Chapter 4 —Methodsof Analysis of Resistive Circuits

Exercises
Ex4.3-1
3A
vV, —V
@ KCL at a §a+ 2 _24+3=0 O 5v- 3vz- 18
e ) vV, -V,
Vel @ A Solving these equations gives:
v,=3Vadyvy,=11V
T
Ex 4.3-2
ey KCL a &
Q b
* * Va Va_vb
Y +3=0 0O 3vy 2vg- 12
4 () 34 30 @)4A KCL at &
Vi Va™Vy
. - -4=0 0 - 3v} 5vi& 24
R 3 2
Solving:
V,=-4/3V andv, =4V
v, +10 v,
Ex. 441 2+=2—+-L2=5 [0 y= 30Vandvz 40V

30

EX. 4.4-2 (V”+8)_(_12)+i:3 O w 8Vandvz 16V
10 40

Ex 4.5-1 Apply KCL at node ato expressi, as afunction of the node voltages. Substitute the result into
Vv, =4i, and solvefory, .

B+,

_ U
Vb—4B?H |:| VE 45V
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Ex. 4.5-2 : The controlling voltage of the dependent sourceis anode voltage so it is already expressed as a

function of the node voltages. Apply KCL ate node a.

Ex. 4.6-1

L]

voltmeter

18V@> 8V

Mesh equations:
-12+6i,+3(i, -i,) -8=0 O 9ir 3iz 20

8-3(i,~i,)+6i,=0 O - 3i} 9iz- 8
Solving these equations gives:

|1:1—3A and izz—lA
6 6
The voltage measured by the meter is6i,=-1V.
Ex4.7-1
o EEEE
. @ 1 voltmeter
2a 40 @ 3N
e
Meshequation: 9+3i+2i +4H +3H=0 O (3 2 4)Fr-9 30 =i 2 A
H "aH 9
The voltmeter measures 31 = -4V



Ex 4.7-2

15V
T[]
)
NI ammeter
a
@ 34 o) Q
3
. -
_ . . _ . . =33 2
Mesh equation: 15+3i+6(i +3)=0 O (3 6)F- 15 6(3) O =i <= 63A
Ex 4.7-3
O LT[
— vottmetewo

4.0 3
<f>9v @gpfﬁ @ e}
i=

_ S 3 .
Express the current source current in terms of the mesh currents: Z =i,-1, 0O I3 21+ I,

Apply KVL to the supermesh: =9+4i, +3i, +2i, =0 [ 4% izﬁ 5i 90 9%, 6

0 i, 22 A and the voltmeter reading is 21, 22 Vv

Ex 4.7-4

L]

© ammeter

15V

Express the current source current in terms of the mesh currents: 3=i, =i, 0O i 3 i,.

Apply KVL to the supermesh: =15+6i, +3i, =0 [ 6(3 iz)- i 150 %~ 3

. 1
Finaly, I, = —5 A isthe current measured by the ammeter.
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Ex. 4.7-5

5 s
+ Vg =50 +5i =10i
v leo Sti, | 5 O Protor = (Vap)i =10i% 150
-— 0i=+J15A
= < b
0 ve=  (10Vi5)V
0 i Vap_ @A
100 10
C(Vave) /L L _ 31
KCL ata: {+ip+i=0 O vy =15 6003V
2

Ex. 4.7-6

roush

ip=12A

KVL supermesh:
4i,+8i3+28(i5-12) =0
aso: 2i=ig-i,

9A
12 9=3A

Solving (1) - (3) yields i4
di

Ex. 481 (8) Nodal analysis since the other node is known (= v,);
thus only need one node equation at a.
(b) Nodal analysis since when the circuit is redrawn
(shown below), only one node equation at v, is required
Mesh analysis would require _ Ve

4 mesh currents
O 4 unknows.
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Problems

Section 4-3 Node Voltage Analysis of Circuits with Current Sources

P4.3-1

P 4.3-2

P 4.3-3

Solving givesv; =2V, v, =30V andv; =24 V.

KCL at node 1:
V.=V V. -
— 2+ —==i, O iF 47 A oA
5 20 5 20
KCL at node 2:
V1_V2+i2=V2 RE 0 iz- D4—15E 15-18
5 15 B 5 15

47

KCL at node 1:
V, V,—V -4 -4-
0=+ 2 4 T4, A2 =454 0O E 15A
8 6 8
KCL at node 1:
V.-V, V
2+ 241=0 O 5w vF- 20
20 5
KCL at node 2:
ViV, V, =V,
+2= 0 - 3vy 2vE 40
20 10 VI oV eVs
KCL at node 3:
V., -V v
2_24+1==2 0 - 3v$ 5viy 30
10 15



P4.3-4

Y V=V
1.7 2:0

—.003+

R, 500
iV V2 05 =0
500 R,
When
v; =1landv, =2
—003+++ X =00R: — 1 =2000
R, 500 003+ L
7500
- 1.2 05=00R; — 2 =667
500 R, 005_i
"~ 500
P4.3-5
+ W -
N Vi (VaTVe (VaTVs _ g
550 1 500 125 = 250
_VaTVy Vo~Vs_
. 2s w250 125 00LF 555770
Vi =y N A _Va~V3_ViVs, Vs g
250 250 500
.fD 1mé
coo e T =00 O vg 0261V
p A v,=0337V
vy = 0239V

Finaly,v=v,; -v; =0022 V

Section 4-4 Node Voltage Analysis of Circuits with Current and V oltage Sources

P4.4-1
Va0, Va Va2 g3z 1

a
100 100 100

a

dv,=4V

P4.4-2
—003+Ya*8, Va _go5-¢
500 500
Ovz- 2V

P4.4-3
v,—10 +Va v,—8 _03=0

100 100 100
Ovs 7V
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/ ~ ﬁff Aﬂul% KoL
|

v, +8 N (Va+8)—12 N v,—12 . vV, _

500 125 250 500
Ovz 4V
P4.4-5
—10_6+£ +ﬂ =00 Ry 300Q
100 R; 100 -
P4.4-6
a) need to keep v, acrossR, as4.8<v, <54
moel el =3 o .1A depending on whether activated or not
T T
display is not
KCLata Y2712, V2 4 -0 active  active

R R
Ov,= 48v(1'=.38) & v,= 54V ('=.1A)
assumed that maximum | resultsin minimum v, and Visa-Versa

Now plugin vz'& vz' into KCL egn. to generate 2 egns and then solve for
R, & R, O RF 789Q, R 483Q

b) | - 8 _ oA 0P = (1292)?(789)= 1317 W
leax 789 leax
2
54
I s :ﬂ:lll8A O Py = (54)°_ 6.03W
2max 483 2max 4383
| 15, =1292 A
C) No; if the supply voltage (15V) were to rise or drop, the voltage at

the display would drop below 4.8V or rise above 5.4V.
The power dissipated in the resistorsis excessive. Most of the
power from the supply is dissipated in the resistors, not the display.
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P4.4-7 Label the voltage measured by the meter. Notice that thisis a node voltage.

L]

Ovottmete%

Write a node equation at the node at which the node voltage is measured.

2-v,U v V-8
e 2+ 2mA + =0

Heka 0 R 3kQ

That is

L8kQO oo o 6k

H'm 16
2.3

Vm

(a) The voltage measured by the meter will be 4 voltswhen R =6 kQ.
(b) The voltage measured by the meter will be 2 voltswhenR=1.2k Q.

P4.4-8
v, = 12V

KCLat v Y2 + Y17V _3 = g

4 2
KCLat vy ¥ + 37V2 411-9

3 2
Solving forv,; & v3:v; = 933V

V3 =6V

v = 933-6 = 333V
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Section 4-5 Node Voltage Analysis with Dependent Sources

P4.5-1

_9% Vb
100 200

O vp=+18V; v, =— 9V

vV, =9-v, =0

+(.02)(9 v, )+

P4.5-2 va—4000[ Va ]
—oops Va4 10000 _

10,000 6000
—o02+—Ya +®a — g vz 10V
10,000 6000 —_—

P4.5-3 va—6+ Va  Va=#V, _ 00 v. = 12V
a

1000 2000 3000

= YaNa = _jpma
3000
P45-4 2-v,,
= =2
* 4000
_27Vb , Vo —S(Z_VbJ =00 vg 15V
4000 2000 4000
P 4.5-5
— N/
4 — Apply KCL to the supernode of the CCV Sto get

12_10+14_10—%+ib:0 0 iF- 2A

4 2
Next
| _10—12__1E ) v
2 4 20 O F — 4 —
ri,=12-14 [ - A
2
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P4.5-6

First, express the controlling current of the CCVSin

. \Y
terms of the node voltages: I, = ?2

Next, express the controlled voltage in terms of the node
voltages:

\'
12-v, =3i, =32 Ov5 24y
2 5

S0iy=12/5A =2.4A.

P4.5-7
koL: Yo+ Yx 4 4=0 )

2 10
dso v, =v, -20 2

(1) & (2) yields v, =10V

Section 4-6 Mesh Current Analysis with Independent V oltage Sources

P 4.6-1
° 0 2i,+9(i, —i,) +3(i, -i,) =0
15-3(i, —i,) +6 (i, —i;) =0

@ =6(i, —i;) —9(i, i) —21 =0
30N 9 N

or
14i,-3i,-9i, =0
-3i, +9i, -6i, =-15
-9i, -6i, +15i, =21

i1:3A, i2:2A and|3:4A

P 4.6-2
Top mesh:

4(2-4)+R(2) +10(2-4) =0
soR=12Q.

Bottom, left mesh:
8(4-3)+10(4-2) +v, =0

sov,=-28V.
Bottom right mesh

-v, +4(3-2) +8(3-4) =0
sov;=-4V.
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P4.6-3 ; P
loopa 250 i, +4+100 (i, -i,) = O

loo X2 350 i,-100i, = -4
loopb -100(i, —i,) -4+100i, +8 = 0
-100i,+200i, = -4
24% ia=—20mA , i, = -30mA

P4.6-4 =E= 100 <2

loos
_.{_
= V. loos B

loopl 25i,-2+250i, +75i, +4+100 (i, —i,) = O
450i,-100i, = -2

loop2 —100(i, —i,) —4+100i, +100i,+8+200i, = 0
~100i,+500 i, = -4
i,= -65mA, i, = -93mA

KVL1: 2i; +2(i,-i,) +10=0
KVL2:2(i,-i;) +4(i,-i3) =0
KVL3: -10+ 4 (i3-i,) +6i3=0
i=i, 0 i= 0294A
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Section 4-7 Mesh Current Analysis with Voltage and Current Sources

(a) Independent Sources

iy

:EA
2

75i,+10+25i, = 0 O i, =— 0.1A

P4.7-1
M —————
S0 01 750 loop 1
0sa (M ! + loop 2
ORI CE
N gl
S0 23
P4.7-2
. TS 100 loopa i,
250 § T e 100 7 loopb iy
e = Vv
| a | e c
2 : oA
0.es n(iv . élbUI‘l Mo A
25 200 L
P4.7-3
+ \._.ra —
| — AN AAA—
20 &0

loopl,2 30i, +20i,+10= 0
30(i,-05)+20i, = -10

50i,-15 = -10
ip = 5= 1A
50
v = 20, = 2V
P4.7-4 i, = i,-0.02

250 ,+100 (i ,—002)+9 = 0
Oiz - 02A = 20mA
v, = 100(i, -002) = -4V

~025A
—04A
100(i, —i,) = 100(0.15) =15V



P4.7-5

11[
bv 1o A
KVL mesh iy : —6+4i;+(i; —-i,)=0 O- 6 5 i= 0 (@)

KVL mesh iy (i, —i) ~8+6i,+3(i, ~10)=0 O~ 38 it 10i,= 0 (2

Solving (1) & (2) simultaneoudly yieldsi; =2A andi, =4 A Ovg 1i-ip) = 2V

P4.7-6

L]

Ovottmeter

7 7
1av@> o 5 ) @ %3(1

Express the current source current in terms of the mesh currents:
i,-i,=2 0O iz iz 2

Supermesh: 61, +3i,-5(i,-i,) -8=0 O 6ir 5i3 8iy 8
Lower, left mesh: —12+8+5(i, =i,) =0 O 5iz 4 5i,

Eliminating i; and i, from the supermesh equation:
6(i,-2)-(4+5i,)+8i,=8 O 9ir 24

24

The voltage measured by the meter is: 3i, :33 =8V
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P4.7-7

LT
Y ammeter
50 2.0
Mesh equation for right mesh:
4(i-2)+2i+6(i+3)=0 O 12+ & 1& 00O =i gA

PA4.7-8

KVL around meshi; & i, combined
=3+(iy i)t 4(ig-i,) +i13=0
yields 3—i; +5i, —5i5 =0 (1)

KVL around meshi,
i,=iy +2i,+4(,-i3) =0

yieldsi; =7i,+4i;=0 (2

asoi;—ig =2 (3

Solving (1), (2), & (3) simultaneously yieldsi; = 3 mA

Section 4-7 Mesh Current Analysis with Voltage and Current Sources
b) Independent and Dependent Sources

P4.7-9
+ Vg —
I PW V, = 50i,
QO+, 00 = 50 Jo  —100(0.04(50i,) =i;) +50i; +10 = 00 i; = 0.2A
@ v, = 50i; = 10V
. o . 1.
P4.7-10 Iy = 4|b—|a O = 5 iy

_100(;ia)+200ia+8 =00 iz - 0048A
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P4.7-11 i, = .06-i,
~100 (0.06i,)+50 (0.06-i,)+250i, =0

Oiz 10mA
v, = 50i, = 50(.06-01) =25V

P4.7-12
v, = 100 (.006-i,)
~100 (.006—i,) +J100(.006-i,)] +250i, =0
0 iz- 24mA
P4.7-13

KVLiy: —3+10i; +20(i, -i,) = 0 0 30i7 20i= 3 (1)
KVLi,: 5i,+100i,+20(i,-i;) =00 iz 8i, (2)
Solving (1) & (2) simultaneously( iF 5 ma, iz 3 A
55 220
0 Py t05i and 100kQ =  (5i;) (i, 100(i,)°
- 56/.\(3 3/ V=
= 5965)( 3520)+100(350) = 0.026 mA
= 2.6x10°W
0 Energy in24hr. = Pt = (28 107°)(24 hr)(3600s, )
=225
P4.7-14 (@
Vo, = —gR.v andv = Ry v, O &: - gm
Ri1+R; Vi Ri+R;
b 5x10°)(10°
®) Sohave Yo = —g()(‘g) = -170 Og§ 00374S
vi 1.1x10 T
P4.7-15
d=10 R
R from voltage divider v = v;, —2
: [ 4
Yin * k.  fromvoltagedivider v, = dv R,
= (10)v;, R g R
R;+R, R +R;
q Voo 10R, R,
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Section 4-8 Node Voltage Method and Mesh Current Method Compared

P4.8.1
a Mesh Analysis
Combineloop 1, 3, & 4 into supermesh
2v (¢ i 3 2 (i i,)2 (i3 iy 3ig 2iF O
' loop iy =2, +4i, —i4 +3i, =0
aso: i;-i3=9
2(i1—i2)=vy
andv, =-2i, -3i, (6) Solving (1) —(7) simultaneously yields
i, =i, (7) iy =-1A,v,=5V
b) Noda Analysis
v, =2V
V¢, Vp
KCL at b: 9+0 Ve 1 Cy-B = , = 003vg 2v, = 16 @
form super node around nodes ¢ & d,then KCL yields
Vy—2 +Vd ~2v, VeV _
1 2
with v, = 2-vy, and multiplying above through by 2 yields
2v,+2v +3vy =12 (2)
aso: vy-v, = 3, :3(—"4)5 W 25vE O (3)

Solving (1)—(3) yields

V. =5V andvy = 2vO iz - ?:— 1A

—
Na”

N

~—

N

—_~ A~~~
~

U



PSpi ce Probl ens

SP

SP

SP

SP

4-1 Spice deck corresponding to Problem SP 4-1

V1 1 0 dc 6
RrR2 1 2 3 2
|3 0 2 dc 1 N |
Va4 3 2 dc 3 & /3_\ ‘
R5 3 0 6 a7 A I+ )]
R6 3 1 1 ) A
. END & [ 1 &
| |

NODE VOLTAGE NODE  VOLTAGE ‘ =5 '

( 1)  6.0000 ( 2) 4. 0000 -

( 3)  7.0000
VOLTAGE SOURCE CURRENTS

NAME CURENT
V1 -1.667E-01
V4 -1. 667E+00

4-2 Spice Deck Corresponding to Problem SP 4-2

Vi 1 0 dc 40 100

R2 1 2 220 WA

R3 2 0 150 o))

R4 2 3 330 D) AP A

R5 3 0 75 220 330 @_2

R6 1 3 100 40 150 R v

. END Lo o
NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE

( 1) 40.0000 ( 2) 16. 3950 ( 3) 17. 0570
VOLTAGE SOURCE CURRENTS
NANE CURRENT
Vi -3.367E-01

4-3 Spice Deck corresponding to Problem SP 4-3

Vi 1 0 dc 5

RB 2 0 2K @

RA 2 3 6K O rn— )

R5 3 0 3K 3k &k +

. END 5 2k R W

V=0. 588V o= =—

4-4 Spice deck corresponding to Problem SP 4-4

RL 1 0 2

rRR 1 2 3

RB 1 51 ©

R4 2 0 3

R 2 32

RE 2 51 1a

Vi 4 3 4 3 @

RB 4 01 o AN

V9 4 6 4

RIO5 6 2 20

. END




NODE  VOLTAGE
( 1) -1.2332

( 4)

1.1621

NODE
( 2)
( 5)

VOLTAGE SOURCE CURRENTS

NANVE
V7
V9

SP 4-5
I nput File:

<
=
WRUOONRAWRERO

CURRENT

-6.008E-0O 1
-5.613E-0.1

.dc V1 16 16 1
.print dc I(Vscl)

. end
Qut put :

V1
1. 600E+1

SP 4-6
I nput File:

R1 0
R2 3
R3 4
R4 10
R5 6

3

Vsc?2 1

>

(@]

w
OROFRLOIFLPNNON

.print dc |
.end

I (Vscl)

OO~ woiANOO

6000
3000
2000
2000
8000
dc 16
dc 8
dc 1Im

Vscl 4

1. 684E- 03

1

H
JJOOOOWRFRPOONNO MR

[

=

Vsc2

oo
OO0

Vsc?2
Vscl

VOLATAGE
-1.6364
-1.7154

H
WNRAOOOOOONDMWUINE

%am

NODE  VOLTAGE
( 3) -2.8379
( 6) -2.8379
18V 2 kil
——F—w
2&;1% <>4ixav
9 3kQ
oW
1 mA
hl 8 kil (;)
@ W&
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Qut put :

V1 I (Vsc2)
6. 000+EQO - 6. 706E- 01

SP 4-7 Spice deck corresponding to Problem SP 4-7

RL 102
R2 421
VSC3 140
F3 2 0VSC3 4
R4 2 32
R5 302
16 31DC 3
. END
NODE  VOLTAGE NODE VOLTAGE NODE
( 1) 8.6667 2) 10.0000  ( 3)
( 4) 8. 6667
VOLTAGE SOURCE CURRENTS
NAVE CURRENT
VSC3 - 1. 333E+00

VOLTAGE
2. 0000
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Verification Problems

VP 4-1
1oV
@ Apply KCL at nodeb
Vp~Va _ } + Vp—V¢ =0
40 b 50 4 2 S
a oy AAN < _48-52 _ 1 -48-30
4 2 5
20 L. 3
L

The given voltages do not satisfy the KCL equation at node b. They are not correct.

VP 4-2
5]
Apply KCL at node a
i
bl 2 L2 (Vo*Va)_o.Va = g
4 2
a e <L> 2i, _(20—4)_2+4 o
4 2
2 0 20 #0
L
The given voltages do not satisfy the KCL equation at node a. They are not correct.
VP 4-3
Writing a node equation: voltme ter
F P
[12—7.5] 75  75-6 _ J !
- + = + =0

_ 45,7515

RilRa R,

There are only three casesto consider. SupposeR; = 5kQ and R, =10kQ. Then
_45 +E +E = -09+0.75+0.15 = 0

Rl RS R2
This choice of resistance values corresponds to branch currents that satisfy KCL.
Therefore, it isindeed possible that two of the resistance are 10kQ and the other

resistanceis 5kQ2. Theb5kQ isR.
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VP 4-4

)
=) KCL at node 1:
1A
o VaTVa Vo -8-(-20) 28
20 5 20 5
1 ' '3 Kol atnode2:
—8—(—20):2+—20 -(-6) 12 6
20 10 20 10

-20-(-6 - -
( ) +1 :_6 | _4: ﬁ
10 15 10 15
KCL issatisfied at al of the nodes so the computer analysisis correct.

KCL at node 3:

VP 45
2 0

Topmesh: 10(2-4) +12(2) +4(2-3) =0
Bottom right mesh 8(3—-4) +4(3-2) +4 =0

Bottom, left mesh: 28+10(4—-2) +8(4 —3) #0 (Perhaps the polarity of the 28 V source was
entered incorrectly.)

KVL isnot satified for the bottom, Ieft mesh so the computer analysisis not correct.
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Design Problems

DP 4-1
Simplify to
KCL at nodea: va(1+l —Evb -2=0 @
2 2) 2
1 11 .
at node b: —2va+(2+4jvb—|szo (2

NOW Vi, =3=Vvy -V, O vy 3 3

Plugging (3) into (1) yields: v,=7V & v,=10V

thusfrom (2) get: i;=4 A
DP 4-2

ig=1 = 3A
Supermesh: —v¢+1(i, i) +3(i, —i3) +2i, 0
i, +3i, =18 (2
Combining (2) & (3)yields i,=325A,i;=825A
from (1) v =125V
DP 4-3
G=5S
iy = Gv,
L] = G' l"-rz_ VC = —V2
Gv;

Supernode: v, (G+G) + v, (G+G) - Gv, =iy (D)
aso:v,-v,=8 (2

Combining (1) & (2) yields v, + (8+v,)+5v, =5v;
2v,=5v,; —5v, -8

Ov, =" =0
2

O .5vi bv, =8
soletv, =2V andv,; =18V (one solution)




DP 4-4

5o R a KVLleftmesh: -5+50i + 300(i—1) = O
iy W 'l right mesh: (R+2)1 +300(1-i)=0
4
. 2L . _ 150
Solving(1) & (2)forl O | = —————
Sv(2) (0 4T g()& (2) 1570+ BR

Desire 50mA < | < 75mA

so if R =100, then | = 29.59 mA = lamp will not light

b) from(3) notethatasR{ 1T, sotryR = 50Q 0 | = 45mA (won't light)
tryR=25Q 0 | =61mAl will light
Now check if R+10% will light and not burn out
-10% - 22.5Q - | = 63.63mA| lamp will
+10% - 27.5Q - | =59.23 mA}stay on

@
@

©)

DP 4-5
(LY, R -
'l"Il‘"- T
Y 1 R = R,//R,//(Ry+R,) +
o £ =1 1 2 3 4 -
- ke lOv ©
v, =2 R
10+R
Using voltage divider
10 = R4 1 = R4 (R1||R2” (R3+ R4)) o5
Rs+R, Rs;+R, 10 + (R1||R2|| (Ry+ R4))
on: R, = _R, (125920)
onesolution: choose R;=R, = 25Q - 10 = 250 Ry 184Q

20 10 + (12520 )
& Ry+R, =200 Ry 16Q
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DP 4-6

R, Rz meshi;: (Ry+Rg) iy = Raip —vy =0 D
y i EE"E tp LV,

{vl - R, } {(R1+R3) Vl:|
from(1) & (2) get: i, = V2 (Re*Ra) i, = R V2
A A

where A = (R;+R3) (R, +R;3) R4’

Nowif R; =R,=R;=1K where K represents 1000
then A = 4-1= 3K

[2v;-Vv,] K i _[F2v,+vy] K

sowe havei, = , i,= -
3K 3K
O i=ir _V1itvy ifvi=v, =1V [ I=/3mA okay
P 3K if v,=v, =2V [ i=43mA okay

iy t2i,=2i,+2i;2i,+2i;=0
Substituting solve for g : g=4



