problem - Sek

circuit parameters va, iz, R1, R2, and R3.

soln: We label 1 and v's for R's.

¢,
~
Vi

We have a v-leop around the outside,
Cother loops would jnclude i-sre, iq)

TV + Vg T vy T Vg = 0V
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aov (+ 27¢Q S V1 80 KQ ek < fis
120k02 80 pA C)
2mA<> 60V (F 33kQ 8V 160uA<> 12k0
a) Calculate v). b) Calculateij.
soln:  We have voltage divider conslsitng of soln: We have a carrent diwider consLs'th_,
the GOV src and the 27kS and 33ka oF the 160 uA sr¢ and the 6BkH and
resistors, 12 KS.  resistors.
v, = 6oV 27kf Ll = 60 mA__ 12 ka
27k + 33 kSL rZka + 6e ks
= GOV 27k = 160 nA- 1zkS
60 kL Bo kAN
v, = 27V iy = 2% aA
Note: Here, we have geveral circuitsg Note: The 12ksL and 68kS. resistors
in parallel across the 60V sre: are parallel since they connected
the 2mA srd, the 120k% resistor, )07 wires at either end.
and the 27kSL and 33ka resistors. _
We can solve each of -these circuits We know -+the +total aurrent
separately, as -H\oujh they each -f!nw'mj inte +the 12k and ¢Bks
had  their own 60V sre. resistors, and the resistors
have the same voltage across
The 30V gre and GOSL resistor are them.
isolaked by wires from 4he rest of the it
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va We could write an i-sum egh For
e either the node on the left or right.
We only need one node. The obher node
Ri is redundant.
e Tf we uase the sode on the (e, our egh is
—ly ¥ lg —L; = 0A
Rs . .
We look for components in series carrying
e the same current. R, and R, are (n series.
Derive an expression for i;. The expression must not contain more than the

by = iy
From ohm's law, we have
v, = l.,|+ R, = ‘L‘lkl
Vo= iy Ry
vy = ¢, Ry

Subs-l:ltu'tb\j Ohm's law andt tLy=-i, into
our v-loop and [-sum eghs gives

~LR, + Vg~ iRy~ ¢, Ry = oV
iy — i, = oA
SoLvlhg the seeond zb'n For iy gives

iz =i~ Iq
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Substituting for iy in the first eph gives
~(&=ia)(Ry+ Ry} + Vg — i, Ry = oF i
. . Ry
or =iy (Ry+ Re* Ra) = — Ly (R, + B~ v,
+vy -
. - N +
or [ bq(Rl"'Rz\"'Vq RiVvy
R,+ Rz + Ry -
Consistency checks:
avi
Set ig=0A. i, = Vq
Rt Rt R
o a) Derive an expression for v2. The expression must not contain more than
Eg{'\ 3'nves L, - a/(,gﬁ’gl) + Vg v the circuit parameters o, i, Ry, and Ry, Note: o> 0.
) R)+ Rz+ R3 b)  Make at Jeast one consistency check (other than a units check) on your
p Explain the y check clearly.
Set v, = oV. i, = i, (R+Ry)
Ryt Ry + R solhn: a)Label  resistor currents,
(current divider)
Eﬁ‘l gives LI = La (R, +R) + oV v . We have a v-loop on +the
Ri+Rza+ R3 ““‘ bottom:
Ra
FAV 4+ U, vy = OV
R, AW other loopz would pass
thra a current srd.
w, <5
We can write l-sum eghs
for the node on the \eft
or right lut we onty need
one of -them.
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For the left node, our i~sum egh is

tg + Lz + L, = O0A

We have no components in series
carrying the same current, (other
than a v-sr¢ and R

Last, we write Ohms law eghs
for R, and Rg:s

Vo = i3 Ry

Substituting +the Ohms law expressions
into  the v-loop egh gives

oL LR + LR ~ iR, = OV
or L‘ (eL»l—l) R, = ¢ Ry = OV

Now we solve osur L-sum eﬁﬁa for ¢,

(This (s convenient sincde we witl retain
Lp and be qble 4o write an egh
for V,.)

L= tq ~ iy

Substitubing into our last v-top egh,
we  have

(ta=i)(+1)R, = ip Ry = OF

We simplify and solve Jor ip:
Lq(2+1) R, = Ll[(n{.—}-l)Rl + Rz]

or g = Lq le+l)Ry
(o)) R+ Ro

b) Many consistency chedks are possible.

ex: Set =0 so deperdent v-sic becomes

a wire., Cireutt  becomes L-divider

R+ Ra

Plug &=0 inko answer From (a)-

iy= b @+) Ry =i, Ry ¥
0+ )R, + Ry R,+ R

(We 59,-!: the same answer-.)
ex: Set R,=05r (a wire).

Al eurrent will How +thra -+the wire
since &b is the path of least resistance,

fily = lq
Plug Rpo=05 into answer From (a}:

lo= lq MEDN Ry = i ¥ Csame answer)

(ot Ry + 052




ECE 1270
Sp0s

EX:

* uRNvESITY
woTA

“Esam #1 Solution Prob 4 ; Y

ECE1270

- 8p 06

e Exalg #1:Solution Prob 4 (cont.)’ :

oNTvIRSITY
i

ECE 1270
Sp 06

Ry

R

The op-amp operates.in the linear mode. Using an appropriate model. of the yoﬁ-‘
amp, derive an expression for Vo in terms of niot more than vs,is, Ry, and Ra.

soln:’ "We “assume - a. oV drop across  the . +and ~

inputs of the op~amp, and ‘We replace the
opmamp.output  with a sre called vol. S

Rz ’ ’Reﬁ = R,‘i—“Rz
A

—
Yo
¥ Veo‘

t -
Replaces "R, and Ry

We ‘may. dombine R) and ‘R, intoone
S resister: Reg = R, + Ry

Reg carries curreat ¢, and . has v-drop
V¢$ = i, Reﬁ- :

Exam #1 Solution Prob 4 (cont.) uifagse

We use a v-loop o Ffind v,
From v,

or  V, = LgRuB + Va — Vg

or Vv, = iLg Reﬂ

Consistency  check:

Let ©y=O0A. Then no current Flows
in R, and Re. Thus, there

is ho V-drop across R,
vm\d Ra.

We have a simple v-loop thru V-

oV — oV ~ oV ~ V, = oV

Thus v, = oV,

Plugging is=0A into Vo=iyRey gves V=0 v

Lls'mﬁ
4
solve for Vg

‘We  now - Look: For v-—LpaPs,f.mcl,uolln@
;those . .passing . thra: the “oy drep across
the : op-amp MFH'{’:S.‘ : '

The ;n[7: v=loop . not ,con{ai}li.hj an L~srd
is “on ~‘H\e“v~tjht‘ alde. L

EETE P
-0V~ Veg H: Vg~ Vp o= ov

IF we ignore o\nna('u,,ng wires, we have
"ho nodes, where. ‘three “or- more  wires

S are o connectked)

- Thas, ‘we have “ho_-i-sum eghs For nodes.

We ook for -gomponents 4"U|v‘;;5eri.es thit
carry the © same current.

ity = Tls .

“Finally;: we use ‘Ohm’s laib For  ‘Reg:

Veg = 1 Reg

“Sinee . by ~is, we have

Veg .= ~ig Rgs; v

our “earlier. v-loop: eﬁh, we ¢an

Vo = “Veg * Vg o= LgReg ¥Vg



