EECS/CSE 70A Network Analysis |

Homework #3
Solution Key



Problem 1: (KCL, KVL, Ohm’s Law) Find currents i, i,, i;. (10pts.)

Problem 1 Solution
KVL in the left loop:

KVL in the right loop:

KCL in the top node:
Substitute (3) In (2):

Substitute (4) in (1):

4 +2=14i, (1) _ |
4i, +10i3+6=0 (2) 4€) 1'1 40 llz @GV
4i, +10(iy +iy)+6=0 o\ 10Q

. —6-10i;, —3-5i, n
14 7
: —3-3l 1 13 1 1
Ay +2=Ax——= ing (1):  ip=f+==-=o0+== ——A
Using (1)- =1 2 24 2 24
| :_§ :_EA USIng (3) i3:il+i2:—E—i:—EA
17 48 24 24 24 24



Problem 2: Use nodal analysis and find all node voltages and the currents iy, i,, i5. (10pts.)

. 8Q)
Problem 2 Solution
Nodal Analysis by Inspection i e
_ _ 20 I 4Q
KCL at node 1: Vi -|-Vl Va -|-V1 V3 =0 Vl A V2 = V3

50 @ 5\ P (2AIV) v,

node 2 is set by the source: V2 =%V

KCL at node 3: Vs ;Vz + 3V oy g
VsV, VeV
4 8

where Vo =V, —Vs 33V, —5V3 =100) 33V, -5V, =100
~V; +19V, =90 [ 33V, + 627V, = 2970

By using node 2 voltage and rearranging
2(V,-V3)=0 the KCL equations




Problem 2: Use nodal analysis and find all node voltages and the currents iy, i,, i5. (10pts.)

Problem 2 Solution cont’d

Vy =019 4.0av
622

3070
100 +5x —— 27850

V, = 622 /= L 22y 2378V
33 20625

Labeled currents are
V, -V, 5-3.78

=0.61A

I, = Vs Vo = 4.94-5 — _0.015A < CORRECTION
2 4 4 MADE HERE

V-V, 4.94-3.78

== = 0.145A

80)
MW
i -
+ vV, -
502 5V t

(IE
V3

(2AIV) v,



Problem 3: Use nodal analysis and find all node voltages and the currents iy, i,, i3, iy.

(10pts.)

Problem 3 Solution Nodal Analysis by Inspection

node 1 voltage set by the source: V; =6V

KCL at node 2: Y2 ;Vl +V22 +V22 LV Ivs 0

Due to the CCVC at the top branch we cannot write
KCL at node 3. But we can apply KVL through the
top branch v, =v, + 4i,

=V; +4(V3 Ivz)

(4VIA)i,



Problem 3: Use nodal analysis and find all node voltages and the currents iy, i,, i3, iy.
(10pts.)
(4VIA)I,

Problem 3 Solution cont’d )

Let us substitute node 1 voltage and rewrite the two equations

11V2—5\/3:6} VZZ%V:171V

—4V2 ‘|‘5\/3 — 6

_1V, -6 _ 178v —2.57V

Vg ="=2
512
=V 7 _SA_pgea
5 5 7 |
V-V, 18 12 6, ==
1 7 7 7




Problem 4: Write all node voltage equations and put them in the matrix fopm. (You
do not need to solve.) (10pts.)

Problem 4 Solution

(Note that v, Is a given parameter, not a variable of
nodal analysis)

We apply supernode when there is a voltage source
In the branch connected to a node

Vi-V, V-V
KCL atnode 1: —2v, +=2+=-4=0 ()
KCL at supernod

=0 (2)
10 20 10 20 30 10
KVL connecting nodes 2&6: V, -V =3v, (3)

(2AN)v,
%

KCL at supernode(3&5)¥s —V2 Vs =2 , Vs V6 _ (4)
20 20 10
KVL connecting nodes 3&5: V3z—V5=Vv, (5)



Problem 4: Write all node voltage equations and put them in the matrix form. (You
do not need to solve.) (10pts.)
10Q2 20Q
Problem 4 Solution cont’d Vi AW Va V3

KCL atnode 4: Y4a=Y1,Va Va=Vo _4 (g
20 50 10 !

We have 6 unknown node voltages and 6 20€2 - ) Va
equations, now let us rewrite the equations 100 200

(2AN)v,
NS
g
i

AV, -2V, -V, =40v, (1)

—6V; +18V, —3V3 -6V, -9V +8V =0 (2)
Vo, =V =3v, (3) -
—2Vy +V3 + 3V -2V =0 (4)
V3 —V5 =V, (9) MWW
5V, 10V, +17V, =0 (6) = 300 Ve




Problem 4: Write all node voltage equations and put them in the matrix form. (You
do not need to solve.) (10pts.)

V, 10Q V, 20Q) V,

Problem 4 Solution cont’d AW
3 2 0 -1 0 0)(V) (40v, 200 SV,
6 18 -3 -6 -9 8|V, 0 &
0 1 0 0 0 1|Vl |3v ST v, %?Ail 200 v,
0 2 1 0 3 -2V, 0 S
0 0 1 0 -1 01|V v,
1002
5 10 0 17 0 0)lVs) | 0 500 Vol S
MWW
—— 30Q Ve




Problem 5: Use mesh analysis to find all the labeled currents and node voltages. (10pts.)

Problem 5 Solution
Note the annotated loop currents

KVL at loop 1: 4(|1— |2)+5(|1— |3)+2|1=0 (1)

KVL at loop 2: 1.51;+10(1, —13)+4(1,—1,)=0 (2)
where we used i =1,
KVL at loop 3: —4+5(13-1;)+10(13-1,)+8l3=0 (3)

Rewriting all equations

111, -41,-51;=0 (1) 11 -4 514
—51;+281,-201,=0 (2) 5 28 20| 1,
~51; 101, +23I;=4 (3) -5 -10 23 )\ I,

2Q)

"(V/IAG'T)




Problem 5: Use mesh analysis to find all the labeled currents and node voltages. (10pts.)

Problem 5 Solution cont’d

Using Cramer’s rule or matrix operations:

|, =0.2863A, 1, =0.3188A, 1; =0.3748A.
CORRECTION
i, = 1, =0.2863A MADE HERE

Iy =1y -1, =-0.0325A\, = —|, x 2Q + 4V = 3.4275V
3=1,=03188A v, =(I,—13)x5Q+4V =3.5576V

Iy =131, =0.0885A \/ _ |, x80=2.998V
i5 — |3 - |2 20056A
i6 :—|3 :—03748A

N(VING'T)



Problem 6: Use mesh analysis to find all the labeled currents and node voltages. (10pts.)

Problem 6 Solution

I, Vv, I Vv,

Loop 1 current is set by the current source: | =—-3A — —

KVL at loop 2: 30(1,—1;)+40(1,—153)-5=0

KVL at loop 3: 5+40(13—1,)+2013=0 3A @ 30 Q 40 Q 20 Q

Rewriting KVL equations by substituting |, _ ’ .
]

141, —8l3=-17) 421, — 241, =-51 1
81, +1215 = —1[ ~161, + 2415 =2 50 Q‘\ oV Q CI'\
_ _ 3
l, :—5—3A:—2.039A, I3 = 1481y 890 A _ 14421 ' Gz\
26 12 312
Labeled currents and voltages are

g =y ==3A iy =1,—13=—0.597A
o =li—1p==0361A 5 _ | _ 14407 Vy =V, =i, x30Q =iy x40Q -5V = ir x 20Q = —28.8V
i3 — |2 — —2039A




Problem 7: Write all the mesh current equations and put them in the matrix form. You
don’t have to solve. (10pts.)

Problem 7 Solution é
We need to use superloops by-passing the 16V &
current sources, and use the current sources to
obtain equations
KVL at superloop 1&2:
~16+2001,+100(1, —14)+500(1;—13)=0 (1) gy
Current source inside the super loop 1&2:
lL—1,=2 (2)

KVL at superloo
8015 +500( 13— 1;)+100(1, —1,)+120(1, —15)+120( 15— I

Current source inside the super loop 3&4:
I3—14 =41, (4)
KVL at loop 5:




Problem 7: Write all the mesh current equations and put them in the matrix form. You
don’t have to solve. (10pts.)

Problem 7 Solution cont’d
Rewrite all equations

5001, + 3001, —5001; —1001, =16 (1)
lL—1,=2 (2)

5001, —1001,, + 70014 + 2201, — 24015 =0 (3)
A, +1,—1,=0 (4)

~12015-1201, +4901; =0 (5)

500 300 -500 -100 O (1) (16
1 -1 0 0 0 |[l,]| |2
~500 -100 700 220 -240 | I5|=| O
0 -4 1 -1 0 |I,] o0
0 0 -120 -120 490 )\Is) (0



Problem 8: Use both nodal and mesh analyses to solve for all the node voltages and
loop currents. (10pts.)

Problem 8 Solution V, 10Q V, 200 V,
Nodal Analysis

- V1 Vz
KCL at node 1: —3+ =0 3A@ C\ 50) Gz\ 300 <|-3\ ®4V

V, =V V V V, -V
KCLatnode 2: 2—L+21+224 2 3
10 30 5

Node 3 voltage is set by the source: V3 =4V
Rewrite the equation substituting node 3 voltage
ViV, =30 ]-6V;+23(V;-30)=12
—6V; +23V, = 12} 17V, =702

v, =192y 413y
17



Problem 8: Use both nodal and mesh analyses to solve for all the node voltages and
loop currents. (10pts.)

Problem 8 Solution cont’d V, 10Q2 V, 20Q V,
Mesh Analysis

Loop 1 current set by the source: I1—3A® C\ 50) C\ 300 C\ ®4V

KVL at loop 2:  5(1,—11)+30(1,-
KVL at loop 3: 30(|3—|2)+20|3+4=0

Rewrite the equation substituting loop 1 current
351, 3013 =15 | 1751, -1501; =75
—301, +501, =4[ -901, +1501, = —12

I, :@A 0.741A
85

3l 15 _ 0.365A

|3:



Problem 9: Obtain the Thévenin and Norton equivalent network representations as

seen from the terminals a-b. (10pts.) v
2002 3002 <
- AW MWW : O a
1
6V i 8| +
10V X e Y §4OQ V, glz 0Q
ob
Problem 9 Solution I'hevenin source voltage is the voltage across
200 300 =0 a-b terminals, when a-b is left as open circuit
1 0‘ 4 KVL in the left loop: 20i, +6v, =10
: + +Ohm’s Law across 30Q: v, =8i, x30 = 240i,
v, ol 300 ¢
“3 o 20-% 16 3_10 Voo =Vy =2y
- . ——+ 6V, =V, — = =Vy ==
10V OJ 240 X X 12 ab,oc X 73
_ b VTh — @V

73



Problem 9: Obtain the Thévenin and Norton equivalent network representations as

seen from the terminals a-b. (10pts.) v
200 300 %
i A MW AW : O a
y
6V i 8| +
10V X N y §40Q V, glz 0Q
ob
Problem 9 Solution cont’d Norton source current is the current through
across a-b terminals, when a-b is shorted.

v, =0

200 300 N
1 ® KVLinthe left loop: 201, =10
5 9i + g I, =0.5A
# o % y { v, 230Q | |l All the current from CCCS will flow
10V - through the short circuit 1, s =81, =4A
| ol b i = 4A




Problem 9: Obtain the Thévenin and Norton equivalent network representations as
seen from the terminals a-b. (10pts.)

ob

20Q 30Q2
y
10V X = y §4OQ VX§12OQ
Problem 9 Solution cont’d

R
MW O a O a

Vo = Ino =Ry,

ob ob

120
™= 73
INO :4A
\Y; 30
Rno = R == -3
INo



Problem 10: Obtain the Thévenin and Norton equivalent network representations as
seen from the terminals a-b. (10pts.)

Problem 10 Solution
oa

2120

The left-most resistances simplify as
(12021 24Q) +4Q ||| 4Q = [8Q2 + 4Q] || 4Q =
=12Q || 4Q =30

. The 120’s on the right are also in parallel
O

40
LN, 120
2 40z 9VIC
AW «
12Q) T,
MW
30

The circuit is simplified as

o a
302 9v( _ 60
4i,
- “— ob
lo 30
_JVVV\'—.



Problem 10: Obtain the Thévenin and Norton equivalent network representations as
seen from the terminals a-b. (10pts.)

Problem 10 Solution cont’d

o a
l | Let us find the open circuit voltage across a-b
30 9\/@ 60 KVL at left-most loop: -3iy =9 ip = —3A
4i, CCCS current: 4i; =-12A
-— NI ob The current flowing through the bottom 3Q
lo l | —4ig=1+12  resistoris |—4iy=1+12
3Q
KVL in the looped marked by the green arrow: —9+61+3(1+12)=0
9l =-27
| =-3A

The open circuit voltage across a-b is Vv, = 1 x6Q =-3Ax6Q =-18V



Problem 10: Obtain the Thévenin and Norton equivalent network representations as
seen from the terminals a-b. (10pts.)

3Q

4i,

4

3Q

302

6€2

6€2

Problem 10 Solution cont’d
Let us kill the independent source and find the
equivalent resistance across a-b which provides
us with the Thevenin resistance

When 9V source is killed, it is shorted. Then the
ob voltage across the 3¢ resistor (vertical one) Is

O a

Zero, So Il =0
o 2 The current flowing through CCCS is also zero
so this branch 1s “open”
Reg.ab =622 1302 =20
ob



Problem 10: Obtain the Thévenin and Norton equivalent network representations as
seen from the terminals a-b. (10pts.)

Problem 10 Solution cont’d

2120

© @ \We found Thevenin equivalent

40
LN, 120
2 402 9V
AW «
12Q) T
MW
30

a
Rah Vo, =—18V
V1h Ry =2Q
ob
ob
Norton equivalent follows as
o a
Rno = Rrh =202
I i V
INo gRNo Ing ZRLT::—QA
ob




