ECE2A SPRING-2008
Homework#2 Solutions

1.)
[a] Yes, Kirchhoff’s laws are not violated. (Note that in = —8 A.)

[b] No. because the voltages across the independent and dependent current sources
are indeterminate. For example, define v, v5, and v3 as shown:

A

-

+/l'18ﬁ\
+
20v(? v 1 5

Kirchhoff’s voltage law requires

1+ 20 =y

vy + 100 = vy

Conservation of energy requires

—8(20) — 8vy — 16v, — 16(100) + 24v; = 0
or

U1 + 2vy — 3v3 = —220

Now arbitrarily select a value of v5 and show the conservation of energy will
be satisfied. Examples:
If v3 = 200 V then v; = 180 V and v, = 100 V. Then

180 + 200 — 600 = —220 (CHECKS)
If v3 = —100 V, then v; = —120 V and v» = —200 V. Then
—120 — 400 + 300 = —220 (CHECKS)
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[a] Write a KVL equation clockwise around the right loop:
—go + Vo + vgo = 0
From Ohm’s law,
vgo = (60Q)(4A) = 240V, wgo = 30i,,  vgy = 904,
Substituting,
—240V +30i, + 90i, =0  so  120i, = 240V

240V
Thus bp = ———=2A
120
Now write a KCL equatiohn at the top middle node, summing the currents

leaving:
—ig+4A+i,=0 SO iy =4A+2A=06A
[b] Write a KVL equation clockwise around the left loop:
— Uy + Vg = 0 SO v, = vgp = 240V
[c] Calculate power using p = vi for the source and p = Ri? for the resistors:
Dsource = —Voly = —(240V)(6 A) = —1440W
peoe = 4°(60) = 960 W
p3oq = 30i2 = (30)2% = 120W
Pova = 90i2 = (90)2% = 360 W

S Piey = 1440W 3 P = 960 + 120 + 360 = 1440W



3.)

[a] Plot
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From the plot:
Av (125 — 50)
R=—=—-—2%=5Q
Ai - (15-0) °
When 7; = 0, v; = 50 V; therefore the ideal current source has a current of 10 A
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10+ 4 =14 and 5t = —204,
TheI'Ef()re, 10 + 'i; = —4Lg SO Z.ﬂ =—-2A



4.)
[a] Start with the 22.5 €2 resistor. Since the voltage drop across this resistor is 90 V,
we can use Ohm'’s law to calculate the current:
: 90V
12250 = 2950
Next we can calculate the voltage drop across the 15 (2 resistor by writing a
KVL equation around the outer loop of the circuit:

—24UV+QOV+’U]5Q = SO ’U1592240—90= 150V

Now that we know the voltage drop across the 15 €2 resistor, we can use Ohm’s
law to find the current in this resistor:

150V

150

Write a KCL equation at the middle right node to find the current through the
5 () resistor. Sum the currents entering:

4A—-10A+i59 =0 S0 isn=10A—4A=6A

Write a KVL equation clockwise around the upper right loop, starting below
the 4 2 resistor. Use Ohm’s law to express the voltage drop across the resistors
in terms of the current through the resistors:

—u40+ 90V + (5Q)(—6A) =0 S0 v =90V -30V =60V
Using Ohm’s law we can find the current through the 4 {2 resistor:

y 60V b

140 = E =15A

Write a KCL equation at the middle node. Sum the currents entering:
15A—6A—f-gug;=0 SO i—g{)gg:]5A—6A:9A

=4A

150 = = J.OA

Use Ohm’s law to calculate the voltage drop across the 20 €2 resistor:
vaon = (20Q2)(9A) =180V
All of the volta.

11in the figure below:

Calculate the power dissipated by the resistors using the equation pr = Ri%:
pia = (4)(15)2 = 900W  paga = (20)(9)* = 1620 W

psa = (5)(6)2 =180W  paosn = (22.5)(4)* = 360W

Pisg = (15)(10)2 = 1500 W



[b] We can calculate the current in the voltage source, i, by writing a KCL equation
at the top middle node:
i, =15A+4A=19A
Now that we have both the voltage and the current for the source, we can
calculate the power supplied by the source:
pg = —240(19) = —4560 W  thus  p, (supplied) = 4560 W

[c] ) Puis = 900 + 1620 + 180 + 360 + 1500 = 4560 W
Therefore,

Z Pwpp = Z Riis

5.)

[a] 7, = 0 because no current can exist in a single conductor connecting two parts
of a circuit.

B ka 3k

—200 + 8000¢, + 12,000¢, = 0 SO iy = 200/20,000 = 10 mA

va = (12 x 10%)(10 x 1073) = 120 V

5% 1030, — 0B A

(}000?1 — 300[]32 50 Ty = 331

0.64+i+22=0 SO 0.6 +%4 +3=0 thus 11 = —0.15 A

[c] i»=3i; = -0.45A



6.)

[a] 5[[20 =100/25 =4Q
9]|18 = 162/27 = 6 Q

Ry =5+12+3=200

[b] 5+15=20Q

[e]

20|60 = 1200/80 = 15
15+ 10 = 25

95|75 = 1875/100 = 18.75
18.75 + 11.25 = 300

34+5=8Q
8|12 = 96/20 = 4.8Q
48+52=10Q
45+15 =609

5/[20 + 9(|18 +- 10 = 202
20130 = 600/50 = 12

30(|20 = 600/50 = 12

3|6 = 18/9 =24

3|6 + 30|20 =2+ 12 =140
26|14 = 364/40 = 9.1 Q
Ryp=25+91+34=15Q

60|40 = 2400/100 = 24O
24+ 6 =300

30(|10 = 300/40 = 7.5
Rup=15+75+10=100



7.)

[a] vee = (1)(9) =9V
=043 -1 =a A
i =1+3=4A;
Vs = (4)(4) +9 =25V
josn = 20/25 = 1 A;
isp =l tion +in=1+1+3 =054,
Vgon = Uzsq +v3q = 25+ (5)(3) =40V
i =40/40 =1 A
i5)200 = taon ti2s0 +tan=1+1+4=0A
Usjj20Q = (4)(6) =24V
U320 = Vg0 1 Us|zon — 40 +24 =64 V
f3an = 64/32 = 2 A:
ti0n = %320 +igj00 =2+ 6=8A
v, = 10(8) + v3zn = 80 + 64 = 144 V.

Usj20a)®  24°
[b] Pzrmz( M;SQ) = 50 =288 W




8.
[a]

Rdvin RS

IUU = 'L!a —_

b= = Uin
RS R AR DL
When the bridge is balanced,

Ry e Ry m
Ro+ Ry " Ry+Ry ™
R R
Ro + R4 R2 + R3
Ravi, R—'L'Uin
Thus, v, = -
= R R OB o+ R
i 1
= Ry in T
. [Ro + R4 + AR Rc} -+ RJ

R'ivin (_AR)
(R, + Ry + AR)(R, + Ry)

—(AR) Rd?-’in
(Ro + R4)?
[b] AR =0.03R,

_ R,Ry  (1000)(5000)
ke G 0 = 10,0000
AR = (0.03)(10*) = 3000

. —300(5000)(6)

s ——(15,000)2 = —40 mV

- —(AR)Ryuy,
£ (Ro+ Ri+AR)(R, + R,)
—300(5000)(6)

(15,300)(15,000)
= —39.2157mV
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10.)
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