UNIVERSITY OF UTAH
ELECTRICAL AND COMPUTER ENGINEERING DEPARTMENT

ECE 1270 HOMEWORK #4 Solution Summer 2007
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For the circuit shown, write three independent equations for the node voltages V1, Vo,
and V3. The quantity ik must not appear in the equations.

Firsl, we write Llx (n terms of node v's:

Second, we cheek whekher node v, is
part of a supernecde, (e, (s connected
to ansther node b/v enly a ua(fagr: sourde ).

Vi, ts not part of a Supcrﬁmfe_, Se we write
A aurrent = Summation egh  for (t:

Mo+ Lg + V- ¥y = 0A ¢i)
R Ra

Third, we oshaerve +hat vy and va
form a supernede.  Thus, we write
a egh for the sumpation of all currents
out of +the bubble shewn on the cireait

A.iarar‘qn‘i:
w tx
Vam¥) ¥ Va4 V3 —o-’.(lf_,—i,‘) =0A ()
R Ra Ry +Rs Rz

Fourth, we add a voltage egh for nodes
v and Vz.

V, = Va = Vg or Vg = Va + Vg (3)



2. Make a consistency check on your equations for Problem 1 by settings resistors and
sources to values for which the values of Vi, V», and V3 are obvious. State the values of
resistors, sources, and for your consistency check, and show that your equations for
Problem 1 are satisfied for these values. (In other words, plug in the values into your

equations for Problem 1 and show that the left side and the right side of each equation are
equal.)

There  are many  possible Consistency

checks: one exdan ple ts  shown here.

Letk Vg =0V, E:‘:‘.:G‘-‘A; o = 5

R-z_= 24’1} RE:'EJE
Rg =2 (open)
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Car  ciyrcult pecomes Lhe +dl'.[dmi,hj:

Wy 211 W Vo
W1
— oA <
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4 3cA =-
we have ix = ~lsg = —bA, Thus «i,=—30A.

Fr‘am a .".l.-l.r'reru“: ﬁumma'E‘LDr\. (.‘-\‘{': na-:ie V”
we conclude that 236A flows up thru
the 352 resister.

Since the v, and vy nodes are comnected
by a or seurce (a wirel we Aave

Ve = V3 = =lobl.
For v,, we have

Vi = Va ~ bA-2.0



Now we check o gee UF eghs (1), (2),
and (3} $rom earlier hold when we
subgtitute values From the censistenty
cdheck .

Q) =120V + GA + ~1oVv —(—-losy )}
o0 5. 2 52
= ¢A -\ = 0V V (eonsistent)
rARrR
) -lo®V -+(—1zov) + —loeV + -logl —S(—lw—g-laﬂ))v
At 3N 4 4oL 2.0t

= 12V - Jogl — 0A -5 (-12V)
202 30 252

It

LA- 36A + 3pA O0A V (consistent)

fi

€a) — eV - (—108V) = oV

va V) (aensistent)

ALl tiee eghs are satisfied by values
from the consistency check, giving H4s
confidence that our hnode-voltage eghs
are cbrredt.
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For the circuit shown, write three independent equations for the three mesh currents iy, o,
and i3. The quantity w must not appear in the equations.

4 = . -
goln: First, we write Vy in terms of mesh
Currents:
Ve = L, R,

Note: current in R, (s ¢ since R, ¢s

on the outside edge of the cireuit.
Second; we  observe that g s between
4:\he L ftnat ly loops, meqnc‘n7 that Hie
L, and is loops Form a super mesh. Thus,
we write a  v-lop egh  for the outside

PAth around. the iy and Qs (oops:

_L|RI+U5_E’IRt+LaR2"£1Rﬁ = oV 1)

Third, we write a durrent summalion
. .
egn  tor the source, is, prtween the [, Ly loops:

lg= vy Lay (z)

Note: L3 has a +sign because ot flows
in the same direction as Ly, whereas
{5, has a — sign  because ([t flows

in the spposite direction from (3.

Fourth, we observe +that <the iy Lloep

has a curreat ssurce that i on the
outside -eAﬁe of the dircduct. The
(an curreat, f:-a, must Eﬁuqt’ +he

durresnt fa’awinj én  the curreat  source:

e Vx

LQZ%CE"R;) (3}



Find the Thevenin equivaent circuit at terminals a-b. ix must not appear in your solution.
Note: O<a <1.

ob

Vi = Va,l open cireurt  (always true)

T+ we have an open cird uH:, ‘::t: =0 and
there (s he pe E'Eﬂje afmjo acrpss K, and
X iy =0 acts [(ike a wire, An egul va lent

dircuct  model Hor ﬁéﬁd’énﬂ Vg CS shotwr
be (ow.

V q
-Th = I o
R | Lﬁ U_m
b
f'\_

1 V-

We see by tnspection that Vo, LS Qcross
R, and Vo, = t:ﬁR; b‘y Ohm's law.



To Hind Ry, we short the a,b terminals
and. measure +the shert-c<ircult current, {44
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One way +o solve the circuit (s +o use
the

node~voltage method, as (s dome here,

First, we define tx wn tems of node-voltage:

Lx = V)

A

Rz

Eemnﬁl} we write a current sumpiation

E*.ﬁfﬂ for  node ¥, <
' Ra
O

or



or vy = —Llgt R El_ﬁﬁzllﬁ'“2
o

Third, we observe that (54 = —i,

= -n
F=2
L‘E‘C = l'..ﬁ = (Rlll RiE‘; l[ R-;_) - '!;T
2
Fourth, we wse Ry, = vp,
BEC
E‘Th = 'I.-_’-lh = Lﬂ R|
Ls¢ Lg R,l[ RRz ]| Ra+ L
ol 2
Rth= K1 Re
B Rl | R
o R-”.-.t—. E‘-Rz =:'|-+_f‘4v_,"-!_)=R*V"-""R
| Ri Rigz Rz * :

Thevenin eg wivalest -
4
Y= vy
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Cdlculate the power consumed (ie dissipated) by the 18V source. Note: If asource
supplies power, the power it consumes is negative.

We may solve <This cdircuit th a variety
oT wq/v;‘J but a -SLMF."& way Ls to

write a cdrrent  Sammadion eﬁfw for
{7‘{1& V.r ﬂad&:

— 2l + LEmA + Ly = 0A )]
Note: We nermally ayolid “sing ix. 7o
Ao so fere, we would use +the

{o!{awin? Eﬁfq For Lx;

Ly = , + 18V

ok + 2k J2

This [leads o a  correct solution buat
rEf.uire:. mese wriﬁinj,

From egh (1), we Aave

Our Fmr Ls P:‘ a‘.;;t'u"EV: [.S5mA-18V= 27 ml/



