EECS/CSE 70A Network Analysis |
Homework #4

Solution Key



Problem 1: (Ideal Opamp) Find the output voltage v, (20pts.)

S5V

1+

¢

5V

1+

¢

9Q)

MW

11Q2

AW >
50 MW

AW 14Q

5

£

V

0

Solution:

ldeal opamp = A = oo, opamp input
resistance R., = o0 and opamp output
resistance R, = 0.

KCLatV, : =2 4
V,=7V

A =oc0 -V, =V =7V (Virtual ground
at the input)

KCLatV: ===y, =17.9v
Note that since R, is infinity, no

current is entering either of the
opamp inputs.
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Problem 2: Find the equivalent Thevenin output resistance if the opamp is modeled as
the circuit in the green box in terms of R, R, and A (10pts.)
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Solution:

First we nullify the independent sources. Second we
apply a test voltage source at the output and determine
how much current is drawn from it. The ratio of the test
voltage and the drawn current is the Thevenin
resistance.
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Problem 2: Find the equivalent Thevenin output resistance if the opamp is modeled as
the circuit in the green box in terms of R, R, and A (10pts.)

Solution Continued:

The equivalent circuit is shown below: The current passing R. is I, = V,../(R. + R.). Therefore, voltage

s s — = across the R;is: V, — 1_ = Viest
) ! [ ThRs
: R I, : TIl Now we can calculate |, (the current flowing into the opamp
V. o output):
, AW
) : (Veest— & .ﬁii Viest)  Vtest(1+ Rf.lf,i )

l A(V+ - -) | |2 = [Vtest - A(V+ - V—)]/Ro = Rl > — R . >
IR. I V o o
I 1 : test
' 1 Liest Now from KCL we have:

Ry 'V ! AR;

M—E— : (1+ R.+Iles) 1

| il ke il : . — Itest = I1 + I2 = Vtest[ R; Ri+Rs]

V. R;+R 1
Itest Ro Ri+Rs




Problem 2: (RC circuit) Find the expression of v(t) for t > 0. What is the circuit time constant after
switch is closed? Plot the v(t) for -eo<t< oo (35pts.)

2kQ) 4kO. 4kQ
MWW WW MWW— Solution:
i At t < 0, switch is open and the capacitor is
open circuit. The voltage across the capacitor
6V t=0 ve(t) —— 100uF g kO at t < 0 can be derived using the equivalent
circuit below:
T 2k 4kO. 4k
MWW MW MW
for t > 0, switch is closed and the capacitor is 4
getting discharged. The equivalent circuit !
after switch is closed: 6V Vc(t)
4kQ) 4kQ) 2 2kQ
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2> v (t<0)=3V
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Problem 2: (RC circuit) Find the expression of v(t) for t > 0. What is the circuit time constant after
switch is closed? Plot the v(t) for -eo<t< oo (35pts.)

2k 4kQ 4k € Solution Continued:

Circuit time constant T is R,,C, where R is
T the total resistance seen by the capacitor:
=0 \O Req=4 kQ || (4 kQ +2kQ) =2.4 kQ
6V® Ve == 100pF L 5 > T=0.24
? The current through capacitor vanishes, and
the voltage decays towards zero at t = oo =2
Ve(t=2o0) =0

=3 I

ve(t) = ve(t = =) + [ve(t = 0)-ve(t = =) 7 %
ve(t) = 3e0.24

I I ' ' 1 1
-10 0.5 op os 1.0
t=)



Problem 3: (RL circuit) Find the expression of i (t) for t > 0. What is the circuit time constant after
switch is closed? Plot the i (t) for -eo<t< oo (35pts.)

Solution:
=0 At t < 0, switch is open and the inductor has is
6V 2H discharged so i, (t < 0) = 0.
1+ O— JVWV\—E After switch closes and at t = oo, the inductor
i (t) will become short circuit and the equivalent
circuit below results:
212Q 260 6Q = 3Q 2 \4 @ v,
6V iL(t: o)
1205 6Q% 6Qs = 30

Using nodal analysis we can find i (t = o°):
V,(1/6 + 1/12) = -V,(1/6 + 1/3), V, =V, + 6
DV, =4V, V,=2V D j(t=90)=V,/3=2/3A



Problem 3: (RL circuit) Find the expression of i (t) for t > 0. What is the circuit time constant after
switch is closed? Plot the i (t) for -eo<t< oo (35pts.)

6V (= 0 Solution Continued:
2H The circuit time constant is T = L/R,, where R, is the
b O— JWYV\—E total resistance as seen from the inductor:
iL(t) Req = 120 |1 6Q || 6Q+30Q=5.40
- T=0.37s
—t
212Q 260 6Q = 305 i (6) = ig(t =) +[iy(t = 0) - iy (t = )] €7
—t
i, (t) =2/3 4 (—2/3)e037




