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Homework #9 Solution

(75 points)
R, =75kQ

; Ry =03kQ

g

Rail voltage =+ {5V

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

_1.___‘_)
Rp=Rye \T 30

where R, =2.625kQ, $=1200°K, aud T is wimnperature in "K.

a.  Derive a symbolic expression for v,. The expression must contain not mare
than the parameters i, Vg, Ry, Rz, and Ry. Hint: Use superposition.

b.  Calculate the numericat values of Rt (273°K) and R (373°K).
¢.  Determine a value for vy such that v (T =373"K)~v (T =273’K)=1V

d.  Using your answer to (¢), determine a value of {5 such that
vo(T=273°K)y=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
rcsponse,



Soln: L a) Use snper?osi"clora

Case T: V3 on, lg off = open

Negatlve Feedback 5 ov acrss + and = Eerminald

From v loop around Vs, Ry, and +- terminals,

we have Ly =~V

RT

From v {.DC’F qrounai R, + 'f&rMMal,SJ Rz, and o,

we  have  — 3R a0V - i Ry -y, = oy
Now Hse Llgi=ig and solve For Yoy

TV R oy ~-VgR~ Ver = OV

R
T R+
Vg = vy R+ Re
Ry
CQSQ_ I; is oh, V$ OH = wire
+ ov -
2
S NI
Y N L 2%

o Vou

We oV dacress Ry = Ls =0.

Since  1g,= ‘L_;l: OA,; we have Vop =V = Vi

v, = ~(«K .
\ Ll = VOZ:—LSR\

. !
ﬁum VD = VD\ + VD'), = Vs R‘ + Rz - L3 R‘
Ry




Ro0 K(2-73°K T 300°K
o = 2.b25ksn2e
soth: Lb) R, (273°K)

Ry (273 °K) = 2.9k
s M - -——-“ 3
200" K (“""“‘373,K 300K

Ry (373°k) = 2.625kn &
Y&Tian K) = \.zksrj
D vav (37aek) = v lzza) = V3 (RAR)
g,T(373°:<\,
‘Q‘S RitRa - Lg®)
ﬁ,‘_(z73°}ﬂ\ /
= vg (R+R2Y) -
LA R, (372K) R (273°K)
= vg (0. 3kn+7.5ke)( ) - A
7_Bk_n l-2ksp- 3.‘H<.n..
ve =  L2ke [G34kn) 2
3 — fk V= o3kn . -Bv=-4.an v
2

4) V=vy (273°K) = Vg Ryt R -4k, = 2v Z6ka ls 03k
T Ry(27R) 1 34k

3 03k =4 v > s = % 0y & uA
4 2.7

q
\ ___\_~)

ﬂ lg = |48 Mm\
222K 309K

1200 °K
e) K.g(azvk) = 2.625kne (

L7 k52 2 k2

u°(32‘5°}<\z Zv 7.8KZ2 54 0-3%k2 = o447y
'3 P N

v, (T)




2.

Pts

35

(65 points)

Vi \
\D) ©
QS 2kQ /
12kQ

10 k&2

6V{ + v ¢- a

t=t, <30KQ
b

;

Rail voltages = 12 V

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

Vo (D)
A

12V

4
-

t to +10s

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

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

c.  Sketch vo(1), showing numerical values appropriately.

4
d.  Sketch v3(t). Show numerical values for t <tg, for ty, <t <ty + 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 carcfully.



seth:  2.4) Tqnore Aiode and resistor  network on owkput (since
it doesnt affect 1).

For %< *o) v, = ¥V > Vg > Yy
Caleulate v, “S‘J\g nede -y methad . V=LV P =V o sa
3k 2ks2
v <‘ v oo ) = &V v
| > = 4
3k 2] m T zke
milt  both  Sides by, Lk
v, (243) = Gv-241w-3 = 13V, y=I5y =3V

46 we heed v, > DV

Circuit  model: vo = 12V, Switch aped

Zkn
ﬂ oy

7

V2

Tf we have an L, T will ke eju}vq\cv\'{: 4o q wWire.
consider possibilities:
case L2 a=b and b=l L=wire
Vy=oV from v divider
Doesn't werk.
dase I: gq=R and b=l = wire

V.= OV from v divider

Doesn't werk.

cdase ;: a=R, and b=R,
We ¢can <hoose R, and R, 4o ackieve
V2 >3V, but we cannot get g Aelay
N Vo dropping From +izv to 12U
case IV

2= b and b=R

Since L= wire and we can pick R, we
€an  achieve v, > 3V,  \When switch Moves,

f*\‘e L continues +o carry same current
itlally.  Thus, y, 7y, s sustained For delay.
Should  work,



sslln:  2.a) cont.

wWhen

“hat

As

<Switceh

Aekermines V,.

koo,

closes, we have RL cireuit

Time Coastant T = L/R

Ou‘krwt Vo drofs‘ when vy dmfss below 3V

the L wn 'al acks lke a wire

and the Switeh is elosed = vz(-&-’»)zab’

any Vg

Without additional Cmstraints, we may choose

betweey

3Y and 12V.  ope <choice i3

vy (G’) = b, U\SL:\? v-divider of 12k and ‘b/}tmi.
We want Ve (k=loms) =3V 30 wu drps at
+time to+ lOMS.

Sonsider +=0":

(Assume 45 = 0s)

ar, (+>0)

4

‘-t/)t
w; Goa ) 3 {1, (67) — v, (B [
u av «+[vz(o") —-ov] e T
v, (o) e /'E Now Find v, (o"),

#

L= wire R= Rk
i, (0TY= v = %MA
Rkt 2k
& Vo s s . -
=0 - L= ¢ srd  where LL(G").—: L’L.(o ) = %MA
v.(ot) 12K.<2
volot) = L mA- 2k
Ev v
nika Vo (0t)= Ly
VL
v, (£>0) = Ve
~loms /T
we  want 0’1(!0}4,3) = 3V = blVe
BV ‘ “lé/bls{/’t
2 = 4L o= \o= —lous 7t
o 5 , ,&LE A
= ~lous (05:5‘ = \%.L%,xs - E.._ = b
'&L -—li ln 2 R Rk
L= {% 4% us-2kn = |73 mH
Summary-.

=] = 172 mH
b= R = i2k.JL



Az ghown n seln for (), v (£) = 3V, Ti never changes.

dolni:  2.b)
¥, (£} B

~t/ ks

&) From soln o (cﬂ' we haye V.,_(-{—_'#O}: bVe

For Vo (‘{:<O)} we, }\qug‘ U, (-{_;(O ) = éy_

Wy ()

~ £/ 4 us
ay (‘t"""’) =0V

— "

a3 When Ve > OV, tep dide = wire, bottom  disde = opeh.

Va: r2y. 30k =qv
e T R
Yo= 1ok 3ozt tokaL
v
+
3ok Va
. 2,
When Vo <0 ¥, op Aisde = open, boblom dicde deesnt
matter since no Current
k2 Vo = oV  Aince ho lurrent -Fldu)ihg
+
2wkn V2
3 (%)
) ay

ta 4y vlous




3. (35 points) N
x

v.= 28V _—

o3k0 1kQ

‘ a
i \

ZSVC'_ Vise dor Findug Rne,
gam

Y oy

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

5 b. If we attach Ry, to termmunals a and b, find the vaiue of Ky, that will absorb
maximum power.

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

adn: a) The Gkn resistor i3 atross the 28V Souree, So
it may be ljnored_

use Vq wvkh nho \oad, &ince no

we
For VW\e,V -

current Hows ‘
i, = 0A and v Arep across BKR and 1kJz S Zero.

= zw(

LR} v = .
out of the a ferminal, Ly

Va i 28/ frem v sre \Vmep

1]

L om A 1o b.
Now Find Lﬁc Jl:{ow'u\ﬂ th wire connected From

Froam current sum at hode on left end of (kJZ, we

have  current Nix Flowing in
¥ Arufs Sor 3k and k52, we must have

Ik resiston

Using
Iy " 3k 4 Niy-lkR =28V or [|ike - ix= 28
or ix = Z mMA. Since 15¢ = lx and KTh: 1_{1‘& 3
tse

Refer =itk 2.

1
= 28V = [%kn
(Kﬂ‘ ZmA '___\ — s a
Ve =28V
b




otn:  3.4) Max puor when R, ® Rypey = i“tkﬂ.}

kS z
3.¢) Mox pwr = Voo, = (z8v) . 70w
4 Jhka
q‘RTk-e.v

iHAx f"“r = 14 ﬂ




4. (25 points)

120V 20 6mA Zo

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

polar form.

5 b, Given ® = x rad/s, write a numerical time-domain expression for iy(t}, the
inverse phasor of I;.

shorted by wires.

Since +the two 0k resistors are
ok resisters,

Sol.‘h: Q)
v Arep  across the

s There s ho

“hA VX = OV,
Thus the 2vy, dependent Sourte = OV =
Saper c’sl‘t(‘.o Case T: GmA on, 120 off = wWire.
T+ fallowd “Yhat all of the L wmA Lo Hie

ndepend ent current sourte Flows in the wires
(shown as dashed (ines above).

dage T: 120V oon, emA off = spen ¢ircuit
we observe +that +the -~j20ks is directly across

the w0V seurce, given the wired shown as

= wire

Aashed Lines. .
X, = raoVeiet )LMA — LmA £
o t2. & . =
~} 20k 42
tmA - G+

Thae, T,=L,+1Ie =

1
2 45°
or ‘E‘ = E-QMA

b) L, (&) :IJ:Z*(D mA cos(mt+ 45°)




BECE 1600 Final Exqm  Soln Sp 03

1. (75 points)

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
l__l__)
Rp=Rge \T 300

where R, =2.8kQ, B=1300°K, and T is temperature in °K.

Pts
30 a. Derive a symbolic expression for vo. The expression must contain not more

than the parameters ig, Vs, and RT. Hint: Use superposition.

10 b.  Calculate the numerical values of Rt (273°K) and R (373°K).
15 e Determiné a value for ig such that v,(T =373°K) - v (T=273K)=1V

10 d. Using your answer to (c), find the numerical value of v such that
vo (T=273°K)=0V.

10 e. Using the component values you chose above, calculate v, when T =
323°K. Make a rough sketch of v, 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.



solni 1.a)  Buperposition <ase I: Ls on, vy off = wire

Vel = T3 Ry
Vil .
Vi = Vo, =~ LSRT
VP\ '\;’o\ nl Pl ‘
. Vo= Vo 5 © Ls R
L R+ o1~ *nl T
V3 6h

VPZ = Vs C’\A Currert \n Rt
S no v-arop)
Ynz = Vo2 = Vg

- = V
VOZ = Vnz 2

Vo = VoI + Voo

Xvo = .-.LSRT + Vg k

1260°K [ b~
b) RT (273°K) = 2.8kl e (273°K 3M°K>
SRT(T’?’ °K) = %.3@
l300“(3%@0& B 3loc°)<§
Ry (373°k) = 2.8k e
Re (373°k) = 1.2 1«.51\
. A= ¥ G han t“
c) Chqnge tn Vo: AV, = —Llg 4 Ry = 3
(4or aT= 100°K) = 1 (esired) (Vg Constant does n0t
C%aftfe wrth T)
AKT: l-Zk-YZ_'-Lf-.'SkQ
ART = =~ 3k
tg = 74V _ -V = 0323 md
ART - 3. 1K

Vo (273°K) = 0V = -0.323mA - B3k + Vs
\ n

Ve = 0.323mA4 - 4.3k

Ds = L3V or mv(

>




. [}
seln: \.e) Ve (323°K) = -3 Ry (322 K) + ve

P W
o 1300°K (323°K 300”0
R (323°K) = 2.8kn e

= 2.06ksL
Vo (323°K) = -06.322mA 2.06 kS + 1.3V
Yvo (323 °K)} = 0.729 a
ve (V)
A v, (T)
v v
R T~ jdeal lineqr response

> T (°K)

273° 273°



Pts
35

15

10

(65 points)

10kQ

~AA—O— 2
62 kQ ROVILQ_

NONORH
_

Rail voltages =+12 V

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

o

Vo (t)
A

12V

\

ol to +1ms

A2V

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.
Sketch vi(t), showing numerical values appropriately.

Sketch vo(t), showing numerical values appropriately.

Sketch vi(t). Show numerical values for t<t,, for to <t<ty+ 1 ms, and for
t <t,+ 1 ms. Use the ideal model of the diode: when forward biased, its
resistance is zero; when reverse biased, its resistance is infinite.



seln: 2.

a)

ALt

[
o
o]

Consider

Consider

Consider

Consrder

-

+o ¢

2V

When

+
t, *

£> 4ot

vy = TRy il V-divider
10k + b2KSL
- - -5
v, = ";;V A&L\q\\)// vy = TRV for all ©
V. = ¥RV 2 va>Vy= "3y
° 2
a=R, b= R: Vo would never switth because
V, would be oV after switth ¢losed,
ard  V, > V) L all time
Will net work.
a= C, b=C: iy will C)"‘\Y'fjt Lo V = 2V

+ot
Part of 2V aeres3 4, part across b.

wWhen switch tloses, the C'¢

instantly Vit =2V
Then their voltages remain $ixed.
<V, would not swrtch after 1 ms.
w il ﬁq__\'t‘ wor K.

will ‘o

c‘J\qrﬂe +o

a = R’ b= C H ¢ cquat V. v,_:—Z!/

When  switeh <closes v, wiy
start at Vz and  charge toward OV
Vo>V, Jor all &ime

Ve Never =switches.

Wil net  werk.

q = C) b= R . C \*J\L(_L Chqrge {0 ZV q-t -Eo_
¢ V2>V ss oy, =412V at b0
V2 zoy
+ v -
A
R oy
' +
switeh closes, Y, wil s—ba\y ab 2V For +=t,:

Thus, v, drops to -2V,
~ =2V
Ve = T7\en Va £ y‘ and Vs

O\rofs Yo ~2V, 7

¢ charges

s oV  and vz climbs toward oy

We wanrt Vo= v = ‘% VvV oat 4 +ims,
Work 3



V,_('Q Let 4,=0 —t/RE
soln 2.6\) (Con*l:.\) Vz(H - -2V e
j L4 imd . e
f -l:/—; < Vz(“MS) = =-2Y¥e -
~+/5.5m
_sto L 2ve ~ Ims/Re
3 -2V . _ 5
b
<ol Z'C) 2
"\MS/RC = ,&z_ 5
Re= ~1ms _ 5.48ms
In 5
6
R¢=2 5.5 ms
Let |C=1uF, R=S5.5k2 or }s.ek_sz (standard Va(ue)j
Any RC = 5.5 ms qdcethble LF lrF<C < \F
and i.n 4R <Gz .
Note: T¥ R s % w then we would  really
2 \
want i 4 5 W
an max L& R 5
max i = (20)7T % max i Re VGG
<) s
e R > 4 v: = 32 reﬁu}r—eo(‘
/78 w
‘ b) N ~§—V for all % 2.¢)  See plot of Vva(t) n
v &) soln e 2.q), akaove.
N
N
Sy
2
‘2.0\3 w hen VO>OV) Alede ‘FOI‘#UQ!‘DL blased = wire. S Vg = ov
when  Vo<o0V, disde reverse blased = open. V4= Vo oK R
va (k) 10kQ+ 20Kk
i
A c
= T Va= =l2v -1l = =1V
vy * 3
oV e n
=4V Tt vy Lot Ims
\\ZV--
| Tzv




3. (30 points)

3kQ
—$ W\I C a
+ Vy -
4 mA
§2kQ
va le
- -0 B

Pts
20 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.
n ‘ = . )

seln: Q) VTh Vq,b OPCI’\ cireuit

open circuit H vy =p  Slaet ho current in 3K,

SVX sr¢e =0V = wire

Ik aeross vy, sherted so can be Lgnorea{.

Ss we have: K
rovr- ¥
A
Hm K52 Vi,
V-m= Lf'VIA Zk.Q_'-'- 8V
= 8
VT% v
KTh = \f[b T we shrt a)b we have current
Lse Alvider. ige = HmA- 2k -8 A
2k 2+3K s s
3%
R = = Sk _
™ A Rn = Sk

Note: Easier <olh is to Say S5vy and K2 Aont matter

bedause they are ln series witf currert Sourde.
Then RT/) = 2kQ+ 3k Seen QCMM q)b Wwith H4mA aﬁ-



solh: 3.b)  paw pwr Wwhen FL: Ryp = 5‘qu

2 2
3.¢) max pwr = Vrn - @& = &4 mW = 3.2mW

e, = —————— =

{ max bwr = 3.2 mW




4. (25 points)

190
(s ma( 4 4T ; 30kQ
20kQ §
_—
-l —_—
¢ -
- *
L
| oh a
PEs. 21, 20V
20pts a. A frequency-domain circuit is shown above. Write the value of Iy in polar

form.

Spts b, Given o = 100 k rad/s, write a numerical time-domain expression for i;(t), the
inverse phasor of Ij.

soln: 4 a) Jlok —3\0\<&=o_9- <o L and C dancel.

Current Alvider $or 20k and 30KL.

I, = (+)) smA - oka = <\+J) 3ImA
20k + 30KST

Find -I[‘ ;Tom sum ot currents at nede
on  \eft side:
(14) BMA — 2 (14)BWmA -T =0
N :
‘EX
L, = 0+)) SmA - 2 (14)) 3mA = U4))(5-6)mA
I, = Q%) mA == +)) mA

ﬁ\*"\(’? 2 45° mA =(2—'4“‘35°“’“ﬂ

ot 225°

b) Em = 42 cosliookt —135°) mA {

Gf



