Sw ases”

a

L

Rail voltages =10 V

 After bcméc;oseﬂfo_r—a—limétxme, the switch closes af t = to.
Vo (D)
A

+10V

A4
-t

t tot5ups

-10V

a.  Choose either an R or L to go in box a and either an R or L to goin box b to
produce the vo(t) shown above. Specify which element goes in each box and

its value. ' s
b.  Sketch vi(t), showing numerical values appropriately.

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

d.  Sketch v3(t). Show numerical values for t< to, for to <t<ty+ 5 ps, and for
to + 5 ps < t. Use the ideal model of the diode: when forward biased, its
resistance is zero; when reverse biased, its resistance is infinite.

Explain your work carefully.
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HW #1o (o

ECe 1600 Su o5

soln: 2.4)  Consider possibilities,

a= R and b=R Doesnt work, ¥, would clqnge

at "‘o blﬂ: hever qjqih‘ D'eld)f
of S a3 pat /:Jtsééle.
a=L ad b=L Doesnt woerk. Before Lime 4,
the LU's losk (like wires and

weoald  short Yy 4o ref Bul
vp,= E£7F

- r
Ract — =low. ‘nlls,

we  would have an inralid Sreuit.

A=l ad  be R

Before 'Ea) +the L lscks like a4 wire,.
and v, = ov. zL(éo’)z Voo~ ,;L[toi»)’
-% & R '

1 “
* Adin *iLt)

Cirdurt
(D L1

loka v, 4t 45t
+

¥

At '!:o{., the current in R will be
£, (8%) = CL(t™)= Vo or the same
R

as at 4, Thas, Hie V-a(ra/! For

R at 4% wit be Vy.  Curreat (%%

f"owinj in the ko will cauase a
voltage alror in Series with the
dr"f For R, resutting lh a very

hegqative Voltage at u,. This

would cause Ve to 9o low «t

+
t =4, rather than

Adelay of suz
< ThAis

after q

Case dsesnt work.

®



HW #/D Coant,

ECE

Solp-

too0

2.a) cont.

a=R qud b=L }

SUL o5

L&) = % 4s ih  prev Case.

At 4 with LY =i (47 )=t -
R

Vg e

V

we have ¥ {t,Y)= l% LR=V.

A
(k%)

Po v, doesat change immediately.

. This will werk!
For t20 we will have v, =0y

since there s 2o .power fource.
Using the general Formala for
v, (t), we have:
RS
V(8= vy (19402) +-(0, (43*) - Va3 R
:v ’ ;,:’ ,;:,

Where R'ﬂl = bka+R

-t/ L
‘Iz (’U = Vo e /wkfk

where =loV

The output, v,, will d(raf at
‘1=o+5/1$ H Vz(-{:,—rﬁ;us): V‘-

[A ssume 4, =0 for daavem‘encc.]

Now Find V.




KW #10 Cont-.

A
ECE 1000 Sw- 65
5 mA
-
soln: 2.a) cont. 2kag
Y
4y %MA v, = L4y 13_",1_2,(‘1
vV, = l.l.v_ Ly = .'_9
1 S Lo v
-~ e + Vv = = 16
~Suy/ L
or )(Ve ko +R = Jo,
3
~Sag /[ L = G L = =Ll
. /Mk-ilfﬂ 3
o - or Sas = LI L
0k + R
If we use

R= Rk we get a convenjent

value for L. Many Soiw(:tans Sor R and L
w i work, howeyer.

R=hkn 3;ves L= 5a8 - loksg+ kR
1.1

. . L=.5u5. 20kn =t100mH

N ‘2 nle Lzloﬂ One So(&*loﬂ

muong qu),,
b) |~

10
v=35V

.&
-1 /455 ug
c) M
—» ¢
vomlt, = 4.55us
Rkn




o Coet

, Su 6s
ECE 1060

4

soln:  2.d) - For v, = 410V, both disdes are Jorward biased
and ook like wires,

vo=1loV-
— 1 ’ Vy= oV-  lokg
Yok 3 Yoky ok a+4okn 4ok s
Y = er- loks
+ lokR+ 20ka
v
lok= 3 v = o
_ = v
- 3
.b

UV o F_or -‘,o - _..lo V, Ces

and leck (ke open dircuits.

V‘;:.“"GV
Yok Vo= ~lov
+
Vs
1 vy
tov
ve Vi _ _ | Vs
Vadwa v \
2, 3
/ "
N Lot gus
‘bb V3="IOV
—tov —T

bo‘th 4 iaAés. - _AAq.'.-eA AN Nvers.e_-_.._—ha_asa... P e e =
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UNIVERSITY OF UTAH :
ELECTRICAL AND COMPUTER ENGINEERING DEPARTMENT

ECE 1000 : - HOMEWORK #10 Spring 2005

Vi \
40 100 KOS 25 pA| val,
t=t,

20kQ

1.

. Rail voltages = %12V é

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

Vo(t)
A

C 412V

ty t, +44 ms

12V

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 vy(t) shown above. Specify which element goes in each box and

its value. Hint: Use vy(t — c0) =1V
b.  Sketch vi(t), showing numerical values appropriately.
2.. a. Sketch vo(t), showing numerical values appropriately.

b.  Sketch v3(t). Show numerical values for t < t,, for {, <t <ty +44 ms, and for
to + 44 ms < t. Use the ideal model of the diode: when f_orward biased, its
resistance is zero; when reverse biased, its resistance is infinite.

Explain your work carefully.
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£LE 000 Hw #10  soln

soln: 1.q) Consider possibilities.

q= R and b=R: v, would C‘\qnge at time =t

but  never change again. Thus, ¥
could not 9o hzﬂ and thea low aj'-tl:n..
a= ¢, and b=C; Before t=to, +there would be ho

path for C,in b to #d\tu-jc,
Thus, we would need 4o know V(_.z(t=":o').

We would also have val-l:a’co*)eoy
Si:hce c' w\.u. Alschqf?e ﬂru .khe

‘R in parallel with it.

When He switeh closes, we have an
ralid tircurt iF Vo, (L) + ¥y {bo*)
% 6.5V, TAis means we must Aave

(Lt)= Ve (£")= 6-SV Since

VCl ('Eo+) = Vg (£,~) =

Byt iF V¢7_(-l:‘+)= é.s, noMinj changes

wheu the switef dloses. Thus se

conld Aot ye{- a waveform that 9g0€S
high and then low agaia.

a=R and b=C: As in He case of a=C, and b<Ca,
we would have some value of v, +,”)

= Ve(t¥). Since V= v (4% axt
Lt '
1 Vo would net change at 5.
Thus, is wil not woerk.

a= ¢ GRAE: The € in a wil dischargc thru ;kke

R in parallel with . -~ V. (+7) =o¥
Alge, no current Flows in R for +<k

becanse there is no alosed| dircuit path
in which current cdould Flow.
Thus, Vo{+,7)= i-R = oV.



ECE 1000 Sp o5

seln: L) et AL £540T we have v, (k)= GEV- v, (40

or V, ({o"')-.- 6.SV Ssince Vc('fg*)"'- Ve (4~) = ov.
Thus, v, Jumps From oV 4o 6.5V at +,.

TF vallbt) > v, dthen v, would g0 high,
(assqm,,ﬂ v, >V and v,<6-5/).

Afler to, € will charge and v, will

start o drop. I v, eventually drops
bétow Vi, then vs will 90 Low again-

Thus, -this will werk.
Now  Sind values of R and C-:

V,:  Since no current Flows into the - input
of the op amp, no carrent Flows Hthru
the 20k resistor Clewer (eft).
COMbZninj the parallel current gourceg, we
have 4004 <25,4 = 1SuA.  This curert
Flows thru the Jooks to produce Voltage
ASHA - 1ok = 1.5V,

- V=25V (donstant)

Vi: For t>t, we use a Thevenin eguivalent

circuit Sfor

R in b,

the ¢.5V sourve , the lka, and

c .
T FRo=rRlike
v, WLTA l

v, =65/ R

Th

R+ ks

6.5V




ECE 1000 » Sp 05

selh:  1.a) cont. We use the general RC seth for V20

-% c
V. @) = v, (£2) 4 fv,_(-g)- Veltsw) ] e / Ry

To Find v, (1 ae')’ we observed +that, when

C is charged ;M ocurrent  flows in R,

Thus

R+ Nk sy

From earlier, v, (4,t) = ¢.5p,

v
LS
C.5v <+
v, =1.5¥ \m—-
Vi T T )
Lo i i t
‘EO . ‘Eo‘{" q’“‘ms

A'l)' Vi € ¥, will  suffice. For Ccoavenience,

let Vm:IV =~ 6.5V - R ____
R+ltkse

R= 2kn

Assume 4, =0. For v, +to switeh at E=%4ms,

we  have ¥, (44ms) = v, = 1.5y

4
or 6.5V~
v+ [ vle = Q.sv

or ~ L4y,

YR
5.5y e Th C Q.5v where

Ry = Rllkns< 2k|mp = 22ke.
13

Take . of both sides of exponential R(C fgt’::

2
~4us < 4. 0.sv = =213

<3 . -
5 ke-c 5.5v
¢= 337 AF <104uF  |C= lI«F

13




1 :
X ¢
R

ECE 1000

solh: l.b) v, ()= 1.5y Constant

v, &)
41\
V= l:.SV
+,
2.q) v2 ()

‘A/ VZ(*‘) = JV+ 5.8Ve
Va(t=ttns) = .5V = Y

Note: Ry C'= 22 k.- 20u4F = 33.8ms$
3

Note: Assume £, =0.

S?_ o5

b) When v, = 412V, -top dicde is reverse biaged = open.

The bottom Aicde is Jforward biased = wire.

Vo = +i2y
d0ka
+
2okn :
Cshorted) vy = Vo Mk
ok 10kt 30kSL

when Vo= -’21’1 "Eor Adiode Us Fsrward biased = wire.

T1N$) v, is shorted +o ~12V.
Vg,(u

2v L 3y

+o Lo+ 4ims
-2V ~¥
~12v- =

= ‘2y'¢ =3V




2.

Pis
35

15

10

(65 points)

10kQ

Ze e a
12V<D‘ C_D >§t=to

® ® ;

~ Rail voltages =+12 V

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

Vo (1)
A

12V

.1 to+1ms

A2V

a.  Choose either an R orC to go in box a and either an R or C to go in box b to
produce the v,(t) shown above. Specify which element goes in -each box and

its value.

b.  Sketch vy(t), showing numerical values appropriately.
¢.  Sketch v(t), showing numerical values appropriately.

d.  Sketch v3(t). Show numerical values for t<t,, for 15 <t<t,+ 1 ms, and for

t <ty + 1 ms. Use the ideal model of the diode: when forward biased, its
resistance is zero; when reverse biased, its resistance is infinite.

A




- 10 kst .
selfn: 2. a L =4, : v -2y 255 yedivider
) A ° ' okt KL

t

<

it

i
Wi
<

Actually, Vi = ’%V for all t

v

wiur

Vg =" +RV Vo>V ="

Consider a= R, bWw=R- Vo wt?u.\d never switeh because

Vz WonlA be 34 after Sw"tﬁh Ctd&d)

ard V> Vi For all -time

© will net woerk.

consider a=C, b=C: clg will charge *o Vg, = 2V

Part of 2V aweS® a, part across b.
when switeh elsses, the C'3
instantly ¢harge o Vi =2V,
Then Hreir voltages remats fixed.

oV, would not swrtch after 1ms.
VUiL( _)_\_qj.’ war‘k..

censider A:K,b=C= ¢ will charge to V. vz

When  switeh closes v, wiy
5‘{'.“!"& Q'k Vz ami Ch&r’ﬂt tawar-ol OV-
Vo>V, Jor all time,

Vs never =witches.

witl net  werk.

Consider  la=C, b=R|

C will Chm—ge 4 2V at 'Eo_

4 ¢ Vo>V se v, =+l2v at o v/
'Vz=ov
4w -
s
_v R ov

-

When switeh closes, Vv, will stay ab 2V Jor =t

4+, .
+y - Thus, v, d\"ops ty ~2V.
- =2V
Vo= T‘hen V2<V, and Vs
Ry drops +o ~RRV.

£>4,t ¢ charges Lo oV and Va2 climbs toward oy

We want Vo= Y = --’;:- v at +,+lms.
woerk s

%




v, &)
soln:  2.a) (cont) 2

Let 4,=0 —E/RC
: Vo) = ~2v e
j i - ~1ms/R¢
t A Vv_(hnS) = -2Ve =~Svy
4, ~+/58md 3
-Sv e - Ins/RC
3 -2V e 5
' 6
solns 2.¢) 2
-{me/RC = Zn &
A
R¢ = ~1ms - 5-'1'3”’\5
on 5
6
R¢ 2 5.5 m3
Let

C=IluF, R=S5.5k2 or 5.6 kR (standard mlw:ﬂj

Ary RC= 5.5 ms aceeptable UF lprecC < {F
‘ and 1o <R<1G6=.
Note: TS R is J§ w ‘then we would  really

.2
want  max Le R < —‘8-14/.

R 2
Max {:t = (2.‘/)2 =2 max tr R= ﬂ <
RS

1
xR B
v R> 4V - 32.q reﬁu}rea(.
1/8 w
2.b - -

) . S’s_" for all % 2.¢) See plet of v (£) in
v () <olh ko 2.q), above.
A

— t
~Sv
3
2.5\3 W hen Vo>°V, Aiode forward. blased = wire L Vg = ov
when Vo <0V, disde reverse biased = open. :.Va= Vo KR
(k) 10KQ+ 20k
Ve L%
i V3= -2y 1l = -4V
3

ov [ Va

~4v T +o ey 1ot Ims

<2V 4

-2V




2. (70 points)

2V 20k0

ol

2], / ' —ov,(t)
5kQ

i b] v3(t)

10kQ

3V

| +

|
v i
! v

Rail voltages =+ 15V

After being open for a very long time, the switch closes at t = t,,

V(D)
A
+15V
] > t
l -
ty to +10 ms
15V 4

Pts

10 Find the Thevenin equivalent of the circuit left of the dashed line with respect to
terminals c, d fort < t,.

10 Find the Thevenin equivalent of the circuit left of the dashed line with respect to
terminals ¢, d for t > t,.

20 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 vy(t) shown above. Specify which element goes in each box and
its value.

20 Using the elements found in (b), sketch v3(t). Show numerical values
appropriately.

10 Sketch v3(t). Show numerical values fort <ty to <t<ty+ 10 ms, and t >ty +

10 ms. Use the ideal model of the diode: when forward biased, its resistance is
zero; when reverse biased, its resistance is infinite.

Explain your work carefully.




+< 4, Switch

is open
ak.n vTh = (3V-QV) EE_K_.",;_-—... = -GV'_L - =3V
~v (O ¢ 20K+ 20 koL 2
s C use V-dwider
20k
3v (@ Rh = R Look‘mg ks ¢ wrth V sowxes sherted
Y \ = -20kq | 2ok = ok
foka.
4 <
-3V Th
3 V-"\
a
k) £>4, switch i3 closed (-9V source and 20k kyfassd)
< Vogp, = 2V since ¢ connected Lo By Sewrce
3y
20K
Ry = R Loking inko ¢ with 3V source. Sharted
= 0L (20 k% byrqssed by short )
Rn 2042 )
T d
3V VTh
4

<)

R ina and C inb would immediate sw'd::hing: wrong
(C naad R W b :

must be correct.
t< 4o creurt: oka vy ¢ s open cireurt
- v,
(ke <o) —ay e .l— v % no V alror acroSsS R'S
(30
a Vg = ov
| v, =~
<y, Vo T +18V {rail)
L=, areuit: . V<V e
- v
' @)y =N\ Ve ¢ acts Uke =3V Seurce
3v ¢
Vz 4+ . V| = 3V
R
vy, = 3Ve- v = GV
V\(V:. > Vo = +1sV (ra‘\.‘.)
faw Greurk: = T M Vo
¢ va ¢ aets Vike opwn Sireit
£ he V Arot across R
R LoV, = 3V
Vo= OV

v dVy B Vo= TISV (rail)




soln z.¢) ¢ent. Let 4, =0. Wark V,=v, at At =10mg For V, transition,
V= 3V for & >4 =0
Vy = BV ~ v, for &> s
-+/RC
vt{e>o\ = Vy (4=e0)+ (Vo) ~ v.,_(-t.-»w)] e
-+ /RC =t/ RC
" = oV +lev-ovile = ble
~ak/RC
‘We want v, (at) = 3V, Ve = 3V
~4A+t/R¢ =y .
© = = =3 o -at o400
RC 2
RC: —é = ‘_\j'_ {Oms T mso
on 3 2 2
Use |C= \mF, R= bt kJZ\ (i5ka is dosest
standard  value )
a) Va(£40) = 0v -+ /%4 ms
* - Vo (£>0) = CVe v, Cloms) = 3V

<)

When

Vo = +18V, the Aiode is reverse biased = open circuit
v, Cie. A}Mﬂ:ears3
5k
vy = Vo kR = 5V . % = loV
lok s 1oka+ Sk
when Vo= —I5V, the diede is Forward hiased > shert
Vo .
v3 k)
ska
ov
1 7‘t
44=0 iomg

g




2.

Pts
35

15

10

(65 points)

VI \

v 0

3kQS  2KQ ~ 2/ +
12 kQ

' 10kQ :
Vo
6V Ci) v+ ® a o _
+
t=t, 30 k2
b ' V3
® l - o

Rail voltages =+12 V

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

Vo (t)

A

12V

v
-

to t,+10us

a2 v |

a. 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 vo(t) shown above. Specify which element goes in each box and

its value.
b.  Sketch vi(t), showing numerical values appropriately.
c.  Sketch vy(t), showing numerical values appropriately.

d.  Sketch va(t). Show numerical values for t<to, for t, <t <o+ 10 ps, and
for t, + 10 ps < t. Use the ideal model of the diode: when forward biased, its
resistance is zero; when reverse biased, its resistance is infinite.

Explain your work carefully.



solh:  2.4) Iahore, Aiode and resistor  nebwork on output (since
“t  doesnt affect ).

For t<4%, Vv, = +2V > V2 > Yy

Cal tulate v, uglnﬂ node ~v method: V-GV + =W 04

3k 2k
l<3k"‘ 2k ) ke 2kn
mitt  beth sides by Gk
V‘, (z+3) = Cv- 24 w-3 = 19Y v,:x_z__v =3V

4o we heed Vv, > 3V

‘ n
Cireurt medel: vo = 12V, switch oP®

Tf we have an L, it wil be egu‘walcn't 40 4 wire.
donsider possibilities:
case I: a=L and Lb=L L=wire
vy=ov from V Awvider
Doesnt work.
case I: gq= R and b=L = wire
va=0r from Vv divider
Doesn't work.

case L: a=R, and b=R,

We can c<hoose R, ad R, to achieve
Vg>3V, but we <cannst gef a Aelq),

ih Y, droppi/xg from +zy +o -2V

case W a4z | ad b=R

Since L=wire and we dan pick R, we

d¢an achieve Vv, > 3V. \When swrkch moves,
the L c¢ontinues +o Carry sSame current

invtlally. Thus, y,>v, 15 sustained For delay.
Should  work.




soln: 2.a} cont. When  Switch  closes,

we have
that determines v,.

RL ¢ireyit

Time Constant €= L/R-
Ow‘:fq-t ' dmrs when v, dmfs below 3V

As ‘E-aoa) “4he L in Al acts like a wire

and the switeh is ¢losed = v, () = 0¥

Without additional camstraints, we may choose
any Vg betweey

BY and RV
V, (6—) = ¢&v.

One cholce i3

Using v-divider of RkR and b,

b=12ksl
Vzc":= 10/"5) = 3V So % Argfﬁ Q‘é,‘
time 4o+ lons, (Assame 45 =0%)

T L

we want

, (4:>o) =

-

-t/
v (Lt~ 06) X [\rz (0+) - V-LH'*"“)—I e
b

- u ov 4+ [vz(o*) - ov] T
, -t/
= V(e MNow fid 1,004,

L'

Consider +=0: L= wire

R=12ks
i, (0= Rrv = 1 mA
2
12KJ2+ 12k 2.
t=0%. L= L sr¢  where LL(O"')-: L o0)= -%MA
V‘I.CD*) . (
v, (ot = L .
- L (0%) = L wmA- ek
Vz(0+)= v
-t/
v,(L>0) = CVe
-lous/t
We want v, Qlous) = 3V = Ve
—tous//y
.a_v.z-l-'-:e L = ~lous /v
= 1 ) on L A
T= TIOMS L lms oy g = L o= b
: T Rka
2n L o 2 K

L= %4 us- 2kn = 173 mH

- Summarys a=1 =173 mH
\b: R = 12k




dslh: 2.b) A _phewn tn seln for (a), V| (£) = 2V, T4 never changed.
v, (£)

1 av

-t/ W us
&) From soln to (a), we have v,{k>0)=6Ve .

For v, (£<0 ), we have v, (£<0) = 4V,

Wy (&)
oA -t/ Y a8
Ve

ELAE S i ar, (4-220) =0V
' — >t

o 4tiloms

A.) When Yy > OV) -LOP disde = wiure : bottom  diode = OFe-h-

Vg = RRy- 3okyr =qv
x
Vo= ko 3ok24 lokgo
v
+
3ok Va

When  Vo<0 ¥, top diode = open, bottom dliode doesnt
matler suce no Current

okt Vy= oV 2ince ho Current Flowing
4+
ok V3
3 (‘H
av v
\ 1 Y st
—{ 4, 4, +lous

2\



