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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

1120[1——1—)
Rp=Rge \T 300

where Ry = 2490 Q and T is temperature in °K.
10 a. Calculate the numerical values of RT (273°K) and R (373°K).
25 b. Derivea symbolic expression for v,. The expression must contain not more

than the parameters vg1, vs2, RT, R}, R2, and R3.
Hint: Use superposition.

25 c¢. Choose vg, Ry, and R3 that will produce the following:

vo=0V when T =273°K
Vo= 10V when T =373°K

10 d. Using the component values you chose in (c), calculate vy when T = 323°K.
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soln l.q.) RT (273°K) = 2490 e = 3.6k RT(zn°K)= 3.ék.Slr
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b) SuperPosH:'Lon:

- . R
Vo on. Ve, oFTF = Vo = Vst By V= Vp
st T TR P R+ Ry
‘L§ ('&I‘“ R-;J =T 0~ Vn - - VS[ R\ \
R'Z Rl"RT RZ
o (Bheu Ra) = Ya= Vo _ -vg Ry X
K3 R\+RT ‘é_g
L_§‘_ (thru Ry ) = ‘L,;_ (Bhru RyY = =~V _ V-V
Ra Ra
or Voy = Vi <l+ %‘> = vg, Ri ([+ B_E
2 R"fRT RZ
VSI OH) Vg, ©on = VP = 0OV, Vh= VP
ty (hey Ra) = Vs2 Ly (Bhra Ry) = = Vez
R~ Ra
'L,; (thwry R—L) = L‘F (thru Rz\ = Voo = — Vsz ’.Zi
Ra
Vo, = Vo + VY _
Rt Rt R= R
<) At 273°K, vy R, = ISV 2.4k = BV'2 = GV = Vp
R,+ Ry 24K+ 3.0k s
At 373K, vy R L sy zaka = I5V.2 = 16V = Y
Ri+ Re 2.4kn+ L2k 3
Vo = Vp <l+ R_B_)- Vg, Ra The <hange 1n V, Vs change in Vp:
Rz Ra AV, = AVP 1+ Ra
preportional constant %
‘o Ve
avy = Vp (373°K) ~ Ve (273°K) = 6V - gV = &V
AVe = W, (373°k) = y,(2730k) = lov—ov = lov

'f'ro [ prob
statement



soln  L.¢) cont. 4y

o= Avg <\+ Rz) or 1OV = 4y (H &3_)
R+ Rz
I+ Ra = 2.5 or R_\"_&. = |.5
R2 Ra
e [Rae swa] [roc o
Vo (273°K) = OV = Ve <l+ R> )“ Vs Ra =6V(z.s)-vs.,_<1.s)
from Rz R
prob
Sdxtement
or Ve, = 6(2.8)v or Vep = Yo%
L.s
uzo(~\— - L)
o{) RT(323°K\) = 2490 ¢ 323 300 = L9 Ko
F 2.4 KA+ |9 kS
- v
Y (A1 BT
R2

Ra

FV (223 °K) — S.‘iV{ 0ff by 18% Frem ULnear value
[+
of 5BV.
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Rail voltages =+ I5V

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

Vo(D)

f

+15V

.1
Y

ty to +10 ms

-15\/-1

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

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

c.  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. Specify which element goes in each box and
its value.

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

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



gl 2.4) +< 4+, oSwitech is open
20K Y = v zokl:‘izok.n_: -Gv'% =R
-V e i d e V—A-\v‘l&evu
3v (@ 20k Rty = R (ooking o ¢ wreh V sewxes shorted
v \ = =20kl zoksl = ok
lokas. )
<
-RY . Ry,
a
s closed (~9qV source and 20k b/y‘pa,sml)

b) £>4, switch
V_ = 3V  since ¢ connecked o 3BV Sewrce

< Th
3y
o Rap = R Look'ms nwke ¢ with 3V Source sherted
= 0OXLL (20K bqussed b)r short )
Rm =050
Th c
3V Vo
d
<) R in & and C inb would immediate sSwitching: wrong
YC‘ noaand R wnb must be correct.
ta ko cirewit: iy ¢ s open circurt
: g -1- Jo across R'S
(k= o) e v ne V drep
= - = oV

Vz -

v, = "3
V< va P Vo T +15V (rail)
1 2

L=4g areuit:

—SV%
-3V Ve
av Va ¥ e 3V
R Vo= AVe=—- 3V = GV
~ 418V (rn'LL)
2V @E

Vi
¢ acks Like =3V Source

V\CVQ_ P> Vo =

¥ V° . . Ik

¢ ¢ agts like open crau
e he V o\.ror across R

LV, = 3%

},4

£ w <rcurk:

Vo = ov
‘2 ’L.)
v, dVy D> Vo= TISV Crai



seln z.¢) cont. Let %, =0. Wank Vv, =V, at At =10m$ for Vv, transition.

Vy= BV for & > 4 =0

Va = 3V — v, for &> %o-

-+/RC
Vt(-e>o\ = Vy (4=e0) + (Vo (o*) - V_L(_{_‘_’w)'] e
~+/RC -t/ RC
" = oV +[ev-ov]e = 6le
~at/RC
We want v, (at)=3v, . Ve = 3V
AR .
= o= = or = at
oV 2 = = dn -21-
RC
RC = -:EE = .A;E'_ LOms .4 ms
on 3 2 2
Use \ = L uF ~ R= Itb ke | (1I5ka is desest

standard  value )
a)

Vao(£<0) = ov Vo (£20) = GVe T Mkms

v, (loms) = 3V

-t /%.4Yms

Q} When Vo = +|5\/' +he tede is reverse bl‘qsfd = open cireuit
v Cie. A‘:quPeqrs3
Sk
Va = Vo l0kR = I5V. % = 1oV

when Vo= — 1BV, the Adiede 1s Forwaprd Ligsed = shert

va(t)
5Kk

ov 1oV

<
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i
4,=0 foms
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15 a. Choose the value of Zy that will absorb maximum average power.

15 b. Calculate the value of that maximum average power absorbed by Z; .
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*
SoLIy\ 3. C&) ZL: 2_0\ for max  power
Since Ly flows Thru H‘-, this \looks
\ike inducter with 2 =)I5KZ.
Gk
M
a we can pwt C on left
side of 2 since
v 30V - ke they are in
/pﬁ ?qrqlleL
kK
Can assumt ! | o
6° swnce = b
phase angle x
doesn't affect in  Thevemn
ave pwr EJA;Vq}ent since
4 is awess V Searce
Girewik  for  Aekermining Thevenla eguivalent:
1Sk Ak
q
v Ehoel & %y, = % Seen \.ock‘uhs mto a,b
with T2V seurce sherted
W R N N A }!(.Jam,»blskag-‘tka)
B= Ay o= N’k&“'blzkiﬂ "= ks [ (deas ) ike)
} ho= -j‘zk&(‘\k.n.*.:)lzk.n.)
0 leky -jl2ka ~)2 e+ Gk + ) K2
"o .
N~ = =) kka (‘\k&ﬂ\zkn)
V:Th 2, leky kL
I‘L JRRR = o= ~jrkA 4 1k
3 - : .
= (ave pwr in 2) = \_]_I'__l R where Relbk® n 2
2
T= Vy _ Vlh_
lbka~ JI2kR + lsk.rz-a-;,)zm kN
Vap, = v -jhkoe - \va'] 11\(.!1)-_._ —yleV
) v

- paien + - 2kR+ Uslen + KL

2
P= ~3\Vv _-\1 2 lo kS .
M\’\Lk& = =3\ v . =
2k lakalt 2 ks

2
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Write equations for node voltages vi, v, and v3 in the form:

g11V1 + 812V2 + 813V3 = i1
g21V1 + g22V2 + 223V3=1p
g31V1 + g32V2 + g33V3 =13

List the numerical values of gjj's and 1's.

Show exactly what you would type into MATLAB™ to:

i.  Create a vertical array (called "ivec") containing your values for iy, ip, and
i3,

ii.  Using ivec, create an array (called "ivec2") containing values for i12, i% ,
and i%,

iii.  Using ivec2, create a variable (called "sum_sq_i") equal to ilz + i% + i%.



soln ta) Lx= W

Vi + VY= Voo (V,~Lv)—"3 - 0A

ZB_K.SL 20k 1ok Sk
Vo, = 12V Ceonnested +o ref by V seurce)
Vi -2 VL 4 vy = (v-bv) oA
10kSL 20K S K
= . o= 7 = -1 L= GV B
| o T U G — = -1 L= eV
W eka ok ¥ Skn | zekn I® 10K s Sk ' oske
= © T e ta= 12 A
o
= ~_! - | - .
A= = T — — =73 gz3,=0 = \ = 2 Lta= —CY
20K Sk zoka o oC P37 At Sk ke S
— A
b) [ wec¢ = [ ¢/So00; 12 -e/soooﬂ
[ wee2 = ed .¥ .LVeC]
- r- . N \
w. sum_sg.t = sum(ved2) l

W]
EL EN 1000

Final Exam

May 2, 2001

Name

SCORE:
Problem 1 of a possible 70 points
Problem 2 of a possible 70 points
Problem 3 of a possible 30 points
Problem 4 of a possible 30 points

Total of a possible 200 points



