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Vg =15V Ry =24kQ

Rail voltage =+ 15V

Design an electsQnic thermometer using the £ircuit diagram shown above. The

voltage vq is used
. described by

indicate temperatyr€. Use a thermister with a resistance

where R = 2490 Q and'T is temperature in °K.

10, a. Calewlate-thenumerical-vatuesof RT(273°K) and RT(373°K).

b. Derive a symbolic expression for vo. The expression must contain not more .
_than the parameters vgi, vs2, RT, R}, R, and R3.

Hint: Use superposition.

25 Choose vg), R, and R3 that will produce thie Tollowing:
hen T=273°K

when T=373°K

10 d. Using the compdnent values you chose.n (c), calculate v, when T = 323°K.




3.6k LRT(sz): 3.0k5

1.2 ks VKT(sn"K) = n.zi:j

soln  La) Ry (273°K) =

Ry (373°k)

b\ SqurPosH:lon:
on, Vs off = Ve = vsie R , Va= Vp

V.
: R+ Ry

\

.L'; (e R'L): 0=Vn _ —vg Ry \

R2 R+ Rt Rz
L_; (they Rz) = Y,\- Yoy = -y Ry 1
;.,5, (thrw Ry ) = ‘L.;; (thru Ry) 3 ~Vn _ V=W
R2 Ra
or Vo= Vv, {1+ Ra = Vv R
o= =) Rk (“ Ez)
tTRY Rz
Vg oFF, vex on B> vp = 0V, v =
‘L‘; (‘{1‘\»\4 R‘L,) = }is_z-_ 2..}: ('U\H‘l REB = —Yiz
Ra R
i_.; (Ehry Rq_) = L‘P (thru sz = Voz = - Vs }.2_-3_
Ra
V, = Vg4 +Vg
° o = Vo= Vg R (H’ R—")-Va Rs
Rﬁ'RT Rz ‘ K'L
) At 273\¥\\ Vs; R,y = ISV 2.%ksL - B2 = GV = VP
. Ry+Ry 2.4k + 3.0k // s
N
\\\ /7
At 373K, v, 55\ =I5V 24k 7 L ysv.2 - 1oV = Y
R, &Ry 2.4k0 4 }Aik-fz_ 3
Vo = Vp (1 + Ra ) ~ Vg Ry The ¢hange tn YV, Vi change bn v
\ Rz \K//-' A Vo - A VP l+ RB
N e \/\/~_‘7/”‘x\ E—“
proportional ton;’eu'f:. \\ 2
to vp N

A \,

y
e
Ve (373°KY~ vy (2730Kk) =\OV- 6V = 4V

1

AVP

AVo = Vo (3p80k) = y, (2730k) = lov

From prob
statement



soln L) cont. Ay

o= Avg (H— S_}} or V'7'~W i+ R3)
Ra / R,
Sl s L og
Rz ll" 'R’: - .

%
| /
Let | Ry= n;k.m; Rz 1ok |,

i

Vo (2730 )= OV = v <l+ 2 )= Vg Ra
Rz

o | =6 (5) - (i)
shﬁgmtnt”
or Vs, = ’Q(\’z S)V or | Vg, = lov
/ t\S
/ (
/ {
d) R (3230 b osm - ~)
T KY = 2595, 23 300/ _
/ X = L9kn.
r;,,- \\
Vp = ISV. 2.4k 0 = B8.37V
. 2.‘,{KJL+ (9 ko V‘\

Vo = v, Q“ 2 )" Vs Ra =\?-"7 (2:8) = 10C18) v

Ra

(Vo (323 QK) = 5.9 V—] 044 b), \8 % From Linear Vqlue.
of BV




1. (75 points)

Rail voltage =+ 15V

Dém-g%nb electronic thermometer using the circuit diageafi' shown above. The
voltage Vy-is used to indicate temperature. Use _a-thermister with a resistance
described by T o

~ o

—

7
where R, = 2.625k£2/,ﬁ =1200°K, and T is tW»

a. ) Derive a symbolic expression for v,. The expression must contain not more
than the parameters i, Vs, R, Ry, and R1. Hint: Use superposition. |

Pts
30

10 b. Caleulate the numerical values of R (273°K) g;de{r (373°K).

15 ¢ Determine awalue for vy such that v, 9,5’373°K)—VO(T=273°K)=1v

//

(c\),(ie?iﬁéa value of {5 such that
VO T£273°K) =0 V.

/X‘

-

10 e Using the compor;eﬁf values\you chose above, calculate v, when T =
323°K. Make a 6ﬁgh sketch of %Qn the basis of the values when T =

10 d. Using your answer &

273°K, 323°K, and 373°K. On the same axes, sketch the ideal linear
response.



soln: L q)  Use superpoSition

Cqse I. Vg on, is off = open

Neaq’tive feedback = oV Across + and — "&m«ihalé.

From v Wop around Vs, R, and +— terminals,

we have iy ="V3

— ¥

R

- Y v,
FrOM v LOOF qro\‘"ld. K| 1 + -terw“nqts) R2 ’ aﬂd e,

we  have - Lgtk, yov — L;_\.Rz -y =0V
Now use igi=ig and solve For Vo2

TV R, o+ ov ~-VsR - Vo = ov

VO‘ = . v S R‘+ K‘L
Ry

Ca.se, 1.

i's oh, Vg off = wire
+ oV -

. Ra

We oV dcress Ry & s =0.

=V

Sinée i,szz i.{z: OA, we have Voo = Vo =V

Sum Vo= Vgt Vo = V3 Ri+Rz — iLgR,
Ry




TZOC?OK (;;-,_3-6‘( - ‘3-‘;:](»

‘ \ b) \ RT (273"\() = 2.b25kne

soln
\‘ Ry (273 °K) = 3.9k ‘
% P ) - \)
\ 1200 K(~——373,K él’—oook

Ry (373°k) = 24625kn e

\
r (373 °K)

4

/

V.2 k8 ! /

"o

, /
¢) |V=V°C\3?3’K)~ v, (273 °K) = "S(R RQ "L/s’(l
\\ /g (373°K}
\\ ((5 et - i)
\ / K‘_ (273°K\
\ /
\ 7 ovs (R+R2) - “‘)
\ RG7K)  RleK)
\\ / = Vg (o 3ka+ 7.5ke)( ! -
\ / N
\ %/ 28k L2k 3.9ksn
- i. g A kJL
vs = L2elBUNY | o s gpimre et
z. sku\z o2k 26 G-13) 26
ve = = 3] \
; /)
. f!! \‘\\ 2
C‘) OV:VO (173°K) - /’/Vg Rl+ R~ -\-\‘Ls Kl = ?;_V Z/_?E—.&- - ;‘S 0.3k
;,'/ RT(173° KX | 34k
/ \
13 o.3k.9_7£' by = s = By 4 wA
/] 9 >5\13k..ﬂ. 2.7

H . \

\ Ls ='-..-/l.'+8 mA = 1.5 mA \ \\\

kY
\

100 °k { 2 \‘ —-—l—-°-
e) R (37/3"\() = 2.625ksze 323K e K)z 1.97 k52 2 2ks2

\
Vo(/{z‘s"}qz zvy 78K2 _ 15wh o3k = 0.417)

| 2k
v (M)
W \ihear
reSpoase. —am
o7V - actual response
oV I ~— > T

2 730 K 323°K 3?3°K




ECE 1000 SOLUTIONS TO HOMEWORK #10 Summer 2005

soln: 1La)

* Find Ver ¥ =0V Since no current in R, 36 ne v-drop

* Find l;_ on  left side  (totql C\trrmrl:l into v, node From

i'$ and Ry )
Vi= Vit vy = Vi and. no  current Flows the vy

since no eurreat Flows inte op-amp-

2

l_; on \eft side = i’S +i.R = Lls+ o~y =tgt Vs
T RT RT

« Find {; on rljk{f side

.l} on ri,Jk‘L- side = V, -V >~ V$ ~ V
k2 R2

‘_Seﬁ 1’; on le—f-‘: Stde = i._; on rijh‘l: side

- Ly -
tsT2 L Vg-1V or v, = Vg Q+ Ry ) — U3 Ra
Ry RS ~
f y il = v, =0 Vo= ov-igRa v
verify: SqrerPoSa-!:mn Vg=0 ¥ ‘or 2> Vv, 3Rz
ts=0 tg =~Vs ST Vgl
Kr r T

Same as )uw'u.? vr:vg vozvsc+t§g__ v
) T

Q)
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UNIVERSITY OF UTAH
ELECTRICAL AND COMPUTER ENGINEERING DEPARTMENT

- ECE 1000 ~ HOMEWORK #9 Spring 2005

1.

R; =10kQ

Rail voltage=+ 15V

Design an electronic “thermometer using the circit diagram shown above. The

voltage v, is used to indicate temperature. e a thermister with a resistance
described by
where R, =12.25kQ, =170 is ten re in °K. [Derive‘a symbolic

expression for vo. The e)??éion must contain nof more than the parameters ig, Vg,
AR1, Ry, and Rt. Hint: U superposition.J

2. a - yte the numeric T °K).

b. Determine-avatuefor vy Such that v (T=373K)=v(T=273"K)=1V_

c.  Usingyouranswer to (c), deteriiine

Vo-F=273K)y=0V .
d. i chose above, calculate vo when T =
323°K. Mak : o-VS—F-of basisof-the values when T =
273° : 3 - r—the—same—axe ke c—fdeal linear

Tesponse.
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ECE 000 . .

Slp: |

FiM VP: . |
VP = Vs R= V—A\VIA-Q'r
R+ Ry

Vy = VP
Find g on lef: i_* =13

IR 7
' F;'\‘( ‘L;_ op rtjkf‘. (,;' = Vh ®
Ry

Set 'L;'S egual and use Va=vp

i,s = Vh-Vo

oV, = Vo~ LgR
R,

wo Vs Ko - isR
Rz‘fk-r

o 1 P |
1?0 k(-° -—-—oK)
°k) = 273°K  3Boo = 1Bkn
2.4a) T(Z73 k) = 12.25k52-e

7o'k (5% ~ 5oR) = ks
73"() = 12.25ks- € 73°K stk ! =

Ry (223°k) = 13k
Ry (372 ) = \lkxn
° = Vi Rz -6
Plwey, (57370~ % 6 ’ Ret Ry(373K)

® xﬁ:\ R (273°K) 7&)

\

ko A _ 1 )
A (llm-\- itk ‘{ig.ika+l3k4z
vsj/g 22kp- 2R _ L4y
{

— \
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660 Final Exqm Soln

where R, =2.8

5S¢ 03

(75 points)

Rail voltage=+ 15V

Design an electrorjc thermometer using the circuit diagram shown above. The
voltage v, is used
described by

indicate temperature. Use a thetmister with a resistance -

B =1300°K, and T is temperature in °K.

Derive a symbolic expression for v,. The expression must contain not more
than the parameters i, Vs, and R1. Hint: Use superposition.

Caleylate the numerical values of Rt }MRT (373°K).

Determinca.yalue for i ig such }hét Vo(T=373°K) - v (T=273°K) =1V

find the numerical value of v such that
=273°K) =0V .

Using your answer 1

Using the eOmponent values you“chose above, calculate v, when T =
323°K. Make a rough sketch of v, vs. Ron the basis of the values when T =
axes, sketch the ideal linear

response.



seln: 1.4q) SuperFosi-ﬁcn dase I: Lg on, vy off = wire.

VP‘ = ~-lg RT
p
Vou n !
Vo1 = Vnl LsRy

case T: L4 off = open, Vg oh

V2 ‘ vp = Vg Cm currest in Ry

VPz Vo S N V'&NP)
w2 =Yp2 = V3

Rt Y

VOZ = th_ 3

€IS

YV
VO - Vol + VO’Z_

il T

1 _A
1900 ( Az /5w
’/

b) Ry (273°K) = z.aka e

‘ﬁﬂz”% °K) = ®.3ka - \ | \
1380 % " SRk
R,TY\373°K§ =~ 2.8k e 3‘/7/3K 206
= 1.2 RS
Ry 373°k) = 1.2 \ /

N, - a ¢}| u
C) Chqnge th\Vo: AV, = — U‘S AR+ ( A= ange )
‘ { 4 does #o
for AT= L00° =1v (Aes,rw() Vs Constan
( r ) C‘%aﬂfe wr'ts T)

\\:KT = /{ .Zk.sz ~4.3k0

RT ~7'J - 3lk=
g = —4% \\ /.. % e 0323 md
ART ,: - 31K
Fi

Ls = Q/ 32§\MA

oV ‘/ -0.3273 A - L"'B“kXL'\" Vg
Ry

d) Vo (273°K)

it

-t

= 0-323MA» L*'Bk

Vg/ =
Ds = L33V or l."l-VT"

)




Sw apos

40kQ
40kQ
A\
b —0 ©
+
10kQ
a 10kQ V3
L = o

Rail voltages =10V
 After bennécgogedfo}~a~iz)nétlme, the switch closes at t = ty-
Vo (t)

A

+10V.

4

to t0+5§_|,s

-10V

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.
¢.  Sketch vy(t), showing numerical values appropriately.
‘d.  Sketch v3(t). Show numerical values for t< t,, for to <t <ty + 5 ps, and for

to + 5 us < 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.

\2
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HW #10 Cod,

ECE 10660 Su. 05

soh: 2.q).

Consider possibilities,

a= R and b=R Doesn"l: work. Yz_ wounld c.‘qnge

at 4:t‘} but hever qj“ib‘ D'ellly
of S us put possible.

a=lL ad b=t Doesnt work. Before £ime ‘éo,

the U5 l(osk (like wires and

wedld short v, 4o ref But

- — + . -
Vo= Eley = IOV Ths

we  would have an inralid <ircuit.

Before -(:.,) the L locks like 1 wire,
wd s ok L)e b 0 fe)
R :

-Y% &
v
* E 4}“"‘(‘01') Cird“’d:
& l',,_(fo*') loks, ;lok at +,t,
+

\/

At ":o+, the current in R wilt be
£ (45%) = i (k) = % or the Same

as at 4, Thas, He V-dro/ Sor

R at 4% wit be ¥,. Current i (6"

:Howinj in the kL will Cause a
Voltage alror in sSerjes with the
"{"“r. for R ) Pesulting lh a very

"tjative Vottage at v,. This

would

t =4, rather +than after q

Aelay of Saug
-~ This

Cduse y, 4o 9o low «t

Case doespt work.

®




HW /D Cont.

ECE tlooo

Solh: 2.a) cont.

a=R qnd b:q

SM_ 05

L) = ‘%‘l as th prev Case.

At 4" with LY 7)< W =
R

A

Vy e

V

wWe have 1 {t,t)= l% JR=Ve.

ittt

So Vv, dgesit ¢hange immediately.

This witl work!
For t20 we will have v, =0y

Since there Is %0 power gource.

l«lslnj the general ‘:ﬁarﬂ'&l“‘ for

v, (4), we have:

V, (R = vo (£40) (1, (4*) = Vo (0] ; VK‘;
:v ’ ;,:’ o:/

where RT‘I = bka+ R

~t/L
yz (‘E) - Vo e /'Dkfx

The output, v,, will drop at
“601’ 5/15' H Vz(‘fa‘f‘&’): Vl'

[Assume te =0 Sfor c'aavem‘enc‘e.]

Now Find v,.




MW #10 Couvd.

ECE 1000 Su: 65
B mA
-~
soln: 2.a) Cont, 2kg
L/
v (D ima Vi= W= LuA-2ka
Vi = -1y = loy,
Y, 3 3
< We want Y, ( = v, = 1o
2 (Sus) = v, 2y
—Suy/ L
or )O/Vt oka+R ?’/'!V
3
-5ag /. L = 4 L = —-LI
* /lok.n.fR 3
1ok + R
If we use R= Rk we get a convenient
value for L. Many Lolutions For R andl
will work, however.
R= ke qives L= 5mu3- lokr+RkR
1.1
e L= 5M3. 20k =100mH
) ‘ R= Rka L= too mH one  solution
f-‘uuong qu)r.
b) Y1 -
] 10
1 V=3V
—“4t— ¢
Ous Sas
‘ Ve
3 -t /%55 us
d) M tove
\/"/\;
v, by
= 10 » -
= + > L
3 oue  Bus
Noke: L _ loombl = 455 .8
L Rrh Rkan_




'HW#M ok

Su os
ECE 1060

soln:  2.d) - For vy, = +lov , both disdes are Jorward biased
and ook like wired,

vo=loV-
—r- Vo= loV-  lokg
Yokt 3 Yoky 1ok a+4okn 4ok
Y o= lov-  loks
e
+ 10k2+ 20k
v
lok= 3 vz = |0
Ly
- 3
.y.

----- B For——v, = =10V, “beth diodes are  reverse biased

and lack (ike open  circuits.

95‘:"'6‘/
IT\‘{-OKQ Vo= ~lov
4
V3
1 vy
o )
plui SRR
X 3
Vadws v \
2 3
4/'/ 54
: ;‘ totHus 0
o o
—‘OV b L-;—:—Y-E'_L’
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UNIVERSITY OF UTAH :
ELECTRICAL AND COMPUTER ENGINEERING DEPART

ECE 1000 ©* HOMEWORK #10 Spring 2005

Vi \
40 100 kO 25 pAl v,
/ t=t,

20kQ

1.

—— o | & |

. Rail voltages =12V &

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

o

C 412V -

ty to, +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 > 00) =1V
b.  Sketch vi(t), showing numerical values appropriately.
2. . a.  Sketch va(t), showing numerical values appropriately.

b.  Sketch v3(t). Show numerical values for t < to, for t; <t<ty+44 ms, and for
to + 44 ms < 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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E(E

SoL'h 1

10600

l.a)

HW %o seln Sp 05

Consider po ssibilities.

a= R and b=R: v, would change at time t=

but hever change agein. Thus, b
could not 9o hajA and thea low aj‘!ih.
a= C, and b= Ci Before t=to, <there would be ho
" path for ¢, n b o difcharge.
Thus, we would need +o know vc?_(t=fo‘)-
We would also have Vg (+=tc") =0V
sinee €, will o\lschqrge +thru -the
iR in parallel with it.
When Hhe switch closes, we have an
Mralid  tireurt iF Vg, (BF)+ Ve *)
%« .5V, TAis means we must Aave
Vo, (*)= Ve (t.~)= 6-SV  Since
Vey (1) = v, (47) = oV
But if ya(-‘:‘+)= 6.5, nothing changes
when the swited dlosesS. Thus we
could Aot ye‘é a wavefgrm that go€S
high and then low agaia.
a=R and b=C: As in He case of a=(, aud b=Ca,
we would have some value of v, +,”)
= Vc('bo"“)_ Sihce sz VC (*o-&) at
<4 .t .
‘l:~‘[=o, V, would net Cl\quje at -{:o'
Thus, this will net werk,
a=C “M\j: The € in a will discharge +thru <+the
R in parallel with . - Vo(+7) =0k
Alge, no current Flows in R for £k

becanse there is ne elosed cireuit path
in which cuprent could Fflow.
_n\.“-ﬁ, Vz ('!‘_o-) = i.R - OV.




3 5

tCE 1600

S? o5

solh:  l,a) eont. At ~!:=£°t we have v, (+,%5) = 6.5V~vc (1Y)
or Y (tt) = 6.5V sipee Vo (%) = v (4,~) = oV.
Thus, V2 jumps Frem oV 4o 6.5V at <4,
TF vallt) > v, then v, would g0 high,
Cassumuj v, >0V and v,<6-5V).
Afler -{—,) c will chqrge and v, will
start 4o drop. I v, eventually dreps
below v, <+then vy will g0 low again.

Thus, -this will work.

Now Find values of R and C:

V,:  Since no current Flows into Hhe - input
of the op amp, 1no current Hows thru
the 20ks.  resistor Clswer left).
Combininj the parallel current gources, we
have  40uA -25u4 = 1SuA.  This currert
Flows thru the Jooks Zo produce Voltage
ASMUA - lookz = 1.5/,

- V=25V (donstant)

For 2%, we use q Thevenin eguivalent

circuit for  ghe
R in b,

6.5V sourte , e ks, and

R =.R ks
v, T " 6.5V

v., =6.8)- R

Th

R+ ks




ECE 1000 sp 05

seln:  1.a) cont. We use the 9general RC soln for v2B):

-t ¢
V)= v, (t»w) + CVZ('L;)*- V1(+9w)__‘ e /Rﬂ‘

To find Vo (4 %4), we observed +that, when
C is dmrged ; M curremrt flaus i Ry -

Thus
Vz(*-’”) = VTA = 6.5V —&..___-( ¢.5V.

R+ ks

From earlier, v, (4,+) = ¢.5p.

'S
esv ]

v, =18V —~——
Vo F-— """ 77777 = -
- } >t
+o . t,+ YYhms

Any Vi <V, will  suffice. For Convenieace,

tet Mg =1y = €5V & 1. _ |
R+ltksz R= 2kn

Assume 4, =0. For v, +to switch at E=4yms,

we  have Vz(‘!‘l-ms) =V, = LSy

~4%msy Ry €

or v + [c.sv-wz e = Q.5
- Yy
or
5.5v e yRT"C = Q.5V where

Rry = Rl k= ?kllﬂk}z = 22k,
13

Take .y of both sides of exponential R(C efl'::

2

hgi'“_s\ = .6 3.5v = -20394
2Za-C 55V
)

¢= ’ijﬂF:lﬂ-ﬁﬂF ¢= |{uF

3
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R

b)

Sp_ 05

ECE 1000
soth: 1.b) v, (&)= 1.5¥ Constant
v, &)
1\
V= l_..SV
.-to
Z.q) V“&)

— vo(t)= IV+ 5.5)e
Va(t=ttms)= .5V = 1

114
oy
. t -t
o tms
Note:s Ryy C'= 22 k- 20u4F = 33.8ms
3

Note: Assume -4 =0.

When vy = +12V, top dicde IS reverse bilaged = open.

The bottom Aiode is Forward biased = wire.

Vo= +l2y
3oka
+
2ok .
.4 =3)
C2horted) vy = v, - kR = 12y ‘.:_

10k 16kt 30k

A - S =w‘ .
when Vo= ~IRV, +top Aiode Us Fsrward biased ire

Thus, v, is Shorted +o -I12V.
v3(+.l
3y

+ ot Yims
-2y e K34
-r2v L

W 4L

2,
7




2. (65 points)

10kQ '

62kQ [P 2|
< .

Q) @ e

o— ® g

~ Railvoltages = %12 V

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

Vo(t)
A

12V

A 4

. 1y to +1ms

12V

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

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

15 «¢.  Sketch vo(t), showing numerical values appropriately.

10 d.  Sketch vi(t). Show numerical values for t<t,, for t; <t<ty+ 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.



60(.'9\ s 2. q)

{
v O&*  yodivider
10kS+ 62K

<
1}

At = ‘E: .

vy = ~ 2V Actually, v =TFV frald

win

¥

. = HRYV P v1>V‘='§v

Consider  a=R, b=R: v, would never switeh lbecause

V, woald be oV after switth alosed,

and V2>V

will net woerk.

'f'ur A“- Lime

donsider a=C, b=C: ¢l will chage o Vi, = 2V

Part of 2V a3 a, part across b.

When switeh ¢loses, the cls
=2V,

2 Fired.

insfqrd:ty ¢harge 45 V_&*ﬁ:
Then their voltages remal
< v, woeuld not swrtch after 1ms.
Wil hot werkK.

Consider a=R, b= ¢: ¢ will dkargt to 2V vy =W
When switeh d{asch v, wul
start at Vz dad  charge toward oV
Vo,>V, Jor all time.

V, never =witches.

will net  wark.

Consider a= C, b=R |1 C wll Chau-5e 4+, 2V at o

4o ‘ ¢ Vo Vy se vy, =+2v at o v
. VZ =0y
42~

A

2V R ov
When switch closes, VY, will sbay ab 2V Jor =t

+-

'to . Thu.S‘ \/z &roPs .b __'zy‘.

Tl’\en Va <V‘ and Vs
a\rors *o -2V, v~

£> 44t ¢ charges o OV and Vo climbs toward oy
We want Vo=V = ‘% Vv at 4.+ 1ms, v
woerk 3

2.2




SQ\.‘Yl b

Let 4 =0
v, &) o —&/RC
2.a) (cont) y Vold) = —2v e
L+ im3
. o ~1me/Re
¢ > Vo (1m3) = —2ve ="Sv
4+ =4 ~1/5.5mg 3
-5 -2Ve —Ims/
.3.v 2V e ms RC~
o
solns 2-¢) 2
-{ms/R¢ = la B
A
Re = ~1ms :5-"“8”\5
dn 5
6
R¢=2 5.5 msS
Let [C=1uF, R=55kR or 5-6KR (sandacd mluﬁ]
Ary RC = 5.5 ms qddep'bqb\e. if lFF<C < \F
and 1o <R<IGw.
Note: T4 R is {g w then we would really
wan-t Lz 4+ w.
a max L& R 3
max LRz =(E}_/)2 2 max i;R: 2_1/1-<Ja-|u_
R
SR> 4V - 32.q  reguired.
) 178 w
2.b Vy= — %
' 3V for al % 2.¢) See plot of vo () W
v, &) soln *o 2.q), above.
A
—5 t
~5y
3
2.A> w hen VO>OV) dicde forward blased = wire L Vg = ov
when Vo <0V, disde reverse blased = open. :.Vy= Vo kR
Va () y 10K+ 20k
v ] £° Vo =
—— A= —l2v oL o —hV
ov ¥ Vs 4 3
~4v T prrvy Lodlms
u‘zvq-
-2V




2. (70 points)

3V:

SV 20k0

= \
C
2] ' ovy(t)

% b] v3(t)

10kQ

S

5

&
N4
o
B

\/

Rail voltages =+ 15V

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

Pts

10 a
10 b.
20 c.
20 d.
10 e.

vol(t)
A

+15V

G -+
Y
~

ty +10 ms

15V <=

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

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

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.

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

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

Vg, = {3y ~qv) 20Kk&a

= -LV-L = -3}V
ak-sL 20K +20kN. 2
~-qy
! 9 o € C use V-dwider
3 ; a
v 20kl Ry = R Look‘mg ks ¢ wrkh V seurces shorte
v N = =20kl zoksn = ok
loka.
<
- Ry,
v Oy,
a

k) +>4, switeh s closed (-9V source and 20k Lylaasseo”

3 Vo, = 3V since ¢ connected Lo RV Seurce
ay
ok R n = R Look'ms anke ¢ with RV source SW
Th =
= 0OSL (20K byquseol b;f short )
3
Rn 2042
Th <
3V VTh
d

<)

R in & and C inb wauld immediate sM-&ching: wrong

(c waad R b must be correct.

£< 4o creurt:
(t= %o )

< s OPQJ\ C..II‘Cu.fh
o no V drop across R'S
LoVg = oV

v, = -3V

= v (rail)
. vl<v2¢v°-+l5(b
t="€.°+ cGreuit s

¢ acks Like =3V Source

SeVE 3V

Vo= AVe— 3V = GV

VcVy B Vos +18Y Crail)
1

. W
ey e I e % ¢ acks Vike opn cireitt
i = he V drop across R
R Sovy = v
Vo= ov

v 3Vy B Vo= TISV Crail)




soln z.¢) tent. Let %, =0. Wark V,=v, at At =10md For v, transition.

V= 3V for & > 4,30

Vy = BV ~ v, for & %y

-+/RC
‘vt(‘hﬂﬂ = V, (40} + (vato™) ~ v‘(-(-.»oo)] e
-+ /8¢ -t/ RC
W = OV+[(,V—-0V3$ = 6l e
~at/Re
-We want Vo Cat) = 3v. s Ve = 3Y

-A+/RC o
€ = X o= 5 or -at _ 40
RC 2
RC~= ..__A_E = éj‘_ = lOms = 4 mse
‘ .
aeﬂ.i 2 22

<
[’3
o
N

= \uF  R= Itk k.ﬂ.\ (i5ka is desest
: standard  value )

-+ /1%,
d\ V;_({(O) = 0V V’Z (‘h)o) = GVe. ‘qq'ms V,.(lﬁms)': 3V

ve ()

e) When v, = +18V,  the dlede s reverse biased = open cdircuit
v, Cie. ol‘:sqﬂ;et\rs)
5ka
Vy = V. ok = I5V- % = 1oV
—— 3
lok3 ok + Sk

when yo= - 15V, +the disde is Forward lhiased 5 shert
Vo )

valt)

ska
V3 = OV 1oV

ov

1
4,20 fomsg

g



Pts
35

15

10

(65 points)

Vi
Vo ' o .
3kQ 2kQ ' + +
12kQ
' 10kQ :
Vo
sOVE L .
* 1 -
><t=to 30kQ
b V3
* l ' S i

Rail voltages = +12 V

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

vo(t)
A

12V

v
-

ty to+10us

-12 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 v,(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 v3(t). Show numerical values for t<t,, for t, <t<t,+ 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.




Sot’h‘- 2.4) Iahore Aiode and resistor  network on output (since
w1t doesat affect ).

For t<%, V, = +2V.= Vo2 > Yy

Caleulate v, uging nade~v method: V=0V v -1V _ g4

3k 2k
v (—'———— e ) = 6V __ 4V
‘ sy
3k 2k o zka
mult  both sides by Gk2
V, (2-\-3) = GV 2-\-\\/'3 = \SV) \G:!g_v =3V

do we heed v, > 3V

Circut medel: v, =12V, switech opel

Tf we have an L, 1t Wil be egu’w«lcu\'t 4o a wire.
donsider possibilities:
case L: a=L and b=L L=wue
vy=ov From V divider
Doesn't work.
case I: g= R and b=l = wire
Vo= OV from v divider
Doesn't work.

cdase I: a=R, and b=R,

We can <hoose R, aad Ry to achieve
v, >3V, but we cannot get a Aelq/y

ih Vo dropping From +Hzy to -2V

Since L= wire and we dan p:‘ck R, we

can achieve Vv, 7> 3V, \When swikch Moves,

the L c¢ontinues +o Carry sSame current

inttlally. Thus, v,2v, 1s susiaitned For delay.
Should  work.




soln: 2.a) cont. When

Switceh dloses,

we

have

RL dirceyit
that determinesd v,. Tiume Cloashant €= L/R.

O‘H:fnd: V, alrars‘ when v, dro,:s below 3V

As -k-»oo) the L in 2l acts like a wire

and the Switch I8 elosed = Vv, (£2x) =0V

Without additional camstraints, we may choose

any Vg betweey BV and 1RV

bne cholce i3
v, (67) = 6V,  Using v-divider of 12k and b |b=l2ka}
We want Vg (£= jous) = 3y So 4 drepd at
Lime Lo+ 10aS. (Assame 44 = 05)
ai . iy
Vs, , (*>0) = 'Ui(é».o)-}-[yz(o-l') "V'L('L'*"")-Ie—
b R u = oV 4 {V,_(O+) _ OV] e‘- + /v
: -t/
" = v, (oNe T Now fid 1,00,
Consider +=0 - L= wire R=l2ks
iq_.(O'): vy = 1 mA
2
1ZkJ2+ Rk
t=o%. L= ( sr¢
v (o%)

where LL(O"')z LLCO—)z %MA

v, lot) = L ,A-
ay V20N = LmA- ek
-t/
v, (£%0) = (Ve
: ~ons/t

wWe want v, Cloys) = 3V = GVe

14 i __e"a/*S/'t D=~

w oz = ~lous /¢
v= AR M‘s_zl%.Q)Ls:L:l_._

n 3 o 2 T Rka

L= %4 us-i2ka = 173 mH

. Summary- a=l,= 173 mH
b=R = 12k




wtn: 2.b) As shown 1n seln for (), V ()= 2V. Tt never changed.

v, (£)
! av
: ¢ >t
4o +t,tlous
-t/ 4.4 us
&) From soln Lo (a), we have v,(k>0)=6Ve .
For V?_ ('l:(O )’ we hqve_ v, (-!:(o ) = éy_
W, (&)
oA -t/ u8 |
3200 SRR : ary (£300) =OV
—— >t
+s *.o‘l' lO,u.S

d) When Vo > oV, tep dicde = wire , bottom disde = opeh.

V= V. 3ok =qy
-—*\
Vo= ks 3okt lokgo
v
+
3ok Va

When Vo <O V) '{:or disde = open, botiom diode doesnt
matler suice ne Currest

ibks2 Vo= ov 2in¢e ho urrent :Flduﬁhg
+
S
3 (‘a
avf av
¢ &y .+
+o 4, +lousg

2\



o . Y.
ixl
12kQ §3k.(2
* —o 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 value of Ry, that will absorb
—— HiiaXifmn power. e e e e e I

c.  Calculate the value of that miaximum power absorbed by Ry..



HWHIE ol -
| ' Su 05

ECE lod0

- = —2mA- 3kp = —&V

- soln: 3,q) Van‘ Vq_,l, open ¢ir¢

The cGurrent Source is between 4a,b

and  the Rk and altf-ui:iexi: sourte .

The lurrent source thus Usolates behavior

at " qll’ ﬁ—am the Rkst and ,(epcmlaf’ Ssuree.

Use i, +e Fid Ry:

a,b Fo no v-d,.a/, across  3Skd2.

we s’\.a{“t

So £3k¢ = 0 and g =2MA.
Rrw = ' &y = 3ke
z$ —2:«/1

Comments - l) we could alse Jus‘t turn off

the 2mA  Seurce and ook irts a,b

te see Ry = 3kw.

’-) We rmlly just started with

A4 Nortoa E,u‘wam{ +that we coaverted

4o Thevenin elu;valeld:.
b)) hmax pwr when R, = Ryp =|3ka =R |

x 2 -
Vi - (~ev) ZE mwW = Pw\
% Rp 4.3kn

&) wmax P Paax =

2%



. 4k,
' - 10kQ
—< AW o4
—
ix

1kQ
zm§

21V

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

SR T

b. If we attach Ry to terminals a and b, find the value of Ry, that will absorb
aximum power. : .

c.  Calculate the value of that maximum power absorbed by Rr.



. -

ECE 1000 sp o5

selh: 3.4q)

2k

V‘l’h = v‘lb open cireuit
Ly=0 For open circuit ab. - ki =0V

No ix ¥ %o Vdrp across Ioke = lgwore 10k

-—0

+ This is V~divider,
2K tka v V- 2k
. aw Y'n\ Th = 2| 2 = |4V
- 2kptkn

To  find Ry, we can yse -the Lge method:

v ok
2 V.
e, d Rypy = z‘l‘
-~ sc
e Lise
= Need Lo find

Lsc- .‘- Fl‘hd V‘

b

Find v, by hoAC*VoH:age methad:

- - v
tx TE'E..SL o we can climinate i,
V. —
! ‘Hdﬁ V= 2y 4 = 0A
lokst v e ;*K -

mult Q.V@y'élv.‘u? by 10kn

V‘-S— Vlcz + Vl.]o +Vl-] = 210 ¥
Vi (S-2+141)= 210V V- 14=2000 v, =ISV

tsg  L5mA

Rm= 933k
L




>

BCE 16060 ) SP o5

soln: %.b)l max pwr when rRL:. RT}\ = 1.33 kJLW

< <L
¢) max pwe p= Vg o (4v) = 1w (1.5 uw-
e 4. M ko b g
4 Ry, s




3. (30 points)

3kQ
— NV~ 0 a
+ v, "
4 mA
§2kQ
SVX, 1kQ
- 0}

20 a.  Find the Thevenin equivalerit of the above circuit relative to terminals a and b.

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

5 ¢. Calculate the value of that maximum power absorbed by Ry..
1. . ] = - 1\
<soel/n: ﬂ) VTh Va)b open Cireuit
open drcutt > v =0 Sl ho current in KR

.o va Sre =0V = wire

1k atross Vi shor-!:ea{ so dan be z‘.gnorea(.

%o we have: Ik
Yoy- ¥
Vg = HmA- 2ke = 5Y4
= 8
VT71 v
Ry = V1 CIf we shrt ab we have curreat
tse divider, ige = HmA- 2kS = 8 mA
2k2+3Kksn. S
-3
R1h = = Sk _
h T e mA Rn = Sk

Note: Easier solh s bo say Svy and 1Ko dont matter

bedause +hey are in series with currest Souarde.
Then Ryp = 2kQ+3kn seen from a,b with HuA oF.

51




solh: 3.0)  paw pwr when |R, z Ry, = 5ka>

T
= Vo *
3.¢) max pwr = Th (.SV) = &% mW = 3.2mWw

4Ry  h-Ska 20

max pwr = 3.2 mW




3. (35 points)

- —

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

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

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

aoln: a) The Gk resistor i3 atross the 28V Souree, 3o
it wmay be Lgnored.

For V we Use Vq| wrth no load. BSBince no
They }

current  Hows .
1L, = OA and v Arop across 3k and lkJv i3 2ero.

2%V

oult of “the ‘a' {erminq() lx=0.

Vq,b ~ 28V Ffrom Vv srd .'.\V-mev =

o A 4o b.

Now ‘f-i,no\ LSC :Hous'u\ﬂ in wire ¢olmec{:.ea( +r

From current sum abt hode on left end of lk.szl we

have current Nix Flowing in Ik resistor

Using v Arop3s Jor 3k and 1k, we must have

ix-3k&+ iy ke = 28V or [4k.s2-

or Lx = Z MA' 5‘LRC€ lsé = Lx Qnd KTh = l_/-;rb- )

Lse
=tk
= 28V = [%kn Repe, =! B
K’I’h ZmA % a
Vhey =28V




seln:  3.1) Max  pwr when R.= Ripey = l‘-}k@)

z
3.¢] Max pwr = v;w = (zev) _ 703dwi
4 itka
‘thheu

i qu rwr‘ = “‘!’mw‘l

O



HW .#]o Cort.

4.
30k
40k —— >10kQ

+ - = -9

60.0°V !

m 15kQ
+ ——

7 AN

30.£180°V I,

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

polar form.

b.  Given ® = 53.13 rad/s, write a numerical time-domain expression for i1(t), the

inverse phasor of Ij.




MW #1O Cort

ECE (000

b) { i () =

Sw 05

Sum o currentd  Sor hode. on rijhf side -

R we see that T =2X,
T from Sym of currents
'
TI)t sat of node =o0.
From the loottom half of the cireuid, we

Zan CoMf)u'é-e I, directts :

From V-loop Wwe have

T = 60Lo*v—~30L0°V

ISk
39£180°Y ;” I = zov
x
==30L0°V 15ks

IX = (mA Lo®

So' I‘=2Ix = "ZJMIQLoo

{ T, = 240° mA{

12 cos(53.13¢) MA}

o Wt




51290°V Ci) lll

A frequency-domain circuit is shown above. Write the value of phasor I in
polar form.

Given ® = = rad/s, write a numerical time-domain expression for ij(t), the
inverse phasor of 1.




4. (25 points)

?

jlgkf@/

(1+)sma( 4 4T, § 30kQ

kQ
I
——— I ’
I
—o—

21, j20v

20pts 2. A frequency-domairi circuit is shown above. Write the value of I in polar
form.

Spts b Giveno= 100 k rad/s, write a numerical time-domain expression for 11(t), the
inverse phasor of I.

082 <o L and C <dancel.

soln: 4.q)  jlokn —jloke =
Current Alyider For 20k and 30KL.
I,= (\+3) s5mA - oka = (4]) 3ImA
20k + 30K

Find L, from Sumb ot Ceren{s at  node
oh  \eft side;
(43) BMA — 2 (1+])BMA ~T. =0
e :
I
1[, = (4+]) SmA - 2 (14)) 3mA = (14])(5-6) mA
= ()% mA =~ +Jl) mA

[,l[\ =-42  L45° mA |= -135° ‘“AJ

gf 225°

o) ‘E({\ = 42" cos(160kt —135°) mA {

Gi




3. (30 points)

iSkL, ko
—>—AW
12V£30°V CED S12kQ zZy L izko
—3kQ
| .
tl
—
IX

Pts

15 a. Choose the value of Zj that will absorb maximum average power.

15 b. Calculate the value of that maximum average power absorbed by Z .




*
Sol.'h 3. a) EL:. 'ZTh for wWax power xfer
Since Iy Flows Thru T, +this looks

\ike inductor with z =)ISKZ.

k2
WA o
a We dan F\r\: ¢ on left
side of 2, since
2y 230V ke they are in
3 2L
/1/\ quql\el
Kl

Can assumt . — .
6° swee = b
phase angle ast seen I,
Adoesn't affect in  Thevenn
ave pwr ejuu/qlen{: sice

it is acrass V Soarde

Grewit  for  determining  Thesenin eguivalent:
35k Ak

v = 2z seen looKing mbo o)k

wikth RV seurce ‘shorted

o oRg = mIRER [ Gizkas yimkas Tka)

* o= <y [(Gkaseika)

"

.1
i

-2k (Akas jrKQ)
~)2pR + Gk + ) K2

-] ke (qra+jreke)
ek ks -
I L o= -3lzk.n.+ "Q,k_n_‘

n

!

X =(ave per in 7)) = \_]_[_'_fk where Relbk®& n 2
2

I= Yo, = Vm
leka~ 2R + lokn + PR ERLl
Voo, = V- -jhko = \va', Rk.ﬂ.)_-_ “jleV
_jiaden + )3k skn + AKD R
“ k3
o P= \‘JN’V = ) v L ke [ V8 or| Pz2 mW
ks |k T T T k2 .
z




4. (25 points)

[
120V 20 6mA Lo
2vy Vx
Pts :
20 a. A frequency-domain circuit is shown above. Write the value of phasor Ij in
polar form.

5 b.  Given o= = rad/s, write a numerical time-domain expression for ij(t), the
inverse phasor of Ij.

sol'n: q) Since ‘the two 0k resistors are shorted by wires.

. There is no V Arop across the ok resisters,

and Vy = oV.

- OV = wire
Thus, +the 2 Aepend ent Source - oV
Saperposition Caze T: GwA on, 1ROVoHf = .

Tt follows that all of the GwA from the
independent current source Slows n the wires
(shown as Adashed Ulines above).

. I“-- G;AA 400

dase - 120V on, emA off = epen ¢irduit v
we observe that +‘he -j2oks is directly acmss

the WoV Source, given the wires shown as

Aa shed Lines. o
X,, = 120Vee’ JemA = GmA £
e = 22787 =

~} 20k{2

Thus | I,=I,+t1e =
o
or | X, = G“’MAL%B

e mA - (H‘))

b) [1,() =426 mA cos(mt+ 45°)




