Fundamentals of Electrical Circuits - Chapter 4

1S. For the following circuit find:
a) Number of Branches
b) Number of Branches with unknown current
c) Number of Essential Branches
d) Number of Essential Branches with unknown current
e) Number of Nodes
f) Number of Essential Nodes
g) Number of Meshes

~— ~— — ~—

41x
R4 R5
4\
R6 R7 R8
8 A

10 V
R3
OGP

Solution:
a) Number of Branches = 11

b) Number of Branches with unknown current = 9

¢) Number of Essential Branches = 9

d) Number of Essential Branches with unknown current = 7
)

e) Number of Nodes = 6
f) Number of Essential Nodes = 4
g) Number of Meshes = 6

1U. For the following circuit:
a) How many independent equations can be derived using Kirchhoff's Current Law (KCL)?
b) How many independent equations can be derived using Kirchhoff’s Voltage Law (KVL)?
c) What two meshes should be avoided in applying Kirchhoff's Voltage Law (KVL)?
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41x

R4 R5
4\
R6 R7 R8
8A Ix

10 V
R3
OPiG

Solution:

2S. Use the node-voltage method to find Vo in the circuit shown below.

120 Q
50 +
Vi 40 mA
o g 250 <l) Om
25V -
v
Solution:
w+&+40*10—3 =0
125 25

6V, =-30
Vy=-5

2U. Use the node-Voltage method to find V1 and V2 in the following circuit.
200

+

4A v2 Ss00 100 Q

Solution:
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2Sb.  Use the node-Voltage method to find V1 and V2 in the following circuit.

8Q
+ +
1A
6A CTD V1 S 400 80 Q V2 1200

Solution:
Three Nodes so we need to write two Node-Voltage equations:

Node V1 > -6+ V1/40 + (V1 —=V2)/8=0

Node V2 2> 1+ V2/120 + V2/80 +(V2 - V1)/8 =0

Solve two unknowns, two equations

6V1 - 5V2 =240

-30 V1 + 35 V2=-240

Vi=120V and V2=96V

2Sc. a) Use the node-voltage method to find the branch currents (ia — ie) in the circuit shown below.
b) Find the total power developed in the circuit.
40 10 2Q
— ——>
la ic T>
2V
44V ibl 6 i 1339
Solution:
40 V4 10 Vs 20
— —
i e .
2V

44V " l%sg y lggg
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a) Three essential nodes so we can write 2 Node-Voltage Equations:
K—M+5+K—%:0
4 6 1
Hh-=2 "% V-h_
2 3 1

0

17V, =12V, =132
—6V, +11V, =6

V=12 and V,=6

i, =84; i, =24; i, =64; i,=24; i, =44,
i —i,=8-4=44

b) Potal develped =?
Protal develped =-4*(8)2- 6*(2)2- 1*(6)2- 3*(2)2- 2*(4)2 =-360W

3S. Use the node-voltage method to calculate the power delivered by the dependent voltage source in the

following circuit.

160 V <+> icTZmog 150 i

Solution:
There is only one node and one reference node - one node-voltage equation

-1 V, —150i
d 60+Vl+ ! ‘o —0 and iG:—L
10 100 50 100
-1 I.
Re placei_ in first equation = V, ~160 + d + dRall =0=V, =100V
100 50
1
Dependent Voltage =V, =150i_ =— 07, =-150 V
Vv, -V, -(-
50Q Current = I, = ———* _100-¢130)
50 50
Dependent Source = Vd * ]309 = (_150) * (5) = _750 W delivered
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3U. Use the node-voltage method to calculate the power delivered by the dependent voltage source in the
following circuit.

200 Vi 40 Q

100V <+> icT C 500 800 i

10

Solution:

4S. Use the node-voltage method to find V1 and the power delivered by the 25 V voltage source in the following
circuit,

m 200

2A <¢> Vi 500 < 150 0 550

Solution: Pay=7?

55Q

2A <¢>

Use SuperNode technique (V1 & V2):
KCL for Super Node (all current out of suppernode) > 2+ V1/50 + V2/150 + V2/75=0
We also have the relationship between nodes in supper node > V1- V2= 25

Vi=-37.5V; Vo= -62.5V;
l1=V1/50 =-37.5/50=-0.75 A
KCLatnodeVi> 2-0.75+1=0 2> [=-125A

P2sv = V1*I = (25)*(-1.25) = -31.25 W delivered.
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4U. Use the node-voltage method to find Vx and the power consumed by the 55 Q resistor in the following
circuit:

O

N .
2 A Vi
<¢> <§2on < 500 < 150 0 ' 550

Solution:

4Sb.  Use the node-voltage method to find V1 in the following circuit,

12V
N\ 20 kQ
\_/
+
8 mA Vi 40 kO < 80 kO 55 k2

Solution:
Supel'Node
12v
Vi @ V2 20 KO
8 mA ¢ \71 Z ................................................. Z -
- 40 kQ 50 o

Use SuperNode technique (V1 & V2):
KCL for Super Node (all current out of SuperNode) - .008 + V1/40,000 + V2/80,000 + V2/75,000 = 0

We also have the relationship between nodes in supper node > V1-V2=12

Vi=-1513 V;

5S. a) Use the mesh-current method to find the total power developed in the following circuit.
b) Check your answer by showing that the total power developed equals the total power dissipated.
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10 3Q

20
230V R 115V 460V
40 50 -
Solution:

a) Applu Mesh-Current to find total power developed

6 Q
&
Q 3Q
()

230 V<+) 115 v 460 V

40 5Q

1

Loop#1KVL> 6l1+3(li—13)+(li—12)=0
Loop #2 KVL > -230 + (|2—|1)+2(|2—|3)+ 115+41,=0
Loop #3 KVL = 460+ 513-115+ 2(|3— |2) + 3(|3— |1) =0

l1=-10.6A; 12=4.4A; I3=-36.8A,;

P2sov = 230*2 = 230*(4.4) = -1,012 W Developed
P11sv = 115%(l2 — 13)= 115*(4.4 — (-36.8)) = 4,738 W Consumed
Pasov = 460*13 = 460*(-36.8) = -16,928 W Developed

Potal developed = P23ov + Pasov = -1,012 — 16,928 = -17,940 W

b) |:’Total developed = PTotaI consumed ?
Protal consumed = 6('1)2 + 3(lh - |3)2 + (4 — |2)2 +2(lo — |3)2 + 4(|2)2 + 5(|3)2 + P15y
= 6(-10.6)2 + 3(-10.6 — (-36.8))% + (-10.6 — 4.4)2 + 2(4.4 — (-36.8))% + 4(4.4) + 5(-
36.8)2 + P11sv
Protal consumed = PTotal developed = 17940 = Answer checked.

5U. a) Use the mesh-current method to find the total power developed in the following circuit.
b) Check your answer by showing that the magnitude of total power developed equals the total power
dissipated.
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10 @

5Q 5Q

40
20V N 50V 30V
300 200

Solution:

5Sb. Use the mesh-current method to find the total power consumed in the circuit shown below.

4 kQ
20V
12 kQ
Solution:
4 kQ
C T _STJper-WIes'h_'
|
} : 20V
I I
l [
e - - __ 1
12 kQ

Super-Mesh KVL > -10+811+4 12 -20+ 1212 + 4I1 =0-> 1211 +1612=30
Relationship of two mesh within super-mesh > 1 —12=3

l1=2.8mA; lo =-0.2 mA;

Resistors and the 20v Source are consuming power
P-otal Dissipated = Z(lzR) + P20ov source

= 8000*112 + 4000*122 + 12000*122 + 4000*142 + 20*0.2x10-3
12000%(0.0028)2 + 16000*(0.0002)2 + 20*(0.0002)
0.099 W

6S. a) Use the mesh-current method to solve for | in the following circuit.
b) Find the power delivered by the independent current source.

www.EngrCS.com, V1 Fundamentals of Electrical Circuits, V1.1f

page 52



c) Find the power delivered by the dependent voltage source.

10 kQ 1kQ
l Ia
5mA
5.4kQ > 150 1a
2.7 kQ
Solution:
a) find la
10 kQ 1kQ
)
5mA I
<T> 54kQ > m 150 I
2.7 kQ

KVL@ I+ > 11=0.005 A
KVL@ l2 > 5400 (l2—11) + 1000 I2 + 150 1» + 2700 12=0
Dep. Source Equation > Ia=11—12
Solve the obove three equations > 11 =0.0050 A, 12 =0.0029 A, Ia = 0.0021 A
b) Po.oosa source = l1 * Vo.005A source = (-0.005) * ( 10000 * 0.0050 + 5400 * 0.0021) = - 0.307 W “Generated

C) P1s01a dependent source = I2* Vo.005A source = (00029)*(150*00021) =0.0009135 W Consumed

6U. a) Use the mesh-current method tofind Ix in the following circuit.

200 1 MQ

25 Ix 4 KO Z 5mA <T>

5Q

b) Find the power delivered by the independent current source.
c) Find the power delivered by the dependent voltage source.

Solution:
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7S. Use the mesh-current method to find the total power dissipated in the circuit shown below.

40 9Q

2V NV

10 6Q

Solution:
a)

|

20V | m a0V
|
|

e e 1
10 T 6 .Q
Super-Mesh KVL > -20+411+912-90+612+11=0-> 511 +1512=110
Relationship of two mesh within super-mesh > |1 —12=6
l1=10A; l2=4A;

Protal Dissipated = Z(I12R) = 4*[12 + 9*122 + 6*[22 + 127 4102 + 9*42 + 6*42 + 1*102 =740 W

7U. Use the mesh-current method to find the total power dissipated in the circuit shown below.

40 80
mA
10V l'x 4Ix
240 120

Solution:

8S. Assume you have been asked to find the power dissipated in the 10 Q resistor in the following circuit.
a) Which method of circuit analysis would you recommend? Explain why.
b) Use your recommendation method of analysis to find the power dissipated in the 10 Q resistor.
¢) Would you change your recommendation if the problem had been to find the power developed by the 4 A
current source? Explain.
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d) Find the power delivered by the 4 A current source.

@

10 40

Solution:
a) Which method?
* 4 Essential nodes 3 node-voltage equations
* 6 Essential branches (6 — (4-1)) = 3 current-mesh equations
Mesh-Current since one of the Mesh currents is known so there are only two mesh-current equations.

b) Pioa="7?

@

10 40

KVL for Mesh#1 > [1=4 A
KVL for Mesh#2 > 8(l2—11) + 2I12+ 10(l2—13) =0
KVL for Mesh#3 > (Is—11) + 10(ls—12) + 413 =0

Inset |1 value into equations #2 & #3
2012-1013 =32
-1012+1513=4
2=26; 13=2A
Pioa=R*I?2=(10)*(2.6 - 2)2=3.6 W

c) No, since it is straight forward to calculate the voltage drop across the current source from mesh
currents.

d) Paa souces =7
Psasouces =1*V=-4*(8"(l1—-L)+1*(l1—13))=-4%(8*(4-2.6)+1*(4-2))
Paa souces = 52.8 W delivered
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8U. Assume you have been asked to find the power dissipated in the 20 Q resistor in the following circuit.
a) Which method of circuit analysis would you recommend? Explain why.
b) Use your recommendation method of analysis to find the power dissipated in the 20 Q resistor.
¢) Would you change your recommendation if the problem had been to find the power developed by the 5 A
current source? Explain.
d) Find the power delivered by the 5 A current source.

@

60 © 40 O

Solution:

8Sb. a) Would you use the node-voltage or mesh-current method to find the power absorbed by the 20 V
source in the following circuit? Explain your choice.
b) Use the method your selected in (a) to find the power.

3x103 va
N
/20{ w 0.4 va
-+ + -
() )
100 Q Ve > 2500 " > 5000 { 200 O

Solution:
a) ) Which method?
* 5 Essential nodes 4 node-voltage equations
* 8 Essential branches (8 — (5-1)) = 4 mesh-current equations
although number of equations are the same, Node-voltage is a better choice. This is driven by the fact
that with the two super nodes and easier constraint equation formulation.
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b) P2ov sources =7?

3x108 Vs
—>
SuperNodei#l \\\\\\\\ - >~ ] | SuperNode#2
-~ 20V > 200 mA =77 04Va T~
/ V2 ) Vv Vv
\ Vi A 2/ () °° N Y
~~_] ~ .-t NN Srad
:; _______________ -
|
Vv
100 Q { e > 2500 Y >5000 200 O

Super Node #1 KCL = -0.2 + .003Va + V1/100 + V2/250 = 0
Relationship > V2 - V1 =20

Super Node #2 KCL - +0.2 -.003Va + V4/200 + V3/500 = 0
Relationship > Vs —V4=0.4 V4

Constraint equations in term of node voltages
Va=V2
Va=V3

Simplified equation:

0.01 V41 +0.004 V2 + 0.003V3=0.2
-Vi+V2=20

-0.001 V3 + 0.005 V4 =-0.2
+0.4V2-V3+V4=0

Vi=15.48V; V2=35.482V; V3=-32.23V; V4=-46.45V,

Note: | can be found by apply KCL at node V1
P2ov source = - (20)*I = -20(V4/100 + 0.003V3) = -20(15.48/100 + 0.003%(-32.28)) = -1.16 W

9S. a) Use a series of source transformations to find i in the following circuit
b) Verify your solution by using the mesh-current method to find io.

1A
N
—>
\_/

GQ 5 Q |0

N —

2A { 17 Q
C 6Q 34\ 150
Solution:
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a) Use the following transformation rule:

I=VIR

First Set of transformations (2A, 6Q > 12V; 1A, 5Q > 5V)

6Q

60 50
AN— —\ —

17 Q
12V

Second Set of transformations
(12+45V, 1245 Q 2> 1A; 34V, 17 Q > 2A))

C 17Q Z 179 Z 150

Simplify by adding current source and Req for 17 || 17 = 8.5 Q

lo

—

C 850 Z 150

io=-1*(8.5/(1.5+8.5))=-0.85 A
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b) Find io using mesh-current technique.

1A
)
60 5m lo
N —\/ —
2A 17 Q

1.50Q

KVL for Mesh#1 > 11=2 A

KVL for Mesh #2 > 6(l2-11) + 612+ 5(l2—14) + 17 (l2—13) - 34 =0
KVL for Mesh#3 > +34 +17 (Is3—12) +1.513=0

KVL for Mesh#4 > 14 =1 A

3412 - 1713 - 514 = 46
-17 12 + 18.513 = -34

I3=10=-0.85A

9U. a) Use a series of source transformations to find Vx in the following circuit
b) Verify your solution by using the Node-Voltage method to find Vx.

2 mA
&,
4kQ 10Q
N\ N/
* 10 uA

20 Q
15V < Vi (D
34V 25 kO

Solution:

10 S. Find the Norton equivalent with respect to the terminals a,b in the following circuit.
15 kQ
N\

10 mA 30V 3 mA

Z10 kQ Q) 0

Solution:

Step 1 -- Find Isc (a-b shorted)
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Vi 15 kQ Vs
N\

<« 0A
10 mA 30V 1 3 mA #
10 kQ Q) 5 kQ l Isc
7 0P

Vi=-30V
V2=0V
1 =(V2-V1) /15K =2 mA
KCLatVz > Isc+0+3+11=0-> Isc=-5mA
Step 2 — Find Req = Rth by deactiving sources
(Current Source > Open I1=0; Voltage Source = short V=0)

15 kQ

/\/ ° a

10 kQ
> 5 kQ <:|Req=Rth

Rth=((10]]0)+15) ]| 5=3.75kQ
Step3 — Draw Norton Equivalent
a
Isc =-5mA Z
3.75 kQ
b

10U. Find the Norton equivalent with respect to the terminals a,b in the following circuit.

10 kQ 15 kQ
a 0 /\/
10 mA 3 mA
10 kQ 30V
C l { 5 kQ

b e

Solution:
www.EngrCS.com, V1 Fundamentals of Electrical Circuits, V1.1f page 60




10S. Find and draw the Norton equivalent of the following circuit at terminals a and b.

40
50 a b
® *—
20V - 200 2 A
+ 2 T
100
Solution:
Deactivate sources to find Rth = Rab
Rth=Rab=(4 +(5]20)=8Q
Find Isc = lab
40
Y
50
a b
~\ ————————y . 4
20 V - ( |2 >20 (@) ( |3 ; 2 A
+ 2
100
Mesh#1 > 4l1+ 5(l1-12) =0 > 91-51=0 > 12=91/5
Mesh #2 > +20 + 5(l2— 1) + 20(l2—13) = 0 -511 +25 I>=-60 2> -514+4511=60- > I1=-15
Mesh #3 2> I3 =-2
FindIsc=lab=1I3- I1= -0.5
Norton Equivalent:
® a
05A 80
*h
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11S.  The Wheatstone bridge in the circuit shown below, is balanced when R3 equals 500Q. If the
galvanometer had a resistance of 50Q2, how much current will the galvanometer detects when the bridge is
unbalanced by setting R3 to 501 Q.
Hint: Find the Thevenin equivalent with respect to the galvanometer terminals when R3=50142. Note that
once we have found this Thevenin equivalent, it is easy to find the amount of unbalanced current in the
galvanometer branch for different galvanometer movements.

Rz (1000

R4 000
Galvanometer
c D
5V - m -

N

I

Rs 5000 R« 50000
Solution:

Given: Balanced 1=0 when R3 =500 Q - Vep =0; Rg=50Q

Find: Iif R =501Q

Step 1 — Find Thevenin Equivalent with respect to C and D

A. Open CD and find Vopen co = Vth
R1g009 Rz (1000
C D
5V —e o

Rs Rx (\sooog

Use the voltage divider to find Vc and Vb

Vc =5*Rs/ (Rs + 100)

Vb = 5*5000 / (5000 + 1000)=25/6
Vi = Vep = Ve — Vb = 5*Rs / (Rs + 100) - 25/6

B. Deactivate source (V=0 short) and find Req = Rtn

mgoog R2 10000
C D

——- @ @00 e

Rs R« gaoooa
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Repeq= Rih = (100 || Rs) + (1000 || 5000) = 100R3/(100+ Rs) + 5000/6

Step 2 — Use Thevenin Equivalent to find current through Galvanometer when R3 = 501

Ritn

/\/ @
C

Galvanometer
Vin | 250 Q
D
@
I =V / (Rt +50)=(5*Rs/(Rs+ 100) - 25/6 ) /( (5000/6 + 100R3/(100+ R3) + 50) when R3 =501

=143 uA

11U. Draw and determine the value of components in the Thevenin Equivalent for the following circuit at
terminals a and b.

100
_/\/—@

100 V <> a
+

B b G4A 40 Q

Solution:

11Sb. Draw and determine the value of components in the Thevenin Equivalent for the following circuit with
respect to ab terminals. Use Superposition to find Vth.

10 kQ
o
20 kQ S mA
—
O e @
+ b S 20kQ
5 kQ
11 kQ
2V

Solution:
Since sources are all independent sources then deactivate all sources and find R
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10 kQ
"\

20 kQ a Rab = Rth 30 kQ
Sy Sk \ =)Rn= 1010
ea Rab = Rth
11 kQ
b
5 KO \ S 20kQ A
11 kQ
N\
Now find Open circuit voltage (Vth):
Apply SuperPosition >
Only 5V source is active:
10 KQ
\/
20 kQ S mA 20 kQ 10 kQ
—> \/
5 v<> ea CDm mA 5 V() ea
+ b + b
s a '\ oy = s 0 '\220 kQ
11 kQ 11 kQ
N\ 4%
(Va—(-5))/20 + (Va—-Vb)/30 +Va/5=0 17Va -2Vb =-15
(Vb —-Va)/30 +Vb/11=0 -11Va+41Vb=0
Va=-0.9,Vb=-0.2 > Vab;=-0.7 V for 5v Supply
Only 5 mA source is active
10 KQ
7\ 100
5mA
20 kQ N g H5mA
O ) 3
+ b 'I \a
25 kQ 20 kQ = : S 1 &b
11 kQ 5kQ ; 20 kQ
\ 11k

(Va—Vb)/15 + 5+ Va/10 = 0 > 5Va-2Vb = -150
(Vb — Va)/15 + Vb/20 =0 > -4Va+7Vb=0
Solve > Va=-38.9 & Vb =-22.2 > Vab,= (-38.9) - (-22.2) = -16.7 v
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Only 10 mA source is active

10 kQ
2% 10 kQ
A
A
20 kQ om o
VT U ,20 kQ

5 V<D é a ) CT>1O mA :> ,’I ;\? CT 0 mA é

(Va—Vb)/15 + Va/10 = 0 > 5Va-2vb=0
(Vb—Va)15+10 +Vb/20=0 > -4Va + 7Vb = -600
Solve > Va = -44.4 & Vb =-111.1 > Vabs= (-44.4) — (-111.1) = + 66.7v

Therefore Vth = Vab1 + Vab2 + Vab3 =-0.7-16.7 + 66.7 =49.3vand Rn =10k Q

Rih = 10 kQ

Vin=49.3V

ob
11Sc.
50 iy
<><—
100 5Q 20Q
\/ \/ \/
8 R 400 Q
(0]
100 Q 280V ]
lo l

For the above circuit, find the Thevenin equivalent with respect to terminals of Ro.

Solution:
a) Thevenin equivalent

Find Voc (Open Circuit ip=0)
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From the circuit:
V1=280V

i(p:O

100 V1 50 200 2
N 2 — A
o0 400 Q
lp=0
3

KCL at V2 - (V2 —280)/25 + V2/400=0 > V2=264V

Voc = Vth = V1 - 5%(V1 - V2)/25 = 280 - 5 *(280 - 264)/25 = 277V

Find Isc

vs |19

V1

50
\/

e
100 Q

i2

(7<+>280V ? ?

i(p:lsc

Mesh Current Analysis equations:
i1 =-50ip =-50 (i3 — i4) = 50 is — 50 i3
+280 + 100 i2 + 10 (i —i1) =0
-280 + 5 (i3 —i1) =0
20 (i4 —i1) +400is =0

Simplify to 4 equations and 4 unknowns:

i1+50i3-50i2=0
-10i1 + 110i2 = -280
-5i1 + 53 =280
-20i1 +420i2=0

Solve the equations:

1= -57.6A; i2= - 7.8A; 3= -16; 4= -2.7; Disc=is—u=-1.6—(-2.7) = 1.1 A
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Rth =Voc / Isc =277/1.1 = 252 Q

252 Q
\/

277V Ro

11Sd. Using Node-Voltage Method for the following circuit:
a) Find the Thevenin equivalent with respect to terminals of Ro.
b) Find the Ro value that results in maximum power delivery to Ro.

50 i
+ -
10Q 50 20 Q
N\ ’\\// T \/
+ A -
P Ro 3400 Q 0.5125 Va
100 Q 280V '
o |
Solution
a) Thevenin equivalent
First find Voc
50ip=0
\+/>
10Q VA 5Q 20Q V2
N/ ’\\// ry \/
+ A -
280 8400 Q 0.5125 Va
100 Q )
|<p:0l
L d

KCL at V1=280 V
KCL at V2 > (V2 - 280)/25 + V2/400 + (V2 -280)/10 + V2/100 + 0.5125 Va=0 > V2 =257V

Va = (V1= V2)/25)*5 = (280— V2)/5 = (280— 257)/5 = 23/5 = 4.6 V

Va = (280 V2)/5 = (280— 257)/5 = 23/5 = 4.6 V
Voc = Vth = V1 - Va = 275.4

First find Isc
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- o : Supper node i \':
v 00 vz sa 200 vz
+ Va -
280\ 3400 Q 0.5125 Va
100 Q ) l
lp
o

KCL at V2=280V - V2=Va=280V
ip =(V2)/5+(V3)/20
Supper Node Equation V1 —=V3 =50i,= (V2)/5+ (V3)/20=10V2+2.5V3 > V1=2800+ 3.5V3
KCL at Supper Node > V3/400 + V3/20 + 0.5125 Va + V1/100 + (V1 -V2)/10 =0
Substitute known values >
V3/400 + V3/20 + 0.5125 *280 + (2800 + 3.5 V3)/100 + (2800 + 3.5 V3 — 280)/10 =0
Find V3=-94514 > V1=-508 2> Isc=1ly=(V1-V3)/50=8.7 A

Rth = Voc / 1sc=275.4/8.7=31.65 Q
™ |

Vth = Voc=266 V <+> Ro = Rth for Max Power

12S. The variable resistor (Ro) in the following circuit is adjusted until the power dissipated in the resistor is 50
W. Find the values of R, that satisfy this condition.

250 10 Q

Y Y |

100 Q fRo
2A

200V

v

Solution:
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1) Find Thevenin equivlanet —Voc=Vth

25Q 10Q
/\/ V1 /\/ V2
' A
20O
200V 100 O
2A
R
KCLat V1 - (V1-200)/25+V1/100 + (V1-V2)/10=0
KCLat V2 > 2 + (V2 -V1)/10=0
9
15V1 -10V2 =800
V1 -V2 =20
-2 Vth=Voc=V2=100V
2) Deactivate Sources to find Rth
25Q 10 Q
/\/ V1 /\/ V2
' A
20O
2100 Q
R
Rth = (25 || 100) + 10=30Q
/\R/th= 300 1y
Vth=100V
C) Ro
Pro=50W > 50=12Ro - Ro =50/ I2
KVL - -100+ 301 + 1 Ro =0 - -100 + 301 + 50/1 =0 ->3012-1001+50=0
100 £+ /10,000 — 6,000
1= 60 =2.724 or 0.614

Ro =50/ 12 = 6.75Q or 134.37Q
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12U. The variable resistor (Ro) in the following circuit is adjusted until the power dissipated in the resistor is

25 W. Find the values of Ro that satisfy this condition.

250 10 Q
—>
20 O Ia
100 V 100 Q
30ia

Solution:

Ro

13S.  Use the principle of superposition to find the voltage v in the following circuit.

40
20V
200
C—
+
5A 2A
Q) i 92 v !
100
Solution:
1) Activate only 2A source
40
200
+
20 2A
Vv
100
Voa = 2x2 = 4V
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2) Activate only 5A source

40

(20]14)= 3.3Q2

20 0 ’—>
> l 292 \+/ 5 Q

2Q2 Y

10 Q ‘

Vsa = -5x2 = -10V
3) Activate only 20V source

40

200
=

‘ 10Q ’

Voov = -0

Total response, V = Vaa + Vsa +Vooy =4-10+0=-6V

13U. Use the principle of superposition to find the voltage V in the following circuit.

10Q
- V +

200 2ia

-+
ia
20V + 40 O _\10V
- +
50 Q
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Solution:

13Sb. What is the value of current through 40 Q resistor that is directly attributable to the 10 V voltage source.

10 Q
"\

40 Q 25 0 100 Q

10V C’) 20 A <D < < 23V C’)

Solution:

» De-activate all the sources except the 10v

100
\

40 Q 25Q 100 Q
10V < < <

» Simplify and find the current resulting from the 10v supply.
10Q

"\ l Current through the 40 Q is zero since all the
current goes through the short.

10V <400

13Sc  Use the Super-Position principle to find Vx in the following circuit.

1002 2502
s N—
+ +
500 Wy 500
A = A N2y
A ; 10002 W
" sy * Jov
Solution:

Deactivate all independent sources.

1) Activate 2A source and redraw:
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4 6.
vi 100y 250

AN ¥ A \2Vy 1000< Vx
2h | :
/ iil i‘g

Use KCL to find Vx.

KCL@V1>-2+V1/5+(V1-V2)/10=0

KCL@V2 > (V2-V1)/10+ (-2Vy) + (V2-V3)/25=0

KCL@V3~>(V3-V2)/25+V3/5+V3/100=0
Dependent equation: Vy = V1

Vxeon=V3=04V

2) Activate 5V source and redraw:

1000 Ve 290

V2
S N—
Rl anvaE
B0« Wy i5l a0
i A \2Vy 1000< W

Use KCL to find Vx.
KCL@V1 > (V1-5)/(10+5)+ (-2*Vy) + (V1 -V2)/25=0
KCL@ V2> (V2-V1)/25+V2/5+V2/100=0
Dependent equation: Vy = (V1 -5)/3
Vxesv=V2=0.7V

3) Activate 10V source and redraw:
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» Vi .
IAAAA INAAA I
oS y S
p s 22>
|+ \ < 3PVx
- 9 A N *
S Vy z l —
- \ > "'/ + \1
&l )
\___T_,/
Vref

KCl@ V1> V1/15 + (V1-V2)/25-2Vy =0
Dep. Source equation = Vy = 5(V1/15) =V1/3
KCL @V2 > V2/100 + (V2-10)/5 + (V2-V1)/25=0

Vxetov=7.9V

Vx total response = 04+.7+79=9V

13Sc.

Use the principle of superposition to find voltage V2a in the following circuit:

10 kQ 13 kQ

+

2 m VZa

5kQ } 5V ﬁ) 3m¢

Solution:

Deactivate all except 2 mA
Note: Voltage source deactivates when V=0 2 short; Current source deactivates when I=0 -2 Open

7 kQ

Deactivate all except 5V

10kQ 13k
+
Vo oK } Tk
Req=0 KQ >V2a=0V
10kQ 13k
R |
Ve KO } SV 3A C Tk

V2a=+5V
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Deactivate all except 3 mA
10 kQ 13 kQ

‘ +

VR sm 7k

Req=0 KQ > V2a=0V

Super positioned input (total Response) =0+ 5+ 0 =5V.

14S.  In the following circuit, find RL value such that RL consumes maximum power.
100 40 5kQ

+ 20Q

10V 20 Q ?Va Re
300

Solution:
1) Find Rth by Deactivating source (v=0 or open)

100 V1 40 O 2 5kQ

+ 200
20 Q vV <:| Req

Req = (((10 || 20 ) + 40) || (20 + 30)) + 5000 = 5024.15 Q

2) Maximum power Requires RL = Rin = 5024.15 Q

14U. In the following circuit, find RL value such that RL consumes maximum power..

2kQ 1kQ

2 kO
4—
la 1.5 mA 4V
20V 8 kO ~m
Z R

Hint: Find R with respect to R, terminals First.

Solution:
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14Sb. Find value of a resistor between terminals a and b such that it would consume maximum power:

500 O 2 2000 © 9

b
-

1500 f? 4000 O

.(D

8V

Solution:

Find R with respect to terminals a and b by deactivating the independent voltage source

00 2000 o

a b
e o

1500 4000 Q

R = (500 || 1500) + (2000 || 4000) = 1708 Q

For Maximum power, Rab must be equal to Rth or 1708 O
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