Last Updated: 2020-07-20 21:14

—_

EECS 16A Designing [nformation Devices and Systems |
Summer 2020 Discussion 4A

1. Superposition

For the following circuits:

i. Use the superposition theorem to solve for the voltages across the resistors.

ii. For parts (a) and (b) only, find the power dissipated/generated by all components. Is power conserved?

(a)
_|_
Is, CD CD I, Ve >R
Answer:

i. While we could apply the algorithm we have learned in class, let’s see if there’s a way to find
the answer quicker than before. We’re looking for the voltage across the resistor, which could be
found quickly using Ohm’s law if we knew the current. If we were to apply KCL at the node at
the top of the circuit, one source is coming in, the other source is leaving, and the current through
the resistor is leaving. From KCL, we then know ig, = Is, — Is,. Applying Ohm’s Law we find:

Vi, = (Is, —Is,)Ry
We could also solve this using superposition. Turning on Is, gives Vg, = Is,R;. Turning on Is,
gives Vg, = —I5,R;. Finally, the total Vg, is the sum of the individual Vg,’s or
Vi, = (Is, —Is,)Ry
il. )
%
Pr, = ot = (Is, —I5,) "Ry
R,
Py, = —Is,\Vg, = —(Is, — Is,)Is, R,
PIS2 — ISZVR| — (]Sl - [SQ)ISZRI
Pr, +Pis, +Pig, = (Is, —I5,)*Ry — (Is, — Is, ) Is, Ry + (Is, —Is,)Is,R1 = 0
Power is conserved.
(b)
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Vs,
®

Answer:

i. Once again, we could apply the circuit analysis algorithm or find the answer directly. Notice the
circuit only has one loop, so we can use KVL to find the voltage across the resistor.

Vg, = Vs, — Vs,
We could also solve with superposition. Turning on Vs, gives Vg, = Vs,. Turning on Vs, gives
Vg, = —Vs,. The overall voltage is then the sum.
Vg, = Vs, — Vs,
il. )
o VR| o (VS] _VS2)2
Ppo=—=——7""
Ry Ry
Vs, (Vs, — Vs, )
PVSI = _IRlel = 21 o1 ) ]lel 2
Vs,(Vs, = Vs,)
Pys, = 1Ig, Vs, = MRS NS A 1161 2
(VS] — v52)2 Vs, (V51 — sz) Vs, (VSI - sz)
P , L= — =0
R +PV51 +1)V52 Rl Rl + Rl
Power is conserved.
(c)
Ry R3
AN AN
VRz + VRs

(@ owsn (Ds

Answer: Turning on only Vs,, we have the following voltages across the resistors:

Ve = — Ry,
o Ri+Ry .
R,
Vr, = ——Vs,
Ri+R»
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Vg, =0

Then turning only Is,, we have the following voltages:

Ve, = o,
f R +Ry o
RiR
Ve, = —
o Ri+R> .
Vi, = Is,R3

Using superposition we can sum up the contributions from both Vs, and Is, to get:

R, RiR,
VR1 - R VS[ S1
1+ R Ri+R>
R, RiR>
VR') - VS] VR1 1 ISI
Ri+R> Ri+R>
Ve, = Is,R3

2. Thevenin and Norton Equivalence

Find the Thévenin and Norton equivalents across terminals a and b for the circuits given below.

(a)

(b)

1kQ

sa(h) a

4kQ

Y o p
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(d)

(e) (Practice)

(f) (Practice)

Answer:

a
Vs
b
a
I
b
R oa

W Sk

The general Thévenin and Norton equivalents are shown below:

“C

(a)

Rrh

AW

)

°obh

SORED

od

Vi = 1.67V, I, = SmA, Ry, = Rpp = 3330
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(b)
Vin = 20000V, I,y = 5A,R;j, = Ryo = 4000Q

(c) A Norton equivalent of a voltage source is not necessary, since a voltage source is a basic element. The
Thévenin equivalent is just a voltage source with voltage Vj, that is, R;;, = 0.

(d) A Thévenin equivalent of a current source is not necessary because a current source is a basic element
and cannot be represented as a voltage source. The Norton equivalent is just a current source with
current I, that is, R, = .

(e) The Thévenin equivalent is just a voltage source with voltage Vj, that is, R;, = 0. Notice that adding a
parallel resistor does not change the Thévenin equivalent. As before, since the circuit is effectively a
voltage source, a Norton equivalent is not required.

(f) The Norton equivalent is just a current source with current I, that is, R,, = co. Notice that adding a
series resistor does not change the Norton equivalent. With a similar argument as before, the Thévenin
equivalent for the source is not required, as it is a current source.

3. Series and Parallel Combinations

For the resistor network shown below, find an equivalent resistance between the terminals x and y using the
resistor combination rules for series and parallel resistors.

ANM—F

0.5R
0.5R 2R

A 2R y

R 2R 0.5R

0.5R

Answer:

We find the equivalent resistance for the resistors from left to right. First we find R4p.
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C
0.5R
0.5R 2R
A 2R y
R 0.5R
B  AVAVAY,
0.5R
Then we can find R¢p.

C

P oX
2R
ZR§ 2R§ y
0.5R
B
0.5R
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A

2R

0.5R

0.5R

If we move from node C counter-clockwise to node y, the resistance seen is R+0.5R+0.5R = 2R. Therefore
we have,

2R 2R

Now we can find R,,.

Therefore, the equivalent resistance is Ry, = R.
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