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Rail voltages = 10 V

a)  The above circuit operates in linear mode. Derive a symbolic expression for v,.
The expression must contain not more than the parameters ig, is2, Ry, R2,
and R3.

b) If i1 =0 uA, find the value of R3 that will yield an output voltage of vo =1V
when ig» = 10 pA.

¢) Derive a symbolic expression for v, in terms of common mode and differential

input currents:
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soln-

/

a) First, we find vp (veltage at + input):

Second , we find the current flowin
toward +the = thput From the left,
usl;\g Vi (Vonge at - anu'\:) = \/F——

(:E = Lﬁl - V__Y\ = ’le - Lsz R—¢
Third, we F£ind the current -Hou)i.hj
i the Seedback resistor, Ry, from
left o right:
(:r = V=V = Lg Re = o
R Rz

Fourth, we set i,-=iy and slve for v,

ts) ~ ngkz = [ R — Ve

R, i R'S

or

b) v = 10u4- 2ka ( I+ Rz )-:zon I+ Rz >
: 2k 2K=
o1+ Ry =50 .- Ry =9

2K

s
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C) Vo = —'(£2+L4\)R3 +(12“LA> R’Z Q"l‘

oYy

2T
L

Vo = Li <R2 + E‘Z;E?} - R3>
Ry

~ <R3' RaFa + R3>
Ry

d) For i,=0 and R,=Rz, we have

Ve = iy (Ro+ B4— B4)
or Vo = .(,2 Rz

Theh LRB = V,\— Vo = Vﬂ* (:2 Rz

Rz Rz

But vy = vp = i4,Ry = Cytisz Re

2
(Since Esl':b‘sz) = g Ra

R3

Note: MWhen (s =ész, the carrent in
R | and R, is He same (s[nce Y, =VP}1
so tHere (s 0 current (eft over

to  Flow in Ra.
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T=15-V¢=5-1(1)
1Q a ZIzJB

vy <1>

o

I:‘E?
Wy T2
o i [V

I5A

O

a)  Find the Thevenin equivalent of the above circuit relative to terminals a and b.

b) If we attach Rj to terminals a and b, find the value of R; that will absorb

maximum power.

c) Calculate the value of that maximum power absorbed by R; .

soln: @) vgy = Va with nothing connected across a)b
One aFFroqo}\ 1s o use +the noo\e—vOl-{:af)e
methed.: v, 1a n
+ Vy—
Ve I5A 2.0
b
% -0
Using the vol-tqﬂe—al]vider formula, we
relate Vy +to V-
VX = V' l..Q = Vl
lo+25 £}
Node V, eﬁ'r\:
vy = I5A + V, = OA
3 I2+200
2011-08-02 09:57:51 4/30

ECE1270S09_HW17p4_5soln.pdf (#4, 1/5)



oy 2V, = |5A
KWo¥

or \}\ = 20-15A = 22.5 V
2

To find Vy, we aqgain  useavoltage- divider
formula:

VT}\ = v“ 232

225V-2 =15V
let+25 B

Nete: Another qPProach s to replace
the de Penden-l: dourte with a
reststor, To do 85, we write the
voltage across +the dependent
seurde un terms of oLePenoLeA‘t

varlable Vy. From an egh above,
we have V| = 3Vx.

A4
Vx V\:BVX
Reg= ¥ = 3vx =39
L Ve
v, \n
Reﬁz
35 I5A 29

v =ISA- 3:}.“3& = 22,5V

Nete - Reﬁ changeé @L’c)f\ R acrss a)h.
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One way to Ffind Ry, s 4o use

Rep = VTh
Lse
where Lo = short cirait from a to b
-+ VX- ‘L
(o4
Vy I5A 249 Vs
| b
v

We may 3nore the 25 resistor tut
ia  shorted out. V

Nede Vv, egin: (Note Hat vy=v,.)

V‘—-ISA+ \i!_ = 0OA

Vo
or

2v, = IBA

or

V, = I5A-18 = 7.5V
2

Our current 18 Llge = V| = 7.5V =7.5A.
|2 2
RTh: V:r_b = BV =21

Lsc 75 A

Note: we could r‘e[alqde +the oleferden"l:
sourde  Weth Eeﬁz_\i_:l/_)ﬁ =lse For Caar
L

Vx
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=

R, = Rqp = for max pwr xfer
2 2
P max Vo, = B =
2_(_)_ 4 Ry, Y- 20

Lo
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After being open for a long time, the switch closes at time ¢ =¢,.

Rail voltages = 10 V

a)

b)
c)
d)

T G
A
LN
1oV —2—— 4
;'0 t,+16 us
—1ov 4L \/l >\/L

>

Choose either an R or L to go in box a and either an R or L to go in box b to

produce the vy(t) shown above. (You will need one R and one L. Use an R

value of 1.3 k2. Also, note that v, stays low forever after t, + 16 us.) Specify

which element goes in each box and its value.

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

Sketch v,(#), showing numerical values appropriately.

Sketch v5(#). Show numerical values for ¢ <, for ¢, <t <1, +16 us, and for

t>1t,+16 us. Use the ideal model of the diode: when forward biased, its

resistance is zero; when reverse biased, its resistance is infinite.
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soln: a) We First Find V,, whith is constant.
~The 1kn vesistor and 2mA <gource

are acress the 6V source. Because

they are acress +the 6V source; they

may be ignored. v, =6V regardless
ofF what s across +he 6V source,

For boxes a and b, we observe -U'wq'tj
i we had an L in b, that L wil
act (ike aa wire at +=0" 7his
NOM‘A /nqke VZ_CO‘) = oV. The OF-qM'p
adts (ike a comparatsr, with e oui“/put
egual to i/dV a:c‘do/-ding to the Sign '
o Va-V,. For Vy=0V and v, =&V
we would  have Vo=V, =0 -6l =-6V
and v, = -loy at +=0". This differs
From the plet  of  Vy(E) 7/'Ven in the
problem statement. Thus, b  mast
aontain an R rather than an L.

Because ‘the output voltage, v, (),
changes (e us after he switeh moves,
box @ must Contain an L o give
the <circuit a +ime- Varying  befavior.

a= [
b= R = .3k(Hem fmb s-l:a-ﬁement)

At +=0, we have -+the -FoLLowLnj
eﬁuimlemf eircutt »

2011-08-02 09:57:54 10/30 ECE1270S09_HW18p1_3soln.pdf (2/6)




- V. f=wire
4=p: ‘2 .
6—
(0" .o
Ra L) 7009 6, (07) = lov
L3kl 1 3kS+7004.
lov LL(D—): SmA

v

This 13 a4 veltage Awider.

vo(07) = lov-_L.3kn = 6.5V
1.3k + 70051

We pnote +hat y2(0'> = (.5 > V,(o') =6V
and  V,-V, = 6,5-6V=0.5V >0V 30
vo(0~) = +loV, as degired.

j)(\)\j(\Q\& , we have the Hllowing eguivalert
Q@A\I\E} eirdylt:

5mA
‘l:.~.0+'. v
.. Vo(6¥) = BmA- 1.3k
L3ko \ /
Vo (ot)= 6.5V V2> {
A4
At t=0", vo—v, = 6.5V-CV =0.5V>0y

80 Vo(0%) = +loV, as Aesired.

As +t—oco, we hare “the ?o[[oming
eguivalent  circuit:

2011-08-02 09:57:54 11/30 ECE1270S09_HW18p1_3soln.pdf (3/6)



ey
=065 D>€

13K

Vo L=wire

L0
_ Since +there Ls
\'3m no FDLU er Sbume] /
al \/, >\/Z

The +ime constant of -the circuit is

= L

r= L

L\si.nf) the general form of solution
for RL circults, we write an
ex,cresslan for v (t>0):

-t/
V, (£%0) = v, (boeo) +[vz(o+)—1/2({:—>»)] e

—t/
or Vy(+>0) = ov+[6.5V —oV]e ®

~4
or V,(+>0) = 6.5Ve a0

The op-amp output switches From /’zi:g/)
to low when Vo(E)= Vv, =6V, which
must occur at L =+44+16us.

561‘:(::3/13 t,=0, we golve For L
Vi= Vy at "6=/é/0LS.

= 6.3V e”m

or tn(c)e.5) =~ lous /x

2011-08-02 09:57:55
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or T = =lbMs = 200 48
b (6/6.5)

L= YR = 2004%-1.3ka = 260 mH

R= 1.3 ks
L. = 2¢0 mH
—

k) From above, v,(&)=<6V at all times

A 6V

} : >t

c) From above, Vv, (07) =65V ah—g\/zoo,us
vo (£>0)=6.5e
Also, v, (£=lbpg) = v, =06V

V?_ Make sure to mark
/ Z

6.5V
—t-- 1643
mi#f‘. Valkseo) =p 1

——

—_—

- t/2004%

L.5ve

] | >

+, (-[;ﬁlé/iﬂ

2011-08-02 09:57:55

13/30

ECE1270S09_HW18p1_3soln.pdf (5/6)



A) When Vo = +l0V, +he eguivalent dircuit
on the r‘Ljht side is as Pllowsd:

Vo=+loV Vg = +l0V

—0
-~ :

z ks Vg z2kn V3
‘-\-—o_ -

or
2K
Ak 3K

We hwe wn \mH:«ge Hvider: Vy= loV-2kse
2zksz+3k

V3=1+V

When vo=~-loVv, the eguivalent circuit
on +the r'i.j/ré side s as follows:

Vo= ~loV
+
2k 3 since we have
- a  short across
VB Va = oV.
2k o ) 3
3k
Va
A
Yy
; S >t

+*o +ot+ 1613
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, ——— (3 2K D _1\3
\f\ N X }K = \/)k
(?%Qlﬁj
+ —
2kQ 2 (1+)) mA(T) pkQ== V) 2K +2 X\Vﬁg QKJ\/X
T N WK
2Y¥ )
Ng ——
3kQ 1/12\"
Vi o
a) A frequency-domain circuit is shown above. Write the value of phasor voltage
Vi in rectangular form.
b) Given w = 500 rad/s, write a numerical time-domain expression for v(¢), the
inverse phasor of V.
sol’n: a) The dependent ~ source  Voltage cancels

out +he VoH:aﬂe adress +the 3k

resistor, yielding the eguivalent
of a wire, (Le. oV).

We may also iqnore the hottom part of

the <ircutt, which 18 ghorted out by
the middle wire.

Thus $ar, we have the -Fn(LowLng
cireuit:

2011-08-02 09:57:56
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+
j2ka zka g (+)mA ~32-v_.\, v,
Now we observe that +he j2ko

and -7 2k in qualLeL are eﬁul\fq\en‘t
*o an open elreutts

j2ka|-j2ka =j2k0- |-l = j2ka-l <oy
o
Thus, the L and ¢ A‘LSqPPear—.

-\—
2k A V,

Now we a<e Ohms law-

V= U+j) mA- 2kn =

‘03 In Po‘.qr form , V, = ZF £ '1‘%0 v
NEE? fan 9

In +the time domain, we MVeM<

V, (£) = 242" ¢os (S00t+ 45°) V

Note: We could also directly take -the
thverse  phagor of 2+]2V:

V() = 2cos (-soot)—zsih(swt) %
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Ex:
R3=5kQ s
> ()
</
V1 ——O0
e + +
I Q R1=2kQ Ry vo

v v

Rail voltage =+9 V

a)  The above circuit operates in linear mode. Derive a symbolic expression for v,.

The expression must contain not more than the parameters i, vs, R1, R2, and R3.

b) If vy=01V, find the value of R, that will yield an output voltage of v, =1V

when ig = 1 mA.

¢)  Using the value of Ry from part (a), find the value of vg that will yield vo =1V
when ig=0 A.

d) Using the value of Ry from part (a), calculate the input resistance, Ri, = v1/is,
seen by the ig source.
f b " 1 -
el o« First, we Findd Lhe voltage, v
r
+ Ly Fuf- ot the ap-ame.

It at the

Wy o= I'ﬁ‘ E1lllln|ﬁ1

Second, we agcume the -.J.*:-I-r'..:;j.gjlwn,,.-|;hl ot
+he ~ LHFIJ.'I'_ _".'-_I: he .ﬂF-—-qn..-.[a = 'l-":
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T]'f'.hij we Find the walue of Vv, that
yields the ahove wvalue af v,

Sinte  pe currert Flews ko Lhe opLmp
inbubd, he currert Flawg tn Ry, &nd
E3 F"L:t.s ho 'ﬁrc-l":ﬂae csl.'n::]:r.

sV =

a

ﬁi.-h — I.Lﬂ

B YV, = LS' F}]H'Pw,i— Vs

—_

b\:. Clven W =Y apd =lmA we are

Ly
te  Find the wvalue of B, +hat I}riv?_[c'-{ﬁ
v, = |V.

Llai_nnu. the Eka—eaﬁLﬁh L. fz{] for v,

we  have
W= 1mA - zm]‘] R, —av
or 2ez| Ry =lka
=) o F‘—l = lk._fl
f?{ﬁ'ln’
c.*.:l Lle have e = 4 - pal i Vg
=y Va = -~ [
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A

From  part (a), we have The 'I;uLlam':.nﬂ:

- |
11'"1 = l.s" Hl:.iﬁ‘-".‘
Rin= Vi = B l|Bs = lkn
L3

2011-08-02 09:57:58
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5kQ a
—/\V\—o
i
50i

10 V(i)

3kQ

b
0

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 value of Ry, that will absorb
maximum power.

c) Calculate the value of that maximum power absorbed by Ry .

L b
seln: @) Vg = Yol ne laad

W b r.o“.:r'ﬁ.h-:.l- cehnedsed Lpopn @ La b,

L= 0 and Bely, =0V aces [Gke a wire

o §
oy -

e - o .

PLACE Ly =0, ThEMS s pa V-4 Fz b Rl g o
the B k.o vesister., Ah outer veltage
vecpr reveals that by, = 10V, ‘
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Beeauwse we have a .:Iu':]:ené-ah-l: geuree
we  can Find Ry using the Formyla

Al%ﬁaUﬂh we nave d dependent geurde,
the LoV seurce  belween the top and
boltem rails makes +the SEi, and
k. ::nmpgnen-l:ﬁ'. rrelevant.

From an  oater V-loop, we have

Legd = 12V = 2 mA
Bk

i

-
=

fl

oy = Sk

Wete: The lo¥ zsurée acrozs +he racls
allews e E.ﬁnnre the Boi. And
3kn. We may remove them. Then
we ohserve Fhat we are  lerft
widh the Theveniln g wi gl eat
diremrt Vm: lel, ﬁ.m:EJ'f-ﬂ_.

2011-08-02 09:57:58
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k) R, = Ry, =

1
[

< Prax = Yo
5 Ry

Prmax =

SRA hr max per transfer

= 180 mlf

=] 20

2011-08-02 09:57:58
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NoEYHD N %\/(L +£>;‘L5
Ex: Sy T2 077 e e ek

4V N, = -5V
V=T @ G Vi \ -
1516 K)ZO @L +

V2,
I:_|5 ’I /
Tk 6kQ 3kQ t=to
+
L

\/‘:-5\/

After being in position ¢ for a long time, the switch moves from ¢ to d at ¢ = ¢,.

Rail voltages = 12 V

Voft)
nv4 \/2,> \/ |
} >t
fo to +2ms
1V V. >\,
KVL:\/L

a)  Choose either an R or C to go in box a and either an R or C to go in box b to
produce the vo(t) shown above. (Note that v, stays high forever after 7, + 2 ms.)

Specify which element goes in each box and its value.
b)  Sketch vi(t), showing numerical values appropriately.
c)  Sketch v(t), showing numerical values appropriately.

d)  Sketch v3(t). Show numerical values for 7<1t,, for t, <t<t,+2 ms, and for
to+2ms<t. Use the ideal model of the diode: when forward biased, its

resistance is zero; when reverse biased, its resistance is infinite.
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$-&L]T"I'- I'Jl‘:l l':Crf_ Vo 1':-': EE‘- I-I:' W ':J:.{-'".J _"lzl"'l:IJ. Ll =

=1
A

pust  have  vo v,

Ta  Find v, we x Uele Hie &0 siqece
"':.J!Lrﬂfr-!.?.s'- Lhe £k resisber and s
that  we  hare the g usva lend: af

A —/5V Reurce and lr'ﬂn'.r't';ﬂj!l:
divider Forsed by e 3k and Lk
FesLs oS,

v, = —IEV . _3kn
Sk tikor

I!

-5

A £=C , we must Map= 1y < -G
This is Ih,qs.'i.-'_x';fe | l:ly P S PP |
containn & resiskar aad  bor b
daataings A -r_'a‘_,z:rqar:-.énr, T a =

an & and B & a O, fhen e

C will charge T 'L

rl

L
1
o

When the swited meres  drem € a2 d;,

e call,ﬂqcr:*l.":ﬂr veitgge start GAar § iAg
fousg ol ET.!-'*_, bat S el =il be

—ras Eﬂi-&iﬁff. THis I-‘.:,r..-'f"n:s dhe  Aesirad
waredorm dam Faitl v, sl g0 :F.E‘f,%
H,l'.ﬁ B by =l o= T g M

Mete: TAe reasons e ather oo panents
fa baxex a and b Fuid e }f.."efar
e oesiresd v, ML) are as Sellowe:
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A= and he R 2dannet i ve
a waveforst ek changes arier
a  delay. r, wodld  Aare £a
d‘ﬁﬂ}ﬂ?& :‘:ﬂ.S'i'ﬂi-'?é-E}f at L= L.

aA="C" and b=F would result
i ﬂharﬂinj wntil re curresk
Hows in K. This mesns vy =al,
ar  ¥a Ty, daasing ¥, fobe

-"155’: befuire + ety

a=" and b=0C  woeuld result
th o an arkbitrary  veltase at iy,
The  tokal L’#I.'Eﬂ::';'t: alrnjn Y
tie  tws Ol would be 0K
Whewn the =witch r_“.l"l-'-'lh_jgrl‘."--'a Fram

€ *od, Fthe capaciters would
r.friw.rﬂ*-_ upsil  He Lbal varfage
Gfml,.p Arress Tea Wwas SF Fhe
Same  cHrreat wenld Fha in beds
e, Caasing a velinge change
Wt wenld fe cnversel. prepectianal
te e O pafaes,  The waretorat
shown For valt) coald be preduced,
£ 'El"i'rs.-'-e &5 a laok af  deadtrel
over e inibial  vafue of b,. This
woulsd make He ﬂmdﬂf 7 e

o (£)  waredersm waccrtail, Thus,
WE rgjr:d-f: Hiis selution.
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Mew we  Find Inur,s.ii:llt values Jor R
and. €. We hare +the Fellaning cirenit
wmedal  for ‘[—.3‘1'.&‘-

R’
i
v lo~]) LY

—tit
Ve (b -f;,aj = Vg (Laee) {«.s-,: (£ -y (+ Hﬂ &
i i [
il ~ lal oy
—df

'p’d{'I:P"l:ﬂ}-f -lhe L~ (uherp_ e ke ﬁptﬂ]

wherg T = (R4 ike) ¢

Wwe w-ﬂ:l‘-‘l? W "-.-.-:.'lmﬁ\_] = VW, =" =14
- T
o e @ Y= —E
— T
= = A
s

-2 my = ’tfl"’anm]i

T o= Zme = 2.9 -
A2

One seln 13 K= LAka and €= | aF,
Mebe: Rebfl s min R, dz2.9uF iz max &,

2011-08-02 09:57:59
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'b] ‘-*'1{":} = ~ BV asz shawnn  earlier,

V()

!

| I S e .1:
+a t o2
V= =3OV
] - Ef2Amd
&) W, = v ENGl- oV e Fram (&)
v ()
7
s
1 ~Ev
=iy Make sure to mark

A When oy, iz Lw, the kop dlede Wil adt
Like a  wire and -bthe  bobtom diede wid
adt  Like an a3en Arc it

ﬂ.'u'uz—l.‘lll-"'

We have a voltage divider: v3=-12'V _ Sk 60

2KkQ+5kQ 7
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whemn Vo i3 high, the top disde will
agt Like an spen circuit, leaving the
by ot b part of the eircuik Aiscohnedted
From \r'ﬂ; Cnr ANy’ ot er oW .smh"c'ﬂj.

Thus  vo =01 when 1, 1x thh-

vy
A

+ ot 2ms

-60/7V
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15kQ j3kQ

3kQ

(12 + j12)V (j)

I A

&>

‘69%
d +
3kQ 2V3

a) A frequency-domain circuit is shown above. Write the value of phasor V3 in

polar form.

b) Given w = 37 rad/s, write a numerical time-domain expression for v3(t), the

inverse phasor of V3.

n

2a L . A The q]':“‘ak.."-l. ard =13k mum o DL = wlire,

TI"'I"I'S_I the |1k L= E}rﬁ\ﬂﬂﬂ:d ].:..},- @ Er';'_ﬂ--""t
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