ECE 1270

HE
Homework #1 Solution vl

1. Solve the following simultaneous equations for iy, i, and is:

Eq. 1 2(i1+i2)—10+(3i2—i1'—4i3)=0

Eq. 2 ~3(i; +ip)+2(i +3i3) =0
Eq. 3 ij—-5-iy =0
Solving Eq. 3 for i;=> ih=5+1i,
Plugging this result into Eq. 2=> =3(5+1i,)-3i,+2(5+1iy) +6i3=0

—5 — 4i, +6i5 =0

{Solving for i3=>} i3 p

~ Plugging this result into Eq. 1=>  2(5 +i5) + 2i — 10 + 3i, — 5 — i, — 4 (15—’“1‘1%) =0

6
r6(@)a-(9 - (2225

20Y . +50
@)= () =0
6 6

_ /50\/ 6 ‘
= (%) (z) A234]
_ +5+4(2.5)
I3 = ——-—-—é————— =

is = 5+25 =[754)

2. Perform the following calculations. Write the answers with appropriate prefixes (such as p,
'm, k etc.) for engineering untis:

a) P=72mAx6kV (Note: V*A=W) = 7.2*10'3x6*103

b)) R=33kQ+1.6 uQ =3300+0.0000016=E300.00000169 (
3
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3. Determine whether each of the following circuits is valid or invalid.

Homework #1 Solution e--reild

(a) 3.0
— VW (d) *
4
15V (i) 3Q 20V, §IQ W
. . . () ’ 50
(b) 3A ¢

—A%v——@— (e) .,
WO O @ v e

(c)

10v C*_'_) 1A 4A §2Q

(a) This circuit is INVALID. By Kirchhoff's laws, components in parallel must
have the same voltage drop across them. Here, the two voltage sources
disagree across the 3 Q resistor.

(b) This circuit is INVALID. By Kirchhoff's laws components in series must carry
the same current. The current sources disagree on the current and will try
to force the current to have two different values: 3 A and 2 A.

(c) This circuit is VALID. Current sources in parallel sum. The voltage across both
current sources and the 2Q is 10V. Here, the current flowing through the 2 Q is
10/2=5A. Summing the current will result in —I_10V-1+4+5=0 => [+10V=8A flowing
upward through the 10V voltage source. Note that current sources will produce
whatever voltage is necessary to force a specified current flow in a circuit.

(d) This circuit is VALID. By Kirchhoff's laws, components in parallel must
have the same voltage drop across them. Here, this is possible.

(e) This circuit is VALID. The 3Q has 3/3=1A flowing downward through it. This means
+(-3)-1_3V+1=0 gives |_3V=-2A flowing through the voltage source (2A is flowing
downward through the voltage source.)
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ECE 1270

4. Find I, in the circuit below.

20
1 \
0 I, =—1
5A 1 35 x=7
Vi=5A*2Q=10V
Ix=V'1/4=10/432.5A\
5. Find I, in the circuit below if V,=8V.
I
10 2
AN
20
10a () L [$30
l 10 10V
AN
-V, +

V4=8V=T,*40=> I2=8/4Q

Using a current summation at the top node: -10+I;+L,=0 =>I;=10-2=8A

L T SR T e
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ECE 1270 Homework #1 Solution U'ii?ﬁ—ﬂw
9, {(a) Find iy, iy, i3, and v,.
(b) Find the power dissipated in the 24Q resistor and the power supply.
ov(*) 2003}y ! i | S100 isl 150 v,
KWL 46 ()20 = [y =2=050ma | KL
' \ A $ : ’L( *LQ_ *63:;0
oG -L (R G0y =0 5\ L(B)-0
T aNEAR I
O+ ~L,(18)-15 (15)= O Cg ‘5(5?) e
\ 2 e 2
*[zu(ﬂ ’Lg(i‘i_?};o =2
9o 20 ) aun Pt
N \"'\f =0 ,;—\:o\/';f R
S S NN }vo P
. Jl/(\%\ 0= =290 A
Ty CQ‘L\\\ l - 6}§ Toun ~ Ly 2
g (o)) ~ LIWQ s | © pogwa (2D 2
‘. \fo = [\oﬁ oY o = %(\5)
, (10) = Cs(‘5> e SU“PPB Pb\mv
& P |
— L, = L@_/’ - P—;@’\:-\/
Using ® ond @ é?(o\/ ‘Xf’ s\gnp];amOPPOS‘JFC =
A -1 (1‘5>$O |
© 13(2)1% 3 =0
;*’(o -;il%c5>+30] Ly (I"/D*LH b 0 = 500M
TLz_F Do ="500M (6> -"i ’5\N§ |
6
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Sol'h (Dr. (\,OJ\JTG(’)

Lo
2R3

K2

Exrr-e:s‘t.on must contain

Rl) Rz; KB'

Derive expression for -

ne other parameters than Ya, la,

sol'ns  Use irchhoffls  Laws.  Label resistors.

b )

w a5 we go by wri-l:.‘ug

€5
ia
we'll use ©Ohns La

Vol‘E‘\ges for R's as v= (R.
voltage loops:
Upper left (oop

We <an solve +his. lo= _V_"?fg'_

Right side loop +ieRy+ R, — 4Ry =0V )

These are the oaly v-~loops that are
allowed , Cie, no v needed for ¢ Src
are nct redundant, Cie, are ast bigger
toops eguiralent in coatent 4o Several
smaller Loopsl.

), and



3 e Swimey 0%
solh [ov. Cotter)

SOEVI.: K cont..
durren’h Sums abt noedes:

The only pode where we cqn  sum curreats
(without hav'mg to define a curreat for
a Voltage souree) is the bobttom ngde.

Bottom pode tg=ta~ L, =0A (2)

Now we have +the last £wo egﬁ: in two
unknowns that we dan solve For i

Solve e.gfa QY Ffor i, s we can elimingte it
ta = & Ry — 4 & = LRy =~ Va -Ry
A K.
R2

Substitute this indo Q-giq (2)}« solve for l:,.

Ra
Rz Ra
6 (1rR2) = g+ 1
Rz Ra
‘:l Ra2+R3 = zq-l- Va
R= R=o
L, = (Lq + l-/ﬁ ) Rz
Rz Rz‘i‘Ra

¢, = Ry + Vq
Rat _RB




. SR A0

oy,

R
+
L ‘L v, R
(Y .
L’L Ra

- o i
[ Va

. Derwe expression for Lg <onfairing not

more than circait parameters & v K R.

Soln: &) Use  Kirchhoffs Laws, We can save
- effort by ob.servinj that Vg 15 aémss
two circuits that we may Solve
.sepem-&e(.y 1 Ry is te first circuit,
and R, and «xy, src¢ are the oler

circalt,
We Mqr thus t’./ﬂafe Rz, mw{ e
May Hase an obter y~-logp.

(we use QR Yo replace v, weywhere)
tigR, - w (i R) + vqg = OV
\Anes
i

°or ia (R, - « R) = "V

or ,-Lq = - Vd‘




Swimey A
solh (DT, Cotter )

solUn. %(E)@N\/VPL@\ consjstency check Mmeaps we Pkk

values Ffor components thet make the
circuit Se Silnp(e that we dan Solve

it by inspection. We then check
oUr answer to (a) 4]‘“'“* the Simple

solh.

Many checks are possible. This is cab
one possihle check,

let =0 =0 dle/:endemé y-sr¢  becomes
or (or wire),

Thus, ig= "l
R

R =< I, Ra=2%, vq=RV

—

Then -V, is across Ry-

We let

Then 1q = Y = -I2A.
| R

Now we see if sur Formula From Ca) FIVeS

4his quawer

i, = Vs . — kv . ~RAV
(\ ».c,) R, (t-a) [

Aqrees  with answer From simplified cirait.

Note: this eheck <an  catcd 4 problem
q/z%oajé it doesn’t juama‘éee arectiess
iF He solh to la) passes e test,
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1852

v (D) aua o ‘3] Dsn

a. Calculate T, iz, L3, Vo

i e oufL cesistor and o BV SIpPIY

b.  Fing power AISSEPq'l:eA

solh: a) Using passive  sign convention, label all
currents and veltage Arops. Note that
we have “+wo chafces For the labeling
of the 2% resisbor:

+
N or -
2% Lu V, Y

I use the First (abeling:

X7
A
N
+
/‘JN + /\'
oV h “L‘r"zlv v Ll Ssa VY,
lett \"é -
v-loop | W MSep \‘"\'%‘OP

Write tgqu for VOH‘Age LOOPS Sor  Lhner LoaPS
Cunless -+that would Force us to define a
valtage for a current source ).

Left v-loop: +6V =V, =ov > Vi =0V

Makes sense sinte 2402 resistor s
acress GV sSource (loa{‘f.er-y).

Ohwm’s Law: 'L.{_ = ‘fi - _@_‘{ = I;:A or 256 mA
Z4IL 243t

Middle V—LooP: Vg ~v, — v, = OV

of Course, V"f = 6V, So @Eﬁ = &V
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. Rw #1  ssUn (cont) SWW

(Or. Cobex)

soln: 94 . a) epmt.

..________‘_,___1
R\j\x‘h V—Loof.-. vy — v, =0V = Lfa_“ 2

Now write e/y.s £  current sums aqt nadesd,

We do all ut one nade, Cone is always redundant),
unless  we wauld have e define a current Sor

q voH:qge Sourde, In that dqsel we ¢an Sktp
‘U\q*k ho;te.

. 45
Herel we observe that we can Sklp +the hode

left of Lthe 18R resistor, (We oot want o Aefine

A currert for e GV source. )

For +he hede

we

to  the r}gh‘ﬁ of Lhe 185 reststor,

PUm  urrepts measured in a Aipection Qway

From -U'\,e hode:

We leave oyt one noa[e’ and I usuq
the bottom ragl,
hodes

lL). leave out

By the way, the +two bottom
are  Connected b)« 4 wire 3o

really  just ope hede .
e“’e")"yﬁ'hj s Connected + ape peurt on the bottow.)

We are done Witk Kirchhoffs laws. Now use
Ohm's Law

-b{e)r are

CRedraw, Circait so

76{& Fesistsrs (qlreqp{), Aid Z‘l».sz)

m 6 %kﬂownS} ( boxed E;'nS)‘



) Hv #1 sl (cont) Sum

soln: O] a) cont.

One. way +o proceed s +o replqce aft v's

with t- R's.
enﬁ #
GBS+ Lo < 6V )
LB lsJL = .(_1 ‘OJL (2)
—'L‘-f- L'z+i_3= 0A (3)
Solve the Simultaneous ‘eglhs, T use the siMPIES‘i:

egﬁ First 4o isolate one variable W terms of
others. Egh ()  tells us what 4o substituke

For Ly Lsz Ly- 0 o 2 )
I5 e

Using this For Uy in 6.5:/»5 ¢1) and (3) qives
L, Ba+ L 100 = ¢y

- -~ 2z . e N *3—‘ =OA
"M"““&"ELZ = OA oeor L,-l—(,l(l 3)

From this new egﬁ (z) we have L, = ia ({1%>'~‘E Ly
/3

Eﬁ’n ()  becomes %“'1 18 2 4+ 10 = 6y

Prs L,.-('%‘_lgﬂo):;_z &V

)

t2 © o= ¢v

1’2:‘ 6’__‘/ = 6V 25 = 156

ev 25 156 vy
) Lt‘O.Q. LfO.ﬂ_'Zg !k ~SL
Ly = 150 mA
Substitike hack into eg’n Q) 4, get
L1802 +ISomA 169 = &
Ll-m_n + I.SY = gV
E“]BR = 4.5y

L, = WSV = Y Ao 250mA
184




) Hiw 21 selhy Caont) Summex 009

LOV. (otier)

golh: A a)  cont. Using egh (2) , we have Ly 1502 = 150mA 100 |
L, = LSV o~ L A or 00 mA
3 1S 16

By Ohm's Law,

o

= Ly IS5 = loomA - I5JL= LS}

N L, = 250 mA
Summary : t, = 250 wA 4

I’z = 155 mA

Ly = loomA

vy, = .5V

('onsis{:enc/v ¢hecks:
Ouker V-LooF dorrepst T
»
+ov -V, ~y, =0 -

+6V ~ 25omA. 1852 — loomA - 158 = O

eV - B.5V - LSV =0 b works |

Qurrent ':Qow't.nj ints qrfer rljjl'[: hode

eguals  current Flowirg out of upper
right hede?

Current ‘Howlhj th = i’l = 250 mA

Current 'f[ﬂwi.hj oat = Lot Ly = 1SOmA+ l00mA
= 250 mA v works |
b) = LY (value >0 —
P glue means power Aissipated

VQIMQ >0 n a 3&)’19}"4&4 or Sol.l’fed)

For "BS{,S'LQrﬁl P =

A

—

Thus, we can £pd pas LR or %‘ For RS,

. R 2
Poa = b 082 ) k= st

= . 2
PIG-JZA Ll

1

(ka) 1o -

- L.{gw: Lilzs w

Pom = l2lbe = : y

b T 2 'lb2 = (%5,17 B = 225000 T 225 W
<2

Pin = 18150 = (ha)ima o 2

= ISy = )50 mW
ito




5o A. k) cont,

Hw #! soth Ceont.) SWY\(YLQ)/ 009
(Or. Cottex)

Now we heed +he current for the 61V Source-

wdli  Peh

we avaided AC'H&'U\? t earlier  Now btat we )ltuig

Found _all _the other i's d v'3, we can Fid L.
node o the left of

Use a currens sum at the
the 183 Lty v, = 0A
t+ 2Bo0mA + 250mA = 0A

-1 A

L= — 500 mA or =
L~ Ly = ~LA- v s ~3W (negartive
means pwr
source )

Cansl S{end:y check s

Total pwr far  all Components Should be zZero:

—3W 4lS5W+ Llz2sw 4+ 225 mWwt 5o mly = OW V/‘worksl




W #1 sobn Ceont) Sy 204

COV Cotber)

0 Bn
M ] 2
- a
l byl
P 22: 35
6A iy l 165 + Yy
Ba V,
FLY\A L,) LZ) (“3) qnd v,
2oln: Since 185 n series wekh A source, We

pust have 1= 6A. This is total L for r‘ljh'ﬁ side,
Now we <can uUse i—divider Formula

forr the *wo byranches oh rtjk'{:-.

L, = v - 15 = ;ﬂ-% =6A'3 =36 A
o+ IS5 5
L3=Ll- 10 5L = (% = 6A- 2 =2.4% A
T 3 5
16+ 5.0

To  Find Vo, we ohserre that 1y Flows thru
3R vesistor.  Thus, y, =

ly- BR=2.4A-Ba
= RA-Re= ISy = 32y
5 5
Summary L= GA
L, = LA
Ve = 3L

T, . ,_
Consistendy checks: L= Lztlz CA=36A+2MA YV
ko
L' b= t3-l5 36AWBR=2H4-ISn b7

. . 2, ?
¢ iﬁf“ Ly-2R= L,-bR  3lWia.44020 = 3640
v W 4By = AL 4




