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            EECS2200 Electric Circuits 

CChhaapptteerr  44  

Activities 

Activity 1 
How many essential nodes does this circuit have? 
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Solution 
n  5 essential nodes 

Activity 2 
Write simultaneous equations for below circuit. 
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-i1 +i2 +i6 - I=0 

i1 -i5 -i3 =0 

i4 -i2 +i3 =0 

i1 R1+i2 R2+i3(R3+R4) -v1=0 

-i3 (R2+R3)+i4 R6+i5R4 -v2=0 

i2 R5+i4R6 -i6R7=0 

Solution 
n  Need 6 equations for 6 unknown 

Activity 3 
Find voltages and currents for each resistor. 
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−
10− v1
1

+
v1
5
+
v1 − v2
2

= 0 −
v1 − v2
2

+
v2
10

− 2 = 0

Solution 

Solution 

(1)−10− v1
1

+
v1
5
+
v1 − v2
2

= 0⇒10v1 −100+ 2v1 + 5v1 − 5v2 = 0

(2)− v1 − v2
2

+
v2
10

− 2 = 0⇒ 5v2 − 5v1 + v2 − 20 = 0

17v1 − 5v2 =100
−5v1 + 6v2 = 20
#
$
%

102v1 −30v2 = 600
−25v1 +30v2 =100
#
$
%

⇒ 77v1 = 700

∴v1 = 9.09V,v2 =10.91V
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Activity 4  
Use supernode concept to find iB.  
(Same circuit as in Chapter 2 Activity 10) 

Chapter 2 Activity 10 
The circuit represents a 
common configuration 
encountered in the 
analysis and design of 
transistor amplifiers. 
Assume that the values of 
R1, R2, RC, RE, Vcc and V0 
are known. 
Find iB in terms of the 
circuit element values.  
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Chapter 2 Solution 

(1)  i1 + iC − iCC = 0
(2) iB + i2 − i1 = 0
(3) iE − iB − iC = 0
(4) iC = βiB

Apply KCL to nodes a, b, c, and 1, we have:  

Apply KVL to 2 loops bcdb and badb, we have: 

(5) V0 + iERE − i2R2 = 0
(6) − i1R1 +VCC − i2R2 = 0

Chapter 2 Solution 

V0 + iERE
R2

=
VCC − iBR1
R1 + R2

⇒ iE =
VCC − iBR1( )R2
R1 + R2( )RE

−
V0
RE

#

$
%%

&

'
((

Solve Eq.(6) for i1 and substitute i1 into Eq. (2) 
 

Substitute i2 to Eq.(5), solve for iE 

i1 =
VCC − i2R2

R1
VCC − i2R2

R1
= iB + i2 ⇒ i2 =

VCC − iBR1
R1 + R2
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Chapter 2 Solution 

VCC − iBR1( )R2
R1 + R2( )RE

−
V0
RE

= iB (1+β)

∴iB =
VCCR2 R1 + R2( ) −V0

R1R2 R1 + R2( )+ 1+β( )RE

Substitute iE into Eq. (3), and use Eq.(4) to eliminate ic in 
Eq.(3), we have: 
 

Solution 
n  Apply supernode concept to nodes b and c. 
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Write KCL at supernode: 

0
21

=−++
−

B
E

cbCCb i
R
v

R
v

R
Vv

β

Need 2 more equations 
to get rid of vc and vb 

vb − vc =V0
vc = iB +βiB( )RE

Solution 

Solve 3 equations for iB: 
(compared to 6 equations in Chapter 2) 

vc +Vo −VCC
R1

+
vc +Vo
R2

+
vc
RE

−βiB = 0

⇒
R1 + R2( )vc + R1 + R2( )Vo − R2VCC

R1R2
+ iB +βiB −βiB = 0

⇒ R1 + R2( )(1+β)iBRE + R1R2iB = R2VCC − R1 + R2( )Vo

⇒ iB =
R2VCC − R1 + R2( )Vo

R1R2 + R1 + R2( )(1+β)RE
=

R2VCC( ) R1 + R2( ) −Vo
R1R2 R1 + R2( )+ 1+β( )RE

Solution 
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Activity 5 
n  Find currents in i1, i2, and i3. 

n  Use mesh-current method, there are two meshes 
for two KVL equations 

223

131
)(

)(
vRiiiR
viiRRi

bab

baa
−=+−

=−+

Solution 
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Activity 6 
n  Use the mesh-current method to determine the 

power associated with each voltage source in the 
circuit. 

( )
( ) 06204

08)(66
040)(82

=−++

=−+−+

=−−+

bcc

abcbb

baa

iii
iiiii

iii

Solution 
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2ia +8(ia − ib )− 40 = 0
6ib + 6(ib − ic )+8 ib − ia( ) = 0
4ic + 20+ 6 ic − ib( ) = 0

"

#
$

%
$

10ia −8ib = 40
−8ia + 20ib − 6ic = 0
−6ib +10ic = −20

"

#
$

%
$

⇒

ia = 5.6A
ib = 2.0A
ic = −0.8A

"

#
$

%
$

p40V = −40ia = −224W, p20V = 20ic = −16W

Solution 

Activity 7 
n  Find iB. 
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Can write 2 equations in 3 
unknown, need one more 

Supermesh 

abB

caB

iii
iii

−=

−=β

Solution 

R1ia +VCC + RE (ic − ib )−Vo = 0
Vo + RE (ib − ic )+ R2ib = 0

Solution 

βiB = ia − ic
iB = ib − ia

"
#
$

⇒ 1+β( )iB = ib − ic

R1ia +VCC + RE (ic − ib )−Vo = 0
Vo + RE (ib − ic )+ R2ib = 0
"
#
$

⇒
−R1R2ia + R2RE (ib − ic ) = R2VCC − R2Vo
R1R2ib + R1RE (ib − ic ) = −R1Vo

"
#
$

⇒ R1R2 ib − ia( )+ R1 + R2( )RE 1+β( )iB = R2VCC − R1 + R2( )Vo

⇒
R1R2iB
R1 + R2( )

+ RE 1+β( )iB =
R2VCC
R1 + R2( )

−Vo

∴iB =
R2VCC R1 + R2( ) −Vo

R1R2 R1 + R2( )+ RE 1+β( )
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Activity 8  
Find power in the 300 Ω resistor, which method is 
better? 

Solution 
n  Mesh-current: 5 equations (note that iΔ=-ib) 
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Solution 
n  Node voltages: 4 nodes, need only 3 equations 

300
5050

0
300400500

128
250

0
500
128

400250150
256

200100

2
31

2323212

232321331

vivv
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==−
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−
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+
−
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+
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−

+
+
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Δ

At node 2 

Constraint at supernode 

reference Method 1 
Supernode: 
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va
200

+
va − 256
150

+
va − vb
100

+
va − vc
300

= 0

vc − vb
250

+
vc
400

+
vc +128
500

+
vc − va
300

= 0

vb = 50iΔ = 50
vc − va
300

Node a 

Node c 

Constraint at supernode 

Method 2 

Solution 
n  For both methods, the power dissipated by 300Ω 

resister, is 16.57W. 
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Activity 9 
Are these 2 circuits equivalent?  

Solution 
They are equivalent with respect to terminals a and 
b. 
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Activity 10 
n  Find Thevenin equivalent 

Solution 
1. Find vab using node voltage..  

3+ 25− v1
5

=
v1
20

⇒ v1 = 32V

∴vth = v1 = 32V
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Solution 
2. find the short circuit current. 
 v2 − 25

5
+
v2
20

+
v2
4
−3= 0⇒ v2 =16V

isc =
v2
4
= 4A⇒ Rth =

Vth
isc

=
32
4
= 8Ω

Activity 11 
Find the Thevenin equivalent. 
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1.  Note that ix = 0 (why?) 

2.  KCL at node “a”:  

3.  KVL at left loop:   

4.  Short circuit a and b,  

Solution 

20i+ v
25

= 0⇒ v = −500i

5= 2000i+3v = 500i⇒ i =10mA,v =Vth = −5V

v = 0⇒ 3v = 0, i = 5 2000 = 2.5mA
isc = −20i = −50mA⇒ Rth =Vth isc =100Ω

Activity 12 
Find iB  
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Find Thevenin 
Equivalent 

Solution 
1.Redraw it. 
2. Find VTH, RTH 

VTH =
R2

R1 + R2
VCC

RTH = R1 / /R2 =
R1R2
R1 + R2

Solution 
3. KVL to the left loop, find iB 

VTH = RTHiB +Vo + RE (1+β)iB

iB =
VTH −Vo

RTH + RE (1+β)
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Solution 
4. Substitute VTH and RTH into iB 

iB =
VTH −Vo

RTH + RE (1+β)
,VTH =

R2VCC
R1 + R2

,RTH =
R1R2
R1 + R2

∴iB =
R2VCC (R1 + R2 )−Vo

R1R2 (R1 + R2 )+ RE (1+β)

Activity 13 
In the circuit below, the load resistor is matched to 
the Thevenin resistance, how much power is 
absorbed by the load resistor?  
A.  100 W 
B.  50 W 
C.  20 W 
D.  10 W 



15-­‐09-­‐23	
  

22	
  

n  Find i2 

Activity 14 

Deactivated current source 
 

Solution 

Rtotal = 6+
3×6
3+ 6

= 8Ω

i1
' =
120
8

=15A

i2
' =

6
3+ 6

×15=10A
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Deactivated voltage source 

Solution 

R6//3+2 =
6×3
6+3

+ 2 = 4Ω

i3
'' =
12
2
= 6A, i4

'' = −6A

i2
'' = −6× 6

3+ 6
= −4A

i2 = i2
' + i2

'' =10− 4 = 6A

Activity 15 
Find vo using superposition 
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Solution 
Deactivate current source 

KCL at right node : vΔ
'

10
+ 0.4vΔ

' = 0 ⇒ vΔ
' = 0

Voltage divider : vo
' =

20
5+ 20

×10 = 8V

Solution 
Deactivate voltage source 
KCL at node a: vo

"

20
+
vo

"

5
− 0.4vΔ

" = 0 ⇒ 5vo
" −8vΔ

" = 0

KCL at node b : 0.4vΔ
" +

vb − 2iΔ
"

10
− 5= 0 ⇒ 4vΔ

" + vb − 2iΔ
" = 0

vb = 2iΔ
" + vΔ

" ⇒ vΔ
" =10V,vo

" =16V
vo = vo

' + vo
" = 8+16 = 24V


