EECS2200 Electric Circuits

| Chapter 4

‘ Activities

| Activity 1

‘ How many essential nodes does this circuit have?

SmA
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Solution

5 essential nodes

SmA

Activity 2
Write simultaneous equations for below circuit.
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| Solution

Need 6 equations for 6 unknown

-i) +i, +ig - 1=0

ij-is-i; =0

—— i, i, +i; =0

i) R i, Ry+iy(Ry+R,) -v,=0
-iy (R, 4Ry)+i, R+isR, -v,=0

i, Ry+i Ry -i,R,=0

| Activity 3

‘ Find voltages and currents for each resistor.

1Q 20
MN—— W\ —@

10v<f> 50% 2100 (DzA




| Solution
10 1 20 2
AN\ o] AN ®
10V 5030, v §1()Q 2A

| Solution

(J)_lo‘vl #4070 0= 10v, 100 +2v, + 51, = 5v, =0
2

1 5

(2)—%+r—8—2=0=>5v2—5v1+v2—20=0

17v, - 5v, =100
{—5\/1 +6v, =20

102v, -30v, = 600
{—25\/1 +30v, =100
-y, =9.09V,v, =1091V

=77y, =700
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| Activity 4

Use supernode concept to find ig.
(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 R, 41
transistor amplifiers.

Assume that the values of Ve e O‘u

2
Ry, Ry, Re, Rg, Vcand V,, T 42 @
i

i
% R,

are known.

Find iz in terms of the '

!

.
o Ry
circuit element values. §




| Chapter 2 Solution

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

@) i +i.—i=0

(2)iz+i,-i;=0

3)i,—iz-i.=0

(4) ic = Piy

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

(5) V, +i.R, —i,R, =0
(6) —i,R +V..—i,R, =0

| Chapter 2 Solution

| Solve Eq.(6) for i; and substitute i, into Eq. (2)
i = Vee LR,
1 Rl
Vee =R, =i +i, =i, = Vee iR,

R, R +R,

Substitute i, to Eq.(5), solve for ig

Vo + iERE Vcc - iBRl

(Vcc - iBRl )Rz _

4

R, R +R, (R +R,)R,

R

E
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| Chapter 2 Solution

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

(Vcc _iBRl)RZ _ Vo
(R +R,)R, R,

_ Vcch/(Rl + Rz) - Vo
RR,/(R +R,)+(1+B)R,

=i, (1+ )

;)

| Solution

‘ Apply supernode concept to nodes b and c.

a a

T R, | R; ]
*
) vd

d

R, Bi g
Biy @v ‘ H @\
(& ¢
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| Solution

| Write KCL at supernode:

Yo=Vee (b, Ve g g
Ry Ry Rg

.
;e. Need 2 more equations
to get rid of v, and v,

Q

vb_vc =V0

; V. = (iB + ﬁiB)RE

Solution

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

v.+V -V v.+V v, .
c 14 CC+c 0+ c_ﬂlB=O

R, R, R,
R +R))v.+(R +R,)V, - RV,
R1R2

= (R, +R,)(1+ B)izR; + RRyiy =RV, —(R +R,)V,
=i = R, V¢ _(Rl +R2)Vo _ (RZVCC)/(RI +R2)_Va
RR,+(R +R,)1+B)R, RR,/(R+R,)+(1+p)R,

+ iy + iy — Piy =0

|
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| Activity 5

‘ Find currents in iy, i,, and i,.

R, R,
A ° AN
il i.?
D 1": lg R3 (%)
| Solution

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

i R+ R3(iy —ip) =W

Ry(ip —iy) +ipRy = =y
R, R,

vy (ﬁ) Iy §R3 Iy, <i> (P,
y 2 »
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Activity 6

Use the mesh-current method to determine the
power associated with each voltage source in the
circuit.

20 60 40
AM—9— A —8—ANA
40V 8030,  $60 20V
o« o
| Solution
20 60 40

WA— 90— WA——" WA\

+ +
40V 80 6 Q) 20V
<—> L § § [ <—>

-1 =1

L L 4

Comy oM © 2911 Pearwon Livewton e pubswheng o Pramtcn Has

2i, +8(i, —iy)—40 =0
6ip, +6(ip —i.) +8(ip =i, )=0
4i.+20+6(i. —iy)=0

15-09-23
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| Solution

‘ 2i +8(i, —i,)-40=0

J\.

4i,+20+6(i, —i,)=0
10i, — 8i, =40
1-8i, +20i, —6i, =0 =

6i, +6(i, —i,)+8(i, ~i,) =0

(i =5.6A
i, =2.0A

—6i, +10i, =20

i, =—0.84

Doy =—40i, =-224W p,,., =20i =-16W

|Activity7
| Find ig.
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| Solution
I

Supermesh

Can write 2 equations in 3
/ unknown, need one more

SRy ’ V.+R.(i,—i )+ Ry, =0

Ri +V.+R,(i -i,)-V, =0

| Solution

:>(1+/3)i3=ib—ic

‘ [))lB =ia_ic
iB=ib_ia
Ri +V..+R.(i.-i)-V =0 N ~-RR)i, +R,R,(i,-i)=RV,..—R,
V. +R,(i,—i)+R,i,=0 RR,i,+RR,(i,—i)=-RV,
= RR,(i,—i,)+(R +R,) R, (1+B)iy =RV, — (R +R,)V,
R R, R (1 . _ RV

:(R1+R2)+ c(1+B)iy (R+R,) °
_ RZVCC/(RI + Rz) -V,

RR,/(R +R,)+R,(1+p)

e lp

v

o
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| Activity 8
Find power in the 300 Q resistor, which method is
better? '
3000 <2
AW
150 Q 100 Q 250 Q) 500 Q
AN —8—AM AN —8—AN
50 iy
256 V 3200 0 4000 128V
‘ Copyht © 7071 Paaman Fhucanon W pustsheng o4 Provsce Mt ’
| Solution

Mesh-current: 5 equations (note that i ,=-i,)

15-09-23
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| Solution

‘ Node voltages: 4 nodes, need only 3 equations

3000 <°
YWV
1500 A 1000 ~ 2500 L 5000
) AN —{o— WA (
50.iy
256 V $200Q 40003 128V

e e W—

\wv«f:n Posnan faucamon ..‘.a-q.mm/

/A\

referen 300 -
| Method 1 "%

‘SUDGmOdei 1509\ 100 Q2,250 Q  [2,500 Q

1% + V3 +V3+256+V1—V2+V3—V2+V3—128—V2=
100 200 150 250 400 500
V-V Vo +128-v3 vp-v3 Vo _ . ‘Atnode2

250 500 400 300

0

. A%
Vi —V3 = SOIA = 50—2 Constraint at supernode

15-09-23
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| Method 2 w

15000, 1000 " 2500 |1.500 0

v v, —256 v
+ +

a

a_vb+va_vc O Node a

200 150 100 300

Vc_vb_l_ vc +Vc+128+vc_va=0 Node ¢
250 400 500 300

v, = SOiA =50 Ve 7 Va Constraint at supernode

| Solution

‘ For both methods, the power dissipated by 300Q
resister, is 16.57W.

15-09-23
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Activity 9

Are these 2 circuits equivalent?

R,

(b)

e © 97T P Fi e, e i) o Paben

Solution

They are equivalent with respect to terminals a and
b.

R,

(b)

R © J071 Pairaan Etuton It pubiniong i Panion Hat

15-09-23
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| Activity 10

‘ Find Thevenin equivalent

50 4Q
NN—@ MWN—@ a
+ +
+
25v( ) 2003 3A V1 Vap
° - eb
|So|ution

‘ 1. Find v,, using node voltage.

34270 N, 3oy
5 20
v, =y, =32V
50 4 Q)
AN —9 AMA—@ a
+ i
25V 2003 3A Vi Vap
o - P

15-09-23
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Solution

2. find the short circuit current.

v,=25 v, v
2—+_2+_2_

3=0=v,=16V
5 2 4
zsc=ﬁ=4A=Rm=ﬁ_2=8Q
4 i, 4
50 40 a
A AN—

@
b
| Activity 11
‘ Find the Thevenin equivalent.
2 k()
'A'A% —® ® a
; t f
5V 30 ) 20i v325Q vy
[.\'
o o b

Compght © 2001 Paurnen icaton, Wi iuiiniung o Prosios et
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| Solution

Note that ix = 0 (why?)

1%
20i+—=0 =-500i
KCL at node “a”: e 25 =V :

KVL at left loop:  5=2000i+3v=500i =i=10mA,v=V, =-5V

-l A\ e

Short circuita and b, =0 = 3v=0,i = 5/2000 = 2.5mA
i =-20i=-50mA=>R, =V, /i =100Q

® a

20i v225Q vy

eb

et § 2041 P (s b g on Foaon vt

| Activity 12

‘ Find ig

MOV © 001 Pairsen Eeston it gubiniong s Pravion il
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| Solution
‘ 1.Redraw it.
2. Find V7, Ry
R
V., = L, V4
TH R1+R2 cc
R, =R I/R, =K
R +R,
- d
Find Thevenin
Equivalent
| Solution

‘ 3. KVL to the left loop, find ig

Vg = Ryyig +V + R (14 B)iy
VT _Vo

Ry +R,(1+P)

lg

d

© 7001 Putrsan Eicuton e pubintong on Prarion ol
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| Solution

| 4. Substitute V;, and Ryyinto ig

0

i = ’ - ’ -
" R,+R,(A+p) " R+R, " R+R,
= RZVCC/(RI + Rz) - Vo

" RR,/(R +R)+R,(1+p)

VT -V _ szcc R. = Rle

Activity 13

| In the circuit below, the load resistor is matched to
the Thevenin resistance, how much power is
absorbed by the load resistor?
100 W
50 W
20 W
10W

20\

15-09-23
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| Activity 14

‘ Find i2
6 Q) 20
'A% A'A'A%
[ i;
120 V '15, 304,340 2A
| Solution

Deactivated current source

3x6_

Rtotal =6+—=8Q
3+6
i =120 154
8
=% xi5-104
3+6

120V

120V

15-09-23
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| Solution

Deactivated voltage source

6x3 60 20
Ry = m"'z =4Q

120V
(=12 _6ai--64
2
[ —6x—___4a
3+6

i,=i,+i,=10-4=6A
12A

| Activity 15

‘ Find v, using superposition

5 () 04 Uy
AN —8 <EE;> *
IA
10V 1:,,§2OQ z3§109 5A
2 i
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Solution

Deactivate current source

KCL at right node : -2 +0.4v, =0 = v, =0
10

Voltage divider: v, = x10 =8V
5+20
0.4 v,
50 .
A AAS

Solution

Deactivate voltage source
KCL at node a:;—6+v§0-0.4v; —0=5V -8y, =0

v, =21,

KCL at node b:0.4v, + -5=0=4v, +v,-2i, =0

v, =2, +v,=v, =10V,v =16V

v, =v +v,=8+16=24V

15-09-23
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