EGR 261

Signals and Systems
File: N261H2S

Solution to Homework Assignment #2

1) Work the following problems from Ch. 13 of Electric Circuits, gth Edition by
Nilsson: 9, 10, 13, 17, 27(a & c only), 44, 49, 51, 69a

P 139

[a] For ¢t > 0:

zg&no
+ 6
0.8s 15x1|:|'3Q Vir —wu'g"’l”
s —
A i AN
0.8s 20000 )
i v.10.8x10
12x10 3(‘) s
—12 x 1073(0.8/s) x 10°
[b] Vo= . :
0.8s + 2000 + (0.8 x 10%)/s
B —9600
" 0.852 + 2000s + 0.8 x 106
- —12,000
" 82 4 2500s + 108
—12.000 K K.
[e] Vo= = st o
(s +500)(s +2000)  s+500 s 2000
Kl = —8; Kg =8
—& 8
o — +
s + 500 s -+ 2000

Uo(t) = (—8e™%0 + 8e 2y (1) V

P 13.10 [a] Fort < 0:

- vg0T) +

12.51:0;E 20

10K
mal) v, £50k0 if07)

1 1

" 125 50

1 1 1
— =2: R,=5kQ
RTINS “

vy = —20(5) = —100V

—100
10

’L'L(U_) =
va(07) = —

For t =07

x 107 = —10mA

=100V

+

10m, \E,i +
L

4H v

100V T 10nF 0

10k02

s-domain circuit:

R 1/sCcT

’J‘(‘.‘( sL ,O/SC v,

where
R =10k
L =4H,;

C' = 10nF; 5 =100V;
and  p=10mA

Vo _p

[b] %+1¢,50—7O+— L

V=

£
~yC

(100)(10)10°

sl s

As + (p/~C)]
2+ (1/RC)s + (1/LC)

10 x 1073

104




Page 2

1100 P 13.13 [a] Fort <(:

_ = 4
RC =~ 10° 10

1 10°
— = = 108
6= 25 x 10
V= 100(s + 10%)

52 4+ 10%s + 25 x 108

d 1 V, p V, 10x107*
p=——tft="-——

sL s 4s K
I = 25(s + 10%) 107 _ —0.01(s + 7500) o 500
s(s2 + 10%s + 25 x 106) s (s + 5000)2 i (07) = eI 5A
) Vo=5 +1;)34(j :: 522 10° = 5(;;;] )= 24
_ 100(s + 104 _ K 4 K, we(07) = 500 — 5(30) — 2(100) = 500 — 350 = 150V
(s+5000)2 (s +5000)2 s+ 5000 For £ = 0:

K; = 100(5000) = 5 x 10°

K, = % [100(s + 10,000)],_ 5000 = 100

5 x 10° 100
Vo= +
(s +5000)2 * s+ 5000
0.002502
v, = [5 x 10°2e750% 4 100e % u(t) V ]
—0.01(s + 7500) 0
el v == 50002
- K Kz V, + 0.01 V, — 150/s
= 2 L T I =
(s +5000) (s +5000) [b] 10 + 0.002s t1 +2x10%s
K; = —0.01(2500) = —25 y 1 e B 150 001
d | 10700025 405+ 2x 108  40s+2x 10° 10+ 0.002s
Kz = E[—O.Ol (3 + 7500)]3="50w = —0.01 v -_50[:_? +5[]{H]:| - —:"0{9 + mﬂn]
©7 424250005 + 105 (s -+ 5000)(s + 20,000)
; —25,000 10 < 10-° .
L= 2 545000 - T
(s +5000)2 s+ o= 320,000

i, = —[25,000¢ + 10]e "%y (t) mA

fe] wo(t) = —~50e 0% u(t) V




Page 3

P 1317

1.60 .
15!3&) + Vﬂ Eﬂ.Esﬂ
Vad5n AN,
=]
15 Va Ve
— = 04V + —
s T645/s T o
B 5/s B a5V,
Vo = 1.ﬁ+5,’ap:'_ 1.6s+ 5
_ Vs | W %
s l6Gs+5 1lbs+5 =
v s(s+2) + 5(1.6s + 5)
e s(1.6s +5)
15(1.6s + 5) = V,(s* + 10s + 25)
_ 15(16s+5) K K

V, = =
(5157 (5157 s+5

Ky=15(—8+5)=—45; Ko,=24

yo_—B
" (s+52 s+5

w,(t) = [—45te™™ + 24~ ¥u(t) V

P 13.27 [a]

wad N L TN

15/s 2200 1, (2)6D/s

400 + %ﬂm — L) + 10s(I; — 15/s) = 0

20 60
20(1y—15/8) + — (L =) + — =0

or
(8% + 45 + 2)I) — 213 = 15s
-—f1 + {$+ l}fg =12

(s +ds+2) =2

= =s(s+2)(s+3)
-1 (s+1)
155 —2 |
Ny = | = 156" + 155 + 24
12 (s+1)
;oo N 158+ 155 + 24
YTA T s(s+2)(s+3)
a2+ 45+ 2) 15
Lo (DI o e
-1 12
I Ny 125" 4+ 63s + 24
g = ===




Page 4

4 21 38
[l h=C—35 553

in(t) = (4 27¢7 + 38e ¥ )u(t) A

4 27 19
Ih=-4——
& s42 s5+3
ig(t) = (44 27 — 19 *)u(t) A
P 13.44
250x10%s
Y
sk 25Ux1u§s 25K02
|
* ®
0.4/s Ve v,
v 3 :

V, —0.4/s Vs (Va—Vals 0
5000 250 % 106 © 250 = 106
(0—V,)s (ﬂ—lr;}_u
250 = 105 25,000
104
V. = 104V,

&
co Vo8 4 20,0005 + 500 x 105) = —20,000

— 20,000
{5+ 10,000 — 20,000} (s + 10,000 + 520,000)

Vo=

_=20,000
T 40,000

= j0.5 = 0.5/90°

,(t) = &M% 005(20,0008 + 90°) = —e %% gin (20,0008 u(t) V

P 13.49 [a]

[c]

(d]

[e]

Vo 1fsC 1
Vi R+1/sC  RCs+1
(1/RC) 50
His) = - . —p=-
&)= S /RGO ~ 5550 P = —80rad/s
E _ n _ RCs &
V: R+1/sC  RCs+1 s+ (1/RC)
= ﬁ; z7=10, —p = —hH0rad/s
5 sl 5 8

Vi R+sL s+ R/L  s+3x10°
—p = —3 x lﬂﬂradfu
1V, "

Vo _ R/L 3x10°
Vi R4+sL s+ (R/L)  s+3x10°

—p = —3 % 10%rad/s

z =0

L ®

(55 +5)V, =1}
Vo 0.2

His) = R(A) = 0.2e *u(A)

V, s+1




Page 5
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2) Use Laplace transforms to solve problem 7.81 of Electric Circuits,8 E by

Nilsson.
The voltage waveform shown in Fig. P7.81(a) is
rseice applied to the circuit of Fig. P7.81(b). The initial
voltage on the capacitor is zero.
a) Calculate v,(z).
b) Make a sketch of v,(t) versus f.

Figure P7.81
v5(V) 20 nF
40

0 6 ¢(ms)
(a) (b)

Solution: v(t) = 40[u(t) — u(t-0.006)] so V. (s) =——
S

40 40e -0.006s

v(0) =40e™ - 40e” =0 -0 -

S
s-domain circuit:
: 50IIEI6/s :
Vo(s) 500k § Vo(s)
k
Vo®) =V, 5020)(106 =V.6) L +S100}
500k + ——
S
-0.006s -0.006s
V. (s) = ﬂ_40e [ S }: 40 _40e
S S s+100| s+100 s+100
v, (t) = 40e u(t) - 40e 10yt - 0.006) V
Vel V)

B0~

40

30
Sketch: TE
v(0") = 40e’ = 40 ) , , ___tmg)
v(6ms’) = 40¢° -0 = 21.95 1o 2 ‘ L___________Lﬂ
v(6ms") = 40e%°- 40¢"=-18.05 -2 1




Page 6

P 13.55 [a]
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4.4-7 Find the output voltage y(¢) for the network

iln Fig. P4.4-7 for the initial conditions
ir(0)=1Aandvc(0) =3 V.
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3) Work problem 4.4-7 in Linear Signals & Systems, 2Nd Ed. by Lathi:

4) A) Determine the transfer function H(s) = V(s)/I, (s) for the circuit shown
below.
B) Determine the impulse response [i.e., find v(t) if i, (t) = 5(t) A].
C) Determine the unit step response [i.e., find v(t) if iy (t) = u(t) A].
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