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T = [-20:0.1:20];

R = 1000 * (1 + 0.0043*T);
X =R ./ (1000 + R) * 10;
Y = 46.42 * (X - 4.991);
plot (T, Y);

xlabel ('Temperature (C)"'");
ylabel ('Y (Volts)');
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. emevd tare 7oes fro- /" to ," as te- perature_goes fro \‘V to \" as desg red

. eme res1l t, snt exack yI, neat e v taye at G, sn t" "i' S, S due to'fme nom, near r& aj onb' p of
e vd taye d y der
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Eﬁ(ample 3: If youcan- easure'fi', S reg stor to W‘fi', n_-On Sow preg s& y can you deter, ne e
te- perature
T []

& u ont T"ﬁe seng § y ty of ™ s sensor, s
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dl = =—"""—"
dT= ~ C
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You can - easure ®e te- perature to w 'fi', n \_}‘ degrees
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Dynamic Model of an RTD

) i i
,hceme TD' S afil'ys ck dey gest wll"i'ave so emer 3, nerg % In adq § on, t wil notwave perfect

contact i e nsubstance bg ny - easu{ed reshingpnafn temer & res stance lyetween'fi' e sensor and
e ob ect bg ny - easured Tl"' Scanbe od& ed W'ﬁ e o ow ny & ecty ch and opt

RTD
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. —'fi'e"i'er 4 reg stance. dcrrees Cper _ att)
. —'fi'e"i'er 4, nerf a speg c"i' eat Joh es‘)er dcrree O
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. Jafy. e step response of "i' S syste wil & ow"i'e exponenf & gseofan Cgreyt

T, = (RC;+/) T amb
0

0
or for a step Gn ange, nea Qentte peraturg

Ts = Tamb + (Ts( ) - Tamb) - eXp (R__é’)
0

e s cpnce of "i' S, s"i' at a{ d ay ex sts between ™e sensar s te- perature. andwence reaq ny) and
e actuld te perature bg ny easured "i' J ar resi ts, n two effects
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+ Erst-d e reaqd ny wll be, ncorrect unfl you w3 t for e sensor to co e to eqyl, by u
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Eﬁ(af pd An Dwas ano , nk res gtance of - O s J’i' en" » s app, ed tome D,t- gntgnsa
T‘ r ~ by T‘
te- perature - C above We a-  ent te- perature* If e spee fk"i' eat of e sensor, s  JC.{ ndwow ony
you - ust wgt before e read ng, s Vlf d v -

i
& uj ort w"’ie'fi'erf 4 reg stance. up t§ degrees C per __att), s
P=Yo =l mw
=®R- " M
_(c)_ c
k= CW) = = L
- \ \
i
etmer & capag tance. J C), s
L )

e Ci¢- econstant, sen
RC=, Q- F=" 5
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w"’i'e trang ent for'ﬁl', S sensor 'ﬁl'nen decaysase™  Ifyou want e read ny to be w'ﬁl', nv 1 of, ts steady state

vd ue -you need to wg t four § - e constants Hence -you need to wg t ~ Seconds before you start tal«, ny data
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t= seconds

Thermisters - "Thermally Sensitive Resistor"

i i i
«#e sy bé foramer , Ster, s S own b& ow <mer » stersWave a strony noM, near r¥ af ong', between
[0 y | 4 p\
te- perature and reg stance V:7i', '6!, s denoted by a brea , n'fi'el, ne a(;ross'fi'e regstor M, e TD S
Wer » Sters canw ave, a reg stance v‘v’q 'dl', ncreases or decreases W‘fi‘ te- perature T"l' e§/e are cll ed PTC and

NTC. for pos § ve te- perature coeff ¢ ent and neyaj ve te- perature coeff ¢ ent) dey ces

PTC NTC
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L ve'fi'e TD e er;, ster, s ares stor des_gned so e at, ts vl ue on anges w'ﬁ! te- perature :i',l e TD S
arg based upon'ﬁ! e te- perature dependent T af ong', p of reg stance, na- et Tmer , sters use“\

se-, conductors, nstead

i i
For a se-, conductor e nu ber of free & ectrons andw es, s.governed by

np=n;
nl—=A Z} e—Eng

0 1
wHere n, s e o ber of & ectrons -p, s™enu ber ofwd es-and B, s &, Nty ng ¢ carg,er concentrag on
Note #at as te- perature, ncreases -'file, ntg ng ¢ carg er concentraf on & so, ncreases , ¥ afy e
conducy y ty ol d, ncrease. reg stance decreases) as te- perature, ncreases
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A ternag vE y, f e se » conductor, s eayl y dopeﬁli tacts" ord, e 2 cth ™an ase » conductor If doped
S eayl y enou:il' e res stance wil o NCrease w W te perature. as, na- etd) raker ®an decrease Tk" S
creates Me P-T C vers on of emer , ster

Thermister Model:

i i i
Because of 'fi', s exponeng 3t a 0n§', p betvh/een'fi'e nu- ber of carg ers and te perature-a good, - od¢ to
{ t data for a Wer , ster, s typ 'y of e for -

— B_B
R=R -exp (T = )
\ \
« \ 0 1
wiaere o, ste 1es stance at reference fe- perature T0 -, ste te perature, n degrees K¢ y n-and B, ste

\'dl aracteg s c te- perature_of Temer, ster

0 0 0
. qce'file, ntg ng ¢ carg er concentrag on & sow 4s a<y ter Jms° od&, s not exact H_}'! er order - od& s wil
be - ore exacL of course) typ cl y as féF owy -

i !
{ Para eter Moddt R =exp (A + %) Y Cover C
\ \l.

U ! B, C

«, para eter Modé&} R = exp A+ T + = - _LCover.. C

Mg b Yoy VY
0 !

, Para- eter Modé}| R = exp (A + g + < + 2) - - Cover_- C
T ¥ AR R * AR

Example: Deg.gn a ¢ rcy t to output
. 2
- W atv C

'/\’at\‘C

] N
Assu ea'filer“,stor w'fi'--‘x.nKivnb

R=_  -exp @T—»{&T—) Q
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T"ﬁ er, storswave a much sens § ¥ tw on ange, n reg stance) an TD‘ & .good) -but
. -":' ey arcw ,:7’0' y nol, near

! i i
& us ont Agg n.use an, nstru- entaj ona ]5" feranda vé tage d y der It tends to worl«_ best, f e v tage
d y der uses a reg stor equi to'file_]eo ety c- ean of me endpq nts -
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T = [-20:0.4:20]";

R = 1000 * exp( 3905 ./ (T + 273) - 3905/298 );
X =R ./ (3000 + R) * 10;

Y = 4.167 * ( 5.342 - X );

plot (T,Y);

xlabel ('Temperature (C)"');

ylabel ('Y (Volts)');
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. 7'3!, s, s sfil anoh, near vé tage te perature ré af on p

1] -
. owe'er , stor, s"i', ;ﬂ y noM, near -and
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Linearizing Circuits:

i
, nce , sstrong y noM, near-a ¢ rcy t V'&h, IGII, neag zes e reg stance vs te- perature r& af 0n§', p wotl d be
p ce One sud® ¢rey 6, s
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If" aand b are 'dl'o%en propel y -you Ganso- ef - es obtg n an oveliril res stance v‘v’q ldl', d, near at two

te- peratures and e -, dpg nt For exa- p e, f you are ug ny amer » stor w'fi'

R=_ 'CXp@‘T\—%?‘Tﬁ)Q
ARR! J
0

b i
fI!'O“ FfCtoy C.you- ay want e reg stance at - C to bewd f way between e res stance at  C and
Q \ \ \

7z C+Z C
Z/, c = (—\‘2—\)
\

0 \ \
713! ere are actudl y an, nf 3 te nu- ber of\sJ u ons for aand 12\ n'fq s case. one equag on w'fi' two
unlunownsb One sé uf on, stoconstrgn bto_- .reshfng,n a— ,,, O8 s -"?q s men resh ts, n
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Thermocouples

i i i
w"’i'erf ocoup es are based upon'ﬁ!e Pt § er and Tl" o son effects T"Fese two co- § ned are cl ed e eebecw
effect

i i
Peng er Effect w"’i'e uncj on of two ¢ sg -V ar- etd s wif “weat and cod as current F ows Tl"' s effect, s



. Keep"!ecurrents 1] to ,1; ,zef l’i'ea‘tnrandto S« I ,ze'ﬁ!ePéI er effect.and

»  Keep one node at a ovn te perature. sude as an, ce water ba'ﬁllb
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