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ECE221 Fall'12 PS 4 Solution
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[a] 11 branches, 8 branches with resistors, 2 branches with independent
sources, 1 branch with a dependent source

[b] The current is unknown in every branch except the one containing the 8 A
current source, so the current is unknown in 10 branches.

[c] 9 essential branches -~ Ry — R; forms an essential branch as does Rg — 10
V. The remaining seven branches are essential branches that contain a
single element.

[d] The current is known only in the essential branch containing the current
source, and i1s unknown in the remaining 8 essential branches

[e] From the figure there are 6 nodes — three identified by rectangular boxes,
two identified with single black dots, and one identified by a triangle.

[f] There are 4 essential nodes, three identified with rectangular boxes and
one identified with a triangle

[g] A mesh is like a window pane, and as can be seen from the figure there are
6 window panes or meshes.

about:blank

P 4.4 [a] There are six circuit components, five resistors and the current source.

Since the current is known only in the current source, it is unknown in

the five resistors. Therefore there are five unknown currents.

[b] There are four essential nodes in this circuit, identified by the dark black
dots in Fig. P4.4. At three of these nodes you can write KCL equations
that will be independent of one another. A KCL equation at the fourth
node would be dependent on the first three. Therefore there are three

independent KCL equations.
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about:blank

Sum the currents at any three of the four
essential nodes a, b, ¢, and d. Using nodes a, b, and ¢ we get

—ig+1i1+i2=0
—11+Z4+Z3=0
i5—‘i2—i3=0

[d] There are three meshes in this circuit: one on the left with the
components iy, 2y, and Ry; one on the top right with components R;,
R5. and Rj3; and one on the bottom right with components Rz, R4, and
Rs. We cannot write a KVL equation for the left mesh because we don’t
know the voltage drop across the current source. Therefore, we can write
KVL equations for the two meshes on the right, giving a total of two
independent KVL equations.

[e] Sum the voltages around two independent closed paths, avoiding a path
that contains the independent current source since the voltage across the
current source is not known. Using the upper and lower meshes formed
by the five resistors gives

Ryiy + R3iz — Raip =0
Rais + Ryis — Ryiy =0
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Solving, v; = 120 V; v, =96V
CHECK:

(1202 ,
Do = = 360 W
P00 10 3

_0p)\2
Pso = (120 3 %) =T72W

. _ — 115 A7
Pgo 30 1152 W

(96
P1200 = 00— 76.8 W

pea = —(6)(120) = =720 W
pia = (1)(96) = 96 W
S Pabs = 360 + 72+ 115.2 4 76.8 + 96 = 720 W

Y Paev =720 W (CHECKS)
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P 4.13 [a]
TR T
128v () v1§ 600 vf 500 ()320v
v
1 —128 v, vy —vs 0
5 60 4 -
Vg — Uy Vo Uy — 320 - 0
4 80 10 -
In standard form.
(1 1 1) ( 1) B 128
te0 1) T2\"1) T
(1)+ (1+1+1) 320
vy | —— ) — = —
A 1780 10 10
Solving, v1 = 162 V; v, =200V
o186 oo,
)
162
b= 5 =27TA
e = M — 05 A
4
200
id = 8—0 =25A
200 — 320
le 0 =—-12 A

[b] prasy = —(128)(—6.8) = 870.4 W (abs)
pazov = (320)(—12) = —3840 W (dev)

Therefore, the total power developed is 3840 W.

about:blank
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P 4.21
20V D
Uy vy —vy vy —20 _
=0 22v; — 6v, = 300
30,000 5000 2000 S0 =2t — b
(2] Vg — Uy Vg — 20 .
1000 + 5000 * 000 ° so —v1+Tvy =20
Solving, v; = 15 V; v =5V
: Up — U2
Thus, i, = 5000 2 mA
P 4.32 [a]
_h‘t’vly dM AM
50) 40 100
128v () Uﬁ £e00 3 £000] N ) 320v
w

about:blank

09/23/2012 10:25 PM



6 of 9

about:blank

The three mesh current equations are:

—128 + 5i, + 60(i, —i.) = 0
4i. + 80(ip — ie) + 60(ic —i,) = 0
320 + 80(¢e — i) + 10i. = 0

Place these equations in standard form:

ia(5 4 60) + ic(—60) + ie(0) — 128
ia(—60) + ic(4 + 80 + 60) +ic(—80) = 0
i2(0) + ic(—80) + 7.(80 + 10) — 320

Solving, i, = —6.8 A; i.=—9.5A; o =—12 A
Now calculate the remaining branch currents:

iy = da—ic=2.TA
iqg = de—ie=25A
[b] prosvy = —(128)i, = —(128)(—6.8) = 870.4 W (abs)
pazov = (320)ic = (320)(—12) = —3840 W (dev)

Thus, the power developed in the circuit is 3840 W. Note that the
resistors cannot develop power!
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P 4.39

i, 7250

i i)
20 %> /“\1 ¢§500

660 = 30i; — 10iy — 15i4

20i, = —10i; + 60iy — 5013

0 = —15i; — 50iy + 9043

iy = iy — i3

Solving, i, = 42 A; ip = 27 A; iz =22 A; ig =5 A

20iy = 100 V

Po0i, = —100i; = —100(27) = —2700 W
. Pooi, (developed) = 2700 W
CHECK:

Pesov = —660(42) = —27.720 W (dev)

5o Y Pie = 27,720+ 2700 = 30,420 W
S P = (42)2(5) + (22)2(25) + (20)%(15) + (5)2(50)+
(15)*(10)
— 30420 W
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P 4.41

about:blank

64 (D) ] v, 400 1
6AY -

Mesh equations:

128i; — 80iy = 240
—80i; + 200i5 = 120
Solving,

i1 =3 A; is =18 A
Therefore,

vy = 40(6 — 3) = 120 V;

vy = 120(1.8 — 1) =96 V

P 4.53 [a] There are three unknown node voltages and only two unknown mesh
currents. Use the mesh current method to minimize the number of
simultaneous equations.
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about:blank

The mesh current equations:

2500(; — 0.01) + 2000i; + 1000(i; — i) = 0

5000(iz — 0.01) + 1000(éy —7;) + 1000i; = 0
Place the equations in standard form:

i1(2500 + 2000 + 1000) + i5(—1000) = 25

i1(—1000) + i5(5000 + 1000 + 1000) = 50

Solving, i; = 6 mA; ia = 8 mA
Find the power in the 1 k(2 resistor:
'ilk = 11 — 22 =—-2mA

pik = (—0.002)%(1000) = 4 mW

[c] No, the voltage across the 10 A current source is readily available from the
mesh currents, and solving two simultaneous mesh-current equations is
less work than solving three node voltage equations.

[d] v, = 2000; + 1000i, =12 +8 =20V
Proma = —(20)(0.01) = =200 m W
Thus the 10 mA source develops 200 mW.

3k >k 5k >k 5k >k 5K >k 5K >k 5K K 5K K 5K 3K 5K 3K 5K 3K 3K 3K 3K 5k 3K 5k K 5k >k 5k K 5k K 5k >k 5k kok >k k

* Prof. Christopher Rose

* Rutgers Electrical & Computer Eng.
* WINLAB

* Technology Center of New Jersey

* 671 Route 1 South

* North Brunswick, NJ 08902-3390

* voice: 732-932-6857 x643

* 732-932-6882 (Fax) *
X
*

http://www.winlab.rutgers.edu/~crose *
sk ok 3k ok 3k ok 3k >k K >k ok >k ok 3k ok 3k >k 3K >k 3k >k ok 3k sk 3k ok K >k K >k 5k >k ok >k ok K K K

¥ %X X X ¥ ¥ X

09/23/2012 10:25 PM



