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Conventions for Describing Networks

2-1. For the controlled (monitored) source shown in the figure, prepare a plot
similar to that given in Fig. 2-8(b).

V2
Vi = Vb
K 2
\ Va
‘AR

iy
Fig. 2-8 (b)
Solution:
Open your book & see the figure (P/46)
It is voltage controlled current source.

i,A
+Ve axis
< >
V2
-Ve axis
gvi
\ 4 i
—0O
gvi +
A
V2
current source
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2-2. Repeat Prob. 2-1 for the controlled source given in the accompanying figure.
Solution:

Open your book & see the figure (P/46)

It is current controlled voltage source.

A

V2
l'i1

Iz

v

2-3. The network of the accompanying figure is a model for a battery of open-circuit
terminal voltage V and internal resistance R,. For this network, plot i as a function
v. Identify features of the plot such as slopes, intercepts, and so on.

Solution:

Open your book & see the figure (P/46)

Terminal voltage

v=V- in

iR,=V-v

i=(V-v)R,

When v=10

i=(V-v)R,

i=(V-0)/R,

i=V/R, amp

Whenv=V

i=(V-V)/R,

i=(0)/R,

i=0 amp

i=V/R

0
\4 i=0

< |<
I

V/R,

Slope:




Muhammad Irfan Yousuf (Peon of Holy Prophet (P.B.U.H)) 2000-E-41 3

y=mx+c¢

(x1, y1) = (0, V/Ry)

(x2, y2) = (V, 0)
m = (y2 — y1)/(X2 — x1) = (0 — V/Rp)/(V - 0) = (-V/Rp)/V = (-V/Rb)(1/V) = -1/R,,
y-intercept = V/R,
x-intercept =V

Slope y-intercept x-intercept

-1/R, V/R, Vv

2-4. The magnetic system shown in the figure has three windings marked 1-1°, 2-2°,

and 3-3’. Using three different forms of dots, establish polarity markings for these

windings.

Solution:

Open your book & see the figure (P/46)

Lets assume current in coil 1-1’ has direction up at 1 (increasing). It produces flux
¢ (increasing) in that core in clockwise direction.

A R
According to the w current produceu in (Qil 2-2’ is in such a direction that

it opposes the increasing flux @ . So direction of current in 2-2’ is down at 2°. Hence
ends 1 & 2’ are of same polarity at any instant. Hence are marked with O. Similarly
assuming the direction of current in coil 2-2°, we can show at any instant 2 & 3’
have same polarities and also 1 & 3 have same polarities.

2-5. Place three windings on the core shown for Prob. 2-4 with winding senses
selected such that the following terminals have the same mark: (a) 1 and 2, 2 and 3,
Z3and 1l MM 1°and?2’ 2°and R’ R and 1°
Solu| @

Ope
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U

1

Solution:

(b)
2-6. The figure shows four windings on a magnetic flux-conducting core. Using
different shaped dots, establish polarity markings for the windings.

SRAEEE

Open your book & see the figure (P/47)

2000-E-41 4

i

—»— Coil 1
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A
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2-7. The accompanying schematic shows the equivalent circuit of a system with
polarity marks on the three-coupled coils. Draw a transformer with a core similar to
that shown for Prob. 2-6 and place windings on the legs of the core in such a way as
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to be equivalent to the schematic. Show connections between the elements in the
same drawing.

Solution:

Open your book & see the figure (P/47)

oL o

yaill
S~—
—
\ <
/ /
\
2< R: T/ R;

O
2-8. The accompanying schematics each show two inductors with coupling but with
different dot markings. For each of the two systems, determine the equivalent
inductance of the system at terminals 1-1° by combining inductances.

Solution:

Open your book & see the figure (P/47)

Let a battery be connected across it to cause a current i to flow. This is the case of

additive flux. /_\

[ J M @

L] LZ

| I\

(@)

V =self induced e.m.f. (1) + self induced e.m.f. (2) + mutually induced e.m.f. (1) +
mutually induced e.m.f. (2)

V = Lidi/dt + L,di/dt + M di/dt + M di/dt

Let L, be the equivalent inductance then V = L, di/dt

L di/dt = (L; + L, + M + M) di/dt

5
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D Leq =L1+L2+M+M

Leq =L1+L2+2M

L] LZ

V _
T IN (b)

This is the case of subtractive flux.

O V=L,di/dt + L,di/dt - M di/dt - M di/dt

Let L, be the equivalent inductance then V = L, di/dt
L di/dt=(L; + L, - M - M) di/dt

D Leq =L1+L2-M-M

Leq =L1+L2-2M

2-9. A transformer has 100 turns on the primary (terminals 1-1°) and 200 turns on
the secondary (terminals 2-2°). A current in the primary causes a magnetic flux,
which links all turns of both the primary and the secondary. The flux decreases
according to the law @ = e*Weber, when t 2 0. Find: (a) the flux linkages of the
primary and secondary, (b) the voltage induced in the secondary.

Solution:

N; =100
N, =200
¢ =e'(t2 0)

Primary flux linkage § 1 =N;@ =100 e"

Secondary flux linkage ) , =N, =200 ¢"

Magnitude of voltage induced in secondary v, = d{) ,/dt = d/dt(200 ¢™)
v, =-200¢"

Hence secondary induced voltage has magnitude

v2=200¢"

2-10. In (a) of the figure is shown a resistive network. In (b) and (¢) are shown
graphs with two of the four nodes identified. For these two graphs, assign resistors
to the branches and identify the two remaining nodes such that the resulting
networks are topologically identical to that shown in (a).

Solution:

Open your book & see the figure (P/48)

6
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O

2-11. Three graphs are shown i /ﬁgure. Classify each of the graphs as planar or
nonplanar.

Solution:

Open your book & see the figure (P/48)

All are planar.

In that they may be drawn on a sheet of paper without crossing lines.
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2-12. For the graph of figure, classify as planar or nonplanar, and determine the
quantities specified in equations 2-13 & 2-14.

Solution:

Open your book & see the figure (P/48)

Classification:

Nonplanar

Number of branches in tree = number of nodes—-1=5-1=4

Number of chords = branches —nodes+1=10-5+1=10-4=6

Chord means ‘A straight line connecting two points on a curve’.

2-13. In (a) and (b) of the figure for Prob. 2-11 are shown two graphs, which may be
equivalent. If they are equivalent, what must be the identification of nodes a, b, ¢, d
in terms of nodes 1, 2, 3, 4 if a is identical with 1?

Solution:

Open your book & see the figure (P/48)

(b)

a is identical with 1

b is identical with 4

c is identical with 2

d is identical with 3

2-14. The figure shows a network with elements arranged along the edges of a cube.
(a) Determine the number of nodes and branches in the network. (b) Can the graph
of this network be drawn as a planar graph?

Solution:

Open your book & see the figure (P/48)

Number of nodes = 8

Number of branches =11

(b) Yes it can be drawn.

2-15. The figure shows a graph of six nodes and connecting branches. You are to
add nonparallel branches to this basic structure in order to accomplish the
following different objectives: (a) what is the minimum number of branches that
may be added to make the resulting structure nonplanar? (b) What is the maximum
number of branches you may add before the resulting structure becomes
nonplanar?

Solution:

Open your book & see the figure (P/49)

Make the structure nonplanar

Minimum number of branches = 3

Maximum number of branches =7

2-16. Display five different trees for the graph shown in the figure. Show branches
with solid lines and chords with dotted lines. (b) Repeat (a) for the graph of (¢) in
Prob. 2-11.

Solution:

Open your book & see the figure (P/49)
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1) : 3)
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4)

)

b):

9
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2-17. Determine all trees of the graphs shown in (a) of Prob. 2-11 and (b) of Prob. 2-
10. Use solid lines for tree branches and dotted lines for chords.

Solution:

Open your book & see the figure (P/49)
All trees:

1) 2)

5) 6 .7 7 8)

9) | 10) | 11) ‘ 12)
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13) 1 15) 16)
é N g ;

17) 18) 19) 20)
21) 22) 23) 24)
25) 26) 27) 28)
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29) 30)
) ) @
All trees of
Q
Solution: O
1)
@) 2) @)
@)
O
)@ O
4)

Belore solving exercise following terms should be kept in mind:
1. Node

Lo Chapters#2
el s e

7 rn
"nduction n e
rrent controlled voltage source




Muhammad Irfan Yousuf (Peon of Holy Prophet (P.B.U.H)) 2000-E-41 13

11. Voltage controlled current source
12. Coordinate system

ALLAH MUHAMMAD (P.B.U.H)

Network equations

3-1. What must be the relationship between C., and C; and C; in (a) of the figure of
the networks if (a) and (c¢) are equivalent? Repeat for the network shown in (b).
Solution:

Open your book & see the figure (P/87)

+ 0 i .
> |kC1 |\C2
v(t) i

- O
By kirchhoff’s voltage law:
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v(t) =1/Cif i dt + 1/C,f i dt
v(t) = (1/C, + 1/Cy)f i dt
In second case

0O +|/'

Vi) —p C\q
1

O

v(t) =1/Cf i dt
If (a) & (¢) are equivalent
1/Cef i dt=(1/C; + 1/Cy)f i dt

1/Ceq = (1/Cy + 1/C)

® 4 + I < a +| [ -
_>l C + I \ C;
T
- C,
i
O
b
i=i+1iz

i = Cydv,/dt + Csdv,/dt when v, is voltage across ab.
The equivalent capacitance between a & b be C’
Then i = C¢,’dv./dt

U Ce’dva/dt = Cydv./dt + Cidv./dt

Ceq’ = C2 + C3

Diagram (b) reduces to

+ -
-
= .
G +
. 1
TN ey
O

From result obtained by (a)
1/Ceq = (1/C1 + 1/C¢)

2000-E-41

14
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1/Ceq = (1/C1 + 1/C2+ Cy)

3-2. What must be the relationship between L., and L;, L, and M for the networks
of (a) and of (b) to be equivalent to that of (c)?
Solution:

Open your book & see the figure (P/87)

In network (a) applying KVL

v = L,di/dt + L,di/dt + Mdi/dt + Mdi/dt
v=(L;+L;+ M+ M)di/dt

V= (Ll + L2 + ZM)di/dt

In network (¢)

v = L di/dt

If (a) & (¢) are equivalent

(Li + L, + 2M)di/dt = L.di/dt

(L1 + Lz + ZM) = Leq

In network (b) applying KVL

v = Lydi/dt + L.di/dt - Mdi/dt - Mdi/dt
v=(L;+L;-M-M)di/dt

v =(L; + L, - 2M)di/dt

In network (c)

v = L di/dt

If (b) & (¢) are equivalent

(L + L, - 2M)di/dt = Le,di/dt

(L] + Lz = ZM) = Leq

3-3. Repeat Prob. 3-2 for the three networks shown in the accompanying figure.
Solution:
Open your book & see the figure (P/87)

O 1
T ‘ ® /\ ‘ °
M
v L N
i1 L, L,
loop 1 loop 2 iz

O
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Applying KVL in loop 1

v = Ld(i; — iz)/dt + Mdi,/dt

V= leil/dt - leiz/dt + Mdiz/dt
v = Ldiy/dt + Mdiy/dt - L,di/dt

v = Lidiy/dt + (M - L;)di,/dt

Applying KVL in loop 2

0 = L.di,/dt + L,d(i; — iy)/dt + {-Mdi,/dt} + {~-Md(i; — i,)/dt}

0 = L,di,/dt + L;di,/dt - L,di,/dt - Mdiy/dt - Md(i; — i;)/dt

0 = deiz/dt + leiz/dt - leil/dt - Mdiz/dt - Mdiz/dt + Mdi]/dt
0 = L,di,/dt + L,di,/dt - L,di,/dt - 2Mdi,/dt + Mdi,/dt

0= (M — L) dir/dt + (L, + L, — 2M) di,/dt

Writing in matrix form

Ll M - L] dl]/dt \%
M-L, L;+L,-2M di,/dt 0
A\ M - L]

0 Li+L;-2M

dil/dt =
L] M—Ll
M-L, L;+L,-2M
v M-L,

0 Li+L,-2M
=(WV)(Li+L;-2M) - 0= (v)(L; + L, - 2M)
L, M-L,
M-L, Li+L,-2M
=L)@Is+L,-2M)-(M-L)(M-L))

=(L)(L; + L; - 2M) - (M - Ly)?
= (le + Lle — 2L1M) - M2 - L12+ 2ML1

16
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= L12 + L]Lz — 2L1M - M2 — L12+ 2ML1
= Lle— M2

di/dt = (v)(Li + L, — 2M)/L,L,— M?
diy/dt {(LiL— M?)/(L; + L, - 2M)} = v
In network (¢)

O \

O |
v = Le,diy/dt

For (a) & (c) to be equal

di/dt {(LiL,— M?)/(L; + Ly — 2M)} = Le,di,/dt

(LiL- M?)/(L; + L, — 2M) = L,

b O

2000-E-41

—+

M

i

Applyng KVL in loop 1

'/\
§

V= L] (i] — iz)/dt - Mdiz/dt
V= L1di1/dt - leiz/dt - Mdiz/dt
V= L]di]/dt + Mdiz/dt - L]diz/dt

V= leil/dt - (L] 2l M)diz/dt

Applying KVL in loop 2
0 = L.diy/dt + Ld(i; — i;)/dt + Mdi,/dt + Md(i; — i,)/dt
0 = deiz/dt + L]diz/dt - leil/dt + Mdiz/dt + Md(iz — il)/dt

0 = L,di/dt + L,di,/dt - L,di,/dt + Mdi/dt + Mdi,/dt - Mdi,/dt

0 = L,di,/dt + L,di,/dt - L,di,/dt + 2Mdi,/dt - Mdi,/dt

0 = - (L + M) diy/dt + (L, + L, + 2M) di,/dt

17
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Writing in matrix form

L, - (L1 + M) dir/dt v
(M) Li+L,+2M di,/dt 0
A% - (L1 + M)

0 Li+L,+2M

diy/dt =
Ly -(Li+ M)

-(Li+M)  Li+L,+2M

v - (Li+ M)
0 Li+L;+2M
= (v)(L; + Ly + 2M) — 0 = (v)(L; + L, + 2M)
L - (Li+ M)
-(Li+ M) Li+L;+2M

= (Li)(L; + Ly + 2M) - (L; + M)(L + M)
= (L])(L] + Lz + ZM) - (L] + M)2

= (L12 + L1L2 + 2L1M) - M2 - L12- 2ML1
= L]2 + L]Lz + 2L1M - M2 - L]z- 2ML1
= L]Lz— M2

dl]/dt = (V)(L] + Lz + 2M)/L1L2— M2
diy/dt {(LiL— M3)/(L; + L, + 2M)} = v
In network (c)

O \

2000-E-41

18
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V= Leqdil/dt
For (a) & (c) to be equal
diy/dt {(LiL,— M?)/(L; + L; + 2M)} = L, di,/dt

(LiL— MY)/(Ly + Ly + 2M) = L

3-4. The network of inductors shown in the figure is composed of a 1-H inductor on
each edge of a cube with the inductors connected to the vertices of the cube as
shown. Show that, with respect to vertices a and b, the network is equivalent to that
in (b) of the figure when Leq = 5/6 H. Make use of symmetry in working this
problem, rather than writing Kirchhoff laws.

Solution: 1-H

Open your book & see the figure (P/88)
1-H
1-H
1-H
1-H
1-H 1-H
1 |
O
1-H 1-H
1-H
1-H
i/6
i/6 i/3
—>— - | >
i/6 i2
i i3 i A2 i i3 i
—> > Ly —> 9
v i2 i2
1
i/3 i/6 i3
—>— — | > =
i/6
»
i/6
»>
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1/3-H 1/6-H 1/3-H

L. =1/3-H + 1/6-H + 1/3-H = 5/6-H

3-5. In the networks of Prob. 3-4, each 1-H inductor is replaced by a 1-F capacitor,
and L, is replaced by C.,. What must be the value of C., for the two networks to be
equivalent?

Solution:

Open your book & see the figure (P/88)

1-F 1-F
1-F 1-F

1 I
1-F 1-F

—

3 6 3

Co=13+1/6+13=12F

3-6. This problem may be solved using the two kirchoff laws and voltage current
relationships for the elements. At time t, after the switch k was closed, it is found
that v; =+5 V. You are required to determine the value of i,(ty) and di,(t,)/dt.

2Q —]

W
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V2

Using kirchhoff’s current law at node 1
v2—10/1 +vy/2+1,=0
V2—10+V2/2+i2=0

3v)/l2+1,=10

i2=10—-3v,/2

att=t,

iz(to) =10 - 3V2(t0)/2

i2(t)) =10 — 3(5)/2 =2.5 amp.

Also
V2
V2= iz(l) + Ldiz/dt
vz = ix(1) + (1/2)di/dt
dir/dt = (v2 — i2)(2)
\
=
\
P
\

dix(to)/dt = (va(to) — i2(t))(2) = (5 — 2.5)(2) = (2.5)(2) = 5 amp/sec.
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3-7. This problem is similar to Prob. 3-6. In the network given in the figure, it is
given that v,(t)) =2 V, and (dv,/dt)(t)) =-10 V/sec, where t, is the time after the
switch K was closed. Determine the value of C.

Solution:

LWy

Wh—
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Using kirchhoff’s current law at node
v2—32+vy/1+i.=0
32 +ic=3/2
Att=t

3va(to)/2 + ic(to) = 3/2
3(2)/2 +ic(to) = 3/2
ic(to) =-3/2

also

att=t,

ic(to) = Cde(to)/ dt
-3/2=1¢(-10)

¢ =3/20 0.15-F

The series of problems described in the following table all pertain to the network of
(g) of the figure with the network in A and B specified in the table.

3-8 (a)
Solution:

_ W

Y2-h
-

Open your book & see (P/89)

va(t) 0 0<t<1

va(t) 1 1<t<2

va(t) 0 2<t<3

va(t) 2 3<t<4
Applying KVL

vi = 2(i) + (1/2)di/dt = 2(i) + v»
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v, = (1/2)di/dt
t
i=2f v,dt
=00
Att
t 0 t =
i= ZI vodt = 2_[ vodt + ZI vodt i(O) =
-00 -00 0 0
0 t Att
<t<1 i(t) =0 +J 0dt = 0 amp. =
0 i(1) =
0
Att
t 1 t =
i= 2_[ vodt = ZI vodt + 2_[ vadt i(l) =
-00 -00 1 0
t t Att
1 i(t)=i(1) + 2 (Hdt =0+ 20 tO =
<t<2 1 1 i(2) =
i(t) = 2(t - 1) amp. 2
Att=2
t 2 t i2)=2
i= ZI Vzdt = 2_[ Vzdt ats ZI Vzdt Att=3
-00 -00 2 i3)=2
2<t<3 t
i(t)=i(2) +[ 0dt=2+0=2 amp.
2
Att=3
t 3 t i3)=3
i= 2_[ vodt = ZI vodt + 2_[ vadt Att=4
-00 -0 3 i4)=6
t t
3<t<4 i(t) =i(3) +2 [ )dt=2+40 tO
3 3
i()=2+4(t-3)
amp.
i(4)=2+44-3)
amp.
=6 amp.
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va(t) =0 vi(t) = 2(i(t)) + v2(t)
Att=0

vi(0) = 2(i(0)) + v2(0)
vi(0)=2(0)+0=0
Att=1

0<t<1 vi(1) =2(i(1)) + v2(1)
vi(1)=2(0)+0=0

1 vi(t) = 2(i(1)) + va(t)
Att=2

vi(2) = 2(i(2)) + v2(2)
1<t<2 vi2Q)=22)+1=5

0 vi(t) = 2(i(t)) + va(t)
Att=3

vi(3) = 2(i(3)) + v2(3)
2<t<3 vi3)=2(2)+0=4

2 vi(t) = 2(i(t)) + va(t)
Att=4

3<t<4 vi(4) = 2(i(4)) + v2(4)
vi(4) =2(6) + 2 = 14

V1(0)

vi(1)

vi(2)

vi(3)

el B R L N2 (]

vi(4)
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voltage

m— Series2| | 0 {1 2 3 4
| = tinfo =

3-8 (1)

V22
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0 1 2 3 4 time
>
>
>
>
Interval vy(t)

0<t<1 2t

1<t<2 -2(t—2)

2<t<3 2(t-2)

3<t<4 -2(t—4)

>4 0
0<t<1 |

(x, y) =(1,2)
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(XO’ y0) = (0, 0)

Straight-line equation |

y=mx+c¢
m=(y1—yo)/(xi—X9) =(2-0)/1-0)=2/1=2

Slope = 2

y-intercept = 0 |

y=mx+c¢
va(t) =2t + 0 = 2t Volts

1<t<2 |

(x2, y2) = (1, 2)

(X1, y) = (2, 0)

Straight-line equation

y=mx-+c
m=((y:—-y)/(x:-x)=Q2-0/1A-2)=2/(-1)=-2

Slope =- 2

y-intercept = 4 |

y=mx+c¢
va(t)=-2t+4=-2(t-2) Volts

2<t<3 |

(X3, ¥3)=(3,2)

2000-E-41

28
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(X2, y2) = (2, 0)
| Straight-line equation |
y=mx-+c
m=(y;—y2))/(x3—x)=(2-0)/(3-2)=2/1=2
Slope =2
| y-intercept = -4 |
y=mx+c¢
va(t) =2t + (-4) =2t — 4 =2(t - 2) Volts
| 1<t<2 |
(X5 y) = (3, 2)
(X3a y3) = (49 0)
| Straight-line equation
y=mx+c¢
m=(ys—y3)/(xsa—x3)=(2-0)/3-4)=2/-1)=-2
Slope =-2
| y-intercept = 8 |
y=mx-+c¢
va(t)=-2t+8=-2(t—4) Volts
Vi=V,+ 2i
v, = (1/2)di/dt
t
i=2f vodt
-00
Att=0
t 0 t i(0)=0
i= ZI vodt = 2_[ vodt + ZI vodt Att=1
-00 -00 0 i(l) =2
0<t<1 t t
i(t)=0+2f 2tdt =4 [ tdt
0 0
t
=40 ¢/20
0
i(t) = 4[t3/2 - 0] = 4[t*/2] = 2t amp.




Muhammad Irfan Yousuf (Peon of Holy Prophet (P.B.U.H)) 2000-E-41 30
Att=2
t 1 t i2)=4
i = 2_[ Vzdt = ZI Vzdt + ZI Vzdt amp-
-00 -00 1
t
I<t<2 i) =i(1) +2 [ -2(t - 2)dt
1
t
i(t)=2+(-4)J (t-2)dt
1
t
i(t)=2-4f (t-2)dt
1
t
i(t)=2-40 t}/2-2t0
1
i(t)=2-4[(t}/2-2t) - (1/2-2)]
i(t) =2 -4 [(t}/2 - 2t) - (- 3/2)]
i(t) =2 -4 [t/2-2t+3/2)]
i(t)=2-2t+8t—6
i(t)=-2t"+8t—4
Att=3
t 2 t i3)=6
i= ZI Vzdt = 2_[ Vzdt + ZI Vzdt amp.
-00 -00 2
2<t<3 t

i(t) = i(2) + 2 [ 2(t - 2)dt
2

t
i(t)=4+4f (t-2)dt
2
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t
i(t) =4 +4f (t-2)dt
1

t
i(t)y=4+40 t/2-2t0

2
i(t)y=4+4 [(t7/2 -2t) - (4/2 - 4)]
i(t)=4+4[(t/2-2t)-(-2)]
i(t)y=4+4 [t}/2 -2t +2)]
i(t)=4+22-8t+8
i(t) =2t*- 8t + 12

3<t<4

t 3 t
i= ZI Vzdt = ZI Vzdt + 2_[ Vzdt
-00 -00 3
t
i(t) = i(3) + 2 [ -2(t - 4)dt
3

t
i(t)=6-4 (t-4)dt
3
t
i(t) =6-4f (t-4)dt
3
t
i(t)=6-40 t*/2 —4t0
3
i(t) =6 -4 [(t}/2 — 4t) — (4.5 - 12)]
i(t) =6 -4 [(t}/2 - 4t) — (- 7.5)]
i(t) =6 -4 [t*/2 — 4t + 7.5)]
i(t)=6-2t*+ 16t - 30
i(t)=- 2t + 16t — 24

Att=4
i4)=8
amp.

va(t) =2t vi(t) = 2(i(t)) + vz(t)

Att=0

vi(0) = 2(i(0)) + 2t
vi(0) =2(0)+0=0
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Att=1
0<t<1 vi(1) = 2(i(1)) + 2t
vi(1) = 2(0) + 2(1) =2

1 vi(t) = 2(i(t)) + va(t)
Att=2

vi(2) = 2(i(2)) - 2(t - 2)
1<t<2 vi(2)=2(4)-0=8

0 vi(t) = 2(i(t)) + va(t)
Att=3

vi(3) = 2(i(3)) + 2(t - 2)
2<t<3 vi(3) =2(6) + 2 = 14

2 vi(t) = 2(i(t)) + va(t)
Att=4

3<t<4 vi(d) = 2(i(4)) — 2(t - 4)
vi(4)=2(8)-0=16

V1(0)

vi(1)

vi(2)

vi(3)

— (OO N |
=S

vi(4)
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4.5
4
35
3
25

2

voltage

1.5

1

0.5

0

—m— Series2 0 1 2 3 4

0<t<1 V=0
1<t<2 2
2<t<3 -3
=3 0

Applying KVL
vi =2(i) + (1/2)di/dt = 2(i) + v2
v, = (1/2)di/dt
t
i= 2_[ vadt

=00
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Att=0
t 0 t i(0)=0
i= 2_[ vodt = 2_[ vodt + ZI vodt Att=1
-00 -00 0 iM)=0
0<t<1 t
i(t) =0+ 0dt =0 amp.
0
t 1 t Att=2
i= ZI vodt = ZI vodt + ZI vodt i(2) =4
-00 -00 1
t t
I<t<2 i(t) =i(1) + 2 [ 2)dt =0+ 40 tO
1 1
i(t) =4(t-1) amp.
Att=3
t 2 t i3)=-2
i= ZI Vzdt = 2_[ Vzdt + ZI Vzdt
-00 -00 2
2<t<3 t t
i(t)=i(2) +2f (-3)dt=4-60 tO
2 2
=4 —6(t-2) amp.
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va(t) =0 vi(t) = 2(i(t)) + v2(t)
Att=0

vi(0) = 2(i(0)) + v2(0)
vi(0)=2(0)+0=0
Att=1

0<t<1 vi(1) =2(i(1)) + v2(1)
vi(1)=2(0)+0=0

2 vi(t) = 2(i(t)) + va(t)
Att=2
vi(2) = 2(i(2)) + v2(2)
1<t<2 vi2)=2(4)+2=10
3 vi(t) = 2(i(t)) + va(t)
Att=3
vi(3) = 2(i(3)) + v2(3)
2<t<3 vi3)=2(-2)-3=-7
vi(0) 0
V1(1) 0
vi(2) 10
vi3) -7
15
10 % 10
o 5 /\ ;
o 3 —e— Series1
§ 0 M —— Series2
s \
N 7
-10
1 2 3 4
—e— Series1 0 0 10 -7
—m— Series2 0 1 2 3

time
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3-8 (d) o<t<r , v, = sint
Applying KVL

vi = 2(i) + (1/2)di/dt = 2(i) + v»

v, = (1/2)di/dt

t
i=2f vodt
-00
Att=0
t 0 t i(0)=0
i= ZI Vzdt = 2_[ Vzdt + ZI Vzdt Att=1
-00 -00 0 i(1)=0
0<t<mt t
i(t) = 0 + 2f sintdt
0
t
i(t) = - 20 costll =-2(cost-1)
amp.
0
Because cos) =1
\ Z(i) +v,
vi(t) = 2(i(t)) + sint
Att=0
v1(0) = 2(i(0)) + sin0
v1(0) =2(0) + 0 =0 Volt
Att=TT
vi(t) = 2(i(t)) + sint
v1i(Tt ) = 2(i(TT )) + sinTt
vi(Tt ) =2(4) + 0 =8 Volt
v1(0) 0

V1(T[ ) 8
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10

8 /IS
6

4 —m— Series2

—&— Series1

voltage

2

|

0

[»]

bl 2
[<=]

—&— Series1

B Ne)
©o| o| Ne

—m— Series2

time

3-8(H

0<t<1 2t

1<t<3 2

3<t<d -2(t-4)
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A
V2
P
>
0 1 2 3 4 time
>
>
>
0<t<1 |
(Xla yl) = (19 2)
(X, Yo) = (0, 0)
| Straight-line equation |
y=mx-+c¢
m = (y1 —yo)/(Xi —X¢) = (2-0)/(1-0)=2/1=2

Slope =2

| y-intercept = 0 |
y=mx+c¢
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va(t) =2t + 0 = 2t Volts
| 1<t<3 |
v2(t) =2 Volts
| 1<t<2 |
(X5 y) =3, 2)
(X3, y3) = (47 0)
| Straight-line equation
y=mx+c¢
m=(ys—y3)/(xa—x3)=2-0)/3-4)=2/(-1)=-2
Slope =- 2
| y-intercept = 8 |
y=mx+c¢
va(t)=-2t+8=-2(t—4) Volts
Vi=V,+ 2i
v, = (1/2)di/dt
t
i=2f vodt
-00
Att=0
t 0 t i(0)=0
i= ZI vodt = 2_[ vodt + ZI vodt Att=1
-00 -00 0 i(l) =2
0<t<1 t t
i(t)=0+2f 2tdt =4 [ tdt
0 0
t
=40 ¢/20
0
i(t) = 4[t}/2 - 0] = 4[t*/2] = 2t amp.
Att=3
t 1 t i(3)=10
i = 2_[ Vzdt = ZI Vzdt + ZI Vzdt amp-
-00 -00 1
t
1<t<3 i(t) = i(1) + 2 [ 2dt
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1
t
i(t)=2+4[dt
1
t
i(t)=2+40tO
1
i(t)=2+4(t-1)=2+4t—-4=-2+4t
Att=4
t 3 t i(4)=12
i= ZI vodt = ZI vodt + ZI vodt amp.
-00 -00 3

3<t<4

t
i) = i(3) + 2 [ -2(t - 4)dt
3
t
i(t) =10 -4 (t - 4)dt
3
t

i(t) = 10 - 4f (t - 4)dt
3

t
i(t)=10-40 t%/2 — 4t0

3
i(t) =10 - 4 [(t*/2 — 4t) — (4.5 - 12)]
i(t) =10 - 4 [(t*/2 — 4t) — (- 7.5)]
i(t) =10 - 4 [t}/2 — 4t + 7.5)]
i(t)=10-26+ 16t - 30
i(t) =-2+ 16t —20
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0<t<1

va(t) = 2t

vi(t) = 2(i(t)) + va(t)
Att=0

vi(0) = 2(i(0)) + 2t
vi(0)=2(0)+0=0
Att=1

vi(1) = 2(i(1)) + 2t
vi(1)=22)+2(1)=6
Volts

1<t<3

vi(t) = 2(i(t)) + va(t)
Att=3

vi(3) = 2(i(3)) + 2
vi(2) =2(10) + 2 =22

3<t<4

2(t- 4)

vi(t) = 2(i(t)) + va(t)
Att=4

vi(4) = 2(i(4)) - 2(t - 4)
vi(3) = 2(12) - 0 = 24 Volts

V1(0)

vi(1)

vi3)

22

V1(4)

24
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30
25
20
[
§
>
10
5
0
‘+ Series2 0 6 22 24
time
3-8 (e)
A
V2
+1
>
time
-1
>
>
>
>
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Interval v,(t)
0<t<1 0
1<t<2 1
2<t<3 0
3<t<4 -1
Applying KVL
vi = 2(i) + (1/2)di/dt = 2(i) + v,
v, = (1/2)di/dt
t
i=2f v,dt
=00
Att=0
t 0 t i(0)=0
i= ZI Vzdt = ZI Vzdt + ZI Vzdt Att=1
-00 -0 0 i1)=0
0<t<1 t
i(t)=0+[ 0dt =0 amp.
0
t 1 t Att=2
i= ZI Vzdt = 2I Vzdt + ZI Vzdt 1(2) =2
-00 -00 1
t t
I<t<2 i(t)=i(1) +2 f (Hdt=0+20 tO
2 1
i(t) =2(t-1) amp.
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Att=3
t 2 t i(3)=2
i = 2_[ Vzdt = ZI Vzdt + ZI Vzdt
-00 -00 2
2<t<3 t
i(t) = i(2) + 2f 0dt =2
2
=2 amp.
Att=4
t 3 t i4)=0
i= ZI Vzdt = ZI Vzdt + ZI Vzdt
-00 -00 3
3<t<4 t
i) =i(3) + 2f (-1)dt
3
t t
i)=2-2[ )dt=2-20 tO
3 3
=2-2(t-3) amp.

| va(t) =0 | Vi) = 2(i(t)) + va(t)
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Att=0

vi(0) = 2(i(0)) + v2(0)
vi(0)=2(0)+0=0
Att=1

0<t<1 vi(1) = 2(i(1)) + v2(1)
vi(1)=2(0)+0=0

1 vi(t) = 2(i(1)) + va(t)
Att=2

vi(2) = 2(i(2)) + v2(2)
1<t<2 vi2Q)=22)+1=5

0 vi(t) = 2(i(t)) + va(t)
Att=3

vi(3) = 2(i(3)) + v2(3)
2<t<3 vi3)=22)+0=4

3<t<d -1 vi(t) = 2(i(t)) + va(t)
Att=4

vi(3) = 2(i(4)) + v2(4)
vi(3)=2(0)-1=-1

vi(0) 0
V1(1) 0
V1(2) 5
vi3) 4
V1(4) -1




Muhammad Irfan Yousuf (Peon of Holy Prophet (P.B.U.H))

2000-E-41

46

6
5 5
4 4
3 /
I A A
o
>
1
ol we Ao A\
; W
-2
1 2 3 5
—m— Series2 0 0 5 -1
time
3-8 (a)
Solution:
_{| o
+
L Y2-F \ +
J— Vl
T = 2
1-h
‘ O
O vi=vetwv,
t
ve = (1/0)f i(t)dt
=00
v,(t) 0 0<t<1
va(t) 1 1<t<2
vy(t) 0 2<t<3
v(t) 2 3<t<4
i(0) 0<t<1 0
i(1) 0<t<1 0
i(2) 1<t<2 2
1(3) 2<t<3 2
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1(4) 3<t<d |
Att=0
t 0 t ve(0) =0
ve=2 idt=2[ idt +2[ idt Att=1
-00 -00 0 v(1)=0
0<t<1 t
ve=0+2[ 0dt = 0 Volts.
0
t 1 t Att=2
ve =2 idt=2f idt + 2 idt v(2) =4
-00 -00 1
t t
I<t<2 V() =ve(1) +2 [ (2)dt =0 +
40 tO
1 1
ve(t) = 4(t - 1) Volts.
t 2 t Att=3
ve=2f idt=2f idt+2[ idt ve(3) =8
-00 -00 2
2<t<3 t t
v(t) =v(2)+2[ 2Q)dt=4+
40 tO
2 2
ve(t) =4+ 4(t - 2)
Volts.
t 3 t Att=4
ve =2 idt=2[ idt +2[ idt ve(4) =20
-00 -00 3
t t
3<t<4 Ve(t) =ve(3) + 2 [ (6)dt =8 +
120 tO

3 3
ve(t) =8 + 12(t - 3)
Volts.
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=)

v(t) =

AR (N [ -]S
[\ N> -N I~y )

va(t) =0 vi(t) = ve(t) + va(t)
Att=0

vi(0) = v.(0) + v2(0)
v1(0) = (0) + 0 =0 Volts
Att=1

0<t<1 vi(1) = v(1) + v2(1)
vi(0) =(0) + 0 =0 Volts

1 Att=2

vi(2) = v(2) + v2(2)
vi(0)=(4) +1 =5 Volts
1<t<2

0 Att=3
vi(3) = v.(3) + v2(3)

v1(0) = (8) + 0 = 8 Volts
2<t<3

2 Att=4
vi(d) = v(d) + v2(4)
3<t<4 vi(0) = (20) + 2 = 22 Volts

V1(0)

vi(1)

vi(2)

vi(3)

N N (oS

vi(4)
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25
20 Y 2
o 15
s 10
8
5 5
0 =0
1 3 4 5
‘+ Series2 0 5 8 22
time
3-9 (b)
O vi=vet+wv,
t
ve = (1/0)f i(t)dt
-00
Va(t) 2t 0<t<1
va(t) -2(t=2) 1<t<2
va(t) 2(t-2) 2<t<3
Va(t) -2(t-4) 3<t<4
i(0) 0<t<1 0
i(1) 0<t<1 2
i(2) 1<t<2 4
i(3) 2<t<3 6
i(4) 3<t<4 8
Att=0
t 0 t v(0)=0
ve =2f idt=2f idt +2f idt Att=1
-00 -00 0 ve(l)=4
0<t<1 t
ve=0+2[ 0dt = 0 Volts.
0
t 0 t
ve =2f idt=2f idt +2f idt
-00 -00 0
t t
ve=0+2f 2dt =40 t0 = 4t
0 0
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t 1 t Att=2
ve=2f idt=2[ idt + 2f idt ve(2) =12
-00 -00 1
t t
1<t<2 ve®) =v(1) +2 [ (4)dt =4+
80 tO
1 1
ve(t) =4+ 8(t-1)
Volts.
t 2 t Att=3
ve=2f idt=2[ idt + 2f idt ve(3) =24
-00 -00 2
2<t<3 t t
Ve(®) =ve(2) +2 [ (6)dt =12 +
120 tO
2
2
ve(t) =12 + 12(t - 2)
Volts.
t 3 t Att=4
ve=2f idt=2f idt+2[ idt ve(4) = 40
-00 -00 3
t t
3<t<4 ve(t) = ve(3) + 2 [ (8)dt =24 +
160 tO
3 3
ve(t) =24 + 16(t - 3)
Volts.
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Q.,
I
=

v(t) =

AR (N[-S

(0RO

vy(t) = 2t vi(t) = ve(t) + va(t)

vi(t) =0+ 2t =2t
Att=0
vi(0)=0+2t=2(0)=0
Volts.

0<t<1 vi(t) = ve(t) + va(t)

vi(t) =0+ 2t =2t
Att=1
vil)=0+2t=2(1)=2
Volts.

-2(t-2) vi(t) = ve(t) + va(t)
vi(t)=4-2(t-2)
Att=2

1<t<2 vi(2) =4 Volts.

2(t-2) Att=3

vi(3) = ve(3) + v2(3)
viB)=(@8) +2(t-2)= 10
2<t<3 Volts

-2(t-4) Att=4

vi(4) = v(4) + v2(4)
3<t<4 vi(0) = (20) — 2(t-4) =20
Volts

vi(0) 0

N

vi(1)

V1(2) 4
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V1(3) 10
vi(4) 20
5 20
4 10
£
2 2
110
0 10 0 25
1 3 4 5
‘l Series?2 0 4 10 20
voltage
3-9 (o)
D Vi=Vet v,
t
ve = (1/c)f i(t)dt
-00
va(t) 0 0<t<1
va(t) 2 1<t<2
va(t) -3 2<t<3
i(0) 0<t<l 0
i(1) 0<t<1 0
i2) 1<t<2 4
i(3) 2<t<3 2
Att=0
t t v(0)=0
ve =2f idt=2f idt +2f idt Att=1
-00 0 v{(1)=0
0<t<1

Ve =0+ 2[ 0dt =0 Volts.

t

-00

0
ve=2f idt=2[ idt+2f idt

t

0
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t
ve=0+2[ 0dt = 0 Volts
0

t 1 t Att=2
ve=2f idt=2[ idt+2f idt ve(2) =8
-00 -00 1
t t
I<t<2 ve(t) =ve(1) +2 [ (4)dt =0+
80 tO0
1 1
V() =0+ 8(t-1)
Volts.

t 2 t Att=3
ve =2f idt=2f idt +2f idt ve(3)=12
-00 -00 2
2<t<3 t t
ve(t)=v(2)+2[ (2)dt=8+
40 tO
2
2
v(t) =8+ 4(t-2)
Volts.

N = (S
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12

0<t<1

va(t) =0

Vi(t) = ve(t) + va(t)
Vi) =0+0=0
Att=0

v1(0) = 0 Volts.
Vi(t) = ve(t) + va(t)
Vi) =0+0=0
Att=1

vi(1) = 0 Volts.

1<t<2

Vi(t) = ve(t) + va(t)
vi(t)=8+2=10
Att=2

vi(2) =10 Volts.

2<t<3

Att=3
vi(3) = v(3) + v2(3)
vi(3) = (12) -3 = 9 Volts

vi(0)

V1(1)

vi(2)

vi3)

voltage

12

10

/\ i 3-9 (d)

D Vi=

Vet VvV,

o
ol |
o

o

—m— Series2
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ve = (1/c)f i(t)dt
-00
va(t) sint 0<t<Tr
i(0) 0<t<TT 0
i(TT ) 0<t<Tt 4
Att=0
t 0 t v(0)=0
ve =2f idt=2f idt +2f idt Att=Tt
-00 -00 0 v(l) =
0<t<mr t 81t Volts
v. =0+ 2[ 0dt = 0 Volts.
0
t 0 t
ve =2f idt=2f idt + 2f 4dt
-00 -00 0
t t
ve=0+8[ dt= 80 tO0 =8t
Volts
0 0
t vi() =0

81
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v,(t) = sint vi(t) = ve(t) + va(t)
vi(t) = v (t) + sint =0
Att=0

vi(0) = 0 + sin0 = 0 Volts.
Vi(t) = ve(t) + va(t)

0<t<mr vi(t) =8m + sint
Att=Tr
vi(TT ) =8TT +sinTt =
81 Volts
vi(0) 0
vi(TT ) 8
30
25 / 25133
20
=y —— Series1
8 15 _
Tg —— Series2
10
5
1 2
—e— Series1 0 0
—m— Series2 1 25.133
time
3-9 (e)
O vi=vet+v,
t
ve=(1/0)f i(t)dt
-00
v,(t) 0 0<t<1

va(t) 1 1<t<2
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va(t) 0 2<t<3
va(t) -1 3<t<4
i(0) 0<t<1 0
i(1) 0<t<1 0
i(2) 1<t<2 2
i(3) 2<t<3 2
i(4) 3<t<4 0
Att=0
t 0 t v(0)=0
ve=2f idt=2[ idt + 2 idt Att=1
-00 -00 0 Vc(l) =()
0<t<1 t
ve =0+ 2f 0dt =0 Volts.
0
t 0 t
ve=2f idt=2[ idt + 2 idt
-00 -00 0
t
ve =0+ 2 0dt = 0 Volts.
0
t 1 t Att=2
ve =2 idt=2f idt + 2[ idt ve(2) =4
-00 -00 1
t t
1<t<2

40 t0O

V) = ve(1) + 2 [ (2)dt = 0 +

1 1
vi(t)=0+4(t-1)
Volts.
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t 2 t Att=3
ve=2f idt=2f idt +2[ idt ve(3)=8
-00 -00 2
2<t<3 t t
Ve(t) =ve(2) + 2 [ 2Q)dt =4 +
40 tO
2
2
Ve(t) =4+ 4(t - 2)
Volts.
t 3 t Att=4
ve=2f idt=2f idt +2f idt ve(4) =8
-00 -00 3 Volts
t
3<t<4 ve(t) = ve(3) + 2 [ (0)dt=8
3
v.(t) = 8 Volts.
t=0 v(t) =0
1 0
2 4
3 8
4 8
va(t) =0 vi(t) = ve(t) + va(t)
vi(t)=0+0=0 Volts
Att=0
vi(0) = 0 Volts.
Vi(t) = ve(t) + va(t)
0<t<1 vi)=0+0=0
Att=1

vi(1) =0 Volts.
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1 vi(t) = ve(t) + va(t)
vi(t)=4+1=5
Att=2
1<t<2 vi(2) =5 Volts.
0 Att=3
vi(3) = ve(3) + v2(3)
vi(3)=(8) + 0= 8 Volts
2<t<3
-1 Att=4
Vi(4) = ve(4) + v2(4)
3<t<4 vi(4) =8 —-1=7 Volts
vi(0) 0
V1(1) 0
V1(2) 5
vi(3) 8
V1(4) 7

roltage

—— Series2
Series3

1

0

—m— Series2

Series3

=lo |~
L
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3-17. For each of the four networks shown in the figure, determine the number of
independent loop currents, and the number of independent node-to-node voltages
that may be used in writing equilibrium equations using the kirchhoff laws.
Solution:
Open your book & see (P/90)
(a) Number of independent loops = 2
Node-to-node voltages = 4
(b) Number of independent loops = 2
Node-to-node voltages = 3
(¢) Number of independent loops = 2
Node-to-node voltages = 3
(d) Number of independent loops = 4
Node-to-node voltages =7
3-18. Repeat Prob. 3-17 for each of the four networks shown in the figure on page
91.
(¢) Number of independent loops =7
Node-to-node voltages = 4
(f) Number of independent loops = 3
Node-to-node voltages =5
(g) Number of independent loops = 4
Node-to-node voltages =5
(h) Number of independent loops =5
Node-to-node voltages = 6
3-19. Demonstrate the equivalence of the networks shown in figure 3-17 and so
establish a rule for converting a voltage source in series with an inductor into an
equivalent network containing a current source.
Solution:
Open your book & read article source transformation (P/57).
3-20. Demonstrate that the two networks shown in figure 3-18 are equivalent.
Solution:
Open your book & read (P/60).
3-21. Write a set of equations using the kirchhoff voltage law in terms of
appropriate loop-current variables for the four networks of Prob. 3-17.
@
11+
Ruiy + 1/¢f (i1 —i2) dt=0
12¢
V(t) = izR] + I/CI (lz - l]) dt + Ldiz/dt + R3i2
®)
11¢
Rui; + Ld(i; — iy)/dt = v(t)
1p:
0= isz + I/CI iz dt + Ld(iz— il)/dt
©
11:

R(ii— iz) + Ldi/dt = v(t)
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iz!

0= (iz— il)R + I/CI iz dt

(d)

i1:

le(il— i3)/dt + I/CJ i1dt =(

iz!

Rliz + de(iz— i3)/dt + I/CzI (iz— i4)dt =(

i3:

Lid(is— in)/dt + Lod(is— iz)/dt + Ra(is — is) = v(t)

i4:

R2i4 + R3(i4 — i3) + 1/02_[ (i4— iz)dt =0

3-22. Make use of the KVL to write equations on the loop basis for the four
networks of Prob. 3-18.

Solution:

Open your book & see (P/91).

(a)
i]!

Ryiii + 1/esf (is— iz)dt = - v(t)

iz!

1/C3I (iz— il)dt + R](iz — i3) =()

i3:

I/CJ i3dt + R](i3 - iz) + R3(i3 — i4) =(

i4:

Vesf (ia—is)dt + Ra(is —is) = 0

ist

Ronis+ 1/eyf (is— is)dt + 1/c,f isdt = - v(t)

i6:

R;2(is— is) + R3(is — 1i7) = - v(t)

i7:

1/05I i7dt + R3(i7 - i5) = 0

(b)

i1:

Ladin/dt + eyf (ix— iz)dt + Vesf (ir— is)dt + Lod(is— is)/dt = v(t)
izﬁ

leiz/dt + I/CJ (iz— i3)dt + I/CJ (iz— il)dt =(

i3:

Lsdis/dt + 1/¢:f (is— iz)dt + 1/esf (is— i)t + Lyd(is— i1)/dt + Ri= 0
(©

i1:

Vef (is—is)dt + Ry(is — iz) = v(t)

iz!

I/CI (iz— i3)dt + Rl(iz — il) + RL(iz — i4) = 0

i3:

Ris + R(is — is) + 1/¢f (is— ix)dt + 1/cf (is—i)dt = 0

142
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Ru(is—i2) + R(is — is) + 1/esf isdt = 0

(d)

i]!

I/Ca_[ (i] - lz)dt + 2L1di1/dt + Lbd(il - i3)/dt + l/cbf (l] - i3)dt = V(t)

i2:

Ld(i— i)/dt + 1e,f (iz—in)dt =0

i3:

2L2d(i3— i4)/dt + R(i3 — i4) + 1/caf (i3— is)dt + Lbd(i3— i])/dt + I/CIJ (i3— i])dt = 0
i4:

Lad(is— i2)/dt + Lydig/dt + 1/eyf isdt + 2Lod(is— is)/dt + R(iy — is) = 0

| (a)




U.H))

L ()
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| (©)

W

Wy
L
wry

¢
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i3

i] i2

| (@)

¢ <
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3-23.
Write a set of equilibrium equations on the loop basis to describe the network in the
accompanying figure. Note that the network contains one controlled source. Collect

terms in your formulation so that your equations have the general form of Eqs. (3-
47).
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= =

i1:

ir + (i1 — i) + (i1 — i3) + 1 (i1 — i5)dt = vy(t)

izﬁ

1(i; — iy) + Ldi,/dt =0

i3:

is + (i3 — i) + 1 (i3 —i)dt - kiii= 0

3-24. For the coupled network of the figure, write loop equations using the KVL. In
your formulation, use the three loop currents, which are identified.

Solution:

Open your book & see (P/92).

i1:

Rii; + (Ly + Ly)diy/dt + Mdiy/dt = v,

izﬁ

L3di2/dt + Mdi]/dt + I/CI (iz — i3)dt =V

i3:

R2i3 + I/CI (i:; - iz)dt = 0

3-25. Using the specified currents, write the KVL equations for this network.
Solution:

Open your book & see (P/92).

i1:

Ri(is + iz + i3) + Lidiy/dt + My2diy/dt + Ryi - Mysdiz/dt = vi(t)

izﬁ

Ri(is + iz + i3) + Lodiz/dt + Miadiy/dt + Masdin/dt = vy(t)

i3:

R1(i1 + iz + i3) + L3di3/dt - M13di1/dt +Mz3diz/dt + I/CI i3dt= V1(t)

3-26. A network with magnetic coupling is shown in figure. For the network, M, =
0. Formulate the loop equations for this network using the KVL.

i]!

Rui; + Lidiy/dt + Myad(is — i2)/dt + Lad(i; — i2)/dt + Masd(-i2)/dt + Myzdiy/dt + Ry(iy — 12) =
V](t)

i2:

Rsi; + Lodiy/dt + Masd(i; — ir)/dt + Lad(iz — i1)/dt + Mazd(i2)/dt + Mysd(-ip)/dt + Ry(iz — i)
=0

3-27. Write the loop-basis voltage equations for the magnetically coupled network
with k closed.

Solution:
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Same as 3.26.
3-28. Write equations using the KCL in terms of node-to-datum voltage variables
for the four networks of Prob. 3-17.

L@ |
R] RZ
Vi
V2 .
V3
] | L
o
! V()
R;
R;
Vi V2
] ® ®
A N\= | L
R, |
C

V(t)/Rl
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R;
[
Node-v;
According to KCL
Sum of currents entering into the junction = Sum of currents leaving the

junction
v(t)/Ri=vi/Ri+ (vi — v2)/R; + ed(vy — v2)/dt
V(t)/Rl =V1/R1 + Vl/Rz— Vz/Rz + CdVl/dt — Cde/dt
V(t)/R1 = V1/R1 + V1/R2 + CdV]/dt — Vz/Rz — Cde/dt
V()R =vi(1/R; + 1/R; + cd/dt) + (= 1/R; — cd/dt)v;

v(t)/R1=vi(G1+ G, + cd/dt) + (- G, — ed/dt)v, | Because G = 1/R

Node-v;

According to KCL

Sum of currents entering into the junction = Sum of currents leaving the
junction

0= (Vz - Vl)/Rz + Cd(Vz - Vl)/dt + I/LI Vzdt + Vz/R3

0= (Vz - V1)/R2 + Cd(Vz - V1)/dt + XI Vzdt + Vz/R3

0 =V2/R2 - V1/R2 + Cde/dt — CdV]/dt + XI Vzdt + Vz/R3

0 =V2/R2 + Cde/dt + Vz/R3+ XI Vzdt — V1/R2 - CdV]/dt

0=v,(1/R;+ cd/dt + 1/R; + X[ dt) + v;(— 1/R,— cd/dt)

0=v2(G+ cd/dt + G; + X[ df) + vi(- G,— cd/dt) | Because G = 1/R, X = 1/L

| (b)

Ry
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v(t)
R;
a .
A
v(t)/Ry L C———
Ry
R;
Node-v;
According to KCL

Sum of currents entering into the junction = Sum of currents leaving the
junction

V(t)/Rl =V1/R1 + V1/R2 + CdV]/dt + I/LI V1dt

V(t)/R;i=vi/Ri+ vi/R, + cdvy/dt + X[ vidt {Because 1/L = X}

V()/R,=vi(1/R; + 1/R, + cd/dt + X[ dt)

| (©)

v(t)
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1/Lf v(t)dt

Node-v,
According to KCL

Sum of currents entering into the junction = Sum of currents leaving the

junction

1/Lf vidt + vi//R+ edvy/dt = 1/Lf v(t)dt

vi(1/Lf dt + 1/R+ cd/dt) = 1/LJ v(t)dt

—

| (@)

—
e

()
MANY4

R3

L,
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L,

Ry
G

R,

T
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1/Lyf v(t)dt

L,

cdv(t)/dt

G

Vi

V3

I 1DCD
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Node-v;:

CldV(t)/dt + I/LJ V(t)dt = cldvl/dt + I/LJ Vldt + lszI (V1 — V3)dt + (V1 — V2)/R1
(Cld/dt + I/LJ dt)V(t) = C1dV1/dt + I/LJ Vldt + I/LzI V1dt - 1/L2I V3dt + V1/R1— Vz/R]
(C]d/dt + I/Ll‘r dt)V(t) = C]dV]/dt + I/LJ V]dt + I/sz V]dt + V]/Rl— Vz/R] - I/Lz‘r V3dt

(c:d/dt + 1/Lyf de)v(t) = (c;d/dt + 1/Lyf dt + 1/Lyf dt + 1/R;) vi— va/R; - 1/Lof vadt

Node-v;:

Czd(Vz — V3)/dt + (Vz — V1)/R1 + Vz/Rz =)
Cdez/dt - Cde3/dt + Vz/Rl — V1/R1+ Vz/Rz =
— V1/R1+ Vz/Rz + Cdez/dt + V2/R1 - Cde3/dt =)

— V1/R1+ (I/Rz + CZd/dt 1r 1/R1)V2 - Cde3/dt =(

Node-vs:

l/LzI (V3 - Vl)dt + C2d(V3 — Vz)/dt + V3/R3 =
I/Lz_r V3dt - I/LJ Vldt + C2dV3/dt - Cdez/dt + V3[R3= 0
- I/Lz_[ V]dt - Cdez/dt + I/sz V3dt + V3/R3+ Cde3/dt =

- l/Lz\f V1dt - Cdez/dt + (I/LJ dt + 1/R3+ Czd/dt)V3 =

3-29. Making use of the KCL, write equations on the node basis for the four
networks of Prob. 3-18.

| (a)
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V2

V3



Muhammad Irfan Yousuf (Peon of Holy Prophet (P.B.U.H)) 2000-E-41 77

V4
Vl(t)/sz
According to KCL
Sum of currents entering into the junction = Sum of currents leaving the
junction
Node-v;:

V2/R1+ Vz/Rpl + C3dV2/dt + Cld(Vz— V3)/dt = V(t)/Rpl
Vz/R1+ Vz/Rp1 + C3dV2/dt + C]de/dt— C]dV3/dt = V(t)/Rpl

Va(1/R+ 1/R,; + csd/dt + ¢;d/dt)— eidva/dt = v(t)/R,;

Node-vs:

V3/R2 + C4dV3/dt + C1d(V3— Vz)/dt + Czd(V3— V4)/dt =(

V3/R2 + C4dV3/dt + C1dV3/dt - C1dV2/dt + Cde3/dt - Cde4/dt =)

- C]de/dt + V3[Rz+ C4dV3/dt + CldV3/dt + Cde3/dt - Cde4/dt =)

- C]de/dt Tr V3(1/R2 Tr C4d/dt + C1d/dt T Czd/dt) - Cde4/dt =(

Node-vg:
V4/R3 + Czd(V4— V3)/dt + Cst4/dt + V4/Rp2 = Vl(t)/sz
V4/R3 + Cde4 /dt - Cde3 /dt + C5dV4/dt + V4/Rp2 = Vl(t)/sz

- Cde3 /dt + (Csd/dt + I/sz + 1/R3 + Czd /dt)V4 = V1(t)/sz

| (b)




Muhammad Irfan Yousuf (Peon of Holy Prophet (P.B.U.H)) 2000-E-41 78

L,
Vi I V2 \ V3
7 " |
Ls
C C;
A Cs
Lz >
R \
i
T
L,
1/Lof v(t)dt
O
i @
According to KCL

Sum of currents entering into the junction = Sum of currents leaving the
junction
Node-v;:
1/Lof v(t)dt = 1/Lsf vid t + 1/Lyf (vi— va)d t + cd(vy — v2)/dt
I/LzI V(t)dt = I/Lz_r V]d t+ 1/L1I V]d t- l/LJ V3d t+ C1dV1/dt - C]de/dt
I/LzI V(t)dt = l/Lz_r Vld t+ l/Ll_r Vld t+ cldvlldt — C]de/dt - l/LJ V3d t
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1/L2I V(t)dt = V1(1/L2I dt+ I/LJ dt+ Cld/dt) = Clde/dt - I/LJ V3d

-

According to KCL
Sum of currents entering into the junction = Sum of currents leaving the
junction
Node-v;:
Cld(Vz - Vl)/dt + C1d(V2 - V3)/dt + C3dV2/dt + 1/L2I Vzdt =0
cidvy/dt - ¢;dvy/dt + ¢ dvy/dt - cidvs/dt + cadva/dt + l/sz vadt=0
- ¢ dvy/dt + ¢ dvy/dt + ¢idvy/dt + cadvy/dt + l/sz vodt - ¢ dvi/dt =0

- cidvi/dt + vy(cid/dt + ¢id/dt + czd/dt + 1/L,f dt) - cidvs/dt =0

According to KCL
Sum of currents entering into the junction = Sum of currents leaving the
junction
Node-v;:
l/LII (V3— V1)d t+ C1d(V3 — Vz)/dt + I/L'J V3d t+ V3/R3= 0
I/LII V3d t- I/LII V]d t+ C]dV;/dt - C]de/dt + 1/L3I V3d t+ V3/R3= 0

- 1/Lyf vid t - cidvy/dt + cidvs/dt + 1/Lsf vid t + va/Rs+1/Lyf vsd t=0

- 1/Lyf vid t - cidvy/dt + vi(ed/dt + 1/Lsf d t + 1/Rs+1/Lyf d t) =0

| (©)

W




ophet (P.B.U.H))
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T V2 l V3
— |
—e e
A
S le < C,
—_— _ R,

C
Cdv(t)ydt

Accoxding to KCL
Sum pf currents enfering into the junction = Sum of current

7]

leaving the¢

J

C

junction O
Node-v;:

v(t)/R = vi/R + (vi — v3)/R + ¢, dv//dt

v(t)/R = vi/R + vi/R — v3/R+ ¢ dvy/dt

v(t)/R =vi(1/R + 1/R + ¢;d/dt) - vs/R

According to KCL
Sum of currents entering into the junction = Sum of currents leaving the
junction
Node-v;:
cdv(t)/dt = cdvy/dt + vo/R;+ ed(v,— v3)/dt
CdV(t)/dt = Cde/dt + V2/R| + Cde/dt - CdV3/dt

cdv(t)/dt = vy(cd/dt + 1/R; + cd/dt) - edvs/dt

According to KCL
Sum of currents entering into the junction = Sum of currents leaving the
junction
Node-vs:
0 =v3/Ry + (v — vi)/R + cd(vi— v;)/dt
0 = vis/Ry, + v3/R — vi/R + cdvi/dt - cdv,/dt
0 =—vi/R - cdvy/dt + cdvs/dt + vi/Ry, + v3/R

0 =-vi/R - cdvy/dt + vi(cd/dt + 1/Ry, + 1/R)

| (@)
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Vi V2

2L1 /
12L4f v(t)dt

Y S
V3 I V4
According to KCL
Sum of currents entering into the junction = Sum of currents leaving the
junction
Node-v;:

12L4f v(t)dt = 172L4J (vi— v3)dt + c.d(vi— v2)/dt + 1/L,J (vi— v2)dt + 1/Lyf (vi— vg)dt +
de(V1 - V4)/dt

According to KCL

Sum of currents entering into the junction = Sum of currents leaving the
junction
Node-v;:
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cad(va— vi)/dt + cd(va— v3)/dt + 1/Lyf (v2— v3)dt + 1/2LJ (v2— va)dt + R(v2 —v4) =0

According to KCL
Sum of currents entering into the junction = Sum of currents leaving the
junction
Node-vs:
c,d(vi— vy)/dt + I/LbI (V3— Vz)dt + cd(V3— Va)/dt + I/ZLJ (V3— Vl)dt =()
Node-vg:

l/LzJ (V4— V3)dt + c.d(V4— V3)/dt + 1/2L2\f (V4— Vz)dt + I/LbI (V4— V1)dt + cpd(V4— Vy)/dt = (#

3-30. For the given network, write the node-basis equations using the node-to-datum
voltages as variables.

T
N

N

Vi 3 Vs

NI

dh

V4
According to KCL
Sum of currents entering into the junction = Sum of currents leaving the
junction
Node-v;:
(vi—v2)/(1/2) + (172)d(vi — v3)/dt + (vi — vg)/(1/2) = 0

(Vi = V2)/(2) + 2)d(v1 — v3)/dt + (vi — va)/(2) = 0

Node-v;:
i, = (v2—vi)/[(1/2) + (v2— 0)/(1/2)

iz = (Vz— V1)/2 + V2/2

Node-vs:
i, = (1/2)d(v3— v4)/dt + (1/2)d(v3— vi)/dt + (1/2)d(v;— 0)/dt
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i; = (2)d(vs— va)/dt + (2)d(vs— vi)/dt + (2)dvs/dt
Node-vy:

0 = (172)d(Va— v3)/dt + (vs— 0)/(1/2) + (vs — v1)/(1/2)

0 = 2)d(vs— v3)/dt + (v)/(2) + (V4 — vi)/(2)

3-31. The network in the figure contains one independent voltage source and two
controlled sources. Using the KCL, write node-basis equations.
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Sum of currents entering into the junction = Sum of currents leaving the
junction
Node-V;:

Vi-v)/R; + CdVi/dt+ Vi/R, =0

Node-V,; & vi:

vk— Va=H (Vi -V

Node-V;:

(V3= V2)/R3+ V3/R + 1/LJ vadt + (V3 — V4)/Rs=0

Node-Vg:

(V4 — V3)/R5 + V4J/Rs=0a i, {where i = V4/R6}

3-32. The network of the figure is a model suitable for “midband” operation of the
“cascode-connected” MOS transistor amplifier.

Solution:
Open your book & see (P/93).
Simplified diagram:
\4/
'ng3
i3
Vs
® v,
Iq
_)— _)—
i R,
—) _
v ng1 iy
iz V

Loop-basis:
= -ng1
i3=gmnV;

i1: (il — i3)l'd+ ilRL - V3 = 0
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(i —Bra+ iilRL=V;
ilrd— i3l'd + ilRL = V3

i] i2 i3
(l‘d + RL) 0 =I'q il V3
0 -ng1 0 iz = 0
0 0 ng3 i3 0
Node-basis:
Node-Vs:
ng1 = V3/l'd - ng3 + (V3 - Vz)/l'd; ng1 + ng3 = V3/l'd + V3/l’d - Vz/rd
Node-V;:

- ng3 = Vz/RL + (Vz — V3)/rd; - ng3 = Vz/RL + Vz/rd— V3/rd

V, V; V,
(/R + 1/ra) -1/rq
-l/l’d 2/l'd
3-33. In the rk of the ligure, eac

branches contain a 1-V voltage source.
| >

b

2\
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Eq.

Voltage

i1

iz

i3

iy

is

is

i7

is

iy
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1 1 3 -1 0 -1 0 0 0 0 0
2 -1 -1 4 -1 0 -1 0 0 0 0
3 0 0 -1 3 0 0 -1 0 0 0
4 0 -1 0 0 4 -1 0 -1 0 0
5 1 0 -1 0 -1 4 -1 0 -1 0
6 0 0 0 -1 0 -1 4 0 0 -1
7 1 0 0 0 -1 0 0 3 -1 0
8 -1 0 0 0 0 -1 0 -1 4 -1
9 -1 0 0 0 0 0 -1 0 -1 3

3-34. Write equations on the node basis.

Repeat Prob. 3-33 for the network.

L
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4
- —
5
——o-
Coefficients of
Eq. Voltage di,/dt di,/dt dis/dt diy/dt
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4 -1 -1 0
-1 4 0 -1
-1 0 4 -1
0 -1 -1 4
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2h  1h
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3h

2h

1h
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1/2f dt 1/3f dt

2h

A

1h

V.,

\E

3h

Node-V;
12[ dt =172 Vidt +[ (Vi— V3)dt + 1/72[ (Vi— V,)dt

1h

2h

1/2f dt = 1/2f Vidt + [ Vidt - [ Vidt + 1/2f Vidt - 1/2f Vidt

Node-V,
0=1/2f Vodt+[ (Vo= V3)dt + 1/2f (V.- V,)dt

0 =1/2f Vadt + [ Vadt - [ Vidt + 1/2f Vadt - 1/2f Vdt
1/3! dt= 1/3! Vsdt +J‘ ngt +! (Vj,— V})dt +! (Vs = Vz)dt

1/3f dt = 1/3f Vadt + [ Vsdt + [ Vadt - [ Vidt + [ Vadt - | Vodt

98

Eq.

Current

Vi

V2

\E
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[ dt 2f dt -1/2f dt - dt
0 -1/2f dt 2[ dt -f dt
1/3f dt -f dt -f dt 4 dt

V2
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V.
Vi
/ v
=
>-<
e

o—

/

><
Node-V;:
V1/4+ (Vl—V4)/1 + (Vl—Vz)/4 = 0
Vi/d+(Vi— V) +(Vi—V)ld=0
V1/4 + V1 — V4 + V1/4 - Vz/4 = 0

2V1/4 + V] - V4 - V2/4 = 0
V1/2 + V1 — V4 - V2/4 = 0

1.5Vi-V4-V,/4=0

Node-V,:
(Vz— V4)/1 + (Vz - V3)/4 + (Vz - V])/4 = 0
V:—V4+V,/4-Vi/4+V,/4-V,/4=0

1.5V,—V,-Vi/4-V,/4=0

Node-V3;:
(V3— Vz)/4 + (V3 - 0)/4 + (V3 - V4)/1 =0
V3/4 - V2/4 + V3/4 + V3 - V4 =()

1.5V3 = V2/4 = V4 = 0

Node-V4:
(Va= V)1 + (Vi—=0)/1 + (Vs— V3)/1 + (Vi= Vo)1 =1
V4—V1 +V4+V4—V3+V4—V2=I

4V4—V1—V2-V3=I
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Eq. Current Vi V, \E \

1 0 1.5 -0.25 0 -1

2 0 -0.25 1.5 -0.25 -1

3 0 0 -0.25 1.5 -1

4 I -1 -1 -1 4
Loop-basis:

%J\A/t /




Muhammad Irfan Yousuf (Peon of Holy Prophet (P.B.U.H))

2000-E-41

102

>—= >——&
/ o
Eq. Voltage V1 Vz V3 V4
1 0 6 -1 -1 0
2 0 -1 6 0 -1
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3-36. For the network shown in the figure, determine the numerical value of the
branch current i;. All sources in the network are time invariant.

\% vV, 2V
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(Vi=2)/(1/2) + (Vi= V2)/1 + (Vi =2)2=0

Vi=22+(Vi=-Vy))+(Vi=-2)2=0
2V1—4+V1—V2+V1/2-1=0

3.5V,-V,-5=0| (i)

Vo/(1/2) + (V2= Vi)/1 + (V2= 2)/1=1
2V2+V2—V1+V2—2= 1
4V, -V, =3

Vi=-3+4V, | (ii)

Put V, in (i)
3.5V, - V,-5=0
3.5-3+4V,)-V,-5=0
10.5+ 14V, -V, -5=0
13V,-15.5=0
13V,=15.5

V;=15.5/13 =1.192Volts

Put value of V, in (ii)
Vi=-3+4V, (ii)
Vi=-3+4(1.192)
Vi=-3+4(1.192)

Vi1=1.768Volts

i =(Vi=V2)/T=V,-V,=1.768 Volts -1.192 Volts = 0.576 amperes.

3-37. In the network of the figure, all sources are time invariant. Determine the

numerical value of i,.
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Vi

e
g R

——
.>—g
!

.\>‘
|

? According to K: !L

Sum of currents entering into the junction = Sum of currents leaving the
junction
Node-v;:
2+1=V/1+(Vi=VWV)/1+(V,-V3)/1
3=V +(Vi-V)+(Vi-V3)
3=V1+V1—V2+V1—V3

3=3V1—V2—V3 (i)

Node-v,:

V2= V)1 +(V2=-V3)2+(V2-0)/1=1
Vz—Vl +V2/2—V3/2 +V2= 1

Vz—Vl +V2/2—V3/2 +V2= 1

2.5V2 - V] - 0.5V3 = 1 (ii)

Node-v;:
(V:=-V)/1+(V:-V)2+Vi/1=1
V3—V1 +V3/2—V2/2+V3= 1

2.5Vs—Vi— Vo2 =1/ (iii)
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3 = 3V1 — Vz — V3

3V1 = 3 + Vz + V3

V.= (3 +V,+ V3)/3

2.5V3 — V1 — V2/2 = 1

2.5V~ (3+ V. +V3)/3) - V2 =1
2.5V3;-3/3+Viy/3+V3/3)-V,y/2=1
25V3—1-Vy/3-Vi/3-V,/2=1
2.5V3-Vy/3-V3i/3-Vy)/2=2
2.5V3-0.334V, - 0.334V; - 0.5V, =2
2.166V; —0.834V, =2

Subtracting (ii) & (iii)

2.5V, -V;-0.5V;=1 (ii)
25V3-V,=Vy/2=1 (iii)

2.5V, —-2.5V;-0.5V; +V,/2=0
3Vz — 3V3 = 0
3V2 = 3V3

V2=V3

2.166V; —0.834V, =2
By putting V, =V;
2.166V; —0.834V; =2
1.332V;=2
V3=2/1.332=1.501V

V;=1.501V

ip=(2-V3)/2=(2-1.501)/2 =0.2495 amperes.

i = 0.2495 amperes.

3-38. In the given network, all sources are time invariant. Determine the branch
current in the 2 ohm resistor.
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iz

Loop-basis:

i1:

According to kirchhoff’s voltage law

Sum of potential rise = sum of potential drop
BR)+1(i—i))=2

(3/2)i1 + i1 — iz = 2

(5/2)iy —ip =2

izt
@iz — i1 + 20 + ix(1/2) = 2
i — iy + 21, + 12(1/2) = 2

35, —-i1=2

a R
5/2 -1 i )
-1 7/2 i B 2
\- /
5/2>+)%y -1
=[(5/2)(7/2) - 11 =1.75
-1 D 7/2

Determinant = 7.75

5/2y 2
D
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=[(5/2)(2) + 2] =7

i, =7/7.75 = 0.904 amperes. | Ans.

3-39. Solve for the four node-to-datum voltages.

2000-E-41

110

V,

I

/||

Vi
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Vs

Node-V;:
(Vi=-V)/(12) + (V1= V)/A/2) + (V.1 -0)/(1/2) +2 =8

2(V1—V2)+2(V1—V4)+2V1+2=8

Node-V;:
(V.=-V)/I(172) + (V.- V3)/[(1/2) =6

Z(Vz = V1) + 2(V2 = V3) = 6

Node-V3:
(V3=V)/I(1/2) = (V5-0)/(1/2) + (V3 -V,)/(1/2) =2

2(V3 = V4) = 2V3 + 2(V3 = Vz) = 2

Node-V,:
(Vs-0)/(172) + (V4= V)/(1/2) + (V4= V3)/(1/2) =2

2V, +2(Vs— Vi) +2(Vs— V) =2

3-41 - 3-48, 3-54 — 3-57 (Do yourself).
3-60. Find the equivalent inductance.
Solution]

See Q#32. for reference.

2000-E-41 111

3-61. It i$ intended that the two networks of the figure be equivalent withirespect to

Ls?

Solutionj : :
Do yourself.
Hint:
Fig. P3-41 | |

the pair of :terminals, which are identified. What must be the values for Cgl, L, and
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i3

iz

........................................................................................................

.......................................................................................................................

........................................................................................................
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mm |
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(b)
Equating (a) & (b)

.................................................................................

FEE T T

...........................................................................
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(a) (b)
Equating (a) & (b)
(b)
@
3.62. Equating (a) & (b)
Solution:

See 3-61 for reference.

Before solving exercise following terms should be kept in mind:

Loop analysis
Node analysis
Determinant

NN R BDD=

Kirchhoffs current law
kirchhoffs voltage law

State variable analysis
Source transformation

2000-E-41
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1-5. Solution:

v =Vsinw t
C=Cy(1-coswt)
Q=1Ixt
Q=CV

i = d(q)/dt = d(Cv)/dt = Cdv/dt + vdC/dt

i = Cdv/dt + vdC/dt
i=Co(1 - cosw t)d(Vesinw t)/dt + Visinw tdCy(1 - cosw t)/dt

i=Cy(1-cosw t) W Viocosw t+ Visinw t{w Cosin® t}

1-10.
t
w=[ vidt
=00

For an inductor

vi = Ldi/dt

By putting the value of voltage
t
w=][ vidt
=00
t
w=[ (Ldi/dt)i dt
=00
t
w=L[ idi
-00
t
w=L0O i¥/20

-00

w = L[iX(t)/2 - i¥(-0)/2]
w = L[i%(t)/2 — (i(-0))*2]
w = L[iXt)/2 - (0)%2]

w = L[i’(t)/2] | {Because i(-c0) = 0 for an inductor}

As we know

2000-E-41
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W =Li

W 2= L2

W YL = Li®

w = L[i%(t)/2]

w = Li*/2

By putting the value of Li’
w=( YL)2

w=U *2L | {where = flux linkage}

1-11.
t
w=[ vidt
-00
For a capacitor

i=Cdv/dt

By putting the value of current
t
w=[ vidt
=00
t
w=[ (Cdv/dt)v dt
-00
t
w=Cf vdv
-00
t
w=C0O v¥/20

-00

w = C[V(t)/2 - v¥(-00)/2]
w = C[v}(t)/2 — (v(-©0))*/2]
w = C[V(t)2 — (0)%/2]

w = C[v}(t)/)2]| {Because v(-«) =0 for an inductor}

As we know
Q=CV
V=Q/C

w = C[v¥(t)/2]
w = C[(q/C)*/2]
w = C[q*/2C?|
w = q*/2C

2000-E-41

116
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w=q'D/2  Ans.

1-12. w, = (1/2)Li?

P=vi

P= dWL/ dt

By putting values of P & w,,
vi = d((1/2)Li%*)/dt

vi = (1/2)dLi*/dt

vi = (1/2)Ldi*/dt

vi = (1/2)L.2i{di/dt}

v = L{di/dt}

1-13.

we = (1/2)Dq*

P=vi

P= dWL/dt

By putting values of P & w,,
vi = d((1/2)Dq?)/dt

vi = (1/2)dDq*/dt

vi = (1/2)Ddq*/dt

vi = (1/2)D2q{dq/dt}

vi =Dq{dq/dt}

As we know
i=dq/dt
vi =Dq{dq/dt}
vi = Dq{i}
v=Dq

t
q=[ idt

-00

v=Dq

t
v=D [ idt

-00

1-17.
V=12V
C=1u F
w=7?
w = (1/2)CV?
= (1/2)(1x 10%)(12)*

w=T72p J
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1-18.

ve=200V

C=1u F

mass = 100 1b = 45.3 kg

work done = Fd = mgd = (45.3)(9.8)d

work done = energy = (1/2)C(v.)*=(1/2)(1x 10)(200)*= 0.02 joule
work done = (45.3)(9.8)d

0.02 = (45.3)(9.8)d

d =0.02/(45.3)(9.8) = 0.02/443.94

d=4.505% 10°m | Ans.

1-19.
Solution:
................................. Vm

v

0 1 2 3 4 time
for 0< t< 1

(XO’ y0) = (03 0)
Slope = m

m = (y1 — Yo)/(X1 = Xo) = (Vm — 0)/(1 - 0)

m=Vn

y=mx+c=Vyu(t) +0=V,t



St o f Holy Prophet (P.B.U.H)) 2000-E-41 119

y-intercept=c =0

for 1It<3

(X1, y) = (1, Vim)
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Slope = m

m=(y;—y)/(Xs—x1) = (-Vn— Vu)/(3-1) =-2V,/2 =-V,

m=-V, (x3, ¥3) = (3, -Vm)

Straight-line equation

Y=MmX+¢=-Vu(t) +2Vp=-Vaut + 2V,

y-intercept = ¢ =2V,

for 35 t< 4

(X4, yo) = (4, 0)

(X3, ¥3) =3, -Vm)

Slope = m

m = (Y4 — y3)/(Xs — X3) = (0 - (-Vm))/(4 - 3)

m=Vy,

Straight-line equation

y=mx+c=Vy(t) -3Va=Vut-3V,

y-intercept = ¢ =-3V,,

Let capacitance be C
for0<st<1
i=Cdv/dt = Cd(Vut)/dt=CV,

i=CV,
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for1t<3
i=Cdv/dt = Cd(-Vut + 2V,)/dt =-CV,,

i = -CVm

for 35 t< 4
i=Cdv/dt = Cd(Vut —3Vu)/dt=CV,

i=CVy

CVn

'CVm

q=CV

q=CVut

for 1It<3
q=CV

q=CVa(2-1t)

for 3 t< 4
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q=CV

q=CVu(t-4)
for0st< 1 q=CVnt t=0,q=0 t=1,q=CVy
for 1< t< 3 q=CVu(2-1) t=3,q=-CV,

for 3< t< 4: q=CVu(t-4) s t=4,q=0

Charge waveform same as voltage waveform.

(b)
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for<t<1

(Xl, yl) = (la Im)

(XO’ y0) = (03 0)

Slope = m
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m = (y1 — yo)/(X1 = Xo) = (Im — 0)/(1 - 0)

m=1I,

y=mx+c=1I,t) +0=1Lt

Straight-line equation

y-intercept =c =0

for 1Ist<3

(Xla yl) = (19 Im)

Slope = m

m = (y; — y)/(xs — X1) = (-Im — In)/(3 - 1) = -21/2 = -In

m =-I,

Straight-line equation

y=mx + ¢ = -I(t) + 21, =-Int+2l,

y-intercept = ¢ = 21,

for 3< t< 4

(X4a y4) = (49 0)

(x3, ¥3) = (3 -Im)

Slope = m

2000-E-41

(X3, ¥3) = 3, -Im)

124
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m = (ys — y3)/(Xs — X3) = (0 — (-Im))/(4 - 3)

m=1,

Straight-line equation

y=mx + ¢ = Iy(t) -3 =1Int—-3l,

y-intercept = ¢ =-31,,

forsts1
t

v(t) = (1/O)f id(t) + v(ty)
t
t

v(t) = (1/C)f Tutd(t) + 0
0
t

v(t) = (1/C)f Lutd(t)
0
t
v(t) = (1/C)I.0 ¢/20
0

v(t) = (1/C)La[(t42) - ((0)%2)]

v(t) = (1/C)Lu(t*/2)

v(1) = (1/O)Lu((1)%/2) = (1/C)lw(1/2) = I,/2C

for 1< t<3
t
v(t) = (1/O)f id(t) + v(ty)
t
t
v(t) = (1/O)f Im(2 - t)d(t) + 1.,/2C
1

t
v(t) = (1/C)0 2t — 20 + L,/2C
1

v(t) = (1/O)[(2t - t4/2) - 2(1) — 12/2)] + 1,/2C
v(t) = (1/C)[(2t — t%/2) - (2 — 1/2)] + 1/2C

2000-E-41
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v(t) = (1/C)[(2t — t4/2) - (3/2)] + I./2C

attimet=3

v(3) = (110)[23) = 3)2) - (3/2)] + 1u/2C

v(3) = (1/C)[6 — 4.5 — 1.5] + 1./2C

v(3) = I./2C

for 3<t< 4
t
v(t) = (1/O)f id(t) + v(3)
t:
t
v(t) = (1/O)f Tu(t - 3)d(t) + I./2C
1
t
v(t) = (1/0)1,0 /2 - 3t0 +1,,/2C
1

v(t) = (/C)La[(t2 — 3t) — (1/2 - 3)] + L./2C

v(t) = (/C)La[(t/2 — 3t) + 2.5] + 1,/2C

attimet=4

v(4) = (1/O)In[((4)*/2 - 3(4)) + 2.5] + 1./2C
v(4) = (1/O)I[16/2 — 12 + 2.5] + 1./2C
v(4) = (1/O)n[8 — 12 + 2.5] + 1,/2C

v(4) = (1/C)In[-1.5] + I./2C

v(4) = -1,/C

2000-E-41
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v(0)

v(1) I./2C = 0.5(I./C)

v(2) 1.2/C = 2(I,,/C)

v(3) I./2C = 0.5(I,./C)

v(4) -I,/C = -1(I.,/C)

v(t) = (1/C)L.(t/2)
at time t=2

v(2) = (1/O)In((2)2) = In(2)/C
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voltage

-2

2000-E-41
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—— Series2
& Series1

—m— Series2

0.5

& Series1

for<t<1
q=CV

q = C(Iut}2C) = It*2

for1t< 3
q=CV

q = Cl.(4t - £ - 2)/2C

for 3< t< 4
q=CV

time

q = CA/C)[La[(t/2 - 3t) + 2.5] + 1./2C] = La[(t/2 — 3t) + 2.5] + 1./2C
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At time t=0

q = C(Int/2C) = Iut¥/2 = 1,(0)%2 =0 C

At timet=1

q=C(Iut?/2C) = Int?/2 = 1,12 =1,/2 C

At time t=2

q = C(Int?/2C) = Int?/2 = 1,272 =21, C

At timet=3

q = CLn(4t — t2 - 2)/2C = CL.(4(3) — 3* - 2)/2C = (0.51,,/C) C

At time t=4

q = CA/C)[Tn[(£/2 = 3t) + 2.5] + 1/2C] = La[(t/2 — 3t) + 2.5] + 1,/2C

q = Ln[(4%2 — 3(4)) + 2.5] + L/2C = -I,/C

Charge waveform same as voltage waveform.
1-20.

Solution:

I=1A

L=%H

wi = (1/2)LI=(1/2)(1/2)(1)*=0.25 J

As we know energy in an inductor = (1/2)LI*J

+ source
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Short circuit

Energy will be lost after short-circuiting.
1-21.
Solution:
L=1H
(a) Y (flux linkage) att= 1sec.
Y (flux linkage) = LI
I =t {Because y =mx + ¢; m =1 = slope}
Y (flux linkage) = Lt
at t = 1sec.
Y (flux linkage) = Lt =(1)(1) =1 H(henry)A(ampere).
(b) dp /dt=Ld(t)/dt=L=1
(©)
t
q=]idt
=00
t
q=]tdt
=00
t
q=0¢20 =[t/2-(-0)*/2] =

-00

q="72 At time t = Isec q = t*/2 = q = (1)*/2 = %> Coulomb
1424.
Solution:
K is closed at t =0

i(t)=1-¢",t>0

i(t)) =0.63 A

1-e¢"=0.63 A

- =-1+0.63 A

-e" =-0.37

e =037

Taking logarithm of both the sides
loge™ =10g0.37

-tologe =-0.432

t0(0.434) = 0.432 {Because e = 2.718}
to = 0.432/0.434 = 0.995 sec =1 sec.

to =1 sec.
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(a) di(ty)/dt="?

di(t)/dt = d(1 — e*)/dt

di(t)/dt = d(1)/dt - d(e*)/dt

di(t)y/dt = 0 - e*{d(-t)/dt}

di(t)/dt =0 - e'(-1)

di(t)y/dt = e*

di(ty)/dt = ™

to =1 sec.

di(1)/dt = ¢

di(1)/dt = 1/e = ..718 = 0.37 Ampere per second

di(1)/dt =1/e =%.718 = 0.37 Ampere per second

(b)Y =Li

i(t)y=1-¢"

Y =Li(t)

Y =L0-e¢Y

P (t) =LA -e")
to=1 sec

Y (=LA -¢e")

Y 1)=LA-1/e)
AsL=1H & 1/e=0.37

Y (1)=1)1-0.37) = 0.63 weber

(c) dy /dt="?

Y =Ld-e)=yp =(1-¢)
dy /dt = d(1 - e*)/dt = d1/dt - de*/dt = 0 + "= ¢*

dy /dt=e"
dy (t)/dt=¢"
to =1 sec.

dy (1)/dt=e'=1/e = 0.37 weber per sec.

(D

(&)

v(t) = Ldi(t)/dt
i=1-e'&L=1
v(t) = (1)d(1 — e)/dt
v(t)=d(1 —-e")/dt=¢"
v(t)) = e®

to=1 sec.

v()=e'=1/e=037V

()
w = (1/2)Li?=(1/2)(1)(1 - &'y’

2000-E-41
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w=(1/2)1 - e*)?

w=(1/2)(1 + 2e*—2¢")

w(te) = (1/2)(1 + 2" - 2¢™)

to =1 sec.

w(l) = (1/2)A + 2e*M-2¢M)

w(l) = (1/2)(1 + 2¢%-2¢™M)

w(1) = (1/2)A +2(1/e*)-2(1/e)) {1/e = 0.37; 1/e* = 0.135}
w(l)=(1/2)(1 +2(0.135)—2(0.37))

w(l)=(1/2)(1 +0.27-0.74)

w(1) = 0.265 Joule

®

VR = ?
ve=iR=(1-e1)=(1-¢"
ve=iR=(1-¢"

Ve(to))= (1 — ™)

at time t, = 1 sec.

ve(1)=(1-e")=0.63V

(€9

w=(1/2)(1 + 2e™—2¢")

dw/dt = d((1/2)(1 + 2e = 2¢Y))/dt

dw/dt = (1/2)d(1 + 22— 2e)/dt

dw/dt = (1/2){d(1)/dt + d(2e*)/dt - d(2e*)/dt}
dw/dt = (1/2){0 + 2e™)(-2) - 2¢*)(-1)}

dw/dt = (1/2){-4e™ + 2¢™)}

dw(to)/dt = (1/2){-4e* + 2¢)}

dw(1)/dt = (1/2){-4e? + 2¢e™)}

dw(1)/dt = (1/2){-4(1/e?) + 2(1/e)}

dw(1)/dt = (1/2){-4(0.135) + 2(0.37)} {1/e = 0.37; 1/e? = 0.135}

dw(1)/dt = (1/2){-0.54 + 0.74} = 0.1 watts

(h)

Pr=i'R=(1+¢e*-2e"(1)
Pr=i’R=(1+¢e*-2¢"

Pr(to) =i’R=(1 + e —2¢™)

At time t) =1 sec.

Pr(1) =i'R = (1 + eV —2e™M)
Pr(1)=i'R=(1+e2-2¢")

Pr(1) = iR = (1 + 1/e* — 2(1/e))
Pr(1) =i’R = (1 + 0.135 - 2(0.37))
Pr(1) =i*R=(1+0.135-0.74)

Pr(1) = i’R = (0.395) watts

2000-E-41
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()

Poa=vi=(1)1-¢Y) =1 -¢

At time t, = 1 sec.

Piota(to) = vi=(1)(1 - €*) = (1 —e™)
Ptotal(l) = (1 - e-l)

Ptotal(l) = (1 — e-l) = (.63 watts.

1-25.

Voltage across the capacitor at time t =0
v(0) =1 Volt

kis closed att=0

i(t)=e', t>0

i(t)) =037 A

0.37=¢"

Taking logarithm of both the sides
log0.37 = loge™

-tologe =-0.432

t0(0.434) = 0.432 {Because e = 2.718}

to =1 sec.

(a) dv.(to)/dt = ?

Using loop equation

v(t) =iR =¢e'(1) = ¢ Volts
dv(t)/dt = -e"* Volts
dv.(to)/dt = -e™ Volts

to=1 sec.

dv.(to)/dt = -¢" Volts

dv.(ty)/dt =-0.37 V/sec

(b)

Charge on the capacitor = q = Cv = (1)(e*) = ¢* coulomb

Charge on the capacitor = q(t)) = Cv = (1)(¢*) = " coulomb

to =1 sec.

2000-E-41

Charge on the capacitor = (1) = Cv = (1)(e*) = ¢" coulomb = 0.37 coulomb

(¢) d(Cv)/dt = Cdv/dt = Cde'/dt = -Ce*
d(Cv(ty))/dt =-Ce™

to =1 sec.

d(Cv(ty))/dt =-Ce™

AsC=1F
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d(Cv(ty))/dt = -e' = -0.37 coulomb/sec.

(d) ve(t) ="
to =1 sec.
Vc(t()) = e""

ve(1) = &' = 0.37 Volt

e)w.=2?

we = (1/2)Cv*= (1/2)(1)(e*)* = (1/2)e™
we(to) = (1/2)Cv:= (1/2)(1)(e™)* = (1/2)e**
to =1 sec.

w(1) = (1/2)e*®

w(1) = (1/2)e*

we(1) = (1/2)(1/€%) {1/e* = 0.135}

w(1) = (1/2)(0.135)

we(1) = (1/2)(0.135) = 0.067 Joules

®

vr(t) =iR = ¢e'(1) = e¢' Volts
vr(to) = iR = €*(1) = e Volts
to=1 sec.

vr(1) =iR = e*(1) = ¢! Volts = 0.37 Volts

(@) dwsdt=2

we = (1/2)e™

dw./dt = d(1/2)e?/dt

dw./dt = (1/2)e?(-2) = -e™*
dw(to)/dt = (1/2)e*(-2) = -
to =1 sec.

dw.(1)/dt = (1/2)e*(-2) = -e*®
dw.(1)/dt = (1/2)e*(-2) = -¢™

dw.(1)/dt = (1/2)e*(-2) = -e? = - 0.135 watts.

(h) P =R = (e")’(1) =™
P(t)) = i'R = (e")*(1) = e
to =1 sec.

P(1) =i’R = (e")*(1) = e
P(1) =i’R = (e)*(1) = ¢?

P(1) = 'R = (e*)*(1) = e*= 0.135 watts.

1-26.
Solution:

2000-E-41
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(a) RC=(1/I)(q) =q/(q/t) =t
(b) L/R

V = Ldi/dt

L = V/(di/dt)

L = Vdt/di

R=V/I

L/R = (VAt/di)/(V/T) = Vdt/Idi

(©)

VLC = V(Vdt/di)(q/V) = V(dt/di)(q)
G

RC = (VY/P)(q/V) = Vq/I*= V(Ix t)/I2=Vx t/I

(e)

VLC = V(Vdt/di)/(q/V) = V(V*dt)/(qdi) = V(V/di)/(1/(q/t))

®

L/R? = = (VAt/di)/(V¥12) = 1dt/V = q/V = C

1-39.

ve(t)

sint

| ....................... 5

2000-E-41

0 1/6 /2 Smt/6 T

for v. £ -0.5Volt
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C=(-1.0+0.5)/(-1.5+0.5)=-0.5-1=05F

for 0.5v.< 0.5

C=(0.5+0.5)/(0.5+0.5)=1/1=1F

for 0.5v.< 1.5

C = (1.0 - 0.5)/(1.5 - 0.5) = 0.5/1 = 0.5F

for0< v.< 0.5 for0< t< MM /6
for0.5s v. < 1 form/6< t < 51T /6
for0.5v.< 0 forST/6< t < T

ic(t) = d(Cv)/dt = Cdv/dt + vdC/dt
i.(t) = Cdv/dt + vdC/dt

for0< t< M /6

C=1F

V =sint

ic(t) = (1)dsint/dt + sintd(1)/dt

ic(t) = cost

i.(t) = d(Cv)/dt = Cdv/dt + vdC/dt
i.(t) = Cdv/dt + vdC/dt

forrmt/6<s t < 5MT/6

C =0.5F

v = sint

i.(t) = (0.5)dsint/dt + sintd(0.5)/dt

ic(t) = (0.5)cost

ic(t) = d(Cv)/dt = Cdv/dt + vdC/dt
i.(t) = Cdv/dt + vdC/dt

forSTT /6 t < TT

C=1F

v = sint

i.(t) = (1)dsint/dt + sintd(1)/dt

ic(t) = cost

2000-E-41
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A
ve(t)
A

0l It /6 T /2 Sm/6 1

time
ie(t)
A
0 T /6 T /2 51t /6 Tt time
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0 1 2 3 T 4 time
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025 025 025 0.25 0.25 0.25 0.25
< >« 5 >
< >
4
v(t) interval
2t for0<s ts 1
2t +4 for1< t< 2
2t-4 for 02< t< 3
-2t+8 for3< t< 4
0 for = 4
v(t) interval Capacitor(value)
2t for0< t< 0.25 1F
2t for 0.25< t< 1 0.5F
-2t +4 for1< t< 1.75 0.5F
-2t + 4 for 1.75< t< 2 1F
2t — 4 for2< t< 2.25 1F
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2t-4 for 2.25< t< 3 0.5F
-2t +8 for3< t< 3.75 0.5F
-2t +8 for3.75< t< 4 1F
0 for t> 4 1F

For the remaining part see 1-39 for reference.
1-27 — 1-38. (See chapter#3 for reference)
Before solving chapter#1 following points should be kept in mind:
1. Voltage across an inductor
2. Current through the capacitor
3. Graphical analysis
4. Power dissipation

MASHAALLAH BEAI(Peon of hol prophet(P.B.ULA

4-1.
Solution:
R,

Position ‘1’ O« ~

- /
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+ switch

A steady state current having previously been established in the RL circuit.

What does that mean?

Ry

/

O4—=0O /
i

\/ Short circuitO

/ I
In the steady state
inductor behaves like
a short circuit
i(0-) = V/R; (current in RL circuit before switch ‘k’ is closed)

In an inductor i(0-) =i(0+) =0>

It means that i(0-) = i(0+) = V/R,

K-is-meved-fromposition1-to-pesition 2 at t = 0.

Ry
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P—— L
>—= R2
><
~—
I
fort= 0
According to kirchhoffs voltage law
Sum of voltage rise = sum of voltage drop
Circuit simplification:
(R: +Ry)
L
N
>—=
—~
(@ (b)

Ldi/dt+ (R, + Ry)i=0
Ldi/dt =-(R; + Ry)i

di/dt = -(R; + Ry)i/L

di/i =-(R; + R;)dt/L
Integrating both the sides,
J di/fi=[ -(R; + R;)dt/L

J di/i=-(R; + Ry)/L{ dt
Ini =-(R; + R)t/L + C

j = e RI+RYUL+C

j = e RI+RVLGC

i = ke"®R1+RUL

Applying initial condition
i(0+) =V/R,

i(0+) = ke-(Rl + R2)(0)/L

i(0+) = ke’
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i(0+) = k

i(0+) =V/R,
i(0+) =k
Equating

K = V/R]

i = ke-®1+RVUL

i=(V/R)e® "R jg the particular solution.

4-2.

Solution:

Switch is closed tob at t=0
Initial conditions v»(0+) = 0 & i(0+) = V¢/R,
fort>0

(1/C1)I idt + (I/Cz)I idt+R;i=0
Differentiating both sides with respect to ‘t’
(1/Cyi + (1/Cri + Rydi/dt =0
(1/Cy + 1/Cy)i + Rydi/dt = 0

i/Ceq + Ridi/dt =0

1/Ceq = -Rydi/dt

di/i = (-1/CRy)dt

Integrating both the sides

J di/i=] (-1/CRy)dt

J di/i = (-1/CRy)f dt

Ini = (-1/CRi)t + k4

i — e(-1/CeqR1)t +k1

i = e VCeaRDt kI

i — ke(—l/Cequ)t

Applying initial condition

i(0+) = ke(—l/Cequ)((])

i(0+) = ke’
i(0+) = k(1)
i(0+) =k
i(0+) = Vo/Ry
Equating

K = Vo/ R]
Therefore

i — ke(-l/Cequ)t

i = (VO/Rl)e(-l/Cequ)t

2000-E-41
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t
va(t) = (1/Cy)f idt
-00
0 t
va(t) = (1/C,)f idt + (1/Cy)f idt
-00 0
t
= V2(0+) + (I/Cz)_r (VO/RI)e(-Ucequ)tdt
0
t
=0+ (1/C;) (Vo/Ry)(-CeqRy) [ e¢VCeaRD]
0
t
= (I/CZ) (VO)('Ceq)D e(-l/Cequ)tD
0
= (I/Cz) (VO)(-Ceq)[e('I/CﬂlRl)t_ e(-l/CeqR])(())]
= (I/Cz) (VO)(_Ceq)[e(-I/Cequ)t_ e()]
= (I/Cz) (VO)(_Ceq)[e(-I/CeqRI)t_ 1]

va(t) = (1/C3) (Vo)(Ceq)[1 - eCVCearDY]

t
vi(t) = (1/Cf idt
) 0 t
vi(t) = (UCyf idt + (1/Cy)f idt
-00 0

t
= v;(0+) + (1/Cy)f (Vo/Ry)eVCeaRtqt
0

t
_Vo + (I/Cl) (VO/RI)(_Cequ)D e(—l/CeqR])tD
0

t
(1/C1) (Vo)(-Ceq)O etVCearden
0
(1/Cy) (Vo)(-Ceq)[eVCeaRD_ g(1/CeaRDO)]
= (I/Cl) (V[))(—Ceq)[e('llcequ)t_ eO]
= (I/Cl) (VO)(_Ceq)[e(-I/Cequ)t_ 1]

vi(t) = (1/Cy) (Vo)(Ceq)[1 - D]

VR(t) =iR, = ((Vo/Rl)e(-l/Cequ)t)Rl

2000-E-41
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Initial conditionA(0+) £ (Vi— V2)/R;

(FRILHr-iS sharging + Ri=0

DiPAER 1A BBEh sides

(@MifNFCY)i + Rdi/dt =
1 2 -

i/Ceq + Rdi/dt =0

i/Ceq = -Rdi/dt

di/i = (-1/CR)dt

Integrating both the sides

[ di/i=[ (-1/CR)dt

| di/i = (-1/CR)f dt

Ini = (-1/CR)t + k4

i — e(—l/CeqR)t +k1
i — e(-1/CeqR)tek1
i — ke(—l/CeqR)t

0
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Vr(t) = iR; = (Vy)eV/CearDt
a
© °
" /T / +
— R K O R,
Vo
- SR R v,
- C,
G
@
a b
/ N| s /
| R Rl
G,
++++H+++ NN S -
--------------- +H++t++ C,
4-3.
Solution:
K is closed at t=0

ith respect to ‘t’

Capacitor is discharging
Voltage across the capacitor = - \A
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Applying initial condition
i(0+) — ke(—l/CeqR)(O)

i(0+) = ke’

i(0+) = k(1)

i(0+) =Kk

i(0+) =(Vi-V2)/R
Equating

K= (Vi-V2)/R

Therefore
i — ke(—l/Cequ)t

i= (Vl _ Vz)/R)e(-I/CeqR)t

t
va(t) = (1/Co)f idt
-00
0 t
va(t) = (1/Cy)f idt + (1/Cy)f idt
=00 0
t
= v2(0+) + (/C)f (( Vi~ V2)/R)e " dt
0
t
=V, + (1/C2) (Vi- V2)/R)(-CeqR)O a0
0
t
= (1/C2) (Vi— V2))(-Ceq)O eV +V,
0
= (1/C3) (Vi— V2)(-Ceq)[e CeaRr_ gt1CaRO] 1y,
= (1/C3) (V1= V2)(-Ceq)[e VPt _ '] +V,
= (1/C3) (Vi— V2)(-Ceq)[eVCea®t_ 1]

va(t) = (1/C2) (Vi- V)(Ceq)[1 - € + V; (i)

t
vi(t) = (1/Cy)f idt
i} . t
vi(t) = (1/Cy)f idt + (1/Cy)f idt
-00 0
t
=vi(0+) + (1/C)f ((Vi— V2)/R)eVCealrgt
0

2000-E-41
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=-V; + (1/Cy) ((Vi— V2)/R)(-CeqR)0 eVceadt]
0

t
= (I/Cl) (V] - Vz)(-Ceq)[] eClCeaRi] \%
0
= (I/Cl) (V] _ Vz)(_ceq)[e(-l/CeqR)t . e(-1/CeqR)(0)] _ V]
= (1/Cy) (Vi— V2)(-Ceq)[eVC®t _ ] — V,
= (1/Cy) (Vi— V)(-Ceq) e _ 1] -V,

vi(t) = (1/C1) (Vi— V2)(Ceq)[1 - e“"C®] _ v, (i)

from (i)

Vz(t) = (I/Cz) (V1— Vz)(Ceq)[l - e(-l/CeqR)t] +V,
va(0) = (1/C2) (Vi— V2)(Ceq)[1 - eI + V,
v2(00) = (1/C3) (Vi— V2)(Ceq)[1 - €] + V,
vy(00) = (1/C3) (Vi—V3)(Ceq)[1 - 0] + V,

v2(00) = (1/C3) (Vi— V2)(Ceq) + V2

V2(00) = (1/C2) (Vi—-V2)(Ceq) + V2

from (ii)

vi(t) = (1/C1) (Vi— V2)(Ceq)[1 - eVCea®] —V,
vi(00) = (1/Cy) (Vi- V2)(Ceq)[1 - eV — v,
vi(®) = (1/Cy) (Vi— V2)(Ceq)[1 - €] -V,

vi(®) = (1/Cy) (Vi- V2)(Ceq)[1 - 0] -V, {e =0}
vi(00) = (1/Cy) (Vi— V2)(Ceq) — Vi

vi(0) = (1/Cy) (Vi- V2)(Ceq) - Vi

Hence numerically

Vi(00) = V()

for R=1-ohm, C, =1F, C,=1/2F, V, =2V, V,=1V

Co = C1C/Cy + Co= (1)(1/2)/(1) + (1/2) = (1/2)(2/3) = 2/6 = 1/3F

i = (Vi— Va)/Ryetcr
i = (2- 1)/1)evamo
i=e™

Time constant =T = C,R = (1)(1/3) = 1/3 secs.

Sketch i(f)

2000-E-41
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1.5
t & Series1
% —m— Series2
1
0.5
0
1 2 3
& Series1 0 1 2
—m— Series2 1 0.05 0.002
time

va(t) = (1/C)(Vi— V2)(Ceq)[1 - e/ +V,
va(t) = (1/(1/2))2 = 1)(Ceq)[1 - eCea®] +
va(t) = 2(1/3)[1 - /0 4

va(t) = @3)[1 - e + 1
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25

15

0.5

0

2000-E-41

¢ Seriesl
—@— Series2

4 Seriesl 0 1 2
—— Series2 1 1.634 1.666
time

At t = 0 switch is moved to position b.

Initial condition i,,1(0-) = i (0+) = VIR =1/1 = 1A.
V2(0+) = (-1)(1/2) =-0.5 volts

for t= 0, KCL

A/D)f vadt + v2/(172) + (1/2)f v2dt =0

148
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(1 +172)f vodt +2v,=0

(3/2)_[ vadt +2v, =0

Differentiating both sides with respect to ‘t’
(3/2)V2 + 2dv,/dt =0

Dividing both the sides by 2

{(3/2)/2} v, + (2/2)dv/dt =0

(3/ 4)V2 + de/ dt=0

Solving by method of integrating factor
P=%,Q=0

va(t) = ePf e".Qdt + ke™

va(t) = e . Qdt + ke™
va(t) = e-(3/4)tI 9(3/4)t.(0)dt + ke @4t

va(t) = ke

Applying initial condition
v2(0+) = ke

v2(0+) = ke’

V2(0+) = k(l)

v2(04) =k

-0.5=Kk

va(t) = -0.5¢ "

Before switching

M)
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In case of D.C.
inductor behaves like
a short circuit
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1A% expanding

Equivalent network at t = 0+

7

— O OO

/

_ Collapsing

4-5.

Solution:

Switch is closed at t =0

Initial condition:-

i(0-) =1(0+) = (20 + 10)/(30 +20) =30/50=3/5 A
fort= 0,

According to KVL

Sum of voltage rise = sum of voltage drop
20i + (1/2)di/dt =10

Multiplying both the sides by €2’

2(20i) +2(1/2)di/dt =10(2)

40i + di/dt =20
di/dt + 40i =20
Solving by the method of integrating factor

| P =40 20

i
I

i(t) = e e".Qdt + ke ™
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i(t) = e e".Qdt + ke ™

i(t) = e e*.(20)dt + ke™"
i(t) = 20e*" e*"dt + ke™*"
i(t) = 20e(e*/40) + ke ™

i(t) = 1/2 + ke ™

Applying initial condition
i(0+) = 1/2 + ke

i(0+) =1/2 + ke’

i(0+) =1/2 + k(1)
3/5=1/2+k

3/5-12=k

0.6-05=k

0.1=Kk

Therefore
i(t) =1/2 + ke*"

i(t) = 1/2 + 0.1

Time constant = RC = 1/40 = 0.025 secs.

i(t) = 1/2 + 0.1e*=1/2 + 0.1¢*RC

1/RC =40
RC =1/40

S —
0.5

2000-E-41

Steady
state
plus
transien
t
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Before switching

_—
In case of D.C.

inductor behaves like
a short circuit
N

After switching
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4-6.

Solution:

Switch is Opened att=0

Initial condition:-

i(0-) =i(0+)=10120=1/2 A

fort= 0,

According to KVL

Sum of voltage rise = sum of voltage drop
(20 +30)i + (1/2)di/dt =30

50i + (1/2)di/dt =30

Multiplying both the sides by €2’

2(50i) + 2(1/2)di/dt = 30(2)

100i + di/dt = 60

di/dt + 100i = 60

Solving by the method of integrating factor

2000-E-41
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P =100

60

i(t) = e™J e".Qdt + ke™

i(t) = e e".Qdt + ke™

i(t) — e-lOOtJ‘ e"“".(60)dt + ke-lOOt
i(t) = 60e-100tj‘ elOOtdt + ke-lOOt
i(t) — 60e-100t(6100t/100) + ke-l(]ﬂt

i(t) = 3/5 + ke

Applying initial condition
i(0+) = 3/5 + ke *"®

i(0+) = 3/5 + ke’

i(0+) =3/5+ k(@)
12=3/5+k

12-3/5=k

0.5-0.6=k

-0.1=k

Therefore
i(t) =3/5 + ke'™

i(t) = 3/5 - 0.1e1™

Time constant = RC = 1/40 = 0.025 secs.

i(t) = 3/5 - 0.1 =3/5 - 0.1e*RC
1/RC = 100
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RC =1/100 = 0.01 secs.

Steady
state

plus
transien
0.6
! N t
0.5
>
Steady
state
plus
transien
t
Before switching:
1 / .
O

.

v ~N—
In case of D.C.

inductor behaves like
a short circuit
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After switching:

In case of D.C.

inductor behaves like
a short circuit
N—

4-7.

Solution:

Initial condition v¢(0-) = v (0+) = v,(0+) =0
fort= 0

(V2= 1)/R; + Cdvy/dt + vo/R; = 0
V2/R1— V1/R1 + Cde/dt + Vz/Rz =
Vz/Rl + Cde/dt + Vz/Rz = V1/R1

V2/R1 + Vz/Rz + Cde/dt = V1/R1

v2(1/R; + 1/R;) + Cdvy/dt = vi/Ry
Dividing both the sides by ‘C’

v2(1/R; + 1/R,)/C + Cdv,/Cdt = v4/CR;
V2(1/R1 + I/Rz)/c + de/dt = V1/CR1

| C=1/20)F | R; = 10-ohm | R, = 20-ohm
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v2(1/10 + 1/20)/(1/20) + dv,/dt = e*/{(1/20)(10)}
v2(0.1 + 0.05)/(0.05) + dv,/dt = ¢'/{0.5}
v2(0.15)/(0.05) + dv,/dt = e*/{0.5}

3v, + dvy/dt = 2¢™

Here

2000-E-41
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P=3 |

2et

Solving by the method of integrating factor
va(t) = eP e".Qdt + ke™

va(t) = e e*.(2e")dt + ke™

va(t) = 2e7 e¥e'dt + ke™

va(t) = 2e7 e¥dt + ke™

va(t) = 27 (e*)/2 + ke™

vy(t) = e* + ke™

Applying initial condition

vy(t) = e + ke™

v2(0+) = e + ke ™

0=1+Kk()
0=1+k
k=-1

vy(t) = e* + ke™

vy(t) =et-e™

Time constant of e* = 1sec.
Time constant of e = 0.33 secs.

vi(t)=e'-e™
Sketch v(t)
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2.5
2
1.5
% & Series1
§ —— Series2
1
0.5
0
& Series1 1 2
—m— Series2 0.319 0.133
time

You should implement a
program using JAVA for the

solution of the equation v (t)

=e'-e?.
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import java.io.*;
public class Addition ({

public static void main (String args []) throws

IOException {

BufferedReader stdin = new BufferedReader
(new InputStreamReader (System.in)) ;

double e = 2.718;

double a, b;

String string2, stringl;
int numl, num2;

System.out.println ("enter the wvalue of X:");

string2 = stdin.readLine() ;

num2 = Integer.parselnt (string2);

for(int ¢ = 0; ¢ <= num2; c++) {

System.out.println("enter the value of t:");

stringl = stdin.readLine();

numl = Integer.parselnt (stringl);

a =(double) (1/Math.pow(e, numl)) ;

b =(double) (1/Math.pow(e, 3*numl)) ;
System.out.println("The solution is:

}//for loop
}//method main
}//class Addition

4-9.

Solution:

Network attains a steady state
Therefore

inz(o-) = Vo/R] +R;

ir2(0-) =3/10 + 5=3/15=1/5 Amp.
Va(0+) = ira2(0+)(R)

va(0+) = (1/5)(5) = 1 Volt

fort= 0
According to kirchhoffs current law:

"+ (a-Db));
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(Va— Vo)/Ri+ vi/Ry + (1/L)f v.dt =0

By putting R, =10, R, =5,V =3 & L=%
(Va—3)/10+ v,/5 + (1/(1/2))f v.dt =0
(Va—3)/10+ v,/5+2f v,dt=0
va/10—-3/10 + v,/5 + 2f v,dt =0

3va/10+ 2f v, dt =3/10

Differentiating with respect to ‘t’
d/dt{3v./10+ 2f v.dt} = d/dt{3/10}
d/dt{3v./10} + d/dt{2f v.dt} = d/dt{3/10}
3/10)d/dt{v.} +2v, =0

(3/10)d/dt{v.} = - 2v,

d/dt{v.} = - 2v./(3/10)

d/dt{v.} =-20v./3

dv./v,=-20dt/3

Integrating both the sides

J dvi/va=[ -20dt/3

Inv,=-20t/3 + C

— 203+ C
Va - e

v, = e 203 oC

Vo= k e-20t/3

Applying initial condition
Va(0+) — ke-20(0+)/3

va(0+) = ke’

va(0+) = k(1)

1=k

Therefore
v, =ke2
Vo= (l)e-ZOt/3

v, =203

Before switching

2000-E-41
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|After switching
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In case of D.C.

inductor behaves like
a short circuit
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4-10.

Solution:

K is opened at t=10

But v»(0-) = v2(0+) = (1/3)],

fort 2 0, KCL

vo/1 + (1/2)dvy/dt =1,

V2/1 + (1/2)dV2/dt = Io
Multiplying both the sides by €2’
2V2/1 + 2(1/2)dV2/dt = 210

2V2 + de/dt = 210

dv,/dt + 2v,= 21,
i i ting factor method

| P=2 | Q=21

va(t) = ePf e".Qdt + ke™
va(t) = e e*.(2Iy)dt + ke™
va(t) = 2Le? edt + ke™
Vz(t) = ZIoe'Z‘(ez‘)/Z + ke'Z‘
Vz(t) = Ioe" + ke'Z‘

Vz(t) = Io(l) + ke_Zt

va(t) = Iy + ke™

Applying initial condition
Vz(t) = Io + ke'“

v2(0+) = I + ke?™

V2(0+) = I(} + ke"

v2(0+) =1, + k(1)
a3)h=L+k

(1/3)10 -Ih=k

-23)L =k

va(t) = Ty + (-(2/3)Ly)e ™

va(t) = Io(1 - (2/3)e®)
Betore switching
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In case of D.C.
capacitor behaves
like an open circuit

4-12.

Solution:

Switch closed att =0

Initial condition:-

iL(O-) = V/(R] + Rz)

iL(0-) =i (0+) =V/(R; + Ry)
fort =2 0, KVL O

Rii + Ldi/dt =V

Dividing both the sides by ‘L’
R4i/L + di/dt = V/L

Solving by integrating factor method

| P=R//L | Q=V/L

i(t) = e-PtJ' ept.th + ke_pt
i(t) = e-(Rl/L)tJ‘ e(Rl/L)t(V/L)dt + ke RVL)t
l(t) = @ RIL)t {e(Rl/L)t/(R1 /L)} (V /L) + ke RVt
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i(t) = {"/(R/L)}(V/L) + ke ®/1*
i(t) = {1/(R/L)}(V/L) + ke ®L¢
i(t) = (L/Ry)(V/L) + ke ®""

i(t) =V/R; + ke RVLE

Applying initial condition
i(t) = V/R; + ke ®VLX

i(0+) = V/R, + ke ®/D(®)
i(0+) = V/R, + ke’

i(0+) = V/R; + k(1)

V/(R1 + Rz) = V/R1 + k

V/(Rl + RZ) - V/R1 =k

i(t) = V/R; + ke ®"

i(t) = V/R; + {V/(R; + Ry) - V/R}e ®/!

2000-E-41
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