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Next:

1. While various voltage sources such as batteries are very common in everyday life, current sources are not
widely available. One type of current source is the photocells, which generates current proportional to the
intensity of the incoming light. Also, certain specially designed transistor circuits can generate to output
constant current. Moreover, as discussed in class, any current source can be obtained by converting a
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corresponding voltage source. Design a current source with Iy = 10) mA and [ = 1 K'{2 by converting

a voltage source. Find its voltage V}; and internal resistance F;.

Solution: 7 = 1 K, Viy = Iy x Hy = 10mA = 1000 2 = 10 V.

. The output resistance of the power amplification circuit of a Hi-Fi system is [,y = 8{} and the output
voltage is V¢ = 20V . Find the power received by the speaker, the total power consumption, and the

power efficiency of the circuit, for each of the three possible speaker resistances: [ = 4, Hp = 8, or

Rr =16

Solution: The power received by the load (speaker) is

V2

ot

= R
(Rf.lut + RL]E L

Pr

and the power efficiency is

Fr Rr
Pﬁutuf Rﬂut + RL

U

where V¢ = 20V, K, = 8L},

o When Rp = 4Q, Pr = 100/9 = 11.1 Watts, 17 = 1/3, the total power is

me,{ = lflflfﬂ = 33.3 Watts.

o When Rp = 8Q, Pr = 100/8 = 12.5 Watts, 17 = 1,/2 the total power is

Fiutuf — ]-““l.r"r"l = 25 Watts.

o When Rp = 1682, Pr = 100/9 = 11.1 Watts, 17 = 2/3, the total power is

-Ptutuf — ].““l,-"rﬂ — 16? Watts.
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3. Find the optimal load resistance Fp, so that it receives maximal power from the current source Iy = 104

with internal resistance [y = 1{! and power transmission line resistance iy = 9€2 . Find the maximum

load power and the power loss along the transmission line.

%
Rt

Io $RD $RL

To verify your choice of load resistance, show that the power consumption of the load will always be lower
than this maximum when its resistance is either increased or decreased by ten percent.

Solution:
First convert current source to voltage source with Vi = Iy Hy = 10V and Ry = 12 . To maximize load

power consumption, let Rr = Ry + Ry = 10€). The current is I = 10V/2082 = 0.54 . Load power is

I’R; = 10/4 = 2.5W  power loss on transmission line is 1°Ry = 9/4A4 When Ry = 1142,

I =10V/21Q, W = I?Rp = 2.494 When Rp = 9§, I = 10V/19Q, W = I’ Ry = 2.493

4. Convert the following circuit into (a) an equivalent current source (I-s. Res) and then (b) an equivalent

voltage source (Vis. Rus). Give an expression for the load Ky, so that it will receive maximum power

from the source.

Solution:

(a) Convert voltage source Vi, I21) on the left to a current source (I, = Vi;/Rq, Ry) in parallel with

the current source {Jn.f2). The overall current source is therefore:
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Vo R R
I.=Ii+—. BR.=R||Ry=—""—"
=l g R Ril|Ry = g
(b) Convert the overall current source above to a voltage source:
. 1% iR R R .k
FJJ.'\' - I{'.\'R‘f'.\' - |:-'rﬂ+ _ﬂjl _— - I{] Sk +1'f{] : Y RJJ.\' - R‘f'.‘u‘

Ry R+ Ry Ry + Rs Ry + Ry

(c) Thevenin't theorem:

i RiRa i Ra
Ry, = Rq||Fo. Vopp = Fj——— + Vo ————
th 1|| 2 Th {]Rl RE 1 Rl RE

(d) For Ep to receive maximum power, we need i = Res = Rus = Ri||R2

5. Find all node voltages in the circuit with respect to the bottom node as ground, where 21 = 100£2,
Ry = 58, Ry = 20082, Ry = 5082, V =50V, I = (.24 . Use both node voltage and loop current

methods to solve this circuit. Choose independent loops and nodes wisely to simplify your computation.

R

M,
R, A\
MO
2k (D

th
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Note: To simplify the analysis while using node voltage or loop current method, it is preferable to

o choose independent loops so that no current source is shared by two loops;
o choose ground node so that one of the voltage sources is connected to ground.

Solution:

o Node voltage: Let the bottom node be ground and other node voltages be V7 (left), V% (middle) and

V3 (right).

left node: Vi/200 4+ (Vi — Vo) /5 4+ (Vi — V5)/100 = 0
right node: (Vg — V1)/ 100+ V5/50 4+ (Vo — V) /5402 =10
voltage source: Vi = Vo + 1V = V5 + 50

http://fourier.eng.hmc.edu/e84/homework/08spring/hw3_key/ 3/7



9/25/2016

hw3_key

Solving this we get:

Vi=-45.23, Vo= —458.69, V3=1.31

v Ro» R

‘W

I(P R, SR

Alternatively, rearrange the components as shown in the figure above and assume the node between
the current and voltage sources is grounded V2 = (), then V3 = 50V, and denote previous ground

by V. We have

middle node Vi:  Vi/54+ (Vi — V) /200 + (V_50) /100 = 0
bottom node Vy: (Vo — V1) /2004 (Vg — 50) /50 = 0.2

Solving this we get:

Vi=346, Vy =487, Vy=50 V=10
Treating Vi) as ground, we get the same result as before:
Vi=—-452, VWp=0, Vi=13, Wo=—-48T

We see that the second method is easier. Lesson: if one of two ends of a voltage sourse is treated as
the ground, the number of equations is reduced by one.
Loop current: Let the loop currents be [, (top), [, (left) and [ (right).

top loop: 1001, +50+ 51, — 1) =0
clurrent source: I,—I.=1=10.2
hottom loop: 2000, + 5(1, — I,) — 50 + 5301, =0

Solving this we get:
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I, = —0.465, I, =0.226. 1. =0.026

Alternatively, use the figure on the right and assume loop currents I, through voltage source V",

I, = —0.2 through current source and I through K. We have
top loop: 0014, — 1)+ 51, +0.2) = 50
right loop: 100(1. —I,)+ 501, +200(1. +0.2) =0

Solving this we get:

Io =049, Iy=-0.2, [I.=0.026

Current through [ty is - — I, = —0.464, current through Hz is [ + 0.2 = ().226, same as
before.

We see that the second method is easier. Lesson: if a current source is in a single loop, then the
number of equations is reduced by one.

6. Solve the circuit shown in the diagram below with [} = 2, Io =3, V =9, B} = Ry = 1, Ry = 2,
Ity = 4, tofind Vi, V,, Vo, I3, Iy, I5,and Iy (all currents are in A, voltegae in V, and resistances in .
).

Resolve the problem when V" = 1.

Va RE d Vb

Solution:

o Method I: Convert f1 and I?7 into a voltage source with 11 = 2 in series with fi1 = 1. Convert

I3 and H3 into a voltage source with Vo = 3 in series with i3 = 1. The sum of all four
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resistances in the loop is 2 + 9 — 3 = &. The sum of all three voltage sources in series is 8, {4 = 1

g =—=1, V=1, W, =8, V. =4.

o Method II - Loop current method: Identify three loops:
1. f; and Ry with loop current [y

2. I» and Rz with loop current [

3. Ry, Ry, V', B3 and R4 with clockwise loop current | = Iy = — I

(I—11)Ri+IRy—V +(I+L)Ry+IRy = [—2+21—9+T+3+4] =81—-8 =0, 1 =1

Is=H—-T=2—-1=1, In——[fg+fj——[3+1]——f—1

o Method III - Node voltage method:

IJ'L Ifu - 1-4; + q 1fu — Ifi, + q
—1 — =24+ V,+— =10
1t R + 2 + V, + 5
Vo =Wa+9  Ve—W Va—W+9
I =34+ —+ V.=V, =10
2 + RE + RH + 2 + r b
V. V.-V, V.
— 41 = —+3+V. -V, =0
i + Iy + 7 1 T+ Ve b
31%1 - Ifrb = =5 ‘[,.L =1
V, -3V, +2V. = —15 V, — 8
—4V;, + 5V — 12 V. =4

If V' =1, the sum of all three voltage sources is 0, then we get Iy — Ig = 0, V, =2, V}, =3, V. = 0,

Is =2, Iy = -3.
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