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E84 Homework 4

1. In the voltage divider circuit below, Vo = 20V, Ay = Hy = 500£). Use Thevenin's

theorem to find the current through and voltage across the load resistor fi7, when it is 100£}

, 20082, 30081, respectively.

Solution:
s Ry =250, Vo = 10V
= When Er = 100, I} = T"T.;’[RT + R;_} = 1{35, Vi =1 Ry = ZD;’T

= When Ry =200, Iy = Vy/(Ry + Rp) =1/45, Vi = I Ry = 40/9

« When Ry =300, It = Vi /(Ry + Rp) = 1/55, Vi = IL Ry = 60/11

2. Use Thevenin's and Norton's theorems to determine the current in the 3£! resistor of the
following figure.

60 ., 120
A A\
T 30V $3£1 24V T
b

Solution: move two voltage sources to left, and 3 {2 resistor to the right as load find
equivalent voltage Vo and internal resistance and Ro.

» Use Thevenin's theorem:
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The current going clockwise around the loop (without load) is
(30 —24)/(6 + 12) = 1/3 the voltages across the 6 £} resistor and 12 {1 resistor

are -2V and 4V, respectively.

Vi =30—6/3=24+12/3=28V,  Rp=06//12= 40

The current through the load resistor is

Vir 28
" Rr+Rr 4+3

I; —4A

= Use Norton's theorem: Turn the two voltage sources to current sources
h =30/6=5A, I»=24/12 =2 A These two current sources are in parallel

to form a total current source of Iy = I + fo = 7 A . The two internal resistances

are also in parallel fy = R1//Ro = 6//12 = 402 The current through the load

resistor is obtained by current dividor:

R -2 44

I = Ipy—"N_
L= N Ry +R ™ '4+3

3. Find voltage across and the current through the 10 £} resistor.

—r\Y 150 1A $ 106
b

Solution:

= Use superposition principle. When 24V is acting alone with 1A open, parallel resistors
15 and 10 become 15//10 =6, V'ahb = 24 x 6/(6 + 6) = 12V,

I' =12/10 = 1.2A. When 1A is acting alone with 24V closed, parallel resistors 6

and 15 become 90/21 = 30/7, I = (30/7)/(10+ 30/7) = 3/10 = (.34,

VV%abh = 1" % 10 = 3V ,overall V = V' 4+ V" =12 43 =15,
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I=0+T1"=12+403 =154,

= Use Norton's theorem. Turn the voltage source to a current source with
I =24/6 =4 A and i = 6 2. Then the two current sources in parallel form a total

current source of I = 5 A with internal resistance R = 15//6 = 30/7. By

current devidor, we get

o 30/7

s 15 Vi=15x10=15V
To+30/7 7 BT :

L_

4. Find all currents in the diagram in which V" = 120V Ry = 201, R, = 200},

Hint: It is very hard to solve the problem by finding the currents in the order of [}, I3, [5,

as computing the resistances of the resistor network is tedious. However, it is much more
straight forward to find the currents in the order of 5, I3, {1, if you assume [5 is known,

e.g., In = Ig = 1A .However, the voltage for the voltage source obtained based on this

assumption is of course not as given (120V). In this case, the linearity property
Flax + by) = aF(x) + bF (%) can be applied. In particular, given ¥ = F(x), then

ay = F(ax) = aF(z). Use this relationship to find the actual values of the currents.

R1 R1 R1
AN ———AN—
—i-— —i-— —_—l
11 I3 I5 25
C

Solution:

= use node c as reference (ground), assume 5 — 1,then Vj = (20 + 2) = 22V,

Iy

22/20=11A, I; = I, +Is = 1.1 +1 =214,

Vo=21x24V, =42+422 =262V, I = V,/20 = 26.2/20 = 1.314,

h=0L+I;=1314+21=3414,
Vo=11 ®x24+V,=2x 341 + 262 = 33.02.
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= But the given voltage source is 120V, all currents should be scaled up by a factor

120/33.02 = 3.634, [, = 12.39, I, = 4.76, I; = 7.63, I, = 4.00, I; = 3.63

5. In the circuit below, K1 = 181, V5 =2V, Ry =10, Ry =30 Is =54, V5 =217,
and Ffig = 1£1. Find
1. current through voltage souce 1.

2. current through resistor Hz

(Hint: consider superposition theorem.)

_W.
K1

AW
Vo Rs @%

$R4 Is R,

Solution: Consider each of the three sources alone:

= V2 alone (IS open, V6 short):
I'=V2/[Rl + R3//(R3+ R6)| =2/(1+1//4) =2/(1+4/5) = 10/9

(left).
= V6 alone (IS open, V2 short):

I" =052V6/(R6+ R4+ R1//R3) =1/(1+3+0.5) =1/4.5 = 2/9 (left)
= |5 alone (V2, V6 both short):

current thru R6: I5 X R4/[R4 + (R6 + R1//R3)] = 5 x 3/4.5 = 10/3

current thru R4:
I5 = (H6 + le_fﬂS]f[Hf-l + [Rﬁ + Rl_ff'RS:]] — 5 X l.Erf'iLEI = -'_"rf'S

current thru R1 is (half of that thru R6): 5/3

= L™ is the sume of current thru R4, current thru R1 = 5/3+5/3 =10/3 (right)

and current thru V2: I' + " + ' = 10/9 + 2/9 — 10/3 = —2 (left) or 2 (right)

= currents thru R3 due to V2 and V6 respectively are the same as that thru V2 currents
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thru R3 due to I5 is (half of current thru R6 above): 5/3 (left)
= total current thru R3: 10/9 + 2/0 4+ 5/3 = 3 (left)

= The sum of two currents is equalto /5 =2+ 3 =5

6. In the circuit below, K1 = 1€}, B> = 20, Ky = 30, By =40, By = 50, 14 = 417,
V%5 = 5V . Find voltage V" across and current  through the load resistor [z by converting

the rest of the circuit into a
» Thevenin's voltage source V7 with Hy

= Norton's current source fn with fHpy

Verify your results by converting the current source into a voltage source (or vise versa).
Then find voltage V" and current I associated with load H3.

Ry
AN

ZONE
.0 T g,

A
Rs

|
$
TR
%
b

Solution:

» Find Thevenin's voltage source V7 with H7 . First turn voltage sources off and find

HT between nodes @ and b:

H Ry HaHs .
Hr = R||R Ho||Hs = — T8/356
T || Ry + Ha||Rs Rt R, + Ry + R: /

Find V_.:

R, . i R

Vo=V —— = 4/5, Vi = —=Vo——= — —10/7
“ + ' b JHE + H5 .
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Voe = Vo — Vp = T8/35

= Norton's current source I with Fp . First By = R = 78/35 . Then use loop

current method to find f = I... Assume loop currents [, (top-left loop), I3,

(bottom left loop) and f. = [I.. = [n (right loop), and we have these loop current

equations:

51, —1.=4
7, —2[.=5
I, —2I, +31.=0

Solving thisto get Iy = I.. = 1. = 1.

= Verify your results by converting the current source into a voltage source (or vise
versa).

IwBy = T78/35 = Vp

Finally,

V. T78/35 T8
- Rr+ Ry T8/35+3 183

= 0.426

V =1TR; =128V
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