EGR 260

Circuit Analysis
File: N260H11BS

Solution to Homework Assignment #11

Problem Assignment: Ch 8 in Electric Circuits, 8" Edition by

Nilsson
1)  Chapter 8 problems: 3, 4, 6, 30, 35, 38, 40, 44, 51

P 8.3

[a] a = 4000; wg = 3000

lg = \/Lu'ﬁ — a?

w? = w2+ 0 =9 x 10° 416 x 10° = 25 x 10°

1
=2 6
I 5 » 10
L= ! = 0.8H = 800mH
T (25 x 108)(50 x 10-9)
1
bl e =2r0
9
R=— 10 = 25000

= 2aC ~ (8000)(50)
[c] V, =v(0) =125V

[d] L, = i.(0) = —ir(0) — ic(0)

) V, 125 »

i(0) =7 =55 X 10 3 = 50mA
dv

ic(0) = C—(0)

% — 125{e~49%[—3000 sin 3000t — 6000 cos 3000¢] -

4000e~1%0% [cos 3000t — 2 sin 30007]
% (0) = 125{1(~6000) — 4000} = ~125 x 10"

C%(O) = —125 x 10%(50 x 107%) = —6250 x 107° = —62.5mA

" I, ==50+62.5=125mA

dv

[e] il 1254000t [5000 sin 3000¢ — 10,000 cos 3000¢]

= 625 x 10%e1%%%[sin 3000t — 2 cos 3000%]

C% = 31,250 x 10~%¢ "% (sin 3000 — 2 cos 3000t)

ia(t) = 31.25¢ 4% (sin 3000¢ — 2 cos 3000¢) mA
ir(t) = 50e*%%% (cos 3000¢ — 2 sin 3000t) mA
i (t) = —ir(t) — ic(t)
= ¢1000%(19 5 cos 3000¢ + 68.75sin 3000¢) mA, £>0

CHECK: ( |
5 = {—4000e4000[12.5 cos 3000t + 68.75 sin 3000¢]
+e 4000t [_37 5 x 10 sin 3000¢
+206.25 x 10* cos 3000t x 103
= e~1000t[156.25 cos 3000t — 312.5 sin 3000t]
L% = e 1000125 cos 3000t — 250 sin 30004]

12540 (o5 3000t — 2 sin 3000¢] V
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P84 [a] (ﬂ%)z S . (4000)*

LC
C = ! = 12.50F
T (16 x 108)(5)
1 _ 4000
2RC
107
" R= ———— =10k}
R = Tao00)(12.5)
v(0) =Dy =25V
25
ir(0) = 0= 2.5mA

ic(0) = —2.5 — 5= ~7.5mA

dv ~75x 1073
3t () = D1 = 4000D; = 55==—05

Dy = —6 x 10° + 4000(25) = —5 x 10° V/s

= —6 x 10°

[b] v=—5 x 10%te™000 4 25,4000

% = [20 x 10% — 6 x 10°]e~ 100"

ic = C@ =12.5 x 107[20 x 10% — 6 x 10°]e~ 0%
dt

= (25,000t — 7.5)e ** mA, >0

P 8.6

. 90
[a] tH.(D) = m = 45mA
1,(0) = —30mA

ic(0) = —i,(0) — #r(0) = 30 — 45 = —15mA

1 e
~ 2RC ~ (4000)(10)

o 1 (10%H(10%) _
Yo T TC T (250)(10)

[b] @ = 25,000

4% 10°

s1,2 = —25,000 £ 1/6.25 x 108 — 108(4) = —25,000 = 15,000
81 = —10,000 rad/s; s9 = —40,000 rad/s

v = Ao 10000 | A 40,000t

(0) = A; + Ay = 90

dv 4 —15x 1073 6
—_ = - — - = —15x 10°V
o7 (0) = —10%4; — 44, x 10* TS 5x 100V /s
—-'-Al - 4‘42 = —150
v = T0e 10000t 4 9(e—40.000t y7 >0
dv
. - o™
‘e dt

= 10 x 1079[=70 x 10%e 100006 _ g0 x 10%e40:000]
= —Te—10,0006 _ Se—w,ﬂﬂﬂtm

ig = 35e 10000t 4 10e40.000t A

i = —ig — ig = —28e 10000t _ 940000t A ¢ >0
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P830 For t>0
n
37.5mA0)  ggon 2 6.254F T 25H % v,
1 1
=_—=100; - =6400

*=3r0='"% 1o

31‘2 = —100 ZI: 60

s = —40rad/s; $2 = —160r1ad/s

v = Vj + Aje™™ + ALe 1%

Vi=0;  w(0")=0; ic(0")=375mA
1+ Ay =
o (0t
d“'ﬁtﬂ — 404, — 1604,
404, — 1604} = 6000
A+ 44% = —150
Al+A=0
Ay =50V,  Ay=-50V

v, = ble ™10 — 50e 19V, t>0

D 20me

P835 t<0: ip=3/150=20mA
t>0:
12002 %3000 EM.ZSmH 7O 21500
300(]150 = 1002
100mA() % 1000 J/E31.25mH T 0.3
iL
ir(0) = 20mA, i, (00) = —100mA
?—Lmi-—sr;xmﬁ- W, = 8000 rad/s
Y= Ic T (31.25)(05) ' ° ‘
1 10° 1 2 o
_ - —10% =100 x 10
*=3Re T @005 07 @ 00

o — w? = (100 — 64)10° = 36 x 10°
$1,2 = —10,000 = 6000
51 = —4000 rad/s; sy = —16,000 rad/s
iy = I+ Ale1000 | g1 16,000t

?:L(OO) = I_f = —100mA

iL(0) = A} + Ay + I; = 20mA
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P 8.38 a = 800rad/s;

w? —a? = 36 x 10

wq = 600rad/s

i w?=100x10% w, = 1000rad/s

a= ;2-}% = 800; R = 1600L
1 . 1, _ 106 .
—L-a—-l(](]xl(], L_(IOOXIO“)(SOD}—zmH
=320
i(0Y) = B; = 0A; at t = 0"
3.20) 2mH
‘M YT
—3I, + y(0F) - |+
500uF T 12V
12 + 0+ v,(07) = 0; v (0F) = —12V
di(0*)  —12
- — 6000 A
dt  0.002 /s
i s
d“g: ) _ 6008, — 8008, = —6000
60085 = 8008, — 6000; By = —10A

i = —10e 8% gin 600t A,

t=0

P840 [a] t<O0:

I = % = 15mA; 1, = (5000)(0.015) =75V
t>0:
R 5000
= —— = e— = BJd
a=gr 2(1) 2500 rad/s
1 10°

2
o

“o = TLC T (1)(250)
o? — w? =625 x 10* — 400 x 10" = 225 x 10"

= 4 x 108 = 400 x 10*

" 812 = —2500 4+ 1500
s, = —1000 rad/s

. éo(t] :Ale—1m+Aze—4m

89 = —4000 rad/s

i0(0) = Ay + Ay = 15 x 107°
di,
dt
Solving,

(0) = —10004; — 40004, =0
A; =20mA;  Ap=-5mA
io(t) = 20671000 _ 5400t A ¢ > 0F
[b] v,(t) = A 1000 4 Aje 4000

,(0) = A1 + A2 =75

—15 % 1078
o (0) — —1000A; — 400045 = ———

dt 250 x 107
Solving, A =80V, Ay = -5V

Uo(t) = 80e™1000 — 50000y ¢ >0t

Check:

50004, + 1% =,

50004, = 100e™" %0 — 25~ 40%*

o _ 9010001 9pe4000t

dt

" 50004, + Bio _ g0e-1000 _ 5e=1000 Y (checks)

di
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P844 t<0: '
o P85l [a] t<O:
—1 —e
AR + "lIAU +
100 100
40
£80 i(D
v i0
100v i0(07) =
- ve(07) = 20 — (12,000)(0.003) = —16 V
t=0%:
i) = 0 _10_ 4,
44+8+8 20 A
0—10{)—54—105(10)—70v Lt
1,(0) = (4) =1005) {5 ) = e e —
+
t >0 - + L
2H 120 v 16V T 8nF + 3mA ov
e + v‘;G
5A + o+ B
80 1omFT Yo 1OV
] o 12024 kQ = 8kQ
- u,(0F) = (0.003)(8000) — 16 =24 — 16 =8V
R 20
a=gr=7 =% =% and v.(07) = 20— 8 =12V
wi:%:%=50 [b} Vg t)=80002.,+vc
dv, (t) Sumdto dvg
w? > a® underdamped - dt * dt
ve = Bie~ coswqt + Bye ™ sinwgt;  wa= 30— = """’ e g+ = 8000 %2 (0) + E0")
vy = Bie ™ cos 5t + Bye ' sin 5t d
o ’ v (0%) = L52(0)
vo(0) = By = T0V
dig ‘UL(D ) 12
dt; dv, -5 o (0*) = =60 A/s
o Wo _ =9 = L 02
5 (0) = = 1o <10 500V /s y
v,
dv, o (0= io(0F)
o ~2(0) = ~5B, + 5B, = ~500
di, 3% 1078
5By = —500+ 5B, = —500 +350; By = —150/5 = —30V - (0%) = g g=s = 375,000
v, = T0e % cos 5t — 30e ™ sin 5t V, t>0 dv,

—(07) = 8000(60) + 375,000 = 855,000 V/s
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8.51 (continued)

[c] w?= L 1{3_9 = 625 x 10%; W, = 25,000 rad/s
° LC 16
R 8000 X
a=sr="1"= 20,000 rad/s; o’ = 400 x 10°
a? < w? underdamped

512 = —20,000 % 715,000 rad/s
vo(t) = Vj + Bje 200%% ¢05 15,000t + Bje 2% sin 15,000t
Vi = v(00) =20V
8=20+Bj; Bj=-12V
—20,000B; + 15,0008; = 855,000
Solving, By =41V
() = 20 — 12e7 20000 05 15 000t + 41e 22 5in 15,000t V, ¢ >0

Graph the following responses using MathCAD, MatLab, or Excel and turn in printouts of each graph. Include a title that identifies the
problem number and indicates whether the graph is overdamped, underdamped, or critically damped. Graph each response from 0 to 5Tau and
use good rules for graphing, including a sufficient number of points so that each graph is smooth.

A) i) =20e +30e°™ A, t>0

B) i(t) = 2069 - 3060 A >0

C) i(t) = (20,000t+2)e™™ A, t>0

D) i(t) = e™*%[30c0s(4000xt)+40c0s(4000xt)] A, t>0

E) i(t) = e®*[30c0s(4000xt)+40c0s(4000nt)] A, t>0

F) i(t) = e°*[30c0s(4000nt)+40cos(4000nt)] A, t>0
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% EGR 260 - Circuit Analysis
% Solution to Homework #8
% Part 2A

t=0.0:0.0005:0.05; % 101 points

1A = 20*exp(-100*t)+20*exp(-500*t);
figure (1)

plot(t,iA)

title('Part 2A - Overdamped')
xlabel('time, t (s)")

ylabel(‘current, iA (A)")

% Part 2B

t=0.0:0.000025:0.0025; % 101 points

iB = 20*exp(-5000*t)-20*exp(-20000*t);
figure (2)

plot(t,iB)

title('Part 2B - Overdamped’)
xlabel('time, t (s)")

ylabel(‘current, iB (A)")

% Part 2C

t=0.0:0.000125:0.0125; % 101 points
iC = (20000*t+2).*exp(-400*t);
figure (3)

plot(t,iC)

title('Part 2C - Critically Damped’)
xlabel('time, t (s)")

ylabel(‘current, iC (A)")

% Part 2D

t=0.0:0.000005:0.0005; % 101 points

iD = exp(-10000*t).*(30*cos(4000*pi*t) + 40*sin(4000*pi*t));
figure (4)

plot(t,iD)

title('Part 2D - Underdamped’)

xlabel('time, t (s)")

ylabel('current, iD (A)")

% Part 2E

t=0.0:0.00002:0.002; % 101 points

IE = exp(-2500*t).*(30*cos(4000*pi*t) + 40*sin(4000*pi*t));
figure (5)

plot(t,iE)

title('Part 2E - Underdamped’)

xlabel('time, t (s)")

ylabel('current, iE (A)")

% Part 2F

t=0.0:0.00001:0.01; % 101 points

IF = exp(-500*t).*(30*cos(4000*pi*t) + 40*sin(4000*pi*t));
figure (6)

plot(t,iF)

title('Part 2F - Underdamped')

xlabel('time, t (s)")

ylabel('current, iF (A)")
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