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HOMEWORK #6 probs 2-4 solution U

Ex:

4 —ob

Find the Thevenin equivalent circuit at terminals a-b.

a)

b)

c)

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

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

Make at least one consistency check (other than a units check) on your
expression for part (a). In other words, choose component values that make the
answer obvious, and verify that your answer to part (a) gives that obvious

answer. State the values of resistors and sources for your consistency check.

Find the Norton equivalent of the circuit

soln: a) Tt is always the case +that Vin = Va i, 10 (oad .

We consider First a node—voltage solution.
I+ we place a reference on the bottom rail,
+hen Vg ¢cs the Va[éaje for the node
consisfiny of the wire on the top myéij
wAih (s connected +o terminal a. We sum
+the currents -F/owc'ny oat of his nede.

V77) /(R,“(’Rz) + - Ls +<VTA‘0(_|/7,A)/R3 = 0 A



Note: Vg = VTA So XV, = «Vyy

Now we solve for

VT‘/‘!( L + 1-oL> = ki

MU\\‘\:‘IPLY‘U\? beth sides by (R, +R) R3y 9qives

Vo, (: Ry + (1—-) (R,+ RJ‘X = 13 (lekz) R3
oYy
Vol = Ls (R,*‘ R'z.\ Rz
R},“’(‘l“’(-)(Rl‘*'Rz)

An alternate 4//0/*&46/1 (S 795‘6% Norm
:‘F{aréf) ts to first rep ZCe the de/oem[ell'é
source and Rx with a /Vo/-éon egusvalent.

Rs |
L = 2l R3S
oLV R
Thev. eﬁu‘w. Norton ezu'w,

With the Norton eguivalent, we have +the
-Fo(lowiny eirentt:

We have both +the velfa.yc and current for
the dependent source as Functions of Vv,
a,llowc'ng us +o Find an eguivalert R value,



Re$ == ¥ =-Rz2
At -
R=

Our new circutt model:

Rz
. N s o
Rl% Lﬁé? "%i? R3

° b

We now Find Vi = Va,p, ho (oad usih7 Ohm's
(aw -

Vap = bg(Ri+R2)| -Ra || R
ol

We Compare this to the /orem‘ous answer
by simp (i'f/én7 the ex/oression for /pam[/e(
resistaznces.

(R1+Rz)ll‘8;5 H Reg = !
L. \ - 4+ _\
Rl"'Rl R3 R~

= (R\“’R’z\ R=
Ra + (1—<) (R, +R)

So Vpp= Ls (R, + Ry) Ra as before.
Ra+ (-« )(R, + R2)

To find RTh) we can short +he oqflpuf
from a to b, Find the short circuit currert,
[sd) czn&? +hen Uuse RT/! = VT/\ /LSC'

When we short a +to b, we have y,y=0v,
'éurnc'nj the defendenf source (nto a wire.



2 D
R‘ '{’5 Vx =0V ‘l/ Lsd

Note: vy = oV since we |have a wire from a
+to b.

We have a <édnrrent divider, bat all the

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

ls¢ = (3

50 RTh = VTh = V:]_’h’ = (R[*Rz) R3
Lsc s Ry+ (1-2) (R, + Re)

An alternate approach (s to observe that
the Reﬁ that revlaced the d;penolen-f
source is valid rejqrd/ess of what (Cnear
Circuit we copneect across a and b. That
(s, Vx (s still across the Norton eﬁm‘t/q/m-é
Sodrce —ucly /Ra.

In that case, we can turn off (s and
(ook +n From the a and b Lerminals ¢o

'and RT/I .
Rz
WA T r - o
~R3
R, open TS Ra < R

| | S




b) Te make a cnsistency check, we Hy
to find co mponent values that make
the Thevencn eg ucvalent obvious.

One trivial conscstency check (s 4o set
Lg =0 A, which causes the circuit +o
have  voltages and currents that are all
egad[ to zero. Thus, Vig =0 V. We check
our answer to (a) and Find that 7t j/l/es
VT/) =0V when (5=0A. Se thcs cans/'sfmc/
check (s =satisfied. v

Ansther conscstency check ¢s K +R,=0Q.
That s, R, *R, = wire. In ¥is case, we
have a short circuit From a to b. Thus,
VTﬁ = oV and 'QT/; = O_D. When we sub -
stitute R +R, =0 wto our answer +to

(4), we have Vi = Zs' O Rz =0V
R+ (/~x)-0n
and RT/\ = 0 - Rq = O 5.

Anocther C‘OﬂS(:.S"éenc\/ check (su 7e5'éea/ é),
a Sﬂ%e/ré) s to =set «=]. é—r’.—rictl)/
speaking, the problem says «<I, but this
check is instructive.) When «=1, the
voltage d{ro/o across Rz (s Y —Vy =oOV.
This means No carrent Flows througsh Rz,
and we may (,:7/10/1: Rz and the de,oe/)d&/é
sources branch. TACLS cn turn [(earves qu-{-

ts and R tR,, which is a Norton eguivalert.
The Thevenin eﬁuiua[emf would pave Vm::(:s@'ffz)
and KT/) = JQ,-fI?z. Our answer to (q) 3/093

= s (RtRIEs = (g (RtRy)
RS + (I=H(R*R)-



R, = (Ri+R.) R = R+ R, v
Ra+ (1= (R +R)

More consistency, checks are possible,
[ﬂc/ﬂd’ihy R3s =052, which <dauses Aemdeﬂ:
soUrce a&vx +to be (n ralle( weth v,. The
solution in this case (3 V=0V (when «#|)
This in tarn means that the crcut adcts
(ike a wire, so v = oV and Ry o,

The answer to (a) qives VU <ot ancl A’Ezan
when R3 =o052. i

) Tt is always the case that [NzVﬂ and

Ry
RN = RT/) we F£ind (:N = ZS = YV from (n).
Ry
> a
g Ry=Rma = (R, +R2) R3

&b Ra+ (1—x)(R,+Rz)




