Spring, 2007

EECS70A / CSE 70A Network Analysis 1
Prof. Peter Burke

Homework # 2 solution

Q1. Considering that electric potential is defined as line integral of electric field,

Kirchhoff's voltage law can be expressed equivalently with equation:

j{E-dl=U,
C

Which states that line integral of electric field around closed loop C is zero.

Q2. Problem 3.1: (Using Nodal Analysis)
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Apply KCL at node 2:
(Va-V) I 1KQ + (Vo2 = Vi) 1 2KQ + (V2 — V3) [ 4KQ =0

(Vo=9-Vp I IKQ + V5 /2KQ + (V2 =6 = V,p) | 4AKQ =0
Vo=V =6V

Sl

L= (Vo= V) 1 2KQ=3x 10" A=3 mA

Q3. Problem 3.2: (Using Nodal Analysis)
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Voltage atnode 1, V; — V=9V

Voltage at node 3, V3 — V,,y= 6V

Apply KVL to node 1:

Vill0 + VoIS + (V- Vo)I2+ 6 =0
2V,-V,=-20 ---- (1)

Apply KVL to node 2:
Vi-V)I12+6+3=V,/4

2V, -3V,=-36----(2)



Eqgn 1 -eqn 2,
2V, =16 ©—> .. V=8V
= .. Vi =-6V
Q4. Problem 3.3: (Using Nodal Analysis)
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Apply KVL to the non-reference node:

Vol 10+ Vo /20+ Vo /30+ Vo/60+2=10
6Vo + 3Vo + 2Vo + Vo =480

.~ Vo=40V

Apply Ohm’s law:
L =Vo/10=4A
L=Vo/20=2A
I3=Vo/40=133A
I,=Vo/60=0.67A

Q5. Problem 3.4: (Using Nodal Analysis)
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Vref
Apply KVL to node 1: Apply KVL to node 2:
Vi=Vip) I 5+ (Vi =Vip) 10 =4 +2 Vo=V I 5+ (V2=V,p) /10 +2=35
S (Vi=Ve) =20V Vo=V =10V

Apply Ohm’s law:
L=(Vi-V.p)/5=4A
L=(V;-V.p/10=2A
L=(V2-Ve)/10=1A
L=(V2-V,/5=2A



Q6. Problem 3.5: (Using Nodal Analysis)
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Apply KCL at supernode:

(Vi=Viep) 1 2KQ + (V2 = Vi) I SKQ + (V3 = Vip) 1 4KQ = 0

10V, +4 V2+5V3—]9V,€-=0 E— @

V3—V1 =30 ---- @
Vi—Vy=20 ---- (3)

Substitute eqn 2 and 3 into eqn 1, we’ll get
V3 — Vref = VU =20V

Q7.Problem 3.6: (Using Nodal Analysis)
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Q8. Problem 3.11: (Using Nodal Analysis)
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V=12V

Apply KCL at the supernode:
Vo-12)14+Vo/6+V,/2=0
3Vo-36+2Vo+6V,=0

5Vo +6V,=36 ---- (1)

Vo-Vo=10 ---- (2)
. Vo=873V
V=36V
V,=-12V

Apply KCL at the supernode:

(Vo-36)/1+(Vo+12)/4 +Vol 2=0
4Vo- 144+ Vo + 12+ 2Vo =0
TVo =132 ==.- Vo = 18.86V



Power dissipated in 1Q2 - resistor: P = (Vo - 36)2 /R =(18.86 - 36)2/ 1=2939W
Power dissipated in 2 - resistor: P = Vo> /R = 18.86* /2 = 177.8 W
Power dissipated in 4Q - resistor: P= (Vo + 12)* /R = (18.86 + 12)*/ 4 =238 W

Q9. Problem 3.13: (Using Nodal Analysis)
P Jay — — — — — Apply KCL at supernode:
7, 2Q!3 2 (Vs- Vi)l 2+ Vy/4=3
L

V3- V=2
80 2
Applied KCL at node 1:
(VJ-Vg)/2+V1/8=O

I

Solve the three equations simultaneously, we’ll get:
Vi=8Vand V,=8V

Q10. Problem 3.14: (Using Nodal Analysis)

V= V= 40V
Vref_ V3 = 20V

Apply KCL at node 1:

20V Vi=V)I1+(V;=V3)/2+5=0
Apply KCL at node 2:
Vo=VI)I2+ (Vo= V)4 + (V2-V3)I8 =5

Vref

Solve simultaneously, =—> ..V, —V,,=V,=18.24

QI1. Problem 3.15: (Using Nodal Analysis)

Apply KCL at node 3:
3(Vs;-V3) =442 =6

Vi-V,=10

Apply KCL at supernode:
6(V1—Vref) + S(VZ—V,eJ) +3(V-V;3)+2=0




Solve the equations simultaneously, we’ll get:
2 Vi=Vip =491V

Vo=V =-5.09V

V3=V =-3.09V
cdo=5.(Va-V)=2945A

Power dissipated in each resistor:

% Pesuresisior = 6.(Vi = Vi) = 144.6 W
Pss resistor = 5.(V2 = Viep)” = 129.6 W
Pisresisior = 3.(Va—= V3)* = 12 W

QI12. Problem 3.18: (Using Nodal Analysis)

10V Apply KCL at supernode:
’(ld-—-;\ (V3—V2)/2+ (V]—Vg)/2 +V]/4 +V3/8 =0
AN (Vs—V)=10V
20 4 20 Apply KCL at node 2:
"W —T13 (Vo= Vi) 12+ (Va=V;)/2=5
Solve simultaneously, we’ll get:
400
g A 280 V= 10V
V,=20V
= Vi=20V

QI13. Problem 3.19: (Using Nodal Analysis)
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Apply KCL at node 1:
Vild+(Vi=V)I8+(V;-V3)/2+3=5
Apply KCL at node 2:



Vo=V I8+ (Vo=V3)/4+V,/2=0
Apply KCL at node 3:
Vs=V)I2+(V3=-V)/4+(V3-Vy/8=3
Voltage at node 4:

Vi=12V

Solve the equations simultaneously, we’ll get:
S V=10V

V>,=4933V

V;=12.267V

Q14. Problem 3.20:
F—— — — =— - — — | Apply KCL at supernode:

12V
| Q : Vil4d+Vy/1+V5/4=0
| ./
| . '
2 Vi-V;=12
Ll B 20 3]
| + S AN nli-! Vi-Vy=2i
i e B Vild=i
Filg! 10 é 4 Solve simultaneously, we’ll get:
V] =-3V
= V,=45V
V3 = —15V
QI15. Problem 3.25: (Using Mesh Analysis)
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Apply KCL at node 1:
Vi=Vo)l1+(V;-Vy)/120=4

Apply KCL at node 2:
Vo=V)I1+(V2-V3)/10+V,/8=0
Apply KCL at node 31:



(V3—V2)/10+(V3—V4)/10+V3/20=0
Apply KCL at node 4:
(V4—V])/20+(V4—V3)/10+V4/30=0

Solve equations simultaneously, we’ll get:
Vi=2552V
V,=2205V
V;=14.842V
V4=15.055V

Q16. Problem 3.35:

Apply KVL to mesh 1:
30V 20V + -30+20+(i—i2).(5k)+i;.(2k)=0
éau{ﬂ 2 Apply KVL to mesh 2:

=20 + (i2- i7).(5k) + i.(4k) =0
2KQ BHO

Solve equations simultaneously, we’ll get:
A 1= 5 mA
ig =5mA

2 Ve=4KQx i, =20V

Q17. Problem 3.36: (Using Mesh Analysis)
10V

Apply KVL to mesh 1:
124+ (i;—-i2).6+i;.4=0
Apply KVL to mesh 2:
10+ (i—i)).6+i2.2=0

Solve equations simultaneously, we’ll get:
~i7=0.818A
ir=-0.636 A

Vo=6.(i;—12) =8.73V



Q18. Problem 3.44: (Using Mesh Analysis)
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Q19. Problem 3.51: (Using Mesh Analysis)
S5A

AN LA
10
. 20V
j1 a b
40V
=

2Q2
28
|
12V<J_P'/\Dézn b jmz20

Therefore, Vi =i3.2=6V
V2 = 122 = 6 V

Apply KVL to supermesh:

124+ .5+ (G—ip).1+(i3-i)4=0
Apply KVL to mesh 1:

6+ (i;—i3)4+(i;—12).1+i,.2=0

i3—i2=3

Solve simultaneously, we’ll get:
~ip=-1.33A

ip=-3.07A

i; =-0.07A
cle=Dh—i;=-1.73A

Apply KVL to mesh 1:
40+ i1+ (i—i3).2+(i;—i2)4=0
Apply KVL to mesh 2:
20+ (i— i) 4 +,.8=0
i;=5A
Solve simultaneously, we’ll get:
~ip=10A
ir=5A
Vo =(i1—1i2).4 =20V

Apply KVL to mesh 1:
12+ (@ —i3)2+ ((;—12).2=0
Apply KVL to mesh 2:
(I—i3).2 + (i—i)).2+ 1.2 =0
Apply KVL to mesh 3:
(I3—1).2+ (i3—1)).2+13.2=0
Solve simultaneously, we’ll get:
ip=6A

ir=3A

i3=3A



Q21. Problem 3.68: (Using Mesh Analysis)
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Apply KVL to mesh 2:
(ig— 13)20 + (ig— 11)40+ (iz— l4)10= 0
Apply KVL to mesh 3:

(13— i2).20+13.25+ 24 =0
Solve simultaneously, we’ll get:
ci=212A

i;=041A

Therefore, V, = (i;—i3).20 =342V

Q22. Problem 4.33: (Using Thevenin’s Theorem)

@ 1002
AN o1 Voltage divider:
20V Vi = (40Q / (10Q2+ 40Q)) x 20V = 16V
é 400
To find Ry, replacing the voltage source with
DL a short circuit: Ry, = 40Q 1| 10Q = 8Q
®) 600
ANV Apply KCL at terminal 1:
+ l'] Vi /302 + (Vi —30) /60 =2
N 3002 T2 Sy Vm=50V

To find Ry, replacing the voltage source with a short circuit and a current source with
a open circuit:
.~ R =30Q 11 602 =20Q



Q23. Problem 4.34: (Using Thevenin’s Theorem)
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To find V,, apply KCL at node 1:
Vi-40)/10+V1/40+ (Vi1 =V /20+ 3 =0
TV, —=2Vy =40

Apply KCL at terminal a:

(Va—=V1/20=3

Ob

Solve equations simultaneously, we’ll get:
Vi =32V

To find Ry, replacing the voltage source with a short circuit and a current source with
a open circuit:

.~ R =20Q +40Q [ 10Q2 = 28Q

Q24. Problem 4.39: (Using Thevenin’s Theorem)

3A
to meshl:
() Apply KVL hi
I\“:/ 24 +07.10+ ;.5 + (i;—i2).10=0
i
g i=-3A
10£2 1642 . ,
AN AWV O a Solve simultaneously, we’ll get:
10£2 50 i =-024 A
i
|
24V Q V=216 +0.5=-492V
Ob

To find Ry, replacing the voltage source with a short circuit and a current source with
an open circuit:
.o Rp=16Q + (5Q 11 (10Q + 10Q2)) = 200



Q25. Problem 4.45: (Using Norton’s Theorem)

?ﬁ?ﬂ‘ oa To find Iy, short terminals a and b:
~In=2A
a4 602 1; %49 To find Ry, replacing the current source
with an open circuit:
Ob

.~ Rn=4Q 11 (6 + 6Q2) = 3Q

Q26. Problem 4.52: (Using Thevenin’s Theorem)

3k
lfo o2 10:6V/3kQ=2mA
6V 207, 22kQ Vi = 201, X (2kQ) = -80V
O b
To find Ry, replacing the voltage source with a short circuit:
.~ Rp =2kQ

Q27. Problem 4.72: (Using Thevenin’s Theorem)

(a) To find Vi,:
Apply KCL at node a:
I60. from node a to node 2 = 2A
Apply KCL at node 2:
I1o=0A
Apply KCL at node 1:

I2Q, from node 1 to node 3 = 4A

Vi =12+ 8 +20=40V
To find Ry, replacing the voltage source with a short circuit and a current source with
an open circuit:
~Ru=2+4+6=12Q

(b) When Ry = 8Q:
Currentin R =40V / (12+48) =2 A

(c) To have maximum power deliverable, R, = Ry, = 12Q

(d) Prax = Vin> / 4Ry = (40)* / (4 x 12) =33.3 W



Q28. Problem 4.75

R
To find Ry, replacing the voltage sources
—I__ ’LE"L; g_ with short circuits:

1V R .~ Rau=RIRIIR=R/3
To have maximum power, Ry = Ry, = R/3
2v eR
3V
b Apply KCL at node a:
{— V- DIR+ (Vi -2))/R+ (Vi -3)/R =0
V=2V

.~ To have Ppax = 3 mW, we’ll set Pax = Vi / 4R = (2)*/ (4 x R/3) = (3/R) = 3 mW
-~ R=1kQ

Q29. Problem 4.94:
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To find Ry, replacing the voltage source with a short circuit:
Rin =R I Ry +Ry) = 100

Vo=R,.V,/(R,+R,+Ry)
Vo/Vg=R,/ (Ry+R,+Ry) = 0.125

Solve the equations simultaneously, we’ll get:
S Rp=1143 Q
Ry =700 Q

(b) Given R, =50  and V, = 12V
I=Vu/Rpn+Rp)=Ve/Rp+R)=0.125V, / (R + Rp) =0.01 A



