UNIVERSITY OF CALIFORNIA AT BERKELEY EECS Department

EECS 40/42/100, Spring 2007
Prof. Chang-Hasnain

Homework #5

Due at 6 pm in 240 Cory on Wednesday, 2/28/07
Total Points: 100
¥ Put (1) your name and (2) discussion section number on your homework.
¥ You need to put down all the derivation steps to obtain full credits of the problems.
Numerical answers alone will at best receive low percentage partial credits.
¥ No late submission will be accepted expect those with prior approval from Prof.
Chang-Hasnain.

1. Consider the following circuit: [11 points]

4k

40k g)
1.5mA

e

—JE D2uF

8K

The switch in the circuit shown has been in position a for a long time, At t =
0 the switch is moved to position b. Calculate:
(a) The initial voltage on the capacitor

Jud prior to the switch flipping at time t=0, thecircuit isin steady-state, so the capacitor acts like
an open circuit. Thusthevoltage across the capecitor is given by a voltagedivider:
8k

v, (01) = (1207) =80
4k + 8k
Because capacitor voltageis continuous
V. (0+) = v_(0-) = 80V [2 points]

(b) The final voltage on the capacitor

Agan, thecircuit has reached steady state, so the capacitor acts like an open circuit. Thusall the
current goes throughthe 40k resistor.
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By KVL:
v.(") =V ! Vg =! 1.5mA(40k) ! 04(10k) =! 60V (2 points]

(c) The time constant fort >0

To find the Thevenin equivalent resistance, we zero the current source and get
R,, =10k +40k =50k

So thetime congantis
T=R,,C =(50k)(0.02uF) =1ms [3 points]

(d) The length of time required for capacitor voltage to reach zero after the
switch is moved to position b.

Solving the differential equaionwe get

v (t) =K, + K, exp{" t/Img

v.(#)=K, ="60V

v.(0+)="60V+K, =80V! K, =140/
v (t) =" 60V +140V exp{" t/Img

So to find thetime it takes to reach zero, we set this equd to zero and solve for t.
0=-60V +140V exp{-t/AImg = t =1msx In(7/3) = 0.8473ns [2 points]

[2 points]

2. Hambley, P4.33 [10 points]

Thedifferential equaion obtained usng KCL.:
V() -v(t) , v
R dt
Rearranging and subgituting in v.=t:
dv, (1)
dt
As pe thehint, wetry aparticular solution of theform:
Vv, (t) = A+ Bt
Which givesus
dv, (t) _B
dt
Plugging these into the differential equaion, we get:
RCB+ A+Bt =t
Matching coefficients, we get B=1 and A=-RC
So the particular solutionis:
Vv, (t) =1 RC +t [5 points]
The complementary solutionis of theform:
V.. (t) = Kexp{! t/RC}

RC +v, (t)=t fort> 0. [2 point]
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Which gives usa complete solution of theform:

v, (t) =-RC +t+ Kexp{-t/ RC}

Using ourinitial condition,

V.(0)="RC+0+K=0! K=RC

So our complete solutionis:

V. (t) =! RC+t+RCexp{! t/RC} [3 points]

3. Hambley, P4.35 [11 points]

KCL at thetop nodegiv& us
5cos(10t) = (t) + fv(t )at'+i, (0)

To ge adifferential equaion, we get thetime derivative:
I 50sin(10¢) = 1av® + 0} :
dt L

Our paticular solutionis of theform:
v(t) = Acos(10t) + Bsin(L0t)

[2 points]

? =110Asin@0t) +10B cos(10t)
Substitutingthisinto thedifferential equaion, we get:
| 50sin(LOt) _—[! 10Asin(L0t) +1OBcos(10t)]+%[Acos(10t) + Bsin(Lar)]

Equaingthe coe‘ficients of thesineand cogneterms, we get:

_50= -10A E

R L

0108, A

R L
Solving for A and B, we get A=25 and B=-25. [6 points]
Thetime congantisL/R=0.1sand the general form of thesolutionis:
v(t) = 25c0s(10¢r) ! 25sin(L0r) + K exp{! ¢/0.1s}
Because i, (0+)=0A, al the current from the source goes throughtheresitor making v(0+)=50V.
Subdituting thisin and solving gives usK=25, and our find solutionis:
v(t) = 25c0s(10r) ! 25sin(L0r) + 25exp{! ¢/0.1s} [3 points]

4. Hambley, P4.39 [11 points]

Using KVL, we obtain thedifferentia equaion
L4 Riy =)

p dt [2 points]
Zt’ ) +300i(t) = 10sin(300)
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We try a paticular soltuion of theform:
i,(t) = Acos(30Q) + Bsin@0Q)

di, (t)
T I 300Acos(30Qt) + 300B cos(30Qt)

Plugging thisin:

I 3004 sin(30Q) + 3008 cos(300) + 3004 cos(30) + 3008 sin(30Qr) = 10sin(30Q)

By matching codficients we get:

300B+3004=0

-3004 +300B =10

Solving givesusB = 1/60, A =-1/60. [6 points]
The complementary solutionis of thetypical form with time congant L/R=1/300.So the
complete solutionis of theform:

) 1 1 .
i(t) =! —cos(300) + —sin(300) + K exp{! 30C
t) 50 S(30Qx) 50 380a) p{ }

Using theinitia conditioni(0)=0, we can findthat K=1/60.
So thefind solutionis:

1 1 1 )
i(t) =1 —co0s(300¢) + —sin(300¢) + —exp {! 300¢ 3 points
() 50 (3002) 50 (3007) 50 p1 ¥ [3 points]

5. Hambley, P4.41 [7 points]

We first combineall the capacitors and indudors tha we can combinein series and paralldl.
After thiswe can countthetotal nunmber of energy storage elements. This gives usthe order of
thecircuit.

6. Hambley, P4.48 [14 points]

(@ KCL at thetop nodegives us

dv(t)

v(t)Jr fv(t)dt+|L(0)+C " =1

Differentiati ng with respect to time:
1 dv(t) (t) Lo dvm d2v(t) _ -0
R dt L dt?
Dividing by C:
2
d-wv(t) N 1 dwv(t) N 1
d> RC dt LC
This gives usa characterigtic equdion:

v(t) =0 [2 points]

s+ L st Lo
RC LC
We can then easily read out
1 1 # .
", =——==10'10°# =—=20!10°,$=—=2 3 points
° JLC 2RC "o [3 points
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(b) At t=0+, KCL givesus
V(OR+) +1, (04) + CV/(0+) =1A

Plugging in the given initial conditionsand solving gives v@0+)=1A/C=10°V/s.
[3 points]
(c) Wefindtheparticular solution by looking at the circuit as time goes to infinity. In steady-
state, theindudor acts as a short, so vp(t)=0 [1 point]
(d) Because the particular solutionis zero, the solutionis jug the complementary solution.
Because thedamping ratio is greater than 1, thecircuit is overdamped. Thusthe soltuion
is of theform:

v(t) = K, exp(st) + K, exp(s,t) [1 point]
Whee s, and s; are theroots of the characteristic equaion:
s ="2.679!10°5s, ="37.32! 10° [2 pointg]

Theinitial conditionsare v(0+)=0 and v{0+)=10". Plugging these in:

v(0+) =0=K, +K,

V'(0+) =10° = s K, + S,K,

Solving, we find K;=28.87 and K,=-28.87. Thisgives usafind solution:

v(t) =28.87exp("2.679! 10°! t)" 28.87exp("37.32! 10°! 1) [2 pointg]

7. Hambley, P5.19 [8 points]
The magnitudes of the phasors for thetwo known voltages are 8v2 and 372, butthe phases are

unknown. To get thesmallest magnitude of the sum, we would want thetwo phasorsto be
perfectly out of phase. Then themagnutide of thesumis 8v2! 3V2 =542, which corresponds

to an rmsvoltage of 5V. [4 points]
To ge themax, we want them to be pefectly in phase, then thermsvoltagewill bethesum: 11
V. [4 points]

8. Hambley, P5.22 [9 points]

| =2x1__=7.071 [3 points]
" =30i +20i =50i [3 points]
i (1)=1,cos(" #+$)=7.071cos(" # +50j) [3 points]

9. Hambley, P5.24 [10 points]

We are given:
5sin(" 't) +5cos(” !t +30j) +5cos(” 't +150)
Conveting to phasors: [3 points per convasion]

54 -90° +54£30° + 54150 = —j5+(¥+j2.5]+(—§+j2.5) =0

So 5sin(” 't) +5cos(” 't +30;) +5cos(” 't +150G) =0 [1 point]
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10.Hambley, P5.30 [9 points]

(d) We are given:
V' =100" ! 60j,7 =1" 30
174 [1 point]

Z=7=100' 1'90; =! ;100

Because the Z isimaginary and negative, theelement is a capacitance. [1 point]
1 1 1 . e .
Z=——=C= = =50uF (snce j"!j=1 1 point
joc ~C " Juz T j200x—ji00 CHF SN It HI=D H-poind
(b) We are given:
V =500450j,1 =24£50j

1 point
Z=\I/—=25040i=250 [1 poing

Becausethe Z isred, theelement is aresistance of 250ohns. [2 points]
(c) We are given:
V =100! 30°,1 =1! " 60°

1 point

Z=\I/—=100! 90° = j100 [1 poind

Because the Z isimaginary and postive, theelement is an indudance. [1 point]

Z=j"L! L:.izj.l—OO:O.ZSH [1 point]
j"  j400
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