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Chapter 1  Circuit Variables and Elements

Solutions to Exercises

E1.1.1

E1.1.2

E1.21

E1.3.1

E1.4.1

E1.6.1

Number of electrons/hr = ~1Ax15x3600 2.25x10% electrons/hr.

-1.6x10™"

5x10"™ x1.6x 107" _'_—2.5><'|O18 x (—1.6x107"9)
60 60

(b) The sign of the current is reversed to —20 mA

5x10" x1.6x107""  2.5x10" x(-1.6x107"°) _04,_ 20
60 60 60 3

(a) Since electrons move to a more positive voltage, they lose potential

(a) =0.02A =20 mA.

(c)

energy. Energy loss per electron = gV = 1.6x10"°x10 = 1.6x107® J.
(b) Itis converted to K.E.

-18
(c) %mvz =1.6x10" J; v= 1,%——21—%133 =1.88x10° m/s.
LA X

(a) 6.25x10"x1.6x10™® = 10x10™ J = 1 mJ.

(b) Current in the conventional positive direction is from B to A and of
magnitude 6.25x10"x1.6x10™° = 1010 A = 100 iA.

(c) The kinetic energy is converted to heat.

(d)P=Vx1=10x10"W =1 mW.

(e) From (a), K.E. given up per second = 1 mW.

(a) When cruising, battery delivers 15x12 = 180 W.

(b) When charging, battery absorbs 20x12 = 240 W.

(a) I is determined by the 0.5/ V
. ) )
current source and is equal .
q AN
t0 2Vsrg, i.e., 20 A. N4
+
(b) 0.5x/ =10 V. K

+ v
(c) K delivers 10x20 =200 W, H 10V (_D Vsre <l> 2Vsre A
M

absorbs 0.5 Ix/ =200 W. -

Hence, M neither absorbs

nor delivers power.

(d) Voltage across M must be zero.
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E1.71 Each element is rated at 1 kW.

1000 V2  (220)° 1
a)l=———=455A, R=—= =484 Q,G=—=—— S=20.7mS.
(@) 220 P 1000 R 484
2
(b) ,2_2_(_)9_0_: 9.09A R= (220)° =242Q,G =—1—= 41.3 mS.
220 2000 R
-232
E181  C= =4 5.85107x5,000< 22210 S 101_3 - 8.69x10° F.
Q= CV = 50x8.69x10® = 4.34x10° C.
-6
Number of electrons = ﬁéﬂl(i—g =2.7x10" electrons.
1.6x10
. dv _ 6 5 _ 3 A
E1.8.2 (a)l-—CB—E——-ﬂ) ><10_3 =5x10" A= v,V
5mA,O0<t<ims; i=0, 1<t<2ms; 5 |eennmnev
i= -10'6><———-—§——3= -102A =-10 mA,
0.5x107 .
2<t<25ms; i=0,t>25ms; R s o bms

(b) At t = 1.5 ms, g due to the applied
voltage equals Cv = 10°x5 =5 pC. The total charge is therefore 10 pC.

E1.9.1 (@v= L% = 10"5><10_3 =5x10°V=5mV,0<t<1ms;v=0, 1<t<2ms;
=_10-6x__i_?=_10-2\/5_10 mV, 2<t<25ms;v=01{>2ms;
0.5x10”

(b) At t = 1.5 ms, 4 due to the applied voltage equals Aj = 10°x5 = 5 uWb-
turns. The total flux linkage is therefore 10 pWb-turns.
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Solutions to Problems and Exercises
P1.11

P112 (a)t=1:q= ;dt=£6dt:0.
t=2:q= ﬁdt: f(1+t)dt=

27
[”EJ =2.5mC.

1

t=3.g=25+ _G‘dt=2.5
+ fsdt ~5.5mC.

t=4:q=55+ fidt -55
+ _EBdt ~8.5mC.

t=5: q=8.5+fidt:8.5

2
+ f(—t+ 7)dt =8.5 +[—£2-—+7t

[ T .

2x(100 W)x(6 h)x(30 days) = 36 kWh.

v,V

5
} =11 mC.

4

t=6:q=11+ fidt: E)dtzﬂmC.

(b) O<t<1:p=0.

1<t <2:p=2¢t +1)=2t% + 2t mW.

2<t<3:p=2tx3 =6t MW.

3<t<4:p=(-2t+12)x3 = -6t +36 mW.

4<t<5:p=(-2t+12)(~t +7)=2t> - 26 + 84 mW.

5<t<6:p=0.

(©) o) = fpdt: EOdt+ f (21% + 2 )dt + EStdt+ f(—6t+36)dt+

(26>~ 26t + 84yt + [oat = F;—S+ tsz eef otz v setf 4

of? °
{?—1&2 +84t} 136/3 = 45.3 pJ.

4

1
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P113 p=vi=(2+ )4 —2t)= —4t> +6t+4.

dp dp 6
P 8t46; Prae=> P 0= t=—=075s.
(a) T + p :>dt ‘:> 8 S

b)p=0 — 4t2 + 6t +4 =0 =1t =2s; p = 0 when either v or iis zero.

2
(C)Att=2s:w= fpdt - f(—4t2 + 6t +4)dt = {—%F 432 +4t] ~ 9.3 mJ.

0

Att=ds: w= fpdt - f(—-4t2 + 6t +4)dt = [-%ts £3t% 4 4t]4 =213 mJ;
0
power is absorbed by device for t<2's, and is delivered by device for
2<t<4s. |
P1.14 (a) Power is absorbed by device during the first and third quarter cycles,

when v and i have the same sign, and is delivered during the second and
fourth quarter cycles, when v and i have opposite signs.

(b) p = vi = sin2at x cos2zt = 0.5sin4 2t W; maximum power absorbed or
delivered is 0.5 W.

(c) Minimum power absorbed or delivered is 0.5W.
(@) P= [05sinant = 51;[— cosdnt], =0.
P11.5  p=vi =12sin(100nt - 45 fcos 100mt)
- 65in(200nt — 45° )+ 6sin(- 45°)

4
2.

- 6sin(200nt —457)-3V2 W. 01— N t,ms
2
4

1734 5\6 78 91011
1
aP=—fdt
@P==L)p

- o—:ﬁ [*'lpsin(2004t - 45°)-342 lit = -342=-4.24 W, since the

trigonometric term averages to zero over a complete period.
dp dp
(b), (¢) p =1200z 00S(2007f ~45°) —-=0=> cos(2007f —45°) = 0 =

200t - Z =7 37

,— :>t:~§——a3.75ms, or t=-7—58.75 ms;
4 2 2 800 800


https://ebookyab.ir/solution-manual-electric-circuits-and-signals-sabah/

https://ebookyab.ir/solution-manual-electric-circuits-and-signals-sabah/
Email: ebookyab.ir@gmail.com, Phone:+989359542944 (Telegram, WhatsApp, Eitaa)

substituting in the expression for p gives ppa = 1.76 W at t = 3.75 ms, and
Pmin =—10.24 W at t = 8.75 ms.
P116 (a)0<sv<2;p=vi=v(8-2)=-2V*+8v,andp=0, v>2.
Atv=1V;p=6W;atv=2V,p=0.
243

(b) w(12:—6v2+8, 0sv.<.2;pmax:>gB=O:>—6v2+8=0:>v:—— V.
dv dv 3

() v(t)=2e~ = i=8-8e%;q= ﬁdt - f(s —8e 2 Jit =f8t + 4672 f =12.07 C.

P1.1.7 According

to the ig — V8 * ip + Yo — - VF t+ i
assigned iAI — B TITC D TIiE F — i
positive + - + +
directions, ala Ye|C Ve |E Ve |G
the B + B

direction of
power flow is indicated in the second row of the table below, where D
denotes power delivered and A denotes power absorbed. The signed product
of the voltage and current for each element is entered in the fifth row if there
is a D in the second row, or is entered in the last row if there is an A in the
second row. The remaining entries in the fifth and last rows are made so that
they have opposite signs in a given column. The sum of the positive
quantities in each of the fifth and last rows is 25 and the sum of the negative
quantities is also 25. Thus, the total power delivered is 25 W and the total
power absorbed is 25 W.

| Element A B Cc D E F G
Power flow D A D D D A
Voltage, V 5 -3 -2 5 -3 7 4
Current, A 3 -3 1 -2 -1 1 1
Power
delivered, W 15 -9 =2 —10 3 7 4
Power
Absorbed, W -15 9 2 10 -3 —7 4
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P1.2.1 Voltage across all elements is 20 .-
V. Hence, l Isre 1 Ia
20x1,=40=1,=2A.
Power delivered by 5 A sourceis S A 20V Q l:/’zl
5%x20=100W.
Power absorbed by 20 V source
is 100 — 40 = 60 W. -
20 xIgpe =60 = Ispc = 3A.
P1.2.2 Current through all elements is 6 A. 50V
Power absorbed by A is <_ +>
-V, x6=240=>V, =-40 V.

Power delivered by 50 V source is

50 x6 =300 W. 6 A Q) Vere V, [{]
Hence, the 6 A source absorbs 300 —

240 =60 W. - +
It follows that

Vsre X6 = =60 = Vgpe =-10V.

P1.2.3 Power absorbed by A is Isre + 40V -—
soow [ —
Power delivered by voltage + +

source is 100/sgc W.

L 0.2Vgpe A
Power delivered by current  Vgge C) |:A <T> 60V

source is 60x0.2x100
100V 5A

=1200 W. - -
F

Power delivered by B is
40x0.2x100 = 800 W.

From conservation of power: 500 = 1OOISRC + 800 + 1200, so Isrc =-15 A.
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P1.2.4

P1.2.5

P1.2.6

Isrc = 100A, as Ispe + 20V - 40 A

determined by the —

current source. + |60 A

Voltage across voltage 0.6/gp0V

source and B is Vsre 100 A H
0.6x100 =60 V.

Power absorbed by -

voltage source is
60x60 = 3600 W.
Power absorbed by B is 60x40 = 2400 W.

Power absorbed by A is 20x100 = 2000 W. Hence, power delivered by
current source is 3600 + 2400 + 2000 = 8000 = Vsgex100, 5O Visge = 80 V.
Isrc = 20 A, as determined by the

current source. E

Power delivered by independent 20V -

current source is 25x20 = 500 W. _» 0. 4ISRC A |
Power absorbed by A is 20x12 = Isre | |20 A
240 W

Power absorbed by dependent 20A Vs [5]
current source is 20x0.4x20 =

160 W.

Hence, B must absorb 500 — 240 — 160 = 100 W. It follows that
(-Vg)x20=100,s0 Vz=-5V.

Power delivered by independent

voltage source is 40x10 = 400 W. 4A 1 !

Power absorbed by dependent 104 I + N0.5 Ve V TIB
voltage source is 0.5x40x4 = ' <—>

80 W. 40V CD Vre [E{l

Power absorbed by A is 20x4 =

+
Al 20V
80 W. _
Hence, B must absorb 400 — 80 —

80 = 240 W. It follows that
40x(-Ig) = 240, so g = -6 A. Or, 400 + 40/g = 160, so Iz = -6 A.
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P1.2.7

P1.2.8

P1.2.9

P1.2.10

Power absorbed by each element is 2/ x/ =2/> W.

Total power absorbed by A and B is 4/° W.

Power delivered by source is 400x/ W. Hence, 400/ <+
400 V )

= 4/° so /=10 A, since I should be positive for
power delivery by the source.
Alternatively, we can say that since A and B are

identical, the voltage each of them is 200 V. Hence, [ = 1/#220 =

T

w — >

T

10A.

The power delivered by the source is, therefore, 400x1 0 =4 kW, whereas

each element absorbs 2x(10)® = 2 kW, which is also half the power delivered

by the source.

Since the voltage across each element is

400 V, the current through each element is ’SRCT

+
’ igg =102 A. The power absorbed by ~ 400V <—> [A] [:BZI

each element is, therefore,

?

400 x 104/2 = 4+/2 k W. The total power

delivered by the source is 8000\/5 = 400/spc W. It follows that /g5 = 2042 A

Voltage across each element is

’f"g_o = 10J§ V. Since A and B are

identical, Vsge = 20+/2 V. Power delivered by 400 A (
source is 2042 x 400 = 8+/2 kW. Power

\Z/

is1042 x2(1042 f =442 kW, which is half

the power delivered by the source.

absorbed by each element ]' _
F

Power absorbed by each element is

VSRCX2VSZRC = 2V83RC W.
Total power absorbed by A and B is 400 A CTD [A]

AV W.

Power delivered by source is
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P1.3.1

P1.3.2

P1.3.3

P1.34
P1.3.5

P1.3.6

element is 2 kW, the current in each element is

Vsrcx400 W. Hence, 400Vsge = 4V, 50 Visre = 10 V.

Power absorbed by each element is 2x10°% = 2 kW.

Power delivered by source is 4 kW. Since the power absorbed by each

2000
1

=200 A. As expected,

the source current divides equally between the identical elements A and B.
10,000

(@) ! =455 A,
220
220 x 220

byR=2"2%" _484 Q.

() 10,000

()G 10000 _ 1 =0.218S.

T 220220  4.84
R, = R1[1 + am(T2 - 7_1)]
70 = 60[1+0.0039(T, — 20)] = T, =62.7°C.

V2

P=—=V?=RxP=15x10°x0.5=0.75x10° = V = 5003 = 866.0 V.

R
1(mQ)x10(A) = 10 mV; 0.1(uS)x100(V) = 10 pA.
i =10°(e® —1).
() v=0.7V = i =10(e?*7 _1)= 10 x 027 =1 20 mA.
(b) v =-0.7V =i =10"(e®*7 _1)= 10 = _1pA.
v=10tV, 0<t <1 min;
=-10t +20V, 1<t <3 min;
~10t—40V,

3<t<4 min.

v,V

@) i=———0.1A,
100

0<t <1 min;
=-0.1t+0.2A,
1<t <3 min;
=0.1t-0.4A,

3<t<4 min.
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2

(b) p=2=t2W, 0<t<1 min,p=(;19t-f—29f—w, 1<t <3 min,
R 100
(10t - 40)’

p = W, 3<t<4 min.
100

(©) P =% [pat = Z:}éa[ftzdt « [l -atvajpes [ -—8t+16)dt]

£ e R oy
=] — —2t2 4 At) +|——4t? +16t| =—=5.56mJ.
3], 3 .13 , 180

(d) Vayg = 0, since the waveform is symmetrical about the horizontal axis. This
makes l.,g = 0 as well. Thus, Vaygxlag = 0, whereas P = 0. The average
power in a resistor is not the product of the average voltage across the
resistor and the average current through the resistor, because power,

being the product of voltage and current, is a nonlinear quantity.

p1.3y  00sin100zt g p_ f" 240 sin? otd(ot)=
4 sin100xt 27

240 = -—(1 cos 22wt )d(wt)=

240 (o) 1 2
2% 2

2 —sin 2a)t} =120 W.

0

P1.3.8 v(t) =10cos100xnt = 10cos ot , where o = 100z rad/s, so that the supply

frequency is 1007 _ 50 Hz, and
/4

p, W
1

the supply period is —5% =20ms. 101

vZ  (10cos100xt)
@ p-2 = )
R 10

=10cos?100nt as shown.

8
6
4 ]
2
0

1 p 2 g i " '
(b) p_z_;f 10 cos? atd(at) o w2 &  3x2 2r
=10 —(1+0032a>t)d(a)t)—19><—2£=5 w
2 2z 2

.01 .01 5 .01
w = [pdt = f 10cos?100tdt = 5 fm ' cos 200t )dit

. 0.01
= 5];1 + M} =0.05 J. Since the power dissipated is 5 W, the
200n |,

energy dissipated during one half cycle is 5(W)x0.01 (s) =0.05 J. Note

10
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P1.3.9

P1.3.10

P1.3.11

that the average power, i.e., average energy per unit time, is independent
of the time scale, but the energy is the integral of instantaneous power

with respect to time.

t/12

v(V)= {5 v,V
0 S ,
0<t<60s 1 '
60<(<180s ! ! | : : t, min
t>180s 1 5 3
(@) 0<t<60s; p:%:%(i%)z :—712% W, where tis in s.
b) w = J:;?dt :f"-?%dn :03';dt ~700 J,
v =5(cosat + cos2at)’ = 5(cos’wt + 2coswt cos2umt + cos?2 wt)
= 5[ V2 (1+ cos2at) + cosat + cos3at + V5 (1+ cosdat)] V
=5 + Scoswt + 2.5cos2wt + 5¢cos3awt + 2.5cosdmt V
Three plots are 1« (
shown for \\ ;
thermistors having \\
f=5000Kand 1 A
B=2,500K, as f S \\\fj’ DOOK
well as copper.  © e >c3?\\\\\\\\
The large, 10 RnaSUEE Sopper
negative \:::::~§“‘~~~-._~_‘
temperature i L
variation for the . ; | \\\ﬁﬁ
thermistors is 0K T::,(;zram,e 400K

evident from the values of R7/Rs0, on a logarithmic scale. The range of
values is: 4,160 to 0.0155 (3= 5,000), 64.5 to 0.125, and 0.61 to 1.39

(copper).

11
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P1.4.1

P1.4.2

P1.4.3

P1.4.4

- convenient to consider the reciprocal of the

Let the voltage between the plates be V; &= 1—(\]{3 =

10% V/m; D in space filled with air is 10°gV C/m?; //
charge in this region is 10°gx2x5x10™*V = &V C; D (0§ k
in space filled with dielectric is 10*5V C/m?;

charge in this region is 10*gx3x5x10™V =15gV C. / ////A

Total charge is 165 = 16x8.85x10™" =
3cm

141.6x107%V _

141.6x107"*xV C; Capacitance = v

0.14 nF.

Clunit area = % ,or = 1 (uWFlem?)x8 (nm) = 107°x10* (F/m?)x8x10™° (m) =

8x10™"

8x107"" F/m. The relative permittivity is ——————= =
8.85x10
Capacitance of a cylindrical shell of radius r,

£x2ml _ ye wtis

thickness dr, and length /is

capacitance. Thus d(%) 1 dr

l__Lfd_r-l:J_;nE 2nd
C 2zd s r’ ' C 2zd a’ ’

Minimum capacitance is when dielectric cylinder is IDisplacement

27%x8.85x107"2 x5x 107
completely out. C;, = in(1.2)

= , Dielectric

15.25 pF; Ciax = 100C s = 1.525 nF.

12
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P1.4.5

P1.4.6

P1.4.7

P1.4.8

P1.4.9

P1.4.10

i=CS =2 10Ate 1+ e _108e 19| ma,

t>0.
Att=0:v=10V=B=10V
f=200 mA = 2(A-10B) =200 = A = 200 Vs,

i_ﬂ—i( cv)=Ze,(1-e 2]

=GV, ; (12— t2e7) = vy fot - 2t . at?e™).

q = (5 pF)(20 V) = 100 pC; each pulse supplies 20 uC; hence %)-z 5 pulses
are required.

1 ¢
v=—lidf =
C 2x107°

v =50x200x10" = 10 V, so v =10 V for ¢t > 200 ms.
Differentiating the above, v=50V for 0 < t < 200 ms and v=0, t> 200 ms.

Note that the response at t= 0 and at t = 200 ms, when the impulses occur, is

J:100x 107dt =50 V; 0 < £ < 200 ms. At 200 ms,

not defined. Alternatively, the response to the first impulse is

veg ﬁ idt +V(0) = ﬁ 005(t)dt =50V, 0 < t < 200. The response to the

2
second impulse is = % f—zj 005(t-0.2)dt +50 =0, t > 200 ms. The complete

response may be written as: v = S0u(t) - 50u(t — 0.2) V.

Current pulse: v = - it +v(0) = — ! 6£1oox1o-f‘dt—10=50t—1ov;
c 2x10"

0 <t<200 ms. At 200 ms,v=10-10=0,so0v=0 for t > 200 ms.
Current impulses: Differentiating the above, v=50V for0<t< 200 ms and

v=0, t>200 ms. Adding the initial voltage of —10 V gives: v = 40 V;0<t<

200 ms and v=—10V; t> 200 ms. Alternatively, the response may be
. . 1 ¢ 1 ‘ 2*
obtained as: v = [idt +V/(0) - 5( f 1005(t)dt + f - a(t- O.2)dt) 10 =

=50u(t) ~50u(t -0.2) — 10 V.

13
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14
P1.4.11 v=6f:dt+V(to)

i, mA
(@) 0<t<10ps: S -
v=l fistdt= 4
0.5
1.5t>mV, where t, us
tisinps. Att=10 A
ps, v =150 mV.  15-+---emmmmmmmmmemmme
10 <t <40 ps:
1
v-s5% jo(at | 25)dt +150
_ |2+ 50t]', + 150 = £ + 50t =250 mV. ALt =40 ps, V= 150 mV.
40 <t <60ps: v :'613 £;15dt +150 =[-30t]}, +150 = 30t + 1350 mv.
Att =60 ps, v=-450mV.
60 <t <B0ps: v =—= [ (0.75(~60)dt ~450
0.5 %o
_[0.75¢% ~120t]5, — 450 = 0.75t* =120t + 4050 mV. Att= 80 ps, v =
—750 mV.
t >80pus: v=-750 mV.
Check: Total area = 0.5x15x10 + 0.5x15x15 = 0.5x15x15 — 15x20 —
0.5x15%x20 = —375 nC. Hence v = =375 _ 750 mv.
(b) At t =10 ps, v =150mV, s0 q=CV =75nC.
At t=50ps, v ~-150mV, so g=CV =-75nC.
(c) At t =80ps, v= —750 mV, so w = —12—Cv2 =0.14 pd.
sed by 0.5 V.

(d) Al the expressions derived above for the voltage are increa

14
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P1.4.12 v=—é—v,0$ts605; v,V

:_.t__l_ﬂv’
18 3 T
60 <t <240s;

N S U

+> t, min

=0,t=2240s.

t q, uC
a)qg=—nuC, ’
(a) a0 ™

0<t<60s;

t t, min

60 <t <240s;
=0, t>240s.

1.t J
qV—‘7—2_O‘ﬂy w, ud

180136 3

60 <t <240s;
=0, t >240s.

_dg_ 1 |
©17= 2 =50 i, pA

0<t<60s; —

=_LuA’

T; t, min

60 <t < 240s; f
1 2

t, min

=0, t >240s, RETT R B

where —6—16 pA may also be expressed as 1 pC/min.

15
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. t W
d =V = — W, P,
(@ p=vi=35H ’ _
0<t<60s; 6
1(t 40
= o e W’
180(18 3)“ 2 4
60 <t <240s; 1 | — " tmin

=0, t =240 s, where 18

1 uW may also be expressed as 10 pd/min.

6
Itis seen that w = Ipdt . Thus j:—t—dt = —ﬁ— nd, 0<t<60s.Att=60s,
360 720
w=5pJ. For 60<t<240s w= | (L _40)y.5
0180118 3
1 {t 40t
=— — ——— +1600 | nJ.
180 ( 36 3 O] g
P1.413 (a)g=Cv= O.1x10‘6x1Osin(500t) = g, nC
sin(500f) pC, 0<t<2zms,and g =0 14
elsewhere.
{ t, ms
0 2
w, wJ
by w= —;—qv = 5sin%(5001) pd, ST
0<t<2zms, and w = 0 elsewhere.
; f, ms
2
i, mA

(c) i:%}: 500cos(500t) pA, 0.5
0<t<2zms, and i= 0 elsewhere. \ i
- " t, ms

16
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(d) p = 10sin(500t) x0.5xcos(500¢) p, mW
= 9sin(500¢)cos(500¢) =
2.5sin(1000t) mW,

2.5+
2

0<t<27ms, and p =0, elsewhere. | t ms
t
w = jpdt . Thus jz.ssinm 000¢) dt = \/
0
25 L
'1666[1 —~c0s(1000¢)] = 5sin%(500¢) pJ, as above.

P1.4.14 v =10te™® v:
v,V

0.8
0.6 1

0.4 1

q =Cv =50te™ C; i, mA

=99 _ 50(e™* —5te™) 50
dt 40
nC/ms, or mA; 30 -

0.5 1.0

0 : — t, ms
0 w 1.5

W= —;.qv = 250t%™"% juJ; 1.2

otr—mae—r—— T — [, ms

17
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p, mW
p=vi= 12]
-0t 42,10t .
500(te ™ ~5t?%e* )m |
W, -
4 ]
o 0.5 £ ms

|0 \/”' 1.0 15
-4

5t
P14.15 () o = [icdt = [ 10te"tai :10L—t95 } +2[ et =-2te™ -—§—e’5t+§
0

dc 2, 5 2 5,2
C.v.=Jdc_ Lt _ g V.
K> Ye=7¢ 5° 5% 25

(b) i. is max when CZt =0, or e —5te™ =0, which gives t = 0.2 ms. At

04 25y 2 _211mv.

5 25 25
To verify using MATLAB, enter syms t, then (1/5)*int(10*t*exp(-5*1),0,0.2).
dq

this value of , v =

P1.416  q=05v2=05(1+t7;i=—r=(+0):p= vi=(1+1)%; w= gpdt——

£(1 2t =%[(1 w1y = 6—;- ~21J.

Alternatively, the work done in increasing the charge on the capacitor by dg is

vdq, and the total energy stored is w = J.vdq. But dg = vdv. Hence,
w = fv?‘dv ~where v=1whent=0and v=4whent=3. This gives

=%[(t+1)3]j‘ =214,

104
T 1072

P1.5.1 = 100x10° = 10 Wb-turns; L = =0.01 H.

di -10t

P1.5.2 V= LE{:Z( 10Ate™" + Ae™*° —10Be™'%"), t> 0.

Att=0:i=10A =>B=10A
v =200 mV= 2(A-10B)=200= A =200 Als.

18
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P1.5.3 v=g—%= d

= (L) = gt—[Lo (1-e),t2]

= Ly ad?(t2 - %67 )= Ll (2t - 2607 + at?et) v/

P1.5.4 A= (5 pH)(20 A) = 100 uWb-turns: each pulse supplies 20 uWb-turns; hence

100 _ 5 pulses are required.

20

P1.55 = " [vdt=— — _€100x10‘6dt=50tA;OstsZOOms.Att=2OOms,
L 2x10

i=50x200x10° =10 A, so i =10 A for t > 200 ms.
P1.56 = [vat+1(0) —1(f'1005(t)dt+f‘2‘-5(t—o 2)dt)-
5. -7 S L - 2)dt | =

=30u(t)—-50u(t —-0.2) A. Alternatively, we can differentiate the response of

the preceding problem to obtain j = 50 A for 0 < t<200 ms andi=0, t> 200

ms.

1
2x107°

<200 ms. At 200 ms, i = 10 — 10=0,s0i=0A for > 200 ms.
Voltage impulses: Differentiating the above, i =50 A for 0 < t < 200 ms and =

0, t> 200 ms. Adding the initial current of -10 A gives: i=40 A; 0 < t < 200

£100x10‘6dt—10:50t—10A; 0<t

P1.5.7 Voltage pulse: i = % vdt +i(0) =

ms and i=-10 A; t > 200 ms. Alternatively, the response may be obtained as:
.1 1 @ 2

=T vt +1(0) = E(f 1005(t)dit +Jf2_ — 5t —O.2)dt)—10 -

=30u(t)-50u(t -0.2) — 10 A.

P1.5.8 i:—Z— Vet + I(t, )

i, mA
(@ 0<t<10 ps: 154
izé J:1.51‘dt = 1
1.5t2mA, . ps

where tis in ps. iy
Att=10ups,i= -15-
150 mA.

19
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10 <t <40 ps:
. 1 t
i=—c J'O(—t1 +25)dt +150 = [- 12+ 50t]}; +150
=—t? + 50t —250 mA. Att =40 ps, v = 150 mA

40 <t <60 ps, i:%£315dt+150 = =[-30t]}, + 150 =-30t + 1350
mA. At t = 60 ps, i = -450 mA

60 <t<80ps: i= 61"5' £0(0.75t _60)dt —450 = [0.751% —120t], — 450 =
0.75¢t2.—120t + 4050 mA. At t = 80 pis, i = -750 mA.

For t >80 ps, i = -750 mA

(b) Att=10 ps, i= 150 mA, so A= Li=0.5 (uH)x150 mA =75 nWb-turns.
At t=50 ps, i =-30 x 50 + 1350 = -150 mA, so 1 =-75 nWb-turns.

(c)At t =80ups, i= -750 mA, so w = %Li2 =0.14 pd.
(d) All the expressions derived above for the current are increased by 0.5 A.

P159 =LA 0<t<60s: _
6 i, A

t 40, S :

S 18 3
60 <t<240s; ;
=0, t>240s. ‘ * ‘ 1

)

t, min

t
a) A =— uWb-turns,
(@) a0
0<t<60s;

=L % Wb-tuns, 60 <f<240s =0, t>240s.
180 '3

1.t
29720

0<t<60s; 5

2
=_1_(f__ﬂ+1600J W,

(b)yw=

uJ,

18036 3

60 <f<240s: 5 j i + )
2 4 f, min

20
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P1.5.10

=0, t>240s.
(C)V=g%:“6‘15u , 1v,w
0<t<60s; 50
1
-_-__,1_86“\/, 4
60 <t <240s; 1 2' ; -
=0, t>240s, _1804“ ------------

where é% KV may also be expressed as 1 pWb-turns/min.

.t
d)p=vi=——pnW,
(d)p=vi 360 ™

, W
0<t<60s; 1'0 El
::__1, .L__i(.)_ “W’ 6
180(18 3

60 <t <240s; 2 4
=0, t >240s, where 1 / t, min
1 18 |
—G—uW may also be
expressed as 10 pJ/min.
tis seen that w = [pat . Thus Jj—t-dt~—t2— J, 0<t<60s. Atf=60s

‘ 360 720! UEERUS ’
w=5 pJ. For 60 <t <240s w - 0—1—%6(%—%9)&+5
S840t e00]
~180(36 3 He-

(@) A= Li=0.1x10°x10sin(500f) = A, uWhb-turns

sin(5001) pWb-turns, 0 <t <2z ms,

and A =0 elsewhere.

t, ms

21
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(b) w = - 2 = 5sin?(5001) pJ,
2 w, ud
O<t<2zms,andw=0

elsewhere.

(c)v :%;l = 500cos(500%) nV, v, mV

O<t<2zrms,andi=0 0.5 -
elsewhere. \ ox
t, ms

(d) p = 10sin(500¢) x0.5xcos(500t) p, mW
= 5sin(500¢)cos(500t) = 554
2.5sin(1000f) mW,

2
0<t<2z ms,and p =0, 17[ t, ms

elsewhere. ' \/

t
w = jpdt.Thus j2.5sin(1000t)dt:
0

_2;5—[1 — cos(1,000t)] = 5sin®(5001) pJ, as above.

1000
P1.5.11 i=10te™ A i, A
; -5t 0.8
A=Li =50te™ pWb- |
turns; 0.6 1
0.4 1
0.2 1
0........,.....,t,m3
0 05 1.0 15

22
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w, ud

1 1.67

W= 20 = 250t%e"% uJ; .
1.21
0.8

0.41

V= %;1 _ 50(6‘5' _ Ste-st) v, .mV
50 -
40
304
20 1

101

pWb-turns/ms, or mvV;

0.5 1.0
0 N\ f, ms
15

-10/

p, mW
12

p=vi=

500(te™"®" — 52671 ) mw.

O O.5

— — t, ms
1° \/"1-0 15
-4 |

-5t

P1512 (a) 4 = Edet: ijte‘*”dt =10[—te5

t
J + 2£e‘5’dt =-2te™™ -~2—e‘5’ +2
o 5 5

. A 2, _ 2 2
pWb-turns. j, = 2L = S5t _ £ o5t £
L= 5 55 e + 5 A.

. dv - - .
(b) v, is max when d—tL: 0, or e —5te™ = 0, which gives = 0.2 ms. At

this value of ¢, i, = —Oie“’ -

- 2
— 1 =
5 256 + =21.1 mA.

25
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P1.513 A=05i%=0.5(1+1); v=%’tl—=(1+t); p=vi=(1+t)*; w= Epdts

[+ tyae = %[(1 P = %§ =214,

Alternatively, the work done in increasing the flux linkage in the inductor by

diis idA, and the total energy stored isw = [idzl. But dA = idi. Hence,
w = fizdi ~wherei=1whent=0andi=4 when t = 3. This gives

w =%[(t ] =210,

P1.6.1 The number of molecules in one gram-molecular weight is given by

Avogadro’s number (6.025 x 10%). A 0.1 M solution of CuCl, contains

0.1(6.025 x 1023) Cu** ions per liter and 0.2(6.025x10?*) CI” ions per liter.

23
From Eq. (1.4.1), i = Aune = 1x 02) (0.1x6.025x10
1000

60
23
12 04 [ 0:2x6.025x107 1 (4 6,10%°)=0.19 A,
60 1000 e

}x(2x1.6><10_19) .
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