Chapter 5 Circuit Theorems

Exercises

Ex531 R=10Qandis=12A.
Ex532 R=10Qandig=-1.2A.
Ex533 R=8Qandv;=24V.
Ex53-4 R=8Qandvs=-24V.
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Ex. 5.6-3 [ 12x24  12x24
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EX.5.7-1  Findv,
From voltage divider
“ 3 z + e 6
f u = RS =
b ae Voe = 18V (6+3) 12v

Find R (short 18V source)
3 2 & R,=3pb+2=40

% 40 =+ %
OThev. equiv ckt O [ Ve, 2L

For max powertoR, 0 R, =R+=2 [0 P = = —— =9W
p L L T EHaéL RL 4 —
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Ex.5.7-2  Findig ) From current divider
5.6k slsn=1en Y Lac iSCZS.GA( 25 )
25+3
- i =5A
as é 2 e
Find R, (open 5.6A source) Ry=25+3 = 28Q
AT

O Norton equiv. ckt = SA ? % i Bl {l Ao

2

Formaxpower R, =Ry =28Q O P = (i )°R= (52)° (28) =175W
max L



Ex.5.7-3

[Dv

Now for V| to be maximized, R; must be minimized

O chooseR; = 1Q

P = = 13.9W
L e 5 -
Ex. 5.7-4




PROBLEMS
Section 5-3: Source Transformations
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(b) ~9-4i —2i +(-0.5) =0
4+2
V= 9+4i = 9+4(-1.58) = 2.67V

(© i,=1i=-158A

P5.3-2

KVL: —10+3i, +4i, 3 =O OiFz 219A
P5.3-3
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Section 5-4 Superposition

P5.4-1
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P5.4-2  Consider 6A source only (open 9A source)

From current divider:

15
15+ 30

D
1-E41 0 100 A 215 V1/20 - 6|:

}D vE 40V
+v.-

Consider 9A source only (open 6A source)

Current divider
Lot 94 &
Lo v,/20 = 9 10 O v 40V
10 + 35 -
+ oy, -

Ov=v¢# vz 40+ 40= 80V

P5.4-3 Consider 12V source only (open both current sources)

e KVL a: 20i; + 12 + 4i, + 12, = O

25 kL i IZk& 0z - U3mA
= T —




Consider 12mA source only (short 12V and open 6mA sources)

il From current divider
o AmA, 2 e . 16 4
H = = —mA
€=tz 2 =3 [16+2o} 3
Consider 9mA source only (short 12V and open 12mA sources)
4 Koz )
From current divider
2ok | iZkg 9 mA i, = _9[ 12 ] - _ama
24+12

13
Oi=it i iy — U3+4/3 3=—2mA

P5.4-4  Consider 30mA source only (open 15mA and short 60V sources)

Ak ) gk
sy 1 e
L,
Current divider O | = 30(2) = 6mA
2+8

Oi; =1 (Lj = 2mA
AR+12 -
Consider 15mA source only (open 30mA source and short 60V source)

oo N

zhn{ Fé:):——[ %E:ﬁ R D, 4 '! 4 kL1

Current divider O | = 15(4) = 6mMA
4+6
0i,= I( 6 ) = 2mA
6+12 —

Consider 15V source only (open both current sources)

4k o ]Sv A% o AT = Zfﬂémn% 12s8
dia

Fd ¥+ .
NN

From current divider

i = -zs( 6//6 ) -10( 3 ):-5mA
8 "\ 6//6+12 3+12 :

Oi=if iy ig=2+2 5=35mA

Continued



P5.4-5 Consider 10V source only (open 4A source)

KVL 1st mesh a:
Z .
‘M {Vxlj.yl{vxl—| } =0
3 3
-3 U;I "ul'-.-. -ﬂ_ Iﬂ'o,l'
vX =15, (1)
KVL 2nd mesh a: 5(ix —vy4/3) + 10+ 5ix =0 2

Solving (1) and (2) simultaneously O Vs 1oV

Consider 4A source only (short 10V source)

4L ‘E‘:tl 241
¥ + ‘u’;:__ 3 + U"I.-
Y, 44 SE f5 S 2%, LIn 14 oz

: e % _( )D 2 o _
Using current divider: 3 - 3/2v,(2 4 +3+5/2E a Ve 16V

Ovg veh V= 16 16= 26V

P5.4-6
KCLatb:i+6i;,-2 =0
0 i, =18 1/6i L
KVL around left lower mesh:
1(,+i)+3i; -1=0 2

Plugging ()into (2) O i = 1A

P5.4-7  Consider v, source only

EI- HE.J. R
Voltage divider : v' -V, —2
Ra “ 2{R2+R1||RJ

vV o= —v Ry(R1+R3)
| RjR,+R,R;+R,R,

Ve

E

Consider v, source only

vider v RylIRs
Voltagedivider V" = vj| —=——
K R2lIR3+R;

T vt " RZ R3
! RiR;+R1R3+R5R3

Consider i, source only
v''"" = 0 since no current flows through
£, ﬁ K Rz R andR,

el
ViR,R3-V, (R (R +R3))
R;R,+R;R3+R,R;

[l

Ov=v+v'+V" =




Section 5-5: Thévenin's Theorem
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Ca)

3() O
@ 24 30 60 34
o
. . . O
AV VAV,
3() o

@ 1A 20

b
o O
—AAA—AAA—O
2 01 30 o
(L)ev
b
O
nAVAVAVann®.
50 o




P5.5-2  Use source transformations

b Zavw 4.0
AN & s a
i/ Zov 40 % &
—r
1 ﬁﬁ =¥ s 3 A ¥ b
ub L=}
v oLa 2oy 44 4 v
a wr 1= a
(e 2lon 5 Av b
ﬂ L=
4 5a Wy 44l U Ry = 10Q
a e _
24, il ¥ Voo = —24V
[ty
b b
P5.5-3 Use source transformations
z

1
Ly
iz s i - I i E
Fah S S 31 J*?M? !% %1 4 Thev. equiv.ckt

P5.5-4  Find Ry

20
Y ————
i
] pa
6 4 = — KT
« fr 14
20(2+24
R, = 202724 _ 4615
20+2+24 -
Continued
Find vy: 26 Vo = 20, +4i,
z * meshi,: —6i, +10i, -61 = 0 (2
JEOREPY 2 Vr = Voo 2 ~6i, #1061 = 0 (2

—
=

Solving (1) & (2) yidlds:i; = 15A,i, = 7A
O vy 8 286 31V




P555  Find v,

KVL around 1st mesha: =50+2i, =20 +4i, =0 O i,= 7O(A
KVL around 2nd mesh a: —4i, +20+10i, +v,, =0

O ves - 90V
Findig,
KVLi, mesha: =50+2i, —20+4(i, -ig) =0
Sov 6i,—4iz-70 =0 (1)
KVL iy mesha: 4(ig—i,)+20+10i, =0
6i,+4i+20 =0 (2
Solving (1) and (2) simultaneously 0 ig ~ 49,A
0 R= i—"cz 8Q Thev. equiv.ckt :
” €
Qo L ¥
b
P5.5-6
For v,.: 5 Ew.

Vs™Voc

[falaNr
o O iy =
A 100
A 9, By, KCL at termina &
- 1 1

: © b 100(VOC_VS)_9[100(VS —voc)}llovOC =0
U Vor %vs
Use current source at a-b to find Ry:
o> loog = Vo
[——m T . 100
q'.hé 04 ufhél‘){ KCL : 1éovab—9[1;0(—%,))}110vab -i=0
o Di:%vabDRrr 1[“& 50
So Thev. equiv. el
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P5.5-7
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(b) Let Rl = R2 =1kQ. Then

625Q =R, :%

and
d+1 -
5:( )V, 0w 0.4+2
d+2 —0.4+1

5 1333V

Vv, +Ryi, +(d +1)R,i, =0
V,

S

i =— s
R +(d+IR,
(d+1D)R,v,

VvV = - @

* R+(d+1R,

i :k
a Rl
= (d+)i, ={9Hv
V.
=i, —di, +—L—i; =0
R, '
Ri, =V
= ()Yt SRR,
Rl RZ Rl RZ
_Vr_ R R,
R="T=—fp 2
i R+(d+)R,
¢ 29 2 04aA
625



P5.5-8
Since no independent sourcesv,. =i, =0 O apply test source

401 vy bal
-!--Ur -
2y b2 Vp= v
a 'TL V=v1+vt
—— *

-3
KCLatV: (V évl)/ﬂ%ﬁ% =0 & withV=v, +1 sov, = —2A

= = = ﬁ: i:
now iy = — ﬁ 0 Ry . % R
P5.5-9 R
"?Jc VE R M
2000 .
w P \b L: 6= 2000+R, Vq (line1)
4000 .
1+ 2= 2000+R, vy (line2)
Vi C@ V=R
— 0 ve 12V and R= - 1600Q
When R = 8000, V = %12 = 15V
P5.5-10 Q
L
1:}. . .
vl o
T  ReRy
V.
V, 0.004 = 1 1
+ v R 2000+R, @)
l 0.003= — "t )
4000+R,
\_-'.'}-—

S0 v, = 24V and R, = 4000Q

(@ 0.002= 24 0 R =80
R+4000 —— —
(b) whenR=0theni= 24 =6 mA

4000 —




Po5-11 From the graph, whenv, =v=00 i=ig

20 mA

when =0 Ov=vg - 3V
ORy=Ye= 3V o _i5k0=-1500
i  20mA —
Thev. equiv. ckt = Iy é - {Sp
P5.5-12 oo Zooo ‘:’a,
NS
[ loco

~12 +6000i , +2000i, +1000i, = O
i, = 4/3000 A

v, = 1000i, = gv

oo 2600 §,

V¢

12 lpoo

~12+6000i, = 0 O i= 2mA
v 4

R, = -t = 3 =670

T i, T 002

1

T
bl R?b

Wi

Oiy=

0.002 requiresR = 0000 667= 0

o
(@}
N

a
b
{2
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E,;L \‘f(:
Ve
ia
4
iy = 3
667+R




P5.5-13

1) disconnect R, 4t a
o zn Vb O vi= vg= - 2i = 20V
L -
[
2) setindependent source = 0 and place 1A sourceata — b
. 4 KVL: =vgy —4i+2i = 0, i = 1A
t Ovs - 2A
o 1A OR= Vg/lA= - 20

3)

W O L
-20V @9 R

P5.5-14

When the terminals of the boxes are open-circuited, no current flowsin Box A, but the resistor in Box B
dissipates 1 watt. Box B is therefore warmer than Box A. If you short the terminals of each box, theresistor in
Box A will draw 1 amp and dissipate 1 watt. The resistor in Box B will be shorted, draw no current, and
dissipate no power. Then Box A will warm up and Box B will cool off.

P5.5-15 e = = e
- ]
Redraw ckt as: v ' Since points A & B are at same
oL ! potential, virtually no current
i exists between A-B O open ckt.
]
i
v £, FindRy : kill v source 0 R= Ry|R7= R;R,/Rt R,
(-1
il . _ - _ R
5] u.._.__ Findv,. : voltagedivider v, = VCC(R1+2R2]

Fr

RZ
can replace above ckt as: where vy, = V| =5
R;+R,

Vee = ReRy
T R,+R,




P5.5-16

(a) Since there are no independent sources, apply test source

* Vi Jbﬂ-u'_'ﬁh We
Lt (2t A58 L =i+ YV +(Vpe Ve)/1000 = 0

4o KCL at vy,
t "é '"'l-;ﬂ%”* é’;iau.,,_ ook, 1-1000i, +501v,, ~v, =0 )

KCL at V¢ 1 (V¢=Vpe)/1000+50V, +V/100 = O

! 11v_+50000v,, = 0 2
also (1-vpe)/1=i, (3
Solving (1), (2), & (3) smultaneoudy yields i, = 3.35mA
0 R Y= — Y o 299k0 = 2990
i, 3.35mA
(b) Apply test source KCL @ Vi Vipo/ 14+ Vi 2+ (Vo =v,)/1000 = O
Ve JocoK 1 10501v,, = v, )

Ak 7k W U{ Lf < en KCL at v, : (V{=Vpe)/1000+50Vy, +Vv, /100-1 =0
| 11v,+49999v,,-1000 = 0 2

Solving (1) & (2) yields: v, = 63.5V
ORyF Vi/i= 635V/1ImA= 635kQ

Po5-17 When 0<V <V, ,it worksasa pure ressor
Jitwi u
i} P Ve/Tp

Vo/l, Voo =0
When V,<V<V,,, itislinear but shows negative resistance characteristic

U'J/IJ

|=O=
R = Voc
ISC
Ve-Va

When V, <V<V;, itislinear

0V, v||0- 2
v V=V, -

R= —° = AN ——
|$



Section 5-6: Norton's Theorem

P5.6-1

P5.6-2

S P

67



KVL ai,: —15+i,(6+4) +2i, +3i, =0
Oiz 1mA

P5.6-3 Find v,

KVL aiy +ig: —15+2i, +10(i, +ig) +3i,
. + 15+ 15if 10iz O 1)
L, . . )

KVL aig: -3iy +ig =0 @

Solving (1) & (2) simultaneously yields : iy, =1mA
DR Ye= 3 o i o
in i 1 Norton equiv. ckt. (mA kgL

1 . b

by inspection i =0
from left mesh: v;= 3(1/3) = 1V

fromKVL a: -v, +4i,q +v,. =0
Ovg vr 4052viy - 9V

Findig,

E.HJ'JI -
NS

fromKVL a: -v, +4ig +10v; +5ig, =0
09w %ig O )

from KCL at P: —%+i31+i$:o @ (& (2)yidds
1

OR:= Vo 9 -18Q Norton equiv. ckt: igc= A
= 1 —

> &

t
= A -4

2

b
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Section 5-7: Maximum Power Transfer

P5.7-1 M

lrL
LR -~ Rr=1010=R,

(b) el L

1A [EJ oo I %EL—JDIJT. = lﬂ-l-‘L

p_=v2/100= (50)°

101 = 2475 W
P5.7-2
(a) Use source transformations to reduce ckt.
Yig
Aol 5,:‘1% . ZomA
Norton equiv. where R = 60Q [OwantR,= 60
(b) P, =i3(R) = (30)?(60) =54,000p W= 54mW
P5.7-3 V, = Vg —RL
Rs+R,
2 2
O PL: LIT LLZ
RL (Rs*+Ry)
By inspection, P.is max when you vary Rs to get the smallest denominator. [ set R,=0
P5.7-4

FindR; usngR; =v /iy Firstfindv,

Iy = P )
§’f i KCLaP: -i,-9+10i, =0 O iz OIA
o ?m.u
7. [O4A o< 0 vg 3(10i 3 3V

KCLaP: -i —9+10i, =0 O iz 0IA

—

Oig 10ix 1A
lec o = v 2 _ (19 p—_—
Lo R, 3

OR#F Vo /i 3= R, for max power 3 R.;_=3.ﬂ_

69



P5.7-5
@ For max power R, =R;. Firstfindv,. :

KVL aiy:
0 6ir 25 4vy 4lg 0 (1)

+ 2, +10iz vz O 2
©)
@

KVL ai,:

aso v, =4i,
and v,.=6i,
Solving (1), (2), (3), & (4) yidds v, =,

KVL ai; : = 4ly +4i; +4v, +2 (i; —ig) =0

Findiy
184 Ao— . 06 2ig 4vy 4l5 O )
a4,® ¢, *xe o Ve \fl“ KVLai, : 2i +4ig +2(ig, —i) =0
4 O- 2t 8z O )

dso vy, =-dig. (3)

Solving (1), (2), & (3) yields =24 g ORs %& 30= R,
- SC

P5.7-6
el
Ry =8+(20+120)||(10+50)

Prax = V'ZI'/4RT 208
Find Ry O kill i source _ 500

(toa
find v:
i _ 120+50
1o 120+50+20+10
= 17A
Ovyo = 10(17) =170V
V& Vg Vg = 176 150 = 20V

Voo = 50(17-20)=-150V [
0P 20= 2w
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PSpice Problems
SP5-1

Input file
Vi 1 0 dc 12
|2 2 1 dc 2
R3 2 0 2 result V(4)= v =4.952E+00V
R4 2 3 1
R5 1 3 2
R6 3 4 1
17 0 3 dc 4
R8 4 0 2
.dc V1 12 12 1
.print dc V (4)
. END
SP5-2
(1) Input file
- - R1 1 0 2
12 1 2 dc 2
R3 2 0 1 result
24(§) A S 2 3 2
R5 1 3 1 i = | (R1)=3. 000E+00A
2”; g & (v 1 6 0 3 dc 4
R7 1 4 2
| 1a (Haa(Erev 3 y o 4 i
.dc V8 12 12 1
' o .print dc I (R1)
@ . END

RPRRRUONO®
o
o
3
[N

ODOWORMNRO

resul t END
v = v(3) = 1. 714E+00V
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SP 5-5

I nput file

V1
R1

d

o o1

Probe result

(R} sp5-11.dat

AR e -
dc 10 ‘ - 3
5| |
dc Im | ! T 1
e-3 0.2e-3 | . |
Y i Y
5 ] 1. Bmf 2.0mA
: NI
! I3 T3
@ 3 kQ @
av 5 k2 2 kQ
1 [y
i
0 dc 5
2 3k
0 6k result i = 1(R4)= 9. 524E+00A
3 2 0 4
0 5k
0 2k
51
| (R4)
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SP 5-6

D 3
Uy
40
300
< b
[nput file
Gl 0 1 2 0 25m
R2 1 2 20
|3 0 2 dc 0.2
R4 2 0 30
tf V(1) 13
.end
resul t
answer : V=V, =V, = 36V
NODE VOLTAGE NODE VOLTAGE
( 1) 36. 0000 ( 2) 24. 0000

R,,= OUTPUT RESI STANCE AT V(1)=2.000E+02Q

Verification Problems

VP 5-1 Evaluating data

\% ‘.M'II -
Casel: R_=0Q; i=l,=972mA="% () Ry
R¢ b—; ¢ EL__
Case2 R, =500Q;i=438mA = ' %)
R, +500 -
Solving 1+2 yields R; =410Q ,v,, =399V
doL | When R, =5000Q

So )
b i:RVfOCR:7.37mA
S0 = Lot
3?.‘?'.-” t ﬁ"‘" not 16.5mA as recorded 0 thedataisinconsistent.
[y
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VP 5-2

Ve =12V (line 1 of thetable)
e =3mA (line 3 of the table)

12
R+4K

Roy = Voo /g =4KQ

Hence the circuit can be simplified as shown above right. (Check:

12 _ogsrma
10KQ+4KQ
asshownin line 2 of thetable.)
Wheni=1mA isrequired
-2 g Rr=12_ po-eeo
R+4kQ 1mA

| agree with my lab partner’s claim that R = 8000 causesi = 1 mA.

VP 5-3
by
i &=l
—— A — I
6011
= = B5mA
L I ' = 60440 ~ >+

N

—A

_

The measurement is consistent with the prelab calculations.
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Design Problems

DP 5-1 The equation of representing the straight linein Figure DP 5-1biis V = —R, [ +V,.. Thatis, the
slope of the lineis equal to -1 times the Thevenin resistance and the "v - intercept” is equal to the open

circuit voltage. Therefore: R, = —i =625 Q andv,.=5V.
0.008-0
Try R, =R, =1kQ. (R; || R. must be smaller than R, = 625 Q.) Then
R
5=—2 v, =1vs 0w 10V
R +R, 2

and
_ RR, _
625=R,+—2 =R, +500 O Ry 12%
R+R, Ry Re

Now vs, Ry, R, and Ry have all been specified so the design is complete.

DP 5-2 The equation of representing the straight linein Figure DP 5-2biis V= =R, [ +V,.. Thatis, the
slope of thelineis equal to -1 times the Thevenin resistance and the "v - intercept” is equal to the open

-(-3
circuit voltage. Therefore: R, = —# =500 Q and v, =-3 V.
-0.006-0
From the circuit we calculate
_ R (R +R,) v, = - RR, 5
R +R, +R; R+R,+R,
S0
R. IR, +R RR
500Q:M and3V=-— 2
R +R, +R, R +R, +R,

Try R; =1kQ and R, + R, =1kQ. Then R, =500 Q and
1000R; . . .
=- Rilszils & R,
2000 2
This equation can be satisfied by taking R; = 600 Q and is= 10 mA. Finaly, R, = 1 kQ - 400 Q = 600 Q.
Now is, Ry, R, and Rshave all been specified so the design is complete.

DP 5-3 The slope of the graph is positive so the Thevenin resistance is negative. Thiswould require
R, + ﬁ <0, whichisnot possible since R, R, and Rz will all be non-negative.
+
1 2

Isit not possible to specify values of v, Ry, R, and Rs that cause the current i and the voltage vin
Figure DP 5-3a to satisfy the relationship described by the graph in Figure DP 5-3b.
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DP 5-4 The equation of representing the straight linein Figure DP 5-4bis V= —R, i +V,_. That is, the

slope of the lineis equal to the Thevenin impedance and the "v - intercept” is equal to the open circuit

voltage. Therefore: Rt = _%_028 =625 Q andv,.=-5V.

The open circuit voltage, Vo, the short circuit current, i, and the Thevenin resistance, R, of this
circuit are given by

R,(d+1)
Voo = 5 71 o Vs
R +(d+1)R,
=),
|:al
and
__RR
Rt_Rl+(o|+1)Rz
Let Ry = R, = 1kQ. Then
-625Q =R, 2@ 0 & 1000 Z- 36A/A
d+2 -625
and
= _(d+D)v, 0w —3.6+2_( 55 - 3077V
d+2 -3.6+1

Now v, Ry, R, and d have all been specified so the design is complete.

DP 5-5 a) Find Thev. equiv.
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Solving egs. (4) - (6) yields 1 ,=-f v,/800
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b) Rt:R,_:400:[;82(3D B=18

c) Max power to R, largest v, largest vs, smallest R,

(Vo)*
P = 7
L= R ™
and V| = A0 Voo (8)
Rtotal
with
-800 .
Rioa = @+400 (8 yields B=+18

d) delivering large amounts of power could melt antenna.

DP5-6 Max power toload : R, = R; = 50Q
But split power equally (R, ; = R, = 50Q)
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