ELCLE 2240
N. Cotter F13

HOMEWORK #6 probs 1-3 solution U

Ex:

RN

* * O b

Find the Thevenin equivalent circuit at terminals a-b.

1) Find

the Thevenin equivalent circuit at terminals a-b. vx must not appear in

your solution. The expression must not contain more than circuit parameters oL,
R{,Ry, R3,and i5. Note: O <o < 1.

2)  Find the Norton equivalent of the circuit in problem 1.

3)  For the circuit in problem 1, assume the following component values:

ls

=0.4mA, R =10kQ, Ry =2k, Ry =36k, a.=2

a) Calculate the value of Rr, that would absorb maximum power.

b) Calculate that value of maximum power Ry, could absorb.

SOL'N: 1)

Tt s always +he case +hat Vi = Vaq , 10 (oad .
We consiwder First a noofe—vv/—éq?e " solution.
I+ we place a reference on the bottom rail,
then Vg ¢cs the (/o(-éaje for the node
consésf2n7 of the wire on the £op m‘ﬂéi‘j
wAl¢h (s connected o terminal a. We sum
the curreants ﬂ%wén? oat of this node.

i J 41 - iy 0oty = 0

Note: Vye = VTA So XV, = o Vi



Now we solve For Vg

v,m( L & l—o(> 2 e

Multiplying beth sides by (R +R.) Ry qives
ply ng ¥ i

ven [Ra+ (- (R+R2) | = 15 (R#R,) R3

oY

Vi, = ts (R, +Ra) Rz

Ra+ U-)(R+R,)

An alternate Ct//ora&w/\ (su 795—6&4 Norm
Gifford) is +o First replace the de/aende/ré
source and Rsy with a /Vor‘/:on egusvalent.

ey
R3
_ D RS
oLV Ra
Thev. eﬁulv, Norton eﬁuLv,

With the Norton eguivalent, we have the
following circuit:

ey

We have both +the vOH:a,yc and current for
the dependent source as Functions of vy,
al(0w5n7 us +o Find an ega;ua/eﬂ‘(: R value,




Oar new circult model:

Rz
. . o
R% L -Rs

© b

We hnow Find Vop = Va,p #o (oad usihj Ohm's
(aw :

Vi = bgr(Ri+R2)| -Ra || Ra
ol

We Compare this to the previods answer
by simp ( if/£n7 the ex/oresséon for- /pam//el
resistances.

R, +2.) [ - Rz || Ry = ‘
e | - o 4+ _L
Rl-i’Rz_ R’3 R’S

= (R,+R.) R=
Ra + (=) (R +Ry)

So VT;\= Ls (R_“\' RL) Ra as be:core
R3+C‘-°¢)( Rl‘{' R?.)

To find Rtn, we can short +the oq'(:/:mf
from a to b, Find +the short circuit currert,
is¢), and then use Ry = gy [ise

When we short a +to b, we have yy=0vV,
'é-urnc'nj the defendent source (nto a wire.



R, % vy (M)Vx=ov Uilge

Note: Vy = oV since we have a wire from a
to b.

We have a ¢éurrent divider, bat all +he

aarrent will Flow w 4he short circuit (wire)
sihce t has =zero resistance.

Cs¢ = (g

ﬂo RT//I = Vh = l{q_’h’ = (R[+R2) R3
b b Ra+ (1-)(R, + Rz)

An  alternate approach (s To observe that
the Reg that revlaced the Aepenclent
source (s valid rejqrd/ess of what Cnrear
Circuit we copneet across a and b. That
(s, Vx (s sStill across the Norton eﬁm‘yq/w'f
Source —oly /Ra.

In that case, we can Eurn off (g and
(cok +n From the a and b Lerminals to

R2

s
R, open ~—= Ra < R,

-0

l | —

So Rrp=(R,+ R-L) “ -R3|| Rz as bedfore.
o«



SOL'N: 2)

T+ (s a(wc'{/s the case that [N: V and

Ry
Ry
» & &
Lg Ry = Rma = (R, + R:’.) Rz

5 b Ra+ (1—e)(R;+ Rz)

SoL'N: 3.a) The maximum power transfer occurs when the load resistance equals the
Thevenin equivalent resistance, which may be shown by writing an

expression for the power as follows and setting the derivative with respect
to Ry equal to zero:

R
p= v = YTh . VTh XL
RTh + RL RTh + RL
dp
—=0= Ry =R
dRy L Th

From the answers to (1) and (2) above, we calculate the Ry, for the values

given.
o (RITR)Ry _ (10kQ+2KQ)36K
T Ry +(1-a)(R +Ry)  36kQ+(1-2)(10kQ+2kQ)
or
Rpy = (12kQ)36kQ _ 12kQ 36kQ _ o\ o
36kQ-12kQ  12kQ 2
Thus,

RL = RTh = 181(9



b) When Ry, = R, the formula for power always simplifies as follows:

2 2
VIhRth  _ VTh
2
(Rrn +Rr)”  4Rm

Pmax =

Using the vy, formula from (1) with values given, we get the following
value:

_ ig(R+Ry)R;  0.4mA(10kQ+2kQ)36kQ
CRy+(1-a)(R+Ry) 36kQ+(1-2)(10kQ+2kQ)

VTh

or

V1h = iR =0.4mA(18kQ)=7.2V
Thus,

Vi (12V)?

= = =0.72mW .
Pmax = 4 R T 4(18kQ)




