9 pF
CH=8 pF
C5=C,+C, G/ (Cy +C3) =9uF Cu=C, + G G/ (Gt C) =8uF




Problem 5.41

Given a 1, 3, and 4-uF capacitor, can they be interconnected to obtain an equivalent 2-uF
capacitor?

Suggested Solution

Cl=1uyF C2=3pF C3=4yF

(e,
T T
TG
(e,
Cou = (C+C)Cs (Qu+3u)iu _2uF

Ci+Ca+Cs lu+3u+duy ——




Problem 5.42

Given four 2-uF capacitors, find the maximum value and minimum value that can be
obtained by interconnecting the capacitors in series/parallel combinations.

Suggested Solution

Minimum combo .
Minimum com Maximum combo
Y2RRY.
— AN °©
;:Cl /\Cz /\C3 ;:C4
G C,
|( |(
o—k AN °©
1
C min = =0.5uF Cmax=Ci+Ca+Cs+Ca-8uF
L_’_L_’_L_Fi
C1 C2 C3 Ca

C nin = OS/JF
C max = 8,UF




Problem 5.43

The two capacitors in Figure P5.42 were charged and then connected as shown.
Determine the equivalent capacitance, the initial voltage at the terminals, and the total
energy stored in the network.

o—
4V =" 6uF
+
+
V< 3uF
o—
Figure 5.43
Suggested Solution
o—
+
+——
Vi NG
\%
+——
v, T G
Ceq >
o

C,=6uF V,=4V
C,=3uF V,=1V

Cog=CiC2/(Ci+ C2) =2 uF
V=Vi+V2==-3V
W=iCwvh+iCr?

W =49.5uJ
C, =2uF
V==-3V

W =49.5u]




Problem 5.44

Two capacitors are connected in series as shown in Figure P5.44. Find Vo

i(t)

O——»——
+
Vo 2} G
24V
i G
C,=12uF C,=6uF
Suggested Solution
| 1 i(t)
1 —
| 1 +
| | Vo /N G
: 24V
1 : G

,,,,,,

C, =12uF C,=6uF

vc=%ji(t)dt

Since same current charged both caps,
GV, =C,(24)

V. =24(C,/C)

v, =12V




Problem 5.45

Three capacitors are connected as shown in Figure P5.45. Find V, and V..

o
+
Vi X 8uF +
" ~ v
V2 "\ 4pF i
O 1
Figure 5.45
\ Suggested Solution
v, ©

" ~ v
\ ’[ C,=4uF )

Vi+V2=12V

Assuming C: and C2 are charged by the same surrent,
CVi=C2l2 (same as Qi1 =Q2)

=12 _ay
Ci+C2
vaz12— S _gp
Ci+C2
Vi=4V

Vo=8V




Problem 5.46

Select the value of C to produce the desired total capacitance of Ct=2puF in the circuit in
Figure P5.46

O

- C

/|\
C,=2uF __[_ _]: C,=4uF

Suggested Solution

Cr20F 3 7R CodF

O

C(Ci+(C2) 6C
C+Ci+C: 6+C
12+2C=6C=4C =12

Cr



Problem 5.47

Select the value of C to produce the desired total capacitance of Cr=1puF in the circuit in
Figure P5.47.

O
c T~ c T AT~ IWF
Cr
A~ luF
WS R2F
O
Figure P5.57
Suggested Solution
_3C +(1+C)(1)
3+C (1+C)+1
3¢ 1+C
1= +
3+C 2+C
B+0)(2+C)=3C2+C)+(3B+0O)(1+0C)
0=3C*+5C-3

CLea 5% [25-4(3)(-3)
2(3)




Problem 5.48

Find the equivalent capacitance at terminals A-B in Figure P5.48

SuF 3pF
|( |(
AT K AN
FR2HF F6HF
1 2uF ~ 6uF
|¢ |(
BO 1< 1 C
6uF 12uF
Figure 5.48

Suggested Solution

14 | ¢
AOC AN AN
=G Ce
__C3 /:Cf/
ot

C=2uF  Cs=3uF C,=6pF
C=2puF  Gg=12pF




CsCe

Ce = = 2 F
a Cs+Cs H
Ceq2=C2+Ceq1=4uF
C1Cs
Ce = = 4 F
” C71+Cs H

Ceq4:C3+Ceq3:6MF
1 1 1
= +
CeqS Ceq2 Ceq4

= CeqS = 24},LF

1 1 1 1
— =t —+
Ciz Ci Cs Ces

= |Cus =1.32pF




Problem 5.49

Determine the total capacitance of the network in Figure P5.49

4uF 1uF
|( |(
X AN
2uF
Cr 4MF;:
2uF
|¢ |
O—K I
12pF 4uF
Figure P5.49

Suggested Solution

C ~c G
PN
ENE I N
G

C,=4yF  Cz=IpF C=2uF
C,=4yF  Cs=2pF C,=4uF
C;=12F

_ (Ca+Co)(Cs+C)
~ (Cs+Co)+(Cs+C)
Caus=2uF

1 N B

E=C2+CAB a Cs

CAB

1

I 1
_+_
6 4 12




Problem 5.50

Find Cr in the network in Figure P5.50 if (a) the switch is open and (b) the switch is

closed.
- \/\/QLF
/ ) :\
O O

N

Figure P5.50

Suggested Solution

The networks can be reduced as follows:

( 4 4
a) \ \ \
3 6 2uF
[ —_—
\ (
6 12 4uF
o) o) o) o)
4 T Cr=(4||2)=6uF
( 4 | V4
b) \ \ I\ AN
3 6 uF 18uF
( —_—
\ (
6 12

O O (@) O
CI T Cr=9(18)/(9+18)=6uF




Problem 5.51

Find the total capacitance Cr of the network in Figure P5.51.

AuF AT Cr ~~ OnF
O
V4
I\
1pF
ATN8uF AN 3uF
Figure P5.51

Suggested Solution

Cl = 4HF
O
— 1 C, = 1pF
G ans Cr Cy TN
Q C, = 8uF
i V4
G~ Cs TN

Cqu = Clceql/(cl + Ceql) = 3|~lF

Cp = 9uF




Problem 5.52

Compute the equivalent capacitance of the network in Figure P5.52 if all the capacitors
are SuF.

o
_~ o~
T
-~
o
Figure P5.52
Suggested Solution
o o
4
™ ™ > VR
8
‘I ™ ™
8
-~ ~
o o

Coq=4@)V12 + 8= 32/3 uF




Problem 5.53

If all the capacitors in Figure P5.53 are 6 pF, find Cgq

o |/ |( |(
\ I\ I\

~
~
|(
Ceq I\
~ ~ ~
O
Figure P5.53

Suggested Solution

1
|

/1

—_ ~ 12
1 6/\ TN
6 6 6 |(
|< |< Ceq I\
ch | R 9
12 TN |
— 6
O —IE— ]
. 1
’ [ N6 o
o
¥4
© AN
4
C — 12+54/15=15.6

«q -~

Ceq = 4(15.6)/(19.6)=3.18uF




Problem 5.54

Given the capacitors in Figure 5.54 are C1=2.0uF with a tolerance of 2% and C2=2.0uF
with a tolerance of 20%, find

a) the nominal value of CEQ

b) the minimum and maximum possible values of CEQ

c) the percent errors of the minimum and maximum values

o—(
G
Ceq
G
¢
Figure P5.54

Suggested Solution

a) The nominal value is

Ceoo=C1+C2+C3=(0.1+0.33+1)x10° =1.43uF

b) The minimum value of CEQ is

Crpmin = Crmn + Comin + Coin = (0.1%0.9+0.33*0.8+1%0.9)x10™° = 1.254 uF

2,min 3, min

The maximum value of CEQ is

Cromns = Crmas o + oo = (0.1¥1.140.33%¥ 1.2+ 1%1.1)x10°° = 1.606 uF

2, max 3,max

c¢) The percent irror of the minimum value is
1.254-1.43
——x100=-12.3%

The percent irror of the maximum value is
1.606—-1.43

x100=12.3%
1.43




Problem 5.55

Given the capacitors in Figure 5.55 are C;=0.1uF with a tolerance of 2% and C,=0.33uF
with a tolerance of 20% and 1 uF with a tolerance of 10% . Find the following.

a) the nominal value of Cgq

b) the minimum and maximum possible values of Cgq

c) the percent errors of the minimum and maximum values

O
Ceq ~ ~ ~
G G G
O

Figure P5.55

Suggested Solution

a) The nominal value is

Coo = CiC2 _ (2.0)(2.0) 4107 = 1.0uF
Ci+C2 2.0+20 E—

b) The minimum value of CEQ is

CoonComn (2.0%0.98)(2.0%0.8)
Cromin = X107 = 0.881uF
o Ao (2.0%0.98)+(2.0%0.8) EALE

The maximum value of CEQ is

C C 2.0*1.02)(2.0*1.2
C _ 1,max —'2,max ( )( ) x1076:1103,uF

£Q.max C + Cz,max (20*102)+(20*12)

1,max

c¢) The percent irror of the minimum value is

wxlOOz—llQ%

The percent irror of the maximum value is
1.103-1

x100=10.3%




Problem 5.56

Select the value of L that produces a total inductance of Lt = 10mH in the circuit in
Figure P5.56

o
% 12mH
L; = 10mH L
% 8SmH
o |
Figure P5.56
Suggested Solution
o
L= +L)L/ +L+D
% L 10=20L/(20+1L)
1
200 + 10L = 20L
L L L=20mH




Problem 5.57

Find the value of L in the network in Figure P5.57 so that the total inductance Lt will be
2 mH.

O
4mH 2mH
L
Ly
6mH
O
Figure P5.57

Suggested Solution

O
4mH 2mH
AllL's in mH
L
L;
6mH
O




[ +24 _,

6L N
+2+4

24L
6+L+8 —

6L N
oz +0

2

24L +8(6+L)=(6L+(6+L))2
24L +48+8L =12L+72+12L
8L =24



Problem 5.58

Find the value of L in the network in Figure 5.58 so that the value of Lt will be 2 mH.

o o SRk

2mH

1mH

o
Figure P5.58
Suggested Solution
o————
2
% L % (4L) / (4+L)
o

[ +2]L 5

4L -
L +2+L

6L +8L=2L"+20L+16
(L+4)(L+1)=0



Problem 5.59

Determine the inductance at terminals A-B in the network in Figure P5.59.

1mH
A o—L
6mH
2mH
%12@
2mH
ImH 4mH
B o—/[[" T
2mH
Figure 5.59
Suggested Solution
L
A o—LI
L

L=Ly=Lg=1mH L,=12mH
L,=6mH Ls=4mH
L,=Lg=Ly=2mh




L, =Li+L,=3mH
L,=LL, (L,+L,)=2mH
L,,=Li+Ly+4mH

L,,=L, ;L /(L,;+Ls)=2mH
L,(L,,+L
s — 2( eq?2 eq4) :3mH
Ly+L,,+L,,

Ly=L+L+L, =5mH
L, =5mH




Problem 5.60

Compute the equivalent inductance of the network in Figure P5.60 if all inductors are 5
mH

O

Figure 5.60

Suggested Solution

Redrawing the network

% % ‘ 4§|:> 5«3

qm

JA

Leq=4(6)/10+2=24/10+20/10=44/10 =4.4mA

T




Problem 5.61

Determine the inductance at terminals A-B in the network in Figure P5.61

ImH
A o—IT
4mH % 12mH§ §2mH
3mH §4mH
2mH
B o——/ |
Figure 5.61
Suggested Solution
A o—IT"
L
L, L, Le
Ls
B o——/ ||

L,=ImH L,=L,=4mH I,=12mH

L4:3mH L5:L6:2mH




L, =Ly+L,=6mH
Ly, =LL (L, + L) =3mH

L,=L,,+L,=6mH
Leq4 = LeqlLeq3 /(Leql + Leq3)
L,,=3mH

L,=L+L,,+L5

eq4

L,,,=6mH




Problem 5.62

Find the total inductance at the terminals of the network in Figure P5.62

6mH \%jzmH
4@

o
Ly
AmH o 10mH
Figure 5.62
Suggested Solution
L, = 6mH
L %Lg L, = 6mH
> i -
L, = 4mH
. o)
4 % OL¢ Ls = 10mH
Ls
-

L, is shorted out!
L,,=L,L; (L, + L) =2mH
L,,=L,+Ls=10m+2m=12mH

eql
L =LL,, (L +L,,)

eq2

L, =3mH




Problem 5.63

Given the network shown in Figure P5.63 find (a) the equivalent inductance at terminals
A-B with terminals C-D short circuited. And (b) the equivalent inductance at terminals
C-D with terminals A-B open circuited.

12H

A O— A o C

6H 2H

B O 28tk O D

2H

Figure P5.63

Suggested Solution




Llc% LG%3
e
3 .3

L, =12H

L, =2H

L, = 6H

L, =2H

Legi = Lils/(Ly + Ly) =4H

L= L/(L, + Ly = 1H

Lag = Legi + Leg2

Lyp=5H

C

Loy =Ly +1; = I8H
Loga = Ly + Ly = 4H
VLep = Vlggs + gy

Lop=327H



Problem 5.64

For the network in Figure P5.64 choose C such that

v, = —IOI v.dt
C
V4
e ‘ AN
Rs=I0KQ |  70KQ
; NN— WY -
} + 1 — ©
‘ ‘ +
| <+> |
i Vs | - i R
Figure P5.64
Suggested Solution
C
V4
. AN
)
i 70KQ
ANA—AN——2
Rs ©
O + :
— VO

Vs R




Rs =10KQ
v, = —lOJ-det

R,, =Rs+70K =80K
Using ideal op-amp assumptions,

L=

v“_oz—Cdv” =V, =— ! '[vsdt
R,, dt R, C
So,

1
R, €=~ [C=immr



Problem 5.65

For the network in Figure P5.65, vs(t)=120co0s377t V. Find Vo(t)

1KQ
NN
1uF
|( h
I\ 0 :
— + +
O C-) vo(t)
o
Figure P5.65
Suggested Solution
R
N
C i
) |( h
—— .
+ / N
O C-) vo(t)
o

C=1uF R=1KQ
v, =120c0s377t V
i, =i, (ideal op-amp assumptions)
v, =-Yo v, =—RC v,
dt R dt
v, (t) =+(1k)(1)(120)(377)sin(377)¢
v (t)=4524sin(377t) V




Problem 5.66

For the network in Figure P5.66, v4(t)=115sin377t V. Find v,(t)

SuF
|
I\
5KQ
NN -
L 0O
+ + +
Vs(t) C_) ot
o
Figure P5.66
Suggested Solution
SuF
|(
I\
5KQ C
NN =
R —o0
+ + +
o C_> vo(t)

v, (1) = —RLijsdt

_ 115
(5K)(Su)(37T)

v (t)=12.20cos(377t) V

cos(377t)




Problem 5FE-1

Given three capacitors with values 2uF, 4uF and 6uF, can the capacitors be
interconnected so that the combination is an equivalent 3pF?

Suggested Solution

Yes.




Problem 5FE-2

The current pulse shown in Figure SPFE-2 is applied to a 1uF capacitor. Determine the
charge on the capacitor and the energy stored.

A

6A

» t(usec)

0 1

Figure PFE-2

Suggested Solution

The capacitor voltage is

lr 1 10°¢
v(it)=—i(t)dt = o6dt =6V
0 C!z() 104
0=CV=10"x6=6uC

w =%CV2 =%(10‘6)(6)2 =18uJ




Problem 5FE-3

In the network shown in Figure SPFE-3, determine the energy stored in the unknown
capacitor Cx.

O—
N +
8V —= 60uF
24V
QJ C)(
Figure PFE-3
Suggested Solution
O—
N N Q= CV = (60x10°)(8) = 480uC
8V —= 60uF
k Vx=24-8=16V
24V

Cx = Q/Vx = (480x10°) / 16 = 30uF

2
™ & W=1/2CV:
= 1/2 (30x10) (16)*

W =3.84mJ




Problem 6.1

Use the differential equation approach to find V¢(t) for t>0 in the circuit in Fig. P6.1

=

t=0
+

AT~ Vettl

=

Suggested Solution

3k
V.(0-)= 12(@) =4V
V.(t)—-12 N cdv, (1) _

0
6k dt
OR
o VO,
dt 0.6

V)= e
Att =ok, +k, =4 and at t =k, =12 . k, =8
HenceV.(t)=12—-8¢""*Vt >0




Problem 6.2

Use the differential equation approach to find i(t) for t > 0 in the network in Fig P6.2 as shown.

=0
12V <+> 6Q
i(t)
2H 6Q
Suggested Solution
t:
12V <+ 6Q
i(t)
2H 6Q
L (0-)
/
i,(0-)=24

OIS
Ld= >+ Ri(1) =0

l(t) — KzefR/2t — Kzef'}»t
i(0)=2=K2.. i(t)=2e ¥4 t0




Problem 6.3

Use the differential equation approach to find V¢(t) for t>0 in the circuit in Fig. P6.3

U
1KQ
K e R0
' —
p
100uF
12v
=0
Suggested Solution
4K
V.(0-) =12(———
«(0-) (8 X) =67
V@, cq¥e® o o ¢¥c® T
4K dt dt 04

= V.(t)=K,e""**V and since V,.(0)=6 =K,
VC (t) — 6e—t/0.4V t>0




Problem 6.4

Use the differential equation approach to find iy(t) for t>0 in the network in Fig P6.4

Mf—*pwvb >0
=< 300uF
2KQ
2KQ C* 4uA
io(t)
® G
Suggested Solution
e L e
4KQ 1KQ L
—< 300uF
2KQ
2KQ (D 4uA
io(t)
¢
6 6K

iy(0-) E(9_K)_ 7

V.(0-)= 2K(E) =8V

fort>0 Cm + V) =0

dt 2K
dv,() , V() _,
dt 0.6

V(1) =K,e""V

V.t)=8=K, .. V.()=8""V t>o



Problem 6.5

In the network in Fig P6.5, find iy(t) for t>0 using the differential equation approach.

. t=0
> AM——o——e>—o0—
io(t) d/ 2A
2H 12Q
4Q
Suggested Solution
P (07)=2 3 2A . ¢ divisi
= —_— = using current division
L 316) 3 ¢

L%HO;‘D(Q:O 10=6+4

. - 10 10
i (t)=K,e A 5=—=—
2
SO, 1'0(0):§:I<2

Then, i, (¢) = %e_S’ A t>0




Problem 6.6

In the circuit in Fig P6.6, find iy(t) for t>0 using the differential equation approach.

=0
20 | 30
2H
12v C+> 6Q
t ip(t)
Suggested Solution
=l
20 | 30
2H
12V C+> 6Q
t i (t)
12 6
1 (0-) = ——)=24
0= Gre)
di, (1) di,(#) 9.

or t >0L ——=+Ri, (t)=0 or +—1,()=0
Je & L (D) 0 2L()

i(t)=K,e*"4 i (0)=2=K,
i,(t)=2e"*"4 butiy(t)=—i, (1) =—2e*"4 0




Problem 6.7

Use the differential equation approach to find V(T) for t>0 in the circuit in Fig P6 and plot the response
including the time interval just prior to switch action.

t=0 S5kQ 2kQ

N i +

200uF 40

12V

/1




Suggested Solution

12V

For t<0, V.(0-)=V.(0+) =0 and V,(0-)=0V

R =5KQ R, =2KQ

R, =4KQ C=0.2mF

Fort>0

V. (0+) =0V V,(0+)R, =0V

pykcr: 2V Vo Vs

R, R, +R, dt

R
By KVL: V.(t)=V. 3
Y o () 2(R2+R3)

av, 11

or V, =15V, (t)

Assume,

—t

V,(t)=K,+K,e —-8=0 =

11z

Now, V,(t)= % +Ke®V

48 48
V,(04)=0=—+K, = K,=—v
(09 =0="24 K, = Ky =

11z

12=V,[1+

+—V,—-8=0 Eq.l
: 6 " q

%(l)z%(l—e")lf >0 and V,(1)=0 t<0

R,

K=V

1+ Rc

dv,
dt




Problem 6.8

Use the differential equation approach to find i(t) for t > 0 in the circuit in Fig. P8 and plot the response
including the time interval just prior to opening the switch.

0 i®

4Q

6Q2

2H




Suggested Solution

it

ae

8Q

I

R, =2Q For t<0
R, =6Q i, (0-)=i, (0+)=4A
R, =4Q i(0-)=2A
R, =8Q
L=2H
By KVL: it)[R, + R, + R, ]+ L % 0
or, m +9i (t ) =0
dt

-t

Assume  i(t)=K, +Kzef

t -t

K, ° .
Now, —2e¢ +9K,+9K,e =0

So,K, =04 and 7= sec. Also, [(0+)=LK,+K, =4 = K =4
9

i(t)=-4e™ t0
i(t)=2 t<0



Problem 6.9

Use the differential equation approach to find v(t) for t > 0 in the circuit in Fig P6.9 and plot the response
including the time interval just prior to opening the switch.

()
o/

i 6 kQ + 200 pF
12kQ 12 kO 6kQ =<
B Vc(t)

t=0

;> o

(0]

Suggested Solution

12v

o/
:

I/I+

vd(®)

0]




Problem 6.10

Use the differential equation approach to find I (t) for t > 0 in the circuit in Fig. P6.10 and plot the
response including the time interval just prior to opening the switch.

O
t=0

2H iL(t)

6Q 3Q 12V 60

Suggested Solution




Problem 6.11

Use the differential equation approach to find i(t) for t>0 in the circuit in Fig. P6.4 and plot the response
including the time interval just prior to switch movement.

Suggested Solution

=0
' o
i(t)
10 mA
D Ry § L i
®

R, =10kQ Att=0" and t=0"
R2 = 1kQ
L=1mH i, (0)=i, (0")=10 mA

i(0)=0A




i(t)

(o ¢ Ry

i (01)=i; (0")=-10mA

By KVL: RLi(0)+L %zo
or, IO Ry o
d L

-t

Assuming i(t=K,+K,e"

K, ~ RK, RK, - Ki=9

Now,——Zer + 2214 222 o1 = () = L
T L L TIR—ZO.I/JS

2

i(t)=-10e"" mA 0 andi(t)=0 t<0



Problem 6.12

Use the differential equation approach to find V¢(t) for t >0 in the circuit in Fig. P6.12 and plot the
response including the time interval just prior to closing the switch.

4kQ 4kQ | 4KkQ
12V Ve(® A 100uF § 4kQ
=

Suggested Solution




R, R, R
W=
+
CAR v § R

12v

t=0

AIR=4KQ V.(0)=V.(0 ) =12| — s+ Fs
R +R,+R,+R,

C=0.1 mF
V,.(0) =6V
Fort>0 BykCL: @D o V@
8 dt
3
dv.(1) 15
=L 2V =0
i ale?
Assume, V() =K, + K,e®
X pr +£Kl +£K2e7 =0
T 4 4
K, =0 z'zisec.
15
Now,
V() =K,e® V.(0+)=K,=6 so,

15t

V.(t)=6e * v fort>0 V.(t)=6for 1 <0



Problem 6.13

Use the differential equation approach to find V(t) for t >0 in the circuit in Fig. P.13 and plot the response
including the time interval just prior to opening the switch.

100 uF
|
1¢
t=0
Yot 0
6 kQ
12V kO kQ Vo(®
o
Suggested Solution
100 uF Ve(0)

12V

12V

t=0

Rs

Vi)



R, =6kQ Fort<0

R,=6kQ2 Ve(0)=V.(07)
R,=6kQ2 V=12 R,
R, + R,
C=0.ImF V.(0)=6V
V. (0)=6V
At t>0
ByKCL: C %‘f‘&-f-—vc =0
R, R, +R,
or, %JQ.SVC (t)=0

-t
Assuming V. .(t)=K,+K, e, we find
-t -t
-K,e” +2.5K,+2.5K,e" =0 = K,=0and r=0.45
t

V(0" )=6V=K,e* =K, so V.(t)=6e >V
But, Vo(t)=-VC(t)M s0, V,(H)=-3¢*’tV t > 0
R,+R

1 3

V,(H)=6V t<0

+Ve(D-




Problem 6.14

Use the differential equation approach to find iy(t) for t > 0 in the circuit in Fig. P6.14 and plot the response
including the time interval just prior to closing the switch.

100 uF
6 KQ 6 KQ
12v 6 KQ
6 KQ o §
ip(t)

Suggested Solution

Ve(®

(-

R1 Ry

12V R, o § Ry

io(t)




All R=6KQ Fort<0
12

C=0.1mF 1,(07)= =1mA
R] +R2
Ve (0)=V.(0)
=1,(0)R,
=6V
Fort>0
KCL: 12-V.(t) _ V. (V) N CdVvC(t)
R, R, dt
or, ave® + 10 V. (t)=20
dt 3

t t

: K,et 10K, 10K,e"
+ +

Assume VC(t)=K1+K2e;. Now, 3 3 =20
T

t

So, 7=0.3 s and K,=6. Yields Vc(t)=6+Kze7
But V.(0")=6=6+K,e"=6+K, = K,=0!
V.(t)=6V.

Note that i,(t)= Ve®

=1mA 1,(t)=1mA forall t

2



Problem 6.15

Use the differential equation approach to find i(t) for t > 0 in the circuit in Fig. P.16 and plot the response
including the time interval just prior to switch movement.

6 KQ t=0

A\ o

12v 0.2 mH 4 KQ 2 mA

i(t)

Suggested Solution

t=0
O
R,
12V L R, 2 mA
* iV
R1=6KQ when t <0,
R2~4KO H(0)i(0)=22 =2ma
1
L=0.2mH
di, (t) . )
Fort>0 KVL: L +R,(1,-1,)=0 and 1,=2mA
dt
di, () +&i1=&i2
dt L L
-t -t 1
Assume 1,(t)=K,+K,e’, now, 'K_Zer +&Kl _,_&Kzez — &iz
T L L L

vields T=R£ =50ns and K, =2mA.

2

i,(0)=—i(0)=—2mAd =K, + K, = K, = —4mA. Also, i(t)=—i (t)

i(t)=(4e'z’”°6t —2)mA for t>0 and i(t)=2mA t<0







Problem 6.16

Use the differential equation approach to find Vy(t) for t > 0 in the circuit in Fig. P.16 and plot the response
including the time interval just prior to switch action.

10 kQ 10 kQ

WW W
12V C 100 uF == he C) oV

Vo(t)

Suggested Solution

. W WV\/ R,=R,=10kQ

R2 :RS :SkQ

+ R2 + R, + v R3=Rs=6kQ
12V \C C —T -

Perform 2 Thevenin equivalents, one at each side of the switch,

C"‘ C"‘) 83)vV
16V/3\_ -

C=0.1mF



Fort>0
rR=210
9

-,

i\
dt

—t

Assume, V,(t)=K, + K 2e7

Now, Sk, Kew =—CKey7 o g =8 ana =22
3 9t 3 9

By KCL:

6 q V,(=8[1-¢" |77, t 2 0
(0 =—=K+K,=K, == 16
3 3 Vo(t)z? V, t<0




Problem 6.17

Use the differential equation approach to find Vy(t) for t > 0 in the circuit in Fig. P.17 and plot the response
including the time interval just prior to closing the switch.

() s

2kQ

100 uF

\
l Vo®-

|/

2kQ

Q-

Suggested Solution

Vo(t)

R,
+ |/
R=5kQ Ry;=4kQ  C=0.1 mF
R2=2kQ R,=2kQ  I=10mA
R,
y{to 6V

Perform 2 Thevenin equivalents-one at each side (left/right) of the switch.

/\/\/\/\/ +|/
R,

O y%'

Fort>0

+

R=7kQ Fort<0
Ry=4/3 kQ No current flow,
Vy(0-)=V,(0")=54V



dvy LAY, o _ 0

ByKCL: C
dt R,
or, d;i‘) 7.5V, (1)=30

t t t

IfV,(t=K,+K,e", -K,e —7.5K,—7.5K,e* =30

yields, T:% and XK,=-4. Nor, V,(0")=54=K +K, = K,=58

V, (t)=-4+58¢7*V t >0
=54V t< 0




Problem 6.18

Use the differential equation approach to find V(t) for t > 0 in the circuit in Fig. P6.18 and plot the
response including the time interval just prior to opening the switch.

80 VC (t)

\ Suggested Solution

R, =0

WA YT} / A A7}
© i L
uv( " L R, R Vy(t)=24V _
R R

| ' (0

U
R=2Q R,=R,+4Q R,=6Q R,=8Q inH R=4Q) V0=23x

At t<0: iL(O')=iL(O*)=%=6A and V_(0")=0

2

At t>0 RvL: L9 pi 0= 96 —0
dt dt
-t
Ifi, (t)=K,+K,e",then 7 = iS and K, =0

i, (0)=6=K, = i, (t=6e>"A
R _=R//(R,+R,)

V. (H)=-R,i, (t)=-1-4e”*"V
R, =2.40

V,(1)=-9.6e”"V  t>0
=0 t<0




Problem 6.19

Use the differential equation approach to find Vy(t) for t > 0 in the circuit in Fig. P.19 and plot the response
including the time interval just prior to opening the switch.

Suggested Solution

Fort<0 R,
Ry
) 2
R,
2 kQ

V,(07)=9 _2Kk =6V
2K +R,

Ve(0) = VAO—)[RI%J Y

Ve(07)=V(0)



KCL: C%+&+ Ve :0:>dVC+10VC:0
dt R, R+R, t

If V.(t)=K,+K,e",

e’ +10K, +10K,e” +0 = 7=0.15, K,=0
T

t

V.(0)=3=K, = V.()=3¢""V

V. (H)=-1.5¢""V t>0
VO:—VC( o j (=3¢

6V t<0
VC




i (t)

Problem 6.20

Use the differential equation approach to find iy(t) for t > 0 in the circuit in Fig. P.20 and plot the response

including the time interval just prior to opening the switch.

24V

t=0

(7
=)

2H

io(V)

e!f.o‘

12Q
2Q

Suggested Solution

Fort<0 24V
R2:6Q
R;=12Q
Rjzzg Rl R2 12V R3
R=2Q Ry
L =2H i
£ 0 6A
-12
i, (07)=—=
0(07) z,
i,(07)=-24
12
(,(07)=1,(0) == =34

1



For t>0

kv T

+(R+R )iy (t)=0

diy .
, —X(t)+H4iy (H)=0
or, — (O+4iy (1)

-t

t

-t T -
If i, (0K, +K e, 22" 14K +4K,e” =0
R=R,//R,=4Q
i(t) = i ORy = 2y yields, 7=0.25 sec. and K,=0
R,+R, 3

iy ()=K,e™ and i,(0")=K,=i, (0")=3A
i,(D=2e™A,t > 0
i,(=2 A, <0




Problem 6.21

Use the differential equation approach to find iy(t) for t > 0 in the circuit in Fig. P.21 and plot the response
including the time interval just prior opening the switch.

t=0

3 kQ 8 kQ

=0

12V

R =3kQ R,=R,=4kQ R,=R,=12kQ R,=8kQ C=0.05mF R,=3kQ R, =6kQ

Fort<0: Vc(t)=ﬂ:—M/:VC(O*):VC(o*)
(R, +Rp)
i, (0)= Ve(©0-) :__4 mA io(o_):M:_l mA
R, 3 (R, +R;)
Fort>0:  ByKCL: CAdVe®, Ve® 5 dVe 10,

dt R, +R, dt




Fort>0

(

R, § R,

t
If V.(t)=K,+K,e ",then t=03 S andK, =0
10¢

V.(0")=K,=—4V so, V.(t)=-de 3V

ix(t)

10¢

But i, (t)= Ve (® and i, (t)= ix (DR, — [ip(t)=0.5¢ “md, t>0

PR, ,+ R, ~1mA,t<0




Problem 6.22

Use the differential equation approach to find iy(t) for t > 0 in the circuit in Fig. P.22 and plot the response
including the time interval just prior to opening the switch.

8 kQ 4 kQ
0)
\_/4 _
4 kQ 6 kQ /
100 uF
+
_> 12V

Suggested Solution

W R /\/\7\/\/ 0
Ry
+ =0 &
Vi +
R C
3 . R Ry § V) §R&
C C| -
R
12V 12V

R =8kQ R,=R,=R.=R,=4kQ R,=6kQ C=0.1 mF R,=4kQ R, =8 kQ

For t<0: VC(O'):VC(O*):&:W i,(0)=-1.5 mA
(R,*R,)




io(t)
=0
+
R
A ~ Ve(® Rg
C —
KCL: %+V—C+ Ve :O:djlfc +? V.=0
t

dt R, R,+R,

-t
If V.()=K,+K,e, 7=0.3s and K,=0
-10t
VC(0+):6=K2 So, io(t)ZO.SC 3 mA, 0
=1.5mA,t<0




Problem 6.23

Use the differential equation approach to find iy(t) for t > 0 in the circuit in Fig. P.23 and plot the response
including the time interval just prior to opening the switch.

(D

VZVQW? @—A
§2Q

40
t=0 ip(t)
o‘>>e

Suggested Solution \

12V Fort=0" Use superposition
+
AWy : () B (),
20 AR\ 2+ ) 2+(4/2)\ 2+4
2H = 24 (i}r 2 ) _cay
AR\ 2+ )\ 2+(4//2)
<+> i 20
24V _
ip
40
=0 (1)

For t=0": i,=-L=-L(0")=1.2A

12=6 i,(t)+2 d® i, (=K, +K, e*

dt

t



T (2K, 12 1
Now, 12:6K1+6K267+( zjef =K, :?:2and —=3
T T

0")=-1.2=K +K, = K,=-3.2 0(t) 1A =0
i,(07)=-1.2=K,+K, = K,=-3. i0(t)y=
L0 b : 2-32¢M4 t>0




Problem 6.24

Use the differential equation approach to find Vy(t) for t > 0 in the circuit in Fig. P.24 and plot the response

including the time interval just prior to opening the switch.

12V

: 12 kQ

(0]
o N

(

+0O

<+ 24V
12 kQ

%121{9
O

Suggested Solution

12V

AllR=12kQ C=0.1 mF

Fort<0

2

Vc(0)=Vc(0+)=12[R

2
V,(07)=12-V.(0")=6V
Fort>0

R =6V
+R,

KCL:

dt
V

>

V
Also, i+—°=0 =>V,=YV,

1

CL:
c d[V1+24j
d

V
1.2

V.
+1(7, +24):R—°

d

3

Vo
1.2

3



+ Ve@® -

V,+24

24V

t

avy Vv =
Now, —2+-—LL=20 Assume V,(t)=K,+K,e"
dt 0.6
1K Ker
substitute, K,er +ﬁ+2—e=20 = 7=0.65 and K,=12

VO(O*)=$=9V=K1+K2 =K,=3

-5t

V()= 12-3e3 V t>0 V,(H)=6 t<0




Problem 6.25

Find V(t) for t > 0 in the network in Fig. 6.25 using the step-by-step method.

=

Pl

W

2kQ

+
Vo) == 100 uF

t=0

12V

Suggested Solution

2kQ

=

W

2kQ

+
Vo(®

=0 —~

100 pF

12V




Problem 6.26

Use the step-by-step method to find iy(t) for t > 0 in the circuit in Fig. P.26.

W

> 12V
2H _
Y io(t) t=0

WV
@)
+

Suggested Solution

2 kQ

60
\ 12V

iL(0) o

6Q [
6A io(01)=-6A
io(07)

;[
=—=3sec. .. i,(t)}=-6e’A,t>0

|
~| =

I

| o

~



Problem 6.27

Find i0(t) for t > 0 in the network in Fig. P6.27 using the step-by-step method.

t=0

0D
N4

6A<D 20

l»

WV

40

6Q

io(t) =0

1Q

Sugge

sted Solution

+— W

6ACD 2o 6Q

()

4Q

Y i (0) ’ C

=0

4Q

D 40

4Q

40 (0)=3A

io(07)

i=R=10=10sec ..

Y i(0)=3A

i(0H=-3A
ip(0)=0 source is

i,()=-3¢""A, >0

out




Problem 6.28

Use the step-by-step method to find i,(t) for t > 0 in the circuit in Fig. P6.28.

t=0

™

oL po
200 uF +

6 kQ 6 kQ 6 kO

io(D)

Suggested Solution

- Ve(0) + o

! ;

Ve(0)= =(OK/6K)=12V

12 1
i,(0")=——=—4
(1 +) O 7K
10(0)=0 Source is out of network
i=RC=200 x 10°x 12 x 10° =2.4 sec

—t

i\(1)=1e** md, t>0

6K

6K

i0(07)




Problem 6.29

Use the step-by-step technique to find iy(t) for t > 0 in the network in Fig. P6.29.

2kQ
4kQ ()

AT~ 200 uF
+
av(*) = o

Suggested Solution

R
R, ip()
AMAN—e
12V CA Ve 3
L
For t=0

R,+R;

Vo (0)=V, (0M)=12| —2—=— =10V
P

R =2KQ R, =4kQ R,=6kQ C=02mF Fort=0"
iO(O*)=%=2.5 mA

2

Fort—> o
iy(H)=12=2mA=K, K,+K,=2.5mA = K,=0.5mA
i,(H)=K,+K, e* r=C[R //R,]=0.267 sec.

liy(1)=2+0.5¢7 mA




Problem 6.30

Use the step-by-step method to find V, (t) for t > 0 in the network in Fig. P6.30.

t=0
® O—Pc—@
6 mA +
- 6 kQ
-~
§ 2kQ 100 pF Vo(t)
L L

Suggested Solution

t=0
L O‘ pc—@
6 mA + 1 R +
* Ve /TN C ? Vo(t)
R, - -
L
For t=0
V,(07) =V (0")=6m(R, /| R,) =9V
For t=0"
R,=2kQ R,=6kQ C=0.1 mF V. (0)=V,(0")=9V=K,+K,
V,(t)=K, +K,e* Fort=> 0
st
Vy(t)=9e 3V V, (0)=0=K, = K,=9

7=CR, =0.6 sec



Problem 6.31

Use the step-by-step method to find iy(t) for t > 0 in the circuit in Fig. P6.31.

200 pF
¥4
I—* ©
6 kQ § 2k V(D)
() -
° o

Suggested Solution

Vo(®

R,=R,=3K Ry;=6k R,=2K
C=0.2 mF

For t=0

R
Vo(0)=12| ——=— |=6V =T.(0"
() [R1+R2+RJ (0)

Fort=0"




MM +—

oo N

®
2K

R;=R,=3K R3=6K R,=2K C=0.2 mF

Fort—> o

.6 .
= oS mA i, (50)=0=K,

10=i, (%) =0.5mA4 7=CReq Req=(R,//R;)*R,

7=0.8 s

So, K, +K,=0.5 mA=K, io(t)=0.56%mA




Problem 6.32

Find V(t) for t > 0 in the network in Fig. P6.32 using the step-by-step technique.

3kQ 3kQ 200 F
|/
¢

6 kQ §
ip(t)
°

Suggested Solution

R, R, + Ve -

+
12V
Vo(t)
For =0
. __12R, =6V=V_.(0")
R,+R,+R3
_For =0"
R =R =3K R,=6K R,=2K C=02mF Ve (0)=6V
t R
V, (=K, +K, e VO Vel i 1=
(=K, +K, o(0) C|:R4+(R2//R3):|

r=C[R,+(R,//R,)]=0.8s V, (t)=-3¢"%V




Problem 6.33

Find iy(t) for t > 0 in the network in Fig. P6.33 using the step-by-step method.

t=0
5kQ

io(D)

+
12v <‘> e 10 mH

Suggested Solution

=10 mH
. _ . 4+
ig(0)=ip(07)=0A
12V <+
- L 10 mH
|
For t=0": i,(0")=0=K,+K,
For t=o0: iy(0)=12=2.4 mA=K, = K,=-24mA
L L
r=——=—--—=4 us
Req R,/R,

io(t)=2.4(1-e-2-5“°5‘ )mA




Problem 6.34

Find V(t) for t > 0 in the network in Fig. P6.34 using the step-by-step method.

40
+

20 1/2H

t=0
30
12V
o
Suggested Solution
R3
R, w

t=0
R2 +
Vo(t)

12v
® ®
iR
Fort=0": i= 12 i = L 1A
° R, HR,//R,) R, +R,
-1 +
Fort=0": V,= i, (OR3 R4:24V =K, K,
R,+R,+R, 13
Fort »>o0 V,=0=K, = KQZ%ZIBSV
72;20.18 sec
{Ry//R, R )}
R,=2Q R,=3Q R,=4Q |V0(t):1.85€'5'54‘V|
R,=6Q  L=u




Problem 6.35

Use the step-by-step technique to find V(t) for t > 0 in the network in Fig. P.35.

2H

6V

Suggested Solution

Rl :R3:2 Q
R,=4 O
L=2H

Fort=0

. ... 0
1, (0)=1, (0" )=—=3A
L(07)=1,.(07) R
t

V,(H)=K,+K,e*
For t=0" i, (0")=3A, V,(0")=-i, (0")R,=-6V=K,+K,
L L 2 1

T= = =—=— sec
Req R +R,+R, 8 4

V, (H)=-6e™V




Problem 6.36

Use the step-by-step technique to find iy(t) for t > 0 in the networking in Fig. P6.36.

12V
200 uF

M ¢

t=0

§m

oo

4 kQ

§m

Suggested Solution

t=0

6V

Ry

R1=R2=R3=R4=2 kQ C=0.2 mF

For t=0"

Fort— o io(oo):Kl:%:Z mA

so, K,=-0.25 mA

1k 1
t=CReq=C|2k+(—)|=— sec
q { (Zk)} 3

-3t

. e
lo(t) :2—T mA




For t=0"

V (09)=V (0-=3V
C C

6V 2k
2k +
1k _ )3V
o)
Superposition:
=22 e 2 Ly =1.75ma
2k\2+2) 8, \1+2
3

i,(0) =K, +K, =1.75mA4



Problem 6.37

Find iy(t) for t > 0 in the networking in Fig P6.37 using the step-by-step method.

.

2 kQ

12V 200 pF

() o I

I\

4 kQ ip(t)

Suggested Solution

12v C

() o I

\o/ A
+ Ve -

io(t)

R =R,=R,=R =2kQ

Ry=4kQ, C=02 mF

-t
i, (=K, +K,e*

Ve (00)

For t=0

12R,

R, +R,+R,



R=Ry//(R;+R,=2 KO

Fort>0
12V
OO0
4v
R§ Ry Rg § —® oM (A
iy
0=k +k, - SMIRUR] 8
1 = = - = —m
’ U [RIR)+R, 3
12 -1

Fort = o« iy(0)=K,= =3 mA = KZZ? mA

4

7=CReq=C{Rg +(R//R,)} = 0.6 sec

e "mA

io(t) =3-




Problem 6.38

Use the step-by-step technique to find iy(t) for t > 0 in the network in Fig. P6.38.

t=0
3kQ 150 uF 2kQ

4KQ v
\M\—e ) = W
36V C) Vo(®) 3 kO 3kQ C) 12v

io(t)

Suggested Solution

R, t=0 R, C
s N
o 3 %’\/\/\/\,—
i * /\/W\/ ) +|Vc-
+

+
36V R, N C_) 12V
l io(t)

R, =4kQ R,=2kQ C=0.15 mF
R,=R,=R,=3 kQ

-t
i, (1=K, +Kze?




Fort=0"
36 iR,

is = =64 iOZ—ZZmA VC:i0R4'12:-6V
R+ R, /(R +R,) R,+R, /R,
For t=0"
12+V,.(0") |[[R, /(R, + R
V(0" =V .(07)=-6V, R4i0=[ ¢ )][ 3 (R, 3)]=3V

R, /(R,+R))+R,
50, 1,(07)=K,+K, =1 mA
Fort=0 i,(0)=0=K, = K,=1 mA
7=CReq=C{R; +[R, //[(R, + R;)]}=0.6 sec

t

io(t) =1 ea mA



Problem 6.39

Find V(t) for t > 0 in the circuit in Fig. P6.38 using the step-by-step method.

Suggested Solution




Problem 6.40

Find iy(t) for t > 0 in the network in Fig. P6.40 using the step-by-step method.

5kQ

2kQ

=0

mmACD 4m§ 4m§ 10 mH

O

io(®)

AT
)

Suggested Solution

t=0

Rs

Rlzst

@ @

R2:R3:4kQ 15=10mA

L=10mH R,=Rs;=2kQ

I.y= 5 May 2001

For t=0": ip(0)=ip(0") =1, = 5mA = k; +k,

F()I't:()Jr . i0(0+):qu =5mA= k1+k2

Fort=o0 :

io(OO): SmA= k1:>k2

b (®

R =Ry + (R//Ry//R3) = 3.43 kQ




Problem 6.41

Find V(t) for t > 0 in the network in Fig. P6.41 using the step-by-step method.

2 kQ t=0

24V § 2kQ
4kQ Vy(t) 4kQ C+> 12V

AY
/1

3

=

syl
-




Suggested Solution

R,=R,=4kQ, Rl=R, =2kQ, c=50uF
Fort >o: v,—>0=k -k, =437V
r=c[R +R,+(R,//R,)]=037sec
Fort=0": v, =0V, v =24V
v24-12

v
+—+ 0
R,+R, R, R,

Fort=0":

v=06.55V, v, zgv=4.37V:kl+k2
3

v (£) =437V




Problem 6.42

Find V(t) for t > 0 in the network in Fig. P6.42 using the step-by-step method.

1 kQ v

50 uF 7>

Suggested Solution

R,

Vo

\|
/1

R =1kQ, R,=R;=£kQ, c=50uF
R=6k// 12 k= 4kQ
Fort >o: v (0) > 0=k =k, =-3.6V

T=C|:R1 +(R, //(R+R2))] = %sec

R
Fort=0:v,=9-v,,v,=v - =
- R, + R,

R//(R,+Ry)
v:9 :6V
R/I(R,+Ry)+R,

A
2 3

So, v, =3V, v (o )=6V v, =-3.6e"V




Problem 6.43

Find iy(t) for t > 0 in the circuit in Fig. P6.43 using the step-by-step method.

12V <

t=0

)

5kQ
m N o w

.
o = o

Suggested Solution

R,

\WW

R, = 4 kQ
C
24v R, =2 kO
|/ ‘ N\ Ry = 10 kQ
1\ o/

C =200 uF

+V, - A

A

t=0 Ry
k)
)
°

Fort>w: iy >0=k, So,kzz—émA

z'=c[Rl /I(R, +R3)] = 0.6 sec

Fort=0:1,= 24 =4mAd, v, =i,R, =8V
- R +R,
Fort=0":1i, :V“(O )_24:8_24:—imA

R, +R, 12k 3

i(0")= —gmA =k +k, i,(f)=—133¢""""md




Problem 6.44

Find V(t) for t > 0 in the network in Fig. P6.44 using the step-by-step method.

4 kQ

2 kQ

O

Ay
/

2 kQ

100 pF

4 O

§4m

Vo(®

Suggested Solution

Jfor t=0

|: 4 }
., 2
R4 (Rl ” (Rz R3))

v, :(12—VO)Le R2R }:21/

2+ 3
v, =(12-v,)) =10V
for t=0"
(12—V0)+Vc(0 )=V, _ Yy

o

R, R, R,




v.(07) =v,(0) =10V
12—v,—-2v,+20=v, = v (0") =8V =k, +k,
for t = oo

v, =12 Ry =6V =k =k =2V
R, +R

v (£)=6+2e "y



Problem 6.45

Use the step-by-step method to find iy(t) for t > 0 in the network in Fig. P6. 45.

' ok

Suggested Solution

for t=0
v, =12 &, =6V
R, + R,
for t=0"
by superposition
“12 vO) 052 —05m4

i =
° R+R, R+R,
i, (07)=—0.5mA =k +k,

for t = oo
i,(0)=0=k =k, =—0.5m4
i,(1)=-0.5¢""mA




Problem 6.46

Find V(t) for t > 0 in the circuit in Fig. P6.46 using the step-by-step method.

4kQ 4kQ V(1)
+
1 50uF
—-0 R
8 kO
12V
x » O
)
Suggested Solution
for =0
v, =12 R =6V
R, +R,
v,==v,==6V =v_(0")
for t=0"
v, =—v, =—6/

v,(0)=6=k +k,

for t =
V(0)=0=k =k, =6

-t
v, (1) =6e"y




Problem 6.47

Use the step-by-step technique to find V(t) for t > 0 in the circuit in Fig. P6.47.

12v

Suggested Solution

Jfor t=0
zS:L:MI
R +(R,|IR)
. iR, o
i, =——"—=154=1,(0
LTR R L(07)
L 1
T= =—5
R,+R 4
for t=0"

v, =—i,R, =—6=k +k,

o

for t = oo
v,=0=k = k,=6V
v () =—6e v




Problem 6.48

Find V(t) for t > 0 in the circuit in Fig. P6.48 using the step-by-step method.

2Q 3Q

6Q
24v (T

Suggested Solution

for =0
= 304
R, +(R, || Ry)

i, =1, R |- 2.44
R, + R,

use superposition,

for t=0"

v, =12 & +i,(0M)R, ks =9.6
R; + R, R, + R

v, (0)=9.6=k +k,

for t = oo

v, = 12(L} =9.6=k
R+ (R, || R,)
k,=0

v, =9.6V




Problem 6.49

Use the step-by-step method to find V, (t) for t > 0 in the network in Fig. P6.49.

6 kQ +
our KO
T
t=0
§ 4kQ Vo(t)
L 4
12v
6uF =< A~ OuF
© € L 4 O
Suggested Solution
v.(t)=k +ke" v, (0") =6V

=R, = 6k(%Q) =0.0245

—t
v (1) =4e"y

t>0




Problem 6.50

Find V(t) for t > 0 in the network in Fig. P6.50 using the step-by-step method.

12v

()
o/

3 mH

6 kO WW
- - O

3 mH 3 mH

6 kQ 6 kQ

Suggested Solution

—t

= 12 12 4
D=k +ke’ [ (0)=—+—=—4
vo() 1 26 IL( ) 6k 6k k

v.(0%) =_—2( Ok j6k =4y

k \ 6k+12
T_L_4.5*10*6
R, 4k

—t

v, (1) = —4er




Problem 6.51

Use the step-by-step method to find iy(t) for t > 0 in the network in Fig. P6.51

12v

4kQ




R1=4kQ,R2 = R3=2kQ

c=200u+ =400uF

1 1
- + -
6004 3004
For
t =0",Use Superposition

Iy, = 12 —6mA

2
igyy =1m(0)=0
8

i =—
0v,(0%)
RZ

=4mA

i,(0)=>liy=—2mA=K, +K,

t =07, Use Superposition

v, = lz(ﬂ) +1m(L)
R +R, +R, R +R, +R,
v, =8v=v(0")
8
T=cR ||R,]=—
[R || R,] T
for
t— o0
i, =1m( R y==mA
R+R, 3
. 2
10(00):§mA:K1
K2=—§mA
3
io(t)=2—§e"15”8mA



Problem 6.52

Use the step-by-step method to find iy(t) for t > 0 in the network in Fig. P6.52

12V




I
R IR +R | Ry 9

i _3_2 ey
3 15

For

t=0"

i = Rfl—4R2 =34=i,(0")

For

t=0"

. .ot R,

i, =1,(0 )[Rz +R3]:1.2A =K, +K,

For

t—

i = 24 [ R, | R, ]
R+ (R, || Ry [| Ry) (R, [| Ry)+ Ry

iO:%:K1 :KZ:%



Problem 6.53

Find iy(t) for t > 0 in the circuit in Fig. P6.53 using the step-by-step method.

— 100 uF
300 uF

7™ 100 uF

Suggested Solution

100 uF
300 uF

I(

100 pF




R =12kQ

R2 = R4 =3kQ

R3=4kQ

R5=6kQ)
c=300u+1004+100u =500uF
for

t=0"

i,=0

v, =—12v

for

t=0"

v, =—12v

i, =0

P
"URAHRIR)
for

t— o

i, =0

v, =—12v

P
" RA+R R
i, =—1.5mA

—1.5mA

—~1.5mA



Problem 6.54

Find iy(t) for t > 0 in the circuit in Fig. P6.54 using the step-by-step technique.

A ;

3 kQ 1 kO

6 kQ 2 kQ

;2OOHF
+ OM | +
O . O
¢—|(—e—I](—2
50 uF 150 uF
1kQ




Suggested Solution

R =3kQ,R, =6kQ,R, =2kQQ =R

c=100uF

for

t— oo

i0=12 ! R

R+R, | R [[R)” Ry || R+R,
1 R || R

—6[ ]( 1” 3 )

R+(R |RIR) R R +R2

I :émzél:k1

)

k, :imA
18

Rl||R2 ]—6[ RIHRZ
R|IR,+ R, R ||R,+R
v.=lv=v(0")

v, =12[

]

for

t=0"

io = Ye =lmA
R, 6

1
T=c[R || R, [| R, || R]:ESGC

iy =—+ Le’lSth
18



—— 200 puF

C) W0y >§A
12V \ _ =0

50 uF 150 uF




Problem 6.55

The differential equation that describes the current i, (t) in a network is

i, 6{0“0(”} +8iy() = 0
di di

Find
(a) The characteristic equation of the network.
(b) The network’s natural frequencies.
(c) The expression for iy (t)

Suggested Solution

i 6{‘“0(”} +8iy(1) =0
i i

(a) The characteristic equation is S*+6S+8=0
(b) The natural frequencies are

S=-2 and S=-4
(c) io(t)=K e +K%e™




Problem 6.56

The terminal current in a network is described by the equation

2. .
d 1O(t) + 10|:d10(t)
dt’ dt

} +25i,(1) =0

Find
(a) The characteristic equation of the network.
(b) The network’s natural frequency.
(c) The equation for iy (t).

Suggested Solution

&) di, ()] ...
lo(t)I d—;z + 10[# +2510(t) =0

(a) The characteristic equation is S*+10%+25=0
(b) The natural frequency is S=-5
(©) io(t)=K e +Ky+e™




Problem 6.57

The voltage v, (t) in a network is defined by the equation

9. .
L0 10{—‘1‘0(”} 125i,(1) = 0
di di

Find

(a) The characteristic equation of the network.
(b) The circuit’s natural frequencies.

(¢) The expression for v; (t).

Suggested Solution

. d*i, (t) di, (1) .
ip(t): d—;)z + 10|:# +2510(t) =0

(a) The characteristic equation is S+2S+5=0.
(b) The natural frequencies are

S=-1425, S=1-28
(c) vi(t)=K;e" cos 2t+K, e sin 2t.




Problem 6.58

The output voltage of a circuit is described by the differential equation

d2V02(t) . 6{dvo(t)} v, =0
dt di

Find
(a) The characteristic equation for the circuit.
(b) The networks natural frequencies.
(c) The equation for v, (t).

Suggested Solution

d*v,(t) +6[dvo(t)} 10V, (1) = 0
dr’ dt °

(a) The characteristic equation S*+6S+10=0.
(b) Natural frequencies are S=-3 +5. S=-3-8.
(c) vo (t)=Ke™ cos t+K,e™ ' sin t




Problem 6.59

The parameters for a parallel RLC circuit are R = 1QQ, L = 1/5 H, and C = % F. Determine the type of
damping exhibited by the circuit.

Suggested Solution

What type of damping occurs in this network?

1Q

AY
/1

2H

Characteristic Equation:

+£+L=O=Sz+4S+2O
RC LC

The Roots are S=-1+40 which are complex conjugates. The network is underdamped.

SZ




Problem 6.60

A series RLC circuit contains a resistor R = 2Q and a capacitor C = 1/x F.
Select the value of the inductor so that the circuit is critically damped.

Suggested Solution

What inductance cause critical damping?
If S+ 5 S+ L =0
L L

[
2Q L 1/8F

2.8 £i\/iz_2
sz+fs+f=o with roots S= L VL L

2

4 32
‘or critical damping —-—=0.
S ping 7T

1=1n
8




Problem 6.61

For the underdamped circuit shown in Fig. 6.61 determine the voltage v(t) if the initial conditions on the
storage elements are i (0)=1 A and v(0) =10 V.

i (0)
| %

)|
1,

\|
1

Suggested Solution
i (0)
+%

Find V(t) if 1, (0)=1A and v, (0)=10v
2

d vgt) N 1 dv(t) +L
dt RC dt LC

The characteristic equation is

v(t)=0

57 +85+20=0
s=-4xt2j
SO

w(t) = ke ™ cos 2t +k,e™ sin 2¢
at

t=0,v, =10

W)=k =10




then

d‘;(tt) =—2ke " sin 2t —4ke™ cos 2t +2k,e " cos 2t — 4k,e " sin 2t

at
t=0

% =—4k + 2k, =40+ 2k,

also
cdv(t)

dt
at

t=0

dv(t) 1 —v(1)
a R

if

—40+2k, =—120

finally

v(t) =10e™ cos 2t —40e™ sin 2¢

+%f)+iL(t):O

i, () %(‘Tfo—l)




Problem 6.62

Given the circuit and the initial conditions of Problem 6.61, determine the current through the inductor.

Suggested Solution

Find i, (t) for the circuit
The network is Underdamped

i, (t) = ke ™ cos2t+k,e ™ sin2t

at
t=0
iL:k3:1A

% =—2k,e ™ sin 2t —4k,e™ cos 2t + 2k,e " cos 2t — 4k,e " sin 2t

at
t=0
i, ) =4k, + 2k, =4+ 2k,
dt
sin ce
W(t) = Ldi, (1) , di, (1) _ v(0) _s
dt dt L
SO
1 9
ky=—(5+4x3)=—
4 2( x3) >

. _ 9 .
i(t)=e™ cos2t+ze * sin 2¢




Problem 6.63

Find v¢(t) for t > 0 in the circuit in Fig. P6.63 if v¢(0) = 0.

1 kQ 100 mH
M

t:O +

12V C) TpF =V (O

Suggested Solution

1kQ 100 mH

VR
£=0

12V Cr) TWF = ()




R=1kQ,c=1uF,L=100mH
for

t=0"

v, =0

i, =0

for

t=0"

v, =0,i, =0

for

t>0

series RLC with constant forcing function
char _eq

R
P +—s+—=0
L LC

s+10%s+10" =0

Roots _are
s, =-1 1?_7_—r,s2 - 88731 = overdamped
s s

solution is

L) =ke" +ke™ +k,

i,(0)=0=k +k,+k,=0

i, (0)=0=k,

k, =k,

i, (t) =k(e" —e™)

KVL

12 = Ri, (t) + JRLAUMN v, (1)
dt

at

t=0

12 = R(0)+ L[s,e’ —s,e" Tk, + 0= k, =15.5mA

now

i, (t)=15.5(e" —e™)mA

155 1 " e*
1)=—— ———]+k
I © 100 10‘6[s1 sz]

vy (0)=12=Fk
V() =12-13.75¢""" +1.75¢ 'y t>0
vo(@®)=0v ¢t<0



Problem 6.64

Find v(t) for t > 0 in the circuit in Fig. P6.64 and plot the response including the time interval just prior to
moving the switch.

4 kQ 1 mH

+
Vo (D)

Suggested Solution

1 mH

— Y

+
R2 Vo (D)




R =4k, R, =1kQ, L =1mH
c=6.25nF

for

t=0"

v, =0

i, =0,v, =10v

for

t=0"

v, =0,i, =0,v, =10v

for

t>0

series RLC with constant forcing function

char _eq

5° +&S+L:O:>s2+106s-|-1.6x10]1 =0
L LC

roots are

5,58, ==2x10° and —8x10°r / s

overdamped

v, (1) = ke +k,e™

at

t=0"

v,(0")=0=k, +k,

k, =—k,

also

at

t=0"

b0y =2 Ml L 0% =10v
2

or

10°k,[s, —5,] = k,(0.6) =10 = k, =16.67
V(1) =0v t<0
V(1) =16.67[e>7 =1y £20



Problem 6.65

Find v¢(t) for t > 0 in the circuit in Fig. P6.65.

Suggested Solution

1A (D SQ§ 0.04F = Ve (1) 1H




R=8Q,c=40mF,L =1H
for
t=0"
i, =0,i, =14,v, =8v,i. =0
for
t=0"
i, =0,i, =14,v, =8v,i. =0
for
t=00
i, =Lv.=0
Parallel RLC char eq is
1 1

s +—s+—=0
RC LC

roots

s,,8, =1.56% j4.75

system is underdamped and
v.(t)=e" (Acoswt + Bsinwt) + k
where

o=-1.56

w=4.75

v.(0")=8=4+K

and

v (0)=0=k

A=8

by

KCL

at

t=0"

v, (07)

o dv (t
I:T-HL(O )+cJ

|t=0+ - |t=0

—1+0+cM
d

SO

dv.(1) l.,=0=Bw+0c4= B:ﬂ=2.63
dt @

v, (t) = e "[8cos(4.75t) +2.63sin(4.75¢)[v >0
v, (£)=8v t<0



Problem 6.66

Find iL(t) for t > o in the circuit in Fig. 6.65.

Suggested Solution

From problem 6.65 for t>0
v.(t)=e
where
w=4.5r/s
KCL:

13I8 cos wt +2.63 sin wt]

1220, O
Rt

i, (t)=1-e""[cos wt +0.329sin wt]+[1.52sin wt —0.5cos wt]e ** +1.56e”" " [8 cos wt + 2.63 sin wt ]
i (1) =1+ ¢ 10.98 cos(4.75¢) + 5.29 sin(4.75¢)] 4



Problem 6.67

Given the circuit in Fig. 6.67, find the equation for i(t), t > 0.
i(t)

. T

N\,

Suggested Solution

it
c—p

3/8F

e

1/3H

.HH lr\




for

t<0

i, =12/3=44,v, =0v
for

t=0"

i, =44,v, =0v

for

t>0

Series RLC circuit
serﬁerLzozm‘2 +95+5=0=(s+8)(s+9)=0
L LC

since roots are real and unequal, overdamped and
i(t)y=ke " +k,e™

i(0)=4=k +k,
KCL:
v (0= Ri(0)+ 29D | o124+ k=31
d 3
SO
ki +k,=4
k, +8k, =36
ko=t g =32
7 7

i(t) = 320524 fores0
7 7



Problem 6.68

In the circuit shown in Fig. P6.68, find v(t), t > 0.

t=0
12/5 H
o—e [ | [ o
+
gV 20 /12 F

I
-

Suggested Solution

12/5H

t=0
—?:O—QW l
C) 8V 20 1/12 F ,[ v (0)

O
+

O




Parallel RLC circuit, char eq is

S2+L+L=S2+6S+5=O
RC LC

roots _are

s, =—L,8, =—=5= overdamped
v(t)=ke " +ke +k,
v(0")=0=k +k,+k,

V(o) =k, =8v

KCL

at

t=0"

oo (07 dv(d) dv(t)
0)= + N

WO ==t e e =y

or

—k, =5k, =0

ki +k,=-8

k,=-10,k, =2

v(t)=8+2e —10e”'y

|t:0+

=0



Problem 6.69

Find iy(t) for > 0 in the circuit in Fig. P6.69 and plot the response including the time interval just prior to
opening the switch.

i (0 T io ()

t=0 1A 1Q 1H 2I5F =< 5Q
[ ; |
i, (1)
2
Suggested Solution

i (o io (0

t=0 1A 1Q 1H 2/5F \'




RﬁﬂQJg:ﬁlL:HLC:gF

for
=0

ip=0,v,=0,i,=0,iy =i, =0,i,=0

i, =0,v, =0,i, = 0,i, =0,i, =14

KCL:

1:L+L+ic+l—L
R R, 2

dv 1
1=v(G, +G,)+c—+—|vdt
(G +Gy)+e—+—]

A z,

S0,

25=30%+105h+425jwﬁ:>fig
dt dt

char _gq

s +35+1.25=0

roots _are

s, =—0.5,5, =-2.5 = overdamped

i) =ke ' + ke +k,

[y (0) = 0=k,

i,(0")=0=K,+k, >k, =—k

i.(0)=1= kl(_?lJr%

50

k=—A
4

lo(t) =%(e—t/2 _e—5t/2)A

3di,
_l__
dt

+1.25=0



Problem 6.70

Find v(t) for t > 0 in the circuit in Fig. P6.70 and plot the response including the time interval just prior to
closing the switch.

8Q 1/8 H t=0 1/25 F 1/8 H

Y

1.5A (D 40 60 10 Vo (1)

Suggested Solution

R2 L1 C L2

YT

1.5A (D 40 6Q R4 vy ()
RI R3

1.5A R2 +
R1 R3 Voc
L

+ Ve -

- e R (S

40
A D=
-5V i R4 Vo(t)




R =4Q,R, =8Q,R, =6Q,R, =10, L, = L, :%H,CZ%F

b LSRR+ RO =20
Ry = (R +R) || R =40

For

t=0"

i, =0,v,=0,v,=0

for

t=0"

i, =0,v,=0,v,=0,v, =2

for

!t —>

v, =0
1
L=li+L,=H

for
t>0
series RLC

S+ —s+—=0
L

57 +20s+100=0=
roots :
s, =8,=—10r/s
critically _damped
V() =ke " +kte" +k,
Vo(0)=0=k,
v,(0")=0=k,
50
v, = kte "
at,t=0"

di(t)

v, :2:L7|t:0

i(t)=v,(t)/ R, = k,te™""
2=Lk,=k,=8

-1
v, =8te "y



Problem 6.71

Find vy(t) for t > 0 in the circuit in Fig. P6.71 and plot the response including the time interval just prior to
moving the switch.

t=0 2.5mH 8 kO

o— Y

1 kQ 2/15 nF

; wE w2 (e

12V 6 kQ Vo (9

Suggested Solution

>3mA

a
MAN
a
MAN
-




t=0 2.5mH
1 kQ § 2/15 nF
7 6 kQ RTH

12V CP 6 kQ Vo (O




Theve eq

v.R
v, =3m[R, ||(R, +R;)]
Ry, =R || (R, +R,) =4k, v, =4y
for
t=0"
v, ==12v,v,=0,i, =04
for
t=0"
v, ==12v,i, =0,v, =0,4+v, =v. +v, => v, =-16v
for
t—> o
v, —0
for
t>0
series RLC circuit
2+ X Lo 0

L LC

R=R,, +R,
s> +4x10°s+3x107 =0
roots _are
s, =—1x10°ands, = —-3x10° = overdamped
v, () = ke +k,e™ +k,
Vo(0)=0=k,
v,(0)=0=k +k, =k, =—k

now,v,(t) =k, (s" —e”

N di
VL(O ) = LTIL |t=0



but

. + -V,
i, (0 ):R_O
L

Rikl(sl—sz)zmzkl =19.2

2
vy (1) =19.2[e7"" =W 1> 0
V(@) =0v,t<0



Problem 6.72

Using the PSPICE Schematics editor, draw the circuit in Figure P6.72, and use the PROBE utility to plot
vc(t) and determine the time constants for 0 <t <1 ms and 1 ms <t < o. Also, find the maximum voltage

on the capacitor.

e Aoy

1 kQ

t=0

+
0.33 uF =X Ve (D) Ry I
1 kQ f 50 mA

R,
t=1ms 2 kQ
o ®
Suggested Solution
® :?: oO—@—
R2 t= O
1 kQ
C +
0.33 uF =2 Ve (D) Ry I
1 kQ 50 mA
R, i
t=1ms 2 kQ




Problem 6.73

Using the PSPICE Schematics editor, draw the circuit in Figure P6.73, and use the PROBE utility to find
the maximum values of v (t), ic(t), and i(t).

v (D)

i(t) ic (1)
700 Q 0.1 uF
Suggested Solution
v (D)
i(t) ic (V)
700 Q 0.1 uF




Problem 6.74

Design a series RCL circuit with R>= 1Kohm that has characteristic equation.

S*2 +4*1076S +4*107°14 =0

Suggested Solution

Series RLC where R > 1KQ and characteristic eq. is,

-14
S S S o -

L LC 4 4*10
choose R=40KQ. Now, L=1mH & C=2.5pF
R=40KQ

L=1mH & C=2.5pF




Problem 6.75

Design a parallel RLC circuit with R>=1kohm that has the characteristic equation

S*2 +4*1077S +3*10714 =0

Suggested Solution

Parallel RLC where R > 1KQ and characteristic eq. is,

_14
Sz+i+L=0:>LC= 10 &C=—1 -
RL LC 3 4*10°R
choose R=2.5KQ. Now, L=333uH & C=10pF
R=2.5KQ

L=333uH & C=10pF




Problem 6FE-1

In the circuit in Fig the switch, which has been closed for a long time, opens at t=0. Find the value of the
capacitor voltage Vc(t) at t=2s.

6KQ
8KQ

/1

=
6KQ 6KO
12v 100puF

Suggested Solution

8KQ
12V 6KO 12KQ

4V == § 12KQ

FOR t<0
6K || 12K=4K

V.(0)=12 4—K =4V
4K +1K

t >0 SWITCH OPENS

-t
Vo(t)=4e™V
r=100*10"°*12*10° =1.2SEC.
Ve(t)=4e'j
AT t=2SEC

—t

Ve (£) = 4e2V =0.76V




Problem 6FE-2

In the network in fig, the switch closes at t=0. Find Vo(t) at t=1s.

—oxxo—N\\W—

t=0 4KQ

12KQ
— Vo(t)
12V 12KQ gah
100puF )

Suggested Solution

12KQ 6ﬁ
O == O

—o

A

OKE 4KQ

6V

AY
/1

Vo (t)=6(1—e")
r=10%10**100*10"° = 1SEC.

—t
V,(t)=6(1—e" WV
AT t=1SEC,
V,(t)=6(1-e")=3.79V



Problem 6FE-3

Assume the switch, in the network in fig, has been closed for sometime. At t=0 the switch opens.
Determine the time required for the capacitor voltage to decay to %2 of its initially charged value.

o)
=0 12KQ N
12V T o
Ve(t) 100uF
Suggested Solution
%A
=0 12KQ N
12V Ve(t) 6KQ
T 100uF

6K
V(0 )=12| — |=4V
(@) (181()

—t

Vo (t)=4de®
7=100*10"°*6*10° = 0.6sec.

V. (£) = 4e°V
1/2 OF INITIAL CHANGE VALUE = 2= 4¢*)/

.'.5=eﬁ =t=042sec.




Problem 7.1

Given i(t)=5 cos(400t —120°) A, determine the period of the current and the frequency in hertz.

Suggested Solution

=fg¥z=(i&6h&

21

e

=.016s

~|=




Problem 7.2

Determine the relative position of the two sine waves

Vi(t)=12 sin(377t-45°)
Va(t)=6 sin(377t+675°)

Suggested Solution

V,(t) can be rewritten as V(t)=6 sin(377t-45°), so V(t) and V,(t) are in phase. PHASE=0.




Problem 7.3

Given the following currents:
1(t)=4 sin(377t — 10°) A
L(t)=-2 sin(377t— 195°) A
i3(t)=-1 sin(377t — 250°) A

Compute the phase angle between each pair of currents.

Suggested Solution

i,(t) leads ix(t) by —85°. i»(t) leads is(t) by 145°. i,(t) by is(t) by 60°




Problem 7.4

Determine the phase angles by which v1(t) leads i1(t) and v1(t) leads i2(t), where:

vi(t)=4 sin(377¢ + 25°)
1,(6)=0.05 cos(377t — 10°)
i2(t)=-0.1 sin(377t + 75°)

Suggested Solution

vi(t) leads i;(t) by 25°-80°=-55°
vi(t) leads iy(t) by 25°-255°=-230°




Problem 7.5

Calculate the current in the resistor if the voltage input is:

i(?)
(a) v1(t)=10 cos(377t+180°) 3 >
(b) v2()=12 sin(377t+45°)
V() =20
o

Give the answers in both the time and frequency domains.

Suggested Solution

(a) i(t) = “Tft) = 5cos(377¢+180°)4 = 5[180°4
v, (1)

(b) i) =

R = 6sin(377t +45°) A = 6cos(377t —45°) 4 = 6|-45°4




Problem 7.6

Calculate the current in the capacitor if the voltage input is:

@) vi(H)=16 cos(377t—22°) o1

(b) Va(0)=8 sin(377t + 64°) A
» —fC=1326uF
o

Give the answers in both the time and frequency domains.

Suggested Solution

1 1 1
© joC  jB77)(1326x10°) .5

) _16-22°
i(t)=—==——"==8|68°4 =8cos(377t +68°)4
0= = ( )

(@)

) i) =20 _ S64° _ gaoq-4 cos(377t +64°) 4

Z,  2]-90°




Problem 7.7

Calculate the current in the inductor if the voltage input is:

(@) vi(t)=24 cos(377t + 12°) i)
(b) v,y(t)=18 sin(377t —48°) o)

%i 1~10.61 mH

Give the answers in both the time and frequency domains.

Suggested Solution

Z, = joL= j(377)(10.61x107) =4

@, v _2412° . .,
z(t)—ZL—4w—6 78°4

(b)i() = Vz(t) - lfg —4.5/-48°4



Problem 7.8

Find the frequency domain impedance, Z, for the network shown.

o " a1l
10 po |
N CIF

N

z—>

Suggested Solution

Z=1+j2-j1=14j1Q




Problem 7.9

Find the frequency domain impedance, Z, for the network shown.

(e,

7> § 30 40

Suggested Solution

Z=34j=—2 _ 12(90° =2.4]37° =1.92+ j1.44Q
3+4) 2.4]53°




Problem 7.10

Find the frequency domain impedance, Z, for the network shown.

(e,

z—>

AN |
J

§ 20 20

Suggested Solution

1 1 1 1 1 (1 lj
Z 2 72 j4 2 (2 4
7 =

4 42+ j) 8+4j

2-7 (2-)2+)) 4+l
Z=1.6+j0.8Q

12-0)

=1.6+ 0.8




Problem 7.11

Find the frequency domain impedance, Z, for the network shown.

i5Q
o 2210
7> §3.759 + 50
o
Suggested Solution
Z=5j+(—5j||3.75):5j+ﬂ=5j+w—5j+3—36.9°=2.4+j3.2:453°Q

3.75-5; 6.25|-53.1°




Problem 7.12

Find the frequency domain impedance, Z, for the network shown.
100 g
o—"\W HC

z—>

AV

100 §59

Suggested Solution

5(-10)) _ g5, 310))

5-10y / 11.2|-23.4°

Z=10-5j+ =10-5/+4-2j=14-7)=15.65-26.6°Q




Problem 7.13

Find Z(jo) at a frequency of 60 Hz for the network shown.

20 40
o—"NW AN
2> % 10mH —-500uF
o

Suggested Solution

Z, = joL=j377)(10x107) = j3.77
6
P B U
joC  j377(5)
7y J3TT(A=)53) , j15.08+20
Jj3.77+4-j53 4- j1.535

—j5.3

5.1+ j4.96Q




Problem 7.14

Calculate the equivalent impedance Z at the terminals A-B for the network shown.

20
A o—MW
330 §6Q
7—>
B O

Suggested Solution

(3-2/)(6+4)) 18+4j+26 44.18/5.19°
9+2; 9+2;  9.22[12.53°

5 =2+B=2))[[(6+4/)=2+

=4.8]-7.34°Q




Problem 7.15

Find Z for the network shown.

o
|

z—> §29 7

510

o |

2o 1 4o ? 40 3 40 ? 40

Suggested Solution

1 1 1 1

Y=1+—+—+—+—=1+/+.25;-5-25=1+.5j=1.12|126.57°

-j -4j 2j 4j

Z= % =.89|-26.57°Q




Problem 7.16

Find Z for the network shown.

z—> -jld_

o S AN =T
10 20

Suggested Solution

—4j 2
Z=2+1+2(|-2j+2j]|-j =3+ ;.+—.:4—3j=5—37°Q
-2j




Problem 7.17

Find Z for the network shown.

H10
20 10 Py

o—\\Y MV /\ <
- AA\Z‘Q 2(12/Lh

Suggested Solution

2j

Z=242j| (4111 )=2+2/11(15+05)) =2+ _44_:2.8316.9209
+4j




Problem 7.18

The impedance of the network shown is found to be purely real at =60 Hz. What is the value of C?

(o
§3Q

7— A~
§10mH

(o

Suggested Solution

| ;1(3+3,77j) (;3(?+27c7)(3_j(3'77_a}(:j)
Z=——||(R+ joL) =25 =
joC

—j 2
——+3+3.77j 324|377 - 1
wC ) W

THE IMAGINARY COMPONENT IS ZERO

. . 2
0="2 3T (397 L) gi 377;(377--L
oC  oC oC oC

©=2760=377 — C=431uF




Problem 7.19

In the circuit shown determine the value of the inductance such that the current is in phase with the source
voltage.

20
MV
24c0s(377t+60°)V %L
V4
I\
1326F

Suggested Solution

® =371

f=60Hz

N S B
oC’" &*C  (377°)(1326x10°)




Problem 7.20

Draw the frequency domain circuit and calculate I(t) for the circuit shown if
vs(t)=10 cos(377t+30°) V.

20
—> NV —
i(t)

Vi() %10 mH

V4
I\

1 mF

Suggested Solution

JjoL = j(377)(10x107) = j3.77Q
1 —J

L __ 650
joC 377x10° 7
20
T UVAYAYE
Vit §IOmH
V4
LAY
2,650
v oo 0poe

= = = =4.37|0.75°4
2+ j3.77-j265 2+ 1.12  2.2929.25° [075°
i(f) = 4.37 cos(377t +0.75°) 4



Problem 7.21

Draw the frequency domain circuit and calculate v(t) for the circuit shown if
I(t)=20 cos(377t+120°) A.

+
is(t) *)V(t) §1Q % 100mH A 10 mF

Suggested Solution

7= jolL = j37.7Q

L
° joC j3.77
V=I5 11 = TR [ —=0.52|44.91%
Lyl U iy j3q7 147374 3847503
R Z, Z 37.7

v(t) =0.52cos(377t +44.97°)V




Problem 7.22

The voltages vg(t), vi(t), and v¢(t) in the circuit shown can be drawn as phasors in a phasor diagram. Show
that VR(t) + VL(t) + Vc(t) = Vs(t).

Suggested Solution

Vo (£) =i()R = 2(4.37) cos(377¢ +0.75°) = 8.74 cos(377¢ + 0.75°)

v, =8.740.75%
V,(t)= L% = (107)(4.37)(377)(—sin(377¢ + 0.75°)) = 16.47 cos(377¢ + 90.75°)

V, =16.47/90.75%

1 1 1
V.(t)=—\idt = —— [(4.37)sin(377t +0.75°
(== (10_3](377} )sin( )
V.(t)=11.59cos(377t —89.25°)W

Imaginary

A
jle L v

j1a
jlz
8B 4
B Vs

o !

4 4
.
H12 1
H14

-jle




Problem 7.23

The currents ir(t), i.(t), and ic(t) in the circuit shown can be drawn as phasors in a phasor diagram. Show
that ig(t) + ip(t) + ic(t) = isg(t).

Suggested Solution

V()

1(t) === = 0.52¢05(3771+44.97°) 4
I, =0.52|44.97°4

1.(t) = C% =(107)(0.52)(377)(—sin(377¢ + 44.97°)) = 1.96 cos(377¢ + 134.97°)

1.=1.96]134.97°4

1,(f)= ljvdz = (Ej (L)sm(.’mt +44.97°) =13.79 cos(377¢ — 45.03°)mA
L 0.1 )\ 377

1,(f) =13.79|-45.03°4

Imaginary

] ] > Real
-1.5 -1 -0.5 0.5 24 28 32




Problem 7.24

The voltages vg(t) and v (t) in the circuit shown can be drawn as phasors in a phasor diagram. Use a phasor
diagram to show that vy(t) + v (t) = vs(t).

40
—> NV —
i(t)

Vi() %10 mH

Suggested Solution

1=0.36/-43.38°4
V=41 =1.44/-43.38°4
V, =j3.771 =1.36/46.62%V

Imaginary

A
1.5
il W

VitV

jo.54
0 l L1 )
‘ I I I I 3 Real
0.5 Vs
91 4 Vr




Problem 7.25

The currents ig(t) and ic(t) in the circuit shown can be drawn as phasors in a phasor diagram. Use a phasor
diagram to show that ip(t) + ic(t) = is(t).

; **R(t) e(1)
is(t) C*)V(t) §1Q 100 uF
- |

Suggested Solution

1(t) = % =9.99cos(377¢ +27.84%) 4
I, =9.99|27.84°4

1.(t) = C% = (107)(9.99)(377)(—sin(377¢ + 27.84°)) = 0.38 cos(377¢ + 117.84°)

1.=0.38]117.84°4

Imaginary




Problem 7.26

The currents i (t) and ic(t) of the inductor and capacitor in the circuit shown can be drawn as phasors in a
phasor diagram. Use a phasor diagram to show that iy (t) + ic(t) = ig(t).

10
—> NN -
i(t) L(t) L.c ®
Vi) mf%' = 10 mH A1 uF

Suggested Solution

V =V, — IR =10/30°-0.99|-54.33° = 9.95[35.67%V

V. 9.9535.67°
I, = = =1.00[54.33°4
Y oL 10[90°

1. =V(joC)= [9.95|35.67°]10’3|90° =9.95[125.67°mA

Imaginary
A

i1 4

jo.s_L
IC

] ] ] \I ] > Real
-1.5 -1 _OLJSO-S—— 0.5 1




Problem 7.27

In the currents shown determine the frequency at which i(t) is in phase with v(t).

1Q
—* VN
i(t)

S

Vs(£)=120 + —+
cos(377t+90°) V@% T 10wk
glOmH
Suggested Solution
-2
K |tan™'| @C
L j2 1 L
. 1 C oC C
Z=@+ jol)|—=—C—0 = 1
J@ 2+j[a)L—) wL———
oC K |tan™' —_aoC
2
For Z to be real
1
ol ———
—2 _ wC
oC 2
L

d=(ory -L o p=NYC  _3i56
C L

£=2 —5023Hz
2r




Problem 7.28

Find the frequency domain voltage V, as shown.

6Q IJfQ
AN I o
+
10£-90°V ((wkies j10Q Vo
1
o)

Suggested Solution

v, =101-90°—

_ (101=90%)(10[90%) _ ;1 53 1o

6-3j+10]

10537




Problem 7.29

Find the frequency domain voltage V, as shown.

10
| NN ‘o)
+
ISQ§ 5./90° . v
| ‘o)
Suggested Solution

15
I, = 5)30°—————— =3.75/66.9°4
’ 15+1-12; 166.9°

Vo—

=—;12(3.75/66.9°) = 45|-23.1V




Problem 7.30

Find the frequency domain current I as shown.

20 fite)
NN 2800

@;@204 60°V 20 T

1Q

AN =

Suggested Solution

v =20[60° {L}

Z+2+j1

Z=1||-j2=—2 2-90°  _ ) 89)-26.57°0
1- 72 /5|-64.43°

0.89|-26.57°
v, =20[60° = 20[60°(0.31|-38.66°) = 6.20[21.34%
’ {0.89 —26.57°+2+j1} 160031 )

I, = % =6.20[21.34°4




Problem 7.31

Find the frequency domain voltage V, as shown.

1Q

A4

b s 60°v 20

CED

AY
/
—.
[¥8)
e}

Suggested Solution

1
Jy—J 6 :
Z:——:—.:—
2||3 " J
3

N .

v, = 2& j_||3—4£ V2[15%




Problem 7.32

Draw the frequency domain

network and

calculate  vy(t) in

the

circuit

ig(t)=100cos(5000t+8.13°)mA. Also, using a phasor diagram, show that i (t)+ ir(t)= is(t).

-

IL(t) IR(t)
¢ Pt
+
is(t) *) 3OQ§ w()

shown

if

Suggested Solution

i(f)=100[8.13°
jwL = j0.008(5000) = 40

V,(t) = ig(£)(30]]40 /) = 100[8.13° (30 :O/] 2.4)45°

V. () = 2.40s(5000 + 45°)
Z(t) 60|-45°mA
JA0)

i, ==L = 8045

A

A




Problem 7.33

Draw the frequency domain network and calculate wvy(t) in the circuit shown if
ig(t)=100cos(5000t+8.13°)mA. Also, using a phasor diagram, show that i,(t)+ iy(t)= is(t).

i1(t) ¥ 1200
AN3.33 uF
0Q
is(t) C*)
omH §IOQ
Suggested Solution

i(f) =0.3]-135°4
jwL = j0.006(10000) = 60
Vo (£) =i (£)((20+ 60 ) | (10— 30 )) = 14.14]180°
V() = 14.14 cos(10000f — 45°)V
RAON

— 224[251.6°mA
' 20460/
12—10”2 — 447|-108.4%m4
AN
I
IS ) >
I
y




Problem 7.34

Find I, in the network shown.
1220°V

10 0
——T%
§ 2Q§ % 20 -0

Suggested Solution

Z=2j(2=2/)+2||(1- j)=2+2+0.8-0.4)=2.8+ jl1.6=3.22[30°

12]0°
I.=—"—= =373-30°
5 3.22130°
o l_j
I, =3.73=30 :
-4

j =5.89|-48.4°4




Problem 7.35

Find I, in the network shown.

12£0°V

C+)

0 20
V4
NN T —1C
20 § 20 §
| 2008
20

Suggested Solution

[=+ 1210° ) _ 5 68l63.4°4
2\1-2;

O)E
+ )2

20
UVAVAY. 20
V4
20 AN
UVAVAV.
20 20
YT UVAVAY.



Problem 7.36

In the circuit shown, if Vi=4/45° V, find I,

20 10

NN —— 11T

® g 23

I

Suggested Solution

12:%:2@‘4
V= L2+ j)=447)70L6°
1= AAILE ) o hi6204

—j2 2]-90°




Problem 7.37

Find Vg in the network shown if V=4 /0° V.

Vs
-j1Q .
jl1Q
K Q T

AN

+
IQ§ ZQ§ v,

3\
/1
L,
=
(@)

Suggested Solution

Z, :Mzo.S—jOA

3-J
Z, - (—J)(22+J) 05— 1
R
0.8— 0.4

V,=1Z, = 5-36.86%
V, = —(4[0° +5|=36.86%) = -8 + j3 = —8.54/=20.56°




Problem 7.38

Find Vg in the network shown if [;=220° A.

Vs
15(1) -j1Q m
_|_

K -

+
1(2; 2(2; v, 29;

1) -1
-
+
ng ZQ§ v 7
1

,_202+))
4+

Vi=4(-))=2-j2
14 .

1, =51=1—]

=1 +1,=2+1-j=3-j
4425 14+ ;2
4+ 4+

V2=132=(3—j)(

V=V, +V, =2—2j+lj+]_2 = 5.58]-14%
+J




Problem 7.39

Find Vg in the network shown if [;=220° A.

<

©

)
o)
A

AV

NS0

Suggested Solution

1,=20°
1,=30°

Vs=(3l0°)(2+j)=6+3]




Problem 7.40

Find I5 in the network shown if V(=2/0° V.

4Q
MV

I
-~
N

fite)
AT

+

2Q §V0

H10
V4

03

I\

Suggested Solution

(o)
—/
40 j1Q 1
WAVAY,
+ L
20 §Vo 2Q§
=1 (o) |
14
AN
Vv, =8|0%
I, = 8 =64

L=s BT _ 4 4663.6°
2-j 2.24]-26.6°

I¢=1+1,=6+198+4;j=8+4j




Problem 7.41

Find I; in the network shown if V;=2.20° V.

-2Q

¥4

I\

- Vo + O
20
UVAVAV]

10 %? is CD 10

Iy

—— "N

Suggested Solution

Vi=V,—4=40¥

v, 4 4

=L +—+—

12 —2j

[ =2+2j=1,-V,
Vy=j(2+2/)=2j-2
V,=V,+V, =2j-2+4=2+2
I,=V,=2+2j=282845°

I

-2Q
V4
I\
- Vo + O
2Q
NN
Vi




Problem 7.42

In the network shown Vy=4./45° V: find Z.

2Q

H10
V4

MV

1220°V]

[AN

3

Suggested Solution

V, = 445°(1- j) = 5.660%

THEN,lz_Vl =%+4|@

S0, 127566 _566 ;g3 j2.83
2 Z
5.66

Z=—"2
2.85/-83°

=2[83°




Problem 7.43

In the network shown V,=2./45° V: find Z.

1Q

NN
j1Q 10
— NN
+ Vo —
410 6£0°A | Z

Suggested Solution

I, = 2450 _ 1.414 - j1.414

==
I,=6+1=7414— jl1.414
V, =11, =7.414— jl.414
V,=V, +V, =883

1, =%=8.83

I,=1+1,=10242— jl1.414
V,=—jI, =—1.414— j10.242

Vi+Vi+V,=0
Vy=—(V,+V,)=—(~1.414— j10.242 +8.83) = —7.416 + j10.242
I,=1,+1,=7414— j1.414+8.83=16.25— j1.414

Vo _ —(7.416 - j10.242) _ 0.78130.87°0

I, 16.25—-j1.414




Problem 7.44

Find Iy in the network shown if [s=12.20° A.

1;(0)
Pt

AV

Raj0 2 §

AY|

SOJEE

N-2i0

20 g
03

19(t)
¢

Suggested Solution

2
[ =1
: 5{2+Z}
Io=1| —L— = [a90°)
©N2—j2+52]
. . ) 4+ 4 4 . 24— ;2
Z=(21@- 2+ |- =L - may p S22
2 2—j2 I-; 1-
1 =120°| — 2 |=280=0) 12020 _y 601113104
Y AJ2| 6-j4 3-j2
-/

I, =(4.69]-11.31°)(1]90°) = 4.69|78.69°4




Problem 7.45

Use nodal analysis to find Ij in the circuit shown.

2Q

10
NN | NN
12£0° G,)ZAOOA 20 § +.i0 C*)MOOA
"
Suggested Solution
20 Vi 10 V2
UYAVAY | NN
12£0° GDMOOA 20 § F.io WA
"
1

v, - V _V2
1
_4+h
i

34y, -2+

1+ /1
_42+))

1+ 2

2@+

0=

2 1+ ;2

Vy =

=2[-36.87°




Problem 7.46

Use nodal analysis to find Vin the circuit shown.

6£0°V

20

2Vx 2Q §

T T

+
Ve N TR §

Suggested Solution

2V +V"+6+VX + Vs

T T2,

V:—2(1+2])V
1+4;

Vonx( 1 'j:_.49_760
1+2;




Problem 7.47

Find V, in the network shown using nodal analysis.

20 10 Voo

AN K A
20 g
_+_ O
- 12200V GDMOOA DN
+
20 § v

©
. )azoev

Suggested Solution

—_— 2 | v v
0 2472 21450 1+l

2-v_, v +V—4:V{1+ 1 }—2:1/[3”2}—2

21 2+ 2 1 2+ 2 2+ 2
I B AT ) Cu VR N S JEAN IR
2+ 2 2+ 2
16— 2=V 1+8+j1 _y 2+ j2+8+ 1
242 242
16—j2:V{10+j3}
2+ 2
V_4(8—jl)(1+j1)
(10+ 3)

V. A@8-jl)  3225-7.13°
141 10+ 3 10.44]16.70°

V, =3.09-23.83V




Problem 7.48

Use nodal analysis to determine I in the network shown.
In addition, solve the problem using MATLAB.

v +
12z0°v( + 0
H10

V4
I\

20 g 20

6£0°V

L —e— AN —

Suggested Solution

12200V, f 0 é

-j1Q o |
V4 ©
1l AN Vo + Joc0V

V. 12—V, 18-V, _ W,
2 -Jl

12V, = j18+ jV, = j2V,

Vo(1+ j1)=12—-j18

V0:12—j18
1+ /1
12_12—j18
10:12—1/0: 1+/1 1241212+ /18 j15 — 10.64{45°4

2 2 2(1+41) 1441




MATLAB SOLUTION

12£0°V, JT 0 é

§10 L
V4
Vi AV A
20 § 20 %
Va

Vi=-1200°  ¥,=6/0°
1o o ¥ [-12
01 0 |[hl=] 6
2 -1 —1+j1||%] | 0

>>g=[2 -1 -1+13;1 0 0;0 1 0]
>>i=[0;-12;6]
>>v=inv (g) *I

0

v=
-12.0000
6.0000

-15.0000 -15.00001

Since V3=-15-7315

Then I,=-V5/2=7.5+j7.5 A=10.61/ 45°A



Problem 7.49

Find V,in the network shown.

12£0°

>

16£0°V

O

iite)
2000 ‘o)
+
20 §
H10
I 20 §
I\ Vo
% 2/0°A
‘o)

Suggested Solution

12£0°

>

-16V

16£0°V

O

v jlQ
a1 O
+
20 §
-j1Q
V4 20 §
I\ Vo
% 2/0°A
O

V0=—4[ 2.}
2+ 71

V, =3.58]153.43°V




Problem 7.50

Find the voltage across the indicator in the circuit shown using nodal analysis.

V., 40
V4
I\

16245V :
40 % 20 % <>21x

\&

Suggested Solution

KCL @ V,; Vl_V2=5+1x
—j4 2
. °
l=75 V, =16/45

Vv, =2, - L0

V(1+ j2)=-1,

V=W (1+72) = (16=135°)(1+ 2)
V, =35.78-71.57%




Problem 7.51

Use mesh analysis to find V in the circuit shown.

20 6£45°V
+
12£0°V JAQ g 2Q §
oIS
1

Suggested Solution

V=21,
mesh equations
12=1,(2)+1,(-j4)
—6145° =—j4l, +1,(2+ j4)

matrix form

2 4L [ 12
—j4 2+ 4| 1,| |6]=135°

Solve for I,
Jj2 12
L—J/4 6]135° | _ 12]-45°+48]90°

I, =

=4.52|51.3°4
—j4 2+ j4
V,=21,=9.0451.3°V

[ﬂ —j4} j4-8+16




Problem 7.52

Use mesh analysis to find V in the circuit shown.

4Q 20
— AN ——— T ——

A -40 @

124OOV<+> @ —© <*>4490°A
+

ZQ§ v

Suggested Solution

mesh equations

12=1,(4-j4+2)-1,(2-j4) (1)

I, =-4/90°=—;44 (2)
Substitute(2)into(l)

12=1,(6- j4)+ j42— j4)
[,(6-j4)=12— j8-16=—4— /8
j 2 2C1=2)

(-72)
1,=1.24/-82.87° 4= (0.15— j1.23) 4
Vy=(I,-1,)2=(0.15- j1.23+ j4)2

V, =5.55-86.9°V




Problem 7.53

Using loop analysis, find I, in the network shown.

12£0°V
2
"
TR e
211
N
.~ 2Q§ *
-i20 4/0°A
-
Suggested Solution
12£0°V
20
- NN

€

I, .
220CA jlQ
— SRR
o/

Size L Qio @ <*>440°A

I, =-44 1,=24

Supermesh Equations

12=1,(2+ j142—j2)— jl,—21,+21,— j2I,
12=1,(4-j1)-1L,(2+ j1)+ 1,(2— j2)
12=1,(4—j1)+8+ j4+4— j4

1,=0

I,=1,+1,-1,=0+2—-(-4)=64

AV

MATLAB SOLUTION




12£0°V

\J__

%Q\AG jlQ

2188
R0 C{( 4/0°A
*10 G <’>
——4)0°1, — 1, =2|0°

12|_ 21, +]11 -1) +2(11 L)-j21,
0

1, —4
1 I, |=] 2
2—-j2 -2- jl 2+j1 A
0;

>> z=[2- 2] —2 lj 2+413; 0 1 0; 1 0 -1]
>> v=[12;
>> i=inv(z )*V

i =
2.0000 + 0.00001
-4.0000
-0.0000 + 0.00001

IO=11_12=2_ (_4) :6A



Problem 7.54

Find V, in the network shown.

4/0°A
VAR
—
—/
iy 1Q I,
AN ’\/\/\/—H——O
+
a, j1Q % 1Q § v
0
o
Suggested Solution
440°A

\/
/(\V MN—f—

I\
+
i I
21, JlQ% G IQ§ v
(-

1, =4, 1,=21, I =1,-4
J(L=1)+1(I,—1,)+1,=0
J(L=21)+1(1,-4)+1,=0
JL=2j1 +1,-4+1,=0

I =2(L,+4)+1,-4+1,=0
JIL=2j,+8j+1,—4+1,=0
L(j-2j+1+1)=4-8;

4- 8’ — 4-36.86°4

Iy =




Problem 7.55

Find V, in the network shown.

+
420°A C*) whio 1@ §

MV ——O

+
JIQEE 1D 1Q§ v,

O

Suggested Solution

_/\/\/\,/
I, \

le% G

O
1, =4[0° I, =2V,
Vx :_j(]] _13)
ForlI,,
j(lz _13)+1(]2 +13_4)_j(13_2Vx)+2]3 =0
Solving I, = 4412

V,=8+24)




Problem 7.56

Use superposition to find V in the network shown.

2/0°V
1Q
O NN ‘o)
+
1Q g 4/0°A  AS1Q Ve
‘o)
Suggested Solution
2/0°V
(2
O NN ')
+
1Q g ;;_jIQ v,
‘o)
—J 2j 290°
V. =-2 = = =0.89[116.56°V
1 (2 —jj 2—j 2.236]-26.56°
1Q
NN o)
+
1Q g 4/0°0A  A-IQ 0V,
‘o)

A1) A Ao
A O N Wt —1.78-63.4%
: 2—j( /) 2 2.236-26.56°

Vo=V, +V,=-0.398+ j0.396+0.797 — j1.59 =0.399 — j794 = 0.89|-63.6° V'



Problem 7.57

Find V, in the network shown using superposition.

1Q

NNV
2/0°V 12£0°V
OO
+
;<—j2Q jAQ 29; Vo
-
Suggested Solution
1Q
AV

2/0°V . 12£0°V

AY|

» o
Forthe2 Asource,

/ 2+2 _4(2+4))
1= - .
2+4j

V=1, 8] _ —32j
2+45) 12+12;

Forthel2V source,

I 12 _12(4—2])

2 2(2-2j) -

4t (2-2j) 12+12)

2+2-2j

v ool 2(2—2j)_12(4—4j)

24227 12412

Summing

y =SB S 9 s

‘ 12+12;




Problem 7.58

Using superposition, find Vj in the circuit shown.

20 'IJ/lQ
NN AN

jzfz%
(Dere o] P

+
Vo 4Q§

Suggested Solution

) O
| 12£0°V O—o Y /2Z0°A

Forthevoltage source
4 o 48
1 :f( 0 ): .
4424521 6+ j1
For the current source
=1, 2—j1 _ 4+ )2
4+2+j2-j1 6+ /1
V, =41, :ﬂ
6+ /1
Summing
Vo=V +¥, =238 _ 5 4145707

6+ /1




Problem 7.59

Use both superposition and MATLAB to determine V), in the circuit shown.

1Q
MV

H1Q 20
I TR o

_I_ +
12£0°V . 20 § v

420°A |

Suggested Solution

V=v, 12 1 12 . 2 - |- 48‘
24—+ j— SIS R
2 2 2 2

=9.23— j1.85V

12:4{ —j1 } —j4 =12

it 2+% | v 2+ 3
2 _j8
V. ==(L)= —_185- j1.23V
:=5(%) 2+ /3 J

V,=V,+V,=1.38- j3.08=8.00-22.65°V




MATLAB SOLUTION

10
NMN
Eile) v 20
Vi H 2112 0
+ +
12£0°V () i 20
<D440°A § Y
o
V1=12|QV
Vo pa o=V g
—Jj1 Jj2
vy ViV Vo,
1 j2 2
1 0 0 4 12
-2 1 1 V,|=|-J8
j2 1 =1-j3||V, 0
>> g=[0+23 1 -1-33;1 0 0;-2 1 1]

[
>> i=[0;12;-87]
>> v=inv(g) *i

12.0000 - 0.00001
16.6154 - 4.92311
7.3846 - 3.07691

Vo=7.3846-33.0769=8.00/-22.62° V



Problem 7.60

Use source exchange to determine Vj in the network shown.

J10 12£0°V
€ @ 0
+
6/0°V 20 § oA 20 § "
O
Suggested Solution
1220°V
4
+
: 2Q Vo
(2+J6)A<D z §
1220°V
z +
+
Vg 2Q §V0
z=2)-j= =2
2- 1 1+ 12
Vip =2+ j6)(Zyy) = M —5.668.13°F = (5.60+ j0.80 )V

VO:(VEQ—12){ 2 }z(—6.4+j0.8){$}:7.16139.18°V

2+Z;,




Problem 7.61

Use source exchange to find the current I in the network shown.

2Q 1Q

WAYAY | WAYAY

12£0°V 2Z0°A 2Q §

AN 10

[ —
A\

o

420°A

ARLY) C*) 4£0°A

~
I

—— AAN —
AY|

10 'Ij}Q
| NN AN
4/0°A 10 § 1
4+22J<F 111 10 §
21, =(6-2 ])ﬁ
0 2 _ ]




Problem 7.62
Use source transformation to determine I in the circuit shown.
2Q 1Q
UVAAY | UVAVAY
1220 Q)zm A 20 § il AOA
b
Suggested Solution
10 -j1Q
V4
NN AN
'> 2/0°A 2Q g 4/-90°V
b

2Q§ (]

6£0°

1

“ é CDzm-%OA
i

440%(*) 2Q§ ZQ§
b
. 2—-j52 o .
ZEQ=2|\(1—]1)=3_—j1 I, =4+232|-45°=6- ;2
(6-2)A C*) Zeq 20 g
b
(6= 72) 2-42 _(6-,2)(2-/2)
2-j2+6—j2 8— j4

2- /1

z
I,=(6-j2)| —22—|=
0=(6=7 ){ZEQJFJ
I, = B _ oy 368704



Problem 7.63

Use Thevenin’s theorem to find V, in the circuit shown.

H10

20 b 20
M AN M ‘o]
+
6/0°A C*) 122£0° 20 % 10 §
Vo
O
Suggested Solution
20 'Ij/m 20
M AN M ‘o]
+
6/0°A 12200 20 § 10 §
Vo
<+ _
O
ZTHl
1 20
NN I ‘o)
N V,=12/0°V
<« .
12/0°V ZTHl Vl ZTHl:'.]lg
62/0°V -
O
'IJ/lQ 20
AN ’\/\/\/——O

1220°V

ZTH2




-11Q 20

V4
AN NN ——O
V,=24/0°V
1220°V! 20 .
! «Zry Vo Zrpp=2-2Q
O

20 IJ/lQ
NN AN

+

1Q §Vo V=6.66/33.69°V




Problem 7.64

Using Thevenin’s theorem, find Vj in the network shown.

20 6£45°V
V4

+
20
§ Vo

1220°V JAQ

S S,

Suggested Solution

oc

12(j4
v :_iél—aif=202—n1%’
J

Ry = (_]2)(]4) =—Jj4Q
j2

= (202-12.1%)2 =9.03[51.3V

’ 2 j4




Problem 7.65

Use Thevenin’s theorem to find V, in the circuit shown.

4Q 20
NN ——

—_— Y —

N-j40) @
12207V @ ——O <*>4490°A
+

2Q§ .

AY|

Suggested Solution
V., =12+4(4[90°) =12+ jl6V
R, =4— j4Q

12+ j16
, _(12+16)

0

2
A _55586.8
2+4- j4 186.87



Problem 7.66

Solve Problem 7.49 using Thevenin’s theorem.

e
2100 o)
_+_ +
12200 \ 20 §
H10
Vs 20 ;
I\ Vo
1
1640°V<+> % 2/0°A

O

Suggested Solution

Vyy =12]0°—16]0° = 4]180°%

Z,, =00

V0=4180{

2
2+ 1

} =3.58]153.43%V




Problem 7.67

Apply Thevenin’s theorem twice to find V in the circuit shown.

1Q 20 1Q
AN ——— M ——— MA ——

+
12£0°V qo R Jlﬁi% §1Q v

Suggested Solution

Zry :__J.Q
=]
PART II
-12

1-7 . 12
VOC:—_' ‘] :(—j):—
——+2+]
1-j

j(2+1_1.] oy
Ly = _]- = i ].Q
-/  3-2j

1-

Jj+2+

FINALLY
12
_ 3_2] _ o
V=355 () =131257

2+
3-2j




Problem 7.68

Find V, in the network shown using Thevenin’s theorem.

6/49{ 20
U S8R O
+ +
2V, 2Q § -le;; v, 1Q § Vo
O

Suggested Solution

Voc =Vy

oy, 4 Yo 0 Yoc gy - O
2 —J 5+ ;2

1502%6:_314

"I 542

1+ j2+Z,, 5+ 2 )\ (1+/2)(5+j2)+2 3+ /12

V0=Vo{ 1 }{ - j[ SRl ]=_6(5+j2)=2.61125.8°V



Problem 7.69

Find the Thevenin equivalent for the network shown at the terminals A-B.

o}
N A
420°A C*) Elbibz NI
1Q B
NN
j1Q ¥ Dov
B
o}
Suggested Solution
o}
N A
420°A C*) Elbibz NI
1Q B
-HI—’\/\/\/—
1
j1Q ¥ Dov
o}
For V.
VX=4IE(—J')=—4J‘ 2j'1
2V, =-8j Z
I, =4+8; I,=4+8j-4=8;
4j-4

V,=8j-j=-8

Voe =—8+(4+8j)—4j=-4+4j

For Iy

j([SC+2VX)+1(ISC+2VX—4)—j([SC—4):O

Vy=—j(4-1) YIELDS

I =24+8)



Problem 7.70

Find V in the circuit shown using Norton’s theorem.

11.3/45°V
O °
+
4/0°A C*) jAQ g 105% N B2 Vo
o)
Suggested Solution
11.3/45°V
\J °
+
4/0°A C*) JAQ g 109; N B Vo
«— _
o)
Zxq
Zyp = J4Q
4:%+ISC where V =11.345%
J
QC:4+%F:6+j2A
o)
+
6+2 A C*) j4f2§ 109; AN B3O Vo
o)
1 1
V,=1,110||j4|-j3|=1 = 3¢ =48.59|-21.37°V
v =Lsc[1011741=73] = Isc| 5 L. 1 | 010+,0.08 —

7+7
10 j4 -3




Problem 7.71

Find I in the network shown using Norton’s theorem.

40
¥4
I\

|
m o 2z O i (Dasoa

Suggested Solution

Iy = 2@2 +4|_ 4+2/45°
J=

Zy=-4j+2j= _2J

I,= ISCZfZ (541+141])2 = 4/-30.3°4




Problem 7.72

Apply both Norton’s theorem and MATLAB to find V| in the network shown.

'IJ/m 20
AN UVAVAY:
5 =+
12200V, 20 §
20 10 §
Vo
2/0°A 10 §
‘o)

Suggested Solution

w Isc

mesh equations

12=1,(2+ j1)-214 - j21, (1)
-2=1, (2)
0=1I(3)-21—1, (3)
substitute (2) into (l) & (3)
L(2+1)-21=12-j4 (4)

I =1+%1SC (5)
substitute (5) into (4)
. 3 . .3 .
(2+]1)(1+515Cj—2lsc :12—]4:>ISC(1+15j:10—]5
3 10(2—j1)
243

j2 243

Zy=2(j2-jDH+1=1+ =
w0 =2110j2=/1) 2e 1 290




b2
 AVAVAV)

Ise (2[) Zea KIE;%

r o7 | 2w _(10(2- 1) 2+ ;3
©N 342, 2+j3 )| 3(2+j1)+2+3

10(2—-/1) 5(2-j1
v o1y, < 0@ _5(2-J1)
8+ j6 4+ 3
V, =2.24|-63.43%
MATLAB SOLUTION

20

1,=2[0°4
12=—j11,+(1, - I,)+ j2(1, - I,)
0=20L+(1)1;+(,—1,)(1)+2(I;—-1,)

10 o] [-2
—j2 2+j1 2|1, |=|12

-1 =2 65| |o
>> z=[1 0 0;-23 2+13 -2;-1 -2 6];

>> v=[-2;12;0];
>> i=inv(z) *v

i =
-2.0000

4.0000 - 6.00001

1.0000 - 2.00001

Vo=I5(1)=1-92=2.24/-63.43° V



Problem 7.73

Find V, using Norton’s theorem for the circuit shown.

O + O
1Q 1Q
— NV —— VN ————0
+ V, — N
ng + 2V, IQ§ Vo
O
Suggested Solution
Vi=2Vy =Voe
VOC:V1_4
Ve=V,—-4
_1+V1—2VX+V1+4—2VX+V1—4—2VX=O
Jjl 1 —jl 1
V,=6V Voe =2V
V,=0
i+£+4+ISC—O
-j1 1 Jl
Iq=-4-j4 4
ZTH_VOC_ 2 _l JlQ

1,=2.53-18.43 4
V,=1,(1)=2.53-18.437




Problem 7.74

Use Norton’s theorem to find V in the network shown.

+
AJOPA C*) 10 SV, IQ§
1Q -
UAVAY —O
+
j1Q % 1y2v, 10 § Vo
o}
Suggested Solution
o}
+ +
RO LR
MA— Vo
jlo g @ A%
o}

I, =4]0° 1,=2V,

Ve =(=j1)1,=-j4V I,=—j84
LA+ 1)-1,(1-j1)+V,. =0

Voo = j8(1+ j1)+4(1- j1)=—4+ j4V

+
4/0°A C*)@‘Jlg A~ Vx
1Q -
AA Isc

Isc

jlﬁg @ A%




I, =4/0° 4
LI =2V, Vy :(_jl)(ll_[SC)
L(1+ 1) =1, (1= j1)+ I (-j1)=0
[ Lsc (1+/2) - j8](1+ j1) =4 (1= j1)+ L;c(—jD) =0
_ —4+j4A
-1+ ;2
Z

I,=1 =
0 SC|:ZTH+2:|
Zy, =-1+j2
j —4+j4A

1+ /2

0
v,=(1)1,=2.53]71.57°V

Ne




Problem 7.75

Use MATLAB to find the node voltages in the network shown.

1Q

| NNV

20 § F .o * 2£0°A
10 e o
— M\ ——— §
_+_
1220°V\ 20 e N
Suggested Solution
Vl 10 V2
NNV
20 § e N 4 )220°A
10 jlQ
Vi f— AN —

1Q
() ws
12/20°V | 20

AY|

/1
L.
T~
@)




NV K=V ViV _

0
2 —jl 1
L;;_K +_l*:2K£
v, =120°
v-h V=0 W V-V
—jl 1 2l
ViV, Vs _ e
g =2
ALSO
Vi(L5+ j1)=V, =5V, — jIV,=0
—V,+2V, =2|0°
v, =12/0°

—jWV, =V, +1.5V, + jIV, =0
jW, = j0.5V5 =-2]0°

Matrix Form

-

[

[1.5+,1 -1 -5 —j1 0

-1
0
1.5+9*1

2
0 1
0
0

*1 —§*%0.5]

[0

;72;12;0;

inv (Y)*I

6.

4
12

4.
9.

5800 -
.2900 -
.0000 -
5200 -
0400 -

1.5l

j1 —jo.5]
-1 -.5 —3*1

-2]

.06001
.03001
.00001
.64001
.28001

NP O N

y
V.
V.
v,
V.

—_

[

W

N

w

0;

0
2/0°
12]0°

0

20|

-1 2 0 0 O;

00100;-3*1 0 -1 1.5 j*1;



Problem 7.76

Using the PSPICE Schematics editor, draw the circuit shown. At what frequency are the magnitudes of
ic(t) and i (t) equal?

5 COS (Wt) V 1 w ic(t) IOOmH

AY|
/
@)

100uF ¥




Suggested Solution

This Schematics circuit was simulated over the frequency range 100 Hz to 300 Hz. Since current into pin
markers were placed in the circuit, PROBE will automatically plot the required current magnitudes.

4

Phase =0
degrees

R1
MWy

100

R2

150 L1

100mH
C1

100uF

D—-l }_E;\Mf_“

.|}_¢

L0mA T L

30mA T T
i (238 93,18 68m)

20mA

10mA e —

100Hz 200Hz 300Hz
o I(L1) < I(C1)
Frequency

PROBE results show that the voltage and current phases are roughly equal at 238.9 Hz



Problem 7.77

Using the PSPICE Schematics editor, draw the circuit shown. At what frequency are the phases of i|(t) and
vy(t) equal?

R, L

2kQ)

NN 28N

1 mH N
i + R,
14 cos (wir7opvl PR gvx(t) (D 0
10uF 50 cos (wt) mA
Suggested Solution

This Schematics circuit was simulated over the frequency range 1 kHz to 2 kHz. Since vphase and iphase

markers were placed in the circuit, PROBE will automatically plot the required voltage and current phase
angles.

Voltage
B L1 phase

marker

Phase =0

degrees
Vin
14 -
Phase =70 Current
degrees phase
marker
§
108d g T T T
/ ]
(1 629K,257 16m) /
1 /
0d ! /
i
il
'_F_—ﬂ-fi—Fﬁ~ﬂ#,ffﬂﬂ’////
-100d . . ' - - : —

1.08KHz 1.5KHz 2.0KHz
o IP(I1) = UP(R3:1)
Frequency

PROBE results show that the voltage and current phases are roughly equal at 1.63 kHz.



Problem 7FE-1

Find V, in the network shown.

12£0°V

10
-+ — N ———0
+
20 § 2200A A Lia 1© § Vo
o
Suggested Solution
12/0°V :
Vi jlQ
-+ — " ———0
+
20 § 2 TN TR § Vo
o
h=12_, W W
2 —j1 1+ /1
Vi l+L+—1 =8 V, = 32
2 —j 1+ 4+ ;2
o=y | —— |- 32 506-716V
I+5) 246




Problem 7FE-2

Find V, in the circuit shown.

2Ix

1Q 20
WAYAY 0o

AN
N
MV
¥
2£0°A
O

Suggested Solution

2Ix

Vi 12
’\/\/\/ ’\/\/\/ O
+
£ 10 12/0°V C*) Vo
2L0°A
o)
V V +2I =0
V=12 5 51 -0
Lok
=J
12 N 12 ) gy (3048 g8 o7
1+3/ 2 1+3) 10



Problem 7FE-3

Find the average power dissipated in the 4-Ohm load resistor.

20 110
— MW\ K
20 g
+
12200V +
@, 0%,
v, )
Suggested Solution
20 H1Q
— MW\ K

12/ 0°V<+>
Q




12421+ j2(1,-1,)+2V, =0
2, + j2(1,—1,)- jI, +41,=0
Vo =41,
L(1+ )+ 1,(4-j1)=6
Il(—j)+12(—2+j%J:0
-3-j5

A:(1+j)[—2+j%)—(‘j)(4_j): 2

I 2 2+ 1 —4+ 16 60— j36
[11}_ 75 1H:>12: /22 = 2.03-31.03°4
) .
J

“3+ /5 L4 34

Py = %(2.05)2 (4)=8.41watts



Problem 7FE-4

Determine the mid-band (where the coupling capacitors can be ignored) gain of the single-stage amplifier
shown.

K K o
+
“‘é 40%107V,
+
smg
v, <> §6kQ 12m§ Vo
n _
Vs 1
o
Suggested Solution
Ve(5k) 5 ) 40 (5
v,=-23 =2V, and V, =-40x107V, (6k |12k =——| = |(4k)V, = -133.33V,
Y krsk 6 8T « (6K 124) 1000(6)( Vs s
Yo 13333

o |




Problem 8.1

Given the network in Figure PS8.1
(a) Find the equations for v,(t) and v(t)
(b) Find the equations for v(t) and vq(t)

M
W® ¥ N iy
! —O > — |
| - | |
: : ° : :
; R0 ve(®) L | |
L | | |
‘ | + - | : :
1 —O !

Figure P8.1

Suggested Solution

vi(t) = Lot — M
Vh(t):—Lz%—M%
b)
VC(t):LI%'i'M%
Vd(t):Lz%-i'M%




Problem 8.2

Given the network in Figure P8.2 (a) write the equations for v,(t) and vi(t) and (b) write
the equations for v,(t) and vq(t).

M
i 4N i
! — > N — W— !
| ot - -+ i |
va(® ve(®) Ly % % Ly @ V(1)
i i - + + - i i
‘ :_O Oﬁ\ ;

o Figure P8.2 R
Suggested Solution

a)

vi(t) = L4+ M 42
wi(t)=—L.42— M 4

b)

vi(t) = —vu(t) = =L+ M 42
vi(t) =—vi(t) = L2+ M 4




Problem 8.3

Given the network in Figure P8.3 (a) write the equations for v,(t) and vi(t) and (b) write
the equations for v,(t) and vq(t).

M
i 4N i
! — < N — W— !
: PooF - - + i !
i i Vo) ve(t) - % % " va(t) vt i i
i i - + + - i i
: :_O * e Oﬁ\ ;
T Figure P8.3 e
Suggested Solution
a)

vd(t) = _Ll%-I—M%
w(t)=—L.42— M 4

b)

v(t) = —vult) = L+ M L2

dt
(e = —(e) = L+ M 41




Problem 8.4

Given the network in Figure P8.4 (a) write the equations for v,(t) and vi(t) and (b) write
the equations for v,(t) and vq(t).

M
W X N i
e ” —
A o
: | L 1 |
} BRAQ) v(t) 13 : :
: : ° : :
R : ‘
| - \ )
Figure P8.4

Suggested Solution

vi(t) = L4+ M 42
wi(t)=—L.42— M 4

b)

vi(t) = —vi(t) = —Li4 — M 42
(e =—(0) = Lasks M 4




Problem 8.5

Find the voltage gain Vo/Vs of the network shown in figure P8.5

joM =20

4KQ -0
|(
NN A% ©
+ . .
o
Figure P8.5
Suggested Solution
joM =20 4KQ  -20
|(
NN A% °
+
40 30
Vs (:;;:) <EE' J Eﬁ %zj 12 20 Vo
o

Vs =2(=1)+ j4(-1) + j2I-
Vs=Q2+ j4)l,— j2I,
0=—j21,+(6+ jDI-
Vo=2I,
J2I1=(6+1)I2 or I1=%3(12)
then
Vs=Q2+j4(E) 1 —J21:= (13- j6)I:

2Vs
13-/6

12_' Ls

=1 OF Vo=2I.=

2 _
13—j6 —

—Jo_
Vs

10.140.,24.78°]




Problem 8.6

Find the voltage gain Vo/Vs of the network shown in figure P8.6

/JIQ \ 20 - 20
|(
——VVV— NN A% ©
°
+ .
2420° C_) 20 %% %jm 40 Vo
o
o
Figure P8.6
Suggested Solution
/le \ 20 - 20
AAVAY, NN I( g 24=2+2)L, +J1 1,
. 0=1J1, + (61,
+ ) Vo =4I,
24,00\ _ )1, 12Q il | 1, 40 Vo
o

L =(6-)L, or 1; = +j6)],
24 =2 +2)(1 +i6)2 +il2
L=24/(-10+5) Vo=4x24/(-10+j15)

5.33£-123°V




Problem 8.7

Find Vo in the network in Figure P8.7

o
+ .
10£0° C_) j1Q % %jzg 20 Vo

O
Figure P8.7
Suggested Solution
20
\
N O
. * Loop equations
+
10£0° <_ RO | 1, 20 Vo 10=(1HDI, -j1 I, (1)
0=-L+¢#+2)L, (2
| _O Solve (2) for I; and substitute
mto (1) and get I,

L=L@l+p)/hi=L2-4)
10=[1+jD2-PH-1]1L=QQ+4+2-14-jDL,=(6-13)1,

L=10/(6-j3) Vo=21,=20/(6-j3)

Vo =2.98£26.57° V




Problem 8.8

Given the network in Figure P8.8 find Vo

10

2Q / \

10 -j1Q

— ANA— A I( o

o
+ .
10£ 0°V<_> j2Q % % 20 1Q Vo

0=jlII, + (2 +2)I, 2)

O
Figure P8.8
Suggested Solution
j10 .
-j1Q
/N 1o | ( .
| +
+
1040°V<_ é;:/v%z 1Q Vo 10=2+2)L +jl 1, (1)
|

- Solve (2) for I, and substitute

L=-L2+j)/j1=1,(-1+j2)
10=[1-(C-1+2)2+2)]L = (-2

L=10/(-6 + 3)=10/(- 6+3)

Vo =1.49/-153.43°V

into (1) and get I,

-4-RA@ DL =(-6+3) I




Problem 8.9

Find Vo in the circuit in Figure P8.9

2Q szQ \ 1Q

—AAA—

o
+ .
10/ 0°V<_> j2Q % % 2Q 1Q Vo

Figure 8.9

Suggested Solution

20 {jZQ

+ .
1040"\/(_) I, j2Q 20 I, 1Q Vo 10=2+2),+2L, (1)
. 0=pL+Q2+2)L, ()

1Q

+0

- Solve (2) for I; and substitute
into (1) and get I,

L=-LQ2+2)/2=-1,2-jl)
10=[2-(1-jD2+2)]L, = R2-2-2+12-2)L=(6-B3) 1,

L=10/(-4 + 2)=5/(-2+j)

Vo =224/-153.43°V




Problem 8.10

Find Vo in the network in Figure P8.10

10 -0 '/jm

—A—]——
o) S

j

1Q

Figure P8.10

(o]

Suggested Solution

10 e '/jm

—\MA—]

o

1Q

-

fite}

T

10
ANN—T111 0

%QQ 19% Vi
N 5

10=(1+jDI, -j1 1, (1)
0=-jlI;+ (2 H3)I, 2
Solve (2) for I, and substitute into (1) and get I,

L=L2+P)/jl=1L3G-12)
10=[-j1-A+jDG-2]L = B+2+3-12-jDL,

=2A

Vo=(1)1,=220°V

=L

Vo




Problem 8.11

Find Vo in the network in Figure P8.11

—ijlﬂ 100
AN ' VYV ©
o Q> e 2Q
6KQ § #Q % j6Q Vo
24/0°V 5
Figure 8.11
Suggested Solution
- j10 100
V4 o
I\ ¥
o IO —> 20
6KQ § I #Q % Vo
24/0°V 5

6+3)L-j,=0
-l + (1, +j6)l, = -24
Vo =21, + 24

L =iLA6+13)=-(j/(6+PB)L+(12+ j6) I, =-24
L, =-24(6 +3) / (55 +j72) = - 1.78/-26.1°

Vo=21,+24=20.86£4.32°V




Problem 8.12

Find Vo in the network in Figure P8.12

-IJ'/lQ 30 29 20 -ilg
T WA— VYW — |0
+
- 20 4o 60 20 Vo
16£0°V]
[ ] L] _
O
Figure P8.12
Suggested Solution
-j1Q 30 9 20 -ilg
— I\ °
\ +
+
- 20 4o 60 20 Vo
24/0°V]
° (] _
/\\/ o
Forming a Thevenin equivalent at the input
Voc =16(2)/(2-j)=32/(2-j) and Zth=-2j/(2-})
3Q 20 20 -] 15}
20 ——AM— |\ —WN—] 0
+
- 20 uo 60 20 Vo
Voc
° (] _
O

32/2-p=L{(-2/Q2-p+3+14) -2,

32=[G0+3NE+50)/12-Q2+] L, =1, =64j/ (33 +i58)

Vo =21, = 1.92/29.64°V




Problem 8.13

Find Vo in the circuit in Figure P8.13

24/0°V

/ZQ \

—T — T ——o
o) TS N
Y § §8§2 40 § Vo

Figure P8.13




Suggested Solution

. ‘/’29 \

° . ° . +
24£0°V pa 18Q2
+ A~
C_) e 60 § §89 40 § Vo
. -
—X O
Thevenin equivalent at the input
Voc = 24(-2) / (2 -2) =- 24j (1 - j) and Zth=-4j/ (2-{2) = -2j/ (1 - )
/29
o \ [ ]
—[zm]= - —
Voc #0 80 ©
+
60 8Q 40 Vo
_ I, I,
_o-

S24i/(1-)=1(2/(1-j)+6+id)+21,
0=, +(12+8) L, = I,=(-4+i6) L,
24 =[(-4 +j6)(10-14) + 2 + 2] 1,

I, =-24j/ (-14 +{78) = 24j / (14 - j78)

and

Vo =4I, =1.21£169.8°V




Problem 8.14

Find Io in the circuit in Figure 8.14

40
/

\

O .

I 3Q

- 2Q

24/0°V
Y lo
20
Figure P8.14
Suggested Solution
30
I( ANAN
-
- 20
24/0°V % %
Y
Io

2Q

Figure P8.14

24=(6-2) 1L -2+jDH L
0=-C+iDL+G+)L,
L=G+p/2+hL

24=[(6-25+D/(2+)]1L-2+)L,

I, = 1.78242°A




Problem 8.15

Write the mesh equations for the network in Figure P8.15

R, 1/(joC,)

G

joM

Figure P8.15

Suggested Solution

1/(joC,)
|
I\

Qe

Vi =R, [} +joLi(I; - L) - joML

Ry

0 =joLi(I, - I)) + joML + L(1/GwC))) + joCl, + joM(L- 1)




Problem 8.16

Write the mesh equations for the network shown in Figure P8.16

R1

1/(joC,)
V4

O

NV

L

JoL;

T

N

Suggested Solution

1/(joC;)

’\/\/\,
Vi ( JoL,

TN =

: @

/

/

Induced voltages are Vi, =+ joML and V,; =+ joM(, - L)

L(R; +joLy) - joLyI, + 15 joM

0=—-joLil; +L, (R, +joL, -j/ (0C)) ) - 3(R2 + joM)

0 =JQ)MII - (Rz + J(DM)I2 + 13 (R2 + JQ)I_Q)




Problem 8.17

Write the mesh equations for the network shown in Figure P8.17

IS
=
S
/_H\‘
(D
\_/
TE'
&
L
/;\‘
IS
i
L
5

Induced voltages are V;, = - joML and V,; =+ joMI,
- Vi =L(R; +joly) - joMI;
0=1 (joL, -j/ (@C)) ) - joL,l;




Problem 8.18

Write the mesh equations for the network shown in Figure P8.18

Ry

M

1/(joC,) p=

Jolt

Rs V2
AN
Figure P8.18
Suggested Solution
R
NN
J®L1 .
V(oC)) =] ( R,
1/(]0)(“2)
O
joM

&3

Vl - V2 = Il ( Rl + R2 + RS + 1/0(0(:1) ) - I/O(DCI)IZ - R2 13

0=-1/(joC) I, + I, ( Ry +joL, + 1/(joC,) + 1/(joCy) ) + I3 (joM - 1/(joC,) )

V,=-Ry I}, + I, (joM - 1/(joGC,) + I3 (R, + Ry + jol; + 1/(joC,) )




Problem 8.19

Write the mesh equations for the network shown in Figure P8.19

R 1/(joC,)
1
A ¢
JoL,
\
J‘DMl
VC) J@Ms W
\ JCOMz
/ 2k
1/(](002)
I \
Figure P8.19

Suggested Solution




R, 1/(joC))

I\/\/\I I( In Ita; itiv t
VIA __EXPRESION _NAME
joL, % 1 M, joMi(3-1)
) / JoM; .
v<+> [ oMy L e M, joMI-1)  Vy
- ! \ . M, joM(3-1) Vi

My joMI;-1) V3
joM, M;  joM(I; -1) Vi3
/ 2k

joM (I - 1) Vo

Frrrrrg
ES

Joly I,

1/(joGy)
4
I\

Mesh equations

V=1 (R +joL, +jols +1/(jo’,)) - 12joL, - 13jols + Vi + Vi3 - V3; -Vs3

0=-IjoL; + L(joL, + joL, + 1/(GeC))) - Ijol, + -V, -Vi3 - Vy; -Vo,

0=-LjoL, + L(joL, + I;(R; + joL, + joLs ) + Va; + Vyy + Vi + Vi3

Let Z, = Ry + joL, + joL; + 1/(joG,); Z2 = joL,; + joL, + (1/joC,); Zz = R, HoL, + jol,

Substituting from the table above:

V=1,(Z; - joZM; + L[joM(M, + M; - M, - L)] + Ljo(M; + - M, + M; - L,)]
0=L[joM; - M; + M, - L] + L[Z, +joZM, ) - L[jo(M;, + M, +M; + 1,)]
0=1[ jo(M; - M, + M; - L,)] - L[ jo(M; + M, + M; + Ly)] + [3(Z; + jo2M,,



Problem 8.20

Find Vo in the network in Figure P8.20

20 12
I( R o
I\ | |
[ ) ‘. —+
1KQ . . - .
rany
AQ % AQ 710 Vo
‘ 1£0°A
o)
Suggested Solution
-i20Q
|( o
"\ o P20

Induced voltages: V|, = -j2I, V,; = 2],

0=1,(4+j2) -2, and 0=1L,33) + jlI; - 2I; and I; =- 1£0°A

From Ist equation: I; =1,[ 1/(1-j2)]

Now:=0L[j13-12(1-j2)]+jl; and I3 =-1

or: L[(6+j3-72)/(1-12)1=j1 or L,=2+jl)/(6+jl1)=0.37£17.10°A

Vo=, -1) (1) =[ 0.37£17.10° + 1.£0°] (1£-90°)

Vo =1.36£-85.4°V




Problem 8.21

Find Vo in the network in Figure P8.21

j10
-j1Q -J1Q
|( ’o V4 o
AN | | AN
K +
10£0°A 10 20 % j10 10 Vo
20 . | 1 )
A AN o
Figure P8.21
Suggested Solution
j10
-jlQ -jl1Q
|( ’o V4
AN | | |
° +
10£0°A <D I, 10 § L 20 % j1Q L 1Q §\10=(1)I3
g
I, =10£0°A (D)

0=-1,+1,(3+j2) +J1I; (2)

0- 1L, + 13(2) 3

Solve (3) for I, and substitute into (2) along with (1).
12=(G2)I3

0=-10+[(3+2)({2) +jl]l; = I; =10/ (-4 +7) = 1.24/-119.74°A

Vo=(1)I; = 1.24/-110.74°V




Problem 8.22

Find Vo in the network in Figure P8.22

1Q

10£0°A

©

NV

71

fite}
T

1Q § § 2Q 2Q Vo

10

y

4

Figure P8.22




Suggested Solution

10 A o0 10 o0
N X AV —¥ x.—f‘lmmt_
+
H10 ~ 1Q § §2Q 2Q Vo
0 -
10£0°V Y 10
S 28R
A'
Thevenin Eq. at A - A'
AN o o 0
Voc = (- jD/(1 - j1) (10) = 7.07£-45°V
1Q +
10£0°V 10 =< Voc Zth=1[ (D) =12-j1/2Q
o)
12Q -12Q . jlQ )
20 219)
AN— T — ¢ A=
+
+
C_>7.074—45°v L 1Q§ §2Q L, 20 Vo
10 ]
28R o

7.072-45°=1,(1.5+2.5-J1L (1)
— il L+ 1, (4+2) )

Solve (2) for I; and substitute into (1), solve for I,
7.07/4-45°=[(2-#4) (1.5+2.5-jD] 1, = [13-12] 1,
L, =(7.07£-45°) /(13 - j2) = 7.54/-36.25°A

Vo =212 = 1.08£-36.25°V




Problem 8.23

Find Vo in the network in Figure P8.23

10
-le ™\
1£0°A . 20 - 20 20

Figure P8.23 \~ j1Q




Suggested Solution

A 10
S
+
-0 TS 20 Vo
1£0°A . 20 - 20 20

" \_le‘/

Thevenin Eq. at A-A'

4 Voc = (-j1) (1) = 1£-90°V
-0 ~ 1L0°A Voc Zth=-1Q
- «—— Zth

New Circuit

/ 1Q 1

| .
AN AAVAY > °

1£-90°V
Q Vo=21
20 - 20 20
[ ] [} -
238 2580 0

"

1£-90°V=13-j1+12-2+32)-j11-j11
(induced)

1=12-90°/ (3 - jl1) = 0.32£-71.57°A

Vo =21=0.64/-71.57°V




Problem 8.24

Find Vo in the network in Figure P8.24

/ le\

PO
|( _
AN r—
-0 +
+ ~-j

C_) 20 20 o

10£0°V -

o

Figure P8.24

Suggested Solution




20 Ay 0
v |( _
AN——%— T — T X
- 20
<+> T -20 20 Vo
10£0°V -
v,
N\
A
Thevenin Eq. at A - A'
MN— | |
2Q Voc =10 (- j2) / (2 - 2) = 7.07£-45°V
10£0°V - po AN Voe . .
Zth=2| (-2)=1-j1Q

New Circuit
10 -l . .
_]ZQ . I{ . 20
—AA—] [4 n—
- 20
+ /
<_> b 20 Vo=21,

7.07£-45°V

7.074-45°=1,(1-jl+2-2+2+2)-jl1,-j11,
(induced voltages)

11 =(7.07£-45° / ( 3 - jl) = 2.24/-26.5T°A

Vo =21, =4.48/-26.57°




Problem 8.25

Find Vo in the network in Figure P8.25

FORN
o
‘ +
10040%@) C)zoozo"v
% §29 Vo
100 AT~ - 100 ‘ ‘
o

Figure P8.25




Suggested Solution

A
\
X

P20
100.£0° 200£0°V | d * . 20
50 % P20 Vo
100 - jl0Q _
1.

s
M-

/\
A
o
+ 1= (100 - 200) / (10 - j10) = 7.07.£-135°A
100£0°V 200£0°V _ ,
Voc =200 - j101 =150 +j50 V
. Voc Zth=10 || (-10) =5 - j5 Q
1
10Q T -jloQ <~ Zh
o
New circuit
20
AMA—¢ A
I\
50 -j5Q . . *

Voc("') I 50 1002 Vo =21,
— 1 J J2Q )

Voc=1,(5-5+i5)-2L (1)
0=-2I, + L, 2 +2) )

Solve (2) for I; and substitute into (1) to get I,

L=5L1-j)
Voc=[(1-jD)5-2]12=(5-iN 1,

L, = (150 +j50) / (5 - 7) = 18.38./72.90°A

Vo=21,=36.76£72.90°V




Problem 8.26

Find Vo in the network in Figure P8.26

20 \
40

+
48400\/(_

AN— W\ - S
20 20/ 20 +
% 20 .
) 40 g §4Q 60 § Vo
12£0°V
o
Figure P8.26

Suggested Solution




20

+ .
4840°v<_> HQ

12£0°V

jZQ\

VY Ak
NN— XYW
20

S

Thevenin equivalent at the input

Voc=[(48-12)/(2-2+2) ] (2 +12) = 12+36

Zth=(2-2)[@) /2 =2+2

20 20

12 + {36 C)

AN T A
20 j

jAQ

Sy

12+36=(4+jo)l -212

=211 + (10 + j4)12
Nn=[Ao+@/R2112=2-3512
12+j6=[(4+j6)2-j15-12} 12
12=(12+j36) / (38 - j10)

Vo = 612 = 6 (12 +j36) / (38 -i10)

V=1579/86.31°V




Problem 8.27

Find Vo in the network in Figure P8.27

TS
e —e

10£0°V C) C)zomo"v
20 %2 20 §19 Vo
. [ ] [ ]
40 4Q %

Figure P8.27

Suggested Solution




- 4Q
1€ o
4
10£0°V 20£30°V I=(10£0°-20£30°/4 =12.39/4 /-126.21°
Q Voc  Voc =20£30° j4l =27.45/5.60°
40 0 Zth=j| (4-4)=4+j4Q
[ -
| o
New circuit
—NN— T
Q #Q 1Q p it

10
+ I
Voe C—) m 20
[ ]

Voc=1,(5+j6)-jl I, and 0=(5DI, +, 3+j2)  (1)and (2)

Solve (2) for I, substitute into (1) to get I, and Vo
L =1,(2-3) == Voc=[(2-]3)(5+j6) - jl] I

I,=Voc /(28 - j4) =0.97£13.73°

Vo =0.97£13.73°V




Problem 8.28

Find Vo in the network in Figure P8.28

N
|
5
Sity
e
5
5
M
s

13430%(

Figure P8.28




Suggested Solution

+
g O o3
20 Source (*)
13430°(D e 13430°A<>
-4 Transform
™ -jlo §1Q T-le

—

§le

+0

Teq=104£30°+10£0° =19.32£15°

- legq=(1-jDI1 = (1-j)/2-jD)Q
! Voc Voc=leq  Zeq=12.22/-3.43°V

<« Zh 7Zth = Zeq

O
20

10 / \-jm
Zeq AN |€ o
+

2
1Q _
AN——o

Voc =1, (Zth+1+2)+jl I, and 0=jl, + 2L,
I,=21, and Voc=[j2 (Zth+1+i)+jl]l,

I, =[Voc /(-3 +j12) J(2-j1) and I,=2.2/134.1°A and Vo=221/-134.1°V

Vo =221/-134.1°V




Problem 8.29

Find Vo in the network in Figure P8.29

P20
20 '/ \ o 10
AN a118 AN o .
10./30°

—_]1
0 % P20 % ~ R0 Vo

. 10.£0°
o -

Figure P8.29

Suggested Solution

20

N .

'\/\/\,g W AN o

10£30°

-jlQ
~ - 2Q Vo

10£0°

jlQ

L o

0=L(2+3)-jl1, ey
From (3) and (4)

-10£30°=-j1 I, + L(-1) (2)
we see that

10£30%-10£20° =15 (1 -j1) (3) Vo is independent of I1 and 12 !

Vo = (DI, + 10£0° 4)

From (3), Iy = (10£30° - 10£0°) / (V2)£-45°) = 3.662150° A

From (4), Vo = 3.66260° - 10£0°

Vo =8.76£158.80°V




Problem 8.30

Find Io in the circuit in Figure P8.30

/

20

ORE S

file)

\.1%

20

2Q

Figure P8.30

y Io

Suggested Solution

2Q

Substitute (3) into (1) to find I,

10=1,(3-j2)-J11, - 21,
0=1,3+j2)-jl1I, - 21,
Solve (2) for I;

L =L3B+2)/2+j1)

(D
(@)

3

10=[G+12)3+j2)/2+j)-2-j]L=0L[(-4+j12-2+jDHZ+jD))/2+]D]

L=Io=10Q2+jl)/ 2+’

L = lo =2.71./-49.40°
A




Problem 8.31

Find Vo in the circuit in Figure P8.31

j1Q
10 7N
VY ‘|
20 2Q
12£30°A . +
10£0°V\ _
20 )
Figure P8.31

Suggested Solution




Try to simplify the left side of the circuit

10£0°V 1Q Source
10£30°A ’ 10Z£0°A <D §1Q CD 10£30°A
transform
nt e 1Q
leq N
Teq = 10£0° + 10£30° Source
. 19.32£15°V
leq=19.32£15°A transform
New Circuit

5 N
4\/\/\1—,| ,_’\R/\I;

P20 20

+
(]
5 T s
19.32£15°V \ _
2Q )

Vs=1, 2+2)+jl -1, (1)
o=j1;,-L+L,3+1) (2

Solve (2) for I;, substitute into (1) to get I, and Vo
L=L@+jh/A-jl) == Vs=[2+2) 3+ /(1-j)+]jl-11]

Vs=L [2@3+jl)+jl-1]1=1,[ -3 +j7]

L = 2.54/-98.20° A




Problem 8.32

Find Io in the circuit in Figure P8.32

-jl0 / 20 \ - 30

102£0°A *

|(
I\
[ )
20 20
1Q 30

I .
/'|\ -12Q Io

Figure P8.32

Suggested Solution

-jl0 20 \ - 30

10£0°V C‘

20 20
.

/|\ - 20 Io

10=1,(1-j)+To@@+jl) (1)
0=L(2+iD+10(3-13) (2

Solve (2) form Io substitute inti (1) to get lo

I,=To(1+jl) = 10=To[ (1 -1)(1 +jl)+j3] =To (2 +3)

To=10/(2+3)

lo=2.784-56.31°A




Problem 8.33

Find Vo in the network in Figure P8.33

5Z0°A

+ —_ +
10£0°V \ _ T 40
20 1Q § Vo

520°V

Figure P8.33

Suggested Solution

Thevenin Eq. of left-side of circuit

4
W\I By superposition:

Voc = 10V2£135°[ -4/ (4 - )] + 5 [4 || -j4]
<+> 520°V -j1Q = Voe
10N2/ 1359V T

~
-— Voc = 10£0°V
- Zth

Zth=4| -#4=2-120

New circuit

- 20 20 0
_,\%\I K V/ \",—lH 5=1,(4)-L([2+2) 1

o 5=-L 2+ +L3B+il) ()

20
+ +
10£0°V C_) - 40 ;
I, 20 2 IQ§ Vo

520°V

Solve (1) form I, substitute into (2) to get I, and Vo
L=[5+L2+2)]/4 = 5=L[B+jD)-Q2+R)Q2+2)/4]-2+]j2)(5/4)

L(3-)=75+125 = L=(7.5+2.5)/ (3-jl) = 2.5/36.87°A

Vo=(1)I,=25/36.87°V




Problem 8.34

Find Vo in the network in Figure P8.34

N

(
° Io —le +
kite) kite)
IQ§ | IQ§ 10£0°A Vo
Figure P8.34

Suggested Solution

Thevenin eq. for left and right side of circuit

10£0°A

New circuit

Voc

Voc =10£0°V  Zth=1Q

* Zth

£

NN

1Q

‘]Q

W\

1Q

10=0LEG +j) - 122 +j)

i1 10 *
1020V h L)Y 10=-L,2 +jl) + L(3)
" n 1 J 2
_ 20 - _ ) 1020°v
solve (2) for I,

I, =(10 +3L) / (j1 +2)

10=10+3L)[ G+ /Q+jD1-LQ2+jD=10[G+j)/Q2+j)]+L (6-jl)/@+jl)

L=[ 102 +jl) - 1033 +j1)]/ (6 - jl) = 1.642-170.54°A

Vo= (D, + 10 = 8.38/-1.85° V

(€))
@)




Problem 8.35

Determine the impedance seen by the source in the network shown in Figure P8.35

10 -lev/jZQ \
W1 /

+
12040%(_) 20 40 40

\
B o
Figure P8.35
Suggested Solution
10 -le'/ 2 \
MA——|¢
I\
ST i
12040%@) fi jZQg j4£2§ §j4§2 @ |
. £ 20
L /|\

<%

120=1, (1+12)-21, ; 0=-2I, +j5, +21; ; 0=32L, + 52 +j3) (1) (2) and (3)
solve (3) for I, and usbstitute into (1) and (2)

L =1;(-3/2+j1) = 120=1,(1 +j2) +I3(2 +j3); 0=-2I, +I5(-5-11/2j) (4) and (5)
Solve (5) for I; and substitute into (4)

I; =421, / (-5 -j11/2) = -j41, / (10 + j11)

120=1 [ 1 +12+ 2 +3)(4) /(10 +j11D)] =L,[(10 +j11)(1 +j2) + 12 - j8] / (10 +j11)
120=0[1+2+Q2+3)-J4)/A0+I1D] =1, [(10+J11)(1 +J2) +12-J8] / (10 +J11)

Zoouree =120/ 1, =(10-22+j11 +j20+ 12 -j8) / (10 +j11) =(G23)/ (10 +j11)

Zource = 1.56£42.27°Q




Problem 8.36

Determine the impedance seen by the source in the network shown in Figure P8.36

10 -lev/JZQ \ |
N 14
I\ |
[ ]
+
12040%(_) i 20 20 § 0

Figure P8.36

Suggested Solution

P LA

Q
L4 |
1
12020°W _ i 20 pa (1, it

120=1, (1 +j1)-jl I, ; 0=+II, + 2, -jl I3 ; O=jlL, + I3(1 +j3) (1) (2) and (3)
solve (3) for I, and usbstitute into (1) and (2)

L, =1;(-3-j1) = 120=1,(1 +j1) + I3(-1-j3); 0=-j1I, +15(25j) (4) and (5)

Solve (5) for I; and substitute into (4)

L;=Hl1I, /(2 +j5)

120=1, [ 1 +jl - (A +3)GD / 2+ =16/ (2+]5)

Zsource =120/ I1 = (] 6) / (2 +J5)

Zource = 1.11£21.8°Q




Problem 8.37

Determine the input impedance Zin of the circuit in Figure P8.37

10 10 10

o—"\V\ 411k NV

[ ]
T~
—_— —l—
j2£2§ -0 TN §2§2

Zin

Figure P8.37

Suggested Solution

Thevenin's eq. at right side of circuit

1
’\/(\2/\: Zth=1+Q| -2 =1-(@)/Q-2)=1+1-jl=2-j10Q
Zth - AN 20
—
New circuit

10 ite)
215 e
U

20
NW— — W\
j1Q . . . .
+ I . —_ji0 Vx =1, (1 +j3) - 21 +jlI, +j1d, - 1)
Vx\ _ x 20 I ™ 0=1(2+jl) -j21, - jlI,

Solve (2) for I and substitute into (1)

[=PBL/@2+jl) = Vx=L[(1+3+2) B3){3)/2+j)]
VXx=L[1+{5+(9)/Q+j)]=[Q+jl0+jl-5+9)/Q2+j)]1, = (6+]jl1)/@2+]jl) I,

Zin=Vx /I =(6+jl1)/ (2 +jl)

Zw =5.60£34.820°Q




Problem 8.38

Determine the input impedance Zin in the network in Figure P8.38

S

J1IQ T
1Q '/
o—ANN—— T —
[ ] [ ]
20 20
Zin 1 1
- 5 -2Q T -jlQ T
O
Figure P8.38

Suggested Solution

'/ Jj1Q T

L
2Q

-lite

SR

Vx =L, (1-2)+2L ; 0=2I -jlL, +2 I,

solve (3) for I, and usbstitute into (1) and (2)

(1) (2) and (3)

L=1-1+jl)/2= Vx=I(1- 2) + Ii(-1-jl); 0=1L +15(1/2+52j) (4)and (5)

Solve (5) for I; and substitute into (4)

L=+4L, /(1 +j5 = Vx=L[1-2+{+j)HA/(1 +]5]

Zin=Vx /L, =[(1-2)(1 +i5) -4+ 1/(A+i5 =T +iT/(1+]5

Zin=1.94/-33.69°Q




Problem 8.39

Given the network shown in Figure P8.39 determine the value of the capacitor C that

will cause the impedance seen by the 2420° V voltage source to be purely resistive. f =
60Hz.

joM = j6Q

60

1
—AA—(
1/(joC)
. . 10Q
O
24/0°V \ _ jlQ %

Figure P8.39

Suggested Solution

1/(joC) Zin=24/1,
. . 10Q

o+
10£0°V (_) 0 % % o0 @

24=1,(12+ j1)-j6 I, and 0=-j6I, +1, (14 +j(56 -Xc)) (1) and (2)
Solve (2) for I, and substitute into (1)

I, =j6I, /[14 +j(56-Xc)] => 24=1, [ 12 +jl +36/ (14 +j(56 -Xc) ]
Zin=24/1,=12 +jl + 36/ [14 +j(56 - Xc)] =Rin + j0

Thus,
36/[14+j(56 - Xc)]=R-J1  where Rin=12+R

36=14R+56 -Xc and 0=R(56-Xc)-14 (3) and (4)
Solve (3) for Xc, substitute into (4) to find R

Xc =14R+20 => 0=R(56 - 14R - 20) - 14 => 14R*-36R +14=0

R= {2.094Q, 0.478Q} Xc = {49.316Q, 26.692Q} C = {53.79uF, 99.38uF} Rin= {14.09Q, 14.48Q}




Problem 8.40

Analyze the network in Figure P8.40 and determine if a value of Xc can be found such
that the output voltage is equal to twice the input voltage.

1Q . 00
AAVAY, N ©
j1Q 7
+ I )j2Q JXcQ 7T
O () . 0
| ;
Figure P8.40
Suggested Solution
1Q .
o 20
ANN——T1 1 0
y oA Vo =1, (- Xc)
J1Q -4
v <+> I, \jQ S ~gXeQ T Vo
‘ ()
| 5

V=1, (1+2)-12L+jl 1,
0=-j2I, +12(j4 - jXc) +jl (I, - 1)

(DL =1, j3 -Xe) => V=1L[(3 - Xe)(1 +2) -jl]
Butl, - Vo/ (-jXc) so V=[] Vo/ (-jXc) ] (3 +j6 -Xc - j2Xc - j1)

And Vo/V=(-jXc)/(3-Xc+j(5-2Xc))=Xc/[-5+2Xc +j(3-Xc)]
For no phase shift between Vo and V1
Then
3-Xc=0=>Xc=3Q
Vo/V =Xc/(-5+2Xc)=3/(-5+6)=3
No value of Xc exists such that Vo =2V
If we allow phase shift, then,
| Vo/V|=2=Xc /(-5 +2Xc)* + (3 -Xc)* => 4 (34 - 26Xc + 5X%c) = X’¢c
19 X%c - 104Xc + 136 =0 and Xc =3.31Q and 2.14Q

There are 2 values of Xc for [Vo/V| =2

Vo/V=(3.31) / (1.62-0.31)) =2210.8° and Vo/V=(2.161) / (-0.678 + j0.839) = 2./128.9°




Problem 8.41

Two coils in a network are positioned such that there is 100% coupling between them. If
the inductance of one coil is 10 mH and the mutual inductance is 6mH, compute the
inductance of the other coil

Suggested Solution

k=X k=1,M =6mH,L =10mH




Problem 8.42

The currents in the magnetically coupled inductors shown in Figure P8.42 are known to
be 1;(t)=8cos(377t-20)mA and i,(t)=4cos(377t-50)mA. The inductor values are L; = 2H,
L, =1H, and k=0.6. Determine v, (t) and v(t)

in(0)
| —O > —————O0— 1
! L+ o |
| : ° . : :
o L % g S S
: i—_O < oO— j
i)
Figure P8.42

Suggested Solution

, in(0

For the coupled inductors, ! —o0 > o—! :
. S L
i)(t) = 8cos(377t - 20) mA, and | | o o | |
| | |

o - A v L L, o | B
i(t) = 4cos(377t - 50) mA, L, =2 | ; va(t) ! !
| | | |

| | | |

L, = LK=0.6, and v,(t), v,(t). | —0 | | - o— !
\\ o lz(t) N /

Mutual coupling M =0.6+/2.1=0.85
Then

_ Lidii(t) di2(t)
Vl(t) =—a ! —MTI

vi(t) = 24 (8cos(377t —20°)) — 0.85 <% (4 cos(377¢ — 50°))mA
vi(t) = —6sin(377¢ —20°) +1.3sin(377¢ — 50°)

_ —Ladi2(1) dii(t)
Vz(f) = 7 +M 7

vi(t) = 1.68in(377¢ — 50°) — 2.6 sin(377¢ — 20°)




Problem 8.43

Determine the energy stored in the coupled inductors in Problem 8.42 at t=1ms

Suggested Solution

il (0
! —O0 > — !
! L+ o |
| : o o | :
| | ! |
| L |
| A i vi(t) 1 L, W) | B i
| | |

‘ |
L | —
| :_O < O_\\ /‘
i)

Find energy stored in inductors of P8.42 at t=1ms

At t = 1ms, ot = (377)(0.001) = 0.337rad = 21.6°

then, i;(t=0.001) = 8cos(21.6° - 20°) = 8.0 mA
(t=0.001) = 4cos(21.6° - 50°) = 3.52mA

and @(t=0.001) = 1/2 (2) (2mA)* + 1/2(1)(3.52mA)? - 0.85(8)(3.53mA)’

®(t=0.001) = 46.3 puJ




Problem 8.44

If L1 =L2=4H and k = 0.8, find 11(t) and 12(t) in the circuit in Figure P8.44

ii(t)

2002

Icos(100t)V C)

iy (1) M
—A\N « Y \|

Figure P8.44

Suggested Solution

Convert to frequency domain!

lcos(100t) -=> 1£0°; iy(t) > 1, ; i(t) ->1, M=k (LL,)"*=3.2H

3200

A A A i;(t)

200Q

¥\

R ONOINE RO S

io(0)

4000

1/0° = -1, (200 + j400) +j320 I, and 0 = 1,(320 + j400) -j3201,
120° =[(-1.25 +j1)(200 + j400) + 3201 I, I, =1, (1.25 -jl)

L =1/(-650 +j20) = 1.54/-178.24° mA

I, =1, (1.25 - jl) = I, (1.60£-38.66°) = 2.46./143.10° mA

i(t) = 1.54 cos(100t -178.24°) mA

i,(t) = 2.46 cos(100t +143.10°) mA




Problem 8.45

Determine the energy stored in the coupled inductors in the network in P8.44

Suggested Solution

M
o ¥ N i
> — > O0— L1=12=4H k=0.8

| . M=32H
| ng %I—a ; :

From problem 11.32, i;(t) and ,,(t) as defined here are

i () = - 2.46 cos(100t + 143.10) mA

ib(t) = 1.54 cos (100t - 178.24) mA
o(t) = 1/2 L1 L 1(t) + 1/2 L, £25(t) + Mi, (t)iy(t)

Evaluate at t = 2ms

©(0.002) = 3.71 pwJ




Problem 8.46

Find all currents and voltages in the network in figure P8.46

I I,
— AN 12 >
22 ‘ v 10
ovf +
24430 v(_) v v,
.‘ [ ]
ARl "
Figure P8.46

Suggested Solution

FindI;, I,, V|, V, 20
+
For the secondary +
_ \4
Z=(12+4)/ (2} =3+] 24230°V
|
L ‘
<—

In the primary, I, = (24£30°) / (2 +3 +j) = 4.7£18.7°A
Then V, = 1,Z, = (4.7£18.7°)(3.2£18.4°) = 15/37.1°V

And V, =2V, =30£32.1°V, 1,=1,/2=2.35/18.7°A

12

120




Problem 8.47

Determine 11, 12, V1, and V2 in the network in Figure P8.47

%L, 2:1 IE
20 N N
0 + *
10£30°V _ \Y/ v, 20
o
Ideal
Figure P8.47

Suggested Solution

10
4\/\/\,L, 2:1
+
+ [ ]
— Vl% 7, =20, n=L172, Z,=Z/n,=8Q
10£30°V
- V, = 10£30°[Z, / (Z, + 1)] = 8.89£30°V
Ideal

I, =(10£30° /(1 +Z,) =(10/9)£30°A=1.11£30°A

LL=-1,/n=-222/30°A=2.22/-150°A

V,=-nV, =4.44/-150°V




Problem 8.48

Determine Vo in the circuit in Figure P8.48

—AA— H 12 L
Qo * 10
10£30°V C) % % %

+
20

[ ]
Ideal O
Figure P8.48
Suggested Solution
— AAN— 12 L
. : AN o
Qo * 10 ~
N -
10£30°V C)
20
0 -
Ideal® O
NN |—\W |
+
40 40 10
10£30°V,
20 % Vo

Vo=-20£30°[2/(5-12) ]

Vo =17.43/-38.20°V




Problem 8.49

Determine 11, 12, V1 in the network in Figure P8.49

Il Iz

AMNT—— 12 < AR
20 * .
+ +
o + -
10£30°V C_) < v v .
10 JHAQ
\

Ideal O

V|

Figure P8.49

Suggested Solution

A L 40

NN— 12 —~——
20 +° . Z=4+4Q n=2

+ 1 _ 2 _
<_> — V'g §V2 | Z =7/ =1+1
10230°V H10 $o

X
\
Al

Thevenin Eq. at A-A'

A N Voc = 10£30°] 5142 - j1) ] = 4.47£-33.43°V
20
516 voe Zth=2 || (1Q) = (-2)/2 - j1) = 0.89.£-63.43°Q
Y
New Ciro

3\

-—

10£30 Zih

ew Circuit
I
Zth >

I, = Voc / (Zth + Z1) = Voc / (0.4 -0.8 + 1 + j1) = Voc / (1.4 +j0.2)

I, =3.16£-41.56°A

Vi =1,7,=4.47/3.44°V

V,=nV, =894/3.44°V L=-1,/n=1.58/138.44°A




Problem 8.50

Determine I, I, and V; in the network in Figure P8.50

10 1, 10 12 20

10£0°V

Ideal
Figure P8.50

H10




Suggested Solution

12 1,
NN—T77—

2Q

Vs j1Q V, ;:-le

10£0°V

Ideal

ZL=2+(1] (1) =2Q n=2 Z,=Z/n’=120Q

Thevenin equivalent at A - A'

1Q
W\’ + Voc = 10[ (5j1) / (1 -jl1) =5 -j5=7.07£-45°V
10.20° 10 A~ Voc Zth=1| (D) =GHD/A-jH)=12-12Q
<— Zth
New circuit
20 IR
Zth I = Vi _ o p
+ Aa=Voc/(Zth+1+27Z,)=7.07£-45°/ (2 - 1/2))

+ ZA I, =3.432-30.96°A
Voc \ - Vi
Va

V, =141 +Zy) = 3/2 1, = 5.15/-30.96°V
1, =V, / (1) + 1, = 5.15259.04° + 3.43/-30.96° = 6.19.25.380°A

Vg = -0V, = -2 (I, Zy) = 3.43£-149.04°V

Ig =-I, / n=1.72£149.040°A
In the secondary since j1 || (-j1) =, V, =V =3.43/149.04°A

L=V, /(1) = 3.43/-120.96°A




Problem 8.51

Determine I, I, Vi, and V; in the network in Figure P8.51

I,

J 32Q

e + o
1oogoov<+ ~-i800 C_) 220£0°V

S
V|

‘ Ideal ‘

Figure P8.51

Suggested Solution

NN— NN

480+ 320 n=4

(9) —— (9)
44020°V C) v, - Cr) 220£0°V
8002

I, = (440 - 220) / (80) =2.75£0°A 'V, =220 + 321, = 308£0°V

V, =V,/n=77£0°V I, =-nl, = 11£180°A




Problem 8.52

Determine the input impedance seen by the source in the circuit in Figure P8.52

AN— 12
[ ] (]
+ +
Vs <+> \ v, o
\ \
‘ Ideal ‘
Figure P8.52

Suggested Solution

1Q 20

I\/\/\I 12 _/\/\/\,___

Z,=2+jlQ n=2

°
. Z,=7, /0> = (2+]j1)/4=05+j0.25
vs [+ jlQ

Zin=1+27,=1.5+j0.250

Zin




Problem 8.53

Determine the input impedance seen by the source in the circuit in Figure P8.53

4Q

— §ZQ
™ -2Q

‘ Ideal
Figure P8.53

Suggested Solution

L 4:1 40

1Q F\A/\ﬁ ZL=1+2] (2)=2-j1Q
+ +
o
Ve C+> 1 o DElA
_ H1Q AN VI V2 T~ 20

Z1 =71/n2 =32 - j16Q

Ideal

Zin Zin=1+(Z1 || 1)) =1+ (-16 -32) / (32 - j17) = (16 - j49) / (32 - j17)

Zin = 1.42/-43.94°Q)




Problem 8.54

Determine the input impedance seen by the source in the network shown in Figure P8.54

200 2Q -2Q

AN 2 A

NCRE R T

jlQ
[
Ideal Ideal |
Figure P8.54
Suggested Solution
Zs
20Q 20 -2
NVN— 21 ’—‘\/\/\/—l 1:4
) [ ] ‘ [ ] ¢ ‘ ¢ 2Q
O
Vs \ _
jlQ
—>
—> —> —>
Ideal Ideal I
Zl ZLZ ZZ ZLl

Z,=2+i1Q n=12 Z,=7,,/n% =2 +jD/(1/4) =8+ j4Q

ZL2:2'_].2+%:10+_].2Q n1:1/4 le ZL2/n12:160+j32Q

Zs =20+ Z, = 180 +32Q




Problem 8.55

Determine the input impedance seen by the source in the network shown in Figure P8.55

-j1Q j1Q
|< 2:1 i 14

320

160

[ ]
20
Ideal AN Ideal J

Figure P8.55

Suggested Solution

-j1Q j1Q

|€ 2:1 ’—WW 1:4
. A | 320 n, =4
+
Vs C—) 3 % % n = 1/2
. 160
— —> L—»
Ideal
"M '

Zs Z 7y, Z, Zi,

—> >

Ideal

Zi,=32-j16Q Z,=7Z;,/n° = 2-jlQ

7 =2+jl+2,=4Q Z,=7;,/n*=16Q

Zs =16 - j1Q




Problem 8.56

The output stage on an amplifier in an old radio is to be matched to the impedance of a
speaker as shown in Figure P8.56. If the impedance of the speaker is 8 ohms and the
amplifier requires a load impedance of 3.2 K ohms determine the turns ratio of the ideal
transformer.

n:1
—
[ ) [ )
Amplifier
I
Ideal
Figure P5.56
Suggested Solution
n:1
| j‘ Speaker = 8Q
| )
| i R, = (1{Spcakcr)n2 = 3200
n* = 400

n=20




Problem 8.57

Given that Vo =48230° V in the circuit shown in Figure P8.57, determine Vs

60 -6 I,

L
— ANAN |< 12 > O
+ o + +
+
<_> v, v, 24Q
\
| °
Ideal - b
Figure P8.57

Suggested Solution

AMN—]—, 12
Vs <+> : Vo
. |

If Vo =48.30£30°V, find Vs

@

If Vo = 48.3030°, 1, =2/30°
V,=-V,/2 =-24/30° 1,=-21,=-4/30°V

Then Vs =V, + 1, (6 - 6))

53.66£-175.7°V




Problem 8.58

If the voltage source Vs in the circuit of Problem 8.57 is 50£0°V, determine Vo.

Suggested Solution

60 -i60)

M, 1
NCRO N k1ot

If Vs =50£0°V, find Vo

I, = (50£0°) / (6 - 6] + 24/4) = 3.73£26.6°
Thenl,=-1,/2=- 1.86£26.6°

Vo=241,

44.72/-153°V




Problem 8.59

Determine Vs in the circuit in Figure P8.59

13
— AN A o
1Q 20 1Q +
Ve <+> jl1Q Vo=1/45°V
= |
* | Ideal | o
Figure P8.59
Suggested Solution
13
— AN A o
1Q 2Q R (¢ + B
Vs <+> @ v % %Vz jlQ § Vo=1/45°V
* | 1deal o

L =Vo/(jl) = 1/-45°A V,=1,(1 +jl) = 1.41V

V, =-Vy/n =0.472180°V I, =-nl, =3/135°A

Vs=1, (1 +j2) +V, =6.71/-161.57° + 0.47£180°V

Vs =7.16£-162.76°V




Problem 8.60

Determine Is in the circuit in Figure P8.60

€ 2 MW

16 | 10 L=1/-45°A
Is <D § 10 fite)

Ideal
Figure P8.60

Suggested Solution

I§ 12 NV

1Q L=1/-45°A

V, = (1 +jDL = 1.4120°V  V, = Vy/n = 0.707.£0°V
I, =nl, = 2/-45°A
Vs =V, -jl I, =0.707£0° + 2/~135° = 1.58 /~116.57°V

Is=Vs/1+1,

lo=2.912£-75.95°A




Problem 8.61

Find the current I in the network in Figure P8.61

C—I) 12£60°V

- f&m My
40 |
[ ] [ ]
44—45°A<D m
-4Q
20
I
\ A
Figure P6.61

Suggested Solution




8Q 4Q

—VW—/— VWA

12

4Q

O §H g, O e

20

\|
/1

Refer primary to secondary
Isec = Lyim /0 Zsec = Z n’

8Q 4Q

NV AV

8Q

O
2/-45°A

8Q Vi

Source transformations

8Q i8Q 8Q

—NW—TTT— W i
+
16(2)"22£0°V (_) 40 3/60°A

Another source transformation

‘ 1602

[16(2)"21/(16 +j8)
<D §4Q T 0

o
3Z£60°A 8Q

A S S
Ieq Zeq

YI

Teq = [16(2)"21/(16 +i8) - 3.£60° =3.19/-96.64°A  Zeq= 4/ (16 +j8) =3.32£4.76° Q

1=1leq [ Zeq/ (Zeq - j4 ] = 2.13£-43.50°

1=2.13£-43.50°A




Problem 8.62

Find the voltage Vo in the network in Figure P8.62

-4Q 10

‘—‘le— 20 I 14 O
(] [ ] ¢
16Q Vo
O - || -
p— —O_
24/0°V
. = 82
20
Ideal ,\/\/\’ Ideal
Figure 8.62

Suggested Solution




40 jlQ

—E— 2 e 14 .
| :
[ ] °
16Q < Vo
O - -
24.20°V N7
o -j8Q
20
Tl IW\’ T2
Refer primary circuit of T1 to secondary: n; = 1/2
Viee = Vprim 1 Zsec = Zprim n’
Jﬂ? iQ 1:4
1< 2tk n
[ ]
Vo
+ 16Q
12£0°V _ -
20 *_i8Q
NV -
Refer primary circuit of T2 to secondary: n, = 4 (Dots reversed!)
320
NN Vo=-48[16/(48-i8)]1=-96/(6 - jl)
+
16Q Vo )
.8 Vo =15.78£189.46°V

Q
|( )
AN



Problem 8.63

Find Vo in the network in Figure P8.63

A S o
°

40
[ ]
Vo
40

120£0°V
|( * e c
AN I O
Ideal —
80 -~
YT
40
Figure P8.63
Suggested Solution
-6
A 2 ﬁ%
+
a0 . n, =172
40
120£0°V ‘ § Vo n, =12
I( L ] L ] -
T
80 T2 —/——— 2:1
000
Refer primary of T1 to secondary
and secondary of T2 to primary.
40
000
10 20 -i6Q
I( I( o .
,\N\I I\ AN 4 Vo =(-60) (4) /(6 -2 +]2-3j6)=(-40)/ (1 -j1)
0L0 40 é Vo [Vo - 2828135 v
10 20 ]




Problem 8.64

Find Vo in the circuit in Figure P8.64

1.6Q2 §

120£0°V

-j1.2Q -j12Q
| ¢ 12 | ¢ o
AN AN ©
[ ]
% 20 § Vo
-18Q 60 ]
iAAY, NV O
Ideal
40
-j4Q
Y4
I\
Figure P8.64

Suggested Solution




Thevenin Eq.

Zth
+I\}/\0/C\’_ v Voc=120[4/(8-j4)]=120/(2-jI)
40 Zth=4|(4-H)=@4-#)/(@2-jD=24-/080
+
O ze
|(
I\
40
New circuit -
-j1.20 e
I/ 12 | €

Voc

o el -

Refer secondary circuit to primary

|( |(
Zn —VWW—C AN
1.6Q  -l.20 30 "
Voc 120 < Vo2
320 )

Vo/2 = -Voc [ 0.5/ (3.6 - j4.2 + Zth) |

Vo =6.81£-113.630°V




Problem 8.65

Find Vo in the circuit in Figure P8.65

|(

12

+
2420°V C_

m§

I\
- 20

==

—_]1

T —

_/\N\,_ Ideal W

2Q

)

§1.6Q

Vo

2Q

03 S

§ 20

Figure P8.65




Suggested Solution

Two thevenin eq. circuits

Zthl

Zth2

Vo

R o
ooV o} Voc = 1220°V
Zth1 =212 =1Q MV
0 20
24/0° 20 § 20 §
New circuit -il0
|( |(
AN . AN
-0 * +
10 § 3 % 20 § Vo
1Q /—\ 4 )
N U Zth2
12£0°V
580 S0
40 8 J
MA——¢
1€ 1€ .
+
2440°V<_> les vo
Zth2

S

Zth2 =2 || 2 +12)

Zth2 =2 +2) /(2 +j1) Q

Vo= -24[1/(9-19+Zth2) ] = (202 +j1) /[ (9- N2 +jl)+2+2]=(24(2+]j1)) /(18§ +9+2+9 - jI8 +]2)

Vo =(-24) 2 +j1) /(29 - {7)

Vo =1.80£-139.86°V




Problem 8.66

In the circuit if Figure P8.66, if Ix = 6 £45°A, find Vo.

@+ vo -0
- J4Q
4
N 15 — AR 15 —]—
20 40
° ° -jZQ ;: * ®
n 40
Vs \ _
20
Figure P8.66
Suggested Solution
40 + Vo - -1
2{2\/\’ 12 M J_ :\‘{)\/\' 12 |E Ix = 6£45°A
. . -0 * : _
; 2 ||E FE ze we
Vs (_) N, =2
20
1 T

Refer primary of T1 to secondary and secondary of T2 to primary

—\N\ NN NN
8Q 40 J_ 40 J_ .
P20 10
2Vs <+>
20 10
Ix

L

Vx =Ix (2 - 2) = 645°(2 — 2) = 16.97/11.31° V

Vo=Vx[4/(@4+1-j1)]1=4Vx/(5-jl)

Vo=1331£11.31°V




Problem 8FE-1

In the network in Figure 8PFE-1 find the impedance seen by the source.

40 M 100mF

I
+ 3 £
24 cos(2t + 0°)V<_> ) B § "

k=0.5

Figure 8PFE-1

Suggested Solution

Since M = k(L,L,)"? =(0.5)(2) = 1H

40 100mF

2 | E
Vl = (4 +.'2)Il - J212
[ ]

0=-2I, + 5+,
+ .
I, = G21,)/(5 +33)

24 cos(2t + 0°)V

Vi=@+2D1,-2G2) / (5+3) [[=[4+12+4/(5+13)]

Zs = V)/I, = (18 + 22)/(5 + 13)

| z=4s88/19°0 |




Problem 8FE-2

In the circuit in Figure 8PFE-2, select the value of the transformer’s turns ratio n = N,/N;
to achieve impedance matching or maximum power transfer. Using this value of n
calculate the power absorbed by the 3-Ohm resistor.

20

—’\/\/\,—fm\— NN, ‘l

480 320 .
12040°VC> % ‘ % §2§2

Ideal

Figure PSPFE-2

Suggested Solution

The reflected impedance is Z = Z;/n

The value of n that will make the reflected impedance the complex conjugate of the
impedance in the primary is:

n="% ie. (1/4)" (48 +j32)=(3—j2)* and Psq = (1/2)(120/96)*(48) =37.5W




Problem 8FE-3

In the circuit in Figure 8FE-3, select the turns ratio of the ideal transformer that will
match the output of the transistor amplifier to the speaker represented by the 16-Ohm
load.

a:l

1KQ
+
0.04Vx . .
Vs 5KQ < Vx (156(2 aker)
10KQ P
‘ Ideal

Figure PSPFE-3

Suggested Solution

a(16) = 10K => a=25




Problem 8FE-4

Find the power absorbed in the 1-Ohm load in the network in Figure SPFE-4

2:1

20 4o °

1Q

1220V, C)

A%

Ideal

Figure PFE-4

Suggested Solution

—ANN— T —

20 40

() Fe

1=1220°/ (6 + j4) = 1.6642-33.69°Amps

P = (1.664)*(4) = 11.1W




Problem 8FE-5

Determine the average power absorbed by the 1-Ohm resistor in the network in Figure
8PFE-5.

20

AN T — 21 ‘|%

120 j16Q ° ¢

WO e 5.

Figure PFE-5

Ideal

Suggested Solution

1=12/(16 + j8) = 0.07.£-26.57°Amps

P =0.5(0.67)%(4) = 0.9W




Problem 9.1

Determine the equations for the current and the instantaneous power in the network in Figure P 9.1

I
NV

4Q

+ .
12 £75°V C_D 130

Figure P 9.1

Suggested Solution

_1275" 1275 243814
4+ 3 5/36.90°
Liy=2.4cos(wt+38.1)A4
12x2.4

Pu=

(c0836.9° + cos(2mt + 75" +38.17))

=11.51+14.4cosQet +113.1)W




Problem 9.2

Determine the equations for the voltage and instantaneous Power in the network in Figure P 9.2

+
4Q
2/25°A <D v
jtQ
Figure P 9.2

Suggested Solution

V=1Z=(225)4+j4)=11370V
Luy=2cos(wt+25)A&V y=11.3cos(wt+7025 )4+ j4)=11 .3|7_0°)V

2x11.3
Pon=

[cos45" +cos(2wt +957)]

=8+11.3cosLawt +95 W



Problem 9.3

Find the average power absorbed by the network shown in Figure P 9.3

12Q

RORES

i

Figure P 9.3

Suggested Solution

Using Current division

o PB4+ 72) 89|-33.43°4
4— j4+ 2
Then
1

P IR =%(.892)<4) -



Problem 9.4

Given the network in Fig. P 9.4, find the power supplied and the average power absorbed by each element.

* 20
20
6/0°A A ,
-ji1 Q
X T
Figure 9.4

Suggested Solution

_@+2)2-j) _6+)2
2+j2+2-7 4+

Vi =IiZr = (6|_)(6 32%) 9.2(4.39°V

Ps = —(9.2)(6) cos(4.39° —0°) = 27.52W

L= (6|—)(2 ) _3.26/-40.61" 4

4+ 1
Looe+2) o, 30.96° 4
4+ j1

Pi= RS IR = [3.267(2) + (4127 ()]

Pi=[27.610|




Problem 9.5

Given the circuit in Fig. 9.5, find the average power supplied and the average power absorbed by each
element.

NV o

40

4,0° A v
sorx oo (B S

Figure P 9.5

Suggested Solution

NN o
4Q
= il Q% z1 2, = [(4 - RYGDY G-§2 +1) = 2+ 14) / (4-)

2iQ A~

2(Zy) 448
ZT: =
2+7Z1 10+ ;2

V =(40)(Zr)=3.5152.12'V
Ps = %(4)(V)cos(52.12° —0°) =43

120 =%=1.75 52.12°A4
1+

402, j1 :
lig=——"=(—)=.7878.69 4
0= Gy TR

Praa= %Ijg(z) = %(1 75)%(2) =|3.06W
P = Lo (4) = (T8 (4) -




Problem 9.6

Compute the average power absorbed by the elements to the right of the dashed line in the network shown
in Fig. P 9.6

20 “Q
12/30°V <+> 1 <+> 4,0°V
1 V4 AN, ——
: IX
10 4Q
| Figure P 9.6

Suggested Solution

20 #“O
PL=0W P.=0W
12/30°V <+> C+> 4,00V
- - Pri=(I’R))/2 Py, = (I"Ry)/2
| AN —
IX h
e 40

o 1230-40 _1230-40_8.77]43.19°

T 2+4+j4—j1  6+,3  6.7126.57
11=13116.62°4=>1=1.314

Pri= (%)(1 3122 =1.72W

Pri= (%)(1 31 (4)=3.43W

|PL= OW || Pc = OW | Pri = 1.72W || Pr2 = 3.43W |




Problem 9.7

Given the network in Fig. 9.7, determine which elements are supplying power, which ones are absorbing
power, and how much power is being supplied and absorbed.

1Q 20 il1Q
o + .~
1220°V C_) -2 Q 6£0°V
Figure P 9.7

Suggested Solution

The mesh currents are obtained from the equations:

(I - j2) i+ j2I2=12[0°
2L+ (2= j)l2= —6|_°

1 2 12L

or [pl= 4_]5[ ]2 1- ]2][ L

B [3.75 51.39°

= ]
2.1|-65.16°
Puis :%(12)(3.75)cos(0—51.39°) =[14.04W Su)]

PIQ=%(3.75)2(1): 7.03W Abs
Pzgz%(2.10)2(2): 4.41W Abs
P(,@=%(6)(2.10)cos(0+65.16°)= 2.65W Abs




Problem 9.8

Given the circuit in Fig P 9.8 find the average power absorbed by the network.

—

I

20

2O

+
12400\7(_) Q=] 6.,0° A

§49

Figure P 9.8

Suggested Solution

Vi The nodal equation is:

(Vy -12)/2+ Vy/ (<) + Vy/ (4+ 2) = 6.20°

Solving yields: V1=6.46 - j8.3V =10.52|-52.12°%

J. _6'426+ 83 _ 4 9915608 4
Lio= % ~2.35/-78.69"4
+J

Ps= %(12)(4.99) cos(0—56.28°) +%(10.52)(6) cos(—52.12° = 0°)

=16.62+19.38 =
Pass = %(4.99)2 (2)+ % (2.35)°(4)

=249+11.05=|35.95W




Problem 9.9

Given the network in Fig 9.9, find the average power supplied to the circuit.

silik

20
10
12£0° A
20 ,|\

o

<+> 4,0°V

Figure P 9.9

Suggested Solution

PLIE IS TE SRRy

1=J
JERE 21'54172_21?1 % _§-53.04
+J

Vi/ (1-2) + (Vi -4)/ 2 +j1)=12

SV =21.54 £-21.81°V

Ps = %(12)(21.54) cos(—21.81° —0°) =119.99%

1 A DR .
Pus = —(9.36)" () +— (8)*(2) +— (4)(8) cos 53.13

=46.37+64+9.6=(119.97TW




Problem 9.10

Given the circuit in Fig. P 9.10, determine the amount of average power supplied to the network.

)
NS

12£0°V
420 A<D 2Q§ %jlfl § 40

Figure P 9.10

Suggested Solution

V+12 \'%

(V,+12)/2+V,/j+V,/4=4

SV =(-8)/(3-4j)=-1.6£53.13°V

Vi+12

20 1= =5.56/-6.61"4

ls0 :%:—.4 53.13°4
Tolo = Ta—4]0° =1.65/-22.83°4
Ps = %(12)(1.65)c0s 22.83° +%(1 1.11)(4)cos(=6.617) = 31.19W

Pabs = %(5.56)2(2) +%(.4)2(4) =30.91+.32=(31.23W




Problem 9.11

Determine the average power absorbed by the 4-Q) resistor in the network shown in Fig. P 9.11

2Q

NV

76 * % [2Xe) <+>
4Q _~ 4/0° A 12.290°

Figure P 9.11

Suggested Solution

Let V1 be the voltage across the 4Q resistor.

v, n +V1—1zm:4
4 —j4 2
S V1=9.13)37.88V

lio= % =2.2837.88°4

Pia=—(2.28)'(4) = [1047]




Problem 9.12

Given the network in Fig. P 9.12, show that the power supplied by the source is equal to the power
absorbed by the passive elements.

[2Xe) 30
| ¢
|11

420° A 20 12£30°V

Figure P 9.12

Suggested Solution

'JQ

BO

an

+
4/0° A v 20 /& Vs
_ I,

2

N

12/30°V

Mesh Equations

L=404

—12|30° = 1,2+ jl1)-2I

Find I»

22012300 B0 1230, oy g 50
2+ 1 2+ 1

Find V

V =(I-12)(2) = (40" —2.89|-138.30°)(2) =12.90|17.30°F

Power Delivered by current source

Pr= %V]l cosf = %(12.90)(4) cos(17.35-0) =

Power Delivered by voltage source

Py = _%ngcose = —%(12)(2.89) cos(30—(~138.3) =

[Py =+16.9817 |




Power consumed by R

PL=0W Pc=0W
2
pr=tyrp 11220
2 2 2

Note Pr= Pi+ Pr



Problem 9.13

Calculate the average power absorbed by the 1-Q resistor in the network shown in Fig. P 9.13
2Q

I, '\ BOQ
> |— 1
12£0°V 20 10
Figure P9.13
Suggested Solution
Therenin’s Equation
2O BQ
- (&
AN .
+
12£0°V C_> § 2Q Voc
71 .
Zru
Voc =
+j2
Voc = ﬂ Voc =8.49|—-45V
2/2[45°
Zrn=—j3+(2// j2)
N J4 i 4|_ ) L )
T =—j3+ - —3+2/45 =—j3+1-j1
Bty =R las 45" = j
Zm=(1-j2)Q
10 2O
NN I( I .
Pr=I°R/2

n 10
g.48,45°v \ _




I 8.49-45"  8.49|-45 304

2-j2 22|45
Pe=3PR=(C)3 ()=




Problem 9.14

Determine the average power absorbed by the 4-Q2 resistor in the network shown in Fig 9.14

20
7o) n
§ . 4/0° A % 0o 12./90° V
40 N —
Figure P 9.14

Suggested Solution

2Q

A

|
|
49; -4 Q;: 40° A § 2o Ct) 12./90° V
|
|

Norton's Equivalent:

Vs

o T 2Q
12290 "Q ! 4200A Y
5C

Find Isc by superposition
Isci due to Is: Isci=1s= 4|Q°A

Isc2 due to Vs: Isc2 = % = 6@14

Isc=1Isci+ Isca=4+ j6A4=7.2156.31"




Norton Equation of Circuit

Zon N I5=7.21/56.31° A

® =z

V=1Isc[2//4//— j4]1=9.12[37.90°F

2
P4Q=l|V|
2

AY|
/1
T
N
AVAY
N
)

=10.400

2

Pia=10.40W



Problem 9.15

Find the average power absorbed by each element in the network shown in Fig. P 9.15

1220°V C‘)

NN T il

20 1o 1o
£ 10
A~ e 6/0° A §

Figure P 9.15

Suggested Solution

Find I,using source transformation

. L L2

1

——\W\ P10
20 it ¥

12£0°V C")

P.=0W
P,=P,=0W

. O

I
R, 1Q
iro
-~ I,
6.20° 10

Let Z, =7+l

“®

6£0° A 1Q




Let I, = 62,/ Z, + 6£0°
il

z, I

17, C+> 10

—_ IxZ2
Z,+ jl+1
1,=3.26-774"A

2

Finding I1 using source transformation:

> NW—— I

20
+
1220°\—

AY

1 6.£0°

.

Let Zy = 141 Q
I, i1o Lo

20

12£0° C) -1 Q .~

AN T —— T — AW

LetZ, = 1+2Q

L

—_—

20

+ —)—
1220° _ Hq1Q TS Z4

oy




Let Zs = Z,//(-j1)

L

>~ AW—T =

20

12— 62,7

4

2+Z,

1, =4.60[57.53°4
Power Absorbed by Each Element

P :%Ille :%(4-6)2(2):331 =21.16W

1

Pra =5 I2R, = (3261 (D)= Py = 5300

P = %VS]1 cos(0—-57.53") = %(1 2)(4.6)(.54)
=14.82W supplied

P.=-F,+ P, + P, =11.65W supplied

C+> Cr) (6 2,25)/7,4
— 12,£0° -

. L L2
20 iQ ia
R
+ PR . 2
12,0°V C_) A~ e 6.,0° A
C N

P :%]le :%(4-6)2(2) = b =21.16W

Pra =5 I2R, = (3267 (D)= Py = 5300

b= % Vel cos(0—-57.53") = %(12)(4.6)(.54) =14.82W supplied

PLi=PnL=0W




Pg =—F+ Py + P, =11.65W supplied



Problem 9.16

Determine the average power supplied to the network shown in Fig. P 9.16

)
\_

AY

H10
; § 10

1£0°V
‘ 2/0° A
Figure P 9.16
Suggested Solution
1£0°V
m I
T
240°A<D 4
i ™
2zQ % Q1o 10

Jo

Find I using source transformation

—rrr—(+ )
\

O

o
1£0°V 1
™ 1Q
10
Let Vo =-1+2V
—
o
~ 1o
5} o)




Another source transformation

Vil C

~ S0

1Q

Ieq
(2+HhHA *

1Q

Py =(1]I/’R)/2
Ll = V5

Pr=25W




Problem 9.17

Determine the average power supplied to the network in Fig 9.17

Lo 10
— AN
5| IQ/ 20
1€ NN
* 120° A
10 iro
A -

Figure P 9.17

Suggested Solution

j1Q 1Q
— NN
¢ "
v, 1G NN v,
-l Q 20
I; 1£0°

MN———=—"111"—

10 = 1Q
Nodal Equations
@v,: 1:V2_.I/I+I/3_I/2

—jl 2

or 2=V,(2+ j2)- j2h -V, (1)
@ and : 1:5+£
) 11
or 1=V, —jlV, (2)
V=141

AN AT ANA
1+1 —j1 1

@




Solve (2) for V, and substitute into (1) and (3)

2=V,2+j2)= 242V, =V, =>2+j2=V,2+ j2)+V, (4)

V=14 24V, (24 )+ V,(1— j) => 14 j2= V(- )+ V.3~ /1) (5)
Solve (4) for V; and substitute into (5)
(+72)=-V,(A=D+@=jD[2+ j2-2V, - j2V,]

or V, =12 _ 0 64-21.937
9+ 7

Py :%us x|V, | cos(=21.93—0) = 0.297W

|P0wer delivered = 0.297 W|




Problem 9.18

Find the average power absorbed by the 2-Q resistor in the circuit shown in Fig 9.18

Iy

20
N —

a1, <*>

<
T

§29

+

BO AN C) 1220°A

Figure P 9.18

Suggested Solution

LAY

2 2 ’

1="00, oy
J

Solving yields: ¥, = 1890 g 1gasy
1.58]-71.57

I, N sqi1843 4
2
P, :%(5.7)2(2) =132.49W




Problem 9.19

Given the network in Fig P 9.19 determine which elements are supplying power, which ones are absorbing
power, and how much power is being supplied and absorbed.

A G A o
10 10 +
4V,
+ —t—
_ TNA1Q . 1Q § \Y
C> 24./0°V § ne ’
o

Figure P 9.19

Suggested Solution

L I
> >—
Yo |
Voyl
Vl—4VO—24|Q+V—4VO+K+K:0
- 1 3 2
WhereVozg

Solving for V yields: V' =11.65[104.04"V
V-4V, =-11.65/104.04'V SO

I = 241+ Y 24028094

1 ——113+ 12.834
2 = 11— J
I,=1,-1,=13.01]40.63"4

=11.3+ j2.834
1|_ /
.
I = == =—1.41+ j5.664
Then P, = (24)2(l)=288W

Py, = %(5.83)2(2) = 34w




Fap = B + B

sup

_ %(24)(24) cos(~28.09)

+%(2)(1 1.56)(13.01) cos(104.04 — 40.63)

=67.85+254=[321.85W



Problem 9.20

Determine the impedance Z, for maximum average power transfer and the value of the maximum power

transferred to the Z, for the circuit shown in Fig P 9.20

T —

w® 20 L

Figure P 9.20

Suggested Solution

S8R o)
(D § 10 ZTH=1+j1 Q
1£30° A
O
Z, =27, =1-j1Q
Z, =1-j1Q
Voe = (1[30)1]0°) = 1307
1V
P, =—(=2<)R =0.125W
MAX 2(2RTH) L




Problem 9.21

Determine the impedance Z, for maximum average power transfer and the value of the maximum average

power transferred to Z, for the circuit shown in Fig P 9.21

10 -1 Q 40 j1Q

MA—( ANN—T1T1—
C_") 12£30°V <D 420°A Z

Figure P 9.21

Suggested Solution

1Q 4Q j1Q
MA—( AT —0
T ) 12£30°V f 420° A «Zr=12430° + 4.20°(1-))
- =14.53
O
1Q |/ 4Q j1Q
MA—C MN—TTT—o0
«—Zp= 5Q
~Zy=5Q
O
1 14.53,
B ==(———)(5)=5.28W
=707 O




Problem 9.22

Determine the impedance Z, for maximum average power transfer and the value of the maximum average
power absorbed by the load in the network shown in Fig P 9.22

)
()

[2Xe)
* 2/0°V — 7
4Q -4 Q
2/45° A
Figure P 9.22
Suggested Solution
)
S ?
jeXe)
2407V gy Voc= [(8£45°- 2£0°)/ (4- jz)](-j4)
D g 4Q T -#ea * =6.03 £6.32°V
2/45° A
o
ANAN——T1T o
40 20 +
= . < Zne GHPDEA (-
T »e =3.2- 2.40Q
o
1, 6.03
oZ,=32+24 and P, =—(————)’(3.2)=1.42W
: / :=255532) 02




Problem 9.23

Determine the impedance Z, for maximum average power transfer and the value of the maximum average
power absorbed by the load in the network shown in Fig P 9.23

0o 2/0°V
N\
2100 ),
- Z
§ 40 40 = :
2/45° A
Figure P 9.23
Suggested Solution
1£0°V
O
n1a -1 Q 5Ne)
e e o |( i1 Q -
J) —K . ans

10 §
10 ZTH==T> 1Q§ 10 Zoy—s

Zyy =[]+ (U1 = —— 4L

. . +_=w

jl=j1 2




Problem 9.24

Determine the impedance Z, for maximum average power transfer and the value of the maximum average
power absorbed by the load in the network shown in Fig P 9.24

10 -j1 Q 40 1

AWy 1€ AV =

C) 12£30°V 420° A <D Z

Figure P 9.24

Suggested Solution

Jl1o
€ vo
A Zyy. S
O
% 200 = Zy = %le § 1o gzgc Zru
1o
o O
Z, =[(U j1y— j11//2
2= (L= 22
1+ 1 1+ 1 24+1/(1+ 1) 1+2+ 52
7, =—2—=0.55-33.69°0
3+52
Z,, =0.55-33.690Q
Find V.

Z,=jl1+1//(2—-j1) =1.14[52.1'Q

= L =1.75=52.1°4

. =
S 1.1452.1°




Voc =Vs =g (2&)
=2(1-0.56/-33.7")

=1.24{29.7V

(1.24)’

Yo 8)(0.46)




Problem 9.25

Determine the impedance Z, for maximum average power transfer and the value of the maximum average
power absorbed by the load in the network shown in Fig P 9.25

ANV

1Q

+ —_
C_) 12/30°V T™NLQ

T z,

OSSN

Figure P 9.25

Suggested Solution

ANV o

1Q +

+ —_
C_) 12/30°V TN1LQ

a1 Voc

il Q
2/0° A o . .

(D § 10 1230° - (1= N1, = j(1, = 1,) =0

- 1,=20°4

O A =13.11|37.6°4
Voc =—jl,+1,

=14.42|-46.09°V

Z,, 1s determined from the network below




1Q

A~-il Q

T —  Zoy= {IAHED]/ AHD) - 1= 24

i1Q
§ 10
L—o
Y
AAAY |6>—
20 410
+ §
20
Voc L= (14.42/-46.09°)/4
= 3.6./-46.09°
- P, = [1(3.6)2(2)]/2=13W




Problem 9.26

Repeat problem 9.24 for the network in Fig P 9.27

12£0°V

20

(9
\/ i1Q
2115

A

~

NV

— 1O

Figure 9.26

7 §

Suggested Solution

20

Lo

a1

™

NV

10

()
NG
L

VOC

r

S

V. = 122& (2)- 112& (-j)=3.79]18.43V
+ J

O

Zry >

4k—\
S

Lo







Problem 9.27

Repeat problem 9.24 for the network in Fig P 9.27

10
M
10 i1
NV I —
, 12£0°V Z,
~ Qe
Figure 9.27
Suggested Solution
10
M
10 jre- AL
NV I —
I 5o+
~ ile 12£0°V Voc
Figure 9.27
12 _122+))
A+ 2-j
I+j+1
poL0_ 12
2+j 2-j
Voo =12|0° = 1,(j)=15.15=18.43V
10
M
10 i1
NV o
—~ 1Q <« Zry




Zon =00

:2+]Q
2-j

1 1515, W
P =—(—— 6 :4782
- 2( 1.2 y ()




Problem 9.28

Repeat problem 9.24 for the network in Fig P 9.28

1Q
i1Q J— i1 Q
1£0°V C) T <D2490° A
Z
10 Qe

Figure P 9.28

Suggested Solution

1Q
|
120°V C-D I <D2£90°A N
10 ” DT i
ANN— 211k

ZL:ZTH*: 1Q

+
Zry = -jlH1+1=1Q + ?
1£0°V\ — Voc

Voo = (1+ /)(2[90°) +1/0°
=—1+,2=223[116.57V g

1(2.23Y
P =—|Z22| (1)=0.622"
L 2( > j()

o




Problem 9.29

Repeat problem 9.24 for the network in Fig P 9.29

z4

NV ANN—

20 1Q

+
* 2/0°A TN2Q <—>

Figure P 9.29

Suggested Solution

Zry

NV NV =

20 1Q

+
° N2 0 <_>
CD 220°A ) 6.£0° A

Z :2+(1//—j2)=2—i=ﬂ:2.83 —8.13°0
1-j2 1-,2

Z, =27, =283-8.13Q

I, =07t 390 8094

1- /2
Vo =(2]0°)(2) +(3.22|-82.9°)(1) = 5.44|-36°F
> = G4) ) o
- ()28




Problem 9.30

Determine the impedance Z for maximum average power transfer and the value of the maximum average
power absorbed by the load in the network shown in Fig P. 9.30

OO -

[2Xe)

12£0°V 21
§ 10 20 A~ 0 Z

Figure P 9.30

Suggested Solution

Voe=21,=2 Vo =21, Vo _,
1 2 iy
and 1.=Yoo .y A g4 s313p
4 3+ /4
It
21, i , ,
AL =1 -1, =1/4
§ 10 2Q ~-ilQ C)uoo
I,
=Ly 2344
il 4

Zyy === = §|-53.13" = 48— .64 | B, == (10)’(48) = 24
I, 3+j4 2

+ 480 PO Zry Tota = 48+ 1.36

7. 7= .48 -j1.36

9.6.£-53.13°

I =9.6/(48 +.48) =10 A




! 2(.48) =24W
P, =5 (10)*(48)




Problem 9.31

Determine the impedance ZL for maximum average power transfer and the value of the maximum average
power absorbed by the load in the network shown in Fig P. 9.31

O

1Q
+

§ 12£0°V

20 . -V 7
- TN

<*> vV il Q L

Figure P 9.31

Suggested Solution

@7—0
+

§ 1220°V SO
20 -
<*> 2VOC gah VOC
o
VL?+—VOC 12 +2V,.=0
-J
Voo = 12 o318y
542j

A

<*> 2v . § e ;:; C)MOO

IT=L+1+2=]'+§
-j 2 2

Z,, :—:%:37 —21.8" = 34— j.140Q

~+
2]




.34Q ) 10
.14 Q
)-2.234-21.8O
<

7, =134 +.14Q

I, =2.23/[2(1.34)] = .83 A

P =1(.83)%(1.34) /2= 46 W



Problem 9.32

Find the impedance Z, for the maximum average power transfer and the value of the maximum average

power transferred to Z, for the circuit shown in Fig P 9.32

I, 20 1Q
20
Z
12£0°V C) L
21,
Figure P 9.32

Suggested Solution

20 \Y% j1Q

NWN——— 11—

P2a
a J

z
1220°V C) L

21,

Solving for V. :

12000-V v -2I,

2 2

27

’ 2
Solving, V =7.6|-18.4° =V,
Then, we find I :

12-V 20—V _V

2 2
Solving, I, = 17.0|4_5°




Then,ZTH—767% 45-63.4" =2 4j

So, [Z, =2+.4;

P=-(177(2) = [2857]




Problem 9.33

Determine the impedance Z, for the maximum average power transfer and the value of the maximum
average power absorbed by the load in the network shown in Fig P 9.33

Ommiis
1Q
1220°V +

v, <* 20 1l 0= Vx z

Figure P 9.33

Suggested Solution

1220°V

=
©

Voc =12=Woe _ Voe =12 Ve

— :0
O 1 jl 1
Voe =12+ j12V
12£0°V
1Q
+
()
—l\/\/\, I+
Zyy <:> Jl% v, gl Vv | u
T - it . Yise

12 12(1+j) 12+ 12

I =—

R j
1+

ZTHz%:jIQ Then

Ne




— W

+
z
C-) 12412 .

il

12412

L

And

_1+j+1—]

- =8.4853/45°

P, = %(8.4853)2(1) =36

ZL: 1-_]Q



Problem 9.34

Compute the rms value of the voltage given by the waveform shown in Fig P 9.34

AV (V)
4 _
0 2 6 8 12 (s)
Figure P 9.34
Suggested Solution
T
1| v (t)dt
Viwss = L_ where w(r) = {3 355} & T=6

10[* 42 dr] ;
y A ey _ 2
RMS 6 6 6

Veris =2.3Wes

T
1| v(t)dt
Iﬂ— where w(r)={( 555} & T=6

VRMS =

W, 441 fisap) [52
V’ 0 0
N V6 N6

Vs =2.3W g6




Problem 9.35

Find the rms values of the waveform shown in Fig P 9.35

>

v(t) V /

3

Figure P 9.35

Suggested Solution

Loy ! 2 7o
Vs =l (], Gor e+ [ (4=0)%dt]
1 1 2 t3 4 >

= [2(31‘3 lp +(16¢ — 4t +?)|1 ))?

=\3r




Problem 9.36

Calculate the rms value of the waveform shown in Fig P 9.36

V() (V) A

>

>

>t(s)

Figure P 9.36

Suggested Solution

1 2 2 2 3 2
, :\/1[j0(2t) dz+j1 2 dt+L (6-2¢) dt
rms 4

1[:z3|10+4+(36t—12t2+:t3)@

4
=1.294




Problem 9.37

Calculate the rms value of the waveform shown in Fig P 9.37

V() VA
A

t(s)
Figure P 9.37

Suggested Solution

1 et ) 2 )
I, = \/Z[jo (40)>dt + L (8—4t)’dt]

2 3
:\/i[ﬁ{w—&; +1§t jlf]Z 1.63V

3




Problem 9.38

The current waveform in Fig P 9.38 is flowing through a 5-Q resistor. Find the average power absorbed by
the resistor.

v(t) WA
4
2_
2 >
_20_ 2 |4 |6 (s)
-4
Figure P 9.38
Suggested Solution

A 5Q) resistor passes current shown in Fig P 9.38

I = \/ﬂjj ofde+ —4%}

= l(£+3]§+16t!‘2‘]=3.27A
4\3

Then, |P=(3.27)*(5)=53.3W




Problem 9.39

Calculate the rms value of the waveform shown in Fig P 9.39

>

v(t) (V) /

t(s)

N

Figure P 9.39

Suggested Solution

Find rms value.

12 2 300
V. _\/5[ [0+ | -4 dt}
:\/l(ﬂﬂgﬂm |§J= 2.98)

3 3




Problem 9.40

Compute the rms value of the waveform in Fig 9.40

V() VA

IT)

\

(=]
[\
N
=)}
(o)
—_
(=]

2 t(s)

Figure P 9.40

Suggested Solution

Find rms value

e 4 2
V. = \/EUO ~4di+ | (8-21) dt}

_ e K +(64t—16l‘2 +it3j|‘2‘
6 3

128

1128 _
6 3




Problem 9.41

Calculate the rms value of the waveform shown in Fig 9.41

>

V(1) (V) /

+1

t(s)

Figure P 9.41

Suggested Solution

Find rms value:

B 1T ¢1 ) 2,
I = \/EUO (2=2)di+] 1 dz}

2
| P [T
3130 2
1

{5




Problem 9.42

Calculate the rms value of the waveform shown in Fig 9.42

V() (V) A

>

1|

3 4 5 t(s)

Figure P 9.42

Y

Suggested Solution

Find rms value:

e 2 2.5
I, = \/EUO (20 dt+| 1 dt}




Problem 9.43

An industrial load consumes 100 kW at 0.8 pf lagging. If an ammeter in the transmission line indicates that
the load current is 284 A rms, find the load voltage.

Suggested Solution

A load consumes 100 kW at pf=.8 lag
1,,.. =2844 rms. Find load voltage.

_ 10,0000 _ 7

™ (8)(2844)




Problem 9.44

An industrial load that consumes 80 kW is supplied by the power company through a transmission line with
0.1 Q resistance, with 84kW. If the voltage at the load is 440 Vrms, find the power factor at the load.

Suggested Solution
A load consumes 80 kW. 1 B source supplies 84 kW. R. =0.1Q0,V, , =440V . And load p.f.
P,=P,,+I’R,, =84kW =1I"(.1)+80kW
Yeilds / =2004,,,. Then, PF = 80,000 _ 91Lag
(440)(200)



Problem 9.45

The power company supplies 80 kW to an industrial load. The load draws 220 A rms from the
transmission line. If the load voltage is 440 V rms and the load power factor is 0.8 lagging, find the losses
in the transmission line.

Suggested Solution

P, =80kW,1, =2204,,.,V,,.. =440V with p.f= 0.8 lag. Find line loss.

rms > rms

P. =V, I pf =(440)(220)(.8) = 72.44kW
P, =P, — P, =80k —72.44k =[2.56kIW

line




Problem 9.46

An industrial plant with an inductive load consumes 10 kW of power from a 220 V rms line. If the load
power factor is 0.8, what is the angle by which the load voltage leads the load current?

Suggested Solution

6 =cos'0.8=[36.87°




Problem 9.47

The power company must generate 100 kW in order to supply an industrial load with 94 kW through a
transmission line with 0.09 Q resistance. If the load power factor is 0.83 lagging, find the load voltage.

Suggested Solution

IJS = IZR/ine + PL
100K/ = I2(.09) + 94kW
J? = @
.09
o1 =25824
P, 94000

V. o= = = [4401
1, Pf (258.2)(.83)




Problem 9.48

An industrial load operates at 30 kW, 0.8 pf lagging. The load voltage is 220£0° V rms. The real and
reactive power losses in the transmission-line feeder are 1.8 kW and 2.4 kvar, respectively. Find the
inpedance of the transmission line and the input voltage to the line.

Suggested Solution

B, =30kW aspf=.8lag. V, =220£0°V
P,,=18kW +2.4kvar. Find R, ,V;

7 - B, _ 30000
Y v,.pf 220x.8
=170.45/4-36.9°

line »

=170.45/cos™" .8

Then,R,,, = Ia
= &02 — 0620
170.45
P 2400
e =12 717045
Z,  =.062+.083;

Vo=V, +1,7, =22020°+(170.45/-36.9°)Z,




Problem 9.49

A transmission line with impedance 0.08 — j 0.25 Q is used to deliver power to a load. The load is
inductive and the3 load voltage is 220 £0° V rms at 60 Hz. If the load requires

Suggested Solution

Z,,=.08+/.25

V. =22020° at 60 Hz

B, ..=12kw P, =560kW Find pf at load.
P, =560=1°(.08) yeilds /=83.674

B, ., =1Vcos@=12kW = (220)(83.67)cosd

0 =cos™ 12000 .65 = pf lagging|

(220)(83.67)




Problem 9.50

Find the source voltage in the network shown in Fig P 9.50

—MA—TIT

0.08Q2 020

30kW

+\ V. 40kW o :
C_) S 0.8 pf lagging 22020° V rms 707 pf lagging

Figure P 9.50

Suggested Solution

40000 ; ___30000
b (220)(.8) = (220)(.707)
=227.274 =177.14

0, =cos ' (.8)=36.87° @, =cos '(.707) =45°
I,= [Ll + ]L2 =22727/-36.87°+177.1£—-45°

_ 403/ -40.43°4

V. =1,(8+/2)=(403.37./ —40.43°)(.22.£68.2°)
=88.74/27.77°V

Vo=V, +220£0°=[301.37.7.89°|

line




Problem 9.51

Given the network in Fig P 9.51, compute the input source voltage and the input power factor.

—NA—ITT AAN—TTT o
0.08Q j0.2Q 0.01Q j0.05 Q +
+\ Vg 40kW 18 kW .
- 0.86 pf lagging 0.8 pflagging | 220£0° V rms
O

Figure P 9.51

Suggested Solution

0, =cos™' .8=36.87°

_ 80000 _ 102.274

L7 (220)(.8)
1, =102.27/-36.87°4
V, =(01+.05)(102.27£—-36.87°)+220£0°
=223.91£.89°V
0, = cos™' .86 = 30.68°lagging
I, = 40000 _ 207.724

' (223.91)(.86)
I, = 207.72£(-30.68°+.89°) = 207.72£—29.79°4
I, =1, +1, =207.72£-29.79°+102.272-36.87°4
=309.47/-32.12°4
Vs =(309.47.£-32.12°)(.08+ j.2)+223.91.89°
=281.02£8.75°V

O = 0, — 0 =8.75°—(~32.12°) = 40.87°

Prypree = €08(40.87°) =




0, =cos ' .8=36.87°

_ 80000 _ 102.274

L (220)(.8)
I, =10227/-36.87°4
V, =(01+ /.05)(102.27 2 ~36.87°) +220£0°
=223.91£.89°V
0, = cos ' .86 = 30.68°lagging

40000
I, =——————=207.724
" (223.91)(.86)

1, =207.722(-30.68°+.89°) = 207.72£ ~29.79°4
I, =1, +1, =207.72£-29.79°+102.27/~36.87°A
=309.47/-32.12°4

V, =(309.47/-32.12°)(.08 + j.2) +223.91/.89°
=281.02/8.75°V

O =6, — 0, =8.75°—(~32.12°) = 40.87°

Pryyee = €08(40.87°) =



Problem 9.52

Given the network in Fig P 9.52, determine the input voltage Vs.

0.10 030 4
+\ V. 24kW 36 kW
— ° 0.82 pflagging 0.88 pflagging|  240£0° V rms
O

Figure P 9.52

Suggested Solution

I L
—MA—T—> >
I
0.10 0.3 0 = n
+ V. 24kW 36 kW
— ° 0.82 pf lagging 0.88 pflagging | 240£0° Vrms = V.

V=V, +1;(.01+.03)

IS =1 +1

Find I, : I, :Ll—cos’l(.SZ) =121.95/-34.92°4,
1V, (pf))

Find7,: I, :Lz—cos*(.gg) =170.45/-28.36°4,
7, 1(pf)

Find I, : I, =1 +1,=250-j150.76
I,=291.94/-31.09°4,,
Find Vg : Vg =V, +I(0.1+ j0.3) =V, +1;[0.316.£71.57°]
Ve =240+92.25/40.48°V,

Vs =315.90£10.93°V.

rms




Problem 9.53

Find the input source voltage and the power factor of the source for the network shown in Fig P 9.53

——AMN— T ——AA— T

Figure P 9.53

O
0.1Q j0.3Q 0.03Q j0.1 Q +
+\V 12 kW 24 kW
— ° 0.87 pf lagging 0.9 pflagging |  240£0° V rms
O

Suggested Solution

I 0.03Q I,

0.1Q 030 I, Jf j0.10Q

Load 1: 12kW 0.87 pflagging
Load 1: 24kW 0.90 pflagging
Ve =V, +1,{0.03+ j0.1]+ 15 [0.1+ j0.3]
I, =1 +1,
__ b
ACA
V. =V, +(0.03+ j0.1)], =240 +(0.104£73.30°)(111.11£ - 25.84°)
=240+11.60£47.46° =247.99/1.98°V
Vs =V, +(0.1+ j0.3)] Iy =1 +1,
|1, |= A 12000 =55.624,
Vi(pf,) (247.99)(0.87) "
6, -0, = cos™ (0.87)=29.54°= 6, =-27.56°
1, =55.62/-27.56°4

rms

I, =166.71£-26.41°4

rms

Vs =247.99/1.98° + (0.1 + j0.3)166.714 -26.41°

Z—cos” (pf,) =111.11£—25.84°4

rms

C_") Vs z, |V 7y, V;=240£0° V rms




Vs =288.16£8.48°V,

rms

0, =0, -0, =8.48°—(-26.41°) =34.89°

A}

Pfiouee = ©08(34.89°) = 0.82lagging




Problem 9.54

Use Kirchhoff’s laws to compute the source voltage of the network shown in Fig P 9.54.

—MA—TIT

0.09Q j0.25Q

20kW
<+> Vs SOW | 940.0° Vims | .78 pf lagging

— 0.85 pf'lagging

Figure P 9.54

Suggested Solution

IS NV 12
. - +
0.09Q i0.25 Q Y 1
20kW
+\ V. 50kW : 240£0° Vrms =V,
C_) S 0.85 pf lagging .78 pflagging L
Find I, :
P 50,000
[ Je— = =245.10

v, [(pf,)  240(0.85)
0, =—cos™'(0.85) =—31.79°
I, =245.10£-31.79°4,

Find I, :

|1, |= i __20.000 _ 106.84
V. 1(pf2)  240(0.78)

0, = —cos™'(0.78) = -38.74°

1, =106.84/-38.74°4,,

Find I :

I, =1 +1,=35140£-33.90°4,

Find V; :

Vs =15(0.09+ j0.25)+ 240
= (35 140 —33.90°)(0.266.£70.20°) + 240

= 93.37.£36.30° + 240
Vs =320.06£9.95%,




Problem 9.55

Given the network in Fig P9.55, determine the input voltage V5.

—MAN—11T o
0.1Q j0.1Q +
+\ V. 30kW 40 kW
- ° 0.9 pf lagging 0.95 pflagging | 240£0° Vrms
O

Figure P 9.55

Suggested Solution

Ig L
—NMWN— 11— >
0.1Q j0.1 0 LY +

C) Vs z, |V Zia | Vi=24020° V rms

Load 1: 30 kVA 0.9 pf lagging
Load 2: 40 kVA 0.95 pflagging

Ve =V, +1(0.1+ 0.1) Ig=1+1,
P
Find/,: |I,|= :'S"=30’000:125Am
[V (i) 1V, 240

0, =—cos ™' (0.9)=-25.84°
I, =125/-25.84°4_

Findl,: |I, |- ——=——/—cos" (pf,)=175.44/~18.19°4,

P
1V, 1(pfy)
FindI,: I =1 +1,=299.79/ 21384
Ve =240+ (0.1+ jO.1)I,

= 240 +] 0152245 |[299.79.£ - 21.38]
—279.24./3.48°F,

rms

Vs =279.24/3.48°V

rms




Problem 9.56

What value of capacitance must be placed in parallel with the 18-kW load in Problem 9.51 in order to raise
the power factor of this load to 0.9 lagging?

Suggested Solution

P,, =18000W 6, =cos.8=36.87°

0, = P, tan6 = 18000 tan 36.87 = 13500V’ AR
S, = 18000+ j13500V4

P, =9 .0, =2584°

S,.. =18000+ j18000 tan 25.84 = 18000 + j8718
S, =S, S, =—-j4782

cap new

c=— 2 heur

(377)(220)




Problem 9.57

An industrial load is supplied through a transmission line that has a line impedance of 0.1 + j0.2 Q. The
60-Hz line voltage at the load is 480£0° V rms. The load consumes 124 kW at 0.75pf lagging. What
value of capacitance when placed in parallel with the load will change the power factor to 0.9 lagging?

Suggested Solution

P, =124kW 9, =cos” 75=4141°

O, = P, tan@ =124000tan 41.41=109358VAR
S0 =124000+ j109358V'4

Pour =9 -8, =25.84°

Fnew

S ., =124000 + ;124000 tan 25.84 =124000 + 60056

new

S =8 -8, =—j49302

cap new

c:izz: 567.6 uF

(377)(480)




Problem 9.58

A plant consumes 60 kW at a power factor of 0.5 lagging from a 220-V rms 60-Hz line. Determine the
value of the capacitor which when placed in parallel with the load will change the load power factor to 0.9
lagging.

Suggested Solution

60,000
I, =————=54545/cos™ 0.54
7 (220)(0.5) o8

0, = 60,000 tan (—60°) =103,923VAR

S . =60,000+ 103,923V4

Pryew =9 .0, =2584°

S, =60,000+ j60,000tan 25.84 = 60000+ ;29056
Seap = Spen = S =29056—103,923 = —74866

C:%: 4103,UF

(377)(220)




Problem 9.59

A small plant has a bank of induction motors that consume 64 kW at a pf of 0.68 lagging. The 60-Hz line
voltage across the motors is 220£0°V rms. The local power company has tolad the plant to raise the pf to
0.92 lagging. What value of capacitance is required?

Suggested Solution

P, =64kW £47.2°
0, =P, tan47.2°=69,000V'4R
S ., = 64000+ 69,000 j
0, =tan"'.42=23.1°
S .., = 64000+ j64000tan 21.3° = 64000+ 27,264 j
Then,S,,, =S,., =S, =—41.744 ]
S

c= S ATM e
w

w (377)(220)




Problem 9.60

The 60-Hz line voltage for a 60-kW, 0.76-pf lagging industrial load is 44020° V rms. Find the value of the
capacitance which when placed in parallel with the load will raise the power factor to 0.9 lagging.

Suggested Solution

P, =60,000£40.5°

0, =60,000tan 40.5=51,300VAR

S .. =60,000+ ;51,300V4

With the capacitor in place, pf=9 6=25.8°
S .., =60,000+ 760,000 tan 25.8°

=60,000+ 729,000V4
Scap = Snew - Suld = _.]227300

2300 __ro5aF

C=—""""
(377)(440)




Problem 9.61

A particular load has a pf of 0.8 lagging. The power delivered to the load is 40 kW from a 220-V rms
60-Hz line. What value of capacitance placed in parallel with the load will raise the pfto 0.9 lagging?

Suggested Solution

40,000
I =—————=2273/-36.9°4
" (220)(0.8)

0, = 40,000 tan (-36.9°) = 30,000V’ AR
S .. =40,000+ ;30,000
With the capacitor, P,

new

=9,60,6 =258°

new

S .., =40,000+ ;40,000tan 25.8° = 40,000+ ;20,000
So,S.. =S, —S ,=-10,000,

cap
S
C= cap — 10,000 - 586/1}7

o(V,,)  (377)(220)




Problem 9.62

An industrial load consumes 44 kW at 0.82 pf lagging from a 220£0° V rms, 60-Hz line. A bank of

capacitors totaling 900 pF is available. If these capacitors are placed in parallel with the load, what is the
new power factor of the total load?

Suggested Solution

S,., =—Jj(220)" (377)(900uF ) = - 16,422

Then,S,;, = 44,000+ j(44,000 tan (cos™*.82))

44,000+ j30,712V4

Syon = Syq S,y = 44,000+ j14,30074

0 —ian 14300
' 44,000

Pfo =-95lag

18°




Problem 9.63

A bank of induction motors consumes 36 kW at 0.78 pf lagging from a 60-Hz, 220£0° V-rms line. If
S00uF of capacitors is placed in parallel with the load, find the new power factor of the combined load.

Suggested Solution

36kW
= =209.8£-38.7°
b (220£0°)(.78)
I = 2201400 =41.5;]
Joe

Them I, =1, +1, =209.8/ ~38.7°+41.5 = 186.7/ —28.7°
Finally, pf = cos(28.7°) =|.88(lag)




Problem 9.64

A single-phase three-wire 60-Hz circuit serves three loads, as shown in Fig P9.64. Determine

I, 1,y>1c,and the energy use over a 24-hour period in kilowatt-hours.

Is A I
a > >
120£0°V rms C) 100W
I, 1 kVA
n Sl N pf=0.9
lagging
+
120£0°V rms C_) 100W
b
Figure P9.64
Suggested Solution
P
I,y = AN - 100 =0.833£0°A4rms
V. 120£0°
P
1, =2 = 190683300 4ms
v 120£0°
Iy =1 —1,, =0A4rms
S
I. = —< /—cos™ (0.9) = loﬂl —25.84°=4.174—25.84° Arms
240 40

I, =1.+1, =417/—-2584°+0.833£0°

1, =4.86£-21.60°Arms
I, =0Arms
1. =4.172~-25.84°Arms

Power usage = 100+100 + 1000(0.9) =1.1kW
E = Energy = Ip(t)dt = MAt

At = 24hours
E =(1.1)(24) =26.4kW - hr

|E = 26.4kW - hr|




Problem 9.65

A man and his son are flying a kite. The kite becomes entangled in a 7200-V power line close to a power
pole. The man crawls up the pole to remove the kite. While trying to remove the kite, the man accidentally

touches the 7200-V line. Assuming the power pole is well grounded, what is the potential current through
the man’s body?

Suggested Solution

7200 Vims Rim Rirunk Rim
> AN NWN—AWNY
100Q2 200Q2 100Q2

7200V

Assuming shoes provided a high resistance!

1:@:18,4
400




Problem 9.66

A number of 120-V household fixtures are to be used to provide lighting for a large room. The total
lighting load is 8 kW. The National Electric Code requires that no circuit breaker be large than 20 A with a
25% safety margin. Determine the number of identical branch circuits needed for this requirement.

Suggested Solution

P, =8kW v, =129V, I, = % =66.74,,

rms

L

# of branches = I—L =3.33
20

# of breakers =(1.25)(# of branches) =4.17
|# of breakers = 5|




Problem 9.67

A 5.1-kW household range is designed to operate on a 240-V rms sinusoidal voltage, as shown in Fig.
P9.67. However, the electrician has mistakenly connected the range to 120 V rms, as shown in Fig P9.67.

What is the effect of this error?

a A
a A
+
120£0° V rms C_)
Range 120£0° V rms Range
5100 W
+
120.£0° V rms C_) n N
b B
b
(a) (b)
Figure P 9.67
Suggested Solution
Vi o 240°
= =11.29Q

R ==
P 5100

Now using 120V and the same R, .

1202
11.29

P=

=1275w

The heating element does not get as hot!




Problem 9.68

In order to test a light socket, a woman, while standing on cushions that insulate her from the ground, sticks
her finger into the socket, as shown in Fig P9.68. The tip of her finger makes contact with one side of the
line, and the side of her finger makes contact with the other side of the line. Assuming that any portion of a

limb has a resistance of 95 Q, is there any current in the body? Is there any current in the vicinity of the
heart?

(L

Figure P 9.68

Suggested Solution

ouch

Y

Touar= 120/ 95 = 1.26 A,

No current near the heart!

120£0° V rms Ringer 9502

V3

OA rest of body

S

MW




Problem 9.69

An inexperienced mechanic is installing a 12-V battery in a car. The negative terminal has been connected.
He is currently tightening the bolts on the positive terminal. With a tight grip on the wrench, he turns it so
that the gold ring on his finger makes contact with the frame of the car. This situation is modeled in Fig.
P9.69, where we assume that the resistance of the wrench is negligible and the resistance of the contact is
as follows:

R, =Ry i 10 wrenen = 0.012Q
R, = R,renchtoring = 0-012Q2
R, =R, =0.012Q

R, =R,y 0 ame = 0.012Q

What power is quickly dissipated in the gold ring, and what is the impact of this power dissipation?

Suggested Solution

— VW————— WA

12mQ 12mQ

Ring
+
v C_) 12mQ

<— VW

12mQ

o2
48x10

Pring = Iering = 750W

Ring will get very hot!

=2504

Finger will be burned!

Ring may spot weld to frame!




Problem 9FE-1

An industrial load consumes 120 kW at 0.707 pf lagging and is connected to a 480£0° V rms line.
Determine the value of the capacitor which, when connected in parallel with the load, will raise the power
factor to 0.95 lagging.

Suggested Solution

0, =cos . 707 =45°

0, =P, tan@,, =120,000(1) = 120,000
So, S, =120,000+ /120,000/4

0, =cos™ (0.95)=18.19°

Q. =P, tand  =120,000tan18.19°
=39.431VAR

Qcap = Qnew - Qold = _a)CVrfns
=39,431-120,000 = —wCV*

_ 80589 e oa76uF

(377)(480)




Problem 9FE-2

Determine the average and rms values of the following waveform.

v(t) V A
-+ _
1
o 1 2 3 4 'S tg)
Figure 9FE-2
Suggested Solution
- 1+2+1 1w
4

1
Vo= B( e+ [ adr+ [ la’t)}z

:B(H4+1)}2 =N

rms




Problem 9FE-3

Find the impedance Z, in the network in Fig 9PFE-3 for maximum average power transfer.

12£0°V

(3
_/
20 Hq1Q

2207 A CD Z % [2Xe

Figure 9PFE-3

Suggested Solution

20 Hq1Q
o T o

2)(=j1) .

TH :( 2)(_]1 )+]2

:—j2(2+j1)+j2
5

=_J4+2+j2

=0.4+,1.2Q

~Z, =04-j120




Problem 9FE-4

A rms-reading volmeter is connected to the output of the op-amp shown in Fig. 9PFE-4. Determine the
meter reading.

36 kQ

NV

12 kQ \
1.414coswt V |7/ ‘

C

RMS-reading
voltmeter

|||
-

Figure 9PFE-4

Suggested Solution

Gain = —36k =—
12k
. Volmeter reading = ‘ﬂ(%)‘ =3 volts rms

NG




Problem 9FE-5

Determine the average power delivered to the resistor in Fig. 9PFE-5a if the current waveform is shown in
Fig. 9PFE-5b.

v(t) V A
i(t)
® = |
0 1 2 3 4 t('s)
(a)
2

Figure 9PFE-5

Suggested Solution

=1.474
Then

P =1 (4)=8.6TW

ave rms




Problem 10.1

Sketch a phasor representation of a balanced three-phase system containing both phase voltages and line
voltages if V, =100£45° Vrms . Label all magnitudes and assume an abc-phase sequence.

Suggested Solution

Phase voltages:
V,, =100£45° V rms
V,, =100£-75° V rms
V., =100£-195° V rms

Line voltages:

Magnitude = V3 x phase voltage magnitude
Angle = phase voltage angle +30°

V, =173.2£75° V rms
V, =173.2£-45° V rms

V., =173.2£-165° V rms

1 ] A
s V, =1732./75° Vims

V_, =100£45° V rms

V, =100£-195° Vs

Real

V, =1732£-165° Vs

V,. =173.2/-45° V rms




Problem 10.2

A positive-sequence three-phase balanced wye voltage source has a phase voltage of V_, =100£20° V.
Determine the line voltages of the source.

Suggested Solution

V, leads V_ by 30°. Therefore,

V., =100+/3250°=173.250° V rms ,

V,

bc

=173.2/-70° V rms , and

V., =173.2£-190° V rms .




Problem 10.3

Sketch a phasor representation of an abc-sequence balanced three-phase A -connected source, including
V,, V,,and V_if V, =2082£0° Vims.

Suggested Solution

V,, =20820° V rms
V,, =208/-120° V rms

V., =208£120° V rms

Imaginary 4

V., =2082120° Vrms

V,, =20820° Vims

i Rea?

V,. =208£-120° V rms




Problem 10.4

Sketch a phasor representation of a balanced three-phase system containing both phase voltages and line
voltages if V_, =120£60° Vrms. Label all magnitudes and assume an abc-phase sequence.

Suggested Solution

V. =120£60° V rms V., =20890° V rms

V, =120£-60° V rms V, =208/-30°V rms

V. =120£180° V rms V. =208/-150° V rms
Imaginary 4

y
'V, =208./90° V rms

V. =120./60° Vrms

vV, =12080°V rms

<

ReaVl

V,, =208£-30° V s
V. '=208£-150° V rms V,, =120/-60° V rms




Problem 10.5

A positive-sequence three-phase balanced wye voltage source has a phase voltage of
V., =240£90° Vrms. Determine the line voltages of the source.

Suggested Solution

Vab =\/§~

Van

Z(6y, +30°)=415.7£120° V rms

V,

bc

=415.720° V rms

V., =415.72-120° V rms




Problem 10.6

Sketch a phasor representation of a balanced three-phase system containing both phase voltages and line
voltages if V,, =208£45° Vrms. Label all phasors and assume an abc-phase sequence.

Suggested Solution

\%
V,, =208.245° V rms V,, == (6, —30°)=120215° V rms
\/g ab
V,, =208/-75°V rms V,, =120£-105° V rms
V., =208£165° V rms V. =120£135° V rms
Imaginary 4
Vab
VCY!
Vca
V(H‘l
Rec;l
Vbn
Vbc




Problem 10.7

A positive-sequence balanced three-phase wye-connected source with a phase voltage of 100 V supplies
power to a balanced wye-connected load. The per phase load impedance is 40+ j10Q2. Determine the line
currents in the circuit if Z/V_ =0°.

an

Suggested Solution

1 = Yo 100070 545 140 A rms
Z, 40+ 10

I, =2.43/-134° A rms

1, =2.43/-254° A rms




Problem 10.8

A positive-sequence balanced three-phase wye-connected source supplies power to a balanced wye-
connected load. The magnitude of the line voltages is 150 V. If the load impedance per phase is
36+ j12Q, determine the line currents if £V, =0°.

Suggested Solution

Ian
36 Q
Var C"’)
j120
vV, = 199 0o —86.6.,0°Vims = L= 866470 _ 5 58, -18.43° A rms
3 36+ j12

I,, =2.284-138.43° A rms

bn

I, =2.28/-25843° A rms




Problem 10.9

An abc-sequence balanced three-phase wye-connected source supplies power to a balanced wye-connected
load. The line impedance per phase is 1+ jO Q, and the load impedance per phase is 20+ ;20 Q. If the

source line voltage V,, is 100£0° V rms, find the line currents.

Suggested Solution

100
VvV, =—2£(0°-30°)=57.74£-30° V rms
an \/g ( )

57.74£-30 _ 57.74£-30 —1.99/—73.6° A rms
(20+ 20)+(1+0) 21+ 520

aA

I,, =1.99.£/-193.6° A rms

I.=199/-313.6° A rms




Problem 10.10

In a three-phase balanced wye-wye system, the source is an abc-sequence set of voltages with
V,, =120£60° Vims. The per phase impedance of the load is 12+ j16Q . If the line impedance per

phase is 0.8+ j1.4Q), find the line currents and the load voltages.

Suggested Solution

Line currents:

I, = Vo _ 120260 _ 120460 =5.56/6.3° A rms

Z,+Z, (12+16)+(08+j1.4) 21.6/53.7°

I,, =5.56£-113.7° A rms
I, =5.56£126.3° A rms

Load voltages:

zZ 12+ /1
¢ VvV - +j6

V = . =
Woz,+Z, " 128+ 174

-(120460") =111.1£59.4° V rms

V,, =111.12-60.6° V rms

V., =111.1£179.4° V rms




Problem 10.11

An abc-sequence set of voltages feeds a balanced three-phase wye-wye system. The line and load
impedances are 0.6+ j1 Q and 18+ j14 Q, respectively. If the load voltage on the a phase is

V . =114.47/18.99° V rms , determine the voltages at the line input.

Suggested Solution

— VAN
“ 718+ jl4

=5.02£-18.88° A rms

Vo =1(Zy +Zy) =1,Z,,, +V,, =(5.022-18.88°)(0.6+ j1)+114.47.£18.99° = 120.£20° V rms
V,, =120£-100° V rms

V., =120£-220° V rms




Problem 10.12

In a balanced three-phase wye-wye system, the source is an abc-sequence set of voltages. The load voltage
on the a phase is V,, =108.58279.81° Vims, Z, =1+,1.4Q, and Z, , =10+ j13Q. Determine the
input sequence of voltages.

Suggested Solution

\%
I,=—"=6.62/27.38° A rms

load

Vv, =172, +V, =1,(Z,, +Z,,)=120/80°V rms
V,, =120/ -40° V rms

V., =120£-160° V rms




Problem 10.13

A balanced abc-sequence of voltages feeds a balanced three-phase wye-wye system. The line and load
impedances are 0.6+ j0.9Q and 8+ j12Q, respectively. The load voltage on the a phase is

V,y =116.63210° Vrms . Find the line voltage V,, .

Suggested Solution

Z, +Z 6+ j12.
V, =V, S B (g 16.63410")% =125.5210° V rms

load + J

V,, =\3V,,£(6, +30°)=217.4£40° V rms




Problem 10.14

In a balanced three-phase wye-wye system, the source is an abc-sequence set of voltages.
7, =1+18Q, Z, ., =14+ j12 Q, and the load voltage on the a phase is V,, =398.1217.99° V rms .
Find the line voltage V,, .

Suggested Solution

V, _ 398.1/17.99°
Z,, l4+j12

I =

a

=21.59£-22.61° A rms

vV, =1.(Z,, +Z,,)=(21.59£-22.61°)(15+ j13.8) = 440.£20° V rms

=  V, =4404/3/50°=762.1£50° V rms



Problem 10.15

An abc-phase sequence balanced three-phase source feeds a balanced load. The system is connected wye-
wye and £V, =0°. The line impedance is 0.5+ j0.2Q), the load impedance is 16+ j10Q2, and the total

power absorbed by the load is 1836.54 W. Determine the magnitude of the source voltage V,, .

Suggested Solution

1836.54 . .
B, oaa = 3 =612.18 W Z, =R, +jX, =16+ /10 Q

L, =%= 61126'18 =3826 WO = 1,=619 Amms
L

The total impedance is 16.5+ j10.2=19.4/31.72° Q
Therefore, since £V, =0°, 1, =6.194-31.72° A rms

and

V, =6.19x19.4 =120 V rms




Problem 10.16

In a balanced three-phase wye-wye system, the total power loss in the lines is 272.57 W.
Vv, =105.28231.65° V rms and the power factor of the load is 0.77 lagging. If the line impedance is

2+ j1Q, determine the load impedance.

Suggested Solution

1257 _ 90.86 W

If the total line loss is 272.57 W, then the loss per phase is

a 245 Q

N
P =1 xRe{Z,, }=2-1,,=9086 W = [, =674 Arms

Then,

10528

L

=15.62 Q

0,, =cos ' (0.77)=39.8°  (lagging pf)

So,

Z, =15.62/39.8°=12+ 10 Q




Problem 10.17

In a balanced three-phase wye-wye system the load impedance is 8+ j4Q . The source has phase sequence
abc and V, =120£0° Vrms. If the load voltage is V,, =111.62/-1.33° Vrms , determine the line
impedance.

Suggested Solution

_111.62£-1.33°
8+ j4

| =12.484-27.9° A rms

ad

V.. =120£0°-111.62£-1.33°=8.8£17.12° V rms

line

line = _88217.12° =0.71£45.02°=0.5+ j0.5 Q
12.48£-27.9°




Problem 10.18

In a balanced three-phase wye-wye system the load impedance is 10+ j1 Q. The source has phase

sequence abc and the line voltage V, =220£30° V rms. If the load voltage V,, =120£0° V rms,
determine the line impedance.

Suggested Solution

Z,=10+/1Q
v Ve £(6,, ~30°) =22 £(30°-30°) = 127.02£0° V rms
an \/g Vab \/§

Per phase Y circuit:

V,, = _Zy vV, = Z,.=2Z, Var 4 :(10+j1)[M—1}:o.5945.71°Q
Z,+71,, \Y 120£0°




Problem 10.19

In a balanced three-phase wye-wye system, the load impedance is 20+ j12 Q. The source has an abc-
phase sequence and V,, =120£0° V rms. If the load voltage is V,, =111.492-0.2° V rms, determine
the magnitude of the line current if the load is suddenly short circuited.

Suggested Solution

111.49/-0.2°

= : =4.78/-31.16° A rms
20+ j12

Vi =120£0°-111.492—-0.2° =8.52£2.62° V rms

line

7 Vi 852£262° o 1o

L, 4.78£-31.16°

= @ =67.42 A rms
1.78

adgc




Problem 10.20

In a balanced three-phase wye-wye system, the source is an abc-sequence set of voltages and
V,, =120£50° V rms. The load voltage on the a phase is 110.65229.03° V rms and the load impedance

is 16+ j20 Q. Find the line impedance.

Suggested Solution

g Laa Z. 4
Van
n N
V,, =120£50° V rms V,y =110.65229.03° V rms

Z, =16+ j20=25.6£51.34°Q

I, = Vi = 1106522903 =432/-22.31° Arms

Z, 25.6/51.34°

Then,

120£50°-110.65£29.03°
4.32,/-2231°

_ Vline _

line
I

=9.94/139.4° Q

Z

aA



Problem 10.21

In a balanced three-phase wye-wye system, the source is an abc-sequence set of voltages and
V,, =120£40° V rms. If the a-phase line current and line impedance are known to be 7.10£-10.28° A

rms and 0.8+ j1 Q, respectively, find the load impedance.

Suggested Solution

120£40°

- -16.9450.28°=10.8+ 13 Q
7.10£-10.28°

T

Z,=2,-7,,=(108+/13)-(0.8+ 1) =10+ j12 Q

line




Problem 10.22

An abc-sequence set of voltages feeds a balanced three-phase wye-wye system. If V, =4402£30° V rms,
V,» =413.28£29.78° Vrms, and Z, =1.2+ j1.5 Q, find the load impedance.

Suggested Solution

_V, -V, 440./30°-413.28.29.78°

I, = =13.94/-17.93° A rms
Z,. 12415

7, = Ya  A3282978 545, r1030
et =T 13.942-17.93°




Problem 10.23

In a three-phase balanced positive-sequence system a delta-connected source supplies power to a wye-
connected load. If the line impedance is 0.2+ j0.4 Q, the load impedance 6+ j4 Q, and the source phase

voltage V,, =208240° V rms, find the magnitude of the line voltage at the load.

Suggested Solution

V, =208/40° Vrms =V, =120£10° V rms

a

Then,

6+ j4

=————(120£10°) =113.8.£8.33° V rms
6.2+ j4.4

AN

V.| = V3|V, | =/3(113.8) =197.28 V rms




Problem 10.24

Given the network shown, compute the line currents and the magnitude of the phase voltage at the load.

AMN—YY

040 j0.8Q

8Q

208£20° V rms

208£-220°
Vrms

j6Q

6 Q

208£-100° V rms

Suggested Solution

V,, =208220° V rms Z,, =04+ j080Q Z, =8+ j6Q

Per phase Y circuit:

IaA
a Zl ine > A
Van C) ZY
n N

Vab
V,, =% 2(6,,-30°)=120£-10° V rms

an \/§

Vv _120£-10°

an

- =11.10£-49.00° A rms
+Z, 84+;68

I =
“ Zline
1, =11.10£-169° A rms
I.=11.10271° A rms

V| =[1]|Zy| =11.10x|(8+ j6)| =11.10x10 =111 V rms

l ad

[Vax| =Vey| = V| =111V rms



Problem 10.25

In a balanced three-phase delta-wye system the source had an abc-phase sequence. The line and load
impedances are 0.6+ 0.3 Q and 12+ j7 Q, respectively. If the line current I , =9.6£—-20° A rms,
determine the phase voltages of the source.

Suggested Solution

V,, =(9.6£-20°)(12.6+ j7.3) =139.78.£10.09° V rms
V,, =139.784/3.2(10.09°+30°) = 242.11£40.09° V rms
V,. =242.112(40.09°~120°) = 242.112~79.91° V rms

vV, =242.1 14(40.09" + 120°) =242.11£160.09° V rms




Problem 10.26

An abc-phase-sequence three-phase balanced wye-connected 60-Hz source supplies a balanced delta-
connected load. The phase impedance in the load consists of a 20—Q resistor in series with a 50-mH
inductor, and the phase voltage at the source is V,, =120£20° V rms. If the line impedance is zero, find
the line currents in the system.

Suggested Solution

Z, =20+ ;377(0.05) Q

V,, =120/20° V rms

VoV Z
A>Y: Z,= IAN :Lf=?:6.67+j6.219
ad IAB 3

IaA=% = 1, =13.10£-2328° Arms

Y

I, =13.10£—-143.28° A rms

1. =13.10296.72° A rms




Problem 10.27

An abc-phase-sequence three-phase balanced wye-connected source supplies a balanced delta-connected

load. The impedance per phase in the delta load is 12+ 9 Q2. The line voltage at the source is

VvV, = 1204/3.£40° V rms. If the line impedance is zero, find the line currents in the balanced wye-delta
system.

Suggested Solution

I, - 120V3240° 2o a 130 A rms
12+ 9

I, = 13.86\/54(3.130—30") =24.01£-26.87° Arms,
I,, =24.01£-146.87° A rms, and

I, =24.0193.13° A rms




Problem 10.28

An abc-phase-sequence three-phase balanced wye-connected source supplies power to a balanced delta-
connected load. The impedance per phase in the load is 14+ j12 Q. If the source voltage for the a phase

is V,, =120£80° V rms, and the line impedance is zero, find the phase currents in the wye-connected
source.

Suggested Solution

V. =120/80° Vrms = V,, =120+/32110° V rms

_V,  1203/110°
Zoy 14412

=11.27269.4° A rms,

I,, =19.52/-80.6° A rms and

I, =19.52/159.4° A rms




Problem 10.29

An abc-phase-sequence three-phase balanced wye-connected source supplies a balanced delta-connected
load. The impedance per phase of the delta load is 10+ j8 Q. If the line impedance is zero and the line

current in the a phase is known to be I, = 28.10£—-28.66° A rms, find the load voltage V ;.

Suggested Solution

IfI,,=28.1£-28.66° A rms, then

281

AB_\/g

V, =1,-Z, =(16221.34°)(10+ j8) = 207.8.£40° V rms

I Z(—28.66° + 30°) =16.22/1.34° A rms




Problem 10.30

An abc-phase-sequence three-phase balanced wye-connected source supplies power to a balanced delta-
connected load. The impedance per phase of the delta load is 14+ j11 Q. If the line impedance is zero

and the line current in the a phase is I, =20.22./31.84° A rms, find the voltages of the balanced source.

Suggested Solution

Z, 14 11
Z,=""=—+j—=593/382°Q
3 3 3
Van = IaA ’ ZY
=(20.22./31.84°)(5.93£38.2°)
=120Z£70° V rms

V,, =120/-50° V rms

V,, =120190° V rms




Problem 10.31

In a balanced three-phase wye-delta system, the source has an abc-phase sequence and V,, =120£0° V
rms. If the line currentis I, =4.8220° A rms, find the load impedance per phase in the delta.

Suggested Solution

If V, =12020°, then V,, =120/3£30° V rms

andif I, =4.8220°,then I, = ﬁLSOC’ A rms

N

"z, = YAB =70.48— j25.65Q

AB




Problem 10.32

In a balanced three-phase wye-delta system, the source has an abc-phase sequence and V,, =120240° V

rms. The line and load impedance are 0.5+ j0.4 Q and 24+ j18 Q) respectively. Find the delta currents
in the load.

Suggested Solution

. . 1
Using A - Y conversion, Z, =§ZA =8+,6Q

_ 120240° 1 28.3.02° A rms
8.5+ j6.4

aA

Then,

I,= %Z(3.0Z°+30°) =6.51£33.02 A rms,
3

I,.=6.51/-86.98° Arms, and

1., =6.51/153.02° A rms




Problem 10.33

In a three-phase balanced delta-delta system, the source has an abc-phase sequence. The line and load
impedances are 0.3+ ;0.2 Q and 9+ j6 Q, respectively. If the load current in the delta is 1,, =15240°
A rms, find the phase voltages of the source.

Suggested Solution

Converting to wye sources, Z, = —*

1, =1532(40°-30°) = 26.£10° A rms

Van = (Ian )(Z/ine + ZY )

=(26£10°)(3.3+ j2.2)
=103£43.7° V rms

Then,

vV, =1034/3273.7°
=178.5£73.7° V rms,

V,

bc

=178.5£4-46.3° V rms, and

V., =178.5£193.7° V rms




Problem 10.34

In a balanced three-phase delta-delta system, the source has an abc-phase sequence. The phase angle for
the source voltage is £V, =40° and 1, =4.15° A rms. If the total power absorbed by the load is 1400
W, find the load impedance.

Suggested Solution

14
P, =1400W = P = % =466.67 W

Since £V, =40° and 1, =4/15° Arms =  No line impedance
P, =V 5||L 5| cos(40°—15°)

V.| = A0067 _ 17873V rms
4co0s25°

V,, 12873/40°
1, 4/15°

7 =

L

=32.18425°Q




Problem 10.35

A three-phase load impedance consists of a balanced wye in parallel with a balanced delta. What is the
equivalent wye load and what is the equivalent delta load if the phase impedance of the wye and delta are
6+ 73 Q and 15+ j12 Q, respectively?

Suggested Solution

Equivalent Y:
. Z
2y

_ (6+3)(5+j4) _18+39
(64 3)+(5+j4) 11+ 7

=277+ j1.78 Q

Equivalent A :

Z,=3Z, =3(2.77+j1.78) =831+ j5.34 Q




Problem 10.36

In a balanced three-phase system, the abc-phase-sequence source is wye connected and V,, =120220° V
rms. The load consists of two balanced wyes with phase impedances of 8+ j6 Q and 12+ j8 Q. If the
line impedance is zero, find the line currents and the phase currents in each load.

Suggested Solution

a IEA A
8Q 12 Q
A\ <+> I1 Iz
jo Q j8 Q
n N
I :M:124—16.87° A rms
8+ j6
I, :M =8.32£-13.69° A rms
12+ 8

I,=I+1,=2032-15.57° A rms

The other currents are shifted by —120° and —240°




Problem 10.37

In a balanced three-phase system, the source is a balanced wye with an abc-phase sequence and
V, =208£60° V rms. The load consists of a balanced wye with a phase impedance of 8+ j5 Q in
parallel with a balanced delta with a phase impedance of 21+ j12 Q. If the line impedance is 1.2+ j1 Q,
find the phase currents in the balanced wye load.

Suggested Solution

Converting Z, to Z\,: Z, =7+ j4Q

Then, Z, = (8+ j5)|(7+ j4)=4.35230.8° Q

V,=208/60°Vrms = V, =%4(60°—30°) =120£30° V rms
e Ya 1208307 565, 390 A ms
Z,+7,, 59/332°

V, =1,Z, =(20.33£-3.2°)(4.35£30.8°) = 88.4227.6° V rms

I, = Vaw _ 88'442.7'6 =9.37£-4.4° A rms
Z, 8+ /5

1,, =9.37£115.6° A rms

I, =9.37/-124.4° A rms



Problem 10.38

In a balanced three-phase system, the source is a balanced wye with an abc-phase sequence and
V., =208£50° V rms. The load is a balanced wye in parallel with a balanced delta. The phase impedance

of the wye is 5+ j3 QQ and the phase impedance of the delta is 18+ j12 Q. If the line impedance is
1+ j0.8 Q, find the line currents and the phase currents in the loads.

Suggested Solution

Z;:%:6+j49

208

v == /(50°-30°)=120,20° V rms
an \/g ( )

7z = CHB)6+/4) o0 g0

b5+ 3)+(6+ j4)

_120£20°  120£20°

I = =
“Z,. +7, 45/33.94°

=26.67£-13.94° A rms

line

V=12,  =8588/1824°V rms

\%
Y,u: Ly=—2-=1473/-12.72° A rms
5+ /3

VAB

= = 6.88./14.55° A rms
18+ /12

An,: V,;=8588/3/4824°Vrms = 1,

The other currents are shifted by —120° and —240°




Problem 10.39

In a balanced three-phase system the source, which has an abc-phase sequence, is connected in delta and
V, =208£55° V rms. There are two loads connected in parallel. Load 1 is connected in wye and the

phase impedance is 4+ j3 Q2. Load 2 is connected in wye and the phase impedance is 8+ j6 Q.

Compute the delta currents in the source if the line impedance connecting the source to the loads is
02+,0.1Q.

Suggested Solution

a IaA A

v, = 2B /(55°-30°)=120£25° V rms

an \/§

(4+,3)(8+j6) ,
Z, =~ ") =3.33/36.87°=2.66+ j2.0 Q
(4+j3)+(8+6)

_ 1202257 _ 120225 =33.84-11.29° A rms

“ Zy +ZL, 286+ 2.1
33.8
I, :TL(—11.29°+30°):19.51418.710 A rms
3

I, :19.514(18.71"—120") =19.51£-101.29° A rms

I.= 19.514(18.71"—2400) =19.51£-221.29° A rms




Problem 10.40

In a balanced three-phase system, the source has an abc-phase sequence and is connected in delta. There
are two parallel wye-connected loads. The phase impedance of load 1 and load 2 is 4+ j4Q and

10+ j4Q), respectively. The line impedance connecting the source to the loads is 0.3+ j0.2Q. If the
current in the a phase of load 1 is I, =10£20° A rms,, find the delta currents in the source.

Suggested Solution

By current division:

10+ j4
I =1, I =15/27.9° A
W gy Ay e (104 4) s

Then, since a source:

I
I,=- f £(60+30°) _ B imie—864/-122.1° Arms
3

NS

1, =8.64/-242.1° A rms

I, =864/-2.1° Arms




Problem 10.41

In a balanced three-phase system, the source has an abc-phase sequence and is connected in delta. There
are two loads connected in parallel. The line connecting the source to the loads has an impedance of
0.2+ j0.1Q. Load 1 is connected in wye and the phase impedance is 4+ j2 Q. Load 2 is connected in

delta, and the phase impedance is 12+ j9 Q. The current I ,; in the delta load is 16£45° A rms . Find the

phase voltages of the source.

Suggested Solution

The Y equivalent circuit is:

a L, 4 16J3./15° Arms

n N

Using current division:

I, (4+,2)

=16V3415° = 1, =5843,20.44° Arms
8+ j5

v, =1, (0.2+j0.1)+(16\/5415°)(4+j3):151.36451.46° V rms
V,, =262.16/81.46° V rms ,
V,. =262.16/-38.54° V rms , and

V., =262.16£-158.54° V rms




Problem 10.42

In a balanced three-phase system, the source has an abc-phase sequence and is connected in delta. There
are two loads connected in parallel. Load 1 is connected in wye and has a phase impedance of 6+ j2 Q.

Load 2 is connected in delta and has a phase impedance of 9+ ;3 Q. The line impedance is 0.4+ j0.3 Q.

Determine the phase voltages of the source if the current in the a phase of load 1 is 1,, =12230° Arms .

Suggested Solution

The Y equivalent circuit is:

| 4 Ly,

Using current division:

I,(3+,j1)

=12/30°Ams = I,=36£30°Arms
9+ ;3

V,, =(1,,)(0.4+ j0.3)+(12£30°)(6+ j2) = 93.14£51.93° V rms
V,, =93.144/32(51.93°+30°) =161.32.481.93° V rms
V, =161.32./(81.93°~120°) =161.32£~38.07° V rms

V., =16132£(81.93°~240°) = 161.32£~158.07° V rms




Problem 10.43

A balanced three-phase delta-connected source supplies power to a load consisting of a balanced delta in
parallel with a balanced wye. The phase impedance of the delta is 24 + j12 Q , and the phase impedance of

the wye is 12+ ,/8Q. The abc-phase-sequence source voltages are V, =440£60°V rms,
V,.=440£-60° Vrms and V_, =440£-180° V rms, and the line impedance per phase is 1+ j0.8 Q.
Find the line currents and the power absorbed by the wye-connected load.

Suggested Solution

V, =40260° Vims =V, =22 /(60°-30°) = 254.430° V rms

an \/g
Equivalent single-phase (a-phase) diagram:

IaA A

n N
12+ j8)(8+ j4
Z, =m:5.54429.3° Q
20+ /12
Z,=7,, +Z,=68230.9°Q
aA =%=37.354—1° Ams = I,, =37.35£-121° Arms and I . =37.35£119° A rms

V. =I,Z, =206.93/283°V rms

1, , —~ax 200932283 1) 00 540 Arms
Z, 12+ /8

Py =3(14.37) (12) = 7.434 kW




Problem 10.44

An abc-sequence wye-connected source having a phase-a voltage of 120£0° V rms is attached to a wye-
connected load having an impedance of 80£70° Q) . If the line impedance is 4220° Q3 , determine the total
complex power produced by the voltage source and the real and reactive power dissipated by the load.

Suggested Solution

= 12020 __ 12020 =1.45/-67.88° A rms
80£L70°+4£20° 31.12+ j76.55

aA

V, =1,,Z, =(1.45/-67.88°)(80£70°) = 116.18.£2.12° V rms
S,.s = VI' =(120£0°)(1.45.267.88°) = 174.£67.88° VA

S;s =38, =522/67.88° VA

S,. =(116.1822.12°)(1.45£62.88°) = 168.46£70° = 57.62 + j158.30 VA

S, =38,, =505.38£70°=172.86+ j474.9 VA

= P, =17286W and Q, =4749 VAR




Problem 10.45

The magnitude of the complex power (apparent power) supplied by a three-phase balanced wye-wye
system is 3600 VA. The line voltage is 208 V rms. If the line impedance is negligible and the power factor
angle of the load is 25°, determine the load impedance.

Suggested Solution

S|=\3r1, = I,= =9.99 A rms

_208V3 120, —12.01/25° =10.88+ j5.08 O

9.99 9.99

Y




Problem 10.46

A balanced three-phase wye-wye system has two parallel loads. Load 1 is rated at 3000 VA, 0.7 pf
lagging, and load 2 is rated at 2000 VA, 0.75 pf leading. If the line voltage is 208 V rms, find the
magnitude of the line current.

Suggested Solution

S, =3000/ cos™' (0.7) =3000£45.57°=2100+ j2142.43 VA
S, =2000/£—cos ™' (0.75) =2000L-41.41°=1500~- j1322.88 VA
S, =S,+S, =3600+ j819.55=3692.11£12.82° VA

I, Z 39211025 A rms

2083




Problem 10.47

Two industrial plants represent balanced three-phase loads. The plants receive their power from a balanced
three-phase source with a line voltage of 4.6 kV rms. Plant 1 is rated at 300 kVA, 0.8 pf lagging and plant
2 is rated at 350 kVA, 0.84 pf lagging. Determine the power line current.

Suggested Solution

S, =300Zcos (0.8) =300£36.87° = 240+ ;180 kVA
S, =350Zcos ™ (0.84) = 350.£32.86° = 294 + j189.9 kKVA

S, =S,+8S, =534+ ;369.9 =649.6£34.71° kVA

II,|=—7==81.53 Arms

4,643

649.6




Problem 10.48

A cluster of loads is served by a balanced three-phase source with a line voltage of 4160 V rms. Load 1 is
240 kVA at 0.8 pf lagging and load 2 is 160 kVA at 0.92 pf lagging. A third load is unknown except that it
has a power factor of unity. If the line current is measured and found to be 62 A rms, find the complex
power of the unknown load.

Suggested Solution

S| = V37,1, =/3(4160)(62) = 446730.54 VA
S, =240Zcos™' (0.8) =192000+ /144000 VA
S, =160Zcos ™' (0.92) =147200 + j62707 VA

(192000+147200+ £, ) + /(144000 + 62707+ 0)| =[S, |

= |(339200+ P)’ +(206707)" = 446730.54

P, =56831 W

S, = P, + j0 =56831£0° VA




Problem 10.49

A balanced three-phase source serves two loads:
Load 1: 36 kVA at 0.8 pflagging
Load 2: 18 kVA at 0.6 pf lagging

The line voltage at the load is 208 V rms at 60 Hz. Find the line current and the combined power factor at
the load.

Suggested Solution

V., =208 Vrms

ab

S, =36/ cos™ (0.8) =36./36.87° = 28.8+ j21.6 kVA
S, =18Zcos ™ (0.6)=18/53.13° = 10.8+ j14.4 kVA
S, =S, +8, =39.6+,36.0 = 53.52./42.27° kVA

 53.52x10°

S |=3V,1 _ 23.02x107
[Si/=3Vuks = 2083

=148.56 A rms

ad

pf, =cos@ =cos(42.27°) = 0.74 lagging




Problem 10.50

A balanced three-phase source serves the following loads:
Load 1: 48 kVA at 0.9 pf lagging
Load 2: 24 kVA at 0.75 pf lagging

The line voltage at the load is 208 V rms at 60 Hz. Determine the line current and the combined power
factor at the load.

Suggested Solution

V., =208 Vrms

ab
S, =482 cos™ (0.9) = 48./25.84° = 432+ j20.92 KVA
S, =24/cos ™ (0.75) = 24241.41° =18+ j15.87 kVA
S, =S,+S,=61.2+,36.79=71.41£31.02° kVA

~ 71.41x10°

S |=3V,1 _ /LAalx10”
[Si/=3Vuks = 2083

=198.21 A rms

ad

pf, =cos6 =cos(31.02°) = 0.86 lagging




Problem 10.51

A small shopping center contains three stores that represent three balanced three-phase loads. The power
lines to the shopping center represent a three-phase source with a line voltage of 13.8 kV rms. The three
loads are:

Load 1: 500 kVA at 0.8 pflagging

Load 2: 400 kVA at 0.85 pflagging

Load 3: 300 kVA at 0.90 pf lagging

Find the magnitude of the power line current.

Suggested Solution

V, =13.8 kV rms

S, =500Zcos™ (0.8) = 500.£36.87° = 400+ ;300 kVA

S, =400Zcos™ (0.85) =400£31.79° =340+ j210.72 kVA
S, =300Zcos™' (0.9) =300£25.84° =270+ j130.76 kVA
S; =8,+8S,+8S,; =1010+ 641.48 =1196.5/32.42° kVA

|ST|:\/§VuquA = |IM|=m=50.l A rms

13.83




Problem 10.52

The following loads are served by a balanced three-phase source:
Load 1: 18 kVA at 0.8 pflagging
Load 2: 8 kVA at 0.8 pfleading

Load 3: 12 kVA at 0.75 pflagging

The load voltage is 208 V rms at 60 Hz. If the line impedance is negligible, find the power factor of the
source.

Suggested Solution

S, =18Zcos™ (0.8) =18£36.87° =14.40+ j10.80 kKVA
S, =8Z—cos™ (0.8) =84 -36.87° = 6.40 - j4.80 kVA
S, =12Zcos™ (0.75) =12£41.41°=9.00 + j7.94 kVA

S, =S, +S,+S, =29.80+ j13.94 = 32.90.£25.07° kVA

pf =cos =cos(25.07°) = 0.91 lagging




Problem 10.53

A balanced three-phase source supplies power to three loads. The loads are:
Load 1: 30 kVA at 0.8 pflagging
Load 2: 24 kW at 0.6 pfleading

Load 3: unknown

If the line voltage and total complex power at the load are 208 V rms and 60£0° kVA , respectively, find
the unknown load.

Suggested Solution

V.z =208 Vrms pf at source = 1.0

_60x10°

S, =3V,,1,,Zcos™ (1.0) = 60.0£0° kVA YA

=166.8 A rms

S, =30Zcos™' (0.8) =30£36.87° =24+ jI8 kKVA
24 4 . _
S, =g £cos (0.6)=40--53.13°= 24— j32 kVA

P.=P+P+P, = P, =60.0-24-24=120kW
0,=0+0,+0, = 0,=0-18+32=14kVAR

S, =12.0+ j14 kVA =18.44 kVA at 0.65 pf lagging




Problem 10.54

A balanced three-phase source serves the following loads:
Load 1: 18 kVA at 0.8 pflagging

Load 2: 10kVA at 0.7 pf'leading

Load 3: 12 kW at unity pf

Load 4: 16 kVA at 0.6 pf lagging

The magnitude of the line voltage at the load is 208 V rms at 60 Hz, and the line impedance is
0.02+ j0.04 Q. Find the magnitude of the line voltage and power factor at the source.

Suggested Solution

[V,5| =208 V rms Z,.=0.02+;0.04Q
S, =18Zcos™ (0.8)=18.36.87° =14.4+ j10.8 kVA
S, =10£—cos ™ (0.7) =10£-45.57°=7.0— j7.14 kVA

S, :%LOO =12/0°=12+ 0 kVA

S, =16Zcos " (0.6)=1653.13°=9.6+ j12.8 kVA
S, =S, +S, +S, +S, =43+ j16.46 = 46.04220.95° kVA

v va Y 4
S, =3 ZAiV = Z, :[3%J Viy=—2="==120Vrms; Let £V, =0°

L L

-

V. Z0° V? 2

Then, Z, = 3m =34 = 3120 =0.94,20.95° = 0.88 + j0.34 Q
S, S; 46.04 £ -20.95°

Per-phase Y circuit:

la I, = Vv o 12020° 157 66./-20.95° A rms
a Zine > Z, 0.942095°
v. C.,.) Z Vv, =1,[Z,.+Z,]=124.7221.94° V rms
V| =V3|V,.| =216.02 V rms
n N

pf = cos(&vw -6, ) =c0s(22.89°)=0.92 lagging




Problem 10.55

A balanced three-phase source supplies power to three loads. The loads are:
Load 1: 18 kW at 0.8 pf lagging

Load 2: 10 kVA at 0.6 pf'leading

Load 3: unknown

If the line voltage at the load is 208 V rms, the magnitude of the total complex power is 41.93 kVA and the
combined power factor at the load is 0.86 lagging, find the unknown load.

Suggested Solution

V,s =208 V rms pf, =0.86 lagging

_ 41.93x10°

S |=3V,I, 6 =41.93kVA = [ =—"""-
|L| AB* ad ad 208\/5

=116.39 A rms

g, = cos™ (0.86) =30.68°

S, =41.93/30.68°=36.06+ j21.40 KVA =S, +S, +8,
18 . . ,
Sy =g 408 (0.8)=22.5/36.87° =18+ j13.5 kVA

S, =10Z£—cos™ (0.6)=10£~53.13° =6~ j8 kVA

S,=S,-8,-8,
=(36.06+ j21.40)—(18+ j13.5)—(6—/8)
=12.06+ j15.9 kVA
=19.96 kVA at 0.60 pf lagging




Problem 10.56

A balanced three-phase source supplies power to three loads. The loads are:
Load 1: 20 kVA at 0.6 pf lagging

Load 2: 12 kW at 0.75 pf lagging

Load 3: unknown

If the line voltage at the load is 208 V rms, the magnitude of the total complex power is 35.52 kVA and the
combined power factor at the load is 0.88 lagging, find the unknown load.

Suggested Solution

V,s =208 V rms pf, =0.88 lagging

35.52x10°

=22227 7 _98.6 Arms
“ 2083

IS,|=V3V,,1,,=3552kVA = I

6, =cos™ (0.88) =28.36°
S, =35.52/28.36°=31.26+ j16.87 kKVA =S, +S, +§,

S, =20Zcos™ (0.6) = 20£53.13° =12+ j16 kVA
12 . . _
S, =5 s Z00s (0.75) = 16241.41° =12+ /10,58 kVA

S, =8, -S,-5,
=(31.26+ j16.87)—(12+ j16)—(12+ ;10.58)
=7.26-j9.71 kVA
=12.13 kVA at 0.60 pf leading




Problem 10.57

A standard practice for utility companies is to divide its customers into single-phase users and three-phase
users. The utility must provide three-phase users, typically industries, with all three phases. However,
single-phase users, residential and light commercial, are connected to only one phase. To reduce cable
costs, all single-phase users in a neighborhood are connected together. This means that even if the three-
phase users present perfectly balanced loads to the power grid, the single-phase loads will never be in

balance, resulting in current flow in the neutral connection.

Consider the 60-Hz, abc-sequence network shown. With a line voltage of 416£30° V rms, phase a
supplies the single-phase users on A Street, phase b supplies B Street and phase ¢ supplies C Street.
Furthermore, the three-phase industrial load, which is connected in delta, is balanced. Find the neutral

Three-phase
36 kW
pf=0.5
lagging

current.
°
a
b A
C
c
+ Livy Ipv v Iy
Q. O ©
240.,0° - A Street B Street C Street
240/ -120° 2401200 48kW 30 kW 60 kW
V rms V rms pf=1 pf=1 pf=1
V rms l l
n @ @ >
InN N

Suggested Solution

P, =48,000=V,1,,

an

I =i= 200£0° A rms
\4

AN
an

P
I, =—2-=125/-120° A rms

BN
BN

P
I, =—S =250£—-240° A rms

CN

Ly, =1 +1g +1g
=108.97£83.41° A rms

I, =108.97£-96.59° A rms

nN




Problem 10.58

A three-phase abc-sequence wye-connected source with V,, =220£0° V rms supplies power to a wye-

connected load that consumes 150 kW of power at a pf of 0.8 lagging. Three capacitors are found that each
have an impedance of —;2.0 Q, and they are connected in parallel with the previous load in a wye

configuration. Determine the power factor of the combined load as seen by the source.

Suggested Solution

V,, =220£0° V rms B, =50 kW pf =0.8 lagging Z.=-j2Q

Original situation per phase:

50
S == _/cos" (0.8
old 08 ( )
=62.5/36.87°
50+ j37.5 kVA

Corrected situation:

P, P, =50 kW

ew

O = Qo +Oc
=(37.5x10°)+Q,

2

0. =— Yal _ 542 1var
2|

0,., =133 kVAR

S,.. =51.74214.90° kVA

new

Pfoey =080, =c0s(14.90°) = 0.97 lagging

new




Problem 10.59

A three-phase abc-sequence wye-connected source with V,, =220£0° V rms supplies power to a wye-

connected load that consumes 150 kW of power at a pf of 0.8 lagging. Three capacitors are found that each
have an impedance of —;2.0 2, and they are connected in parallel with the previous load in a delta

configuration. Determine the power factor of the combined load as seen by the source.

Suggested Solution

V,, =220£0° V rms B, =50 kW pf =0.8 lagging Z.,=—j2Q
z 2
Zoy=—2=—j=Q
oy 3 J 3

Original situation per phase:

50 .
S, = ﬁécos '(0.8)

= 62.5/36.87°
=50+ /j37.5kVA

Corrected situation:

P, =P, =50 kW

new [2

Qnew = Qo[d + QC

=(37.5x10°)+ Q.
0, = Val ~72.6 KVAR
2

0,., =-35.1kVAR

S,... =61.09£-35.07° kVA

new

Pfoe, =080, =cos(—35.07°) = 0.82 leading




Problem 10.60

Find C in the network shown such that the total load has a power factor of 0.9 lagging.

+
C
4.6 kV rms Balanced
Balanced C three-phase
three-phase | — |/ load
source T I\ 6 MVA
60 Hz 0.8 pf
C lagging
Suggested Solution
V., =4.6kVrms |SL3¢|=6MVA pf.y = 0.8 lagging
Plew = 0.9 lagging f=60Hz

S
S,y =—t=2/cos 0.8=1.60+ 1.20 MVA
3

Old situation per phase:

S, =1.60+ j1.20 MVA

New situation:

S = @L cos™' (0.9)
0.9

=1.60+ j0.77 kVA
=k, +j(Q01d +Qc)

0O, =0.77-1.20=-0.43 MVAR

But,

oCyV,
O =-0C,V, = _%

C, =161.7 uF




Problem 10.61

Find C in the network shown such that the total load has a power factor of 0.9 leading.

+
C
4.6 kV rms Balanced
Balanced C three-phase
three-phase — |/ load
source T I\ 6 MVA
60 Hz 0.8 pf
c lagging
Suggested Solution
Pfo, = 0.9 leading f=60Hz

Original complex power per phase:
S, =2£36.87°=1.6+ j1.2 MVA
Corrected complex power per phase:
S,..= L6 ) cos (0.9)
0.9
=1.6—;0.77 MVA
0.+0-=0, = 0.=-077-120=-1.97 MVAR

But,

ab

wC, V>
0. =-oC, 12 =252

C, =740.9 uF



Problem 10.62

Find C in the network shown such that the total load has a power factor of 0.92 leading.

T |
C~ 1~C
34.5 kV rms T T Balanced
Balanced three-phase
three-phase — ® ~N load
source o 20 MVA
60 Hz 0.707 pf
. laggin
=< C gging
® ®
Suggested Solution
V., =34.5kV rms f=60Hz S5, =20 MVA
pf... =0.707 lagging Df ey = 0.92 leading

Old complex power per phase:

S, = ?zcos*1 (0.707) = 4.71+ j4.71 MVA

New complex power per phase:

_ 4.71 /—cos”! (0'92) =4.71- j2.01 MVA

092

O = _CUCAVZ

ab

= Qnew - Qold =-6.72 MVAR

C, =15.0 uF



Problem 10.63

Find C in the network shown such that the total load has a power factor of 0.92 lagging.

+ * ¢
C~ 1~C
34.5 kV rms T T Balanced
Balanced three-phase
three-phase — ® ~N load
source o 20 MVA
60 Hz 0.707 pf
. laggin
=< C gging
® ®
Suggested Solution
V., =34.5kV rms f=60Hz S5, =20 MVA
pf... =0.707 lagging Pfo, =0.92 lagging

Old complex power per phase:
20 4 .
S, = ?Lcos (0.707) =4.71+ j4.71 MVA

New complex power per phase:

471
=&Lcos"l (0.92) =471+ j2.01 MVA

O = _CUCAVZ

ab

= Qnew - Qold =-2.70 MVAR

C, =6.0 uF



Problem 10FE-1

A wye-connected load consists of a series RL impedance. Measurements indicate that the rms voltage
across each element is 84.85 V. If the rms line current is 6 A, find the total complex power for the three-
phase load configuration.

Suggested Solution

V, =84.85+ j84.85=120£45°V

{2 (2]

=1527.3+ j1527.3
=2160£45° VA

or

S, =3(120.£45°)(6) = 2160.£45° VA




Problem 10FE-2

A balanced three-phase delta-connected load consists of an impedance of 12+ j12 Q. If the line voltage at

the load is measured to be 230 V rms, find the magnitude of the line current and the total real power
absorbed by the three-phase configuration.

Suggested Solution

| :‘ 2011355 A rms

12+ 12

1| =+3[1,|=23.47 Arms

P, =3|V,||[1,|cos45° = 6.61 kW

or

P =31, R, =3(13.55) (12) = 6.61 kW




Problem 10FE-3

Two balanced three-phase loads are connected in parallel. One load with a phase impedance of
24+ j18 Q) is connected in delta, and the other load has a phase impedance of 6+ j4 O and is connected

in wye. If the line-to-line voltage is 208 V rms, determine the line current.

Suggested Solution

Assume 20820° V rms
For A:

208£0°

)= = 6.933/-36.87° A rms
24+ 18

1, =(v3)(£-30°)(6.933£-36.87°) =122~ 66.87° A rms

ForY:
%4—300
=Y _16.64/-63.69° A rms
6+ j4

Total line current:

1, =12/-66.87°+16.64/ — 63.69°
=12.09- j25.96
=28.64/—65° A rms

or

Convert A»>Y = 8+,6Q

B (6+ j4)(8+6) 24+ j68

total = - — = — =4.19/35.06° Q
(6+ j4)+(8+,6) 14+ ,10

Then

%4—300

I, = \/5— =28.66£—-65.06° A rms
4.19£35.06°




Problem 10FE-4

The total complex power at the load of a three-phase balanced system is 24./30° kVA . Find the real
power per phase.

Suggested Solution

S =24,000£30° VA
=20,785+ j12,000 VA

20,7
P , 785

> =6.928 kW




Problem 11.1

Determine the driving point impedance at the input terminals of the network shown in fig P11.1 as a
function of 's.

o—\\\\, o

R

Vi(t)

/1

- L
C g VO(t)

Suggested Solution

|t~

SL S’LCR+ SL+R
R+ > = >
1+S’LC S°LC +1

g

Z(s):R+($||SL):R+

Q
+ A




Problem 11.2

Determine the voltage transfer function Vo(s)/Vc(s) as a function of s for the network shown in fig p11.1.

Suggested Solution

L
C
1 1 L
—|| SL —+SL —
&S B (SCII ) e B C B ST
V( )= 1 - L R L S’LCR+SL+R
i R+(—|ISL) — —+RSL+—
SC R C SC C
L+SL
SC

SL
S’LCR+SL+R




Problem 11.3

Determine the voltage transfer function Vo(s)/Vc(s) as a function of s for the network shown in fig p11.3.

o——— N\ o
R1
4
(AN
C
Vi(t) Vo)
L
o | o
Suggested Solution
v, (R, +SL) (R, +SL)
3 8= R R
i —L (R, +SL)+—1"—
(R, +SL)+ ; SCR, +1
R +—
SC
~ (R, + SL)(SCR, +1) ~ (R, + SL)(SCR, +1)
R,+SCRR,+S’LCR, +SL+R, S’LCR +S(L+CRR)+R +R,
R 1
S+—2)(S+
) (S+=X CRI)
sip| L Bolg BtR,
RC L LCR,

R o 1
(5+ 7208+ )

SZ+ L-F& S_}.M
RC L LCR,




Problem 11.4

Find the transfer impedance Vo(s)/Is(s) for the network shown in fig 11.4.

/1

IF

i () +
“® e o
40 § Vo

Suggested Solution

1
1F
is<r)<D L +
2H
40 Vo ‘
L= 25+2 :
285 +2+4+—
L N
2
Iy _ 223 +28 v, =41, 50 Yo_ 8§(S+1)
I, 2S8*+6S+1 I, 2S5°+6S5+1

8S(S +1)
252 +6S +1



Problem 11.5

Find the driving point impedance at the input terminal of the circuit in fig 11.5.

Suggested Solution

1Q
1Q 30
Z
1H
o \
2
Zi(S):M'FI'Fl:M

5+8 S S(S+5)




Problem 11.6

Draw the bode plot for the network function.

Suggested Solution

o ws+l

H(jw
(/) Jw20+1




Problem 11.7

Draw the bode plot for the network function.

) w2 +1
H(jw) ="
Jwl0+1
Suggested Solution
) w2 +1
H(jw) =~

wlo+1




Problem 11.8

Draw the bode plot for the network function.

H(jw)= 10‘(1ij+‘1)
100 jw+1)(jw+1)
Suggested Solution
H(jw)= 10‘(1ij+‘1)
100 jw+1)(jw+1)

Zeros: 0.1 r/s
Poles: 0.01 & 11/s

H(Go) = 10 = 20dB




Problem 11.9

Draw the bode plot for the network function.

Jw
(jw+1)(0.1jw+1)

H(jw)=

Suggested Solution

Jw
(jw+D)(0.1jw+1)

H(jw)=

Zero :dc

Poles: 1& 10 1/s




Problem 11.10

Draw the bode plot for the network function.

10jw+1

W= =0 meD

Suggested Solution

10jw+1

W)= 0w

zeros : 0.1 1/s

poles: dc & 101/s




Problem 11.11

Sketch the magnitude characteristic of the bode plot for the transfer function.

10
(jw)(0.1jw+1)

H(jw)=

Suggested Solution




Problem 11.12

Sketch the magnitude characteristic of the bode plot for the transfer function.

20(0.1jw+1)

H(jw)= (jw)(0.1jw+1)(0.01jw+1)

Suggested Solution




Problem 11.13

Sketch the magnitude characteristic of the bode plot for the transfer function.

H(jw) = 100(jw)
I W )G+ 10)jw 50)
Suggested Solution
SO

H(jw)=

: WAL
(]w+1)(10 +1)(50 +1)




Problem 11.14

Draw the bode plot for the network function.

16
H(jw)=—————
U= Gy Gwan
Suggested Solution
16
H(jw)y=——5F—"—
U= Gy Gwan
ZC€ros: none

poles: 2@dc, 10 1/s

also: 16=24.1dB



mailto:2@dc

Problem 11.15

Sketch the magnitude characteristic of the bode plot for the transfer function.

640(jw+1)(0.01 jw+1)
(jw)’ (jw+10)

H(jw)=

Suggested Solution

640(jw+D(0.01jw+1) _ 64(jw+1)(0.01jw+1)
(jw)* (jw+10) (w)*(0.1jw+1)

H(jw)=

poles: 2@dc, 10 1/s

zeroe at : 1 &100 /s

also: 64=36.1dB


mailto:2@dc

Problem 11.16

Sketch the magnitude characteristic of the bode plot for the transfer function.

10° Sjw+ 1)2
(jw)2 (jw+10)(jw+ 100)2

H(jw)=

Suggested Solution

H(jw) = — L O/
(jw) (jw+10)(jw+100)
H(jw) = (5jw+1)?

(jw)*(0.1jw+1)(0.01 jw+1)?

poles: 2@dc, 10 1/s & 2@ 100r/s
zeroe at : 2@ 0.21/s

also: 64=36.1dB


mailto:2@dc

Problem 11.17

Sketch the magnitude characteristic of the bode plot for the transfer function.

: 10w
G(jo)=
o) (jo+1)(jo+10)
Suggested Solution
G(ja) _ 10jw _ 0.1jw

(jo+1)(jo+10)"  (jo+1)(0.1jo+1)
poles at: 1 and 2@ 10 1/s

zeros at : dc

also: 0.1 =-20dB




Problem 11.18

Sketch the magnitude characteristic of the bode plot for the transfer function.

100( jow)’
(ja)+1)(ja)+10)2 (jo+50)

H(jo)=

Suggested Solution

2

. 100( jeo
H(jo) (jo+1)(jw+10) (jo+50)
H(jo)- (1/50)(joo)

(jo+1)(0.1jw+1)" (0.02jw+1)

poles :1, 50 and 2@ 10 1/s
zeros: 2 @ dc

also: 1/50 =-34 dB



Problem 11.19

Sketch the magnitude characteristic of the bode plot for the transfer function.

_ ~0°10*
G(jo)=— 2. . 2
(jo+1) (jo+10)(jo+100)
Suggested Solution
—w*10* —(1/10) @?
G(jo)- T - U0

(jo+1) (jo+10)(jo+100)"  (jo+1) (0.1jo+1)(0.01jo+1)’

poles : 2@ 1 1/s, 1@ 10 1/s, 2@ 100 1/s
zeros: 2 @ dc

also: 0.1 =-20dB



Problem 11.20

Sketch the magnitude characteristic of the bode plot for the transfer function.

64(jo+1Y
6(jo)-—2U)
Jjo (0.1]a)+1)
Suggested Solution
64(jo+1Y
6 (o) =—2@ )

—j’ (0.1jw+1)
poles : 3@dc, 1@ 10 1/s
zeros: 2 @ 11/s

also: 64 =36.1dB




Problem 11.21

Sketch the magnitude characteristic of the bode plot for the transfer function.

G(]w) = (jco+1)3

Suggested Solution

2
-

oy

poles: 3 @ 1 1/s

zeros: 2@ dc




Problem 11.22

Draw the Bode plot for the network function.

72(jo+2)
ja)[(ja))z +2.4ja)+144}

H(jo)=

Suggested Solution

72(j +2)
ja)[( jo) +2.4 ja)+144}
(O.Sja)+1)
ja)[(ja)/12)2 +(ja)/60)+1}

H(jo)=

H(jo)=

zeros : 1@ 2 t/s
simple pole : 1 @ dc
complex poles T = (1/12)s $ 21€=1/60

soWo=121/s£=0.1




Problem 11.23

Sketch the magnitude characteristics of the Bode plot for the transfer function.

10* (jo+1)[ —0 +6 jo+225

G(jo
(o) ja)(ja)+450)(ja)+50)2
Suggested Solution
G(; 10* (jo+1)[ —0 +6 jo+225 |
S (e +450) (e + 50)
: 2(jo+1)| (jo15) +(2/75) jo+1]
G(jo)=

(jw)(jeo!450+1)(0.02jw+1)’

poles : dc 2@ 50 and 450 r/s

simple pole : 1 1/s

complex poles T = (1/15)s $ 21£=2/75
soWo=151/s£=0.2

also: 2=6dB




Problem 11.24

Sketch the magnitude characteristic of the Bode plot for the transfer function.

81(jw+0.1)

H(jw)zja)[—w2+3.6jw+81}

Suggested Solution




Problem 11.25

Sketch the magnitude characteristic of the bode plot for the transfer function.
: 6.4(jo)

H(jo)=— ——

(jo+D)(1-o +8jw+64)

Suggested Solution

P —T
(ja)+1)(—6w—4 +:gja)+1)

POLES : 0.51/s & 2@10r/s
ZEROS: 0.1 1/s



mailto:2@10r/s

Problem 11.26

Determine H(jw) if the amplitude characteristic for H(jw) is shown in fig 26.

Suggested Solution

|H (jjo)| =-40dB = 0.01
10jo+1
100(2 jo +1)(0.1 o +1)

H(jo)=

Poles: 10r/s & 2@ 80r/s
Zeroes:1&120r/s




Problem 11.27

Find H(jw) if its magnitude characteristic is shown in fig 27.

Suggested Solution

|H (jjo)| =40dB =100

. jw
100 +D(—+1
(Jo )(120 )

H(jw)= -

. Jo 2
0.1jo+1)(——+1
(0.1 )(80 )
poles: 10 1/s $ 2 @ 80 1/s

zeroes : 0.1 r/s

H(jO) = 40 dB = 100



Problem 11.28

Find H(jw) if its magnitude characteristic is shown in fig 28.

Suggested Solution

There is a zero at w =10r/s, A pole at w=0 and A double pole at w=20r/s.
Since the initial slope of —20dB /dec cuts the odB line at w=0, the gain is 10.

10(%“)
H(ja)):T

iw(~—+1

Jw(20 )




Problem 11.29

Find H(jw) if its amplitude characteristic is shown in fig 29.

Suggested Solution

The initial slope of —20dB/dec will cut the odB line at w=40r/s. Therefore the gain is 40. The zeros are at
w=>50r/s and w=10001/s. The pole are ar w=0 and there is a double pole at w=400.:

40(L5 f)’ +1)(—16 ‘(;’0 +1)
o(—+1
JoC et




Problem 11.30

Find H(jw) if its magnitude characteristics is shown in fig 11.30.

Suggested Solution

Poles: 0.8,100 $ 2@700 /s
Zeros: dc, 12 1/s
|H(j0.05)] =-20dB =0.1

K( jw)(g +1j
H(jw) = : ) 7

(1.25]w+1){fw+1j(fw+1j
100 100

1H(j0.05) = XQOD _ o g s

@

ol jw)(‘{;} + 1}
H(jw) = : : 3
(1.25jw+1)(1w+1](‘jw+1j
100 100



mailto:2@700

Problem 11.31

Find H(jw) if its amplitude characteristics is shown in fig 11.31.

Suggested Solution

The initial slope indicates that the gain is 1,there are zeroes at w=0 and w=30. The poles are at w=1, w=100
and a double pole w=8/5

I( jw)(?g + 1)

el ()
UWH)(IOOHJ( 2 +1j

H(jw)=




Problem 11.32

Given the magnitude characteristics in fig 11.32, find G(jw).

\ Suggested Solution

Poles : 2@ dc, 1@200r/s
Zeros: 1.5$ 10 1/s

|H (j0.02)| =804B =10*

H(jw) =

K(O.ljw+l)(2éw+lj

“—+1 +1
(/) (80 )(200 )
|H(j0.02)|=10" = k =400

400(0.1 jw+ 1)(2?”+ 1)
H(jw) =

YA Jw
(jw) (SOHJ(ZOOHJ


mailto:1@200r/s

Problem 11.33

Find G(jw) if the amplitude characteristic fir this function is shown in fig 11.33.

Suggested Solution

Zeros: 2@]100 /s

Simple poles: dc $ 900 1/s
Complex poles : t=1/20s $ £=0.1
So Wo=20r/s

$2&£=0.01

Also,

H(j0.8)=20dB =10

H(w)= k(0.1 jw+1)?

H(j0.8)=10= K =8

. . 2 .
(M(mlj (ij LA
900 20 100

IJ

H(jw) =

0.8(0.1jw+1)?

(jW)(

AL
900

Il

Jw

20

jﬂ

Jw
100

D



mailto:2@100

Problem 11.34

A series of RLC circuit resonates at 2000 rad/s. If C= 20uF and it is known that the impedance at resonance
is 2.4 ohm, compute the value of L, the Q of the circuit and the bandwidth.

‘ Suggested Solution

W, =2000 = = [ =12.5mH

s JLC

THEN Q= W%L

=10.42

g =Wo 2000 _ 5,1

0 1042 s




Problem 11.35

A series of resonant circuit has a Q of 120 and a resonant frequency of 60,000 rad/s. Determine the half-
power frequencies and the bandwidth of the circuit.

\ Suggested Solution

Wy _60K _ o7

BW = =
0 120 s

2
1 1
Wpwm=Wo| || — | +1+—
LO,HI 0 {ZQJ 2Q

W, =6025Kr/s ALSO BW=W,, =W,,
W,,=59.75Kr/s



Problem 11.36

Given the series RLC circuit in fig 11.36 if R=10ohm , find the values of L and C such that the network
will have a resonant frequency of 100 kHz and a bandwidth of 1kHz.

c L
TN
Suggested Solution
1 Kr
W, =——=200I1—
¢ JLc s
o=l _AOKYCIDL _ 56— 1 _1 59mp
R 10
W, =— = C=1.59F

JLC

C=1.59nF




Problem 11.37

Given the network in fig 11.37, find Wo ,Q, Wmax and Vo(max).

2mH
1Q
o
6 cos wtV ~
10pF Vo
O
Suggested Solution
L
1Q
o
R
0 20
L Vo
O
1 r W.L
W, =—=7071- Q=—2"=14.14
¢ JLC s R
W o=w Ja———y=7062"
max o 2Q2 s
v
Vol = LSJ =84.89V
1- 2
\ 40
W,=7071"  Q-14.14 W, =7062= |V,| =84.801
S S




Problem 11.38

Repeat the problem 11.37 if the value of R is changed to 0.1ohm.

Suggested Solution

L
1Q
Ly 0"
R
vi() ~
L Vo
O
wo_
o JLc
_WOL
=

/ 1
Wmax _WO (1_2Q2)

W,=7071" Q=141 W, =7071= |V,| =846V
S S




Problem 11.39

A series RLC circuit is driven by a signal generator. The resonant frequency of the network is known to be
1600 rad/s and at that frequency the impedance seen by the signal generator is Sohm. If C=20pF, find L,Q
and the bandwidth.

Suggested Solution

W, = = [ =19.5mH

JLC

BW =R/L=256r/s

_WO
Q_BW

=6.25

L=19.5mH
BW =256r/s
0=6.25




Problem 11.40

A variable frequency voltage source drives the network in fig 11.40. Determine the resonant frequency
,Q,BW and the average power dissipated by the network at resonance.

4Q 50mH

12 cos ot V ;
SuF

/1

Suggested Solution

1 kr

W =—=2—

¢ JLC N
Q= Wol =25

BW=%:8OF/S
0

P=18Ww




Problem 11.41

In the network in fig 11.41 the inductor value is 30mH, and the circuit is driven by a variable frequency
source. If the magnitude of the current at resonance is 12A,Wo=1000rad/s and L=10mH, find C, Q and the

bandwidth of the circuit.

R L

/1

=
C
36 cos (ot + 45°) V

Suggested Solution

36
[0 :?
I,=R=3Q
1 kr
W,=—=1—=C=10nF
© VLC s
Q:W;ZL =3.33

BW:%=3007’/S
0



Problem 11.42

Given the network in fig 11.42, find Vo(max).

0.50 4mH
ST e
R L
~
12 cos ot V C v/
0
25uF

Suggested Solution

1 kr
Wy=——=3162—
¢ JLc s
sw="0 _2508
0
v
Vo). = oV =305.1V




Problem 11.43

A parallel RLC resonant circuit with a resonant frequency of 20,000rad/s has admittance at resonance of
Ims. If the capacitance of the network is SuF, find the values of R and L.

Suggested Solution

R=——=1KQ
0.001

1
L= =500 uH
w. C H




Problem 11.44

A parallel RLC resonant circuit with a resistance of 200ohm. If it is known that the bandwidth is 80rad/s,
find the values of the parameters L and C.

Suggested Solution

BW:L:>8O:;:>C=62.5;1F
RC 200C

Wy =By, +W,, =80r/s
w, :;:L:22.73mH

JLC

L=2273mH



Problem 11.45

A parallel RLC circuit, which is driven by a variable frequency 2-a current source, has the following
values: R=1Kohm,L=100mH, and C=10pF. Find the bandwidth of the network, the half-power frequencies
, and the voltage across the network at the half-power frequencies.

Suggested Solution

BW:RLCSIOOF/S WO:ﬁjlkr/s
W) =w,W,, and W,, —W,, = BW
o=

1l
W, —BWW,, —W,> =0
w, =B+ B+ 405" 1051050/

2
W,,=951.25r/s

AT RESONANCE |V0| =2KV AND % POWER FREQUENCIES

v, _ 2RV qiky

NG




Problem 11.46

A parallel RLC circuit, which is driven by a variable-frequency 10-A source, has the following parameters:

R=5000hm, L=0.5 mH, and C=20pF. Find the resonant frequency, the BW, and the average power
dissipated at the half-power frequencies.

Suggested Solution

W, =102 BV =—— = 100// Q=2o _100
JLC s RC BW

w=Ww,

P=25KW

P, =P, =125KW




Problem 11.47

Consider the network in fig 11.47. if R=2Kohm, L=20mH, C=50pF, and Rs=infinity, determine the
resonant frequency Wo, the Q of the network, and the bandwidth of the network. What impact does an Rs
of 10Kohm have on the quantities determined.

o
Cc L
Rs ™
L
c ‘
Suggested Solution
W, ——— —1000~ B =——=10ris Q=2 —100
NLC s RC BW

Ry =10KQ
R, | R=1.67KQ
BW =12r/s

0=833




Problem 11.48

The source in the network in fig 11.48 is i(t) = cos1000t + cos1500t A.R=2000hm and C=500pF. If Wo
=1000rad/s, find L, Q, and the BW. Compute the o/p voltage Vo(t) and discuss the magnitude of the
output voltage at the two input frequencies.

o +
c L
* .~
Vo
L
| o
Suggested Solution
L= 12 =2mH BW:L:IOr/s 0= e =100
/ RC BW
L/C
Zyp =RI|l————
(WL ———
J( WC)
RL
‘ZEQ‘: <

2 2
) [y
C wC
Zy=2.4-89.3°Q

1Z,| =24
V| =2.4




Problem 11.49

Determine the parameters of a parallel resonant circuit which has the following properties: Wo =
2Mrad/sec, BW = 20 krad/sec, and an impedance of 2000ohm.

Suggested Solution

W,=——= C=25nF BW:RLCDLZIO'UH




Problem 11.50

Determine the value of C in the network shown in fig 11.50 in order for the circuit to be in resonance.

40

~ 60
4cos2tV
O
4H %
\

Suggested Solution

L
v ic(t)

R1

@

AT RESONANCE Vs(t) AND Is(t) ARE IN PHASE.
SO, THE IMPEDANCE SEEN BY THE SOURCE, Zs, IS PURELY RESISTIVE.

ZS:(R1+ .1 j”(Rz‘i' .1 ]:REQ+jO
Jwe JwL
1
Z,=|4+—||[(6+ /8
s ( ]ZCJ”( ])

4 3
24+~ +j(32-2) .
z,-—C c’_NUW _p

g Ly DGw)
10+ j(8———
J( 2C)

IF Zs IS RESISTIVE, THEN THE PHASE ANGLES OF N(jw) AND D(jw) MUST BE EQUAL.

32-3/C

= 64C* -25C+1=0= C =45.2mF,345.4mF
24+4/C



Problem 11.51

Determine the equation for the nonzero resonant frequency of the impedance shown in fig 11.51.

V4
° 1€
C

Suggested Solution

: N6
72— wif| Re— | IWLRHLIC |6y
jwe) R+ jWL—1/LC)  D|f,

FOR RESONANCE, Z=Req +jo , OR, 6, =6,
IF 6, =6,,

WoLR _Wy=1IW,C _ 1
L/C R W,CR

W, =+:> Wy= |———r/s
RC(~RO) LC=(RC)




Problem 11.52

Determine the new parameters of the network shown in fig 11.52 if
Znew = 10000 Zold.

4
o [ ——( o

L=0.5H C=18F
20
o o
Suggested Solution
L=05H
C=1/8F
R=2Q

Z ey =10000Z,,,

KM =10000




Problem 11.53

Determine the new parameters of the network shown in fig 11.52 if
Wnew = 10000 Wold.

Suggested Solution

L=05H
C=1/8F

R=20

W = 10000, ,

KF =10000




Problem 11.54

Given the network in fig 11.54 sketch the magnitude characteristic of the transfer function.
+ ( +

Vi@ § Vo(©

o 1]

Suggested Solution

) JwL
Z.,=jwL||(R)=—""—"—
ro = WLI(R) 1+ jwL/R
7 .
G (w=te=— T _ M
o Zg+jwl/C JwL+——[jwL/R]
jwc
. 2
G, (jw) = —— L
(jw)" +10,jw+100
. 2
FIND FORM, G,(jw) = M
Yy
10 10

NETWORK IS A HIGHPASS FILTER.



Problem 11.55

Given the network in fig 11.55, sketch the magnitude characteristic of the transfer function.

G, (j) =2 (jw)

1

10H
© e T o -
-~
100Q
Vi(t) tmH Vo(t)
o o
Suggested Solution
LET Z,, =(R)|| jwL =———
wo = (Rl =
&: ZEQ = R
V, Zg+jwL R+ jwL(l+ jwRC)

v, 1

Yo
Vi (jw)2LC+”;L+1

v, 100

Vo w4+ w(10)+1

1

Vo 1

10 10

NETWORK IS A LOW-PASS FILTER.



Problem 11.56

Determine what type of filter the network shown in fig 11.56 represents by determining the voltage transfer
function.

1

I R2
Vi(t) Vo(t)
C

any’

Suggested Solution

T e

R1
4
I\ R2
Vi(®
C
o
1 R
ZEQ =R ||—= 3 1
jwe 1+ jwRc
& R,  (+jwRco)R,
V. R, +ZEQ R +R, + jwR R,c
Vo _[ R [ (A+/wWRO) \prippE
V. R +R, )\ (1+ jwRc)
R=R ||R, <R
1
W, =——
“ RC
1
W =—
" RC
w,>Ww,

NETWORK IS A HIGHER FILTER.



Problem 11.57

Determine what type of filter the network shown in fig 11.57 represents by determining the voltage transfer
function.

1

I R2
Vi(t) Vo(t)
C

any’

Suggested Solution

o e— W ’

R1
4
I\ R2
Vi(® Vo(D)
C
o
1 'WLR
ZEQ=R1||. :J .1
JwL R +jwL
G :Q: R, _ (R, + JWL)R,
v . .
V. R, +ZEQ R R, + jwLR, + jwLR,
G =— L
1+
R=R||R, <R,
R
W, ==
R
WP :I
W, <Ww,

NETWORK IS A LOW-PASS FILTER.




Problem 11.58

Given the lattice network shown in fig 11.58 determine what type of filter this network represents by
determining the voltage transfer function.

°]
R1

+ C +

Vi(H) Vo®
PR

o- VWV °
R2

Suggested Solution

o
i o~ 1/jwce
R
Vi(H —, Jr\/VO_O_
° R1 R2
A — V{lﬂ}l {M}
R +R R+ 2 1+ jweR, | 2 |1+ jwcR,
jwe
THEREFORE
V| 141+ (weR,)’ 05
Vi 2\/1+(ch2)2

AN ALL PASS FILTER.




Problem 11.59

Given the network shown in fig 11.59 and employing the voltage follower analyzed in chapter 3 determine
the voltage transfer function and its magnitude characteristic. What type of filter does the network

represent?
ST MM
+
~
Vs(t)
Vo(t)
© o

Suggested Solution

+ A~
+
~
Vs(t)
Vo(H)
© o
R=10Q
C=1F
Vi 1w 1

v, 1/ jw)+1 1+ jw

2
Vo [ 1
14 I+ jw

SECOND ORDER LOW-PASS




Problem 11.60

Determine the voltage transfer function and its magnitude characteristic for the network shown in fig 11.60
and identify the filter properties.

Suggested Solution

Jwe R,
(jwe, R, +D)(jwe,R, +1)

v, .
S—=0w) =
Vj(])

THIS IS A 2"° ORDER BAND PADD FILTER.



Problem 11.61

Given the network in fig 11.61 find the transfer function and determine what type of filter the network
represents.

%(jw)

1

N

o
+
+
Vi(t) §
Vo(©
- ~
(] O
Suggested Solution
vV, . Z
“L(w)y=1+—==
v (jw) Z
Z,=R, Z1:R1"'.1
jwe
&(jw) 1+ .]chz _ (]wc.(R1 +R,)+1)
Vi (Jwe, R, +1) (Jwe, R, +1)

this is a high pass filter



Problem 11.62

Repeat problem 11.54 for the network shown in fig 11.62.
o

Vo(®)

Suggested Solution

i
o '\ .
MM—

Vo®

1 R
Z, =R = -
eq . .
jwe 1+ jweR,
USING STANDARD NON-INVERTING GAIN EQUATION,

G =&=1+£= R1+R2+jWCR1R2
4 R, R,(1+ jwcR))

i




G, :(1+ﬁ) (1+ jwcR)
R, | (1+ jwcR))
R=R R,
1
W, =—
 CR
L
CR,

SINCE R<R1, W, >W,
NETWORK IS A LOW-PASS FILTER.



Problem 11.63

In all OTA problem, the specifications are g, - L, sensitivity = 20, maximum g, - 1mS with range of 4
decades.
For the circuit in figure 11.50, find g,, and L. values required for a simulated resistance of 10Kohm.

Suggested Solution

io = gm (_vin) & io = _iin
I i

— o __ _in
vin - -
En  8n
v, 1
— _n __
Req -
lin gm

5. g, =100us and I, =5uA4




Problem 11.64

In all OTA problem, the specifications are g, - L, sensitivity = 20, maximum g, - 1mS with range of 4
decades.

For the circuit in figure 11.53, find g, and 1. values required for a simulated resistance of 10Kohm.
Repeat for 750Kohm.

Suggested Solution

Iy =—h =—g.V
po L

gml
Iy =—5L==g.,"
.

ng
For 10kQ)

1
Em = 8m =m=100ys and 1,,.=5u4

For 750kQ
8 =&y =1.33ps and I, =6644




Problem 11.65

Use the summing circuit in figure 11.51 to design a circuit that realizes the following function.
Vo=7V1+3V2

Suggested Solution

lol +102 = lo = lo3 = g3vo

gV +&,v, =83,

R &vl +&v2
& &3

8 _78 4

83 &3

. arbitrarily select

g, =100us

g, =700us

g, =300us

and 1,0, =5uA,1,zc, =35uA and 1z, =15uA



Problem 11.66

Prove that the circuit in figure p11.66 is a simulated inductor. Find the inductance in terms of C, g1 and Em2.

gml
o - \I
+
) ~ C
Vi(®) .
- gm2
L -

Suggested Solution

AY
/
O

Vi(t)

gm2
+

gml
° T Iy,
+
- +

dv, c di, ¢ di,

gmVin =C— =~ = .

c di . c

in




Problem 11.67

In the Tow-Thomas biquad in figure 11.57, C1=20pF, C2 =10 pF, g, = 10uS , gmp = 80uS, gnz =10uS . find
the low pass filter transfer function for the Vil — V02 i/p- o/p pair. Plot the corresponding Bode plot.

Suggested Solution
w, = 818 oM/
918
Wo _ 85 _ IMr/s
0 ¢
v, w)? ~ 4%10"2
V. 2 s +10%s+4%10"

), W
o sT+—2s5+w,




Problem 11.68

Find the transfer function of the OTA filter in figure 11.68. Express Wo and Q in terms of the capacitances
and transconductances. What kind of filter is it.

4
(AN
— o) Vo
Vin | N
c —
T
gl B i
&n2 = N
L gm3
Suggested Solution
4
(AN
2
- o Vo
Vin + +
oO— L
n I3
&ml )
Cl1 gm2 = +

gm3




1, =gV, =V)
1, =-g)V,
l,=-g},
1+ 1, +(V,=V,) jwe, = jwelV,
I=(W,=V,)jwe,
making substitutions.
gV, V) —-gV,+jwel, - jwe,V, = jwel,
=&V, = jweyV, = jwe,V,
from the last eq
JweVe =gV, + jwel,
Vo= Sy,
JWE,
then

gV, — g (+=230V, — g,V + jweyl, — jwe, (14 —2), = jwe,(1+ -2y,

) JWE, JWE,

oV = jwcz(gl+g2+g3)+g1g3—w2clcz+ng1g3
17 in jWC‘l

jwe gV, = [_chlcz +jwe, (g + &, + g3)+g301]V;

v, jweg,
I/,'n _W2 +jw[(gl+g2+g3)+g3cl/02]+g1g3
G €6y

w = 88;
&
vV 818,66,

(g +8,+8)+ 8¢

This is a band pass filter.



Problem 11.69

Find the transfer function of the OTA filter in fig 11.69. Express Wo and Q in terms of the capacitances
and transconductances. What kind of filters is it?

VO

gml

Suggested Solution

Vin l/ %
—|¢ :
~

gm2 n I03
+
+
1 gml 1 o 3

1, =-gV,

1,=-g)/,

(I/in - I/Jc)jvvcl +Iol +102 + (I/o - I/x)jv‘}cZ = 0

jwelV, —jweV, —gV.—gV, + jwe,V, — jwe, V. =0

jwelV, —(we + g+ jwe, )V, +(jwe, —g,)V, =0

in addition




V, =V)jwe, ==gi¥,
or

jwe,V. = (jwe, + g,)V,

sz(jwéz +g3jl/o ={1+ .g3 JVO
JWE, JWE,

then,

C,

Jwel,, = (jwc1+g1+jwcz)[1+ji3 J—jW02+gz:|Vg

JjweV, = _wzcch + jwe, (g, +g2 +85)+ g5¢ /Cz)+g1g3}V0
L Jwe,
v, -wec,
— = :
W —wee, + jwe, (g + g, + g+t g5(e /)t g18;
)
v, -w
Vi — P +jw((g1 +g,+&+8(¢q /Cz)))+ 8183
G €6,
Therefore,

W, = &85
cc,
V &18,6,6

e, (g +g,+g)+ g0

A high pass filter.



Problem 11.70

Refer to the ac/dc converter low-pass filter application of example 11.25. if we put the converter to use
powering a calculator, the load current can be modeled by a resistor as shown in fig 11.25. The load resistor
will affect both the magnitude of the dc component of Vof and the pole frequency. Plot both the pole
frequency and the ratio of the 60-Hz component of the o/p voltage to the dc component of Vof versus Rl
for 100ohm less than equal to Rl, which is less than equal to 100 kohm. Comment on the advisable
limitations on Rl if (a)the dc component of Vof is to remain within 20 % of its 9-v ideal value: (b) the 60
Hz component of Vof remains less than 15% of the dc component.

Requivalent

5009

e

AC/DC Convertor RL
53.05uF

Suggested Solution

q
Vdc

/1

e

Vac

Re
Voc

THE CIRCUIT BELOW MODELS THE SITUATION DESCRIBED IN THE TEXT.




Vo R,

RL

1

_75_ R, +R€q + jwcR,
WHERE R=R, || Req

R
a).H(jo)= L__>0.8
).H(jo) R +R

eq
R, >2KQ
b).‘H( 7377)
H(jo)
OR, R >330Q2
Since,R=R, || R,
R, >970.6Q

<0.15

Requirement a) is more stringent.

"R, +R,

|

1+ jwcR

|



Problem 11.71

Referring to Ex 11.28 design a notch filter for the tape deck for use in Europe, where power utilities
generate at 50 Hz.

Suggested Solution

R,,, =500
R,, =1KQ
W, =—— — 2T1(50)

JLC

CHOOSE YEILDS,
C=1004F
L=101mH




Problem 11FE-1

Determine the resonant frequency of the circuit in fig 1 1PFE-1 and find the voltage Vo at resonance.

+
S
12 cos ot V 20 1mH 1
rans
10uF Yo

0

Suggested Solution

1

W =—==10kr/s
° JLC
0
[:12|2g:6|0_0

_ 0
v = ! —6|ﬂ = 60/—90"y

‘ jwe 107107

also |v

c

—Qv, :%(12) — 60v




Problem 11FE-2

Given the series circuit in fig 1 IPFE-2, determine the resonant frequency and find the value of R so that the
BW of the network about the resonant frequency is 200 t/s.

-

R 20mH |
™
10uF
Suggested Solution
w —;—lkr/s
© JLC
0= WL and BW=&.'.BW:£ and 200=L-'- =
R 0 L 0.00020




Problem 11FE-3

Given the low-pass filter circuit in fig 11PFE-3, determine the frequency in Hz at which the output is down

from the dc, or very low frequency, output.

+ o AAAN ot
5KQ -
an
Vi(t) IE vy
o O-
Suggested Solution
Yo _ L/ jwe = ! .. 3dBpoint
v, R+1/jwec 1+ jwRe
1

w=——=200r/s
RC

fis =31.83H:z




Problem 11FE-4

Given the band-pass shown in fig 11PFE-4, find the components L and R necessary to provide a resonant
frequency of 1000 r/s and a BW of 100 1/s.

: — T o

10uF L

Vi(t) Vo(t)

Suggested Solution

w:;:L:IOOmH

JLe

BW:§:>R:IOQ



Problem 11FE-5

Given the low-pass shown in fig 11PFE-5, find the half-power frequency and the gain of this circuit, if the

source frequency is 8Hz.
—o +

Vo(t)

Suggested Solution

WILISOI’/S

50
=——=7.96H.
/=3n z

The dc gain is unity and the gain at the Half Power Frequency 7.98 is approximate to 8 Hz is by definition
0.707 of the dc gain.



Problem 12.1

Find the Laplace Transform of the function

£ =t 5 -1)

Suggested Solution

F(s)= J.: te st —1)e " dt

let
g(t)y=te™
F(s)= I: 2()S(t—N)e'dt = g(l)e—s(l) — g v




Problem 12.2

Find the Laplace transform of the function

f@)=te " V5(t-1)

Suggested Solution

f()=te " V5t -1)

let
gt)y=te“ ™"

F(s)= j: g()5(t-Ne"dt = g()e P =™




Problem 12.3

If
f()=e" cos(wt)
show
S+a
F(s)= ——~ —
Suggested Solution
F(5) =[] e costonyr = [ e g
0 0 2

_l @ —(s+a—jo)t @ —(s+a+jo)t
F(s)—E[IO e dt+j0 e dt]

P S e
2 sta-jo * s+a+jo
:l[ _1. " 1 .

2 sta-jo s+a+ jo

B e

—(s+a+jo)t |oo]
0

_1 . s+atjots+a—jo
2 (s+a—jo)s+a+ jo)

F(s)

__ sta
_(S+a)2+(w)2

___ Ssta
(s+a)’ +(w)

F(s)




Problem 12.4

Find F(s) if

() = e sin(wt)u(t —1)

Suggested Solution

() = e sin(wt)u(t —1)

F(s)=e"Lle "V sin(w)(t +1)]

=e " L[e“ sinw(t+1)]

=e " [[e  (sin t cos w + cos wt sin )]
_ _(sta)p OCOS@ (s+a)sinw

= - ]

(s+a)+ (@) (s+a)+(w)

F(s)=¢e ™ {

@ COS @ (s+a)sinw
(s+a)+(w) (s+a) +(w)°




Problem 12.5

If
f(t)=tcos(wt)u(t—1)
find F(s)

Suggested Solution

f(t)=tcos(wt)u(t-1),

F(s)=e’L[(t+1)cosw(t+1)]
=e "L[(t+1)(cos wt cos @ —sin wt sin )]

=¢ 'L[t cos wt cos @ + coswt cos @ —t sin wt Sin @ — sin @t Sin @]

5COS@
L[cos wtcos 0] = ———
sTto
) . ssin @
L[sinwtsinw]=———
sT+o
—-d scosw s+ @) cosw—scosm(2s
L[t coswtcosw]=—(— 2)=—[( ) 2, 22 ( )]
ds s*+o (s"+ o)
. ) —d wsinw wsinw(2s
Litsinwtsinw]=—- (5——)=-— (2 2)
ds s’ +w (s"+a7)

25> cosw— (s> +w’)cosw  2swsin®  scos®w @sinw
2 2N\2 2 2 2+ 2 2+ 2 2
(s"+w") (s"+w°)y s +o° s+o

F(s)=¢e'[

257 cosm— (s +w?)cosw  2swsinw  scos®  @sin®
F(s)=e"'[ ( )

+ +
(s +0*) (s*+0°) s+’ s+’



Problem 12.6

Find F(s) if

f()=te “u(t—4)

Suggested Solution

f()=te “u(t—4)

F(s)=e ™ L[(t+4)e Y]

=e Lt +4)e ]

=e I [te™ +4e ]
vy 4

=t — ]

(s+a) (s+a)

1 4

__—A(s+a)
F(s)=e [(S+a)2+(s+a)



Problem 12.7

Use the shifting Theorem to determine L{f (t)} where

fO =l =™ Pu(-2)

Suggested Solution

SO =[e"? =™ u(t-2)

The shifting Theorem states
LLf (=t )ult —1,)] = € F(s)

LIf(t—ty)u(t—t,)]=e " F(s)
let

gt)y=(e" e u()
SO

1 1
G(s)=——~-—
) s+1 s+2

F(s)=eG(s)

e 11
Fls)=e [s+1 s+2
e—2s
F(s)= (s+1)(s+2)




Problem 12.8

Use the shifting Theorem to determine L{f(t)} where

f@=[e"? = -1

Suggested Solution

f@=[e"? = -1

let
g(t)y=(t+eHu-1)
SO

1 1
G(s) = ——+—
) s+1 s?

F(s)=¢e7G(s)

| 1
F(s)= e [—+—]
s+1 s

F(s)= e’zs[L+
s+1

1

2
S




Problem 12.9

Use Property Number 5 to find L{f(t)} if

f()=e“u(t-1)

Suggested Solution

SOy =e"ut-1)

let
gty=e
Thm 5:

Llg(Hu(t—t))]=e " L{g(t +1,)]
SO

—(s+a)

s+1

Lle“u(t—1)]=e—sLle ““]=e L[]

sin ce
Lle“]= —1
s+a
—(s+a)
F(s)=

s+1




Problem 12.10

Use Property Number 6 to find L{f(t)} if

f(t)=te “u(t—1)

Suggested Solution

f(t)=te “u(t—1)

let

g(t)y=tu(t-1)

Thm 6:
Lle“g(t)]=G(s+a)

Lig(t)]=Lltu(t-D]=e"L[t-1]=¢" (Si2 + é) =G(s)

1 1

_ _~(s+a)
F(s)=G(s+a)=e ((s+a)2+(s+a)

F(s)=G(s+a)=e " ! !

+
(s+a)’ (s+a)



Problem 12.11

Given the following functions F(s), find f(t),

Suggested Solution

(s+D)+(s+2)
F(s)= 10s
(s+D)+(s+4)
A.
F(s)=;
(s+D)+(s+2)
for
s=-1
4 =4=k]
S+2
for
§=-2
LI,
s+1
SO
4 4
F(s)= -
) s+2 s+1

f(t)=(4e" —de u(t)

F(s) 10s

T (s+D)+(s+4)

f(0)=(4e” —4e™u()




s=-1

10s =_—10=k]

s+4 3

for

s=-4

0 40,

s+1 3

S0

F(S):—10/3_4O/3
s+1  s+4

-10 , 40 —
f(t)=(Te +?e )M(f) f(t):(¥et+?e4t)u(t)



Problem 12.12

Given the following functions F(s), find f(t)

Suggested Solution

F(S)zﬁ
(s+4)(s+6)
o2
(s+2)(s+8)
A.
F(s)=¢
(s+4)(s+6)
for
s=—4
s+10=3=kl
s+6
for
s=-6
s+10:_2:k2
s+4
S0
3 2
F(s)= -
() s+4 s+6

f(0)=@e™ =2 u(r)

B.

F(5) 24

T (5+2)(5+8)

f(0)=Ce™ =2 u(?)




SO

4 4

s+2 s+8

f(t)=(4e™ —4e* u(?)

F(s)=

f(O)=(4e™ —4e™ u(t)



Problem 12.13

Given the following functions F(s), find f(t) if

F(S)ZS—+1
s(s+2)(s+3)
2
F(S):LS“
s(s+2)(s+1)
Suggested Solution
A.
s+1
F(s)=—7"—
s(s+2)(s+3)
s+1
for s=0, ———=1/6=k
(s+2)(s+3)
for s =-2, s+1 :lz 5
s(s+3) 2
s+1 -2 1 1 -2t 2 —3tj
=— S = —+—e == t
for s = 3’s(s+2)_ 3 =k, S @) (6 2e 3e u(t)
w0 F(s):1/6+ 1/2 2/3
s s+2 s+3
and f(t)= (éJr%e_zt —%e‘S’]u(t)
B.
2
F(s)=—> 5+
s(s+2)(s+1)
2
fors:O,L‘lel/Z:k1
(s+2)(s+3)
2
fors:—l,s +s+1:_ K,
s(s+2)
2 1 ., 3 _
Jors=—2, 5 F8FL_3 4 fO=G+e" +Ze ()
s(s+2) 2 2 2
soF(s):1/2+ -1 3/2

+
Ky s+1 s+2

and f(t)= (%+ e’ +%e‘2t)u(t)




Problem 12.14

Given the following functions F(s), find f{(t).

F(s) = s +5s+4
C(s+2)(s+4)(s+6)
Fs) = (s+3)(s+6)

s(s> +8s+12)

Suggested Solution

A.
Fs) = s +5s+4
T (s+2)(s+4)(s+6)
F(s) = (s+1)(s+4) B (s+1) 3 A N B

T (s+2)(s+4)s+6) (s+2)(s+6) s+2 s+6

A=F(s)(s+2)|_, = -

4
B=F(s)(s+6)|_, = %

5/4 1/4

s+6 s+2

F(s)=

5 —61 1 2t
£()= (§+e“ —ie”)u@ F@)=Cre® e

B.
F(s) = (s+3)(s+6)

s(s> +8s+12)

_ (s+3)(s+6)  (s+3) _£+i

F(s) = =

s(s+2)(s+6) s(s+2) s s+2
3

A - F(S)S|s=0 - E

B=F(s)(s+2)|_, = _?1




3/2 1/2 3/2

Ky _s+2+s+2 _ 3 1
0= -3¢t

1(6)= (%—%e”)u(r)

F(s)=



Problem 12.15

Given the following functions F(s), find f{(t).

S+ Ts+12

C(s+2)(s+4)(s+6)
(s +3)(s +6)

s(s* +10s +24)

F(s)

F(s) =

Suggested Solution

A.

F(s) = s*+7s+12
(s+2)(s+4)(s+6)

F(s) = (s+3)(s+4)  (s+3) A N B

T (5+2)(s+4)s+6) (s+6)(s+2) s+6 s+2

F(s) = 1/4 N 3/4

_ l -2t i -6t
f(f)—(4e ¢ Ju(r)

B

Fis) -+ +6)

s(s* +10s +24)

F(s) = (s+3)(s+06) _ (s+3) :é_'_ B
($)(s+4)(s+6) (s+6)(s+2) s s+4

F(s)=212 14

1) = (%ﬁe"“)u(r)

s+2 s+6 f(t)z(%e_2’+%e_6’)u(t)

s s+d FO=C e )



Problem 12.16

Given the following functions F(s) find f(t)

B s2+7s+12

C(s+2)(s+4)(s+6)
10(s +2)

(s +4s+5)

F(s)

F(s)=

Suggested Solution

A.

F(s) s2+7s+12

T 5+2)(5+4)(5+6)

Matlab code

EDU» syms s t
EDUp» ilaplace((s"2+7*s+12)/(s+2)/(s+4)/(s+6))
ans =

3/4%exp(-6¥t)+1/4*exp(-2*t)

or

3oy 1,

f(f)—(ze Mk )

B.

F(s) =t
(s +4s+5)

Matlab code
ilaplace((s+3)*(s+6)/(s*(s"2+10*s+24)))
ans =

1/4*exp(-4*t)+3/4

or

301
f(l‘)—(z+ze )

3 a1,
fO=Cet +5e™)

R
f(t)—(4+4e )




Problem 12.17

Given the following functions F(s) find f(t)

10
F(s)=—F—7—
(s"+2s+2)
10(s +2
F(s)=—F——— ( )
(s +4s+5)
Suggested Solution
A.
10
F(s)=————
(s"+2s+2)
F(s)=— 10 _ k, N k,
s +25+2 s+l-a s+l+a
—Sa Sa
fla)= +

s+l-a s+l+a
f(ax)=10e™" cos(t —90 )u(r)

f(a)=10e™" cos(t—90 )u(r)

B.

10(s+2
F(S):—z( )

(s +4s+5)
F(s)= 120(s+2) _ k, N k,

s +4s+5 s+2-a s+2+«
SO

5 5

fla)= +

s+2—-a s+2+a
f(ex) =10e™ cos(t)u(t)

f(a) =10e™ cos(t)u(t)




Problem 12.18

Given the following functions F(s) find

inverse Laplace functions.

F(S):ZL

(s"+2s+2)
F(s) = 120(s+2)

(s +4s+5)

Suggested Solution

A
F(S):ZL

(s"+2s+2)
F(s) = 120(s+2) __ kK N k,

S +4s5+5 s+2-a s+2+a
for
s=-1+a
M=5=k1
s+lta £(t) =10e™ cos tu(t)
SO
F(s)= > + >

s+l-a s+l+a

f(t)=10e° costu(t)

k3

B
F(s) = 120(s+2)
(s +4s+5)
F(s) = s+1 ﬁ_'_ k,

s(s> +4s+5) - s s+2

-a s+2+a




for

s=0

s+1
———=1/5=k
s +4s+5
for
s=-2+a
S 031,-10843 =k,
s(s+2+a)

1/5 0.31£-108.43° 0.31£108.43°

F(s)= + +

s+2+a s+2+«a

f(t)= (% +0.62¢ ™ cos(t —108.43°))u(t)

()= (% +0.62¢ cos(t —108.43°u(?)



Problem 12.19

Given the following functions F(s), find f(t)

F(s)= s(s+6)

(s+3)(s> +65+18)
F(s) = (s+4)(s+8)

s(s> +8s+32)

Suggested Solution

A.
F(s)= s(s+6)

(s+3)(s> +65+18)
F(s) s(s+6) B s(s+6)

- (s+3)(s2+6s+18) B (s+3)(s+3+3a)(s+3-3a)
— k, + k, + ks
s+3 s+3+3a s+3-3«¢

at
s=-3
s(s+6) B
(s+3)(s* +65+18) ‘
at
s =-34+3a
S(i+6) S1=k,
(s+3)(s” +6s5+18)
S0
F(s) = -1 1 1

+ +
s+3 s+3+3a s+3-3c¢
f(@)= (e’” +2¢™ cos 3t)u(t))

()= (e +2e™ cos3t)u(t))

B.

Fs)— 5+ +8)

s(s> +8s+32)




(s+4)(s+8) s(s+6)

F(s)=—— =
(s)(s"+8s+32) (s+3)(s+3+3a)(s+3-3)

_ﬁ ky n k,

s s+4+4a s+4-4a
at
s=0

(s+4)(s+8) B

(s)(s>+8s+32)
at
s=—4+4a

(s+4)(s+8) —_—la—k
(s)(s>+8s+32) 2

50
F(s):l+ 1/2 N al?2
s s+4+4a s+4-4a
f(t)=(1+e™ cos(4t—90°)u(t))

£ =(1+e™ cos(4t —90”Yu(t))



Problem 12.20

Given the following functions F(s) find f(t)

6s+12
(s* +4s5+5)(s> +4s5+8)
s(s+2)
P +25+2

F(s)=

F(s)=

Suggested Solution

6s+12
F(s) = 2, 12 2, 52
((s+2)"+1)((s+2)"+27)
_ kZ6, N k26, N k,20, N k,Z0,
s+2—j1 s+2+j1 s4+2-j2 s+2+j2

k£0,=F(s)(s+2—j1)|_,,;=1£0

k26, =F(s)(s+2-j2)|_, ,=-1£0°

f(t)=[2e7 cos(t)—2e cos(2t)Ju(t)

f(t)=[2e7 cos(t)—2e cos(2t)Ju(t)

F(S)_S2+2S+2—2_1_ 2
(s +2s5+42)  (sP+2s5+2)
F(s)=1-——= 1) =[8(0)~2¢”" sin(0)Ju(t)
(s+1)"+(@)

J@)=[6(1)—2¢" sin(0)]u(7)




Problem 12.21

Use Matlab to solve Problem 12.19

Suggested Solution

s(s+6)

F(s)= >
(s+3)(s” +65+18)

Matlab Code

>> gyms s t
>> ilaplace(s*(s+6)/((s+3)*(s"2+6*s+18)))

ans =
-exp(-3*t)+2%exp(-3*t)*cos(3*t)

>>

f(t)=2e" cos(3t)—e™

s+3)(s+8
F(s) = s +9)
s(s”+8s+32)
Matlab Code

>> gyms s t
>> ilaplace((st4)*(s+8)/(s*(s"2+8*s+32)))

ans =
1+exp(-4*t)*sin(4*t)

>>
() =1+ sin(4¢)

f(t)=2e" cos(3t)—e™

£(t)=1+e™* sin(4r)




Problem 12.22

Given following functions F(s), find f{(t)

s+1
F(s)=—
s°(s+2)
s+3
F(s)=——F5——
(s+D)°(s+4)
Suggested Solution
A.
F(s) = 2s+1 %+£ k,
(s+4) s s s+2
at
s=0
s+1:k1:l
s+2 2
d_s+1 1

at
s==2
+1 -1
al e
(s) 4
SO
F(S):l/_22+1/_4_ 1/4
K s s+4

111,
f(t)—(z+5f—ze Ju(?)

111,
f(t)_(ZJrEt_Ze Ju(?)




(s+4)(s+8)
s(s> +8s+32)
f(t)=1+e" sin(4¢t)

F(s)=

s+3 k,

F(s)

s+3
(s+1)°

N

F(s) = 2/3  1/9 1/9

T 5D (s+4) (s+1) s+l s+4

+
(s+1)* s+1 s+4

()= (é e+ %te't —éew Yu(t)

L2 1,
f(t)=(§e +3te 9e Ju(t)



Problem 12.23

Given the following functions F(s), find f(t)
s+8

s*(s+6)
_
SE(s+1)

F(s)=

F(s)=

Suggested Solution

A.

F(S)zzs;g:k_;_kﬁ_F k3
s (s+6) s s s+6

at

s=0
s+8 4
s+6 1‘5

d_s+8 -1
S =k =—
ds (s+6) 18

at
s=-—6
+8 1
N 8 k=1
(s) 18
SO
F(S):4_/23_1/18+1/18
K s s+6

4 1 1
f(@)= (Ef—EJrE@ Ju(?)

1= (gr -

I 1 4
— t
3 Tg¢ MO




s+8 k,

s s (s+1)

1
s+1

f@)=@-2+te”" +2e " u(t)

f@O)=(-2+te" +2e u(t)



Problem 12.24

Given the following functions F(s), find f(t)

_ s+4
(s+2)
s+6

Fls)= s(s+1)°

F(s)

Suggested Solution

F(s)= s+42: k, : k,
(s+2)y (s+2) s+2

d
d—[s +2]=k, =1 f(t)=Q2te™ +e ™ u(t)
Ny

1

F(s)= >+
(s+2)° s+2
() =Qte™ +e u(t)

B.

Pyt ki kK

Cs(s+D)? s (s+1)? s+l

f()=(6-5te” —te”" u(r)

s+6

=k, =5

i s+6

ds[ s

N

]:k3:_6

6 5 6
F)=———F-—
s (s+1)° s+1

F()=(6-5te” —te”" u(r)




Problem 12.25

Given the following functions F(s) find f(t)

2
N

F(s)

Suggested Solution

T 5+ (s+2)
F(s)= 52 +95-20
s(s+4)’ (s +5)
A.
F(s)= s __h +k2 +
(s+D*(s+2) (s+1)* s+1 s+2
at
s=-1
SZ
:kl:
(s+2)
at
s=-2
SZ
2
SN
ds (s+1)
S0
F(s) 1 3 4

T (s+1)? s+l s+2
()= (te" =3¢ +4te™ Yu(t)

B.

f(t)=(te”" =3¢ +4te™ u(t)




2 —
F(s) = s +9;v 20 _ 1 2:£ k, : k,
s(s+4)' (s+5) s(s+4) s (s+4) s+4
at
s=0
1
=k =1/10
(s+4)
at
s=-4
l:k2:—1/4

_ 16 174 1/16
s (s+4)° s+4

R
FO=(g=e " —1e¢ 0

1ot 4, 1 4
f(f)—(E—Ze 16¢ u(t)



Problem 12.26

Find f(t) if F(s) is given by expression

F(s)=—38*D
(s+2)°(s+3)
Suggested Solution
F(s)= s(ts+1) 4 N B C D

= = + +
(s+2)(s+3) s+3 (s+3)° (s+3) s+2

A=F(s)(s+3)|_,=-6
B=F(s)(s+2)"|._,=2

F(0) :0:_—6+%+£+23 C+2D=7 f)=(t2e =5te + 6™ —6e " u(t)

3 8

F(—l):0=7+2+C+D:>C+D=1

D=6,C=-5
F(s) = -6 N 2 3_ 5 - 6
s+3 (s+3) (s+3)° s+2

f(t)=(t2e™ =5te™ +6e> —6e Yu(t)




Problem 12.27

Find f{(t) if F(s) is given by

F(s) = 12(s+2)
S (s+1)(s* +4s+8)

Suggested Solution

F(s)=£;+k—2+ k + k4 + k4
N s s+l s+2-2a s+2+4+2c
at
s=0
12(s +2) L
(s+1)(s’+4s+8)
d 12(s +2)

2

ds (s +1)(s* +45+8)

at
s=-1
12(s +2) 12
e e ke
(s7)(s" +4s5+8) 5
at
s=-2+2ax
16+ _ 4 1, 9656
s“(s+1) 3
s0
106560 L6560 12, 2
3 3 12/5 3 ) 3 : f()=[-3+3t+—e "' +=e cos(2t —26.56°)]u(t)
F(s)=—=——+ 5 3
s© s s+l s+2-2« s+2+2a

F) =[-3+3t +%e*’ +§e*2’ cos(21 —26.56Yu(?)




Problem 12.28

Use Matlab to solve Problem 12.25

Suggested Solution

2
N

Fls)=— 5
)= i 612)
Matlab Code

>>syms st
>>

>> ilaplace(s"2/((s+1)"2*(s+2)))
ans =
(-3+t)*exp(-t)+4*exp(-2*t)

>>
f)=te" =3¢ +4e

s2+9s+20
F(s)=——F——
s(s+4) (s+5)
Matlab Code
>>gyms s t

>> ilaplace((s"2+9*s+20)/(s*(s+4)"3*(s+5)))

ans =

~1/4%t*exp(-4*t)-1/16*exp(-4*t)+1/16

>>
F(t)=0.0625{1— e —4te™*}

f(t)y=te' =3¢ +de™

£(t)=0.0625{1— ™ —4te™}




Problem 12.29

Find the inverse Laplace transform of the following functions

F(s)=—
s+1

1-e™

F(s)=

1-e™

Fls)= s+2

Suggested Solution

a.

F(s)=~<—
s+1

let
G(s) = —— = g(t) = ()
s+1
1) = g(t-1)= £(t) =& u(t—1)

b.

_ 72
F(s):l e

let
G(s) %: g(t)=u(0)
1) = g(O)—g(t—2) = f(®) = u(t)—u(t~2)

c.
1-e
F(s)=
() s+2
let

G(s) = —— = g(t) = u(t)
s+2
1) = g(O)—glt—D)= 1)=& u(t)— e u(t~1)
= ef(H)u(t —-1)
£(0) = u(t)—u(t-2)

f(@O)=e u®)—e " Pu(t-1)




Problem 12.30

Find the inverse Laplace transform of the following function
(s+De”
s(s+2)
10
(s +D)(s+3)

F(s)=

F(s)

Suggested Solution

_GtDe” ki, K

Fs) s(s+2) s s+2

]

at
s=0

s+2

ULk,
S

172 1/2
_+_

Floy=el K s+2]

_l _ l —2(1-1) _
f(t)—zu(t 1)+2€ u(t—1)

25

F(S)ZL:efzs[L_kk_z
(s+D(s+3) s+1 s+3

at
s=-1
10 —k =5
s+3
at 1 1 —2(t-1)
=3 f(t)=5u(t—l)+ze u(t-1)
0
s+1

5 5
F(s)=e > [—-—
(s) [s+l s+3

f@) =[5 ~5¢7 " u(t-2)

f(t) =[5 —5¢7 P u(t-2)




Problem 12.31

Find the inverse Laplace transform f(t) if F(s) is

F(s)

B se’
T (s+1)(s+2)

Suggested Solution

se*
&= a2
let
Go=—23 -4, B
+D(s+2) s+1 s+2
A=G(s)(s+D | =-1
B=G(s)(s+2)|,_,=2

G(s) =2~ = () =[2¢ " — e u(t)
s+2 s+1
£ =g(t-1)

FO) =126 ¢ Dlu(-1)

0 =[2¢7" = u(e-1)




Problem 12.32

Find f(t) if F(s) is given by the following functions
e STH25+3 s+2)e™
Flo)=e 2120 Fo=Cr2e
s(s+1)(s+2) s (s+1)

Suggested Solution

A.

F(s)=e™]

]

s*+2s+3 o Lok Kk, k,
sGs+D(s+2) s (s+D) (s+2)
at

s=0

$2+25+3 iy _E

(s+D)(s+2) ' 2

at

s +25+3 3
I =2

s(s+1) 2
S0
3/2 =2 3/2
—

s (s+1) (s+2)

F(s)=e™[ ]

f@)= [% —2e D 4 % e 2P u(t-2)

B.

—4s
etk kb
s (s+1) (s+1)

F(s) ]

s+2:k3 _
s+1
SO

P2y ]
s© s (s+1)

fO=Rt-4-1+e " uit-4)

]




3 3
SO =[=20 42 M=)

fO=[2(t-4-1+e " Pu(t-4)



Problem 12.33

Find f(t) if F(s) is given by following functions

Fs)=e 2(s+1) F(S):lo(s+2)e‘2-*
(s+3)(s+2) (s+4)(s+1)
Suggested Solution
A.
_oo 26D Lk Kk
Flsy=e [(s+3)(s+2) ¢ [s+2+s+3]
at
§s=-2
2(s+1) k=
(s+3)
at
s=-3
2(s+1) k=4
(s+2)
SO
e =2 4
Fo=e s

F@) =2 + 4Dt -1)

B
F(S):lo(s+2)e*25 T L
(s+4)(s+1) s+1 s+4
at
s=-1
10(s+2)=k:&
(s+4 ' 3
at
s=-4
10(S+2)=k2:4
(s+1)
so
F(s)=e™ [w-i-i]
s+1 s+4

20
+_

FO = + 2 (e-2)

£ =2 +4e> Dt -1)




0=y + e P u(e-2)



Problem 12.34

Solve the following differential equations using Laplace Transform

dx(®) . (=™

M-}- 3x(t) = 2u(l)
dt

Suggested Solution

A.

M-ﬁ-?ﬁx(t) — e*Zf’x(O) _ 1
dt

dx(t) ~ —L :; :S+3

7<:>SX(S) X(O)—S+2:>X(S)(S+3) s+2+1 o

X() = = 3O = u()

B.

%* 3x(t) = 2u(1), x(0) = 2

%<:>SX(S)_2+3X(S):>X(S)(S+3):z+2:M
S s

x(t) = %[14_ 2573[]1/!(0

x(1) = e "u(t)

x(t) = %U 1207 (o)




Problem 12.35

Solve the following differential equations using Laplace transform

4 dy(t) ZdJ’(t) (t)—e ,y(O):y'(O):O

dr’ dt
d;f” 290 4 4y(0) a0 =050 =1
Suggested Solution
A.
f;m #2204 1= y(0) = (0) =0

SY(8)+2sY(s)+ Y (s) =Y (s)[s* + 25 +1]=——

1 4 B C
Y(S)_(s+1)2(s+2)_(s+l)2+(s+1)+( +2) C=Y()s+ 2=

A=Y(s) s+, =1

Y(0)=l:1+B+l:B:—l
2 2

1 N 1
(s+1) (s+1) (s+2)

y(t)=(te" —e +e " u(t)

Y(s)=

B.

d’y(0) , 4dy()
ar’ dt

K Y(s) —5y'(0)—y(0)+4sY(s)—4y(0)+4Y(s) = l
s

— 4@ =u(®),y(0)=0;y'(0) =1

2
Y(s)s> +4s+4] = Lqs =51
S S
2
V()= +12:£+ B L C
s(s+2) s (s+2) s+2
1
A=Y(s)s |.v:o=z
B=Y(s)(s+2)"|_,=-25
Y=—2--1 3,003
4 2 4
10 3
Y(s)=— [ —+—]

4°s (s+2)° s+2

y(t) = Z[l —10te™ +3e™* Ju(t)

y(@)=(te" —e" +e " u(t)




W(t) = %[1 —10te™ +3¢ ™ Ju(t)



Problem 12.36

Use Laplace transform to find y(t) if

%* Y6+ 4j y(x)dx = u(t), y(0) = 0,¢ > 0

Suggested Solution

In Laplace terms
SY(5)+5Y(s) +§y(s) _1
K

Y(S)[S2 +5s5+4]=1

N

0 YN B B, .
s +5s+4 (s+1)(s+4) s+1 s+4
SO
Y(S):l/_s_ 1/3
s+l s+4

=k =1/3k, =-1/3

1 *’_l —4t
J’(f)—[ge 3e Tu(?)




Problem 12.37

Solve the integrodifferential equations using Laplace transforms.

d)c}lg‘t)_‘f‘ 2y(1) +I y(AdA=1-e,y(0)=0,t>0
0

Suggested Solution

In Laplace terms

sY(s)+2Y(s)+lY(s) :l—;
s s s+2

Y(s)[s+2+l]=l— !
st s s+2

SO
Y(s) k + k, + ks

- (s+1) s+1 s+2

=Ky

(s+1)° -
S0

2 2 2
(s+1)° CsHl o542

f@)=[2te” 2" +2e Ju(t)

F(s)=

@) =[2te”" =2 +2e Ju(t)




Problem 12.38

Determine the y(t) in the following equation if all initial conditions are zero.

3 2
dd“;(t) +4ddf2(t) +3 dy(;) ~10¢™

Suggested Solution

3 2
dt dt t
All intial conditions are zero.
SY(s)+45°Y(s)+3sY(s) = 10
s+2

10 A, 8 ,C D
Y(s)= =t *
s(s+2)(s+D)(s+3) s s+2 s+1 s+3
A=Y(s)s|,.,=5/3
B=Y(s)(s+2)|,_,=5
C=Y(s)s+D|_,=-5
D=Y(s)(s+3)|,.5=-5/3
Y(S)ZE’L : 222
s S+2 S+1 S+3

y(t) = (% +5e 2 —5¢" — g e u(t)

y(@) = (§+ 5¢ —5¢" —ge’” Yu(?)




Problem 12.39

Find f{(t) using convolution if F(s) is

1
o= e

Suggested Solution

1
FO= e
let
Fis)=——
s+1

1
RO=r5

Si@) =e"u(r)
fo(6) =e"u(t)

f0)=e"i-e]
F0)=(e" —e ()

f0)=(e" —e ()




Problem 12.40

Use convolution to find f{(t) if

1
PO = Gerar

Suggested Solution

1

FO) = TheT2r

let

F(s)=—"

B (s -1-2)2
1

F,(s) =m

fi(0) =te™u(t)
S () =e"u(t)

fO=[ePaePdr=e"[re di=e"[-e" ~ e,
0 0
fO)=e'[-e" ~te +1]

f) =" —te™ —eu(t)

f@)=(e"—te —eu(t)




Problem 12.41

Determine the intial and final value of F(s) given by the expression

_2(s+2)
Fs)= s(s+1)
F(s) = 2(s* +25+6)

s(s+1)
IO —
s(s+1)(s” +2s5+2)
Suggested Solution

A.

_2(s+2)
Fls)= s(s+1)
for
£=0% lim,_ sf(s)=lim__[25F2D -

s(s+1)
t - lim, _, 5f (s) = lim,_,[2C 2]
s(s+1)
B.
Fs)= 2(s> +25+6)
s(s+1)
for
(=0" lim.___ sf(s)=lim_ 28" +25+6),
s(s+1)
(>0 lim,_, 5f(s) = lim,_, 252540 _[g]
s(s+1)
C.
O —
s(s+1)(s” +2s5+2)
for
. Yy 2s° _

t=0nlm L, ) =lm, L T2
t — oo, lim,_, sf(s) = lim,_,[ 25" 1=[0]

s(s+1)(s* +25+2)




Problem 12.42

Find the initial and final value of the time function f{t) if F(s) is given as

Fy= 106+

(s+1)(s+3)
o) - (s* +2s5+4)

(s +1)(s* +45* +85+10)
2s
o=
Suggested Solution

A.
Fly= 10672

(s+1)(s+3)
for
t=0"1lim _,, s/(s)= hmﬁw[(s +1)(s +3)]
t—>oolim_ sf(s)= hmHO[(s +1)(s+ 3)] @
B.
P(s=— 324

(s+1)(s* +4s* +8s +10)
for

o : (s> +2s5+4)
t=0",lim_,_ sf(s)=lm_ =
o0 5 (5) [(s+1)(s3+4s2+8s+10)] @

(s* +2s5+4) B
(s +1)(s* +4s° +8s+10)]_@

I— OO’ limxao Sf(S) = lims%O[

C.

2s
Fls)= (s +25+2)
for

2s?
t=0"lim_,_sf(s)=lm_ =2
A ) [s(s+1)(sz +2s+2)]

2s°
t —oo,lim _, sf(s)=lim__, =
08/ () = lim, [ o1 =[0]




Problem 12.43

Find the final values of the time function f{(t) if F(s) is given as

F(s) = 10(s +1)
(s+2)(s+3)
10
Flsy= s> +4s+4
Suggested Solution
A.
F(s) = 10(s +1)
(s+2)(s+3)
for
o L 10(s+1)
£=07lim,.,,, o ()= 11me[(S +2)(s+ 3)]
i L 106+, _
o> enlim, of(9) = lim, =521 = )
B.
10
Fls)= s*+ds+4
for
t=0%lim_,_ sf(s)=lim [L] =[0]
s o T A5+ 4

10
t—>oolim_,sf(s)=lim_ [——]=
50 f( ) s—)O[Sz +4S+4] @




Problem 12.44

In the network in fig, the switch opens at t =0. Use laplace transform to find I(t) for t>0.

t=0

3H
Wi
12V] §
120
60
i(t)
Suggested Solution
=0 + VI -
Wf Wi
12V] §
1O 120
60 6Q
i(t) I(s)
for
t<0
v, =0V
and

i(07)=i(0")=14

181(s)+3s1(s) - 3i(0) = 0
I(s)[3s+18] =3
1

s+6
i(t)=eu(?)

I(s)=

i(t)=eu(?)




Problem 12.45

The switch in the circuit opens at t=0. Find I(t) for t>0 using Laplace transforms.

2Q

% \oj}) 40
o, %W%
|

Suggested Solution

wﬁx%w
|+

=

\%3 R4

20 40




40

30
i(t)
2H
20
\
@i _,

3i(t)+4i(t)+2i(t)+2 =

9I(s)+2I(s)—2i(07)=0
9

I(s) = [s+5] =4

4

9
s+—
2

I(s)=

i(1) = 4e 2u(r)4

i(1) = 4e 2 u(t)4



Problem 12.46

In the circuit in fig, the switch moves from position 1 to 2 at t =0. Use Laplace transforms to find v(t) for
t>0.

1 6KQ
o={o
t=0 N
<+> ) ¥ = 3KQ
v V(t-) 100uF
Suggested Solution
| R1
a={o
t=0
C"’) 2 "= R2
v V(t-) 100uF
R1
+
<+> V(o) R2
12V )
R2 +
V(o)
ro Cav(t) 0
R dr
V(s)

e HCV ()= Cv(0)=0

1 4
V(s)[s +E] =v(0)=V(s)= m

v(t) = 4eut)V

W) =deu(@t)V




Problem 12.47

In the network the switch closes at t=0. Use Laplace transforms to find Vc(t) for t>0.

12V

O" 2.

1Q

0.5F

1+

AY

2H Ve(t)

Suggested Solution

O

12V

0" -

10

dve(t)
dt

| ven =L
\L osk |+ 12 -Ve(?) L!Vc(x)dx+C
2H

12 1 s
Ve() 5 Ve(s) = Z—SVc(S) +EVC(S)
- 12

I s
— =V 1+—+—
o Vel oo+

12 25 +1+s>
— =Ve(s)[———1]
K 2s
24 24
2s+1+5°  (s+1)°

S Ve(t) = 24te” u(t)V

Ve(s) =

S Ve(t) = 24te” u(t)V




Problem 12.48

In the network the switch opens at t=0. Use Laplace transforms to find iL(t) for t>0.

3Q

WV

~N

AY|

0.5F

o

Suggested Solution

3Q

N Ve(o)

AY|

D -3

and

i +io=1=i.=1-i

now,

sI, (s)=3-3I,(s)+ 2(LL(S))
S

IL(s)[s+E]=3+%
s s

35+2 A . B
243542 s+2 s+l
4 1

I, (s)=
s+2 s+1
i, (1) = (4™ —e ™ u(?)

1,(s)= = A=4,B=-1

i, (1) = (4™ —e " u(t)




Problem 12.49

In the network the switch opens at t=0. Use Laplace transforms to find VO(t) for t>0.

KO 4KQ
t:0 + +
® 5 e
- Vet V(1)
12V ) i
O
Suggested Solution
KO 4KQ
t=0 N
C) Ve(t) AN 2KQ § Vo
12V ) )
4KQ
0.1 F;: §V(t)
.dm KO
N 2+4 O N
Ve(0 )—12(2+4+3)—8\/—Vc(0 )

B0 =v (0 =3

6ki(0) + 1 ji(t)dt ~v.(0)=0

: 0

0.61(s)+ 1) _08m _
S S

1) =28 - 4/31

0.6s+1 s
0.6

i(t)= ge_”%u(t)mA

V() = 2ki(t) = ge’”o"’V




i(t) = %e”/o‘ﬁu(t)mA



Problem 12FE-1

The output function of a network is expressed using Laplace transforms in the following form.

12

)= e 2)

Find the output as a function of time vy(t).

Suggested Solution

12 A B C

V(s) = e
s(s+D)(s+2) s s+1 s+2

12
(s+1)(s+2)
12
s(s+2)

2
6D lin=

|x:O:
o, =B=-12

C=6

Vi(t) = (6—12¢" + 6 Yu(t)V

Vo(t) = (6—12¢" + 6 Yu(t)V




Problem 12FE-2

The Laplace transform function representing the output voltage of a network is expressed as

120

V)= 10y 2 20)

Determine the time domain function and the value of the v(t) at t=100mSec.

Suggested Solution

120 A B C
Fi(s) = =Sy
s(s+10)(s+20) s s+10 s+20

120

——————— |, ,=4=0.6
(s+10)(s +20)

120 -1
s(s+20)

_120 l_,,=C=0.6
s(s+10) ~

V,(1) = (0.6-1.2¢™" +0.6¢ > yu(r)V
VO (t) |t:0Alsec = 024V

I/O (t) |t:0Alsec = 024V




Problem 12FE-3

The Laplace transform function for the output voltage of a network is expressed in the following form

12(s +2)

)= e s+ 36+ )

Determine the final value i.e. v, (¢)as  — o, of this voltage.

Suggested Solution

12(s +2)
s(s+1)(s+3)(s+4)

Vo(s) =
and
ACOERA!

V() 12(s +2)

S 36d) Y

Vyo=2v




Problem 13.1

Find the input impedance Z(s) of the network in fig 3.1.

1Q

AY|

7(s)

20
10
™ 2H
IF
|
20

Suggested Solution

Z1 72

/

Z(s)

O

1(;>
Zl (S) = 1

1+(§)

65 +8
28 =7¢ 3

__%7

TS+l

65 +8

Z(S)= =
) Z,+Z, 6S°+16S+11




Problem 13.2

Find the input impedance Z(s) of the network in fig 3.2
(a). when the terminals B-B’ are open circuited and (b). when the terminals B-B’ are closed circuited.

IF
A | B
I\
Zs) »
A B
S
Suggested Solution

o

Zs) »
2 S

25 +1
S+1

Z(S) =

Z(s) P

25 +1
S+1

Z(S) =




Problem 13.3

Use lap lace transforms to find v(t) for t>0 in the network shown in fig. Assume zero initial conditions.

Suhy 0 10u(t)V
IF
Suggested Solution
1Q 20
3 ~ 10/S
1/S
1Q
WA .
5/S T Voc
1/S Zrn
z
Zry
+ V-




51 1/8 501
Voc =< Tl o
S 1+1/8] SLI+S

‘ -

IS —10

V(t) = 10u(t)V



Problem 13.4

Use lap lace transforms and node analysis to find i1(t) for t>0 in the network shown in fig. Assume zero
initial conditions.

2Q 1 (t)

—W

> ‘
6u(t) vV
Rut v + 1H -
© v
\

7™

Suggested Solution

20 i () 2/S

|(
I\

-
SN RN c)
\

28 6 S 6
Z. =S2/8)= vV, =— =
m =511@75) 2452 oc S[1+2/S} [2+32}
12 12 6
il — | ——
g e g {2+52}_ 95> +12
L 747y, 28 S(S*+S+2)
2
2+8
11=£+ Klo + K|-0
S 1 7 1 7

s_L_ NI L NT
2 7 2




i(t) = [6+ 16.12¢2COS(Tt /2 + 26.370)]u(t)V

2Q 1 (t)

Zry

12/S <+>
- S

20 i(t) 2/S

= O ®




Problem 13.5

For the network shown in fig 13.5 find io(t),t>0.

1Q

IF
— ¢
IX
— AW
1H
1Q
4u(t) V cu(H v
+ —
® = O
io(D)
Suggested Solution
10 1/S
— W€
I\
T
S
1Q
1/(S+1)

4/S

-0

io(t)




I 1 4 1
Mt s s
. 2(-S*+4S+4)

S(S+1)(3S+2)
(=57 +45+4)

CS(S+1)(3S+2)

1,=0.5V

i)()=(2-16.12¢" —4/3e> Yu(t)V



Problem 13.6

For the network shown in fig 13.5 find Vo(t),t>0.

&tu(t) V 0

O

1Q 1H
§ 2u(t) A 10 §

O
Suggested Solution
1/(S+2
(5+2) 0
()
Vi
1Q S 0
S 16
| O
KCL at the Supernode is:
W nhn_ 2
1+1/s s 2 3
Vb=V,
S+2
SOLVING FOR V2 YIELDS:
_ 2(387+6S+4) Ly S*+2S5+4/3

2T (S 42)3524685+42)  °  (S+2)(S+0.5— /.646)(S+0.5+ .646)
_K K, . K,

S+2 (S+0.5—/.646) (S+0.5+ /.646)
K,=05,K,=0.316-37.76°
.V (1)=(0.5¢ +0.632¢ *'COS(0.6461 —37.76") )u(t)V




Problem 13.7

For the network shown in fig 13.5 find Vo(t),t>0.

10
10
S W
1H
— +
Q = ()
10u(t) 10 1F Su(t) V
Suggested Solution
10
10
AW
S
— +
d ~ O
0.01/S 10 /S 9/S
10
d +
0.01/S 10 —> —)

0.01/S




9/S

4\/\/\/\/— ZoG Zry

0.01/S

9( 1/8 9
Voc == =
S\1+1/S S(S+1)

1
TH_llll/S_S—
107 0.005(5’—899)
Z, +Z +1 (S+1)°
B
+
(S+D S+1
A=—45
B 3
V(899)=0= 2 B=5*10

_I_
(900)> ' 900
V(t)=(5e" —4500te " yu(t)mV



Problem 13.8

Find Vo(t),t>0 in the network shown in fig using node equations.

2u(t) A
10
W——E) o
4u(t) V IF
CD H T HOA -y,
10
\
| o —
Suggested Solution
2/S
-6 s
1
§ 1/(S+1)
Vo
10 ,‘\
o —
2 1 ¥,
=04 SV, =V, (S+]
s a1 1 e o5+

243§ A4 B C
o~ 7ot 7t
SIS+ S $S+D)° S+1
A=2
B=1
LET S=-2, V,(-2)=2=-0.5A+B-C = C=-2

Vo(ty=[2+2¢" +te Ju(t)V




Problem 13.9

Find Vo(t),t>0 in the network shown in fig using node equations.

+
—/
35

12u(t) V
1H C
4etu(t) VN
\

E

6u(t) V

Suggested Solution

12/S
S <+ 10
4/(S+1) \Z
\

|(
AN

1/S
Q 1Q

6/S

+ |
1

§ +
:

Vo

O

KCL:V,~V, +(V,~V,)S =V, =7, = 25"

S+2
6 4  25+6

278 SH S(S+1)
vy 12 148418

2o =

S S(S+1)
VO:2(5+9)
S(S+2)
A B

=—+
S (5+2)



A=9
B=-7
Vo(t)=[9-7¢ Jutyy



Problem 13.10

For the network shown in fig find Vo(t),t>0 using mesh equations.

0.5F 20 1H
|(
1€ s ER R .
Vo
du(t) V
o)
Suggested Solution
2/S
0.5F 20 1H 1S
|(
2u(t) A(D 1 IQ§ 10 §
2/S I Vo
Iy
L 4u(t) V
k 4/S V\) -
o)
BY MESH ANALYSIS,

1,+41,-1,=4/S
L, +L(S+2)=0
GIVEN
s
S(S+7/4) ¢ 7
15 _K., K
S(S+7/4) S (S+7/4)

1,=2/8,1, SOLVES TO

VO(S) =



K =6/7,K,=-6/7

s~ 8L
O als (S+7/4)

Vo) = E (1~ e”‘”)}t(t)V




Problem 13.11

For the network shown in fig find Vo(t),t>0 using mesh equations.

io(t)
AW
ameyv( Tt L 2 clu() A

Suggested Solution

10
v (T =
4/S -

2Q

1/S

Bk L R
28
1Q

=

4
E_Vl =ViS+1,

1 24
o=h+ =——1

(S+1) 2
YIELDS :

12
lo(5)= (E_ (3s+4)j

1,(t) = [(1 —%e“w)}u(t)A

cu(t) A

1/(S+1)




Problem 13.12

Use loop equations to find Vo(t),t>0 in the network shown in fig.

2u(t) A

<D e'u(t) A

Suggested Solution

2/S

| 1(S+H)
mls m()




1
(S+1)

2
I, :?13 =

21, + (1, —11>+(S+§>(12 1)=0

12(2+1+S+l):2+ S + !
S § (S+1) S(S+1)
S?+25+3

(S+1)(S* +3S5 +1)
—(S’+6S*+85+2) 2 2 1.28 1.72
o~=hHh=™4H = =T <

= = + +
T S(SH1)(SH2.62)(S10.381) S (St1) S+2.62 S+038
I,(t)=(-2—2e" +1.28e > +1.72¢ " "* )u(t) A

5L(S)=




Problem 13.13

Use loop equations to find Vo(t),t>0 in the network shown in fig.

|(
s R ER 1€
10 1H IF
10
+ 2u(t) A
®
du(t) V 10 v
\ Suggested Solution

|(
s R RR 1€




Vo= ~1,)2

Vb=( 10 2}2_—2S+22_—4S+4

S(S+4) S)7 S(S+4) S(S+4)
ket

(S+4) S
A=1
B=-5

V,(t)=(+5¢ u(t)V




Problem 13.14

Use mesh equations to find io(t),t>0 in the network shown in fig.

™ 4
du(t) V \T 10 cu(t) A

AWM i
10 ‘
@Q' § !
_ I ™ 3
1
4/S /S 1 1(S+1)
10212
Lo L
S+1
4
§=(1/S+1)I]—12/S

0=—1/S)I,+1,(3+1/8)-1,

SOLVING 1 FOR I1 & PUT INTO 2.

1:12+4:>1{3S+1— 1 }: S N 4 _S+4
(S+1) S+1] (S+1) S+1 S+1
SO
S+4
__S+1 _@+53 B A4
© 35%+4S  S(S+4/3) (S+4/3) S
S+1
A=1
B=-2
3

ip(1)=(1 —%e“”/})u(z‘)V




Problem 13.15

Use loop equations to find Vo(t),t>0 in the network shown in fig.

AT I 0
1H 10
+
C) 1Q Vo ()

4u(t) V 2u(t) A

Suggested Solution

M€ o -

ofn® "t =, ..

4/s 28

MESH EQUATIONS:
V,=1,
4 2 2
E:SII+[2(2+E)&[2—[1:E
SO

2
11=12—§
AND
A S L e S Klo , Kl-¢
S S S°+25+2 S+1-51 S+1+1

Kl =22 - folast
J

V,(t) = 232 COS(t — 45" u(t)V




Problem 13.16

Use loop analysis to find Vo(t),t>0 in the network shown in fig.

4e'tu(t) A 1F
® 7 O .

Suggested Solution

Oy T D -

- AMA—E T o .
14

1Q AV
10 @ 2u(t) A 0
o




KVL FOR LOOP 4 IS

(L, -1)+1, - +1)+S(-,+1)+1,=0
/ :—(6S2+6S+4)

CS(S+1)(S+3)

(L, -1)+1(L, -1, +1)+S(-1,+1,)+1,=0
] :—(6S2+6S+4):—4/3+ 2 20/3
YOS +D(S+3) S S+1 S+3
SINCE

Vo (t) = (1)14

V,(t) = (—g +2e” — % e )V




Problem 13.17

Use mesh analysis to find Vo(t),t>0 in the network shown in fig.

S S—

4u(t) A
ix(t)
‘I —
1F 1Q
(ix()/2

SIS

Suggested Solution

D)
v

—>
11
| .
+
1F 1Q
13
1H 1Q
\

DN % O




THEN KVL FOR THE MESH - 3:

S[I;-0.5(1,—4/8)]|+1[1,-4/S]+1,=0
;o TH8-2) 6

I = &V, =11)=2+ 2
S(S+4) 3 S+4

Vy(t)=(2-6e™ — ? e )V



Problem 13.18

Use loop equations to find Vo(t),t>0 in the network shown in fig.

i(t) " IF
AN °
1Q
1H
S +
2iy(t) 20
Vo
<+> <*>2VA(0
2u(t) A
O

Suggested Solution

, TVa- /s
4
10
S
A +
S 2
Vo




2 1
§+2]1 :11(1)+12(2+§)

OR

2=—8I,+1,25+1)

ALSO

I —1,=2VA=21,(1)= I, =—I,
NOW,

2=1L[S+25+1]=1, = 2 __273
3S+1 S+1/3

. 2/3

o T §4+1/3

V,(t) = %e_mu(t)V



Problem 13.19

Use superposition to find Vo(t),t>0 in the network shown in fig.

e o e I¢ o +

IH 1Q 0.5F

4u(t) V 2u(t) A 1Q

Suggested Solution

T A

1S 10 2/S
® “

4/s 28 1Q

FOR THE 4V SOURCE,

4 1 4
V.(S)=— =
o (%) SS+2+2/8S S*+25+2
FOR THE 2A SOURCE:
2 28
V(S)==S|(2+2/8)=——""
0(5) S ¢ ) S +285+2
FINALLY, V,(S) = — 4 +— 25 = 225+4
S +25+2 S°+25+2 S +25+2
ASINP 16.5,
28 +4
V(S)=——"—"
o(5) S*+285+2
YIELDS

V(1) = 232¢ ' COS (+45" Yu(1)V



Problem 13.20

Use source transformation to solve problem 13.19.

T W
1H 10 0.5F
® y
4u(t) V 2u(t) A 10
o

Suggested Solution

T AW
1S 10 2/S
D 10 Vo

4/S 218

~
o
+

V,<S>[l+ : } .

S 2+2/S| §* s
S2S+2)2S +4
V(S)= (2 2 ) )
S*(S* +25 +2)
1
V.(S)=V. (S
0 (S)=V,( )[2+2/S}
sS4 KK
(S+25+2) S+1-r S+1+r
KIZM _ /2|45
(S+1=-r)|_ ..
(25 +4) 0
K=—""""" =/2|-45
LS +HL=)|

(S+1-7r) (S+1+7)
V(1) = 232 COS(t — 45" u(t)V




Problem 13.21

Use Thevenin’s theorem to solve problem 13.19.

e o e I¢ o +

IH 1Q 0.5F

4u(t) V 2u(t) A 1Q

T MM

NONEE—

4/s 28 12

VR
o
+

WITH THE OUTPUT RESISTOR AS A LOAD,

4 2 25+4
Voe=—+—=8=
ocC S S
2
Z, _2+1+S= ST+S5+2
S
BY VOLTAGE DIVISION,
25+4,
g 28 +4
V.(S)= =
0(5) 52+S+21 S*+S+2
S
28 +4
FV (S)=——"""—
[FVo(S) S*+85+2

V(1) = 2\2e " COS (1 — 45° )u (1)



Problem 13.22

Use Thevenin’s theorem to solve problem 13.11.

io(t)

WA T
apv(t L 2 ¢'u(®) A
Ul

_ Yan 10

IF
Suggested Solution
io(t)

—MA— -

20 ’s ‘

<+> | e'u(t) A
e v( " ~ o
vs /S 1/(S+1)

4 1/8 1 S+4

Voo =—. + =
S 1+1/8 S+1 S(S+1)

1/8 S+2
+1=

1+1/S  S+1
Voe  S+4 S+1 S+4

Zy +2 S(S+1)3S+4 S(3S+4)

Z,, =1+1][1/8 =

IO(S) =

o) =[1-5 ¢ Jult)



Problem 13.23

Use Thevenin’s theorem to find Vo(t),t>0 in the network.
IH 1F
1

1Q

lu(t) V/ +>
— 1
Vo

2u(t) A

Suggested Solution

e
1S 1/S
= =
1Q 2/S
L
(o]
1/S <+> ZTH
o

Using superposition

1 2 (4s+1)
V. =———@2s+)=———=
oc =g S( )
Ly =25+2
1 —(4S+1) (25+1/2)
Vo =Voc 7 = =-
! 25+3)S S(S+3/2)
VO=£+ B
S S+3/2
A=-1/3
B=-5/3

Vo) =[5 =3¢ uleV



Problem 13.24

Use Thevenin’s theorem to find Io(t),t>0 in the circuit shown.

1Q

1Q 1Q

_ /1

F

e'u(t) A
1H

S A,
)|
0

io(t)
>

Suggested Solution

1Q

1Q

N
=

AY
/1

/s
1/(S+1)

io(t)
>




2 W
O :

-2
Voo = 51 s TS(S+])
1

S+1
Zy =l+—=—+
TH S S
25 +1)

1+S+27, 1+ S+ S;rl (S+D(S+1+S(S+1))

28 +1) A B C
0: 3: 3+ 2+

S+ S+ S+1D)° (S+))
A=-1

LET,§=0,1,(0)=1=4+B+C=B+C=2
LET,S =-0.5,1,(-0.5)=0=84+4B+2C=4B+2C =8
1 2

SOLUTIONS ARE B=Z AND C=0 SO, I, =— -+ 5
S+ S+

2

i(1) = (2te” —%ef)u(r)A



Problem 13.25

Use Thevenin’s theorem to find Vo(t),t>0 in the network.

()

Y °
du(t) V |
Vo
2H
S
0.5k 20
= 2u(t) A
&2tu(t) A
Suggested Solution
+ -
Zry
28 VOC
-
2/S 20
ey 2/S
1/(S+2)

&

4/S
Zry

O




USING SUPERPOSITION,
2 2
Vo g s +(2] < E o 22w
S+2 S S+2 S S(S+2)
Ly, =25+2

yoNVoc+4/S _ 25%+8S+16
° 147,  S(S+2)2S+3)

25°+85+16 A4 B C
V,= =—+ +
SS+2)25+3) § S+2 C+15
A=8/3
B=4

C=-17/3

17

V()= (g +4e™ —?673”2)1,{(1,‘)1/



Problem 13.26

Use Thevenin’s theorem to find Vo(t),t>0 in the network.

S W

2u(t) A
20

W ——¢

0.5F

4u(t) V, "

Suggested Solution

2/S
20
M——¢

AN
2/S

4/S

+ Voc Zoa S
\
+
Zry

USING SUPERPOSITION,

4| S+2/8 2 S
Voe==| ——————= |+ =| ——— |2
S| S+2+2/S| S| S+2+2/8

8S%+8
Voc= . ;
SS+1-jD)(S+1+ /1)




VO:VOC(I): 2 8S+8/S 2
1+Z,, S +25+2+25"+4
O (8/3)(S 1)
O S(S*+(2/3)S+2)
A=4/3

K]0 =1.273]10.05"

V,(t) = (§+ 2.546e"*COS(N17t +10.05°)V




Problem 13.27

Use Thevenin’s theorem to find Vo(t),t>0 in the network.

i
* 10
2/S Vo
+
CD 10 Y
IS(
2/S
PAYN

o |V




Voc =3V,

2/8=V,
SO,
Voe =6/8
I, =2/8
Zy =Voc e =30
Voe _6/S_A+ B

V, = = ==
S+1+7Z,, S+4 § S+4

A=1.5

B=-15

Vo(t)=1.50-e " Yu(t)V



Problem 13.28

Use laplace transform to find Vo(t),t>0 in the network.assume that the circuit has reached steady state at
t=0-.

4 T “Er oz

Suggested Solution

i

15V 2H
<+> 40
- 40 Vo
4

2S

2Q 4Q A

V,=25 4
25+6

5
V,=| —
¢ (S+3j

V,(t) =5 u@)V




Problem 13.29

Find Io,

(t),t>0 in the network.




SOURCE TRANSFORMATIONS:
5(01)=0
Ve(0)=0
8 { 28 } 165 8S

Voc =T a2 =
S|28S+4/3+41/S| 28°+4S/3+1 S*+2S/3+1/2
(8)S?
Z. =2S11(4/3+1/8)=—22
™ I ) 6S%+4S+3
(48)S>
~ Voc _ 6S*+4S+3 488’

Z.+ (8)S*+6S L4 857 +6S+2457+165+12
6S° +4S+3

~ (48)S 158

0528 +2285+12

IOC

SP+—S+—
Ko K-|6
V263 T J263
+11—j S+—+j——
32 32 32 32
K]0 =0.906/34.15"

i,(1)=1.812¢ ' COS(0.51t +34.15")u(t) A

I, =




Problem 13.30

find Io(t),t>0 in the network.

20 1Q
12V 2
\
oo\ —
20 . 1Q
I,
12V




FOR =0

o214 1) o,
Z 3.5\1+1

12_y

S VA8 Y sy ev+l6+s
Z 25 2

SO,

[

25 +1
[ —

2 §+0.5
iO (t) — —eiO‘SZM(ZL)A




Problem 13.31

Use Thevenin’s theorem to find Vo(t),t>0 in the network.

o

IOVC_D 1Q

20 IF ~~
Vo

1Q

Suggested Solution

Zeq




Jfor t=0

i, =0
20
VC:?V
1 1 S+2)/(S+1
Z, =1l l(s+2)=— | s+2=CE2AED
* S+2+—
S+1
_(§5+2)
“ §5*+35+3
, 20 (S+2)
==
3
SJrES—j\—/E S+§S+j\—/E
2 2 2 2
V,= Ko + k-0
¢ 3 3

s+1.5—j— s+1.5+j—
a 7

3

1.5+ —+2

20 2 o
k|0 =— =3.85-30
Y
5
2

V,(t)=17.7¢""COS(——-30"V



Problem 13.32

find Io(t),t>0 in the network.

12V,
o0 40 50

Suggested Solution

i
2Q 2H
12 60O 30

D

28

i,(07)=24
THE TRANSFORMED NETWORK FOR t>0 IS

;4 [ 12 ]_ 1.5
o 25+9\4+12) S+9/2
i,(t)=1.5¢""u(t)A4




Problem 13.33

find Vo(t),t>0 in the network.

YO $ =

+

Vo

Suggested Solution




61,31, =12

—31,+91, =12
12 —3‘
12 9
I = _120+3) 14445
6 -3 54-9
3 9
i,(07)=3.24
=64 V+12/S ¥,
28 3 6
SOLVING FOR V, YIELDS:
_l44
PS4
_96
* S+l

V,(t)=9.6¢ u(t)V



Problem 13.34

find Vo(t),t>0 in the network.

WW

W—— -

3Q
CP )
O
Suggested Solution
WA
§ $ iLv |
W
4Q 1
MWW
C*Dé/sh) 60 q) < Iy > Vo
r4s




24s 12s

45+6  2s5+3
: 413
loop analysis:I,=6/S, 1,=4/S, 91,-21,=0 = 122?
Vo=312+(11—13)[ 128 }:iﬁ( 128 j: 165 +6
25+3] S S\28+3) S(S+1.5)
VO:£+ B
S S+15
A=4
B=12

Vo(t)=(4+12e7"u@)V



Problem 13.35

find Vo(t),t>0 in the network.

+
12v C_

W

2KQ
o—t+——o *
12KQ
) 4KQ v,
2KQ
600uF 4

Suggested Solution

+
12/S C_

4/S

AW 0 -
12Q
) 4KQ Vo
2KQ +




1.67K/S
4/S

AW o
() K% wZ

FOR t>0
R=6K || 12K=4KQ
V,=V,+4/S
KCL:
12
s VY v-12/s8 o
R 2K+1'67K 4K
8 V.
=y, ~ _—
S _ Y 186/7SK +£:>8=2SV0+4S v, 532S
4K 2K+ 0MR 4K 2+—
3S
OR,
2
8:2SVO+4SV0 532S:>8:25V0+125V0 96S
2S+§ 65+5

. 6S+5/3 4 B
0T S(5+5/12) S S+5/12
A=4
B=2

Vo(t)=(4+2e”"u(t)V



Problem 13.36

find Vo(t),t>0 in the network.

AN AN oo

= "EIE 2.

O O.= =.

Suggested Solution

2KQ +

4KQ
+ o Ve




v =248k 13K
9K 9

Voo =12V

R,, =3K || 6K =2K

V =12(4K /8K) =6V

V. =V{(4/6)—(4/12)}

V. =2V

NODAL ANALYSIS:

12
S Yo, Vo218
6K 4K 4K+10K/S
12+8V, _ SV, , SV, 28

— VO

6 4 45+10
AND
2
24-28V, :M+3SVO = =55V, +24
25+S8
65V, —128 =—10S5"V, — 255V, +48S +120
V,[1652+2551=60S =V, A, B
S S+24/16
A=24/5
B=-21/20
24 21
Vo(t)=(F——=—e " Y@V
(1) (5 20 Ju(r)



Problem 13.37

find Vo(t),t>0 in the network.

10 ¢ ¥ 1Q
4\/\/\/\/_

(o] o

+
4u(t) VC—) o w10 v
0

Suggested Solution

S

10 ¥ 1Q
—N\N\N\N\— —\VWW\——° -«

o) o)
+ I I
4/5 C) : 25 2 2 ! § Vo

| o

%:Il(zSH)—SIl

0==8I+1,25+2)=1,=L((25+2)/5)
SOLVING THE ABOVE TWO EQUATIONS WE GET:

4 (28 +1)(2S +2) } 4
—=1 —S|=>L=——&V, =1
S 2[ S 2387 +65+2 ¢ M7,
4 A B
Vo == = +
357 +65+2 S+042 S+1.58

A=1.15
B=-1.15,VO(t) =1.15[e** —e " u(t)V




Problem 13.38

find Vo(t),t>0 in the network.

60 ¢¥ 8Q
WM\ WV °

10u(t) V o

20 —
+ VR 4
- 0.5F 8H

Suggested Solution

/1

/8 + 2/S=
=
C‘) Voc

YoC +
1
1 8S 310 VO




VoC =1,(Z,, +6+48)+2S8I, &0=28I,+1,(85 +12)

(-45+6)
FROM THE SECOND LOOP EQUATION, I, =

1,, AND,

VOCZL:11[2S_4S+6(L
S(S+1) S S+1
10 =1,[25° +28% — (4S5 +6)(2+ 6S + 6+ 45> +45)]
—5/7
2 S 431/78%+46/7S +24
V, =4I,
FROM A CRC MATH HANDBOOX,
V,= A + ‘K@ + th
© S+0.513 §+0.257—j1/2 S+0.257+j1/2
A=-9.05
K|0=5.0827.20°

V,(£) =—9.05¢ " +10.16¢ " COS(0.5¢ +27.20)

+6+4S5)]




Problem 13.39

find Vo(t),t>0 in the network.

12 1/8 F
(
ST (
2H 20 °
Suggested Solution
12 8/S
(
ST \WW— €
12/S 25 . o
O =
Iy
<
8/S
ST AW +
8S

24/




REFER PRIMARY TO SECONDARY , N=2
12 yd2 24
S S S
25+2—>(2S+2)N* =85+8
24
s 3
85+24+8/S S*+3S+1
A B

I, = +
§+038 S§+2.62
A=1.34

B=-1.34
i,(t)=1.34[e" — > u(t)V

o




Problem 13.40

find Vo(t),t>0 in the network.

2:1 IF
W < +
(o)
1200 v 30 2H o
Ul +>
1Q
C =
Suggested Solution
2:1 1/S
WM — 77 < :
8Q 2S o
12/S
® o
Vo

2

O

1/S

T

S/2

1Q§ Vo




REFER PRIMARY TO SECONDARY , N=2

1226
S s’ s
25+B—> (25 +8)N*=0.55+2
6

~ S 12
 055+3+1/S S*+6S+2
v - 4 B

S+0.35 S+5.65
A=2231
B=-231

V,(£)=231[e "> —e > u(t)V



Problem 13.41

find Vo(t),t>0 in the network.

12
4 4
| —\WW—C '
0 o o 1/4F
40
12u(t) V IF
40 Vo
Suggested Solution
12
W€ W :
1IN o
20 fo) 10 4/S
<+> /S
12/S - 40 Vo

24/ (+> 4/S

M ———Ee—

4 4/S
4 § Vo

REFER PRIMARY TO SECONDARY , N=2

22 24
S S S

1/S+2—>(1/S+2)N>=4/S5+8

e A

S '16+8/S

v - 96 N 6
165+8 S+0.5

V,(t) = e’y

V,=




Problem 13.42

Determine the output voltage Vo(t) in the network in fig if the input is given by the source in fig.

— o

1 10 .
F T 20 1Q
® "
vi(t)
o
Suggested Solution
—W 0
110 .
1/S an 20 1Q
O "
\4
o
MW
1 1Q +
s T 20
VOC
Vi
O




i —
() =

Therevin's EQ:
Voczvi[l : }:Vi(S—H)

341/ 35 +1
NEW CIRCUIT:
1
:V —
(0] oC 4+ZTH
S+1 35 +1
Vo=Vi( )
3S+1°\125+4+25+2

= (S+1) V.= 6(S+1)
(145 +6) S(14S +6)

A B
Vo= —+ 1-e”*
0 [s S+3/7}( ")

(1-¢™)

A=1
B=-4/7

V,(t) = {1 —36‘3”7}u(t)V



Problem 13.43

find Vo(t),t>0 in the network in fig if the input is represented by the waveform shown in fig.

1Q
1Q

AAAN _W*Q\/W\/ o~

§ 6Q 2Q § Vo

io(V)

12

t(s)

Suggested Solution

S

o

=

(]




VOC=ZIO[L}:§+( 6 J:[ 144 }(1—(35)
S+8] S (S+8) |S(S5+8)

65 +12
Z =6](S+2)=
m =011(S+2) 18
NEW CIRCUIT:
2 (S +8)2
Vy=Vyo ——— =
O 3z OC[9S+36}
)
=
S(S+4)
ADD THE TIMESHIFT TERM:
Vo= 32 (l—e_S):[éjLi}(l—e_S)
S(S+4) S S+4
A=38
B=-8

Vo(t)=[8=8¢" Ju(t =1V



Problem 13.44

Determine the output voltage Vo(t) in the network in fig if the input is given by the source in fig.

1Q

4\/\/\/\/_

1Q IH

EaRin .

Vi)

/

1F

Vi)

t(s)

—

Suggested Solution

1Q




V(6) = 1[u(t) —u(t ~1)]
Ixﬁzéa—eﬁ

1

v.h S+l A I _W/3
O
2 0.5+L+i 2 S+1+§+1 S+l
S+1 S+1 2 2

_1f 1 o AL B s
VO_3(S(S+1)](1 ) [S+S+J(l )

A=1/3
B=-1/3

I R TN R R N N N
Vo(t)—[3 3e }u(z‘) [3 3e }u(z‘ 1914



Problem 13.45

Find the transfer function Vo(s)/Vi(s) for the network shown in fig.

WMo
L 3Q +
~ 10 §

1F 20 1Q

Vi)

A

Suggested Solution

W WW—o

+
— 3Q
-~ 1Q

1S 0 1Q
Vo
Vi
o]
AW -
Zry s

Vo=V, [LL} = Vi( S+l )

3+1/S 3S+1
1 25 +2

Z., =2||(=+1)=

TH ”(S ) 35 +1
1

=V —

(6] OC4+ZTH

V, S+1

V. 145+6

1



Problem 13.46

Find the transfer function Vo(s)/Vi(s) for the network shown in fig.

+
o-l—
Vs(®) <+> %
< — Voc
= Y -
et
R1 C =
Suggested Solution
+
o—l—
Vs(®) <+> -
-+ 1 o Vo

R1 1/S =




SC 1+ SCR

Vo [ R )[1+SCR .

V R, \1+SCR, )

R=R ||R,

NOTE THAT THE 1+R /R, = dC GAIN.




Problem 13.47

Find the transfer function Vo(s)/Vi(s) for the network shown in fig.

o-l—

T (t)C-i-)
- v,

Suggested Solution

o—l—

O
— Voc

B R2 /S I‘
RI 1




VVe Vs _Vo_, RHLSC

=1

R+1/SC R,V R,

OR,

z= 1+£ + ! = l+ﬁ (1+L];
Ve R, ] SCR, R, SCR
R=R +R,

1
2 =|14+— (1+—j
Vs R, SCR

NOTE THAT THE 1+R,/R, = GAIN AT S — o




Problem 13.48

Find the transfer function Vo(s)/Vi(s) for the network shown in fig.

o—l—

Vs(® (

W,

V
= R2 0

=~
Suggested Solution
+ o+
Vs(®) <+> -
+ — R2 VO

1/S

AY|
/1




o

v, =V v Vo _y,__ R

:>_0_1 R —
R R +1/SC_V, R, +1/SC

OR,
v, SCR,
Zo=]4| |
Ve 1+ SCR,
FINALLY,

7, :(H&j S+1/(C(R +R,))

Vs R, S+ 1
CR,

NOTE THAT THE 1+R /R, = HIGH FREQUENCY GAIN




Problem 13.49

Find the transfer function Vo(s)/Vi(s) for the network shown in fig.

—Wh [

Cl

~

O T
L 1 f+

AY|

Vo

Suggested Solution

KCL AT NODE V, IS

u:%JrSCle +C S, -V,)

1 2
AT THE -VE TERMINAL OF THE OP-AMP SINCE
i =0 ~sCy+Xo—g
R3
SOLVING THE TWO EQUATIONS YIELDS:
-S
CIRI
ses| G, G | RTR
Cl C2R3 Cl C2R3 Cl C2R1R2R3

VS“ |Q‘




Problem 13.50

Determine the transfer function for the network shown in fig. If a step function is applied to the network
What type of damping will the network exhibit.

IF 1~

1Q 1F
w(®) §
1Q

Suggested Solution

1S ~
N 10

Vs




USING KCL:

AT V,: V-V, = V. +H(V -V, )S+SV,

OR, V,=V,(25+2)-V,(S)

AT (-) INPUT: SVI=-V, = V=-V,/S

NOW,

V, S

VO
=—2(2S+2)-SV, =V, (S+2+2/S) = - =
= 2528V, = Vo )= s

CHARACTERISTIC EQ: S*+2S+2
ROOTS ARE S=-1#%1



Problem 13.51

Find the transfer function Vo(s)/Vi(s) for the network shown in fig. If the step function is applied to the
network, will the response be overdamped underdamped, or critical damped.

4
I\
1F
W +
—oO
V,
Vs(D)
IF
Suggested Solution
4
I\
/S
W +
—oO
V,
VS
/S
NODAL ANALYSIS,
Vs — V1 (Vl 'Vo)

@V, 1 (VI‘Vo)SJFf

Vi =V, (§+2)-V,(S+1)

V-V

@(+) INPUT: ITO =(Vo)S=V, =V, (S+1)

Vs = Vo [(S+1)(S+2)=1] = Vo (S+1)(S +1) = V, (S +1)°
v, 1

V., (S+1)
CRITICALLY DAMPED.




Problem 13.52

The voltage response of the network to a unit step input is.

2(s+1)
s(s* +12s+27)

Vo(s) =

Is the response overdamped.

Suggested Solution

A Network has a step responce of
2(s+1)
s(s> +125+27)

is it overdamped?

Vo(s) =

completing the square
s*+125+27 = (s +3)(s +4)
Ss=-3,5§=-9

system is overdamped.




Problem 13.53

The transfer function of the network is given by the expression

G(s) = 100s
s2+22s+40

Determine the damping ratio, the underdamped natural frequency and the type of response that will be
exhibited by the network.

Suggested Solution

Asystem has teh transfer function

G(s) = 100s
s2+22s+40

find

¢, o,

The characteristic equation
7 +225+40=0

with analogy to

$2+ 28wy + @,

W, =+/40,2Ew, =22
11

§=—pm

2410

overdamped




Problem 13.54

The current response of a network to a unit step input is
[ ()= 106 +2)
0 s*(s* +11s +30)

Is the response underdamped?

Suggested Solution

If step responce is
10(s+2

IO (S) = 2 2 ( )

s7(s”+11s+30)

How is it Damped?

The characteristic equation is
s*(s*+11s+30)=0

2 (s+6)(s+95)
Roots
§=-6,5§=-5

Being real and unequal it is overdamped.




Problem 13.55

The voltage response of a network to a unit step input is

10

Vy(s)=—5——
o(5) s(s* +8s5+16)

Is the response critically damped.

Suggested Solution

If step responce is
10
s(s* +8s5+16)
The characteristic equation is
(s +8s+16)=0
(s+4)° =0
Roots
s=—4
Critically Damped.

Vo(s) =




Problem 13.56

For the network in fig choose the value of C for critical damping.

4 +
I\
C 4
C
™
WO oH = § Vo
\
Suggested Solution
| +
I\
C 4
v, cr~
s 6H 1Q v,
\
Parallel RLC Circuit

R=1Q,L=6h,C, =C+I1F;
Characteristic Equation is

) S 1

s —— b ——=0
RC, LC,

s’ 4280 s+ =0

For critical damping, £ =1

1
“ =i, Jec.,
16

R =Coa =50, =2 G
6
e
2
c =é:1.5=C+1
4

eq

C=0.5F




Problem 13.57

For the filter in fig choose the values of c1 and c2 to place poles at s=-2 and s=-5 rad/s.

100KQ 100KQ
Vs(D) l o o~
Suggested Solution
100KQ 100KQ
MW e
v + Cl1 1 +
s — Q2
Vo




Both opamps are connected as unity gain bufffers
R =100kQ2

Vo=V 1/sc,
1/sc, +R
also
Vo=V 1/sc,
R+1/sc,
or
V1 [ 1 ]
V, R, (S+L)(S+L)

Re, Rc,
For poles at -2 and -5

the transfer function is

v, 1 1

7S - R’ce, (s+2)(s+ 5)]
S0

Rc, =0.5

Rc, =0.2

¢ =5ukF

¢, =2uF

¢, and c, interchagable



Problem 13.58

Find the steady state response Vo(t) for the network in fig.

+
12 cos (t) L 20
an
\Y
1F 10 0
o
Suggested Solution
+
12 cos (t) L 20
an
V.
1/S 10 0
o

Using KCL
Vl_+&+£+&=0
s+1 2 1/s 3
n=r-v

V.(t)=12cos(t)V

I/Z(L—I—l—i_s—i—l):Vi(L—i_l)
3 s+

s+1 2 1 2
Solve fo rthe Transfer Function
vV, 3549
V65t +1ls+11
W _ " s+3

V.3V, 652 +11s+11
For Steady State s =j1
V, 3+ 1

— =——=0.26£-472°

V| —6+11+ 11

ljl



Also

7, =12

50

V,=12(0.26)—-47.2°
Steady Staet Phasor
Vy(t)=3.13cos(t—47.2°)V



Problem 13.59

Find the steady state response Vo(t) for the network in fig.
10 cos(t) A

-
N
WW

20
10 1H ] 10
1F Vo

/1

Suggested Solution

Is

-~
W -

20
1Q§ 1S ] 1Q §
/S Vo
t

/1

Nodal Analysis

5+5+V2(s)+5=0
1 s 1

VI(42) = 1 2s +1)
S

or
Vi==sV,
4+K_%=nyw;




V,=V,2s+3)-21,
—sV, =V,(2s+3) =21,

2
=r=1LEg—"73)

3s+3

Transfer _Function
Vv, 2/3
I s+l
For steady state s=j1 and
v, 213 2 ,
I_:) = T]l = 5 £—45
11,1210
s0,

102

V,=——= /45
3

Vy(t)=4.Tcos(t—45° )V



Problem 13.60

Find the steady state response Vo(t) for the network in fig.

4 cos 2tV
Vi() o~
1Q 0.5H
ZV¢ 2Q A
\
Suggested Solution
Vi
(i +) +
S/2
20 § V,

s
|

Nodal _ Analysis

V420,41, (3) 22 =0
s 2
n=n-v
2
3V, =3V, +£+%:0

s
so,

oV, =V0(6+i+1)
S

Vo _ 6s
Vv, Ts+4
at Steady State s= 2 since

V.(t) =4cos(2t)

Nl 712 _ 82,1595
V|, 4+ 14
My




sin ce

V=4

Vy =4(0.82)£15.95” =3.3£15.95°
Vy(t) =3.3cos(2t +15.95°)V



Problem 13.61

Find the steady state response Io(t) for the network shown the fig.

4cos2tV 2i,(t)

in § '
io(t)

Suggested Solution

OO
2/S S 20
1Q  /
io(D)
Loop Equations
I,Loop :21, =(s+2)],—sl,
I, =1,
21

ILoop:V,=s(I,- 1))+ 1 +—
s

v, =1,(1+2)
S




I, s

V, s+2

sin ce

V.(t) =4cos(2t)

at Steady State j =j2
I 72 _ 1 s
v, s+j2 2

sin ce

Vi |=4

[ =X s

N

1,(t) =22 cos(21 +45°) 4




Problem 13.62

Find the steady state response Io(t) for the network shown the fig.

0.5F
|
AN
20 2iy(t) Q
i;(t)
12 cos 2t (0
Suggested Solution
2/S
|
AN
S .
211
20 1Q
i Vi
i
KCL
L TR A AL
1 2
I,=V,/LI,=V,/s
2V s s
I,+—L+1,(=)-V,(=)=0
0T 0(2) 1(2)
or
s s 2 st —4
I(1+2)=V,(=-2)=V,
of 2) ,(2 S) i ( 2 )
s+2 s’ —4
1 =V,
of 5 )=V ( 2 )
Finally
I, s-2

Vi

S




at steady state s=j2
V.(¢t) =12 cos(2¢)

L :E:\/E4450
Vil, J2

and
1, =V, |N2245° =12:/2.245°
1, =122 cos(2t + £45°) A



Problem 13.63

Find the steady state response Io(t) for the network shown the fig.

® Tz

1
W .

1H
<? 2V (1) m§ v,
| o

4 cos tu(t) A

Suggested Solution

L () T -
1S
\

o

Loop Equations
L)+ 1,(S)+(, —IIN)(1)+%: 0

LS+D)+LQ2+D—1,(1+1)=0
S S

VOI3

I,-1,=2V,=2(1, -1I,)

2 1]:0

2 1
I, 2+——1-9)+L[S+1-2+2——+—
w( g 3) o[ E




SIIN(1+%):V0[—SZ—S+1]

Vo —S+D
I, S*+S-1
SINCE

1,,(t)=4COSt(t > 0)
at steady state s — j1
V, —(1+J1)
I, —2+J1
SINCE

li [=44

V, =4(0.63)£71.57°
V,(t)=2.52COS(t+71.57°WV

=0.63/71.57°



Problem 13.64

Find the steady state response Io(t) for the network shown the fig.

1H ¥ §
IF
\ V4 (: ) o -
AN \\' /
8 cos 2tu(t) V
o
\ _
4 cos 2tu(t) V
Suggested Solution
1S +

1/S

\H<>_°+

=

Va

V,(t)=8cos2t
Va(t) =4cos2t
at steady state
V,=8£0"V
V,=420"V
KCL

MYyt
S

1, +V,+V,=0

—

Vb




also

Va=Vy+Vs

V,=21,+V, =3V, =3V, +3V,

combinig these equations yeilds
s7+1 s +5+3

V.=V -V,
0 A(sz+25+3) B(s2+2s+3

at steady state

8(—4+1)—-4(—4+3+/2)
—1+3+j4

Vy(t)=5.22cos(2t +97.77% yu(t)V

)

v, = =5.22/97.77°



Problem 13FE-1

A single loop second order circuit is described by the following differential equation

What is the correct form of the total (natural plus forced) response?

Suggested Solution

The Characteristic Eqn is
s?4+25+2=0

or

(s+1£,1)=0

with a constant forcing function - the answer is (0)




Problem 13FE-2

If all initial conditions are zero in the network in fig, find transfer function Vo(s)/Vs(s) and determine the
type of damping exhibited by the network.

1/4 F
2H

i o

Vs(t) - §

Suggested Solution

2 B 2s B s B s
= - =— =
2+2s+ﬂ 25+5 +4 sT4+s+2 s—i—lsij\n
s 2 4

The network is underdamped




Problem 13FE-3

The initial conditions in the circuit in fig are zeros. Find the transfer function Io(s)/Is(s) and determine the
type of damping exhibited by the circuit.

1/3F

AY|
/1

1H

4Q § \J W

(1) (D

Suggested Solution

I—O(s)— s+4  s(s+4)  s(s+4)
I, ciarS STHASH3 (s+D(s+3)
S

The network is overdamped




Problem 14.1

Find the exponential Fourier series for the signal shown.

sot

+1

e
oo

Suggested Solution

T;

1 ¢o ) 1 ¢
Cn :_J-*To _e*Jn(uotdt_i__J‘ 2 e*]nmotdt
T,"~ T, "0

1 —jnwoi jna)ﬂi
C,=——IE ?2-l-l+e ?
T, jnw,
o, =%
Lo,
Cn = ! [2 _ ejn/z _ e—jnzr} — 1 |:2 _ 2COS(}”17Z'):|
2 jnz 2 jnx
C, =0
0 n even
1-cos (I’lﬂ')
C,= =1 2
jnr — n odd
jnr
n=00 2 )
t — ejna)ot
S@ ,Z;_jmz
n#0

n odd




Problem 14.2

Find the exponential Fourier series for the periodic pulse train shown.

o(r)
10

T 11 gy

(=]
=)
-

Suggested Solution

10(0.1
C, = 0(lo)zl T,=1 w,=27

|
C, =—[ 10107t
TE) 0

) 0y _w” 10 _
Cn:L[ejnwotin:i{l_ejs}: 10 e ‘
T,

—jnw, O jnrx

C zﬂeﬁnﬁ sin nl
10

n
niw

f()= 10 Z leﬁhB sin (n %) e/" !

n=—o0




Problem 14.3

Find the exponential Fourier series for the periodic signal shown.

f

o T 2.3 4 35 6 7 8 9 10

Suggested Solution

T, =5 o,T, =27
use time shift theorem with t, = 2sec

1o 6 | T it
Cn:—J‘56eJ “dt = e —e °
1,70 jn2r

. T
—jn—=

C = SlIl n— Cll’ld 1) = C e’]nwofejn(uot
=2 ( Sj f=3c,

n=—o0

f(t): Z %ejnﬂ' Sin(n%jejOAm‘

n=—0




Problem 14.4

Compute the exponential Fourier series for the waveform that is the sum of the two waveforms shown by
computing the exponential Fourier series of the two waveforms and adding them.

vy(n

-—

.
2 3 4 5 6

5 4 3 2 -1 0 1 2 i

(a)

v}

2

1 4m M,

e R T e T N S T '

b)

Suggested Solution

ForV,(1), T,=4 oJ0,=2x

Ty _inE
C 23'[4 e " dt = 2 l—e 2
1,70 jn2rx

n

ForV, (z‘), note V, (t) is half as large and time shifted 1sec, or%

. T
_ Cl e*/"“’o(l) C"l A

C, =— =—Tle
: 2 2
C, =Cn1 +Cn2




Problem 14.5

Find the exponential Fourier series for the signal shown.

Suggested Solution

Comparing f(t) to the waveforms in table14.1 notice that f (t) matches

the even function symmetry triangular wave where

A=1 T,=2 & w,=x
A 1 24 -2
C == C - =
2 2 "ontrt ontn?
1 2 -2 .
f)=—+ e_]nﬂt
f() 2 n;OnZﬂ_Z

n#0
n odd

n-0
n odd




Problem 14.6

Given the waveform shown, determine the type of symmetry that exists if the origin is selected at: (a) /, and
(b) L.

h h

Suggested Solution

If origin is at /,, then v (f) = -v(- {) odd symmetry

Iforiginis at [, then v () =v (-f)  even symmetry




Problem 14.7

What type of symmetry is exhibited by the two waveforms shown?

[

4

o

v

Suggested Solution

In part a) f; (£) =-f1 (¢) odd symmetry

In part b) 5 (t) = -f> (- To/2) half wave symmetry




Problem 14.8

Derive the trigonometric Fourier series for the waveform shown.

v(r)

B
>

/l % &
~ = VF o V 1(s)

Suggested Solution

T, . Pl
b - 2 %Qtsin(rza)ot)dt _ 4_2 s1n(na)(;t) _ teos(nayt)
T;) 77 T;) TE) (na)o) na)O

_ 40| sin(nz) Tycos(nz) sin(nz) T,cos(nx)

"ory? (,m,o)2 2nw, (na,o)z 2nw, }

40 T a1 20
b =20 o _(-1y 2
= nwocos(mz) (-1) —
= 420 .
i)=Y (-1)"== t
=31 Zsin()

n=1



Problem 14.9

Find the trigonometric Fourier series coefficients for the waveform shown.

o)
1

01 2 34 i(s)

Suggested Solution

3

W= 3000|5725

a, = %j;tcos(nwot)dt + %f cos(naw,t)dt

2 {tsin(na)ot) N cos(na)ot)]1

2

—2 sin (naw,t)

an 2
T, naw, (”a’o) nw,T, ]
sin(n7) .\ cos(nr) 1 .\ sin(2n7z) sin(2n7z) cos(nz)-1
a = — — =
! nmw (n;z')z (n;z')2 nmw nmw (n;z')2

n

b, = %E tsin(naw,t)dt + %f sin(na,t)dt

n |: (na)o )2 na)o

sin(nayt) z‘cos(na)ot)}1 .\ cos(na)ot)r
0

nw, |,
_sin(nz) cos(nr) .\ cos(nz) cos(2nr) 1
" (n;;)z nw nw nt arx
-1
g =3 g 2ooslm) -l 1

4 ! (nﬂ)2 onm



Problem 14.10

Find the trigonometric Fourier series coefficients for the waveform shown.

VR

1 0 1 4 5 r(s}'

Suggested Solution

Even symmetry, I, =4 o,=
1

Sooe

ay=—— = b =0
4
1

o - Iltcos( j cos(na)gt) .\ tsin(naw,t)

0 na)o) naw, o

cos( j s1n( ”j

2 2 1 4 V2 2 . V2

a, = ——+ - - = > (cos(n—j—lj+—sm(n—j
(nw,) na, (nw,)” (nr) 2 nrz 2
1 Fleolrs) ) el3)

a, =— a, = > cos| n— |—1|+—sin| n—




Problem 14.11

Find the trigonometric Fourier series coefficients for the waveform shown.

AL DA

17 I S

_—
h

Suggested Solution

V(t) can be expressed as the sum of the two wave forms shown below where
V,(t) is the wave form in Problem14.10
Since V, (t) is of even form

a, == b, =0 T, =4

7 _
a, = %IOZIQ (t)cos(nw,t)dt = Ilz—cos(nwot)dt = —l{sin(nﬂ) -~ sin(n%ﬂ

naw,
2 . (nx

a, =—sin| —

> onrw 2

From problem14.10: a, 2% and a, = 4 (cos(n%j—lj+isin[n§)

n 2

aozaol+aoz:—% b =0




Problem 14.12

Find the trigonometric Fourier series for the waveform shown.

Suggested Solution

Half wave symmetry
a,=0 T, =4sec 0)0:%
a,=b =0 forneven

T
a, :%.[Ozf(t)cos(na)ot)dt for n odd
0

a, = I;cos(na)otdt) - jlz2cos(na)0tdt)

. 1 . 2
B smna)0t| N 2s1nna)0t|

' |
0

nw, no, L
sin| 7% +2sin(n7r)—2sin nr
2 2
an =
ni
2

-2 . (mzj
a, =—sin| —
nrx 2

4 L ) 1. 2,
b :Fojoz f(t)sln(nwof)dt:_[o sm(na)ot)az’t+2'[1 sin(nw,t)dt

iz nw
B cos(na)ot)|0 . cos(na)ot)|1 ~ I- Cos(zJ + 2COS(2) —2cos(nz)

b, =
nw, | naw, ‘2 nrw
2
. 6
Since b, holds only for n odd, b, =—
nrw
vi+1= 2 z isinna)ot 1 sin (ﬂjcosnwot
T.on n 2




Problem 14.13

Find the trigonometric Fourier series for the waveform shown.

v{l}T/
/ 1
—] o o 2n ‘i t

Suggested Solution

Fia
T=2rsec w,=1rls a, = 2 ==z
2 4

This waveform is similar to that of prob.14.15. If one multiplis a)(t)in 14.15 by

negative 1, one gets this waveform here. From 14.15.

1 1 2cos(nr)—1
a, :Z a, :ﬁ(l—COS(I’lﬂ')) bn :T
a, _! ¢ =1 (cos(nr)-1) b, :l(l—2cos(n7z))

4 " n? n




Problem 14.14

Find the trigonometric Fourier series coefficients for the waveform shown.

o(r)
2

L Tkza hﬁ =
L, O e

-1

Suggested Solution

T, =4 sec

a =

n

s0,

an=

a=7 [

V4
W, =—

0
2

2—t)cos(nm,

t)dt+ —J- —cos(naw,t)dt

sin(na)ot)|3

0
sin(na)ot)|2 +[tsin(na)0t) . cos(nawt)
0

3 +
ano 2(”0)0) 5

no, 2nw, ‘4
in{ 7 |—sin(n27)
sin(nr) 1 sin(nr) cos(nx) e sminsz
+ ~— - =+
naw, 2(na)0) na, 2(;%00) 2nw,

2.2
nrw

b=l

(1 - cos(mz)) -

2—1)sin(nawyt)

. nrw
sm| —
[ 2 )

nrw

t)dt ——I sin(na,t)dt

nw,

2
_ cos(na)oz‘)|0 .\ tcos(nawyt) sin(nayt) .\
) 2nw, 2(nw,)’ .

~ 1-cos(nr) ) cos(nz

2nw,

) sin(nz) 1-cos(-na,)

nao, nw,

2nw,

[3-cos(na, )] =i{3—cos(ﬂﬂ

2 (na)o )2 21’!600

\9}

cos(na)ot)|0

-1




Problem 14.15

Find the trigonometric Fourier series coefficients for the waveform shown.

0

; ]2 3]s "
\I-IN N Y ©

Suggested Solution

neasee a=ars o=l (O03]-00)]-

T

a, = %Iﬂl —tcos(nwyt)dt + %Ilzcos(nwot)dt

) o 2
o - cos(mzt) . tsin(nzt) . sm(nm)|
(nr) nw 1 nzr |
1 cos(nr) ~ sin(n7) .\ sin(n27) —sin(nz)
! (nﬁ)2 (nﬁ)2 niw niw
1
a,=—— (1-cos(nr))

b, = %I; —tsin(nw,t)dt + %f sin (ne,t ) dt

1 1

. tcos(nawyt) sin(nawyt) cos(na)ot)|
g nao, (na, )2 . nw, |,
- cos(nx) sm(nfzr) . cos(nz) cos(27n) _ icos(nir) L
nrw (1’172') nr nr nrw nrw
1 1 1
a, =7 a, =n27z2 (l—cos(nﬂ)) b, =g[2cos(n7r)—l]



Problem 14.16

Find the trigonometric Fourier series coefficients for the waveform shown.
(1)

| :111I3_|4 .
R

Suggested Solution

T=2sec  @=7ris a =iK%j(1)(—l)+(l)(l)}

T,
2 ¢t 2
a, =F0UO(t—l)cos(rm)ot)alt+J-1 cos(na)ot)dt}
cos(mzt) N tsin(nm) 1 sin(n/zt)|1 N sin(mzt)|2
a4 = _
" (n7r)2 nrw . nrw ‘0 nr ‘1
s0,
3 cos(mz) N sin(n;r) B 1 B sin(n;z) sin(27zn) _ sin(n;z)
" (m;)z nrw (n;z)z nr nrw nr
1
=— -1
a, ey [cos(mz) ]

b, :%J:(r—l)sin(na)ot)dt+%jlzsin(nw0t)dt

1

- sin(na)ozt) _ teos(nat) s
(7’1600) 7’1600

cos(na)ot)r . cos(na)ot)r

new,

nw, |,

0

0

_sin(nz) cos(nr) . cos(nz) cos(27n) . cos(nz) 1

! (n ;;)2 nrw nrw nrw nrw nrw

1 1
b, :J[cos(nﬂ)—ZJ a, :ﬁ[cos(nﬂ)—l} 4 =7



Problem 14.17

Derive the trigonometric Fourier series for the function shown.

o(r)
+V
To
AN,

NN

Suggested Solution

Half wave symmetry a,=0 a,=b, =0 for n even

n

T, I
a = %Iozﬂco(nwot)dt = %Lz tcos(naw,t)dt

0

T

8v _tsin(na)ot) N co(nw,t) 2
a =
]Z)z i na, (na)o)2

a _8_V_£ sinn;z+cos(n;z)_1
' ]102 L 2’ na)o (nWO)2

2
Fornodd, a, :8—‘; _22T02 = _24‘/2
T, | 4n'x n'r

)

T ; 2
b, = iJ'igtsm(na)ot)dt = g[sm(na)ot) - tcos(na)ot)}

n 7-E)Z (na)o )2 na)o .
[sm cos( ) ﬂ 2v
=0 fornodd, b =—
na)o ha, nr
= OO —51(na)0t) 2v2 cos(nw,t )V

n=1 NTT now
n odd




Problem 14.18

Derive the trigonometric Fourier series for the function v(z) = Alsin ¢#| as shown.

‘*"m
A

1] o 2w ]

Suggested Solution

T =r w, =2 v(t)=Asin|¢|
even function, b, =0
0

I ¢ro . A
a‘):?o.[o As1n(t)dt:Fcost

0

Ty
n

T
a, = %IozAsin(t)cos(nwot)dt

Use trig. identity,

sin(¢ +6) N sin(¢ +6)
2 2

singcosd =

Now,

n

T
a =;—2J-02[sin(2n +1)7+sin(1— Zn)t]dt

a

4 T
24 COS(1+2n)t+cos(1+2n)t 0 l—cos[(I:Zn)2)+1—cos((1—2n)2j
"o 1=2n 1-2n |5 1+2n 1-2n

2

Since cos[(1+2n)%}=cos{(1—2n)%}=0 for all n,

a

1—2n)(1 +2n)

n =

_24[ 1-2n+1+2n 44
7

_ﬂ(1—4n2)

RYEEE)

T ~ 1 —4n?

24 44
610—7 an_ﬂ-(l_—4712) bn—O




Problem 14.19

Derive the trigonometric Fourier series for the waveform shown.

f)
A /\
"

0 1 2 3

Suggested Solution

T, =2 w, =7 a, :TLJ'OIAsin(;rt)a’t=%cos(7zt)‘iJ =
0

a = %Lj Asin(rt)cos(nxt)dt

sin(¢—6)+sin(g+0)

Trig. identity singcosf = 5

a, =§I;(sin(l—n)ﬂt+sin(l + n);rt)dt

A_cos(l—n)ﬂt+cos(1+n)7rt '
" 2| (I-n)z (l+n)z

é_l—cos(l—n)ﬁ . 1-cos(1+n)x
2 (1—7’1)72’ (1+n)7r

. A[ 2 2 } 24
If niseven, a,=-— + =
2zl 1-n 1+n] z(1-n*)

0, forn=1

} if nisodd a,=0

2 el
b =—/| Asi t)si t)dt =
n T;) .[0 Sln(ﬂ' )Sln(nﬂ-) {AIO]SiHZ (ﬂ't)dt forn=1

Since sin* 6 = %(1 —c0s26),

A

-]

! 2 2

b = ;I;(l — cos(27rt))dt :g{t —M]

0

A A . = 24
f(t):;'FESln(ﬂ't)-i-n; 7[(1_”2)

n even

cos(nawt)

EHES



Problem 14.20

Use PSpice to determine the Fourier series of the waveform shown in the form.

Ve(t)=a,+ ibn sin (ne,t +6,)

n=1

12

Voltage (V)

m o N OB O @

0 5 10 15 20
time (ms)
Suggested Solution

Transient specifics were Final Time=10ms, Step Ceiling=10us,
Center Frequency=100 Hz and Number of Harmonics=10
FOURIER COMPONENTS OF TRANSIENT RESPONSE V/(Vs)
DC COMPONENT= 3.750000E+00
HARMONIC  FREQUENCY FOURIER NORMALIZED PHASE NORMALIZED

NO (HZ) COMPONENT COMPONENT (DEG)
PHASE (DEG)

1 1.000E+02 3.954E+00 1.000E+00 -1.424E+02
0.000E+00

2 2.000E+02 2.016E+00 5.099E-01 -8.774E+01
1.971E+02

3 3.000E+02 1.247E+00 3.154E-01 -8.735E+00
4.185E+02

4 4.000E+02 6.417E-01 1.623E-01 6.991E+01
6.395E+02

5 5.000E+02 2.027E-01 5.126E-02 9.000E+01
8.020E+02

6 6.000E+02 2.852E-01 7.213E-02 1.101E+02
9.645E+02

7 7.000E+02 2.291E-01 5.793E-02 -1.713E+02
8.256E+02

8 8.000E+02 1.260E-01 3.188E-02 -9.226E+01
1.047E+03

9 9.000E+02 4.883E-02 1.235E-02 -3.759E+01
1.244E+03

10 1.000E+03 1.993E-08 5.040E-09 -1.206E+02
1.303E+03

TOTAL HARMONIC DISTORTION = 6.310255E+01 PERCENT




Problem 14.21

Use PSpice to determine the Fourier series of the waveform shown in the form

v, (t)=a,+ ibn sin (na,t = 0,)

n=1

}l_'

/

Current (nA)
(=]

I

1

\

0

10 20 30 40 50 60 70 B8O 80 100

time (ms)

Suggested Solution

Transient specifics were Final Time=10ms, Step Ceiling=10us,
Center Frequency=100 Hz and Number of Harmonics=10

FOURIER COMPONENTS OF TRANSIENT RESPONSE V(Vs)

DC COMPONENT= 1.997500E+00

HARMONIC FREQUENCY

NO

1
2
3
4
5
6
7
8
9
1

0

TOTAL HARMONIC DISTORTION= 4.597325E+O1 PERCENT

(H2)
2.000E+01
4.000E+01
6.000E+01
8.000E+01
1.000E+02
1.200E+02
1.400E+02
1.600E+02
1.800E+02

2.000E+02

FOURIER
COMPONENT

4.401E+00
1.669E+00
8.810E-01
4.518E-01
3.183E-01
3.001E-01
2.046E-01
1.829E-01
1.913E-01
1.592E-01

NORMALIZED
COMPONENT

1.000E+00
3.792E-01
2.002E-01
1.027E-01
7.233E-02
6.819E-02
4.648E-02
4.157E-02
4.347E-02

3.617E-02

PHASE
(DEG)

1.049E+02
-3.975E+01
-1.480E+02
3.521E+01
1.791E+02
2.212E+01
-1.565E+02
-2.297E+01
1.625E+02

-1.800E+00

NORMALIZED
PHASE(DEG)

0.000E+00
-2.495E+02
-4.627E+02
-3.844E+02
-3.454E+02
-6.073E+02
-8.907E+02
-8.621E+02
-7.816E+02
-1.051E+03




Problem 14.22

The discrete line spectrum for a periodic function f{f) is shown. Determine the expression for f{¢)

D” aﬂ

o = b W B L

L

L],
mznsowsoﬂml 101030«150,,612)

Suggested Solution
fo=10HZ w,=20r r/s D,=2|Cn|
Dl’l = @ = an - jb}’l
all On =90° a,=0 and b, =-D,

S (t)=—4sin(207zt)—5sin(407¢) — 3sin (607t ) — 2sin(807¢) — sin (1007¢)



Problem 14.23

The amplitude and phase spectra for a periodic function v(¢) that has only a small number of terms is
shown. Determine the expression for v(¢) if 7o = 0.1 s.

D, 8,
8
6
4 +80°
45°
f | o8 ‘ i “
iy

2 3 4 n 4| 1 2 3
90°

Suggested Solution

T, =0.1 sec w,=20r r/s
n a, 0,

1 8 80°

2 6 80°

3 4 0°

4 2 —45°

v(t)=8cos(207 +80°)+ 6cos (407t +80°) + 4 cos (607t ) + 2 cos (807t — 45°)




Problem 14.24

Plot the first four terms of the amplitude and phase spectra for the signal

f(1)= ; %sin (%) cos(nw,t) +%sin(na)0t)
nodd

Suggested Solution

= -2 . (nxw 6 ) .
t)= —sin| — |cos| nwt +— |sin(nw,t
f() ,,;nﬁ 2j ( 0 nﬁj ( 0)
n odd
-2 . (nﬂj
a, =—sin 7
nir n odd
-
nr
2 2 —1 _b
D, =4a, +b, 0, = tan (—"]
an
n DVI 9)1 (O)
1 2.01 -108
2 0 0
3 0.67 =72
4 0 0
5 0.40 -108
6 0 0
7 0.29 =72
D, 0,
A A
2+ 0
20—
40 =+
I = -60 —-
_80 —
-100—=
1 —>n -110 : : :




Problem 14.25

Determine the steady-state response of the current 7,(¢) in the circuit shown if the input voltage is described

by the waveform shown in Problem 14.8.

10
MV

Vs(t)

2H§ 2Q

Iy

|
3
t

Suggested Solution

7 = jon||1=—L

1+ jzn
From14.8, T, =2r, w,=1r/s

v, (1)= 3 (1" 22 cos (nr —90°)¥
n=l1 nrw

i: V4 _ jzn _ jn

V. Z+2 jzn+z+j4n 1+ j3n

let G(n)= 1+] " and 0, =
Loy =V, (n)G(n)
( 1)n+1 20

|G (n)|cos(nt

~90°+9),)
nrw




Problem 14.26

If the input voltage in Problem 14.25 is

2&1
=1 ——Z—sm 0 27znt 14
T n
find the expression for the steady-state current i,(7).

Suggested Solution

prob. 14.25 circuit w/ v (1) =1—£lein(%mjlf

Tion
LT
Now, a)O:Z, 1 _ jsz)o — ar - jn‘7z
s V. 2+ jénw, 1+ 30~ 5+ j3nx
s

Now, G( ) mand 6, =

From the circuit, Iy dc component is zero, 50,

)= Z21G(n |cos(”—nt—90°+0njA

‘= n s




Problem 14.27

Determine the first three terms of the steady-state voltage v, () if the input voltage is a periodic signal of
the form

1 &1
v, (t)= 5 Z—ﬂ(cos(mr 1))sin(nt)V
10 1H
NN 2118 o
+
V(t)
AIF IQ§ Vo(t)
O
Suggested Solution
14 1
Vi = 1+ Loy = :
+Jn 1+]7’l
Ve 1 1+ n
Ve 1+ jn+Z7Z,, (1+jn)2 +1
V(n) 1
V,=———"— let H(n)=——— and 6, =|H
° 2—n"+ j2n ¢ (n) 2-n"+ j2n o ! Iﬂ
V. ! v, (1 Elﬂ =0.28|26.6°
" g ()= 1+]2 2060
32 —49°
V,(2)=0 V,(3 43 =0.023]—49°
0( ) 0( ) —7+J6 l—
v, _1 Vy(1)=0.2826.6 Vy(2)=0 V,(3)=0.023-49.4°




Problem 14.28

The current /; () shown is applied to the circuit shown. Determine the expression for the steady-state
current i, (¢) using the first four harmonics.

it (A) I/]

Vl

l/'l ™ il #) % 100 0

J?n
T

(b)

1.6 uF

Suggested Solution

= Z )y —sm (nawyt)\

100
I =] =
o 100~ 100k {n 7100
n
n |H(n)|
1 107
2 2x107°
3 3x10°°
4 4x107°

89.9

89.9

89.8

89.8

27

b, (for i, It)

iy = 3.18sin (272 +89.9°) — 3.18sin (47 + 89.9°) + 3.18sin (672 + 89.8°)

~3.18sin (877 +89.8°) m4




Problem 14.29

Find the average power absorbed by the network shown if

V(f) = 50 + 25 cos(377¢ + 45°) + 24 cos(754¢ - 60°) V.

240 30m
NN A
V(t)
lmg AN50uF
Suggested Solution

v(t) =60+ 36c0s(w,t +45°) +24(2w,t — 60°)V
@, =377r/s
I 1 ~ 1 ~ 53.1+ jnl2
4 53.1 636.6 1911-1°135.7 + jn600

24+ jnl1.31+12]|222 24— jnll31+
jn 53.1+ jnl2

vo—6or 1,602l -1674
1911

v()=36Vy 6,=45  1(1)=1.0539.1°
v(2)=24V 6, =—60°  1(2)=0.77-76.9°

36(1.05) 24(0.77)

P=60(1.67)+ cos(5.9)+ cos(16.9°)

P=1278W



Problem 14.30

Find the average power absorbed by the 12-Q) resistor in the network of Problem 14.29 if

V() = 50 = 25 cos(377t - 45°) + 12.5 cos(754¢ + 45°) V.

Suggested Solution

V(t)=50+25c0s (@, —45°)+12.5cos (2w, +45°)

o, =3777%4
S
Z:12||53.1: 637.2
jn 53.1+ j12n
v, Z ~ 637.2
V  Z+24+ jn1131 637.2+1274.4—n"137.7 + j888.6n
1 V(n)
Viin)=V(n)= I (n)==-2
o(m)= (n) 3-n(0.22)+ /1.39n o(n) 12
50 50
Ve =50 v, ==— I, ==—=1.39
DC Opc 3 Opc 36

v(1)=25  6,=-45° (1)=8.04-71.6° 1,(1)=0.67|=71.6°
V(2)=12.5 6,=45° (2)=3.58=7.67° 1,(2)=0.30=7.67°

po (?jl'”* (8.042)0.67 N (3.582)0.30 40

Vs
Vs




Problem 14.31

Determine the Fourier transform of the waveform shown.

o)

-T

Suggested Solution

F(o)=[ fe’dt

V(w)= I,OT —Ae™ " dt + IOT Ae dt = j%{ef”f

0 —jot

+e
-T

T
)
A

= et ot :ﬁ _
V(a))—ja){l e 41— jw{l cos(wr))



Problem 14.32

Derive the Fourier transform for the following functions:

(a) £ (f) = ™ cos 4tu (2).
(b) £ (t) = & sin 4tu (£).

Suggested Solution

PART A
f(t)=e cos(41r)u(t)
F(ow)= I: e cos(4t)e’dt = % I : (e_(z_" el g g2k )dt

|| g @ ission 0 o i) 0

2+ jo

Flo)=Jls——— | *5—1 "
2 2—]4+]a)LO 2+]4+]a)‘w (2+]a)—]4)(2+]w+]4)
_ 2+ jo
(2+ jo) +16
PART B
f(t)=¢sin(4t)u(r)= jiz[e-@-f“)’ —e O Ju(e)
_ 1 = —(2-j4+jo)t ~(2+j4+jo)t
F(a))—j—z()(e STION  em T )dt
—(2-j4+jw)t 0 —(2+j4+jo)t @
Flo)=—| S s |-
j2 2—]4+]a)LO 2+]4+]a)‘0 j2 (2+]a)—]4)(2+]w+]4)
Flo)=——

(2+ jo) +16




Problem 14.33

Show that

FLAW A0 [ R R (0-x)d

Suggested Solution

1 0
Let G :ELDF‘ (x)F, (@—x) dx

F'[G]= 1 I:_wF(x)“‘:__w}'“z(a)—x)e-’””da)dx letu=w—xand du=dw

L__w I _wF e’ e™ dudx

) T R(x)eMdx| " F(u)edu= £(t) £,(7)

FLA(0) ] G%J“’ (3)F (0-x) ds



Problem 14.34

-alt|

Find the Fourier transform of the function f'(f) = e

Suggested Solution

fHy=e" 0)=[" r(t)e di={" Vi [“etrar
(a—j(u)t 0 —(a—jw)t 0
e e 1 1 2a
F(w)= , ‘ + —| = —+ —=—
a—jo a+]a)‘w a-jo a+jo a +o




Problem 14.35

Find the Fourier transform of the function /(20 = 12¢ cos 4t.

Suggested Solution

f(t)=12¢cos4t  Let g(1)=12¢7"

From table14.3, F[g(t)cosayt]|= %[G(a) —0,)+G(o+a,)]
48
AND G =
’ (@) 4+’

48 48 24 24
+ +

|
20 4+(0-4) 4+(0+4) | 4+(0-4) 4+(0+4)

F(ow)=




Problem 14.36

Determine the output signal v,(f) of a network with input signal v(#) = 3e”u(z) and network impulse
response A(f) = e u(f). Assume that all initial conditions are zero.

Suggested Solution

v, (£)=3¢"u(1) (@)= 1+3jw
ni)=cu(t)  H(w)= 2+1jw
3 3 3

(1+jco)(2+ja))=1+jw_2+jco




Problem 14.37

The input signal to a network is vi(f) = e u(f). The transfer function of the network is H(jo) = 1/(jo + 4).
Find the output of the network v,(¢) if the initial conditions are zero.

Suggested Solution

1
H=eu(t) =V =
1) = u() =V, (0) = 5
1
H(jow)=
(]) 4+ jo
3 1 1

Vo(a))zV(w)H(a)):(3+jw)(4+ja,): 3+jw_4+ja)

v ()= (e_3t - e_‘”)u(t) 4




Problem 14.38

The input signal for the network shown is v{(f) = 10e™ (£) V. Determine the total 1-Q energy content of the
output v, (?).

oO——nW———o0
+ +
Vi(t) TLIE  Vo(t)
(e, O

Suggested Solution

v (1) =106 u(1) =¥, (0) = i‘jw
b
10
H(w)=—L2 Vv, =
(@) 1+'L (14 jo)(5+ jo)
ja
100 100
100 24 04
|V0(a))|2: 24 24

(1+a)2)(25+a)2) T1+w? 25+

1 g , 25 (e do = do
W= I—wl%(w)‘dw_lzn(j—wnwz —°°25+w2)

B T3y
| 127 51 3




Problem 14.39

Use the Fourier transform to find i (£) in the network shown if v; (£) = 2¢” u (¢).

0 1(t)
AN ———P—

Vi@© 1H§ mg

Suggested Solution

Z=joll=—L2 y_y L __y|_J2
I+ jo Z+1

1+2jw
V= 2 1=V J@
1+ jo 1 (1+jo)(1/2+ jo)
o2 1
I+ jo +jw




Problem 14.40

Determine the voltage v,(7) in the circuit shown, using the Fourier transform if v; (£) = 2¢™ u(?).

+
i) D lfé Fir wo

Suggested Solution

v, 1 1 2

,, Ja)” Jo+1 (@) "o+ ) (jo+4)
2 2

yo__3 3




Problem 14.41

Compute the 1-Q energy content of the signal v, () in Problem 14.38 in the frequency range from = 2 to
o =4 rad/s.

Suggested Solution

FROM 14.38

W = 2 tan ™’ (a))‘4 —ltan"] (QJ
127 2.5 5

4

=0.106J

2




Problem 14.42

Determine the 1-Q energy content of the signal v,(f) in Problem 14.38 in the frequency range from 0 to 1
rad/s.

Suggested Solution

FROM 14.38

W = 2 tan ™’ (a))‘l —ltan_l (gj
127 o5 5

1

=0.50J

0




Problem 14FE-1

Given the waveform shown, determine which of the trigonometric Fourier coefficients have zero value,
which have nonzero value and why.

pd ~—" N

1y Ty/4

“Ty/4

PN PN

Ty/2

\ 4
-

Suggested Solution

ap=0  Average value is zero

a,=0 for all n since this is an odd function
b,=0  n-even because of halfwave symmetry
b,=finite number for n-odd




Problem 14FE-2

Given the waveform shown, describe the type of symmetry and its impact on the trigonometric coefficients
in the Fourier series, i.e. ag, a,, by.

f(v)

\ “T,/2

“Ty/4

/ >t
W

Suggested Solution

ap=0  Average value is zero

a,=0 for all n since this is an odd function
b,=0  n-even because of halfwave symmetry
b,=finite number for n-odd




Problem 15.1

Given the two networks shown, find the Y parameters for the circuit in (a) and Z parameters for the circuit
in (b).

I L
O > 7 |- O
+ +
Vi V2
o O
(a)
I L
O— < o
+ +
\Y Z, V.
O O
(b)
Suggested Solution
1 1 1 1
LT S R
1y 2=0 L 1lya=0 L
® 1 1 1 1
Y,=— =0=-— Y, =-% =
I/Z 71 ZL Voo V1=0 ZL
L o
11— - L 21 - L
[1 12=0 [1 12=0
®) V V,
Z, =— =7, Zy, =2 =7,
[2 11=0 [2 11=0




Problem 15.2

Find the Y parameters for the two-port network shown .

12Q
o W o
12Q 12Q
o O
Suggested Solution
I S I S
A AN Byl T
21ly2=0 1ly2=0
I S I S
L=yl Tt %ty e
2ly1=0 2 ly1=0




Problem 15.3

Find the Y parameters for the two-port network shown.

3Q

o— i ———i-o

6Q2

Suggested Solution

1 S

e 1243116 14
-V _ v 4

=1,,when,V, =1,—— )
3 612 7

2

21y1=0

47 _-1

So, l1="—"""="
120 21
-1
Y,=—3§
12 21
I —_
c=Ll _p whenyi=1 1 -y
12 316

1

¥2=0
=S

Vi1l -4
= = sdyy =

So, I, =—1="2%
30 21 21

okl 1
20, 3+6l12

_S
7




Problem 15.4

If a 12-A source is connected at the input port of the network shown, find the current in a 4-ohm load
resistor.

12Q

o /\/\M o
§ 120 120
o o)

Suggested Solution

12Q

W
12 D §IZQ 12Q 4Q

1
The equations for the two-port are[ll}:{
2

1/6 —1/12}{1/1

,But the terminal conditions are
-1/12  1/6 ||V,
1 1
v, .lz—ng—EVz:Vz—l6V,12——4A

I
12 12




Problem 15.5

Find the Y parameters for the two-port network shown.

L I,

Suggested Solution

1 1
Y, 71 :E
- 1 1 1
e Y22=_2 = Y, — _i
Y. = [1 =0 V2 V1=0 Z2 Vl V2=0 Z2
| —— -
V2 V1=0




Problem 15.6

Determine the Y parameters for the network shown.

3Q 6Q2

Suggested Solution
Vily,, 3+6l6 6
I -
Y, =-- ZII,WHEN,VZZLVZ V:L,V:l
A 6 63 4
-0
THEN, [, =L/4=_—1A and Y, =_—lS
30 12 12
Y21=I_2 =12,WHEN,VI=1,1_—V=L,V=1 THEN,IzzL/sz, 2]=i
Vilvaso 3 616 2 602 21 12
Y, _1_2 = 1 =—
Vil 613116 8




Problem 15.7

Determine the admittance parameters for the network shown.

G,
o— >|( 0
L I
\2 ~ ~ § R

Vi
] ‘C‘ Vi ‘ G | -
O O

Suggested Solution

Y, = jw(C +C).Y, =g-jwC,

. .
Y, =-jwC,.Y, :}+]W(C2 +C;)




Problem 15.8

Find the Z parameters of the two port network shown.

I, 210 I,

+ +
VI —= 10 10.50 Y2

Suggested Solution

I 21
) 42 _Vz 10.5

O

z N (6L e
L|,, 42+3L5
v

221:_2
Il 1,=0

__1osn 105 0

27214105 315
V, =61, = Z, =60

, V|l _105)63) o
L), 424315
2, U @) 2,
L, 1, 3




Problem 15.9

Find Z parameters of the network in Problem 15.5.

Suggested Solution

Z, 5 =7,,Z, 5 =0
L, 1,=0 I 5,=0

Z,, :E =—yZ,,Zy :E =Z,
L, 1,=0 1 5,=0




Problem 15.10

Determine the Z parameters for the two port network shown.

e

V1 §R1

—o

R3

BVl

i

!

Suggested Solution

R2
o)
\| R1 #> BVI1 V2
o o)
1,=0
y
I, =—+pY,
=R i
I —(L+ﬂ)V
1 Rl 1
1+ SR R
[1:( IB 1)K3211: ]
R, 1+ SR,

Vo=Vi=BVR,=V,=V(1=FR)=(~-F R)

_ Rl(l_ﬁRz)

2! 1+ AR,

Rl
1+ SR,

— Rl(l_ﬂRz)

1+ PR




R2 R3
Vi §R1 BVI V2
O

=0
gy,

l
1—(—+/3)V (1+ﬂRl)V -

R, L+ AR

Zu: R]

1+ﬂR1

Vz :IzR3 +(%)R2 +K :lst +V1(%+1)

1

1

1,



Problem 15.11

Find the Z parameters for the two port shown. Determine the voltage gain of the entire circuit with a 4k-
ohm load attached.

601,

——R MW o

V1@ I, § 500 20KQ 4(«§ \A

© O

Suggested Solution

Z,, =550,Z,, = V, =501 —60(20K)I, = Z,, =1200K
Z,, =50,Z,, = 20K +50 = 20K

L=""2 vy —vo
4K

V, = 5501, +501,
V, = —1200K1, +20K1,

= 550_21/0
4K

V, = —1200K1, —?—KKVC

5501, =V, +0.0125%,
1200K1, = -V, -5V,

1200K7, = 2181.82V, + 2727V,
1200K1, = -6V,

- =6V, =2181.82V, +27.27V, = —33.27V, = 2181.82¥]
h_ 656
o

1

20— _65.6

~ |




Problem 15.12

Find the Z parameters for the two port network shown.

L I

401, 20uS V,

ey
J

Suggested Solution

h, =1K, hy, =40,h, =3E —v,h,, = 20
AH = h, hy, — h,h,, =8E -3

Z, _A_8E=3 400
, 2E-5

Z, _hy 3E-4 150
h, 2E-5
—h,  —40

= =——=-2E—-6Q

hy, 204

Z, -1 _soko



Problem 15.13

Find the voltage gain of the two port network in Problem 15.12 with a 12k-ohm load.

Suggested Solution

V, = 4001, +15I,
V,=-2X10°1, +50X10°,

1
v, = 4001, - 12>
12K
3
ST 4

12X10°
50007, = 2X10° —6.25V,

V,=-2X10°1, —4.17V,

50007, + ¥, = —10.42V, = —11.42 = 50007, = % = -438

1

~ |

=438




Problem 15.14

Find the input impendence of the network in Problem 15.12

Suggested Solution

From problem 15.13 solution:

50007, =2X10°1, —6.25(-4.38V])

6 Z, = 884Q
(500027375, =2X10°1, = Z,, = 1+ = ZX10
I, 22625




Problem 15.15

Find the Z parameters of the two port network shown.

L I,
- — ——0
+ ® e +
Vi wL, wh, V,
o | | G

Suggested Solution

Vi=1joL +Injo
V,=Injo+1,joL, 2y, =jol,Z, = jon,Z, = jon,Z, = joL,

Z,=joL,Z, = jon,Z, = jon,Z,, = joL,



Problem 15.16

Determine the Z parameters of the two port network shown.
R, In

JI
S
: J—

Suggested Solution

R, Im
L I
Y :
+ J +
+
S
O ‘—‘ O
Vi=nlR
. Z, =nR
Z, =R
V,=nR1,
. Zy =nR

Z, = nz(Rl +R,)




Problem 15.17

Compute the hybrid parameters for the network shown.

I L
o—» 7, |= o
+ +
v, V2
O O

€))

I L
o > o
+ +
vV Z V2

D
@)

(b)

Suggested Solution

21
42 10.5

O O
mo=0l Z21)42=140

Lly2=0
P 42 2
12 = 7 = =7

Vil 42421 3
P
21 T - -5

Ll,, 42+21 3
AP A B |
21, 105](21+42) 9




Problem 15.18

Consider the network shown. The two port network is a hybrid model of a basic transistor . Determine the
voltage gain of entire network, V2/Vs, if a source Vs with internal resistance R1 is applied at the input to
the two port and a load RL is connected.

(&) ' v 0 § '
1hy Vs

Vs Vi

Suggested Solution
= h11[1 +h12V2
I, = h2111 + hszz
Also

¥,
V, =—R,Lorl, =R—2andVl =Vs—R1I,

L

Vi =R I, = h 1, +h,V,

-,
2=y 1+ hyV,
R 2171 2272

L

Ve =R + )1 +h,V,

1
hZII] = _(hzz +R_)Vz

L

1 1
I] = _(hzz +R_)V2 -

L 21

1 1
Vs = [hu _h_(hzz +R_)(Rl + hu)]Vz
L

21

_ (7R )R, +hyy)

/o =ty ~ Ry,

v, = [hl2h21RL —(+h,R (R + h“)]V2
hy R,

v, h21RL

Vs - hl2h21RL _(1+h22RL )(R1 +h11)




Problem 15.19

Find the hybrid parameters for the network shown.

12Q
o W o
12Q 12Q
o O
Suggested Solution
}hlzﬁ =12||12=6Q
Lly2=0
L S L I
, = = =0.
Vol 12412
I —
hy,=— = 2 _ s
Ll,, 12+12
I, 1 1

0 =

v, T12jaz+12) 8

11=0




Problem 15.20

Determine the hybrid parameters for the network shown.
aly

+O -
3

7\

+O

0]

0]

Suggested Solution

1/jwC 2
| —o0

+ +
Véz \p)




_ JjoCR,
1+ joCR,
fa= Vzl =1jch; =M =7 j'wij
R2+j—w oLk, + joCR,

12

V,=0

Rz([1+]z)+;(0!]1+12)=0
joC

a 1
R +—)+(R +—),=0
(Rt~ D+ (Rt — I,

(a+ joR,C)l, =—(1+ joR,C)I,

—M[

12
1+ joR,C

_ a+ joR,C

T M+ jeR,C
R iwR,C
V,=(R +R)I,+R,I, =[R +R, _M I
1+ joR,C
o RJORRC+R,+ JjoR,’C—aR, - joR,’C
" 1+ jwR,C
By = R +R,(1-a)+ joRR,C
=

1+ joR,C



Problem 15.21

Find the ABCD parameters for the networks shown.

+ +
vV, AV
e 20
o o
+ 1, L+
\Y 7 \)
o o

Suggested Solution




Problem 15.22

Find the transmission parameters for the network shown.

o |( O
10
10 §
o O
Suggested Solution

A=1

B=-1;Q
C=1ls
w =-[,=>D=1-




Problem 15.23

Find the transmission parameters for the network shown.

I1 12 3 12

Suggested Solution

R
Il 12=0
coh] 11
Viliao 611 6
=i
12 V2=0
p-—h -4 _3
12 V2=0 % 2
I, =151,
V. =121, +6(1, + I,) =181, + 61, = 211,
p="2L 50

2




Problem 15.24

Find ABCD parameters for the network shown.

L I
Vio—o o \&
Z,
+
Z Vi
O © © O

Suggested Solution

I
Vileo 7V0 7
g ___ ¥ _=%
-L|,, ~Lh+) oy
ZZ
c-Ahl __ 4 _ -1
Viliieo =7V 74
p- bl __ 4L _=%
-1 72=0 ﬂ vZ,

ZZ




Problem 15.25

Determine the transmission parameters for the network shown.

I R YV,

+ +
Vi Ry Vv,
0o 0

Suggested Solution

L, Ry R, vL L

O O —
1, =0
V,=(r+R,)I,
1
V+R,

_ R +R

Vi=(R+R),= A
y+R,

V,=0
v +(R,+R,)I,+R,I, =0
(r+R)I =—(R; + R)I,

R, +R R, +R
=-S5 p=-5T0
+R, y+R,
R,+R
Vi = (R + R, + Ry1, = —(222)(R + R,), + Ry
7 +R,
R, +R)(R +R
Vl:_[( 3+ 2)( 1+ 2)—R2]]2
V+R,
g RR+RR +RR, +R’ —yR,—R’ _RR+RR +RR 7R,
y+R, 7 +R,

R.R +R.R, +R,R — ¥R,

V+R,



Problem 15.26

Find the transmission parameters for the circuit shown.

o— —0
[ J [ J
. W
W wl,

o | \ o

Suggested Solution

V
Forl,=0,I, =——
JjoL,

AND
V, = joMl,
oy oMY VL

JjoL, , M
Since

V, =0V, = joLI, + joMI,
0= joMI, + joL,I,

L2
h= D)

V, = jol, (%)(—m —joM(-1,)

v . LL-M’
L B=—1=jo[—=2—]
-1, M
D:_lzL_2
-1, M
L LL —-M’




Problem 15.27

Find the transmission parameters for two port network and then find I, using the terminal conditions.

o\ —(

e 329

Vlzo@ 20 40

Suggested Solution

0 1

2 @8-
| —J1 4

THEN

1 2] 2 j@-D|[1 4-2;] [2-2/ 12-5;
{0 1}{—11 1 HO ! H—lj 2—41}
v, =1220"V

Vv, =630V

-1, =1,

Vi=AV,+B(-1,)

1220° = (2-2/)6£30° + (125 )1,

Solving

I,=-048/-22.35"4




Problem 15.28

Following are the hybrid parameters for a network.

11 2
[hn hl} 5 s
hy,,  h,, -2 1
S s

Determine the Y parameters of the network

Suggested Solution

Using Table 15.1

_ L5
Y ho 11
_=h, 2s
Y12 I, 11
hy,  —2s
Yy - =
21 ; 11
AH 3s
Y = oy



Problem 15.29

If the Y parameters for a network are known to be

[yn
Yau

5 =2
y12}: ﬁ ﬁ
Vo __2 i
11 11

Find the Z parameters.

Suggested Solution

Then

11

12

Z, =

n =

5 2
111
2 3
1111

3x5 (22
121 [2]

VY 3/11_3

AY 1/11
v 210

AY  1/11

—Vu =20
AY

M50
AY

S —Vadn =77




Problem 15.30

Find the Z parameters in terms of the ABCD parameters

Suggested Solution

The ABCD Parameters equations are:

Vi =A4V,-BI,
1, =CV,-DI,
=
1
V2:E[11+D[2]
I, DI Al AD
V=A—++—2]-Bl, =—L+(—-B)I
: [C C] 2= (C ),
A
Z,=—
C
AD-BC
Z,=
C
1
221_E
D
Zzz_E




Problem 15.31

Find the Hybrid parameters in terms of the Impendance parameters

Suggested Solution

NW=2,,,+2,1,

Vy=2,1,+Z,1,
—Z V,

I, = = I, —
Zy, Zy

Substitute this value into the first equation yields

YAV Y A4 Z
Vl:“ 22 12 2111+_12V2
Zy, 2
AZ
b, = Z_
2
Z
h, = -
Zy,
-7
hy =—*
Zy,
1
hy, =—
Zy,
Where

AL =2,2,-2,Z,




Problem 15.32

Find the Y parameters of the network shown, by considering the network to be a parallel connection of two
port networks.

21Q

§4m § 10.50

Suggested Solution

I -1
21 21

121 21

NB

Y=Y,+Y, =




Problem 15.33

Find the Y parameters of the two port shown. Find the input admittance of the network when the capacitor
is connected to the output port

20

T

0]

20
N\
Y, 20 20 20
e o
Suggested Solution
W e T
20 20
20 20 © ©
o 0
v
22
y |/ J
S
J2 2
-
n=l,
— 1
| 2
S I
)
A J
-1 1 1
- 1+—
2 2 j2
11,1 1
v, SIETA Y,
Y, =%, —22l =105 L= =
Y,,Y, 1-0.57+0.5;

=1s




Problem 15.34

Find the Y parameters for the network shown.

O

Z,

Suggested Solution

Use a parallel interconnection

o—— 2, ———0
o—— 2, —o0
0

A




Y 2_21
1
Y2 __Z_Zl
1
Yo __Z
1
Y _2_21
1
Y 27,
1
Yo = 27,
1
Yai 22,
1
YV = 27,

1 1

-
|:J’11 y12:| _ 27, 27,
y21 y22 TOTAL _1 1

—_— + —_—
27, 27,

-1 1

—_— + —_—

27, 27,
11

—_— + —_—
27, 27,



Problem 15.35

Determine the Y parameters for the network shown.

Z

Suggested Solution

For one T network

1 7,47,
Zl+ZZ HZ3 AZIZS
WHERE

Zyy = 2,2, + 2,2, + Z,Z,

¥

Then for the total network

ZZ+ZE+ZS+Z6 ~Z, 3

6

Y _ AZl 23 AZ456 AZl 23
r =

AZ456
p Z,+7Z, N Zi+Z,

Z
AZ,y, Az AZ,,,

AZ456



Problem 15.36

Find the Z parameters of the network shown by considering the circuit to be a series connection of two port
networks.

12Q Na 3Q

Suggested Solution




Problem 15.37

Find the transmission parameters of the network shown by considering the circuit to be a cascade

connection of three two port networks.

120 3Q
6Q
O O O O
Na Nb Nc
Suggested Solution
ForN,
1 12
0 1
ForN,
1 0
1
6
ForN,
1 3
01
12 1 3 3 21
S ABCD, = 1 1 l=1 3
6 6 2




Problem 15.38

Find the ABCD parameters for the circuit shown.

oM T
1H

1Q

N IF

AY

Suggested Solution

For the Resistor
4 B| |11
C D| |01
For the Inductor
4 B |1 1
C D| |jo 1
For the Capacitor
(4 B] [1 jo
|C D] [0 1

(4B [1+jo 1+ jo-o’
| CD jo 1-o’




Problem 15.39

Find the transmission parameters for the two port network shown.

: i« S
g °
10
10 .40 B3O
o | I

Suggested Solution

4 B| |1 —jl 4 j"| | 3 j8
C D| |1 1-j]|-j 3| [3-/1 3+,8




Problem 15.40

Find the transmission parameters of the two port and then use the terminal conditions to find I.

10 H10Q 12 2 | ( 10

— =
3 @

l ! 44V

60°V

(0]

Suggested Solution

4 B] [1 1-j7[05 o1 2—17 [0.5 3-J2.5
[C D}{o 1“0 2}{0 1}{0 2 }
AV =0.57,+(- j2.5)(-1,)

[1:2(_12)

V. =620

V,—4- j4

I, =1,

5 620=0.5(4— j4)+(3—j2.5)1,)

=32 14266384
3- /2.5




Problem 15FE-1

A two port network is know to have the following parameters

Y11 =1/14s
Y12=Y21=-1/21s
Y22=1/7s
———0
2A
2-PORF
——————0
AL e}
&
12V \d
o

If 2 A current source is connected to the input terminals find the voltage across this source.

Suggested Solution




L =YV +Y,),
L =0V +Y,V,

z-ly Ly
14 21

1
NS
| IS
Il
z|-
»—Nl
[—
1
S N
| I

WHERE

1.1 1.1 3.5
AY = (ﬁ)(;) - (E)(E) =l

CHECK
SR . L V =36V
"UAY  3.5/441 1=

Vi=Q@)(Z,) =36V



Problem 15FE-2

Find the Thevenin equivalent circuit at the output terminals of the network. of Problem 15FEI.

Suggested Solution

See previous solution.

V=V =12V
Z

=7Q

TA

1
Y,

The Thevenin equivalent circuit is



Problem 16.1

A diode has Is = 10" A and n= 1. Using the diode equation find Id for Vd = 0V, 0.25V, 0.5V, 0.75V.

Suggested Solution

I, =L —1]1=10"["" —1]

Vd(V) | 1d(A)

0.25 1.7x107!
0.50 2.9x107
0.75 5.0x107




Problem 16.2

Plot an Id-Vd curve for the diode in Problem 16.1 over the Vd range 0 t +0.65V. On the same graph, add
curves for constant voltage and piece wise linear models for current between 10 to 100 uA. What are your
estimates for Von Vf and Rd.

Suggested Solution

At this level of study, selecting values for Von, Vf and Rd is essentially a matter of preference. From the
plot, the following values produce reasonable fits to the diode curve.

Constant voltage model = Von = 0.625V

Piecewise linear model VI = 0.585V and Rd = 740 ohm. Recall Rd is the reciprocal of slope of piecewise
linear model I-V curve.




Problem 16.3

Repeat 16.1 using the constant voltage model with Von = 0.6V

Suggested Solution

a. Diode is Forward biased

VI=10-0.6=94V

10V 400
+
© =
0.6V

b. Diode is Reverse biased

V1= (0.1)(100) = 10V

c. Diode is Forward biased
4=0.6+V1
V1=3.4V

d. Diode is Reverse biased
I = (4/3k+1k) = ImA

Vi=I(1k)=-1V




4V

—>

4V

o_




Problem 16.4

For the circuit shown find VO using a)the ideal model of diode, b) the constant voltage model with Von =
0.7 V, and c) the piecewise linear model with Vf=0.6V and Rd=10ohm. Give your self an attaboy if you

can use the mathematical diode equation with Is=1e-15A, n=1 and R = 1Kohm.

w O x5 O

Suggested Solution

a. Assume Diode is Reverse biased

R +Vo -

w(® %2 Ow

2R
V, =10[
2R+R
V,=V,-6=067V

1=6.67V

Since Vp > 0, is our assumption was wrong. Try again with forward bias

b. Assume reverse bias from a) Vp = 0.67V, since Vp < 0.7V our assumption is good.

c. Assume reverse bias from a) Vp = 0.67V. Since Vp > 0.6V, our assumption is bad. Try forward biased.

By superposition

2000110 1000 || 2000

1+6.6[

1=6.6V
(2000 10) +1000 (1000 2000)+10

0= [



Q=2 O

To use the diode equation, start by applying KCL at Vo

R
WW——
10V 2K Vo 6V
010 ¥
R 2R

alLSO
Vo=V,+6
Thus
10—V, —6_ Vy+6 _ID- 1-1.5V,

R 2R R

From the diode equation

V,=nV; ln[l—D+ 1]
IS
and

1-(3/2)nV, 1n[§—D+l]

I, = S

R

can not be solved in closed form. We must iterate.

Procedure:
1.  Guess a value for Id
Substitute in right side of equation
Get answer for Id
Put that value back in right side
When the difference between successive calculation is small, we have an answer.

nkhwe



This procedure is easy to automate in Excel. The excel values are shown

Id (mA) Id (mA) Vd(Vv)
Guess Result

1.00E-01 2.58E-02 0.438

2.58 E-02 7.79 E-02 0.466

7..79 E-02 3.54 E-02 0.446

3.54 E-02 6.57 E-02 0.462

6.57 E-02 4.20 E-02 0.450

4.20 E-02 5.92 E-02 0.459

5.92 E-02 4.60 E-02 0.452

4.60 E-02 5.57 E-02 0.457

5.57 E-02 4.83 E-02 0.454

4.83 E-02 5.38 E-02 0.456

5.38 E-02 4.97 E-02 0.454

4.97 E-02 5.27 E-02 0.456

5.27 E-02 5.04 E-02 0.455

5.04 E-02 5.22 E-02 0.456

5.22 E-02 5.09 E-02 0.455

5.09 E-02 5.18 E-02 0.455

5.18 E-02 5.11 E-02 0.455

5.11 E-02 5.16 E-02 0.455

5.16 E-02 5.12 E-02 0.455

5.12 E-02 5.15 E-02 0.455

5.15 E-02 5.13 E-02 0.455

5.13 E-02 5.15 E-02 0.455

5.15 E-02 5.14 E-02 0.455

5.14 E-02 5.15 E-02 0.455

5.15 E-02 5.14 E-02 0.455

5.14 E-02 5.14 E-02 0.455

These are the final results.



Problem 16.5

The circuit in fig, is called half wave rectifier. Plot Vin and Vout verses time for 3 cycles of input voltage
using a)the ideal diode model, b)constant voltage model with Von = 1.0V

» o+

Vin(D3Sin(wt)

Suggested Solution

Using the ideal model procedures the circuits and b for forward and reverse bias conditions respectively.
When Vin(t) is positive, the diode is forward biased and VO(t) = Ssin(wt). Alternatively, when the diode is
reversed biased Vin(t) is negative and VO(t)= 0.

The circuits, ¢ and d model forward and reverse bias conditions respectively for the constant voltage model.
When Vin(t) is greater than Von, the diode is forward biased and

Vy(t) = 5sin(wt) -1

Else VO(t) = 0, Plot VO for both models.

Vin(§)3Sin(wt)

Vin(t




@)
o
+

Vint

_I_

Vin(t




Problem 16.6

The MOSFET in fig, has Gm = 1mS, and Rds = 100kohm. Draw the small signal circuit and find out the
voltage gain Vo/Vin.

-+
Ok
Vin — Vo Vbp

Vos —
Suggested Solution
Vas =V
V0=_gMVgs[rdv HRD] V
0

~

IN

Yo g [r 1| Ry1=~(m)[100K | 10K] = 9.1
VGS

D

G
O
+ +
Vi
Vgs ngs Iys RD VO
O
S




Problem 16.7

For the amplifier in problem 16.6 plot the gain VO/Vin verses Rd for Rd between 1Kohm and 1Mohm.
Why doesn’t the gain increase linearly with Rd.

Suggested Solution

The small-signal model resistance Rds is in parallel with Rd. For small values of Rd, it will dominate the
parallel combination and the gain will be nearly linear with Rd. As Rd increases, the affect of Rds becomes
stronger until it dominates the combination and thus the gain.




Problem 16.8

The amplifier in fig is a comman drain configuration. Find Vo/Vin and the output resistance, Ro in terms of
Gm,Rds,Rs. If Gm = 10mS and Rds=1Kohm. What is the value of Ro. What possible utility could this
configuration have?

G D
i L
\/IN Vgs * ngs Tys B
= © —o
S Vo

Suggested Solution

Vos =Viy =V
V. V
G,V =—2+-—"2
" ps R
Ry || R
%
GV, -V)=—2"
M( ! O) R ||Rs
1 V G
GMVIN :VO[GM+ 1= 0 = Ml
R s ||Rs VIN 4

' &
Vgs gmvgs? T4s Rs =
-S
= ©
i
Vx




TV Gu(R IRy
4 Gy (Rg || Rps)+1

IN

Gain is positive and less than 1.

Rout : Eliminate Vin and apply a test source Vx at point of interest.

-

IX
szVcs: VGS
ByKCL

V

[ +G, Vg =—X
T RNy
I, =V, + L ]
T R Ry
Vv Ry
I, G R,+1
Where



If GmReg >>1, then Ro= 1/Gm, which is generally small.

For Gm=10mS, Rds = 1k-ohm and Rs = 1 K-ohm

RO =83.3 ohm

The comman drain configuration has a voltage near 1 and a low output resistance. It can serve as a voltage
buffer much like the unity gain buffer op-amplifier.



Problem 16.9

For MOSFET in fig, Gm=2mS and assume Rds is infinity. Using superposition find Vo/(V2-V1)

Ves :T V2 Vbp
Suggested Solution
o)
Vi Vos ﬁ> g Vs § Ry
o)

nggs V02

-
|\



ForV1

VGS = K

V01 = _GMRD

Vo = _VIGMRD = _40V1

ForV?2
Vos =—V3
V
G, Vs +R—°2 =0

D
Voz = VzGMRD = 40V2

I/0:V()l‘*'Voz:4'0(1/2_1/1)




Problem 16.10

The amplifier in Fig is called as a differential amplifier. MOSFETs M1 and M2 are identical devices with
Gm values and V1 and V2 small signal inputs. Find Gain VO0/V2-V1 in terms of Gm and Rd. Assume Rds

is infinite.
Vop
A
Rp
50KQ
Vo

b4
© JJ A

= V. AIL

Suggested Solution

Use Superposition

Vz = VGsz - VGSI
GM] = GMz = GM
Gy Ve, + GMVGSI =0
Vasa = Vs
8
Vz = 2V652 = VGsz = ? = _VGSI
G, R G, R
Voz :_GM1V651RD =20 Vz = I/;)2 = Vz( M2 D)



G2
D2 B Rp
+ +
Ve = Voo Vgsl
V2 o—|
ngVgSZ <*> Zm lVgs 1

Cs)z © © O
Vi =Vas1 =Vasa
G, =6G,,=G,
G Ve, +G, Vg =0
Vosa = —Vasi G R
L1,V =,

G, R
V01 = _GM VGSIRD = _Vl(%

GM RD

V():Vz)l"'Vozz 3

V=)=V



Problem 16.11

Find an expression for the complex gain A(jw) = Vo/Vin for the amplifier in terms of Gm, Rds, Rd and C.
Find expression for the gain at dc and pole zero location. For Gm=500uS and Rds=400kohm, graph bode
plot over frequency range 1Hz-100KHz.

100KQ

il
<

Suggested Solution

1/jwe

I( o
Vi <+> Vi g Ves R

o Q

ol

R=R, || R, =80kQ
Vas =Vix

KCL:

. V, ) . 1
(Vi =) joC = Gy Vs 4= =V, (joC = Gyy) =V, (jeoC +—)




A(jo)

joC
==

-1)
GM
4

1)
V +
(joCR

IN

R)
(Gy



Problem 16.12

The MOSFET in fig, acts as a switch to turn red LED on or off. On-resistance of MOSFET is given as
Ron=2/(Vgs-Vth) where Vth=1V. A LED is nothing more than a diode which glows when forward biased.
The desired operating point for the LED is 2.0V at 20mA. Find Ron and the required value of R1.

D
+
2 R1 = 5V
Ip
5V 20mA
Suggested Solution
—




Equivalent Circuit

KCL:

5=2+0.02(R, +R,y)
2 2

R, = - -0.5Q
N V-V, 5-1

Ryy =0.50
R, =149.50




Problem 16.13

The MOSFET in fig are used to turn on a green ar red LED. Vgs is switched to either 0 or 3 V. Which
voltage level turns on which LED? Use the constant voltage model for diodes with Von = 2.1 V model the
ON resistance of the MOSFET as Ron=17/(Vgs-0.75). Find the values of R1 such that diode current never

exceeds 10mA.

Suggested Solution

o>
—>

OFF 3V = 2.1V
RI T
o

RON 0.9\ OFF

Vg =3V Vg, =3V, Vg, = OV,
M,=ON,M, = OFF
17

R . = =7.55Q
N 3-0.75

KVL:
3=2.1+0.0(R, +R,,) = R1>82.4Q

Vis =0V, Vi, =0V, Ve, =3V,
M,=OFF,M, =0ON

R, =7.55Q

KVL:

3=0.0(R, +R,,)+2.1= R >282.4Q

|||—o

i 0.9v

2.1V

R,y =7.55Q
R, >82.4Q



Problem 16.14

The MOSFETin fig, is used as a switch to turn on motor. It is desired that circuit operate at an efficiency at
least 95% where efficiency is defined as

Motor Power (W)

Total Power (W)

Find the maximum allowable value of Ron.

Suggested Solution

12V
0.5A
RON

Total Power = 12(%) =6l

RON
4

Power in FET =P.,; = LR =
R..<1.2Q

ON —

Total Power = P,;5;or + Pipr 6OW

- R
n:%w.%:gn <0.3W = ZN




Problem 16.15

Fig shows an electric car motor can be controlled by a MOSFET. For the conditions shown find the
efficiency of the circuit and MOSFET power when Ron = Smohm.
Efficiency is defined as

Motor Power (W)

Total Power (W)

Find the values of Ron required for 99% efficiency. As mentioned in the text, MOSFETSs, with Ron values
as low as 2mohm are commercially available (circa 2000). How can you produce the required Ron value.

Suggested Solution

12v
0.5A
RON

Total Power = P10 + Prgr

=50(600)+I°R,,
=30000+ 600> (5M)
= 31800
n= 30000 _ 94 39,
31800
for
n=99%=—k __p 303w
30k + P,
PFET PFET
= I — “FET () 84mQ
ov == w0 0.84m 77_30000_94.3%

31800




P

_ _FET PFET

RON_ 12 =W=084m§2

Less than currently available 2mQ units.

Solution:

Use several identical devices in parallel. If 5 are used with Ron = 4 mQ, then the combined

Ry =§m =0.8mQ



Problem 16FE-1

For the circuit sketch voltage Vo verses Vin, over the range —10V to 10V. What are the bias conditions for
the diodes at Vin=-10, 0 and +10 V. Assume diodes are ideal.

2002

VIN@ DI D2A&
300Q VO
+
2V
6V
L |

Suggested Solution

When Vin is greater than 6 V. D1 is forward biased and D2 is reversed biased. The circuit reduces to that
where

V., =500 +6
v, =3001 +6

V,=6+0.6(V, —6)

When Vin is less than -2 V, D2 is forward biased and D1 is reverse biased. Under these conditions V0= -
2V

For Vin between —2 V and 6 V, both diodes are reverse biased, no flows anywhere. And Vo= Vin.

A plot is shown




Problem 16FE-2

The MOSFET in the circuit acts as a switch with an resistance of 1ohm and diode is ideal.
a. Assume the MOSFET is on the network ahs reached steady state. What is the value of Inductor
current.

b. With the current operating as described in a) the MOSFET is turned off at time 0. Find expression
for iL(t) and VL(t), for t>=0.

Suggested Solution

A. The figure shown models the circuit when MOSFET is ON. In steady state, the inductor
voltage is 0, yielding,

20=5IL
IL=4A

B. The circuit models transients in the circuit when the MOSFET turns OFF. The initial
condition of the inductor current is found a) to be 4A. When MOSFET turns off, the inductor
current cannot go to 0 instantaneously. It flows through diode and discharges inductor. The

inductor current and voltage can be given as
—t

i,()=K, +K,e"

-t

V,()=K,+K,e®

where iL (0) =4 A and iL(e0) = 0 A. This K1 =0 and K2 = 4A. Similarly, V1(0) = -II(0)RIl = -16Vand
VL(0)=0V. Thus K3 = 0 and K4 =-16V. The time constant =25micro sec. The resulting expressin for
current and voltage are

l-L (t) — 46740000t

I/L (t) — _1687400001



i (t) % +
L

100uH,| Vi (1)

= O

RON

1Q

L +
100pH
V(1)
Ry
40
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