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V52 R3=3kQ

Rail voltages =29 V

The above circuit operates in linear mode. Derive a symbolic expression for vg.
The expression must conlain not more than the parameters vy, ve2, Ry, Ra,
and R3.

If vg2 =0V, find the value of R that will yield an output voltage of vg=~1V
when vy = 10 mV.

Derive a symbolic expression for vg in terms of common mode and differential
input voltages:

VE-E‘I- ;—vﬂ and vn-m—i—m
The expression must contain not more than the paramelers vg, va, Ry, R2, and
R3. Write the expression as vy times a gain term plus vy times a gain term.
Hint: write vg) and vga in terms of vg and va.

Using the value of R from part (b), if necessary, calculate the input resistance,

Rin = vsa/iga, seen by the ver source,

saln:

a) WUsing superposition, we *urn en cne

v-source at a time,

ease Lz Vg on, vy, off (=

Lo
-

Ra

Ra=
3kn

wire)

R3 is b)rpq!sed \n)- a

wire and may

loe Lﬁnarad, The circuit is then

seen to ke a s{.mf-u
amplifier:

UP|- oV V= bpi= 0V

Ly = Vg, - OV on
Ry

"’Sl = 0OV - Vel oh
R

S =Vo = Vs ar

Ra Ry

he ja-h'l.ve -qa th

left side

r'\ Sht side

Vo= ~vg) 8z

Ry



dase . vy of £ (= wire), Vaa on

+

v Ra= Vo
2
3k,

2]

Since Ry s acresy v-geurce Vg,
we may ignhore t. The creuit is
then seen +o be o simple positive-

3«Ln amp Lifier:

sz = Vg, Vs = Vpz = Vaz
bsiz = 0=Vwe = ~Vgz
R, Ry

Lgpp = Vg “Vor. = Vga = Vou
Ra Rz

S Ve Yoy == V-_‘-_‘
R Ry

Voz = "sz(‘ * E‘.’:)
Ry

Summing results qives vo=v v, =-y %,_-WRQ-P %\.)
1 |

<)

u«si.nj Vga = oV and Vg = 1omY in the
formula From (a), we have

./’n
Vo= ~IV = —lomV Ry * 4/5&\
3k 3Kk

or Re= =iV .3k = 3200k

~lomv
We have Vg = Vgt V, and Vg = Vg—Vj.

Substituting these {nte the formula For
Vo from (a) y‘rclata the -Faliowi.hﬂz

Vo = =(vg+vy) Ry *("’z'“’a)(‘”t_’-)

Ry Ry

Vo= Vg |+%g- )HVA Ra+ 1+ Ra
( i gi R, Ry

Vo = Vﬂ = VA('I‘P 2 E})
Ry
R'\h = \:2, = Vsz Cno current ‘Flﬂlﬁ o
sz Ve /R op-amp, So i.gﬁﬁ:/ﬁz)
Rin = Ra



ECE 1270

2, seln: a) The ep-amp acts as a comparator since
thelr is no Feedback. It measures the
veltage drep across the inputs with the
pelarity as indicated by +he + and -
signs. IF the voliage is positive, the
au-!:pq'i: is + Vil IF the voltage ié
negqéive, the output is —Vpyy-

Te fr\aduc: e waveform shown (n the
roblem, we must have Vo 7y, for t<t,
and +£> 4,4 1.72my, and we must have
Ve <v, for t,<t<t,+ /.72 ma.
Vi is constant. The value of v, is
Rail voltages=+9V
After being open for a long lime, the switch clascs at time ¢t =1,. Vim Tl X BN » XY,
volr) 3 .
f For vy, we consider the behavior with
e & a=L and a=C in turn. (Assume +4,=0.)
v!
=L -
i " 3ok
Iy 1, +1.92ms
9V
.%o
sv
a) Choose either an L or a C to go in box a to produce the v (z) shown above.
Specify what component goes in the box and its value. \20k.2
b)  Sketch v(1), showing numerical values appropriately.

¢)  Sketch v,(1), showing numerical values appropriately.

d)  Sketch vy(r). Show numerical values for 1 <r,, for 1, <t <1,+1.92ms, and

At = 0]
for 1> 1,+1.92ms. Use the ideal model of the diode: when forward biased, its

L= wire and ({ (67) =0 A, v =5V
resistance is zero; when reverse biased, its resistance is infinite.



At t=o0",

5‘_(0"'} = EL(O-J = OA = open.
Va,

ok

2ok

W

We have y-divider, with
vo(0Y)=5v - 120k = .
120k+ W0k

For t+®, L=wire and V(t+w)=o0V.

Using the general form of solution, we
write. an expression for e (£>0):

-t/
vo (£ ¥ o\ = v!(_{-_--)l- {_\r.l(d"’) -v-,(-&*n)] e

=4/ LRty
ve(+30) = ovafuv-ovle

—‘b/l—fkﬂ‘
vy (£%0) = 4ve

vy (£<0) = 5V from earlier
vy (4]
sv 4

i3 >t
The time congtant, L/Rp, is unknown,
but the shape of Hhe curre is expenential.

We see *that vy, >v, Jor 140 and <%,
and vz <v, for t>%,. Thus, *his
s neta viable wavefarm For v, to achieve
the desired output pulse.  Rather than
Pmcead.i.nj with +his solution, we
consider +he case of a=C.

Rok2 c

At 4207, C= open and v, (07)=0V, v,=5K

At -t:o*, Ve (o*) = vc(a') =ol = wire.
Vo

ok

We have v, shorted 4o reference.
o (o) = ov



For tr*w, C= open and. we have V-divider:

vy (£=ee) = Sv- 120ka = 4V
rokg+ 30KQ

Ulﬁ'wj +he 5uemk form of selution, we
write an expression for va(£>0):

va(420) = v, (-tw)+[tr,_(o"‘} ~ 'u'-._(f-'ﬂj] 3

—+ /B
va (£70) = 4V +[ov-wv]e

-t/ Rpd
Va(£%0) = 4V - 4le -

ve (£<0) = SV Fum earlier
Ve (&)
sv §

3 By

........... - Vy=2.2¥

; —t
*

The 4ime corstant, Rpc, is anknown at
this point, but +the curve is exponential.

We gee that v,>v, for t<0 and t>%,
and Vva<v, for o<t<+,. Thus, this

is a viable waveform for v, to achiere
the desired eufpui' palse.

We choose C 4o make 4,=1.92 mg For
proper pulse width. To Find Ry, we
remove C andl look into +the +erminglsg

where C was connecbed—and turn off 5 sre,

_.t/hnc

3okan.

uah.ﬂ.f < R,

Rqp = 30ka || 120kn

Voo 2okss 1|4
" = a3pka %.

Ry, = 2% k0

For 4 =192 ms, we wark v, (+,)= V.-

—4/RyC
V=22V = vz(‘c.l--l.'rzuﬂ = *w—'tyet' "
-t, /R C
or 2.W-4W=-4Ve i
~+, /RpC
or lay = e i
—+-|/R-n.C'
ar EY = B
Y
or on 1.8y = =+, /Ryt
L
or RpC = —+, /ﬁu(l_-g) = - 192 ms
T/ e Q8/4)
or

Rrn € = 2.4m38 = +ime const, t



From part fa)} we have

Z.4mg = 'Z."Iln_i;
Rth 24 Kk
o, )\F

Vlg'z.'lv

>t

From Par‘t (a), we have valt) as follews:

Yy _t/2.4md

Tl 4V Gbe
> t

Z.2Vv

d] When v,

*,=1.9Tms

high, +he top diode will

and the bottom odiode will

v, = 2.2y ﬂll\hy‘ﬂ

we have a v-divider:

Va= +av. 7sen+ L2kallzka
7500+ L.2k0 | 2k + 3k Q.

Note: V.2knf 2k = o0.2:¢|lokn

=04« 3||SKkL= 0.4 1S ko

8
= b kL= 7500
R
se Vq = 9V- 7S04 750 &
7TEo+750+ 3k Ju
= 9V Lsk
1.5k

Vi =3V  when Vv, = ¥V

When Vv, = =9V, +the top disde will
lbe off and +the bottom diede will

be on. Thus, +he bottom diede will
act Llike a wire s}:artc'nj ¥z to ref

va = oV  when Vo= —9V
vy ()

£
3V

aV oV

=0 4= l92mi



2.4ks2

1.2kQ & vy

. | vy
12v
b
a)  Find the Thevenin equivalent of the above circuit relative to terminals a and b.
b)

If we attach Ry to terminals a and b, find the valuc of R that will absorb
maximum power.

c)  Calculate the valuc ol that maximum pawer absorbed by R .

gol'n- a} The dqpe.nale.rrt sourct and l2kfL resistor
‘toqether produce a voltage elrop of
“Vy + Vx=0V. Thus, they act like a
wire and may be replaced by a wire:

24k
q

rv

BN

This  simplified cireutt ig the Thevenin
f.,uival‘.en-t.

Vg, = 12V Rrp= 2.4k

b)

¢)

P max

Ry, For mux power transfer

2.4 k2

2 <
Vo = Qzv)

& Ry, tuka)
It 1A W

4 2.4k

3.5 mW

IS mW
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solution i

24 mA

<

UK

10k

KQ ll‘ (14)10V

e mm? J10KE2 10kQ |lI

Rail voltages = £9 V

a) A frequency-domain circuit is shown above. Write the value of phasor current

I, in rectangular form.

b) Given w =20k rad/s, write a numerical time-domain expression for (1), the

inverse phasor of 1.

sol’n: q) First, we chserve that I, =0 since +the
3KN  resistor is shorted out by wires.

Thus, +the dependent source = OV, and
we  may ijaare. the 2k resistor.

124mA

',_\
ASH
2k-l1.%

(1+3) 1ov

—jbka== |ok

jbka g ka2 T,

':.‘:edahd, we sbzerve +that dhe -ka-ﬂ-
and j0k2 in parallel act Like an
open eireuit:
ik ||jlok2 = jlok-(-1]|1) 2
" = jl = £
o )
= 00 0 = aFn
Thus, we may 'uz}norf_ the —:]'lﬂk..ﬁ. qnd&bkn.:

jremA

2ka (1+3) 1ov

lok s k2 g L I,

Third, we cbserve +that the 2kst i
in series with a cdurrent sourde and
may be Ljnored.

Fourth, we observe +that +the current
source Ls shorted by a wire that
lsolates tt  From +the Loop on the right.
Thus, we  may ignore the <urrent spurce.

The ciréuit new consists of g vettage
source and two resiskare.



b)

() (+3) rov

\oks ok | I,
I, = (1)) lov
10ks+ 10kJL
H__u ..lM‘r.,_ mA = ..MZ)+...W!>

Tn ..nn.rssu.._enﬂ Form [ (4) id a gum
of a pure cos() and a pure sin():

L) = Ws\__ ¢os (20kt) - .ﬂu...i sin(20kt)
Nede: P Ly s sin(wt)
ILn polar form, I, = \W..,_M._ £ 45° mA

() = 12 mA cos (20Kt + 45°)

2



