EGR 220, Circuit Theory
Practice Problem
For Exam 1, Oct 2010



SOLUTIONS



Chapter 3 problem 2
At node 1:


(0-v1)/10 + (0-v1)/5 = (v1 – v2)/2 + 12


-3v1 = 5v1 – 5v2 + 120


2v1 = -5v2 + 120

At node 2:


(v1 – v2)/2 + 12 = (v2 – 0)/4 – 6


2v1 = 3v2 – 72

Solve to find v2 = 24V and v1 = 0V
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0.35V,=2 or Vy=

Substituting into the original equation for a check we get,

0.5714 + 0.2857 + 1.1428 = 1.9999 checks!
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At the top node, KVL gives

Vo=36 Vo0 Vo-(-12)
T 2 4

=0

1.75V, =33 or V,=18.857V

Pio=(36-18.857)/1=2939 W
Pao=(Vo)%2=(18.857)%2=171.719 W

Pao=(18.857+12)%/4 =238 W.
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We apply mesh analysis and let the mesh currents be in mA.
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For mesh 1,
1248451, I, -4I, =
For mesh 2,
—8+13L, I, 10, ~2I, =0 ——> 8=-I, +13I,~10I, ~2I, (2)
For mesh 3,
—6+15I,-10I, ~5I,=0 —> 6=-10I,+15[,-5I,  (3)
For mesh 4,

—4I, 21, - 5I, +14I, =0 @)
Putting (1) to (4) in matrix form gives

5 -1 0 -4\L) (4

——  4=5I-1,-4I, (&%)

-1 13 -10 -2|L| |8
= —— AI=B
0 -10 15 -5|I| |6
-4 -2 -5 14)5) lo
Using MATLAB,
7.217
L | 8087
I=4"B=
7.791
6

The current through the 10kQ resistoris I=T—I; = 0.2057 mA
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Forloop 2, 0=6i»~2i; — 2 i3 which leads to 0=-i; + 32— i3
For loop 3, 0= 6i; - 2i; — 2§, which leads to 0=-i; — i, +3is

In matrix form (1), (2). and (3) become,

2 -1 -1 6
-1 3 -1fi,|=|0
-1 -1 3 0
2 -1 - 2 6 -1
A=|-1 3 —1=8 Ay=[-1 3 —1=24
F1 -1 3 10 3
2 -1
As=|-1 3 0/=24, therefore ;

-1 -1 o
V1 =2iy= 6 volts, v =2i; =6 volts

2Q
M
2Q +
i § @m§?

Forloop 1, 12 = 4ij —2i> - 2i3 which leads to 6 =2i1—ir—1i3

o
@
®)
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V1= 500(v.)/(500 + 2000) =v,/5
Vo= -400(60v,)/(400 + 2000) = -40v, = -40(v,/5) = -8v,,

Therefore, vo/v,==8
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Letvo=v; +va, Wwhere v and v are due to 6-A and 20-V sources respectively. We find
vy using the circuit below.
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‘We find v> using the circuit below.

20 2 20 240

+ +
1Q 18V
V2 -

1
T+1+4

(18)=3V

Vo=vi+Vy =4+3 =17

>




[image: image7.png]‘Chapter 4, Solution 20.

Convert the voltage sources to current sources and obtain the circuit shown below.

40Q

RS IEORE IR

+i+£:o.l+0.05+0.025:0.l75 —— Rq=5714Q

10 20

Iq=3+0.6+04=4

Thus, the circuit is reduced as shown below. Please note, we that this is merely an
exercise in combining sources and resistors. The circuit we have is an equivalent circuit
which has no real purpose other than to demonstrate source transformation. In a practical
situation, this would need some kind of reference and a use to an exteral circuit to be of
real value.

5714Q

18.285V,
4A 5714Q >
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Transforming the current sources gives the circuit below.

15V .
2Q O 5Q i 4Q
-+

2V 20V

—12+11ig-15+20 =0 or 11i,=7 or io = 636.4 mA.
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Transforming the voltage sources to current sources gives the circuit in Fig. (a).
10140 = 8 ohms

Transforming the current sources to voltage sources yields the circuit in Fig. (b).
Applying KVL to the loop.

-40 + (8+12+20)i+200 = 0 leadsto i = -4

Vi 12i = 48V
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Remove the 30-V voltage source and the 20-ohm resistor.

+ ®

From Fig. (a). Rm = 10[40 = 8 ohms
From Fig. (b). V= (40/(10 + 40))50 = 40V
— W\

The equivalent circuit of the original circuit is shown in Fig. (c). Applying KVL.

30-40+ (8 +12)i = 0, which leads to i = 500mA
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We obtain Ry}, using the circuit below.
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R, =16+20//5=16+

To find Vpy, we use the circuit below.
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At node 1,

5

[(Vi=8)/10] — 1 + [(V1=V32)/10] =0 or 2V, - V2 =18
At node 2,

[(V2-V)/10] +[(V2-0)/5]+1=0 or -V, +3V,=-10

(1)

(2)
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5Vi=44 orV, =88V

Using (2) we get 3V, =88 - 10=-1.2 or V, =—-400 mV.

Finally,

Vi = Vo + (-1)(16) =04 - 16 =-16.4 V




