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EECS 16A Designing [nformation Devices and Systems |
Fall 2022 Discussion 12A

1. Superposition
Consider the following circuit:

(a) With the current source turned on and the voltage source turned off, find the current /Ig,.
Answer:

We note that I is split between R, and Rj3, and therefore we can use the current divider relationship:

LRy
1[\’5 V=0 - R, + R;

(b) With the voltage source turned on and the current source turned off, find the voltage drop Vg, across
R3. Answer:

We note that when the current source is turned off, it becomes an open circuit. Thus, we are left with
a voltage divider.

‘/.\'R3
Yy =0 " Ry +Rs3

(c) Find the power dissipated by R3.
Answer:
We first find the missing quantities. The voltage drop across Rz when only the current source is on and
the current through R3 when only the voltage source is on is given by:

LR>R;
VR |y,—o = Ir ‘»ﬁoR—* ~ R, +R;
/ - VR ‘/fo Vs
R‘»‘[*() - R " R +R
3 2+ R3
Thus, we have:
V\'R3 +13'R2R3
Vi = Vsl T Vislvo = =i p
[.\‘RZ + V,\'
Iry = Iry |} o + IRy ‘\/2:0 T Ry+R;
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Thus, the power dissipated is:
Ry (LR +Vy)?

Pry = Ig, Vg, = (Ro+R3)?

2. Thévenin/Norton Equivalence

(a) Find the Thévenin resistance R, of the circuit shown below, with respect to its terminals A and B.

° B

Answer: To find the Thévenin resistance, we null out the voltage source (which shorts out R;) and
find the equivalent resistance, which is simply:

Rin=R> || R3

(b) Now, a load resistor, R; = R, is connected across terminals A and B, as shown in the circuit below.
Find the power dissipated in the load resistor in terms of the given variables.

R
v w —
R; RL
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Answer:

To help simplify the analysis, we replace the circuit with its Thévenin equivalent circuit. In order to
do so, we first need to find the Thévenin voltage. That is the open circuit voltage, Vap, in the original
circuit, which is simply a voltage divider:

Vi = Vo 3
th — st 1 R;
Thus, the circuit can be simplified to:
Ry,
NV ° A
Vth RL
o B
The power through the load resistor is given by:
Vrh 2 R3 1 2
= R = R R = Uiy Rk ™

(c) We modify the circuit as shown below, where g is a known constant:

L

§R2 &(Va—Vou) l
@) Vs ng —o A

_l’_

+
R3 VA Vout RL RO
o B

Find a symbolic expression for V,,,, as a function of V.
Hint: Redraw the left part of the circuit using its Thévenin equivalent.

Answer:
We note that V5 simply equals V;;, = ﬁ%. Then, noting that Ry and Ry are in parallel, we have
that Vous = g(Vin — Vou ) (Ro || Rr). Solving for Vo, we get:

Ry gRL || Ro
Ry +R; "1+gR | Ry

Vuut —
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3. A Versatile Opamp Circuit

For each subpart, determine the voltage at O, given that v; and v are voltage sources.

(a) Configuration 1:

25kQ 25kQ

A%%C

Vi V2

» O

B — " \\VN——D
25kQ 25kQ

Answer:

By superposition, we note that the voltage at v* is given by:

Lo Vitw
2

The rest of the circuit looks like a non-inverting amplifier with a gain of 1 4 %; ]ﬁg = 2. Therefore, the
output voltage is:

Vo = 2\7+ =V =+ Vo

(b) Configuration 2:
25kQ 25kQ

AVWMC

B — " \N\NVN——D
25kQ 25kQ

V2

Answer:

Through the voltage divider equation, we note that the voltages at the input terminals of the op-amp
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are given by:

7+:V71

)
) 25kQ
) — Yy — ————— %V
VT T 95k0 125k O

N L)

\% e

2

By the Golden Rules, these must be equal to each other since the op-amp is in negative feedback
(v =v7). Therefore, vp = v| — vs.

(c) Configuration 3:
25kQ 25kQ
A T—NW% c

V1 V2

Br—— AN\ AAN\———4D

25kQ 25kQ

Answer:
Like in part (i), by superposition, we note that the voltage at v* is given by:

\,7+ f— VI + Vz
2
We note that the resistors connected to B and D do not affect the circuit as no current is flowing through
them. Therefore, vp = v~ = v = 12,

4. Capacitive Charge Sharing (from Spring 2020 Midterm 2)

Consider the circuit below with C; = C; = 1 uF and three switches @1, ¢». Suppose that initially the switches
¢ are closed and ¢ is open, such that C; and C, are charged through the corresponding voltage sources
Vs] =1V and Vsz =2V.

() 1
> >

(]
>
é? Vi1 G N 6) Vi
al
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(a) How much charge is on C; and C,?

g1 =CVi=C1Vs =1pC
g2 = Vo = GiVip =2pC

(b) Now suppose that some time later, switch ¢; opens and switch ¢, closes. What is the value of the
voltage u; at steady state?
Answer: The total charge on node u; will be conserved after switch ¢; is opened. That charge is
Oror = g1+ q2. Also, note that during phase 2, the capacitors are connected in parallel so they will both
have VC] = VCZ = Uuj.
Oror = Crui + Couy
_NtR 5y
Ci+G

ui
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