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R; =03kQ

{

Rail voltage =+ 15V

Design an electronic thermometer using the circuit diagram shown above. The
voltage v, is used to indicate temperature. Use a thermister with a resistance
described by

=
Rp=R,e \T 300
o

where R, =2.625kQ, B=1200°K, and T is temperature in °K.

a. Derive a symbolic expression for v,. The expression must contain not more
than the parameters 15, Vg, Ri, Ry, and RT. Hint: Use superposition.

b.  Calculate the numerical values of Rt (273°K) and Rt (373°K).
c.  Determine a value for vg such that v (T =373°K)-v (T =273°K) =1V

d.  Using your answer to (), determine a value of Us such that
Vo (T=273°K)=0V.

e. Using the component values you chose above, calculate v, when T =
323°K. Make a rough sketch of vy vs. T on the basis of the values when T =
273°K, 323°K, and 373°K. On the same axes, sketch the ideal linear
response.



Soln: L a) Use SﬂPQrPosi‘h.LOh - e

Case T V3 on, Lsoff = open

Nech{?ve feedback = OV across + dand ~ terminals.
From v loop around Vs, Ry, and +- terminals,
we have Ls\ = "_\{é_— .
RT

- 1 R %
From v leop around Ry, T '£€V’M1Wd3, z,and e,

we }'\GVQ b lekl 3oV — L;—\Rz - VG‘ = ol
Now Use igi=1ig and sSolve For Vo:

~TVs R, + 0V —-VsR_ Vo = ov

RT Ry
VO\ = Vs R‘+ R1
Rt
Case 1 : I‘S on, Vg off = wire
+ oV -
R2

We oV acress Ry & ts =O.

Sinde i,s.‘,_: \L{zr“ OA) we have Vo1 =V_= V+

v+:~"’5k‘ .=> VOZ:—Lsg‘

Sum Vg = Vgt Vo = vg B +Rz — 3R | - #
Ry




soln =

oL 4 L.
200 K(273°K- 2e0°K
& = 2.625kn2 e
\.\o) RT (273 )
F(;nam = 3.9k , ‘ \ B \
1260 K(E'STK 350°K
Ry (373 °k) = 2.4625kn e
Rr (373 °K) = \.zk&j

C) ;v=v0(373°\<) ~ v {273°k) = Vs

( Rl + R‘:_)
ET(373°K]

—(/'5 R, tR2
Ryvh2

Ry (273 oK)

Vg (R,+Rz)<

-4

3 ,{f,)

—

i

\
RT (373°K) ET(273°K)>

vg (0.3kn+7.5k2)
At A

1 _ 1
7. 8k 1.2kse 3.9k
vg = L2k lEsaka)y 03kn - 4f-Bve-tn v
7.8k 5/3’(& 26 (Ll,— 13) 26
V. — -
s = =Y
|5 = 3
. 2
d) Vv, (273°K) = Vy RitRa — 3Ry = 2V ZEBKR _ i503ke
Ry(273°K) 1 39kn
L3 03k =4v > s = & vy 4 mA
q 1 6.3k 2.7
K Lg = L48 mA &= L5 mMA \
oo k{1 ——\——;-
e) R§(323°K) = 2.625kn2e (323"“ 300 K)z .97 k52 2 2ks2
v (323°K) = 2V 78K _ \5wmA o3k = o.417y
° 9 2k
v, (T)
W
o 47V

ov

273K

“z— qetual reSponse

T
373°K

323°K




2. (65 points)

vi \
V2
3k 2kQ /
12kQ

10kQ

Rail voltages =12V

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

Vo (D)
{l

12V

v
ot

ty to +10us

12V

Pts

35 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.

5 b. Sketch vy(t), showing numerical values appropriately.
15 c¢.  Sketch vy(t), showing numerical values appropriately.

& .
10 d. Sketch v3(t). Show numerical values for t <ty for to <t <ty + 10 ps, and
for to + 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.



2olh:  2.a)  Ignore Aiode and resistor  nebyork en owtput (since
1t doesnt affect ).

For t<%, Vv, = +12V. = Vo > Yy

Caltulate v ﬂslng node ~v method . V-6V

\ + =V o-o0A

3K 2KS%
Vi < ‘ v = ) = GV v
3k 2R/ S5 Zkn
okt both  sides by Gk
v, (243) = Gv-2+1w-3 = 15V, v,:x%g =3V

46 we heed Vv, > 3V

: n
Circait model: v = 12V, swrtch oP®

Tf we have an L, it will be eju'nmlcr\'t 4o a Wwire.
donsider possibilities:
case I+ a=L and b=L L=wile
v,=ov From v divider
Doesn't work.
c¢ase L: g= R and b=[L = wire

Vo= 0V from v divider

Doesn't work.

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

We c¢an choose R, and R, to achieve

Vo >3V, but we camnot get a dela,
N Vo dropping From H+Hzy to ~l2V
a= L and b=R

Since L= wire and we can

€an  achieve v, > 3V. Wwhen

case V-

pick R, we
swrtch Moves,
the | continues +o carry same current

inttlally.  Thus, y, >y, 13 sustained For delay.
Should  work.

4

3



Sotn s 2..5\.\ cont. When Bwitch C‘oses) we have

RL  cireyit
+hat determines v,.

Tine Constant €= L/R.
Oq’c?q{ Vo drors when 123 dmfs below 3V
As Lo o 4he L in ' acks Lke a wire
bl
and the Switch is ¢losed = vz(-e—‘»»)=oy

Without additiongl CMS‘LTQ('JI%S, we may choose

any Vv, betweey By and 1RV One choite i3

Vz_C'(T-'-' 10}*3) = 3Y 2o W dmfj at
tume to+ lous.

v, (67) = 6V Using v-divider of 12k5z and 0|

we want

(Assume -éazos)
v, =

-t/
ar, (£>0) = 43 (b =) ¥, (6%) — v, (>0) | &
b < w = ov _\.[vz(o*)—-ov e;.b/T
-t/
u = Vv, (o%) e 1;. Now Find v, (o%),
Consider t=07: L=wire R=Rkx
LL_(O')-: Ry = 1 mA
2
k24 Rk
+ _ - - -
£=0". L= U sr¢  where L, (0%)= L (07 = %mA
V1_CD+)
v, (o) = LZ mA - 12K
2y
Vz_(0+): (DV
-t/
v, (£>0) = GVe
-lous/t
we want o, Clous) = 3v = GVe
£
= 3v | B —lomns/x — -
(:; - E e ) L L = to s /'t
v = ~lous lops W oug = L o= &
e L 2 R 13ka
L= %4 us- 2kn = 173 mH
Summary:

a=LlL = |73 mH
b= R = 12k



$oL{0 :

2.b)

Az shown in seln for (a), v (£) = 3V Tt never change$.
v, (&)

3V

s
e

45 {°+10}4_$

, -2k us
&)  From soln +to (a), we have v,(4>0)=0CVe .

For v, (<o ), we  have v, (t<o0 ) = 6V,
v, (&)

—+/14%. 4 us

ary (£200) =OV

4 When ve > OV, op Aisde = wire , bottom diode = opeh.

W= RRy- 3oka =qy
h-—_\_*
o Vo= ok okt lokosL
v
+
30K V3

When v, <o V) -Lor disde = open, bhottom diode doesnt
matlter stace no Curreat

> K2 ) .
Vo = oy 3ince ho Current Haxuu\g
& +
vk V3
V3 ('a
avl v




3. (35 points)

218V G) | Lae for }imii_ug Rthey
2o

1 X

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

aolp: a) The Gk resistor i3 atrogg the 28V Sourec, So
it may be Lgnored.

For V’ﬁxev we use Vay, with ho \oad. Since no
=0,

[ . N
corrent Hows out of the a HLerminal, Ly

160, = OA and v Arop across 3k and k52 3 2er.
2o |

il

Va b

A 28V SFrem V src¢ vThey =
‘ B

: : . a 4o b.
Now find s, How‘mﬂ in wire <onected from

From current sum at  hede on left end df\kdzl we

have  current Nix Flowing in ko resistor.

usihg v Arops Sor 3Bk and Wk, we must have

iy - 3k + lix-1ks = 28V or 4k - ix = 28V

of ix = Z MA . Since ;‘SC = Lx and KTh = y_ﬁ 5
Rep = ra'3% - 14k Rites —Hk.ﬂ_
Th SmA




Sol'n:

3-b)  Max gor when | R = Ryey = aqm]

kS

3.¢) Mox pwr = Vg, = (zev)z - 7{Jw
. 419k
LtRn\ﬁV

iMax pwr = Hﬁmiis: mW




4. (25 points)

) -]
120V [o'“C 6mALZo
-t

2vy Vx
Pts
20 a. A frequency-domain circuit is shown above. Write the value of phasor Ij in
polar form.

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

soln: @)  Since ‘the two Ik regiztors are Shorted by wires.
*. There s no VAroP across the 10k resisters,

and Vy = OV.

Thus  the 2y depend ent Source = OV = wire
s‘*P?—"PC{SH:tOn Cage T: GwA on, 120y off = wire.
I+ follow 3 “that all of *the & mA from the

Mere,;wl_e.n{* current <ssurce flows in the wires
(shown as dashed Llines above).

o I“: G MA 400,
dage T: 120V on bmA off = open drcqi‘fz
we observe ‘;:M{: the -j20ka is directly across
the W0V Ssurce, given the wires shown as
Aashed Llines. ' o
. 20
- Ilz - ]ZOVLO° - JQMA = éMA
-} 20k{Z

GmA- (H‘))

b) L@ = AZ( mA cos(rt+ 45°) 1_




