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Exercise 1-1  Convert the following quantities to scientific notation: (a) 52 mV, (b) 0.3 MV, (¢) 136 nA, (d)
0.05 Gbits/s.

Solution:
(a) 52mV=52x103V=52x10"2V
(b) 0.3MV=03%x100V=3x10V
() 136 nA=136x10"°A=136x10""7 A
(d) 0.05 Gbits/s = 0.05 x 10° bits/s = 5 x 107 bits/s
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Exercise 1-2  Convert the following quantities to a prefix format such that the number preceding the prefix
is between 1 and 999: (a) 8.32 x 107 Hz, (b) 1.67 x 1073 m, () 9.79 x 10710 g, (d) 4.48 x 10'3V, (e) 762 bits/s.

Solution:
(a) 8.32x 10" Hz = 83.2 x 10° Hz = 83.2 MHz
(b) 1.67x108m=16.7x10"" m=16.7 nm
(€) 9.79x 107160 g =979 x 10718 g =979 ag
(d) 4.48x1013V=448x10"2V=448TV
(e) 762 bits/s = 762 bits/s
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Exercise 1-3  Simplify the following operations into a single number, expressed in prefix format: (a) A =
10 uV+2.3mV, (b) B=4 THz— 230 GHz, (¢c) C = 3 mm/60 pm.

Solution:
(2) A=10uV+23mV=10x10"3x103 V423 mV
=0.0lmV+23mV =231 mV

(b) B=4 THz—230 GHz = 4 THz — 230 x 103 THz
=4 THz—0.23 THz = 3.77 THz

(¢) C=3mm/60 um =3 x 107> m/60 x 107% m = 50

Fawwaz T. Ulaby, Michel M. Maharbiz and Cynthia M. Furse Circuit Analysis and Design



Exercise 1-4  If the current flowing through a given resistor in a circuit is given by i(t) = 5[1 —e~%] A for
t > 0, determine the total amount of charge that passed through the resistor between t =0 and r = 0.2 s.

Solution: Based on Eq. (1.6):
t
g(1) = / i(r) dt
2
:/ 5(1—e ] dt
0

_2t70.2
=5 [t — e—}
) 0

=5[(0.240.5¢7%%) — (0+0.5¢°)] C
=0.18 C
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Exercise 1-5  If g(¢) has the waveform shown in Fig. E1-5, determine the corresponding current waveform.

Figure E1-5

Solution: Based on Eq. (1.3), i(7) can be calculated and then plotted. First let’s express ¢ and i as a function
of t:

q

t<0 0
0<r<1 2t
1<t<3 2

3<r<4 | 8—-2t
4<r<5| —8+4+2t
5<r<7 2

T<tr<8 | 16—2t

|
DO ON O~

i(¢) is equal to the slope of ¢().
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Exercise 1-6  If a positive current is flowing through a resistor, from its terminal a to its terminal b, is Vg,
positive or negative?

Solution: If positive current is flowing from terminal a to terminal b of a resistor, then terminal a is at a higher
potential than terminal b making v, = (v, — V) positive.
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Exercise 1-7 A certain device has a voltage difference of 5 V across it. If 2 A of current is flowing through
it from its (—) voltage terminal to its (4) terminal, is the device a power supplier or a power recipient, and how
much energy does it supply or receive in 1 hour?

Solution:

I=-2A (flowing from negative to positive terminals)
V=5V
P=VI=—-10W

By passive sign convention, device is a power supplier.
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Exercise 1-8 A car radio draws 0.5 A of dc current when connected to a 12-V battery. How long does it take
for the radio to consume 1.44 kJ?

Solution:
P=IV=05%x12=6W

W 144
At = 5= % 10° = 240 s = 4 minutes.
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Exercise 1-9  Find [, from the diagram in Fig. E1-9.

;\l ¢

Figure E1-9

Solution:

Vi=5x2=10V

1%
IX:ZI:ZSA.
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Exercise 1-10  In the circuit of Fig. E1-10, find [ at (a) t < 0 and (b) # > 0.

\2"‘” -0

Figure E1-10

Solution:
(a) Atr <0,
12
I=—=4A
3
(b) Atz > 0,
12
I=—=3A
4
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Exercise 2-1 A cylindrical resistor made of carbon has a power rating of 2 W. If its length is 10 cm and its
circular cross section has a diameter of 1 mm, what is the maximum current that can flow through the resistor
without damaging it?

Solution: According to Eq. (2.2),

From Table 2-1, the resistivity of carbon is
p=14%x10"°Q-m,

and the cross-sectional area of the wire is

d 2
A=n <§> =7 x (0.5%x1073)?

=7.85x 107" m*.
Hence, 5 ,
_ 1.4><;'(;5 ;11003; 10 — 1780,
and from
Pon=I2R=2W,

2 2
In=1/2 =1/ — =1.06 A.
\/; 178~ 106
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Exercise 2-2 A rectangular bar made of aluminum has a current of 3 A flowing through it along its length.
If its length is 2.5 m and its square cross section has 1-cm sides, how much power is dissipated in the bar at
20°C?

Solution: From Eq. (2.2) and Table 2-1,

_pl 262x107%x25
A (10-2)2
P=PPR=3’>x655x10"*=59%x 107> W=59mW.

R =6.55x107* Q,
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Exercise 2-3 A certain type of diode exhibits a nonlinear relationship between v, the voltage across it, and
i, the current entering into its (+) voltage terminal. Over its operational voltage range (0-1 V), the current is
given by

i=05v%  for0<v<1V.

Determine how the diode’s effective resistance varies with v and calculate its value at v = 0, 0.01 V, 0.1 V,
0.5V,and 1 V.

Solution: The effective resistance of the diode is:

R_v_ v 1 _2
i 05V 05v v
Hence,
v R
0 00
001V 2008
0.1V 20 Q
05V 4Q
1V 2Q
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Exercise 2-4  If I, =3 Ain Fig. E2-4, what is [,?

4Q

5
~—

vWWA

10V CD

z
203

Figure E2-4

Solution: KCL at the top center node requires that

L+L—-2A=0.

Hence,

L=2-L1=2-3=-1A.
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Exercise 2-5  Apply KCL and KVL to find /; and /, in Fig. E2-5.

40 b

1
VWA 4

Z
20V<f> 203 C‘>4A

Solution: KCL at node 1 requires that
L =05L+4.

Also, KVL for the left loop is
—20+4+2I; =0.

Simultaneous solution leads to
I =6A, L=2A.
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Exercise 2-6 ~ Determine I, in the circuit of Fig. E2-6.

Solution:

()
I _/ , L 20
16—\ — A

20
tr,

p
103 QSQE @ <;>21x

KCL @node 1: L, =1 +4
KCL@node2: L +4=L+1;
KVL Loop 1: 41, + 21+ 81, =0
KVL Loop 2: —8L+2L—2I,=0

We have four equations with four unknowns. Simultaneous solution leads to

I, =1.33.
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Exercise 2-7  Apply resistance combining to simplify the circuit of Fig. E2-7 so as to find /. All resistor

values are in ohms.
| .
2 2
10V
2 2

Figure E2-7

Solution: Combining all resistors that are in series will result in the following circuit:

2
| VWA
VWA
VWA
10V 43 34 2 23 %2
Combining all resistors that are in parallel will result in:
1 1 . 1
VWA VWA Add resistors VWA

1n series

10V 2% 13 — 10V 2

‘N
‘\

10V 2% G 10V 1%
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Exercise 2-8  Apply source transformation to the circuit in Fig. E2-8 to find /.

6Q
A 7
12V 49% 39% 10A

Figure E2-8

Solution: Apply source transformation to the 12-V source and 6-€ resistor:
‘I
2A<D 603 403 303 CDlOA

Combine current sources and combine
3-Q) and 6-Q2 resistors, while leaving 4-Q
alone

‘I

12A<D 203 403

Current division gives
o 12x2

244
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Exercise 2-9 For each of the circuits shown in Fig. E2-9, determine the equivalent resistance between
terminals (a,b).

10 Q 10 Q
ao VWA VWA
Req —> 10 Q
b O
(a)
10 Q 10 Q
a® VWA VWA
Reqg — 10 Q
b O

(b)
Figure E2-9

Solution:
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(a)

10 Q 10 Q2
ao VWA VWA
Req —> 10 Q
b O
\
10 Q
ao VWA
Req —> 10 Q 10 Q2
b O
\
10 Q
ao VWA
Req —> 5Q
b O
\
ao
Req —> 15Q
b O
Req =15 Q.

(b) Applying Y-A transformation
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10 Q
10 Q
n
Req —>
10 Q
b
c
30 Q T
ao VWA
Reqg —> 300 30 Q2
bo
c
ao
Req —> 30 Q2
bo
ao
Req—>
bo
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Exercise 2-10 If in the sensor circuit of Fig. 2-37, Vy =4 V and the smallest value of V, that can be
measured reliably is 1 4V, what is the corresponding accuracy with which (AR/R) can be measured?

Vo [ AR
Vout:ZO <?>7

AR 4Voy 4x107° 106
R Vo 4

Solution:
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Exercise 2-11 ~ Determine / in the two circuits of Fig. E2-11. Assume Vg = 0.7 V for all diodes.

2kQ I 2kQ I

W—p—— WA —
+ 3kQS + 3kQ
—_ 12V —_ 12V

(a) (b)
Figure E2-11

Solution:
(a) With Vg = 0.7 V, KVL around the loop gives

—1242x10°14+0.7+3%x 10’/ +0.7 =0,
which leads to 1214

== " —212mA.
5% 103 m

(b) Since the diodes are biased in opposition to one another, no current can flow in the circuit. Hence

I1=0.
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Exercise 2-12 What would the output voltage associated with the circuit of Example 2-18 change to, if the
cantilever thickness is reduced by a factor of 2?

Solution: |
Vout ~ ﬁ .
Hence V, will change to
Vout(0ld) 5 0.1
v = H*(old) = =—-04V.
ou(new) H?(new) (old) (0.5)?
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Exercise 2-13  The circuit in Fig. E2-13 is called a resistive bridge. How does V, = (V3 — V») vary with the
value of potentiometer R;?

R3
L
R4  1kQ
V1 _
—A\VY NV

T
Figure E2-13

Solution: Using DC Operating Point Analysis and varying the value of the potentiometer, we obtain the
following values for (V3 —V,):

Rl (% of 1kQ) Vi,=V,—-V3
100% O mV
80% 55.6 mV
60% 125 mV
40% 214 mV
20% 333 mV
0% 500 mV
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Exercise 2-14  Simulate the circuit shown in Fig. E2-14 and solve it for the voltage across R3. The magnitude
of the dependent current source is V; /100.

Ry
1 2 AAA 3
i R, 10 Q
1
_:|:_12V 1000 (ABM ABM CURRENT R3<1 Q
0 4

Figure E2-14

Solution: The circuit drawn in Multisim is shown below.

s R2
foo »> 4 3
Probe1 109 Probe2
A R1 1 R3
— 12V 100Q ABM CURRENT
= . 10
0 & 0 -
L 24

v
»

Note: The expression entered into the ABM_CURRENT source was V(foo)/100. The node above the source V1
was renamed from “1” to “foo” (by double-clicking on the wire) to avoid confusing the expression for the source
voltage, vv(1), and the symbol for the node voltage, V(1). Once renamed, the symbol for the node becomes
V(foo) and the ABM_CURRENT expression becomes V(foo)/100. Had we left the node with the name “1”,
the ABM_CURRENT expression would have been V(1)/100.

The Measurement Probe on node 3 shows us that the voltage on R3, relative to ground, is 120 mV.
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Exercise 3-1  Apply nodal analysis to determine the current /.

6Q I
WAA

4Q§

10 Q
24V

Figure E3-1

Solution:

6 v 1

a
VWA ;h
4Q% 100 %19
24V

—

L+L+1=0
Vv, — 24 Ve
0 3T

Va
I = — I =
1 10° 2

Hence,

Vo Vi—24

0" 10
v (Ll
“\'10 10 10’

Va
1

+V, =0,

which leads to

V,=2V, I=-=2A.
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Exercise 3-2

Apply nodal analysis to find V.

20 Q

VWA
+y, -
10 Q
+
ov(®) »
2

Figure E3-2
Solution:
200 11 p I
-+ "B —
VWA
+y, - ‘b
10Q
+
oV C)
Va
2
_L_
L+hL+5=0
V Va
AL he— 2 =B
T 2 10 3740
Hence,
Va
vy&+W—7 Ve _,
20 10 40
Also,
Vi=9—Vp.

Solution gives: V, =5 V.
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Exercise 3-3

2A

Solution:

2A

(V1,V,) constitutes a supernode. Hence,

Also,

Solution leads to: 1 = 0.5 A.

Apply the supernode concept to determine / in the circuit of Fig. E3-3.

12V
(- +)
U/ 40
WA WA
V 100
%29 493 20V
Figure E3.3
12V
(- +)
</ I
2 Vy| 22, 4Q
| WA A
IR T T R
20 493 20V
L+1+5L+1;=0,
V;
I = -2 A, 1:5‘,
\% V, —20
13_127 L= 24
Vo=V =12.
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Exercise 3-4  Apply mesh analysis to determine /.

4Q
VWA

|-
MR O

Figure E3-4

Solution:

40
W

Y
12VCf> fll) 493 62)

Mesh 1: —12—1—411—|—4(11—12):0
Mesh2: L =3A

45 +45 —4 x3 =12
8 =24
I =3A.
== I=L-L=3-3=0.

Fawwaz T. Ulaby, Michel M. Maharbiz and Cynthia M. Furse Circuit Analysis and Design

3A

3A



Exercise 3-5  Determine the current / in the circuit of Fig. E3-5.

4 Q) 6Q
WMA——AM
— ]
I ‘
60V Cf) 003 <l %
Figure E3-5
Solution:
4 Q) 6Q
WMA——AM
— ]
4l ‘
n I
6OV<_> ) 003 ) <l .
Mesh I:  —60+ 101, +20(I, — 1) =0
I
Mesh 2: [, = 51
Also,
L =1,
Hence,
1=
b — E )

I
—60+Hm+200¢—§>:0,

which simplifies to

201, = 60
or
I, =3A,
I, I, 3
I:h—h:h—gzgz—:LSA
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Exercise 3-6  Apply mesh analysis to determine / in the circuit of Fig. E3-6.

WL
TEENODNNONE

Figure E3-6

Solution:
203 1) ®4A’]2)®3A 13 50
Outside mesh: 21y + 3, + 515 =
Also,
L—1I =4A, L—1=3A.
Hence,

L :12—4:(13—1—3)—4:]3—1
L=L+3

2(—1)+3(13+3)+56=0

105=2-9
L=-07A
I=5=-07A.
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Exercise 3-7  Apply the node-analysis by-inspection method to generate the node voltage matrix for the
circuit in Fig. E3-7.

Vi 3Q

@
VWA
20 (4)4A d)m 50

Figure E3.7

Solution:
1 1 5 1 1 8 5
G11—§+§—87 G22_§+§_Ba Gll—ga
8
Ghr=——=GG Gy =—.
12 21, 2=73
Hence,
s 1y [
6 3 _
1 8
3 154 [V -3

By MATLAB software,
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Exercise 3-8  Use the by-inspection method to generate the mesh current matrix for the circuit in Fig. E3-8.

12Q C

2V /1-3)
50
VWA AA'A
20 Q)
10 Q3
4 VC_’) 7 A $60
8V
Figure E3-8
Solution:
Ri1=5+10=15
R» =10+20+6 =136
Ry3=20+12=32
Ri3=R31=0
Ry3 = Rz = =20
Hence,
15 —10 0
R=1|-10 36 =20
| 0 —20 32
[8+4=12
V= -8
i -2
0.7505
I=R'V=|-0.0743
—0.1089
I1=075A
L =-007A
I =—-0.11A
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Exercise 3-9  Apply the source-superposition method to determine the current / in the circuit of Fig. E3-9.

A
2Q ®4A ®3A 50

Figure E3-9

Solution:

W
o

20

g

4 3A 5Q

55 <=

1

—_—

1

—_—
5Q
15

30 1

WA——

\Y

D
g

23V 74
23
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Exercise 3-10  Apply source superposition to determine Vg in the circuit of Fig. E3-10.

30
WA
()
O
N, °
3A 20 4 A 10 Vout
o

Figure E3-10

Solution:
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w
o

(1)3

+
3A 20 A 10 Vout
o
12V 10
G )——e o
_/ +
2Q
EIQ Vout
6V
o
O
+
5Q
$10 Vout
6V
o
By voltage division,
v _—6><1__1V
out — 5+1 - .
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Exercise 3-11  Determine the Thévenin-equivalent circuit at terminals (a,b) in Fig. E3-11.

30 a
VWA o)
20 4 A 3A 50 <—
O
b
Figure E3.11
Solution:
(1) Open-circuit voltage
We apply node voltage method to determine open-circuit voltage:
O
+
20 $)4A })3A 350 y
— — o
_— _— b
Vi Vi—V,
5 4 T = 0,
Vo=V, Vo
3 +3 5 0.

Solution gives: Vo, =-35V.
Hence,
Vihn = Voe = —3.5 V.

(2) Short-circuit current

‘]2 =0 ‘Isc
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Because of the short circuit,

Vo, =0
Hence at node V;:

Vi Vi
——4+—=0
2 +3

1 1
Vilz=+=| =4
1(2—1—3)

24
VlZ?V

Vi 24 8
L =—= =—A
T3 7 5x3 ’
I =11—3==--3=——-=—-14A

Vi —3.5
Rih=—=——=25Q
e —14

Thévenin equivalent:
2.5Q
VWA 0a
35V

ob

Fawwaz T. Ulaby, Michel M. Maharbiz and Cynthia M. Furse Circuit Analysis and Design



Exercise 3-12  Find the Thévenin equivalent of the circuit to the left of terminals (a,b) in Fig. E3-12, and
then determine the current /.

50 0.6 0 a 1
WA WW——o0——
50 30 10
b
20V 20 5A

Figure E3-12

Solution: Since the circuit has no dependent sources, we will apply multiple steps of source transformation to
simplify the circuit.

50 060 a I
WA WW——o0——
50 30 10
b
20V 20
10V
0.6Q a1
WIN——O——
120
330 310
10V

0>
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Across (a,b),

Ve =V _10x3
Th — oc—12+3—
Rt =3 H 12+0.6
3x12
3+12—|—06 3
Hence,
30 I
WA o———
2V 319
2
I=——=05A.
3+1
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Exercise 3-13  Find the Norton equivalent at terminals (a,b) of the circuit in Fig. E3-13.

31
AN
N u
vVWA o)
;1 30
2A
% 10 Q2 b
O
Figure E3-13
Solution: Thévenin voltage
3/
&
1
Node _> ne oa
;1 30 +
2A Voc
10 B
ob
At node 1:
I1=2A.
Hence,

Vih =Voc =100 =3 x3I =1=2V.

Next, we determine the short-circuit current:

31

\N{ L.
30 ‘[sc
2A
—_—
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At node Vi:

Vi W
—2-3I+—+—=0.
+ 10 + 3
Also,
Vi
I=—.
10
Hence,

—2—31—1—1—1—?120,
which gives

I=15A,
L=2431—1=2421=5A,
Iy =5-31=5—-45=05A.

Vr

L2
Rpp=-0— 2 _40.
. 05

Norton circuit is:

Oa

05A §4Q

ob
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Exercise 3-14  The bridge circuit of Fig. E3-14 is connected to a load Ry, between terminals (a,b). Choose
Ry such that maximum power is delivered to Ry. If R = 3 Q, how much power is delivered to Ry ?

24V

Figure E3-14

Solution: We need to remove Ry, and then determine the Thévenin equivalent circuit at terminals (a,b).
Open-circuit voltage:

248
'TRT3R R
8
Voo =Va— Vs = 2Rl ~RL =Rl =R =8 V.

To find Ry, we replace the source with a short circuit:
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R 2R
c
RHzR:RxZR:g

R+2R 3
a b
2R 2R
3 3
C
a b
_o o_
W
4R
3
Hence,
R _ AR
Th 3 ’

and the Thévenin circuit is
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For maximum power transfer with R =3 Q, Ry, should be

4R 4 x3
L 3 3 )
and 5 5
v, 8
Poox = —— = =4 W.
TEUUAR, 4x4
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Exercise 3-15  Determine I, Vour,, and Vo, in the transistor circuit of Fig. E3-15, given that Vgg = 0.7 V
and 8 = 200.

o
sk B }/ *
AN 200 Q%

+
+ }\ gV —— Vou

2V —— —O N —
- 100 Q % Vout,
_o_ —
O
Figure E3.15
Solution: Using the equivalent-circuit model:
O
4+
Voutz
— O
Loop 2
I, = —2001p = —200/;
Loop 1
—2+41;(5000) + 0.7+ 100(1; — ) =0
—1.3451001; +20000/; =0
or

251000 = 1.3,
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which gives

1.3 = 25,1007
I = Iy = 0.00005179 A = 51.79 uA
Ig =51.79 uA

Ic = 2001z = 10.36 mA

Vou, = 8 —200Ic =8 —2.07 =593V
Ig = Ig+Ic = 10.41 mA

Vouy, = 100/ = 1.041 V.
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Exercise 3-16
connected to position 2.

Use Multisim to calculate the voltage at node 3 in Fig. 3-38(b) when the SPDT switch is

1 V
100 © 750 7{
AAA — 1
<
+ SPDT $500 CD 1A
2V 50 Qs TV,
— 1=0.1V,
50 Q /\ u
VWA \7
(a) Circuit with SPDT switch
V: 316 mv
i st a S wiinv visemv &?n?s))%\(,
V{p-p): OV . Mp-ppov Vip-p): 0V V(de): 316 mV
v{rms): 0V V(rms): 0V V(mms): 0V L 1.00 A
Vidc): 105 mv V(de): 1,11V V(dc): 316 mV Hp-p): 0A
X900 A " Kppr oA e A
(St mﬂ;ssm iieim S
S RN . Freq Freq.: Freg.: ¥ , ]
R1 . ' Probe5
AN~ —> | |— > o
~100Q " Probel _ Probe2 75Q Probe3
iV R4
=2 500
fe R Vo) 495 3V
V{rms): 0V
V(dc): 49.8 V
..... I -10.5 mA
. R L g
12 3 i((dc):}-.m.S mA
Rz Freq.:
AN~ 4 ~<—> > .
500 : s A —
51 I'={0.1%V(3) }

Solution: From Probe 1, we can see that V(3) =

(b) Multisim configuration

13.0 mV.
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Exercise 4-1

In the circuit of Example 4-1, shown in Fig. 4-5, insert a series resistance R between v and vp,

and then repeat the solution to obtain an expression for G. Evaluate G for Ry = 10 Q, and use the same values
listed in Example 4-1 for the other quantities. What impact does the insertion of Ry have on the magnitude

Iy a +
= 9 0 Vo
$h
. I
Lt
~—

of G?
Ry Al Vp
- +
_ Vi
(o)
Solution:

Atnode a :

Atnode b :

Un— U Vo —A(V, — Uy)
R R,
OR vp+&+vn UO:O.
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Additionally,

Up = Vs + 11 Ry

Un— Up
=" — | R,.
()R

Solving the three equations simultaneously leads to

& . [A(R1 —|—R5)(R1 +R2) +R2RO]

Vs [ARy(Ri +Ry) +Ro(Ry+Ri +Ry)
+RiRy+ (Ri —I-Rs)(R1 +R2)]

ForR,=10Q, Ri=10"Q, Ry=10Q, R, =80kQ, R, =20kQ, and A = 10°,

G =4.999977 ~5.0.
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Exercise 4-2  To evaluate the tradeoff between the circuit gain G and the linear dynamic range of vy, apply
Eq. (4.8) to find the magnitude of G, and then determine the corresponding dynamic range of v, for each of
the following values of R;: 0 (no feedback), 800 Q, 8.8 kQ, 40 kQ, 80 kQ, 1 MQ. Except for R,, all other
quantities remain unchanged.

Solution:

G- ARi(R{ +R2) +RaR,

ARRi+Ro(R2+Ri) + RiRy + Ri(R1 +R»)
Vo = Gy
|Do|max = Ve = 10 V.
Hence,
10
|Us|max — E .

ForA=10° R; =107 Q, R; = 80kQ, R, = 10 Q, we obtain the following table:

R> G Vs Range
0 10° —10uVto+10puV
800Q 101 —99mV to +99 mV
8.8kQ 10.1 —0.99Vto+0.99V
40kQ 3 —33Vto+33V
80kQ 2 —5Vto+5V
IMQ 1.08 —9.26Vto+9.26V
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Exercise 4-3  Consider the noninverting amplifier circuit of Fig. 4-9(a), under the conditions of the ideal
op-amp model. Assume V.. = 10 V. Determine the value of G and the corresponding dynamic range of vg for
each of the following values of R /R,: 0, 1,9, 99, 103, 10°.

Solution:
_ Vo _Ri+Ry
B Vs B R2 '
’vo‘max - Vcc =10V 5
10
’vs‘max - E .

Using these expressions leads to the following table:

Ri /Ry G vs Range

0 1 —10Vto+10V
1 2 —5Vto+5V
9 10 -1Vto+1V

99 100 —0.1Vto+0.1 V

1000 =~ 1000 —10mV to +10 mV (Approx.)
10  ~10° —10uVto+10 uV (Approx.)
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Exercise 4-4

The input to an inverting-amplifier circuit consists of V3 =0.2 Vand Ry =10Q. If V.. =12V,
what is the maximum value that Ry can assume before saturating the op amp?

Solution:

|Vo|max = Vee =12 V.
At saturation

|US| — ‘volmax )

G
Hence, maximum allowed value of |G| is

‘G’ — |Do|max . 12

2 — 60
Vs 0.2 ’

which corresponds to

Ri = |G|Rs = 60 x 10 = 600 Q.
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Exercise 4-5  The circuit shown in Fig. 4-13(a) is to be used to perform the operation
Vo = 301 +60;.
IfR; =12KkQ, R, =2kQ, and Rt, = 4 kQ, select values for R, and Ry, so as to realize the desired result.

Solution:

Sz
=~
[\)
<
B
|
>_<><
35
<
5
|

Stage 1 Stage 2
(a) Two-stage circuit

Given the output-input relations for the two stages, it follows that

Ry, Ry, Ry, Ry,
Vo, = | ——=2 | Vo, = | === ——1 v ——L | m],
> ( R52> o < Ry, R ) " Ry)
R¢, R R R
= <—f1 f2>1)1+< fi fz)’l)z.

R1R52 R2R52
We are given that Ry = 1.2 kQ, R,, =2 kQ, and Ry, = 4 kQ. Additionally, to match the required operation, we
need to have

R Ry,

=3,
R1R52
Ruly _.
R2R52
The ratio of these two conditions gives
Ry 1 Ry 1200
== Ry=—=——=600 Q.
R 2 % T2
Finally,
4x10°Ry,
12x103x2x 103
leads to

Ry, = 1.8kQ.
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Exercise 4-6  The difference-amplifier circuit of Fig. 4-15 is used to realize the operation
Vo = (6V2 —2) V.

Given that R3 = 5 kQ, R4 =6 kQ, and R, = 20 kQ, specify values for v; and R;.

b — R4 R +R> » —&U
* \R3+Ry Ry TR

To satisfy the required operation, it is necessary that

< Ry ><R1+R2>_6
R3+Ry R, '

Given that R3 = 5kQ, Ry =6 kQ, and R, = 20 kQ, it follows that

Solution:

Ry =2kQ.

To satisty the second term of the operation, we need to have

or

2R, 2x2x103
_1:X7X0:0'2V'

U R T 0% 108
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Exercise 4-7  Express U, in terms of v;, U, and vs for the circuit in Fig. E4-7.

3 kQ 10 kQ
A% VWA

0.5 kQ
0] O~AAA J—r\ KD |
0y Q. t n

2 kQ

—0 Vg

03
Figure E4-7
Solution: Starting from the output of the second stage and moving backwards towards the inputs,

o 10 x 10 3x10° o —3x10° - -3 x10° .
U 5x103 0.5x103) 103 2T\ 2x10r ) 7

= 12v; + 61V, + 3v3.
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Exercise 4-8  To monitor brain activity, an instrumentation-amplifier sensor uses a pair of needle-like probes,
inserted at different locations in the brain, to measure the voltage difference between them. If the circuit is of
the type shown in Fig. 4-22, with R = R3 = R4 = Rs = R = 50 kQ and V. = 12 V, and the maximum magnitude
of the voltage difference that the brain is likely to exhibit is 3 mV, what should R, be to maximize the sensitivity
of the brain sensor?

Solution:

Vo = <1+2—R> (V2 —vy).

Ry

We are given that v, — v} = 3 mV and to avoid saturation |U|max should not exceed V... Hence,

2R | Vo | max 12
1+—= = = 4000
+R2 ’1)2—1)1’ 3x 103 ’
and ;
2R 2 1
R ~ 2OV o5

2T 20001~ T ax108
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Exercise 4-9 A 3-bit DAC uses an R-2R ladder design with R = 3 kQ and Ry = 24 kQ. If V.. = 10 V, write
an expression for Vo and evaluate it for [V, V,V3] = [111].

Solution:
Ry
Vout = R—Th VTh7
with
RTh = R7
and v v v
1 2 3
Vih=—+—+—.
mES Tty

With Ry =24 kQ and R =3 kQ,
Vour = _(4V1 + 2V2 + V3)

For [V1V2V3] = [111], Vout =-7V.
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Exercise 4-10  In the circuit of Example 4-9, what value of Rp will give the highest possible ac gain, while
keeping Vo (f) always positive?

Solution:

Vout - VDD - gRD vs(t)
= Vpp — gRp (500 + 40 c0s 3007) x 106
= (Vbp — 500gRp x 107%) — 40gRp x 1075 cos 300x.

Maximizing the ac gain without allowing Uy to go negative is accomplished by selecting Rp such that

40gRp x 107
Vop — S00gRp x 1076

Given that Vp = 10 V and g = 10 A/V, it follows that

Rp = 1.85 kQ.
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Exercise 4-11  Repeat Example 4-10, but require that Uy, be at least 99.9% of vs. What should Ry be: (a)
without the buffer, and (b) with the buffer?

Solution:
Without Buffer
R
R—L =999,  or R, =999 x 100 = 99.9 kQ.
S
With Buffer
Y _og99— K
Vg 1 + gRL
With g = 10 A/V,
R, =99.9 Q.
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Exercise 4-12

Why are the voltage followers necessary in the circuit of Fig. 4-35? Remove them from the

Multisim circuit and connect the resistive bridge directly to the two inputs of the differential amplifier. How
does the output vary with the potentiometer setting?

% Exl%

B

2

Vout

Solution:
OPAMP_5T_VIRTUAL
15V
- vDD A
Kal
RS u1
A =
1.5kQ =
OPAMP_5T_VIRTUAL =
Ra R3 L
ANA, VSS VDD
A R R A5V - -
3kQ 70 % 1.5kQ R7
Key=A AN
1.5kQ PN L
— U0, 707Vrms ‘OPAMP_5T_VIRTUAL - RS : %
. Vi . . L= : . e . .
6)39“’ 15v AV T
~— 1. VDD 1.5kQ
R1: -"R2 :
AN AV u2 Vss
1.5kQ 1.5kQ 5V
= 1.5kQ
R9
AR
| Vss 15kQ
-15V
Oscilloscope-XSC1 u
< >
nieal T oedn oo
T2 &3 es3525  s0s.4semy
T2T1 16.667 ms 42,745 pV Save Ext. trigger
Timebase Channel A Channel B Trigger
Scale: | 20 ms/Div Seale: : Scale: | 5 V/Div Edge: [£][% IE‘ B | Ext
X pos.(Div): | 0 Y pos.(Div): O ¥ pos.{Div): | O Level: |g v
Add B/A || A/B AC|[ 0 ® [acllo - Single || Normal || Auto

The voltage followers are necessary because they have a high input impedance; this high impedance prevents
any currents from running between the bridge and the high gain amplifier (particularly resistor R8 in Fig. 4-33),
effectively isolating the two components. Consider our analysis of the Wheatstone bridge in Section 2-6;
applying the same analysis to Fig. 4-33 assumes that all of the current through R3 flows through R5 and all
of the current through R1 flows through R2. This assumption is only true if the input impedance seen across
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node 3 and node 4 is much higher than the resistances of the bridge (otherwise, non-negligible current will flow
through the op-amps, lowering the value of the voltage between node 3 and node 4).

Removing the two voltage followers will result in a lower voltage across nodes 3 and 4, and thus, a lower
output voltage. This is shown in the figure below.

Fle Edit Yew Took
DEEE @ +BRO HMEMNAGERES YD G| Ao _';E?_-&?:_i
b Oscilloscope-XSC1 |

8.0

6.0 ERNEREEREEEREEEEN

-
o

2.0,

oltage(V)

r\f"\f‘ﬁ

Channel A\
1o
o

SARRERSRRERRRRRE

0 100.0m 200.0m 300.0m 400.0m  500.0m
Time (S)

The best way to see this is to remove the two voltage followers from the circuit and raise the resistances of all
four Wheatstone bridge resistors to, say, 100 kQ. Re-run the Interactive Simulation. Notice the difference in
the voltage output with (blue line) and without (red line) the voltage followers; when plotting this figure, R3
was varied from an initial value of 100% (100 kQ) to 0% (0% k). In the author’s computer, TMAX and the
Initial Time Step were set to 1e-5 s under Simulate — Interactive Simulation Settings.
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Exercise 4-13

The I-V Analyzer is another useful Multisim instrument for analyzing circuit performance. To demonstrate
its utility, let us use it to generate characteristic curves for an NMOS transistor, similar to those in Fig. 4-27(b).
Figure E4-13(a) shows an NMOS connected to an I-V Analyzer. The instrument sweeps through a range of
gate (G) voltages and generates a current-versus-voltage (I-V) plot between the drain (D) and source (S) for
each gate voltage. Show that the display of the I-V analyzer is the same as that shown in Fig. E4-13(b).

XIv2

ﬁ..

5

4 Q1

100um 100um

(a)

# Grapher View

File Edit ‘iew Tools
DEESR [t 2E HENAQ @ SYQ L ~b B
I¥ Analyzer-21v2 |DC Sweep I Transient Analysis I Transient Analysis I Transient Analysis I LIL
2751
VGS =5V
%\l 200 1
i V GS — 375V
\E‘/ 125
i g V. GS = 25V
= 50p
© K VGS =125V
Vs =10
=25 T T T Gp
-500.0m 1.0 2.5 4.0 5.5
Voltage (V) (V_ds)
Selected Trace:¥_gs(1.25) ;J

(b)

Fig. E4-13: (a) Circuit schematic and (b) I-V analyzer traces for Ipg versus Vpg at selected values of Vs
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Solution: Draw your circuit as in Fig. E4-13(a). Double click on the IV Analyzer; it should look like the figure
below.

Sirti_Parari|

' 4573 my e + gﬁ dls ld ]

Select NMOS under the Components drop-down menu; press the Lin (linear plot) button for both the Current
Range and Voltage Range. Set current and voltage values as shown in the figure. You can generate Figure

E4-13(b) by opening the Grapher windows and formatting accordingly.
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Exercise 5-1  Express the waveforms shown in Fig. E5-1 in terms of unit step functions.

v
10
r(s
0 2 4 ©
10+
(a)
v
51
r(s
0 2 /4 ®
54
(b)
Figure E5-1
Solution:
(@
o 10u(n
10 T 10u(f — 4)
—srrsrpess=- =1 (5)
—-10+ :
204 heeeoaao- —20u(t - 2)

v(r) = 10u(t) — 20u(t —2) + 10u(t — 4).
(b)
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5 ‘  2.51(0)
slope = 2.5

i 3 ~1(s)
54+ Keaaa-- ﬁ_*_:{:l_ou(l‘ - 2)
slope =-2.5 22.50(t - 4)

v(t) =2.5r(t) — 10u(r — 2) — 2.5r(t — 4).
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Exercise 5-2  How is u(t) related to u(—t)?

Solution:

u(—t) u(?)

0l

u(—t) is the mirror image of u(¢) with respect to the vertical axis.
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Exercise 5-3  Consider the SPDT switch in Fig. 5-6(a). Assume that it started out at position 2, was moved
to position 1 at # = 1 s, and then moved back to position 2 at t = 5 s. This is the reverse of the sequence shown
in Fig. 5-6(a). Express v(¢) in terms of (a) units step functions and (b) the rectangle function.

Solution:

A

Vo

Y

t(s)

(@) v(t) =Volu(l —1) +u(t —5)]
(b) v(t) = Vo — Vprect (%) [rectangle center at 3 s and length = 4 s].
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Exercise 5-4  The radioactive decay equation for a certain material is given by n(f) = nge /T, where ny is
the initial count at r = 0. If T =2 x 103 s, how long is its half-life? [Half-life 7, /2 is the time it takes a material
to decay to 50% of its initial value.]

Solution: Given

n(t) = noe—z/(zxwg),

The time ¢ at which n(t) = no/2 is obtained by solving for ¢ in

"o _ o —t/(2x10%)
2 npe s
or
1 —t
n-=——
2 2x108’

which gives r = —2 x 103In2 =1.386 x 108 s =4 years, 144 days, 12 hours, 10 minutes, and 36 s.
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Exercise 5-5  If the current i(¢) through a resistor R decays exponentially with a time constant 7, what is the
value of the power dissipated in the resistor at = 7, compared with its value at t = 0?

Solution:
p(t) = PR =I3R(e™/7)? = I3Re™ /7,
)

(&) — e 2=0.135, or 13.5%.

p(0)
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Exercise 5-6 It is desired to build a parallel-plate capacitor capable of storing 1 mJ of energy when the
voltage across itis 1 V. If the capacitor plates are 2 cm x 2 cm each, and its insulating material is Teflon, what
shold the separation d be? Is such a capacitor practical?

Solution:
1
= - Cv?
w=> ,
1
1073 = 3 Cl1’>, — C=2x10F,
A
C= % , and € = 2.1¢; for Teflon.
Hence,
5o 103 = 25 %885 10712 x (0.02)? ,
d
which yields

d=372x10""2m.

Certainly, not practical.
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Exercise 5-7  Instead of specifying A and calculating the spacing d needed to meet the 1-mJ requirement in
Exercise 5-6, suppose we specify d as 1 gm and then calculate A. How large would A have to be?

Solution:

2.1x885x 10712 A
C=0.002=
10-6 ’

which gives
A=10.4mx10.4 m.

Equally impractical size.
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Exercise 5-8  Determine the current 7 in the circuit of Fig. E5-8, under dc conditions.

I uF
||
1
5kQ 15 kQ
VWA VWA ;
—— 2 uF ‘
1sa(l)  3e0ke
20 kQ
Figure E5-8

Solution: Under dc conditions, capacitors act like open circuits. Hence, the circuit becomes:

O O
5kQ 15 kQ
VWA < VWA

20 kQ

Voltage division gives
40k

T o

1A.
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Exercise 5-9 Determine Ceq and Viq(0) at terminals (a,b) for the circuit in Fig. ES-9, given that
C, =6 uF, C, =4 uF and C3 = 8 uF, and the initial voltages on the three capacitors are v;(0) =5 V and

1)2(0) = 1)3(0) =10V

U1
a _|_ II _
© |
C + +
Cy == C3 == 3
b
o
Figure ES-9
Solution:
_GGG)
e Ci+Cr+Cs
_ Ci(Cr+C3)
Ci+C+Gs

6x107°4x10°0+8x10°°
_ 6x (4 x +8x ):4#1:7
(6+4+8)x 1076

Veg (0) = 01 (0) + v2(0) =5+ 10 = 15 V.
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Exercise 5-10  Suppose the circuit of Fig. E5-9 is connected to a dc voltage source Vj = 12 V. Assuming
that the capacitors had no charge before they were connected to the voltage source, determine v; and v, given
that C; = 6 uF, C; =4 uF, and C; =8 uF.

Solution:

Vi
nall |

12V Cr==Ww Cy == 3

According to Eq. (5.46),
Civ; = (G2 || G3) v,

or

Civ 6x107° v
V) = = VI =—.
C+C; 4x1004+8x10°° 2
But
VI+V,=12V.
Hence,

V=8V and Vv, =4V.
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Exercise 5-11  Calculate the inductance of a 20-turn air-core solenoid if its length is 4 cm and the radius of
its circular cross section is 0.5 cm.

Solution:

_ UN?S  4mx 1077 x 20% x 7(0.005)?
o 0.04
=0.987 uH.

L
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Exercise 5-12  Determine currents #; and i, in the circuit of Fig. E5-12, under dc conditions.

6 kQ

Figure E5-12

Solution: Under dc conditions, inductors act like short circuits.

DRI

6 kQ

The 6-A current will flow entirely through the short circuit representing L3. Hence,

i1=0, ih=6A.
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Exercise 5-13  Determine Ly at terminals (a,b) in the circuit of Fig. E5-13.

a 2 mH
o——JI
6 mH 12 mH
b
(o,

Figure E5-13

Solution:

Leg =2 mH+ (6 mH || 12 mH)

6x12
= (2 H
( +6+12> m

= 6 mH.
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Exercise 5-14  If in the circuit of Fig. E5-14, v(0~) = 24 V, determine v(z) for t > 0.

201@3 e

Figure E5-14

Solution:
v(t) =v(0) /7
= 0(0) e"/RC

=247y, fort>0.
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Exercise 5-15  Determine v;(f) and v(¢) for + > 0, given that in the circuit of Fig. E5-15 C; = 6 uF,
C, =3 uF, R =100 kQ, and neither capacitor had any charge prior to t = 0.

~
I
S
O

U1

N\
+ 1

12 VC_
o)

Figure ES-15

02

Solution:
01(0) =12(0) =0 [given]
Dy (0) + Vp(e0) =12V [At t = oo, capacitors act like open circuits]
C11 () = Cya(w),  [Eq. (5.46)].

Hence,

C1V;(o0) = Co[12 — vy (o0)],

which leads to

C
V(o) =12 —2— =4V,
Ci1+CG
Dy(0) =12—4=8 V.
Also,
CiC
- Ci+G
Hence,

V1 (t) = vy () + [01(0) — vy ()] /*
:4(1—e_5t) Vv, fort >0,

(1) = Vy(e0) + [02(0) — Va(e0)]e "
=8(1—e ™)V, fort>0.
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Solution:

Determine #;(¢) and i»(¢) for t > 0, given that in the circuit of Fig. E5-16 L; = 6 mH, L, =
. ~0

)

A
1.8A<D RS L1§

Figure E5-16

\
L2§

il(t):Lil/Otv(t) dt

1.8R (1
_ / o500 g,
0

Ly
1.8R [e300]’
L [—500]0

1.8 X 2 —500¢
— 1—
500L, (I=e)

=1.2(1 =) u(r) A,

h(t) = L%/otv(t) dt

1 1
T 12x103 /0 v(r) dr

=0.6(1—e ") u(r) A.
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Exercise 5-17  The input signal to an ideal integrator circuit with RC =2 x 1073 s and V. = 15 V is given
by s(7) = 2sin 100 V. What is Ugy(2)?

Solution: )

1)out(l‘) — _E ; Vi dt+ Uout(tO)-
0

Assuming the integration started at #y = 0 at which time Voy(0) = 0,

1

e PT

1
/ 2sin 100z dt
0

—c cos(1000)]
35 10-3 x 100 (100l

= 10[cos(100¢) — 1] V.
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Exercise 5-18  Repeat Exercise 5-17 for a differentiator instead of an integrator.

Solution:

d . .
E[Zsm(lOOt)]

= —0.4cos(100r) V.

=-2x1073
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Exercise 5-19 A CMOS inverter with C + CE = 20 fF has a fall time of 1 ps. What is the value of its gain
constant?

Solution:
Ch+Cp
Il = ———
8
CCh+CY 20x1070

_ -2
P = =2 X 10 A
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Exercise 6-1  For the circuit in Fig. E6-1, determine vc(0), i.(0), vL(0), ic(0), ve(eo), i (o0).

40 L 0L L ic

N
o I~
(@)
@)
AYAYA
@
[
4

10 v(j) o
Figure E6.1
Solution:
Before r = 0:
40 o)
VWA
+
10V +> 603 Cve(00)
_ 6
UC(O) - UC(O ) - 4——|—6 10 - 6V,
10
lL(O) = lL(Oi) = m =1A.
After t = 0O:
VL L IC
_+m\_ e i
L
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vL(0) = —vc(0) = -6V,
~ c(0)

ic(0) =iL(0)

Vc(e0) =0V (no sources and closed loop access to resistors),

=0 A,

ir,(e2) = 0 A (no sources and closed loop access to resistors).
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Exercise 6-2  For the circuit in Fig. E6-2, determine vc(0), i.(0), vL(0), ic(0), v¢(oo), and ip (oo).

iL 0L _ 4Q

+
| — I o
. L t=0
ye
DC-*_-_C %29 Ci_ 12V
I
Figure E6.2
Solution:
Before r = 0:
VL iL(07)
+ —
I —o
‘lc L
+ $20
ve==0C
O
Hence:
c(0) =vc(07) =0V (no sources and closed loop access to resistors),
lL(O) = ZL(Oi) =0A.
After r = 0:
iL VL 40
—_ + -
| PO
; L
ye

+
VC::C %29 C_)lZV
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L (0) = ve(0) — i (0) x4 —12=—12V,

Vc(oo) C 20
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Exercise 6-3

V(1) across C.

Solution:

Before t = 0:

After t = 0:

After interchanging the locations of L and C in Fig. 6-9(a), repeat Example 6-4 to determine

Ry
v o)
VC 1=0
C—=—— L tv ng
Ry
ey MO 3R,
Ry

vc(0) = ve(07) = 0 V (assume capacitor initially uncharged),

iL(0) =iL(07)

R 10

= I. = 2=1.961 A.
Ry+Ry ° 02410
Ry
- A%
ye
+ L iL
— UC ‘
R
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ic(0) = —i(0) = —1.961 A,
Cic(0) 1961
c(0) = C ~ 5x10

R=R{+R,=2.01Q.

T =—392.2Vis,

Since R, L, and C are the same as in Example 6-4:

R
— & 201 Np/
Y=L prs;

1
CO(): E——
v LC

51 =—a+/a?— of =—181 Nprs,

= 200 rad/s,

sy =—a—/a?— of = —221 Nps.

i1

Apply new initial conditions:

Uc(O) =A|+A; =0,
Ué(O) =51A1 + 5204, = —392.2,

which leads to

si—sy  —181—(=221)
Ay=—A; =979V,

ve(t) = (A’ +Are™) u(t),

ve(r) =9.79(e 21 — 7181 y (1) V.

3922 392.2 979V,

Al =
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Exercise 6-4  The switch in Fig. E6.4 is moved to position 2 after it had been in position 1 for a long time.
Determine: (a) vc(0) and ic(0), and (b) ic(z) forz > 0.

20 Q 2 1 10 Q

M—0 oA
t=0

1 H§ 10 mF ::+vc Cf 40V

P

Figure E6.4
Solution:
Before t = 0:
20 Q 10 Q
vV o) VWA
- +
i) o) ()4ov
v(0) = ve(07) =40V,
lL(O) = iL(Oi) =0A
After r = 0:
ZL‘ iC‘
+ +
ngvL 10 mF == oc
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10.

D=6 JI<001

Since o = @y, the circuit is critically damped. Apply initial conditions:

ve(t) = (By + Bat)e™ ¥ u(t),
V&(t) = [—(B1 + Bat)ae™ ™ + Bye™ ] u(t),
Ve(1) = [(1 — o) By — aByle ™ u(r),
vc(0) = By,

B = vc(0) =40,

v:(0) = B, — aBy,
B, = v:(0) + aBy,
By = 0+ 10 x 40 = 400,
ic(1) = Cvc (1),
=C[(1 — at)B, — aBile”* u(t),
=0.01[(1 — 10r)400 — 10 x 40]e 1% 4(r),
= —40te 1 u(r) A.
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Exercise 6-5  The circuit in Fig. E6.5 is a replica of the circuit in Fig. E6.4, but with the capacitor and
inductor interchanged in location. Determine: (a) i,(0) and vy.(0), and (b) i () forz > 0.

20 2 1 109
WN—0 W
=0

+
1 H§ 10 mF == oc Cf 40V

P

Figure E6.5
Solution:
Before t = 0:
20Q 10 Q
VWA o} VWA
o+
C oc(07) ‘IiL(O‘) Cf 40V
ve(0) = ve(07) =0V,
40
=i (0 )=—=4A
iL(0) =iL(07) 10
After t = 0:
200
VWA
+ +
10 mF ——=vc ngvL
b
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Since the capacitor is initially a short circuit:

vL(0) = —20i (0) = —20 x4 =80V,
R 20
T2 2x1
%:1: 1 10
VLC V/1x0.01

o

=10,

The circuit is critically damped.

iL(t) = (Bl +th)€7at u(t),
i (1) = [(1— at)Ba— aByle ™ u(t),
By =i (0) =4,

0
By = li(O)—FO!Bl = %4—0631,

80
=~ +10x4=—40.

Hence
iL(t) =4(1—100)e "% u(r) A.
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Exercise 6-6  Repeat Example 6-4 after replacing the 8 V source with a short circuit and changing the value
of Ry to 1.7 Q.

Solution:
Ry
vWWA o)
VL t=0
+
L C D Rs % [s
Before t = 0:
Rl Rs
WW—0 %
iL(07)=0 T
I‘ 107 C 2(0_) =V Ct) Vs = IR
Ry

where we used source transformation on (s, Rs). From the circuit

v(0)=v(0")=LR; =20V,

i,(0)=i(07)=0A.
After t = 0:
Rl + R2
vV O\
+
L C—nvo
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ic(0)  i(0)
oy = €@ __il0)
/(0) 0y

_Ri+Ry 17402

C
R
o= — = =
2L 2L 2 % 0.005
1 1
— 200,

= JIc T /0.005 % 0.005
g = \/ 0 — a? = 1/200% — 1902 = 62.45,

v(t) = (D cos gt + D sin gt )e ™ * u(t),

190,

1)(0) =Dy,
D; = v(0) = 20,
o v(0) 190 x 20
Dy = — — 60.85
2 g 62.45 ’

() = (20cos 62.45¢ + 60.85sin 62.45¢)e "% u(z) V.
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Exercise 6-7
for ip ().

Solution:

Before t = 0:

After t = 0:

+m —
v, —
15 mA 409% —— 5 mF )ét=0 %809

Determine the initial and final values for i in the circuit of Fig. E6.7, and provide an expression

2H L

I

Figure E6.7
iL(07)
o—o——>
15mA(4) 40 Qg ve(00) %80 Q
40 x 80
uc(0) = 0.015(40 Q [ 80 ©) = 0.015 75— = 0.4,
.oy uc(0) 04
iL(0) = =55~ = 5o = 0005,
2H L
411

+ + VL —
15 mA 400Q<S ve——=5mF
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u(0) ue(0) 04

/
= =" = 2
w0 == L 7 =02
ir.(e0) = 0.015 (L acts like a short circuit at = o)
1 1
%= 3RC T 2x40%0.005 >
1 1
= = — 10 I‘ad/S,
> VLC  +/2x0.005

g =/ 0F — o> = 9.68 rad/s.

iL(t) = [iL(e0) + e~ % (D) cos ®gt + D; cos wqgt)),
D1 = it (0) — it (o) = 0.005 — 0.015 = —0.010,

i+ afin(0) i (eo)]
Wy

Dy =0.01808.

Hence,
ir(1) = {15~ [10c0s9.68¢ — 18.085in9.687]e > } mA.

Fawwaz T. Ulaby, Michel M. Maharbiz and Cynthia M. Furse Circuit Analysis and Design



Exercise 6-8  In the parallel RLC circuit shown in Fig. 6-13(b), how much energy will be stored in L and C
at t = oo?

T i Fio i

I u(?) R g C ::t 0

o

Solution: Att = oo, L is a short circuit:

VC(OO) = O,
Wc(oo) = O,
ZL(OO) = 157
1 1
wi (o) = 5 Lif () = 5 LI}
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Exercise 6.9

Solution:

Before t = 0:

After t = 0:

Develop an expression for ic(7) in the circuit of Fig. E6.14 for 7 > 0.

t=0 e jic
o Ct) L C ==

Figure E6.9
Uc(O) :0,
i,(0)=0
.. (0 (0
i(0)= 0 20 _
ZL(°°) _107
o [ 1 B
" 2RC  2xooxC
1
7o

Since « is less than @y, the circuit is underdamped:

g =/ OF — 0> = @y,
Dy =i (0) —ipL(0) =0—1Iy = —Iy,
i(0)+aD;  0-0xIy
0 @y
i (t) = iL(o0) + [D1 cos wgt + D; sin wgt]e™ ™,
i, (t) = I — Ipcos @yt = Ip(1 — cos ayt),
ic(t) = 1o —iL(t) = 1o — (Io — Io cos wyt)
= Ipcos yt.

D, =

0,

Hence, without a resistor in the circuit, the circuit behaves like an oscillator.
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Exercise 6.10  For the circuit in Fig. E6.10, determine ic(z) for ¢ > 0.

o(® :

Figure E6.10

Solution:

Before ¢+ = 0, there are no sources:

= 8
— Ve
o O
N— S—
[
o o

Atr=0:

2

3.

z

?

ye

C
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After r =0:

.
RiL () +L=E = Ric(t) +ve(t),

iL(t):z—ic(t),
div __dic
e dt’
g
R~ ic(n)] - L == = Ric(t) + ve (1),
2R—L% = 2Ric() = vel(t),
dzic dic dvc
—— =2RC —+C —
dt? dt i dt ’

d%ic 2R dic 1
=y () =0
a2 T @ T =0
s 2R 1.
zé’:—l—lec—l—ilczo,
ic(0) = —ir (0) = =3,

ic(e0) =0,
_2R_2><3_

—LC

a

3,

The circuit is underdamped:

Wy =/ — 02 =+/25-1.52=4.77,

Dy =ic(0) —ic(e0) =2-0=2,

i0)+aDi _ —3+15x2
Wy 4.77 ’

ic(t) = [ic(e0) + (D1 cos mgt + Dy sin gt )e™ ] u(t),

ic(t) = (2e" % cos4.77t) u(t) A.
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Exercise 6.11  Given the component values in the Multisim circuit of Fig. 6-18, what are the values of @y
and « for the circuit response?

Solution:
wy = o ! =25.0rad/s
VLC 03x533%x1073 ' ’
o= R = ! =1.67 Np/s,

2 2x0.3
g =/ OF — 02 = /25.02 — 1.67% = 24.95 rad/s.

Exercise 6-12  Is the natural response for the circuit in Fig. 6-18 over-, under-, or critically damped? You
can determine this both graphically (from the oscilloscope) and mathematically, by comparing @y and «.

Xsc1
% Ext Trig
¢
A B
Lol +®-i_
Position 1 J 6
R1
2 Ny 1, o4t
10 300mH
———0C
1w Key = Space
— 1V c1
T ==5.33mF
Position 2
0

L

Solution: o < @y, so the circuit is underdamped, as is evident in the circuit’s oscillatory response.
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Exercise 6-13  Modify the value of R in the circuit of Fig. 6-18 so as to obtain a critically damped response.

Xscl
% Ext Trig
¢
A B
Cal +®q|_
Position 1 J 6
J1 R1 L1
2 % o 1 ANA, 4
10 300mH
——0
1w Key = Space
— 1V c1
T . ——=5.33mF
Position 2
0

L

Solution: For a critically damped circuit, &t = @y:

R
o=—=aw)=25.0,

~ 2L
R
—25.0
2%0.3 ’
R=15.0Q.

Exercise 6-14  Calculate @y, o, and @y for the RLC circuit in Fig. 6-22. How do @y and @q compare with
the angular frequency of the current source? This result, as we will learn later when we study resonant circuits
in Chapter 9, is not at all by coincidence.

Solution:
1 1
Wy = = =31.6x 10,
VIC V1073 x10°6
1 1
=500,

% =3RC T 2x10°x10©
01 =/} — a2 = /(3.6 x 10°)2 5002 = 31.6 x 10° radss.

The angular frequency of the current source is:
Ogre = 270 fire = 270 X 5033 = 31.6 x 10° rad/s,

which is the same as @y and ®y.

Exercise 6-15  Ideally, we would like the response of the RFID tag to take a very long time to decay down
to zero, so as to contain as many digital bits as possible. What determines the decay time? Change the values
of some of the components in Fig. 6-22 so as to decrease the damping coefficient by a factor of 2.
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Solution: The decay time of the RFID is determined by the damping coefficient &. To reduce & by a factor of
two:

1 500
=— =—=250.
““2rC” 2
Leave C unchanged at 1 uF and solve for R:
1

—— =250

2R x 1076 ’
or

R =2000 Q.
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Exercise 7-1  Provide an expression for a 100-V, 60-Hz voltage that exhibits a minimum at r = 0.
Solution:

v(t) = Acos(2mft + ¢),
A =100V (given),
f =60 Hz (given).

Atr=0, v(r) is a minimum. Hence,
v(0)=—-A=Acos¢; — ¢ =180,

and
v(r) = 100cos (1207 4 180°) V.
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Exercise 7-2  Given two current waveforms:

i1(t) =3cos o,
ir(t) = 3sin(wr +36°),

does iy (1) lead or lag i (r) and by what phase angle?
Solution:

i1(t) = 3cos o,

ir(t) = 3sin(wr +36°)
=3c0s(90° — wr — 36°)
= 3cos(wr+36—90°)
= 3cos(wr —54°).

Since ¢ < @y, ir(r) lags i1(¢) by 54°.
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Exercise 7-3  Express the following complex functions in polar form:
), = (4 - j3)27
7= (4— j3)'2

Solution:

_ [ +/—42 32 e—jtan’l3/4]2 _ (56—j36487°)2 — 257374
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Exercise 7-4 ~ Show that \/2j = £+(1+ j).

Solution:
V2j=V2e/
— D eI
cos45° + jsin45°
=+v2
A
2+jV2 .

— 12 (%) =£(1+)).
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Exercise 7-5  Determine the phasor counterparts of the following waveforms:
(a) iy(t) = 2sin(6 x 103 —30°) A,
(b) ir(¢t) = —4sin(1000r 4 136°) A.

Solution:
i1(r) = 2sin(6 x 10°r —30°) A
= 2c0s(6 x 10°t —30° —90°) A.
Hence, ¢ = —120°.

I =2/-120° A

ir(t) = —4sin(10007 + 136°) A
— 4sin(1000¢ + 136° — 180°) A
= 4cos(1000f + 136° — 180° —90°) A
— 4cos(1000f — 134°) A.

Hence ¢, = —134°,
I, =4/134 A,
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Exercise 7-6  Obtain the time-domain waveforms (in standard cosine format) corresponding to the following
phasors, at angular frequency @ = 3 x 10* rad/s:

(a) Vi=(=3+j4)V,
(b) Vo= (3— j4) V.

Solution:
(@)
Vi=(-3+/4V
= \/32—1—742 /12687 (second quadrant),
V(1) = 5cos(3 x 10% + 126.87°) V.
(b)

= /32 442 £/(5313) (fourth quadrant),
V(1) = 5cos(3 x 10 — 53.13°) V.
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Exercise 7-7 At @ = 10° rad/s, the phasor voltage across and current through a certain element are given
by: V=4,/-20°Vand I =2/70° A. What type of element is it?

Solution: -
V.  4e7/ 100
_ _ —jo0° _ -
7= I~ 2070 — 2e =—72Q.

Hence, it is a capacitor and from

”_

—pp=_9
J oC’

1
=—=0.5uF.
C o 05u
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Exercise 7-8  Repeat the analysis of the circuit in Example 7-4 for vy(¢) = 20cos(2 x 10°t +60°) V, R
6 Q, and L =4 mH.

6Q
VWA

vs(?) 4 mH

Solution:

Step 1:

V(1) = 20cos(2 x 10°1 +60°),
V, = 2060
Step 2: Circuit to Phasor Domain
Zy = joL=j2x10° x4 x107° = j8 Q.

6 Q2
VWA

206760 8O

Step 3: KVL in Phasor Domain

RI+ joLI =V,
61 + j8I = 20e/%"" .

Step 4: Solve for Unknown Variable

20e/00 20709

T 6T 8 q0emT A

I

Find Inductor Voltage:

VL = joLl = (j8)(2465)
= 16299 V.
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Step 5: Convert Back to Time Domain

v (1) = Re[VLe/ ']

_ me[16ej96.9°ej2><103t]'

v (1) = 16cos(2 x 101 +96.9°) V.
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Exercise 7-9  Determine the input impedance at @ = 10° rad/s for each of the circuits in Fig. E7-9.

o
P
7z, —
0.1 mH
o
(a)
o
7, — ——2uF go.lmH
o
(b)
Figure E7.9
Solution:
(@
17,=7; +7Zc

il

=JjoL oC

105 -3y _ J

=jx10°x (0.1 x107°) (1092 < 109

=j5Q.
(b)
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1 1\!
Zi=(— 4+
1 <ZC+ZL>

1 —1
= joC+ ——
<J " jcoL>

~[-(10°)(2x107%) 1
B j +j(105)(0.1 x 1073)
T —2+1 !
~1j(109)(0.1 x 103)}
- _1 _1
~ 1 j(105)(0.1 x 10—3)}

= —jl0 Q.
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Exercise 7-10  Convert the Y-impedance circuit in Fig. E7-10 into a A-impedance circuit.

!
0
sa j1oa

Figure E7-10

Solution:
7,=j5Q,
7, =j5Q,
7;=—j10 Q,

L\ 7o+ 1023+ 71025 = (j5)(j5) + (j5)(—j10) + (j5)(—j10)
= j225-2 % j*50
= 254100
=75 (Q)%.

From Eq. (7.86a),

7.7, + 1,15+ 71,75
Z.= =

75
=—=—j15Q.
s
From Eq. (7.86b),

I AVAR Y AR AV

Z
b Z

75
== =_jI5Q.
J5 /

From Eq. (7.86c),

_ 17\12,+7,75+7,7Z;
= Z

Z.

75

-2 _ 50
—j10

So
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j15Q —15Q
2 — 3
—15Q
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Exercise 7-11  Determine Vry, and Zry, for the circuit in Fig. E7-11 at terminals (a,b).

; (104300 Q

a
O

10V 2|50 51

Figure E7-11

Solution:
VTh:
KCL at V:
V.
—I+—-5I=0
+ 5 ,
V.
6l = —.
5
Also,
10—V,
104,30
Hence,

6 10-V,\ Vg
10+,30/) 5~
60 (6 1Y
10+ j30 10+,30 5
Simplifying leads to

Va:6—0.
8+ j6
Vin=V,=6/=369 V.,

RTh:

Remove source and add external source Vy:
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; (10+/30)Q
Y%

~

At node V:

Also,

Substitution and simplification lead to

Hence,

Rtp =

— a <e—Xt
7, ®
L
51 +
7|50 C—

—I+I, —5I-I4 =0.

I = Vext o Vext
2 — - )
7, 5
I= Vext _ Vext
Z, 10+j30°

Texe = (0.26 — j0.18) Vey,.

Vext 1

I, 0.26—,0.18

= (2.6+j1.8) Q.
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Exercise 7-12  Establish the relative phasor diagram for the circuit in Fig. E7-12 with V as the reference
phasor.

\Y
L 4
i 2
(T Iy=1/0" A %Yl =04S =—Y,=/0.68
Figure E7.12
Solution:
I, =VY,
— 0.4V,
L =VY;
= j0.6V,
L=L+1
= 0.4V + jO.6V
= (0.721/563)V.
Jm
A
Ip=I+1,
Ib=/0.6VL------ !
| > > ~‘Re
I,=04V \%
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Exercise 7-13  Repeat Example 7-11, but use only two stages of RC phase shifters.

Solution:

a
a

V1 V2

o

At node V| in phasor domain:

Vi—V, V; Vi
+—+ =
Zc R Zc+R

Also,
R

Vo =V =V .
out 2 1Zc—|—R

Substitution and simplification leads to

Vou R'@*C*—R*0’C?+ j30’R3CP

Vi (Rro*C*—1)2+902R2C?
Hence
] 3603R3C3
0= —tan | ST RaiC?

~ o ? 3wRC
N w2R2C2—-1)°

For ¢» =120°, @ = 103 rad/s, and C = 1 UF, solution for R gives
R=2.189kQ ~22kQ.

[Mathematically, we get a second solution, namely R = —456.8, which we reject.] Using R = 2.2 kQ in the
expression for Vo /V gives

=0.634.

VOUI
Vs
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Exercise 7-14  Design a two-stage RC phase shifter that provides a phase shift of negative 120° at @ = 10*
rad/s. Assume C =1 uF.

Solution: For negative phase shift, flip capacitor and inductor positions.

R V1 R L)
VWA —"0—AN—0 o]
- o+
Vs~ C == C == Vout
N O
KVL at node 1: V. _V v ViV
1—Vs Vi 1=V2 )

R Zc R

Also,
Zc

Zc—I—R ’

Vout — V2 — Vl
Solution leads to

Vour —(—1+R*0*C?+ j3wRC)

Vs  (—14+R20%)2+9w?R2C? '

and
0 — tan™"! 3wRC
2T WR2C2—1)°
For ¢, = —120°,
o 3wRC

For @ = 10* rad/s and C = 1 UFE,
R=218.89 Q or R =—45.68 Q.

Negative resistance solution is rejected. Hence,

R ~220 Q.
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Exercise 7-15  Write down the node-voltage matrix equation for the circuit in Fig. E7-15.

4/60° (A)

(D)

l U/
Vi

V2
| —

2+,2)S

Figure E7.15

Solution: KCL at node V;:

—2+44/60° + (V| —V5)(2+4 j2) =0,
Vi(2+j2) + Vo[- (2+ j2)] =2 — 400, (1)

KCL at node V;:

—4/60° + (V) — V) (24 j2) + Vo (—j4) =0,
Vi[— (24 j2)]4 V2(2 — j2) = 460", (2)

Put (1) and (2) into matrix form:

(2+j2) —(2+j2)} [Vl] B |:2_4ej60°]

—(24j2) (2—42) | |V2| | 4e/

Alternatively, direct application of Eq. (7.102) leads to the same matrix equation.
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Exercise 7-16  Write down the mesh-current matrix equation for the circuit in Fig. E7-16.

2Q 4 Q

3Q

12V fl) fl) 6V
1 ]6.Q 2

Figure E7-16

Solution: For mesh current 1;:

—12+21 + 3+ j6)(I; — L) =0,
I (5+ j6) + L[—(3+ j6)] = 12. (1)

For mesh current I:

Jjo+ (34 j6)(I — 1))+ 41, =0,
I + L[—(3+j6)] + (7 + j6) = —j6.. (2)

Put (1) and (2) into matrix form:

S -1

Alternatively, direct application of Eq. (7.108) leads to the same matrix equation.
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Exercise 7-17  Suppose the input voltage in the circuit of Fig. 7-38 is a 10 V amplitude square wave. What
would the output look like?

Solution:
Vin(?)
10V —
Tk BB !
-10V+
Vout(?)
8.6V
t

Vout (1) = |Vin(1)| — 2VE
=10-2x0.7=8.6V.
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Exercise 7-18  Determine the amplitude and phase of V(6) in the circuit of Example 7-21, relative to those
of V(1).

1 R1 2 R2 3 R3 4 R4 5 R5
Ay A A4 AN ’ AN
Ve 10Q 10Q 10Q 10Q 10Q 6
ov1v C1 Cc2 C3 C4 C5
500psec 1nsec — 500fF ——500fF — 500fF S500fF — 500fF
0
Solution:

“ Grapher View @ﬁ
Ele Edit Vew Tools

DEESR e LEUAG "G YD ~0 BKME

Transient Anaiysis |

Chapter7_Circuit3
Transient Analysis — (L

LS

1.0

500.0m

e

V (\l'lagc V)
==

-500.0m

3l

1.0

-

«1.5 — =,
2.95p 3.00u

2.70u 2.75u 2.80u 2.851
Time (S)

2.90u

Selected Trace:V(1)

The figure above shows a plot of V(6) and V(1) as in Fig. 7-42. Note that x1 for V(1) is 2.7250 us and x2 for
V(6) is 2.7459 us. The time difference between the two values is

At =2.7459 ps —2.7250 ps = 0.0209 us,
given that f =10 MHz, T =0.1 us and

0.0209

— 360° =75.24°.
o =300 (25

Fawwaz T. Ulaby, Michel M. Maharbiz and Cynthia M. Furse Circuit Analysis and Design



Exercise 8-1  Determine the average and rms values of the waveform

v(r) =124 6c0s400r V.

Solution: From Eq. (8.5),

av T/vt

0= 27rf— — —400 rad/s,

2n
=—35

400
400
21

400 27/400 271/400
= [/ 12 dt+/ 6cos(400¢) dt | .
2n | Jo 0

27/400
Vay = / (124 6cos400¢) dt
0

The average of a cosine function over a full cycle is zero. Hence, second term = 0.

400 27 /400
Vaw = 2 (120)[ m

=12 V.

For Eq. (8.14),
Vims \/ T / x2
400 [27/400
\/ / (12 4 605 4001)? di

400 27m/400 27/400 27/400
= [E </ 144 dt—i—/ 144 cos 400t dt—I—/ 36.cos?(400r) dt>]
0

1/2

First term = 144
Second term = 0

Third term:

400 [27/400
— / 36.cos(400r) dr = 18.
21 Jo

Hence,

Wrms =V1444+0+18=12.73 V.
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Exercise 8-2  Determine the average and rms value of the waveform

i(t) = 8cos377t —4sin(377t —30°) A.

Solution: Determine average and rms value of the waveform.

Iyt Average of sinusoid is zero so the average of the sum of two sinusoids is also zero.

Hence, I,, = 0.

Img:  From Eq. (8.14):

1 T
Ins = 7/0 x2(r) dt
1/2

377 [2%/377
[ / (8cos(377¢) — 4sin(377¢ —30°))? dr
0

2

{ g [64cos?(377t) — 64 cos(377¢) sin (377t — 30°)
1/2
+ 16sin*(377t — 30°)] dt}
77 2m/377
= {3— [64 / cos*(377¢) dt
2 0
2m/377
- 64/ cos(377¢)sin(377¢ — 30°) dt
0
21 /377 1/2
+16 / sin®(377¢ — 30°) dt] } .
0
Use the following identities:

1
/coszx dx = 1 sin(2x) + )—ZC

1
/sinzx dx = ~2 sin(2x) + g
/cos(ax) sin(ax+b) dx = % sin(b) = W
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For first term:

2m/377 1 2
/ cos®(377t) dt = —/ cos?(x) dx
0 377 Jo

For second term:

21 /377 754¢ — 30° 2m/377
/0 cos(3771) sin (3771 — 30°) dr = % sin(—30°) — W O
T oy cos(—30°) cos(—30°)
= 377 8in(=30") — 555 1508
T R
=377 sin(—30°).
For third term:
21 /377 1 1 1 2 — 30° o
/0 sin’(377t —30°) dt = 37 {—Z sin(—60°) + 1 sin(—60°) + %30 + 3;) ]
_ T
- 377
= {3164 GAT L 16T
T 2w 377 377 377
= (56)"/2
=748 A.
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Exercise 8-3  The voltage across and current through a certain load are given by:

v(t) = 8cos(754t —30°) V,
i(f) = 0.2sin754¢ A.

What is the average power consumed by the load, and by how far in time is i() shifted relative to v(r)?
Solution: From the expressions for the voltage and current:

¢, = —30°, Vm =28V,
¢ =—90°, I, =02A.
Using Eq. (8.23),

Vil

o= 10 cos 9, — )
_8X02 6(=30° = (—90°))
—0.4W.
Also,
Oy — ¢ = —30° — (—90°) = 60° = g radians.
Hence,

(¢y — o _ % (radians)
) 754 (radians )

second

At = = 1.39 ms.
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Exercise 8-4  The current flowing into a load is given by i(f) = 2c0s2500¢ (A). If the load is known to
consist of a series of two passive elements, and S = (10 — j8) (VA), determine the identities of the elements
and their values.

Solution: From the expression for i(7):
In=2A, and ¢, = 0°.

From Eq. (8.31b),

Iy . 2
Lis = —= /% = = = 1414 A.
rms \/E \/E

From the expression for S,
Py =10W.

Using Eq. (8.40a),

10
_ 72 _ _
PaV—IrmsR — R—m—SQ
Also,
0 = —8 (VAR).
Using Eq. (8.40b),
-8
X=——-=—4Q.
(1.414)2
Hence, )
. —J
—j4=—"
J oC

At @ = 2500 rad/s,
1
C=— =100 uF.
o u
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Exercise 8-5 At 60 Hz, the impedance of a RL load is Z;, = (50+ j50) Q. (a) What is the value of the power
factor of Z, and (b) what will be the new power factor if a capacitance C = ﬁ mF is added in parallel with
the RL load?

Solution:

(a)
R=50Q, X =500,

(X
o= (2)
50
=tan"! <%> = 45°.

pf1 = cos(9z)
= cos(45°)
=0.707.

From Eq. (8.49a),

(b) With (1—12 7r) mF capacitor at 60 Hz:
—J
1073
— 2
(57 ) 0)2m)
= —j100 Q.

Zc =

Parallel combination:
(—7j100)(50 + j50)

50— j50

Zc || 2 = =100 Q.

For purely real impedance,
¢z = tan"'(0) = 0°,

and
pfa=cos(0°) = 1.
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Exercise 8-6 ~ Use Multisim to simulate the circuit in Fig. 8-15. Connect Channel B of the oscilloscope
across the voltage source V. Vary Cy; over its full range, noting the phase difference between the two channels
of the oscilloscope at Cyy = 0, Cyy = 25 uF, and Cyy = 50 uF.

KWM2 KWM1
= 7 = B BTy
V= Fl= SME gl 5 t

]

i
iw
e
1| =
=
.—L’
1] =
L. O .
x=
-~
)

500 RM
;ﬂuFA 50% 500 50%
i Key=B §RL
Vs [r— x| 3250
[ si2sonw ] 2

Fower Factor:  NMRECNN
LL
wolkage Current 3 1mH

F s + -
¢ ¢ & F

e 2.5 Vrms
G>1kHz
~/ e

Solution: The best way to observe the changes that Cy; has on the phase difference between VS and V7 is to
run the Interactive Simulation, but set the Maximum Time Step (under Simulate — Interactive Simulation
Settings — Maximum Time Step) to something very small (e.g., le-7 seconds). This will force the
oscilloscope trace to plot slowly with respect to any interactive adjustment of the value of Cy; (using the mouse
slider or the keyboard).

e Notice there is a small phase difference at Cy = 50 uF. Fig. E8-8a shows the plot of the oscilloscope
trace with cursors.
For Cyy = 50 pF, x1 on VS = 1.2500 ms, x2 on V7 = 1.2449 m:s.
At =10.2500 ms — 10.2449 ms = 0.0051 ms.
Given that f =1kHz, T =1 ms and

.0051
¢=360°<00?5 >:1.836°.

e As one reduces the value of Cyy, the phase difference disappears. For Cyy = 25 uF, At =0 ms.
e However, below 25 uF, the phase difference increases to a maximum difference of —19.47°.

e For Gy =0 uF, Ar =0 ms.
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n
=
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Figure E8.6a

Figure E8-6b plots the phase difference as a function of Cy;. This plot was generated in MATLAB software
using Eq. (8.78) and voltage division:

R
e ()]
Rs + ZLoad+Match

Note: The angle function in MATLAB software can be used to plot the phase angle in radians of any function.
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CM (uF)
Figure E8.6b
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Exercise 9-1 A series RL circuit is connected to a voltage source V. Obtain an expression for H(®) =
Vr/ Vs, where Vg is the phasor voltage across R. Also, determine the corner frequency of H(®).

Solution:

L
I

v, C_f) R g_\-’R

R
= \Y
R+7Z;

By voltage division,

Vr

or
Ve R R(R— joL)

Vi R+joL R*+w?l?

H(o)

Corner frequency @, is the value of @ at which the magnitude of H(w) is equal to 1/+/2 of its peak value. The
magnitude of H(®) is
R

M(w) = H(0)| = \/ﬁ )

and its peak value is at @ = 0. Thus
My = M((D)‘max =1.

Setting H(@,) = 1/+/2 is equivalent to

1 R
2 R42L?’
whose solution is R
O, = Z .
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Exercise 9-2  Obtain an expression for the input impedance of the circuit in Fig. E9-2, and then use it to
determine the resonant frequency.

o

iy — (C—=

Figure E9.2

Solution:

1 1!

Fin = (Z_C+R+ZL>

_ Zc(R+1Zy)

 R+Zyi+Zc

_ (1/joC)(R+ joL)

" R+ joL+(1/joC)

R+ joL
(1 — 2LC) + joRC
[R(1 — ®°LC) + ®*RLC] + jl®L(1 — @*LC) — ©R*C]
(1 — w2LC)? + m2R2C? '

Resonance occurs when imaginary part of Z;, is zero. Thus,
ayL(1 — &fLC) — wpR*C = 0,
which leads to
=0,

which is a trivial solution, and
1 R?

Y=\ =
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Exercise 9-3  Determine: (a) Zi, of the prototype circuit shown in Fig. E9-3 at @ = 1 rad/s and (b) Z{  of the
same circuit after scaling it by K;;, = 1000 and Ky = 1000.

20,
AN
N

R=1Q
o VWA VWA

~
I

\O]

9

p

L —» C=1F

Figure E9.3

Solution:

R R, ‘I"

Vex Cl —_— 1F

(a) Since the circuit contains a dependent source, we use the external voltage source method. Also, current

continuity requires that the current flowing through the 2-Q resistor be the same as that flowing through the
capacitor. Also I} =1,.

KVL gives
—Vex +2I, — L + IxZC = 07

which leads to

\Y
Z, = Iex =(1-j1)Q [for @ = 1 rad/s and C = 1 F].

X
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(b) With ky, = 1000 and kr = 1000,

R’l = 1000R; =1 kQ,
R’2 = 1000R; =2 kQ,
C' = ! C=1uF

o =ko = 10° rad/s.

Repeat of solution with new values leads to

Z, = (1—j1)kQ.
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Exercise 9-4  Convert the following voltage ratios to dB: (a) 20, (b) 0.03, (c) 6 x 10°.

Solution:

(a) 2010og20 = 20 x 1.301 = 26.02 dB.

(b) 2010g0.03 = 20 x (—1.523) = —30.46 dB.

(¢) 20log(6 x 10%) = 20log 6 +201log 10® = 15.56 4 120 = 135.56 dB.
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Exercise 9-5  Convert the following dB values to voltage ratios: (a) 36 dB, (b) —24 dB, (c) —0.5 dB.

Solution:

(a) (10)36/20 = 63.1.
(b) (10)~24/20 = 0.063.
(c) (10)79/20 = 0,094,
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Exercise 9-6  Generate a Bode magnitude plot for the transfer function

10(100 + j)(1000 + jo)
(104 jo)(10* + jo)

Solution: We start by converting the transfer function into standard form:

10 % 100(1 + jw/100) x 1000 x (1 + jo/1000)
- 10(1+ jw/10) x 107(1 + jo/10)
o 10(1+ jo/w,)(1+ jo/o;)
(4 jo/o,)(1+jo/o.,)

9

where
@, = 10 rad/s,
@, = 100 rad/s,
., = 10° radss,
., = 10* rad/s.
We note:

constant term 10 —- 20 dB
zero factors with @, and @,
pole factors with @, and @, .

Sequential addition of terms leads to the solution shown.

20 dB

' : . — o (rad/s)
10 100 1000 10*
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Exercise 9-7  Determine the functional form of the transfer function whose Bode magnitude plot is shown
in Fig. E9-7, given that its phase angle at dc is 90°.

dB

A

40 dB {

20 dB{

0b— ! ! — o (rad/s)
2 20 500 5000

Figure E9.7

Solution: From the plot, the transfer function has:
(1) simple zero factor at @, = 2 rad/s,
(2) simple pole factor at @, = 20 rad/s,
(3) simple zero factor at @, = 500 rad/s,
(4) simple pole factor at @, = 5000 rad/s.

Since at dc, the phase is 90°, we add a j to the numerator.

(14 je/2)(1 + jo/500)
H(0) = 0720 (1 5 j0,5000) °
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Exercise 9-8  Show that for the parallel RLC circuit shown in Fig. E9-8, the transfer-impedance transfer
function Hz = Vy /I exhibits a bandpass-filter response.

Solution: From KCL,

we obtain the expression

Vr joL
I, (1—’LC)+ joL/R
_ 0*L*— joLR*(1 — w’LC)
 RY(1 - 0*LC)? + w2

Resonance occurs when imaginary component is zero:
wy=0 (trivial),

1
o= ——.
VIC
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Exercise 9-9  How should R be related to L and C so that the denominator of Eq. (9.66) becomes a simple
pole of order 2?7 What will the value of Q be in that case?

Solution: Denominator of Eq. (9.66):
(1 - @*LC) + joRC = 1 + (joVLC)* + joRC.

For perfect square (1 +2x+x?),
JORC =2(joVLC),

or
R*C? =4LcC,

R=2/%.
C

wL_ 1 L 1
R VIC 2yL/C 2’

which gives

From Eq. (9.61),

0=
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Exercise 9-10  Is Mgr = 1 — Mgp?

Solution: NO, because MBR = ‘HBR’ = ’1 — HBP‘ 75 1— ‘HBP‘ =1 _MBP-
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Exercise 9-11 ~ What is the order of the two-stage bandpass-filter circuit shown in Fig. 9-18(a)?
C L C

S i
VS@ fjl) R @) R

Solution: Intuitively, the circuit suggests that each stage is a single order, so the two stages lead to a second-
order filter. To be certain, however, we should analyze the expression for H(®) given in Example 9-8 as

H(o) O’R*’C*[0’R*C? — (1 — @?LC)* + j3wRC(1 — *LC)]
 [0?R2C? — (1 — 02LC)?]? + 9w?R2C%(1 — w*LC)?
When the imaginary part is zero, the resonant frequency for L=10mH, C=1uFand R=2 Qs

<40

Ol

1
oy = —— = 10* radss,
VIC
and
RC=2x10"%s.

1. For ® < ay, @*LC < 1 and RC < 1. Hence, H(®) simplifies to
H(0) ~ 0’R°C*  for 0 < .

Thus, the power of w is 2, suggesting that the filter is second order.

2. For o> @y, w’LC > 1, and

oR?L’C*  R?
OSLACT T L2

The power of @ is —2, again confirming that H(®) is a second-order filter.

[H(w)|

H(w) ~ for @ > wy.
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Exercise 9-12  Determine the order of H(®) = V. /V; for the circuit in Fig. E9-12.

C C
I I o
1l 1l ¢
Vs L RS Vou
o
Figure E9.12
Solution: Circuit analysis leads to
jw’RLC?

H(0) = Gare (- Lo (1 1 jokc)

For @ very large, such that @’LC >> 1 and ®RC > 1,
H(o)~1, o very large.
For @ very small, such that ®?*LC < 1 and ®RC < 1,
H(w) ~ jo’RLC?.

Hence, filter is third order.
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Exercise 9-13  Choose values for R and Ry in the circuit of Fig. 9-23(b) so that the gain magnitude is 10 and
the corner frequency is 10° rad/s, given that Cy = 1 uF.

Solution: According to Eq. (8.89),

Ry
Gip=——=-10
LP Rs )

1
= —— =10 rad/s.
@y p R rad/s

With C; = 1 uF,
Ri=1kQ,  andR, =100 Q.
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Exercise 9-14 ~ What are the values of the corner frequencies associated with M, M,, and M3 of Example
9-10?

Solution: By plotting the expressions for My, M>, and M3 and determining the angular frequencies at which
eachis 1/ V2 of its peak value, we can show that

w,, = 10° rad/s, @, =0.64a,,, and @, =0.51a,.

59.5

59

58.5

58

57.5

57

56.5

o (rad/s)

56
10
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Exercise 9-15  The bandreject filter of Example 9-12 uses two lowpass filter stages and two highpass filter
stages. If three stages of each were used instead, what would the expression for H(®) be in that case?

Solution:

1 3
H(o) = 50
(@) <1+jco/4ﬂ>< 1o4>

| (_jo/sTx 10} ’
1+ jo/8m x 10* '
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Exercise 10-1 ~ Superimpose onto Fig. 10-4(b) the three source voltages of the A configuration.

Solution:
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Exercise 10-2  Given a balanced A-source configuration with a positive phase sequence and Vi, =208/45° V

(rms), determine (a) phase voltages V,3 and V3;, and (b) Vi, V,, and V3 of the equivalent Y-source
configuration.

Solution: (a) For a positive phase sequence, V,3 and V3; have the same amplitude as V|, but their phases are
retarded by 120° and 240°, respectively. Hence,

Vo3 = 208./45°=120° = 208 /=75° V (rms),
V3 = 208./45°=240° = 208 /=195° V (rms).

(b)
Vi .
V=2 /30
VG

208
= —— /A45°-30° — 120/15° V (rms)

Vy =V £2129° = 120£=105° V (rms)
V3 =V, £=240° = 120/=225 V (rms).
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Exercise 10-3  Show graphically why the phase magnitude of Vi, of the A-source is v/3 times larger than
the phase magnitude of the Y-source.

Solution:
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Exercise 10-4 ~ Were we to repeat Example 10-2, but with the transmission-line impedances set to zero,
which of the following line-current quantities will change and which will remain the same: (a) amplitudes, (b)
absolute phases, and (c) phases relative to each other?

Solution: (a) Amplitudes will change, (b) absolute phases will change, but (c¢) relative phases will continue to
be 120° apart (between pairs).
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Exercise 10-5  Determine Iy, in the balanced Y-Y network of Fig. 10-8, given that V| = 120/0° V, Z7, =
(2+/j1)Qand Zy = (28+ j9) Q.

Solution:
Vi 120
I, = = - -
Zro+Zy (24 j1)+(2849)

120

30+ 10
120

- = _ —18.4°

= 6 BF = 3.80/=184° A,
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Exercise 10-6  Prove Eq. (10.26b).
Solution:

cos 0 +cos(6 — 120°) + cos(6 —240°)
=c0$ 0 + cos B cos 120° + sin O sin 120° -+ cos O cos 240° + sin O sin 240°
=c0s0 —0.5c0s0 +0.86sin0 —0.5cos 8 —0.86sin O
=0.
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Exercise 10-7  Suppose the circuit shown in Fig. 10-15(a) contains only balanced loads 1 and 2. What value
should C have in order to raise the source’s power factor to 0.92 lagging?

Solution: With only loads 1 and 2,

Sr=S1+S,
— (4800 + j3600) + (7200 + j9600)
= 12000+ j13200 VA
13200
-1 o
- ) — 477
¢ =tan <12000> .

pf s =cos¢ =0.67.
To raise it to pfi, = 0.92, ¢ has to change to

¢’ = cos~'(0.92) = 23.07°
ST = 12000+ j12000tan ¢’
= (12000 + j5111) VA
QOc = 5111 — 13200 = —8089 VAR.
Also
Oc = -2V oC,

which leads to 0 8089
—0c
_ _ =7.45 uF.
WMo 2x (12007 x2mx60 K
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Exercise 10-8 When used on a balanced three-phase load, the two-wattmeter method provided
measurements P, = 4,800 W and P, = 10,200 W. What is the total complex power St of the load?

Solution:

Pr = P, + P, = 4800+ 10200 = 15000 W
Or = V3(P, — P) = v/3(10200 — 4800) = 9353 VAR.

Hence,
St = (15000 + j9353) VA.
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Exercise 11-1  Repeat Example 11-1 after moving the dot location on the side of L, from the top end of the
coil to the bottom.

Solution: Replacing M with —M in Eqgs. (11.10a and b) leads to

J . .
-V R — — ol |1 oMI, =0
s+< 1 coC+J 1> 1+J 2

) . J
oMI wl,——+R. |I,=0.
J 1+<J 2 coC+ L) 2

Solution is identical to that in Example 11-1 except that M should be replced with —M in Eq. (11.11). Hence,

i (t) = 139.5cos (27 x 10° 4 142.2° — 180°)
= 139.5¢c0s (27 x 10°t — 37.8°) mA.
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Exercise 11-2  Repeat Example 11-3 for the two in-series inductors in Fig. 11-6(a), but with the dot location
on L, being on the top end.

Solution: Replacing M with —M everywhere in the expressions for V| and V, in Example 11-3 leads to

Leq =Li+L,— (—2M)
=L+ L,+2M.
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Exercise 11-3  The expression for Z;, given by Eq. (11.25) was derived for the circuit in Fig. 11-8, in which
both dots are on the upper end of the coils. What would the expression look like were the two dots located on
opposite ends?

\k ”‘

Solution: If the two dots are on opposite ends, M should be replaced with —M, but since Eq. (11.24) is
proportional to M?, the expression for Z;, remains unchanged.
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Exercise 11-4 ~ What are the element values of the II-equivalent circuit of the transformer in Fig. 11-11(a)?

Solution: According to Egs. (11.31a to ¢),

a2
L — LiL,—M
Li—M
_ (5/0)(20/w) - (2/w)* 32
(5/0)—(2/w) o’
LiL,—M?* 533
Lb pr— pu— 3
L,—M (0]
. Lil,—M?* 48
< M o
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Exercise 11-5  Determine the Thévenin equivalent of the circuit to the right of terminals (a,b) in Fig. E11-5.

ot _a T8
g ol

Solution: Application of Fig. 11-15(b) leads to

32— j64 32— j6d
n 16

= 390"V,

The negative sign accounts for the fact that the dots are on opposite sides of the transformer.
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Exercise 11-6  An autotransformer is used to step up the voltage by a factor of 10. If N = 200, what are the
values of N; and N,?

Solution:
Va N
N
o 200
10 = N - N, =20
and

N=N{+N, - N;=180.
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Exercise 11-7  Determine I, in the circuit of Fig. 11-18 after replacing the 20-€ resistor with an open circuit.

Solution: Repeating the solution in Example 11-10 after replacing the 20-€ resistor with an open circuit gives

—36+ (10+50)T; — 50I, + V; =0,
—501; + (30440 + 50)T, — V, = 0.

Also,
V, =—-4V,,
I
h:—f.

Solution leads to
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Exercise 12-1
plot it.

Solution:

If x(¢) is the rectangular pulse shown in Fig. E12-1(a), determine its time derivative x’(¢) and

x(?)
24
3 4 -1
(a) x(2)
x'(1)
20(t—-3)
=7 (S)
—20(t—4)
(b) x'(1)
Figure E12.1
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Exercise 12-2  Determine the Laplace transform of (a) [sin(@?)] u(z), (b) e= u(t), and (c) 7 u(z). Assume
all waveforms are zero for ¢ < 0.

Solution:
(a) [sin ot] u(t)

F(s) = / [sin @¢] u(t) e dt.
Application of the identity
e jot e jot
—

I [~ . I/~ .
F(s) = 2—/ el e dt — 2—/ e /e dr
J JO J J0

1 [ elio=sr  —Gotsx \ |7
S 2j \Jjo-s —(jots))|

1 —1 n —1 o
S 2j\jo—s jo+s) s2+w?’

sin Wt =

(b) e u(r)

(c) ¢ u(r)

Using the integral relation

we have
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Exercise 12-3  Determine .Z[sinw(t —T) u(t — T)].
Solution: According to Exercise 6-9(a),

. w . w
sinwt €= S Sinwr-——.
S+ S 4+

Application of the shift property given by Eq. (6.53)
flt—=T)u(t—T) <=> ¢ T5F(s)
leads to

()

inw(t—T)ut—T) <*=> &% ——u .
sino( ) u( ) T
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Exercise 12-4  (a) Prove Eq. (12.27) and (b) apply it to determine .Z[e~“ cos wt].

Solution:
(a) If
f(t) €= F(s),

then

/w e f(t) e dt = /(: F(t) e T gy

= [ f)e " dr
0
=F(¢)
=F(s+a),
where we temporarily used the substitution
s =s+a.
Hence,
e f(t) <«=>» F(s+a).
(b) Since
cos Wt €= _5 ,
s?+ w?
it follows that
e “coswt <=> _(sta) .
(s+a)?+ o?
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Exercise 12-5  Obtain the Laplace transform of: (a) f1(t) =2(2—e~") u(t) and (b) f>(t) = e~ cos(2t +30°) u(t).

Solution:

(a)

filt) =22 =) u(t)
= (4—2¢7") u(r).
By entries 2 and 3 in Table 12-2,

F(s)—4 2 4s+4-2s  2s+4
TS s+ s+ s(s+1)C

(b)

fo(r) = e ¥ cos (21 +30°) u(r)
= e_3t fa(t)7

with

fa(t) = cos(2t +20°) u(r).
Applying entry #12 in Table 12-2 gives

Fa(s) = scos30° —2sin30°  0.866s — 1
@ s?+4 C s2+4
Application of Property 5 in Table 12-1 leads to

Fa(s) = Fu(s+3)
0.866(s+3) — 1
T
0.866s+ 1.6
T 2+6s+13°
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Exercise 12-6 Apply the partial-fraction expansion method to determine f(z), given that its Laplace

transform is 105+ 16
F (s) _ s S +

(s+2)(s+4) "

Solution: By partial-fraction expansion,

A Ay A3
F(s)=—t4+ 22 4 53
(s) s+s+2+s—|—4’

with
Ay =sF(s)|s=0o
_ 10s+16 _5
C(s+2)(s+4) |y
A2 = (S+2) F(S)’S:_z
_ 10s+16 _—20—1—16_1
Cos(s+4) |-, =22 7
Az = (s+4) F(s)[s=—4
_ 10s+16 _ —40+16 3
R M o) By
Hence,
2 1 3
F§l=—4+—— —
(s) s+s+2 s+4’
and

f)=[2+e 2 =3¢ u(r).
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Exercise 12-7  Determine the inverse Laplace transform of

48> —15s— 10
F(s)= ————
(s) (s+2)3
Solution: )
48— 15s— 10
F(s)= ———
(s) (s+2)3
By partial-fraction expansion,
B B Bs
F(s) =
) =2 s o T 5
with
Bs=(s+2)°F(s)| __,
=45’ —15s—10| __, =16+30—10 =36,
d
B, = as [(s+2)° F(s)] ‘s:,z
d o
== (48 —15s—10)| _ , =8s— 15—, = —31,
1 d , 5
Bl =3 -5 (45" —15s—10)|__, =4.
Hence,
4 31 36
F(s)

S22 5122 (Grop
By entries 3, 6, and 7 in Table 12-2,

()= (4—31t+18%)e > u(t).
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Exercise 12-8  Determine the inverse Laplace transform of

2s+ 14
F(s)=—— "
(s) s2 +6s+25

Solution:

_ 2s+14
82465425
2s+ 14
(5+3—jA)(s+3+/4)

E(s)

By partial fraction expansion

B, B]
F(s) =
S =s3—atsiara
with
Bi=(s+3—j4)F(s)ls—_3, 4
~ (2s+14)
(S+3+J4) s=—3+j4
—6+ 8+ 14 5o
_ —I—]. + — - =2
j8
Hence,

\/E e—j45° \/E ej45°

F(s) = .
(s) s+3—j4 s+3+j4

By entry #15 in Table 12-2,
£(6) = [2v2 e ¥ cos (4t — 45°)] u(r).
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Exercise 12-9  Convert the circuit in Fig. E12.9 into the s-domain.

lL» L Ry
11 W\
vs(7) Ry C—=
Figure E12.9

Solution:
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Exercise 13-1  Obtain the Fourier-series representation for the waveform shown in Fig. E13.1.

S

/) 0 2V4
_10-

Figure E13.1

Solution: For the cycle from t = —2 s to t = 2 s, the waveform is given by
5t for —2<r<0
f(t) = e
10 — 5¢ for 0 <t <2.

With T =4 s and @y = 2n/T = /2 rad/s,
1 r2
= = t)dt
ao T/_zf()

1 0 2
:—[/ 5tdt—|—/(10—5t)dt]:0,
41/ 0

2 (T/2
= = t)cos tdt
a T/mf() nax

1[0 t 2 t
=5 [/ftcos%dt—k/o (10—5t)cos% dt].

Using the integral relationship given in Appendix D-2 as

1 X .
xcosax dx = — cosax + —sinax,
a a

we have
20
=53 (1 —cosnm).

Similarly, using the relation

. 1 . X
xsinax dx = — sinax+ — cos ax,
a a
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we have

2 (T2
b, = 7/ f(t) sinnwyt dt

-7/2
:% [/ZStsinnTm dt+/02(10—5t)sinn7m dt
= % (1 —cosnm).
Hence,
() :rg [% (1 —cosmr)cosnTm

+—0 (1 —cosnﬂ:)sinn—m
nmw 2
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Exercise 13-2  Obtain the line spectra associated with the periodic function of Exercise 13.1.

Solution:
A, =/ai+ b2
20 5 2y 1/2
= { [ 5— (1 —cosmr)} + [— (1 —cosmr)} }
n
n?m?
= (1—cosnm) oy 1+ 1
b
O, = —tan~! (—")
an
= —tan! (ﬂ)
B 2

We note that A,, = 0 when n = even.
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Exercise 13-3  (a) Does the waveform f(7) shown in Fig. E13.3 exhibit either even or odd symmetry? (b)
What is the value of ay? (c) Does the function g(z) = f(r) — ap exhibit either even or odd symmetry?

34
2
1+
0
b t f = 1(s)
—4 =3 -2 -1 101 2 134 5 6
Figure E13.3
Solution:
(@
f(1) # f(—t) ™9 1o even symmetry
f@&) #—f(—1) =P 1o odd symmetry
(b)

C2x143x1+(-1)x1
N 4

a =1.

(c) g(r) = [f(¢) — ao] has odd symmetry.
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Exercise 13-4 The RL circuit shown in Fig. E13.4(a) is excited by the square-wave voltage waveform of
Fig. E13.4(b). Determine Uy (Z).

R
vV o]
+
s(?) L Vout(?)
o
(@)
vs (V)
1
011 |23 '
-1
(b)

Figure E13.4

Solution: From the waveform, we deduce that
2
T =2s, ab:?ﬂ:ﬂradls, A=1V.

Step 1
From entry #2 in Table 13-2,

oo

Thus,
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Step 2

Step 3
With @y = 7 rad/s and ¢, = —90°,

Vout(t) = ag H(® = 0) + Y A, Re{H(® = nay) e/ 0}

n=1
_ i 4 e d IMOL jro)
g nw R+ jnoyL
n=odd

= 4L
= Z —_— COS(nﬂfl‘ + 9,,) V,
n=1 Vv R2 + n2 7[2L2

n=odd
with
_ [ nmL
9,, = —tan ! <T> .
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Exercise 13-5  What will the expression given by Eq. (13.43) simplify to if the associated circuit segment is
(a) purely resistive or (b) purely reactive?

Solution: (a) Py = Viclge + %27:1 Va1, because ¢y, = ¢; , (b) P,y = 0, because for a capacitor, Iyc = 0 and
Py, — ¢;, = 90°; and for an inductor, V. = 0 and ¢y, — ¢;, = —90°.
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Exercise 13-6  For a single rectangular pulse of width 7, what is the spacing Aw between first nulls? If 7 is
very wide, will its frequency spectrum be narrow and peaked or wide and gentle?

Solution: Aw = 4x /7. Wide 7 leads to narrow spectrum.
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Exercise 13-7  Use the entries in Table 13-4 to determine the Fourier transform of u(—7).

Solution: From Table 13-4,

2
1) =
sen(?) =
1
ult) €= n16(o)+—.
w
Also,
sgn(r) = u(t) —u(—1)
Hence,
u(—t) = u(t) —sgn(r),
and the corresponding Fourier transform is
1 2
u(—t) €=» ngé(0)+-———
JO jo
1
=nd(w)——.
n5(o) -
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Exercise 13-8  Verify the Fourier transform expression for entry #10 in Table 13-4.

Solution: o o
e/ e/
cos wyt f(t) = <f> f(2).

Applying Property 5 in Table 13-5,

%ejw‘)’f(t) > %F(a)—a)o),
eI ) <> SR+ )
Hence,
cosant f(1) <= %[F(a)—a)o)JrF(a)ero)].

Fawwaz T. Ulaby, Michel M. Maharbiz and Cynthia M. Furse Circuit Analysis and Design



Exercise 13-9  Verify the reversal property given by Eq. (13.85).

Solution: By the definition given by Eq. (13.65a),

F(o) = / £lt) e 7 dt,
Replacing @ with — gives

Fi-0)= [ f) e ar
which is the same as the complex conjugate F*(w):

F*(0) — [ Z £lt) & dr.

Hence,
F(—0)=F (o).
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