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Rail voltage =+ 15V

Design an electsonic thermometer using the gircuit diagram shown above. The

voltage v, is usedQ indicate temperatyz€. Use a thermister with a resistance

described by

where R; =2490Q a

T is temperature in °K,

10 a. Calealate-thenumerical-valuesof RT(273°K) and RT(373°K).

b. Derive a symbolic expression for vo. The expression must contain not more .
_than the parameters vg1, vs2, RT, R, Rp, and R3.
Hint: Use superposition.

25

Choose vg, Rp, and R3 that will produce #ie 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.



soln  La) R+ (273°K)

2.6k LRTcmoK): 3.0k0

12 ks K R (373°K) = LZE_LJ

Ry (373°k) =

b\ SuPerFosH‘-iOn‘
- . R
, V.. on Ve off = VP = Vg 1
St b} 2 .+ Ry

=~ Vs R L
R;*‘RT Rz

) V“ = VP
i (Bra Ry)= o-wy
R2

L_; ('H\\-u Rg) = vb;"' Vol - -

s R
Raq R+Rt Rg3

;.,; (thru Rz) = ‘L_; (thru Ry = ~Vn _ V-Vs

Ra
or Vo= Vh<l+ 1_2_?_3 = vg Ri

Ra
Ra R+Rr (l* Ra

Ra

VS\ O#l VSZ on = VP = OV, Vh - VP

‘Lj( ("u\r-u R) = Vil_

Ly (dhru Ra) = —Vez
R~

Ra
i{ (‘U\ru RQ_) = L.{_ (‘l:‘hr"-l RE) = VQ1 = = VSl &3—
Rz

Vo= Vg Ri (H— ‘S)—va Rz
R""RT Rz )

VO = Vo‘ +v°1

R

c)

At z73°)\<~\,\ vg, Ry ISV 2.9kt o IS 2
N R,+ Ry 2.4k + 3.0k / s
\\ y

//‘,
At 373°K, vy 0\Ry =I5V 24k 7 sv.z - 10V = Y
R‘X\S\r 24k + LAk 3
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preportional
+o0 Ve

% //" A VO = A VP l + R3 )
<on §’EM“: ~, K"
™~
//, \

v N,
g N,

avy =V, (373°K)~ vy (273°K) =\<GV = 4V
A Ve = v, (3 oK)~vo(z73oK) = lov oy = lov

From prob
statement




seln 1.¢) cont. Ay

o= Avg (H— Ra
R
<% 1+ Ra

Rz |
|

i

Vo, (273°k)= OV =

-
i

Let Ry= f*;}k.m’, R-,_e 1ok |

/VP (H‘ Ra )’ Vs R2

) or oV -_-/q.v 1+ Ra )
_/'}l R
or ,,./"'JRZ = 1.5
/'lv‘ Rz

From = év (Z.S) = VS'CO'S)
b VoS Rl Rz
pre L
s-h{;euent:‘gf'
A
oer Vg, = ’flé (“‘345)\/ or v = loy
J 32
4 l‘$
;!j “"’-
/ ‘\)
d) Ry (3236 4 nzo(—-,;- - L)
T K = 2 { 323 3
) "l-;tOe. \ 00/ .9 kn
;’: “'\
Vp= ISV. z2.4kn = 837V
2.;?.:<JL+ 1.e ko !

4
/

e

Vo = Ve </I’+F_= )_ Va K‘z —.—\s.:w (2.8)~ 10C15) Vv
R2 R

L

[v°(323 *K) = S."lﬂ 0ff by 8% From ULinear value

of 8V




1. (75 points)

i 0 R; =03kQ

Rail voltage =+ 15V

Dénngr; electronic thermometer using the circuit dla/lgr/aﬁ‘ shown above. The
voltage Vy.is used to indicate temperature. Use _a-thermister with a resistance

described by \'\ e

Pts

30 Derive a symbolic expression for v,. The expression must contain not more

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

10 b. Cﬁ‘w@:umerical values of Rt (273°K) and’fifr (373°K).

15 c¢. Determine a %(: v, such that vog/— 37/3 K)—vo(T=273K)=1V :
10 d. Using your answer & Q(ieter ne a value of g such that

273°K)=0V.

Vo
10 e. Using the component v;@you chose above, calculate v, when T =
323°K. Make a 6ugh sketch of vg.vs. T on the basis of the values when T =
273°K, 323°K, and 373°K. ONme axes, sketch the ideal linear

response.




Soln: 1. a) - Use SMPerPosi‘l:'«.Oh

Case I. V4 on, Ls off = open

Neaqﬁve feedback = oV Aacross + and — terminals,

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

we have iy ="V3 |

R

7

From v Uloop around K‘,-\-"‘te.rmmqts, Ry, and U

we  have - LyR, + ov — igRa = vy = oV
Now Hse tgy= i;l apnd Solve for Vo

RT _RT
Vop = . V3 E.‘_'LE?'_
Ry
Case 1 i’ﬁ oh, V3 off = wire
+ oV -
. Ra

wWe oV dcross Ry * Ls =O.

Sinte  ig,= 1{z= OA, we have V,, =v_ =Yy

V+=‘L3E| > Vo, = —isR,

Sum Vo= Vgt Voo = V3 RBi+Rz - 3R
Ry
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° = 2.b25kn2e
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\
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TN

/

7
/

/
Q) yv=v, (3¢3°K) ~ v, (273°K) = VS(R LR

ﬁk)
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\\ // |
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‘.\\ /’/ = Vg (0 Ikt 7. gk&_) _ )
) / \—’-—\/—‘“’—"‘
\\ /'/ ] 7.8k 1.2k-S 3.9k
= l2ke [F3ike ,
V$ _—kﬂ-&l_.K\,_i_li——-)v = O;k/&. Lﬂl"lsvz- L
i eﬁk A oskn 26 G&-13) 26
Ve = =31 \
i il ,f'v
!;f \.\ 2
Oﬂ oV=v, (273°K) = ,/"Vs Ri+ R -—'Lg R, = 2V 6k { o03kg
/ Rp(273°KY 1 34¢5n
:’l \
oakadiy > s s v & owd
’! a q 6 3k 2.7
\LS /\%BmAxlsmA\ \\
e) Ry (37éok) = 2.425 k_p_e ("{ﬁ{ 3°°°K)= 7 v w2k
23° = =V 7.8k _ L5 wmA 0.3k = 0. 417
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ov L. . > T
273°K 323°K 3K




CE 1000 SOLUTIONS TO HOMEWORK #10 Summer 2005
E v

soln- 1La)-

* Find \‘/r; v, =0V Since no current in R 36 no v-drop

* Find i—; on  left side  (totql Current into v, node From
Ls and Ry )

Vi= Vo vy = Vg, and. no current Flowg thr vy
since no tarrent Flows inte op-amp-
< . . M M -/,
- L{_ on \eft side = Ly + L = lLg ¥ o~V = Ls + e
RT RT RT

* Find i; on  right side

—

i} on right side = Y, -V = v -V

Kz R‘l

-_;‘ on left side = i; on rijh-l: side

s~V L o vg-v,
Ry R,

or v, = V3 Q—i—g})"‘—:{Ri
Ry

. -1 - K =0 V:DV—L$R2I/
verify: S\-\rerPoSrh,on Vg=0 ¥ “or 2> v,

N M s = -4,
i1s=0 L&rz—‘_’g =iy = Vs
Rr Rz

Same as }uw‘u.g vp = v, ”’SC"’%’-) v
. T

9
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Rail voltage =+ 15V

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

re in °K. [Derivea symbolic
expression for v,. The expregsion must contain not more than the parameters is, Vs,

) R], Rz, and ‘RT. Hint: U

superposition. J

2. a - ite the mumeri T °K).

b. Determine & vatuefor v; Such that V(T =373 K)=vg(F=273"K)=1V"

¢.  Using-youranswer to (C), determine i
VoF=2713" =0V .
d TUsi chose above, calculate vy when T =
323°K 3 basisof-the values when T =
2732 c—fdedal linear

response.
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Soln: |,

R =1l ks
Vs 2

thvP
‘ =L
Find .L;_ onh IQH; \.;_ S
H .=y =V
" Find .L;_ on rtjk‘t: ts h

R,
Set 'L;‘S epual and use v, =vp

i.'a, = Vh ~Vo

or Vo= V- L3Ry
R,

Y, = V$ RZ - Ls Rl‘
° Rz‘!’RT

]
(273°k) = 12.25k52-e
2.9) T

)
l70°K ( ‘736K - Sw,’K') - “ K&
73°k) = 12.25ks- e

Ry (223°k) = 3k
Ry (372 ) = \lkx

b) w=v, (373°K) ~ v, (2

o = Va K= —%/E‘/
£) = Rt Ry(373K)

-(Vs Ki - .-.;/R/\)
Ra+ R (273 K)
]
. l-k.n.-(tll\t.\v.-\— ko -'{!g.ikaz+ l‘3k.a.)
v$7/|v 22k 24k 24 v \
e

X 24 ka~-dka
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(75 points)

Rail voltage =+ 15V

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

R
where R, =2.8 k() §=1300°K, and T is temperature in °K.

indicate temperature. Use a thetmister with a resistance -

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

Cateylate the numerical values of Rt }MRT (373°K).
. e
Determineayalue for ig such thét v (T =373°K) - v (T=273°K) =1V

Using your answer 1 find the numerical value of v such that
=273°K)=0V.

323°K, and 373°K. On the s axes, sketch the ideal linear

response.




soln: 1.a) Superposition  <ase I: iy on, vy off = wire,

Vi i
nl V“‘ = vPl = LSRT

Vo= Val = " LsRy

g O Rv
case T: L4 off = open, V3 oh

V? = Vg (no currest n Ry
% ne V-drop)

Ve = Yp2 = Vs

= V
VOZ = th 4

Vo = VYor + Va2
"‘.LSR-]—'\'Vﬂ

1260 °K “"T"/‘:TK
b) R (273°K) = 2.akn.e (55% ) 300 )

‘Et(zvs ok} = 4.3 k.n_S . \ n
1300 °K { g7geR ~ %FK)

r————"“
<
o
]

Ry 373°k) = 2.8k ¢ /
° = 1.2 RS
R (3%\ kY = | \ /
N / n
\ / A= 1 dhange
<) Change th\Vo:® &V, = ""S ARy ! -
(for AT = 100%K) = 1V Aesired) (VS Censtant does 7
déuye with T)
\\A R = /{.Zk&*‘-l-.gkﬂ_
4RT = —" -3k
tg = ~4% N = a.323 mA
ART /\—3 1KIL

= g/ 32§\m A

-0.323mA "*-3;k:L+ Vg
Ry

d) Vo(273°K) =0V
ve/= 0.323mA- 4.3k
Lfs = 139V er mv\’r
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