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Homework 7 solution

Problem 1
= (i v,(0) =50V

R 8000
2L 2(160 x 10-3)

= 25,000 rad/s

| 1 |
T s =625 x 10°
LC ~ (160 x 10-3)(10 x 10-9) — 02° X 10

s iy St :
= Wy; critical damping

V;- e Diw—%,OOOt A D5€—25,000t
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iy
i

250 4+ Dy = 50; D} = —200V
~25,000D% + D! = 0

25,0000 — 5 x 10 V/s
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Problem 2
[a] v. =V} + [B] cosw,t + B; sinwyt] e~

dv,
5 = [(waB; — aB}) cos wyt — (aBj + wyBY) sin wqt]e™™

Since the initial stored energy is zero,

dv,(0F) — 0

(0) =0 and
v.(07) an 2

!
It follows that Bl = —V; and By = 9&
Wy

When these values are substituted into the expression for [dv,/dt], w

T a? :
< N + wq | Ve ™™ sin wyt
dt Wy

2

2 2 2
v @ + @ W
But Vf:V and —p il = ¢ . 2o
Wy W Wq
‘ du T e
Therefore = 28| Vet sin wyt
dt Wy

[, X
1) ';! () when smwgt =0, or wyt=nr

where 7n=0,1,23, ...
nar

Iherefore = ——
Wy



| i
] When ¢, = °=
Wy

y  COSWgty, = cosnr = (—1)"
and — sinwgt = sinnr = 0
therefore  0.(2,) = V[l - (_1)”€ﬁmm/wd]
W 1t (ollows from [¢] that

Bly) = V' - Velon/wa)  an4 Ve(l3) =V 4 Ve~Bor/wa)

”r‘“I_) V ¢ (o fwg)

Therefore ' (20 fw
. — — @)
(rl'(":' ) ll [ (:;‘1””/["'1.{) &
i i / o L fue(t) - V]
W g=t=1Ty thus o= — [pet T Y
f Tu - [ve(ts) — V]
Problem 3
| v, | )
S —
Wl 07 = Bome
I 105 )
= - = 250
R C Ry ()y (100)(400) (05)(02) »x 106 x 10-6
d?v,
= 250,
0<t<0.5™:
vy = 80mV
d?v,
=20
dt?
Let g(t) = @, then g _ 20 or dg=20dt

dt’ dt

g(t) ot
/ m:%f@
(0) 0
du,

g(t) — 9(0) = 20t, 9(0) = —2(0) =0

dv,
= —2 =90t
9ty =—,
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[ da
g (0)

Vol8) = 106V,

d‘l}ol _ 1 - e ! '
PR Yok A i}
d.’Uo]_ = —16dt

Vo1 (¢) t
[ e =16 [ ay |
vo1(0) 0

Vol (t} - 'UO]_(O) = *—1..615, Vo1 (0) =
Vo (t) = —1.6tV, G4t <5

05" & bk dps
d?v,
dt?

= -10, let g(t) = d_;f

(fg(t}
—_— e — - —_ 1 d
dt ]-Or dg(t) =—10dt

q(t) t .
[ dz = —10 / dy
9{0.51) 0.5 .

g(t) = 9(0.57) = —10(t — 0.5) = —10¢ + 5

dve(0.5%)
Y e HOATEE
9(0.5%) -
dvo +y 0— Vol (05+)
L dt () = 400 x 103

061(0.5%) = v,(0.57) = —1.6(0.5) = —0.80 V
dv,(0.5)  0.80

R e Fon it
Civa e - 2 * IU"H = 10N
| @t 5= g = 10V

. dv,
g9(t) = =10t + 5+ 10 = —10t + 15 = };?

Coodv, = —10tdt + 15 dt

"0 * amgdyd | g
£0(0-5-+) v /U'.5‘!L b A.5+ &Y



t

¢
Vo(t) — 1,(0.57) = —5y® | + 15y
0.5

0.5
Uplt) = v,(0.5") — 562+ 195+ 15¢ — 7.5
pe(0.5%) = 4,(0.57) = 2.5V
vo(t) = =52 + 15t —3.75V, 0.5 <t <ty

5’%;% = —20(—0.04) =08, 0.5 <t <ty

vo1 () [
oy, = 0.8 dt; f dz=08 [ dy

01({0.51) 0.5+
Ui (L) — v61(0.5%) = 0.8t — 0.4; Va1 (05) = v,1(0.57) = -0.8V
U Wi (t) = 0.8t — 1.2V, DY Bt B

Hummary:

<055 v, =—16V, u,=102V

MBS ( < to: 0 =08:—12V, w,=—5¢+15t—3.75V
B0 = 002, -+ 15t — 3.75

— I 51'.",,,|, ] 875 == O



Problem 4

[al f(t) = inertial force + frictional force + spring force

= Mld?x/dt*] + Dldz/dt] + Kz

[b] d*z  f ( D ) dx (K )
B = ar =) =] — | = )
T di2 M M dt M
d?x
dt2’

1 /"5 diz P 1 du
U = — — = — —
i RJ Ol 0 dy2 g R101 dt

Given v, = then

1 g 1
1 T e d’ _ —— 7
= TE S /0 B R R




[Rs =+ RGJ . [R5 + RQJ 1
By = ="

~ B
o R
Ry
— dm‘[ﬁﬁJf(f)*[ Ry Jf’fﬁ‘[ Ry + Ry Jg.
Ierefon dt2 - H? ; m di RGRJ RQO{C‘Q
a8 R, Ry R, Rq(Rs + Rg)
Mherefore A7 = 27 D= 7 Bs e
lclore. By’ Ry Ry Ry C, i Ry R It Ry Oy Cy

Box Number Function
e
inverting and scaling

inverting and scaling

integrating and scaling

integrating and scaling

inverting and scaling

noninverting and scaling
Problem 5
[a] w = 2nf = 314,159.27 rad/s

3 o
V. 10x107%0° jwC(10 x 107%)0° = 10 % 107°wC 90°
Zo  1/jwC

[b] I=

9?; — 900
-3
[c] 628.32 x 107% =10 x 107" wC

1 X107 _ 15990, . Xo=-15920
wC 62832 x 1076
y 1
[d] €= 15.92(w)  (15.92)(1007 x 10%)

—1 )
le] Zc =7 (wC’) g



Problem 6
la] V, = 300/78°; L =633

AY 300/78°
Z —= —h—y = = 2
I = Ghy = O0AR°Q

Lb] 4, lags v, by 45°.

27 f = 50007 F o=

Omr; J = 2500Hz; T'=1/f= 400 ju5
iy la b 4
g lags v, by T (400 ps) = 50 us

Problem 7
L= N o (2 - g4) (10 — 520) + (40]]720)

sl o 3 - 14 - 8 - 716 = 12 + 51280 = 16.971/45°



Problem 8
[l Jwds = JC1000)(100) * 10" 100 ()

, 07 [0 §)
Jw! ';(mn(}]( [()) J o
710012
Y Y Y\, — _.1 8 .a
10002
247.49/45° 4) T -71000)
V
Jj10002

—e b
Using voltage division,

(100 + 7100 (~7100) 0
" J100 + (100 + j100)||(—; 100) (2AT-4945°) = 350/0°

V'I'll ] v;-n.l; = SSU&V

[B] Remove the voltage source and combine im
Z’I'h Zﬂ.h:
1 1 1
et e —— =5 46 me
100 " 100+ 7100 T —j100 = 0~ 9°

pedances in parallel to find

nh

1
Fps= Tip = 7o = 100451000
L al

11000

_.a

P ¥
"_W.II'".] .‘,-"“ .‘.'r -



Problem 9

7] —
L2 |
2000 v, 120 3160 g
AR, AT
100-350 V() %jf—]@ T-310Q ) 30+jz0a
b
V. — (100 — 750) N V.  V.— (140+730) _
20 75 12 + 716 N
Solving,
V, =40+ 430V
. 140 + 730 (40 4 430) — (140 + 730
I + (30 + j20) — 130 | (40+430) — (140+330) _

—710 12+ j16
Solving,
I; =-30-J10A

100 — 550) — (140 + §30)

—2452Q
30 — 410 +J

P




