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 circuit diagram shown above. The
voltage v, i1s used to indicate temperature. Use a thermister with a resistance

described by
RT = Roe

where R, =12.25kQ, B=170°K,and T is temperature in °K. Derive a symbolic

expression for vo. The expression must contain not more than the parameters ig, Vs,

Ri, Ry, and RT. Hint: Use superposition.

2. a. Calculate the numerical values of RT (273°K) and Rt (373°K).

b.  Determine a value for v¢ such that v (T =373°K)—v,(T=273°K) =1V

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

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

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

maximum power.

Calculate the value of that maximum power absorbed by Ry .
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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

1 _1_)
Rp=Rge \T 3%

where R, =12.25kQ, B=170°K,and T is temperature in °K. Derive a symbolic

expression for v,. The expression must contain not more than the parameters ig, Vs,
Ry, Ry, and Rt. Hint: Use superposition.

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

c.  Using your answer to (c), determine a value of ig such that
vo (T=273°K)=0V.

d. Using the component values you chose above, calculate v, when T =
323°K. Make a rough sketch of vo 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
TESpOnse.
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Find the Thevenin equivalent of the above circuit relative to terminals a and b.

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

Calculate the value of that maximum power absorbed by Ry
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. .. : iy = OV
Ly =0 For open circuit ab. - Hkix=0

No ix ® o Vdrop across loke = ignore [0k

—o

+ This is V-divider.
tk
2k e ‘ Vrp = 21V - 2k = |4y
21Y
_ 2kp tikn

To Find Ry, we can use +the Lse method:

Wiy

. lokn
a V-
'_;__: R-r/, = 7Th
ke lks \ L3¢
Lise
21y Need 4o find
ge. =~ Find v,

' “b

Find v, by haa‘le-l/oH:age method:
v

b= o we can eliminate {,
lok-s2
vV, —
| LH(!,_I + Vi~ 2l Vi = 0A
Lz Ne B
malt  everything by 10k
Vie S ~-v .2 + v lpo4+vVv,-1 =210V

Vi(S-2+1041)=210v V- 14200 Vv = ISV

lege = Lx= Vi = I,SmA = Uyh - 14V
s¢ AT Rop = Yok = 14V
lok.n is¢g L5MA

RTP\ = 9.33 kL

—_— ]




ECE 1000 Sp 05

solh: 3.4) Max pwr when R = Ryp= 133 k.n_-\

haox k. M kn Y
4 Ry, TE




UNIVERSITY OF UTAH
ELECTRICAL AND COMPUTER ENGINEERING DEPARTMENT

ECE 1000 HOMEWORK #10 Spring 2005
1.
Vi

40 pA( 4 ) 100 kKOS 25 pA V) ©

+ t=t +

- 'o
30 kQ
0K 11kQ 2\0 kO
VO
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Rail voltages =+12 V

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

Vo(t)

+12V +—

to 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 v, (t > 0) =1V

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

b.  Sketch v3(t). Show numerical values for t <t,, for t, <t<t,+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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A frequency-domain circuit is shown above. Write the value of phasor I; in
polar form.

Given o = 1 rad/s, write a numerical time-domain expression for ii(t), the
inverse phasor of Ij.
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Rail voltages = 12V &

After being open for a long time, the switch closes at t=t,.
Vo(t)
A

+12V -

to 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 v, (t — o0) =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 ty <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.



£ CE

SoL' %

1600

1.a)

Hw #Flo sol'n

Consider PosslbiLi-ties.

a= R and b=R: v, would dhange at time +t=to
but hever chqnge again. Thus, Vo
could not 9o I\ij;( and thea low ajqin.

q= C‘ and b= Cz Before t=to, there would be ho

path Jfor €, in b o AT#CAqrgc,
Thus, we would need *o know vdz(tdo")-

We would alse have Vg (£=t") =0V

since €, will Aischarge +hru -the
R in parallel with it

When the sSwitch closes, we have an
ivalid  tireurt if Ve, (47 )+ Ve (t,*)
# C.5v. TRs means we must have

Vo, (t¥)= Ve (t,~)= 6-SV Since
2

Vcl (+°+) = Vd (ﬂ‘) = OV.

But i V<?_('l:a+)= 6.5/ not/linj C‘/lallje,s

wheu the swited dleses. Thus we

could not get 4 wavefsrm that F0€S
high and then low agaih.

a=R and b=C:. As in Hhe case of a=C, aud b<Cz,
we would have some value of v, (t,”)
= Velte*).  Since v, = v (4,*) at
'Ez{ot V, weuld net Change at +,.
Thus, +this wil net work.

E: c qu\ﬂ: The € in a will discarge thru +the

R in parallel with . - Va(+,7) =0V

Alge, no current Flows in R For +<4,

becanse +there is ne elosed circult path
in which current cdould Flow.
Thus, V,(+.7)= i*R = oV.
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ssln:  l.a) cont. At += ‘Eo*’, we  have v, (£,5) = C>.5V~vc, (+,%)

or Yt = 6.5V since (4t = Vv (4,~) = ov.
Thus, v, yumps From oV 4o 6.5V at 4.

I v (%) > vy, then VvV, would 9o Mjk)
(assumlnﬂ v, >0V and v, <6.5V).

AHer -h,) ¢ will chqrgt and v, will

start 4o drop. If v, eventually rops
below v, <4hen v, will 90 low again.

Thus, -this wul werk.

Now Find values of R and C:

V,: Since no current Flows into the - input
of the op amp, no current Hows +hAru
the 20k52  resistor (lower Lett).
Combininj the parallel current gources, we
have  40uA 25,4 = 1SuA. This Current
Flows Athru the [o0k o produce  Voltage
ISUA - 100k = 1.5).

- Vi =25V (donstant)

Va: For t>%, we use a Thevenin eguivalent

cireutt  for  the
R in b,

6.5V source, He Nk, and

¢ == = || ks
Va 1 w‘ﬂ' 6.5V

V., = 6.8V R

Th )

R+ k2
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Solh : l.a) cont. We use +the 9general RC soln For v (£):

~+/Re. C
V() = v, (£2) 4 L—Vz("';)" Volts) | e / R

To  find v, (L Ao‘), we observed +that, when

C is charged/ N curremt  flows in Ry -

TAus

Ve(t=w) = Voo o c.5v L < ¢s5v.
R+ ks

From earlier, vo (£,%) = €.50.

v
v, = 1.8V
Voo T T T T T T .
- } >
to to+ Whms

A,,), Vo €V, will  suffice. For Cconvenience,

Let Vm:l}’ =~ 6.5V - B _____

R+l kS R= 2kn

Assume 4, =0. For v, 4o switch at tE=%ms,

we have  y (4bms) = v, = 151

~44mg
or v + EG.SV—“/} e /RTI\C = Q.sv
~ Wy
or p
5.5y e Ry c = Q.5V where

RTh, = R" Nk = 2k” ﬂsz = 22k,

—

13
Take b of hboth sides of exponential RC egh:
2
= 4hums = . Jd.s5v = -2139
o -C 55V
I3 i
¢= 3z AF = 104mF C= lluF

13
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solh: 4. b) v, (Y= 1.5Y Constant

v, ()
1\
V=5V
—}- — t
te
2.a) V=)
6.5V - t/33.86m3

vo(t)= JV+ 5.5)e
1.5V

1%
ov

Valtzttms) = | .5V = ¥
. t - t
o uyms

Note: Ry C'= 22 k- 2ouF = 33.8ms
3

Note: Assume £, =0.

b) When v, = +12V, *op disde LS Feverse btaﬁcd:open.

The bottom Alode is Jorward biased = wire.

Vo = +12y
30kn
+
20kn
Cghorted ) vy = Yo bk = lzy—‘_:. =3V

10k 10kt 30kS2

- i [ w L = wire.
when Vo = ,21’1 'Eor Aiode s Fer ard biased

T‘\“$) v, is shorted +o ~12V.

3y

—

45 ot HYMS
-2V e k14
-2V =




S TE—B3kQ

(j'_) 68£0°V

' ®
51£90°V Cﬁ) l I

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

Given ® = = rad/s, write a numerical time-domain expression for i;(t), the
inverse phasor of I.
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soln: 3.a) The -33ka and 3k sum to zer and act

Uke a wire, Thus, +they 4o net affect I,.

SO we hQVE s

68y Lo
51290° v I

lz-][x Ttk J,‘%Ix = I'

Clearly, & Xx Fflows +hra the 4k (For sam

6f currents at node above 4hk2 =0).

But -he current thra Yksz L% 51290° v -46820°Y

4kan

| —
o zIx =1, 17- 34490° —~ 7.4 20°y

4k

= 17 j3 -4 _

4k

II
mA 4 mA
II, = =~y +)2.75mA=R).25 ¢ 143 ° mA

17 cos (w4 +180°) = 12.75 sin(t) mA

7 (-4 +)3) = 2.5y, 49°

i'l (":) =

"

—
-—

21.25 cos (wt+ I43°) mA






