EECS 210 SOLUTIONS TO PROBLEM SET #7 Winter 2001

la. v=L% —i(t) ~z + 1+ fov(r)dr for 0 < ¢ < 0.001,0.001 < £ < 0.002.¢ > 0.002:

0<t<0.001:

001 < ¢ <« .002:

t > 0.002:

CHECK:
1b.

i) =0+ 53327 3 ir A e e

i(t) = (20222)(0.001sec) + 55m% [0 (2 — 1000722 1) dr = (40¢ — 10000¢2 — 0.01) A.

i(t) = (40(0.002) — 10000(0.002)% — 0.01)A + g (£ 0r — (.03,
Continuity of i(¢) at t=0.001:(0.02A=0.02A OK); t=0.002:(0.03A=0.03A OK). Whew!
See plot below. Note continuity of i(t).

2a.

2b.

v = Ldz’ (0 OQH)[ 2500Ale—2500t 7500A26—7500t] — _(50Ale—2500t+150A e 75001)
i(0) = 0.05 = Ay + Az and v(0) = 10 = =504, —~ 1504, — A; = 0.175, Ay = —0.125.
u(t) = —8.75e72500¢ 4 18756500y £ 5 0; () = 0,175~ 2590 _ .1250-7500t 4 ¢ > (.

p(t) = i(t)v{t) = 4.375e 10000t _ 1 537955000t _ 9 34875,—15000¢

p(t) = (4.375z — 1.5312527 — 2.34375) /2 = 0 where z = ¢5090¢ 45 guggested.

Solving quadratic— & = 0.7143 — ¢ < ;2 =2.143 — ¢ = B 2113 _ 159 4,000

Ja.
3b.

3c.
3d.
3e.

i = C2 = (0.0000004) 280 4(-60) 60) =0,¢ < 0 (this wasn’t the nasty derivative).

i= C'j” (0.0000004) % [15—15e~°005 cos(2000¢) —15¢ 390 5in(2000£)] = (0. 0000004) x
(7500) ‘500t[cos(2000t) o1 sin(2000¢)] = 3e~5%%[cos(2000t) + 21 sin(2000t)]mA.

v(0%) =15 — 15(e®)(5 + 0) = —60 = v(0~) so v(t) doesn’t jump (it better not!).
i(07) = 3(e”)(1+0) =3mA # 0 =1(07) so0 i(t) does jump (cap. current CAN jump).
Stored energy=_1Cuv(oc)? = 1(0.0000004)(15)% = 45uJoules.

- (14]16) + 15.8 = 20 (20[|60) + 5 = 20. (20]|80) + 24 = 40. (40||10) + 12 = 20H.

oa.
5b.

5¢. 1

Se.

i0(0) = i1(0) + i2(0) = 10 — 5 = 5A4. (32}|8) + 3.6 = 10H for (b).
io(t) = io(0) = £ fy v(T)dr = 5~ 0.1 [ 1250e=257dr = 5e=25t 4, ¢ > 0.
i(t) = i(0) + Lfo v(T)dT — i1 (t) = C1 + 4e 25 ¢ > 0 and is(t) = Cy + e~ 25 ¢ > 0.

Where C; and C; are chosen to match the given i1(0) = 10 and i3 = —5.
— 11{t) = 46725 1 6 and 45(t) = e 25t — 6.

Stored energy=18(10)? + 132(—5)? + 13.6(5) = 845.Joules.

(44 73)(5+412) = (4-5~3-12) + j(3-5+4-12) = —16 + j63.
(4+3;)(5+;12)* (4+33)(5 — j12) = (4- 54312) + (35— 4.12) = 56 - j33.

4 ~j12 _
5+]12 = 5:}712 5= }712 = o4+ 73)(5 - j12) = o6~ It (57 +12% =169).

VI +33)(5+712) = —jglam T1e—tes = — 19 —Jiess (162 +63% = 4225).
(4+73)"(5+4712) = (4 —33)(5+412) = (4-5+3-12) + j(~3-5+4-12) = 56 + j33.




Now redo these using polar form {answers don’t match perfectly due to rounding):
4+ 73 =563, 54712 = 13¢757°. Now these are easy.

(4+73)(5+ j12) = 57377136757 = 65¢7104" = —16 4 jB3.

(4+73)(5+ j12)* = 567713767 = 65e7730° = 56 — 533,

iy = 5e7%7 /136757 = 0.385¢ 7730 = 0.333 — j0.192.

1/{(4 + 73)(5 + j12)] = 2e 737" Le=357° = 0.0154e77104" = _0.00372 — j0.0149
{4+ 73)"(5 + j12) = 5e 737" 13e7%7" = 65¢739° = 56 + j33.

. Magnitude squared=[(25)(65)(100)(169)(125)]/[(676)(65)(625)(125)]=1.

How did I come up with these? Note the various Pythagorean iriangles.

. HARD WAY: 5 cos(3t) cos(30°) — 5sin(3¢) sin(30°) + 5sin(3t) + 5 cos(3t) cos(210°)+

5sin(3¢) sin({210°) = 0cos(3t) + 0sin(3t) = 0 ddentically. Why?
EASY WAY: 5e73% + 579" 4 5¢=7210° — (. Note 5sin(3t) = 5cos(3t — 90°).
See below right for a pretty picture of why these sum to zero.

UNGRADED: The Norton equivalent box has current flowing through a resistor.
The Thevenin equivalent box has no current flowing. The Norton equivalent is warmer.
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