EENG382 QZ03 — AUTHOR’S SOLUTIONS
NOTE: | have not yet verified that the author’s solutions are, in fact, correct.

Prob 16.22

P 16.22 [a] The current has half-wave symmetry. Therefore,
a, = 0; ap = b =0, keven

For & odd,

T/2
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[ I, cos kwyt dt — f t cos kwyt dt
T 2 Jo
41, sin kwot (772 81, |cos kw,t t /2
= - — + sin kwpT'
T rt{:r;.;.-‘g 0 T2 | k.’zwﬁ JECUJ(J 0 0
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Prob 16.22 (Cont’d)

, 20 10w 10 /2 . 10 —
w =g~ = g (§ i) = VPR ALt

wk
where  tanf, = }?

o0 .'--“2 F.
i(t) =10 Z M

n?

1 T
cos(nwot — 6,,), 0, = tan ! 5

n=1.3.5....

[b] A =10VA+ 72 2 37.24A  tané, = 6y = 57.52°

ba | =

SERUERVERNE

1
Ay = ?DVLI + 972 = 10.71A tanfy = fy = 78.02°

1,

1
A; = —U\f 44+ 2572 =6.33A tan s =

=5 05 = 82.74

1
A7:£v4+491r2“:“4,51ﬁ. tanf; =

Ag = g\”l + 8172 = 3.650 A tanfly =

1(t) = 37.24 cos(w,t — 57.52°) + 10.71 cos(3w,t — 78.027)

07 = 84.80°

By = 85.95"

+6.33 cos (Sw,t — 82.747) + 4.51 cos(Tw,t — 84.80°)
+3.50 cos(9w,t — 85.95%) + ...

i(T/4) = 37.24cos(90 — 57.52°) + 10.71 cos(270 — 78.02°)
+6.33 cos(450 — 82.74° ) + 4.51 cos(630 — 84.80%)
+3.50 cos(810 — 85.95") = 26.23 A

Actual value:

T 1.
i =) = =(57%) = 24.6TA
1(4) 5 (577) = 246



Prob 16.35

80 &= 1
P 16.35 v, =10— - Z — oS nw,t V
7 n=1.3.5, n
2 2
Wy = —T = —?T % 10° = 500 rad/s

80 80
vy =10 — o cos 200t — 9.2 cos 1000t 4 . ..

v, -V,

V.
+ ; —_— =
5OV, + 2 =0

V,(RLC's* + Ls + R) = RV,

Ve 1/LC
H(s) = [I,; T g2 _}_.,‘jR("—FI,."'LC
1 10° 6
LC  (0.1)(10) 10
L __10° . o00v3
RC ~ (50v/2)(10)
10%

H(s) = —
() 52 4+ 1000+/2s + 108



Prob 16.35 (Cont’d)

106
106 — w? + 71000w/2

H(juw) =

H(j0) =1
H(j500) = 0.9701/ — 43.31°

H(j1500) = 0.4061/ — 120.51°

80
v, = 10(1) + E{D.QTOI) cos(500t — 43.31°)
80 .
-I-{}TQ{D.JIUGI) cos(1500t — 120.517) + ...

o = 10 + 7.86 cos(500t — 43.31°) + 0.3658 cos (1500 — 120.51°) + ...

7.86\%  [0.3658)°
Vime 2 1 [1024 [ —= ) 4+ [—===) =11.44V

Note — the higher harmonics are severely attenuated and can be ignored. For
example, the 5th harmonic component of v, is

vos = (0.1580) ( %0

2om

) cos(2500t — 146.04° ) = 0.0512 cos(2500¢ — 146.04°) V

2



Prob 16.47

(1/2)(T/2)Vin Vi
T 4

P 16.47 [a] C, =a, =

1 722V,
T Jo T

, it T/2
2V, [edmeot
=Tz [wa‘-?”%i -]
Vi s
=532 e (—jnm + 1) — 1]

Since e "™ = cosnT we can write

Cn= Y (cosnm 1)+"£(‘0'§ﬂﬂ'
" oopp2t T onx "
54
b] C, = }I =135V
—5H4 27
Cop= —0 +j7 =10.19/122.48° V
T w

Cy =10.19/ — 122.48°V

13.5

Cp=—j—= =430/ —90°V

5 = 4.30/90° V

=6 9 .
Cs = —5 +j= = 2.93/101.98° V

(3 =293/ —101.98° V

6.75
Cy=—j—"

=215/-90°V

Cy = 2.15/90°V



Prob 16.47 (Cont’d)

[c]

in3
+

v, v v, -V,
25{]+5L+1”5C+ 62.5

(250LC's* + 5sL + 250)V, = 4sLV,

V, o (4/2500)s

v, 2+ 1/500 + 1/LC
16,0005

H($) = G5 100 7 4% 100

o 21

T  10x

H(j0) =0

Wy = x 10° = 2 x 10" rad/s

j8k
100(1 — &%) + j10&

H(j2 x 10°k) =

Therefore,
H_, =0.8/0°; H, =08/0°
— 16

— I 0.0532/86.19°;
—300 — ;20 532/86.19°

= (.0300/87.85°.

—j32
H,4=——"""  —0.0213/88.47°;
T 1500 — 40

H, = 0.0532/ — 86.19°
Hy = 0.0300/ — 87.85°

H, =0.0213/ — 88.47°



Prob 16.47 (Cont’d)

The output voltage coefficients:
(;‘U - D
C_y = (10.19/122.48°)(0.8/0°) = 8.15/122.48° V

O =815/ —122.48°V
C_o = (4.30/—=90°)(0.05/86.19°) = 0.2287/ — 3.81°V
Cy = 0.2287/3.81°V
C_3 = (2.93/101.98°)(0.03/87.85°) = 0.0878/ — 170.17° V
Cy = 0.0878/170.17° V
C_y = (2.15/—90°)(0.02/88.47°) = 0.0458/ — 1.53° V
Cy = 0.0458/1.53° V
1 1
[d] Vims = JCE +2) |Caf? = Ji% Z] |Cul?

n=1

> 1 /2(8.152 + 0.2287% + 0.08782 4 0.0458? = 11.53V

(11.53)°

p =
250

= 53195 mW




Prob 17.1

294
P 171 [a] F(w) :] S e Iwt gy
T
24 [eiet T
=— —jwt —1
T [ _w2 ( ! )] —7/2
24 JwT i —jWT
. —jwr 2 [ S w2 - L
— 2 (‘2 +l) ‘ ( 2 +lﬂ
24 —juwT 2 jwT 2 T —jwr,2 jwT 2
F{w)=ﬁ[e JETLE — deT! —1—_}?(6 IO 4 e ;)}
2A {wrecos(wT/2) — 2sin(wT/2
o) - 24 [Eremtent2) dantery2)

[b] Using L’Hopital’s rule,

wr(7/2)[— sin(wr/2)] + 7 cos(wT/2) — 2(7/2) cos(wr/?)}
2wT

F(0) = lim 24 {

o [_u;r(r,fzzin(wrﬁ)]

w—l

—rginlwr/2
— lim 24 [M] —0
w—) _1-

F(0) =0



Prob 17.1 (Cont’d)

[c] When A =1 and 7 =
- |weos(w/2) — 28in(w/2)
F() =2 { 22) / }

w?

QW:OH(M/Q — 4sin(w/2)
IP)| = )
F(0)=0
|4cosl — 4sin
17 (2)] = ‘—‘ —0.30
| 4
|[8cos2 — 4sin2
|F(4)| = —‘ =0.44
16
12 3—4 3
F(6)] = Ccos sin — 0.35
36
|[16cos4d — 4sind| .
[P(s)| = [T — 010
18(05 4.5 —4sin 4.5
|[F(9)] = & =~
120cosd — 4sin b
|F(10)| = T =0.10
[24cos6 — 48 6| _
|FQ2)| = || = 017
, [28cos 7T —4sin 7
PO = | ——F55—— = 009
- 3leos 7.75 — 4sin7.75|
F(15.5)] = 210.25 =0
0.5 9/ (a) |
0.45 -
04 -
0.35 4
0.3 1
0.25 -
0.2 1
0.15 |
0.1
0.05 -
0

-20 -15 -10 -5 0 5 10 15 2



Prob 17.2

P 17.2

24

24
Flw)=A- 0, 0<w<w,/2
Flw) =0 elsewhere
g0 24 :
)= — A+ 220 e g,
f(t) 2 /_%;2 ( + Wo w) e
u}9[2 2 .
+l [ (A — —Aw) e duw
27 Jo Wy

f(t) =

—we"’f“’ dw

1 0
— { f A dw + f
2 L J—wo 2 wa /2 Wy

we,2
+[ Ae’™ duw — / Qﬂ el dw]

= —[ Intl + Int2 + Int3 — Int4 |
27

0 ) A
Int1 :f Ae?™ dw = —(1
w2 t
]
mt2 = f
a2 W

wa 2
Int3 = f
0

wo 2
Intd = f
0

Intl + Int3

Int2 — Intd

24

Twyt2

4w, A

242
Wit

_ weA

j
24

—weﬁ“’ dw =
wot?

(1—37

( e.? b2

_1j

A dw = i
gt

24

Wa

24

W te 2

wel™ dw

24

- sin(w,t/2)
44

wyt?
1 144

2 [w 12

(1 — cos(w,t/2)) ]

> [25in® (w.t/4)]

~ sin’(w,t/4)

C Aw

sin(w,t /4) ] ?
(wat /4)

o e—jtwa_ﬂ)

-tw’)e—}'lw@f?

2

5 [1 — cos(w,t/2)] — % sin(w,t,/2)

o E—jtuuf'Z)

(_J—W_oe,uw,,,fz 4 eitwo/2 _ 1)



Prob 17.2 (Cont’d)

L weAd o —5
[b] f(0)= y (1)° =T79.58 x 10" w, A

[c] A= 20m; W, = 2 rad/s

fit)
\ _-—-_ES)
0 2 4 B

& 10

oo | sin(E/2) :
Flt)=10 lW]

10 8 6 -4 -2

Prob 17.3

—jar A
iAo,

Lr 2 1 T —Ju
P17.3 [a] _F{w}:.f_z [Ab‘m (E) f}f:: W dt = 1

[b] Flw) = fﬂ (%H—A) eIt dr+f:2 (_3‘4

-7/ N T

(%)

t+ A) eIt dt

44

w2T




Prob 17.26

V,
P17.26 [a] 37 = H(s)

B 4/s
. 0.5+ 0.01s +4/s
H(s) = 5= aingJF 100 (s+ 1{}1)0(2 + 40)
HUW) = Gos 1;;]([; +40)
1@ﬁﬁ)=:£5

2400

Volw) = Vy(w)H (jw) = Jw(jw + 10)(jw + 40)

V() = K K . _Ks
2400 2400

":—:6, Ky = —— o = —
1= 00 T (~10)(30)

2400
Ky=————- =2

T (—40)(—30)

6 8 2

Volw) = —

- + -
jw  jw+10 " jw + 40

vo(t) = 3sgn(t) — 8e Wu(t) + 2 (1) V

[b] v,(07) =3V
[c] vo(0") =3 -8+2=-3V



Prob 17.26 (Cont’d)

[d] Fort>=0":

0.582 0.01s 4/s
A I
+
3 3
5 < Vo o 5
-
V,=3/s  (V,+3/s)s
=0
0.5+ 0.01s + 4
100 s 300 :
A A Y &
L 50 4} s(s + 50) ‘J

_ 1200357 —150s Ky Ky Ky
© s(s+10)(s+40) s s+10  s+40

7

g 1200, 120030041500
Y00 T (210300
K, 1200 — 4800 + 6000 _

(—40)(—30)
vo(t) = (3 —8e 1" £ 2 )u(t) V

[e] Yes.



Prob 17.35

P 17.35 [a]
250 100/s
Ay 1} ]
+
vg&) Vag
V. — Vys _ Vys®
7 254 (100/s) +5 82+ 255 + 100
Vo s , (jw)?
H(s) = — = : H(jw) =
(5) V, (s+5)(s+20) ) = G ¥5)Gw 1 20)
v, = 25i, = 450e'"u(—t) — 450e " Mu(t) V
150 450
Yo = —jw+ 10 jw+ 10
. 450(jw)?
Vy(w) = H(jw)V, = :
W)= HUVo = 2 10)Gw 1 5)Gw 1 20)
—450(jw)?
(jw + 10)(jw + 5)(jw + 20)
K K- K. K K K
S o T I U . BT
—jw4+ 10 Jjw+dH  Jw4+20 jw4+d Jw4+10  jw+ 20
450(100) —450(25)
= ——=100 Kj=—=-150
' (15)(30) ‘T B ’
150(25) —450(100)
K. = = FG KEJ - Y = 900
P as)as) (~5)(10)
_ 450(400) _ —450(400)
Ky = ———— = —40( Kg= ———— = —1200
T TS SO B T T s
Vi(w) = 100 —100 —1600 900

—jw 4+ 10 +jw+5 +jw+2{} +j'u.f—l—llfl
v, = 100e'u(—t) + [900e ™" — 100e " — 1600e " u(t) V



Prob 17.35 (Cont’d)

[b] v,(07) =100V

[e] v,(07) =900 — 100 — 1600 = —800V
[d] At ¢ =0 the circuit is

250 100/s

AR
+ v -

as0v (@

Therefore, the solution predicts v;(07) will be 350 V.

Now v1(07) = v1(0~ ) because the inductor will not let the eurrent in the
25 (1 resistor change instantancously, and the capacitor will not let the
voltage across the (.01 F capacitor change instantancously.

At t =07 the circuit is

250 0.01F
Ay il
+ 350V T, -

as50v (&

W
D'ﬂ
VYT
(mu)
[ )
[ )
=

From the circuit at t = 0" we see that v, must be =800 V., which is
consistent with the solution for v, obtained in part (a).

It is informative to solve for either the current in the circuit or the
voltage across the capacitor and note the solutions for i, and ve are
consistent with the solution for v,

250 0.01F
w 11
i, + Ve - |
V() Voi 1H

The solutions are
ip = 10e"u(—t) + [20e 7" 4 80e 2" — 90e " Ju(t) A

ve = 100e'u(—1) + [900e ™ — 400e ™" — 400e 2" |u(t) V



Prob 17.41

, 4 x10 , 4 x 10 , 4 x 10
P 1741 Vi(w)[? = S VI(I00) = s =4 |V(200)? = —— =
141 ] Vi) =25 va0)P = 2o Vi00) = 255
4.5 7 v,
4 i
3.6 4
34
25
2 4
15
14
0.5 - @ rad/s
300 -200  -100 0 100 200 300
ViR sRCV,
I ‘r} _ i _ i
bl Vo= /50 ~ Ros 71
| v, s 1 10°10 1000
H 5) = _2 = e = = 1
&) =3 =53 (i/rRC)’ ®C _(0»@0) 10 W
. Jw
H{jw) = ———
A T
Vo 220 el 200
T el V10t VR 100
4w 104
IV, ()2 = % 100 < w < 200 tad/s;  |[Vy(w)[? =0, elsewhe
Vo) = -1 o o) = 2210 g
] _]04_’_104_‘ @ _5)(10_1_
25 7 1vgte)?
2 4
1.5
1 -
05 4
W rad/s

-300 -200 -100 0 100 200 200



Prob 17.41 (Cont’d)

1 g200 4 x 10" 4x 10" [ 172
[e] Wig = —/ - y —dw = : {_ _]

xhoo  w T w100

1x1007 1 1 200 _

- 4x [ﬁ_ﬁ} = = = 63.66)

1 7200 4 x 104 4 % 10* w 2
d] W =—f 5 dw = tan™ oo
[d] Wig 7 Jio w2 100" T an 100 100

400
N ™

[tan~'2 — tan~' 1] = 40.97J



