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%\w mal  Sensots

X

.

Tohodutction

Thezmal = sensoxs  awe primarily  kemperature  Senspis, olso

Called  as “wamodtdmamic Sensoxs  and  these Senspxs ave
dossidied  Tolo doo +‘dP‘35 homc&j p¥imary and Suoncbwj
termpevature  Sensnts TBec:) ave ;

ancmj Sensoxs Suondms\) S$eNs0sS.
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Gas  thevmomektes

(o]

1. Thexmal eXpansion Hypes: Solid

\/QPou'x P’a’eSSL\TB t(z,pe ll'q,ut'c] ard caas
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es 2- Resistance Fhevmecnekeos

5. rhexmow Ahdfge
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Dielectic tonstant +Ldpe
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H +em h Fheym Xansistoss +oo
e low Pexature Yhevmopmetex / ( o3 JuntoT
Semitondus s +y pes

(1) NS ) IS ol O N

4 Tota) vadiahorn and spectal

valialiont dgpe Z Adapted  vadiation Lype

3 . Ma%ne}{c +ype | ? i;c,:h Cn‘jsba) theymo melkex
9. RNutleay Erientation ﬂpe theyonometey

it . Noise ype | . 8 . Ubtasonic 'Hdpe-

Teve exe diffeyent Kinds of heat {lux Sensess  wohich

measure  heat Flux o tevms  oF  tempavabuve diffexence, liKe
pneumakic type, pyvoeleckic’ type and So on. he main PhliéfCCl,
q,uanh"cg r & is uwsually expressed n tevms of mocdnitucle N

and  its units - U,
A = NU



* Gas  Theympmedsic Sesp¥ S

(
These  senspss  axe based 00 the %03 low .

PN = NRT

Nhexe
P = the FPresoure,

N = \lolume o dhe Qas,
R = lhe caas constant

T = the tempegeature tn K-scale, and
D= dhe numhey of moles

he akove sxelation s Rue {5 q) ideal c()ageg and s

ﬁerﬂ yeal caases at low psessuves, Fox a
¥ea) ch\)s, the above welobon  betomes

Py = nRT [1 + p,m({}) f,jlm[vﬂ)’; J

Wihexe ﬁ,\_s ove diffevent Junthoms of tempexatines, 9as theymo -

ap mmimate\lj gailtad

metexs  can be of Htwo diffewent "9{3&3, ﬂ‘\etd are

Y Constant wolume thevmpmetess cwhese P Jo propostornl to T

2) (onstant Precsuze  thesmometers “uwheye V oie Pyopoxtioml to T
Hese the conkibukops of h(ahex o¥3eY teyms  betomne lO’JCJQK at

lwer  tempesatimes  and highes  paressuyes

So dhe above yelahon
hetomes .

PN = nQT[H}?),(T)(R%)]

T® e Pressure and J:empem’cwre ? (imcj Ty ave Known as

Yefexence tondhons cThen, the C’/iuthn bécomeS
- P
vr Ao (53,)
P
1+ (1) (57)

T = T\’(%)
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A LonSegence of ‘the q2s pPyessuxve  thesmpmetey' s the Vapoux
P¥essure  thermbmetex , 1n this

A Suitable iquid is filed I a

bulb  and Kec’,Pfﬂ’J

enouﬁh Space abpve the Sm—?ace of the /"(qu'fd
-ﬁ)x \rqpom’

Pressuve to foim 4p be Satuvated ot qll {:@mpaYGWLWeS,
with  Tncyease N {tempexatme,

Gouydon —

>
the abpve Pressure

Intveas es

c\ccoxdinta +0 ClC\lASS\tLlS‘C,‘GPCleOﬂ

cc\P‘:llcij
e,quq\-{m.
dp Hy
T s = Bulb >
aT \/? - Vl
. '3 ’ :[ .,t .
IWhexe ' e %G‘S
e = Sohwated Napou¥  pressure .
Hy =

molexy  heqt of \}qPowsi‘LQ'HOT)
molay

=5
n

Nolume {0 cac\seous State
Ve = molay volume i liquid  State ..

The 5 versus T cuvves fox  diffexent Hquids  ave shown a4
A ’ Liquid Ror\?e (©c)
4 Me'f*hldl altoho) D -~ 506
N - Butane 20 ~-80

Mefhvl Byomide 30 -85

Eﬂ“d\ Chloxide 30 - 1006

Eftyl  ethex 60 -160

E'ﬁmﬂ a\ltehol 30 -180

_ Toluene IS0 ~ 250

T —>

. . 4 ' ’ ! . ‘
Napoux  pressuve  yoxiakop  woith t'empem%ng.



F Thexmal  Expansion hdpe of Hhexepmekic  Sensoxs

The  coxliest of dhis Kind s dhe gplid eXEAnSION ﬁfpe

bimetallic  senspy which woes dhe diffexente  In Hhexmal

expansion  coefficients  of dhe different metals wsed.

o metq) Stips A and & b “hickness ta ard Jug
i

and  Yhevmn) €DCPCIY)S(‘D‘D coe@?édems A and O(B axe -ffrmhlf

bonded b%eﬁu al a mmpexcﬂwe \AAuq113 lowey #nan Fhe

X €{icmn te Nalue ,

Helix 512“36 bimetal

Hhesmomelkex

Cantilevey '\-\dpe bimetal

thesmpmebers

When the Yermperatuve o} "he dankleves py the helix is Yaised

b}) hta‘Hrﬁ‘] 0% loweved ’bv ooolr'ntJ,, one S-h‘(,o CJ‘PODCLS oy Corrtacts

moye  and face end of efthes of +he hob moves aé -Shown

e canhlevex bends oo o ciwculas  oae with ¥adus  of

(uyvoture R and g Qiven b“

uﬂweyz(”%)*([m >§ >+{272}

“(etn et (7, - ’b)[H —~]



INheve Y 1s  tHhe VOLmﬂ\S modulus,

Thois the yaised tempesatie, and

T is  fhe bond.ioa tempesaturye

e  above equation {5 gimplified using by =gt and Yo RYg
his wes
{ a

R =—— ~
3 (O(A o) (Th “Tp)

The o\nau\c\x deflechon B,PET unit ‘cernperq'}u“fe chc\nc}e, hat s
Scnsifivlttj (3 small B) s qgven by

L 15 \enaTh of carhlevex
5?’

2 'TDCXQOSCS l(neg'}j\[\’ with lﬁhﬂﬁ) C\Dd fﬂVt’Js\U wrih S‘Hf‘)

Hhickress  $ox o aiven paiy of metal elements.

The neat —h()pe of Senso] Ts the lguid —Tn~8\oss'+hexmometea’
: Stem

the liquB o qu'ozs’\’cf) of the cases

bt’ll‘% memwaw It utilizes expansion

liguid 10
propesty of fhe liquid Kept T the Colump
bulb 46 which « Cépi’llan‘), closed
at  the fox end s allathed iy ,
whith. the exponaecl lfq,ufol ¥iseS and an  ndicabion o M,

Calib¥ated  divectly {n tempesatuze ccale, o obtained. The
Yoe of a clinical thesmometey s -35% 1o 300°% and “the
upper Bmit s 3572 e boflng  point.



A\Coustic Ttmpexakm*e SenSeY !

When lonﬂ?tL\dTnol [a(@uSHc) coa\/e. pb‘opa(dal‘es, ‘Hn‘ouﬂh an

ideal qas, it has a Speed Cr s cafven hy

Cr = (%m) "

s the moleculay I(,_oef(ahi' of the g)as and 9= Cﬂ/cv is
the xatio of gpecific  heatls (

INhex e _M

V=503 _monoqiom('c ﬂages) ) hen

mecum{_ncl tempexatme ' T can pe 'cat“vém bU.
2
T - e
YR.

this  sensoy is made  in

atoushte helipm Cnbexfevometex , 1o which

a  quavtz Crﬂstal excited ko b YeSonmance fﬁequenctj fs

toave ‘Hwoui)h a %gts (He) colarmn , 1o
be faced bta the Prston |

héed  te  tyansmit this

he wave is veflected qb the piston
surface fo fovm a pattexn  qs Shocon_

6 Ioood

11— d=3 e

k5 } —
2
When  +he path iensﬁh d has a multiple  numbey pf  half —Loqvelengﬁvs

and wxxespondina\\J the qos Column > set zesomate at each



®
Such hc\\f—wc\\(e\e(\ﬂ%. qap, tuith the  piston MoVing - cwoey feom
The CnJStQU at  each yesonantk peak, the va&ln) %fves out NAX

nergy  and  hente  the Ve ltage VR AWoss  the ik 1S daried.

X Theve s« non xeSonant C\‘LOUSHC senap¥ that  uyHlizes the
Pulse ~echo tyansmit Hme dilfbetence ohich e,hancd@ with e
Eempem-m\'e~. A0 utxasonic pulse  is txansmifled ‘Hwouﬂf‘) Yhe Sensos,
Q povt of twhith (s yeflected at the entyapce and a o at
the  end.

¥ The Yeflected pulses axe  veceived bff the txansceivey (¢oil at
an intewal of by Callld  the dwanit Hme . The pulse that travels
e enhse lenca’fh of the Sensey e .delo%ecl moye[less dqoendfna
on  the CH\N()Q - HHE  Canapy Eempeyatuvye.

o Eansseceivey Mnik —3 A

B o SO

Tsansmission \ine
|

" A L Temp. bath
e Sheath ' "
&—/)q A——h’*
k— tl:v i
The natuve of plot between t, and fempaahwe T 79

1
D T— 2506

ansit Time  Neysus tempevaturse p\ot



Dielect ¥ie topstant ond  Re fxave live |(’]d¢,x H)u’l‘)’) bHENSOYS

hie  kind  of  @enspxs owe uwsed Lo measure  the ({}Og
Lempeyatuye and  these  ave k\t‘\l(','\l;\p()d based  an Fwo  Belahons;
G Clausins - Mossotli xelalion  and
(i\) e yelalhion  befween ‘z((,’-(';r(\(""i\le yndex }/' tee cl(e\ed",fc CorﬂfOWlIDF

A\
C (;)a
> The  clausius - Moasotti  welakon 7o valid fox an ideal dos ard i@
ﬂ(\}en hzj i
=

= ,)(V ' ' _

X+ Y = dielectfc constant
M = Moleclery Po)om'zob}h-f(c/

by e eguahion  Pvi= WRT, the above equabion  loetomes

(X +2) Mo
(Z-1) R

— oy veal cda,%es, howevey, ~iyial expansftm of the dielectiic constant

T =

has to be taken into account and ' exhapolaton’ technigue s dere.

Refsactive tndex “hesmometes uses +he yelahon

Wl oM il i
ptz Y RT

- - . g '7_.
— fox noh- (deq) cda%cs, a Vil expans on of (‘7{{" ) s used.
T

Heliom Low Tempesatose  Theymometey

This  theymometes  is  developed based on  pressuse - kempexatue
equilibyium  gelationship 08 He enclosed in a Constant ~Nolume
Chambex  provided on one Side wih a Re-Cu éi“ﬂhm?m oo which
a  Styain Qeqe s bonded s measuing - pressure of exponded
He atv \ow kermpeyodure woheve # can exist In lquid - $olid

equilibyium State at o mipimem tempevatne pof 0.32°K -
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Nucleay  Theymomeley

This  Ahexmometex  tworks  on a bast ¢ woflfmf} pyinciple of a
temperatioe L%mhduwl nucleas  chavacleyistic which states That The
divectHom! d(s\ﬂ\b[.\-\wm of emission  pf /g o5 )f sadahons fom QA
Yadioachve nucleus 1o dependent on fhe cle%ee_ of OH@);“,Q(J of a

ot nucleay Spins.,

Mis ﬁ-tdpe of theymometey con bhe wed at veau lowo tempevaloes
helew 0K anpd  can he de&'ﬂnecl with and  (ojthout o mqaneﬁc freld
The  nucleay  spins ave dependent op tempeyature iy Boltzmann
Alstiibulon |, the velakive Popu]q‘l‘io'fh (’ ;’5 ﬂzvm bﬂ
exp(- Em/KT)

Z exp( Eﬂ/RT)

Wheve B, ave the e,ntch{es ot aucteay hLchne?ne States |
0 takc‘ma the  values @-ﬁ Juanktum numbexs

TN “f’he‘smodLJnam{Q equflfb«,;’,’om/-fh@ sp?n 5\(,‘5‘&}\’7
term (esatuse cquals  Ahe

\ '
TEoal B e equal and  the radiation is caid to be

Isetye p?callv_

'led-Hce f:ejn(fy@ga{-wge ; }'-f T & \ltl(\é

emited

Howeve y _’.’{’ T 1o '\/emj small, T< En/ _{?ﬂ'g have

—_—

diffesent  walues amd  an ar)fgo-\:zsopic EMISSioN  Decuys “GCSuhtiﬂCd

diffesence  n nucleas osientation about +he axic o?  guank_
Zoemn. o% the nucleay Sp‘(h Sysrem, e wodiies it P
N o Hosee dimensfona) field with jn’C&%Tﬂé, divecton and

tem pesature ae  cogidinales



To P”dac«h‘cal Sensv¥s. Suwikable yadipachve Nuclel axe

nco¥poyated 0 q Chost labhice’  wobich uAualhf s a feyvo-
(

s B ' 5L o
h’\Q(énehc. n Natue. . e auclet used heye Qe 'M“ 2

e, N7, Cu,2v & 60C, N fe, Co,and Ni ity Keaowon dccmd

Schemeg

™e  Nosmalized  divechon distsibulion (NDD) win speciltied

Q“Q\GS (o) ave Caludated 0 a Hunckorn of T wheny T

(NN QTLA LC\“&% e.

Magnetic Thesmometex
\

Ancthey  low tempexatuse  Thesmal Sens® i baged ©n the
Chonc&c of moane*ﬁc SuéCCPJCQb':'ft:f L of a Pawgamﬂﬂeﬁc
substance  (Salt) . The oatesiols used F° ditfexent termpesatre

“Sancaé«s ave

i © . y Al W
Cexiom Magnesivm  Nitiate (ermn) = ©:01= 25 K
Chyemic Mcmd\ommonium Alum (eeqn) - 005 -30 K

Manqunbus  Amewnivm Sulphate (“’7”3)} 0.9 - 30 “K
and  Gedol/nfom Sulphate (68)

C

= X ————
! ’ Tw*-'@'-rf’f:-

Yo is the Eempexature ﬁnc)t[op,nc}@n{ SuSC@(D‘l-ab:(\“f'C(\

o ’chmoﬁim
. dipole Gupling of loca) field  fon - cxchange T )

o
A . Stogk SP\?H{Q% of %mjund state with freld.
T



é)
Both B and &L one deper)claen-k on Same C&@omﬂﬁy and

=
on 4he cm%\e betwoeen the applied Field and  dpe sample

Crystal - axis.  Fox A Sphexical Sample, 9 example, dipole

Couplim  of +he local Hfield Nanishes. Measwyemepl Ts Made
b\j Pu’(h'aﬂ the Sample Cudsl:a! n Qa pa?x of mu'h.(qﬂ(tf C@UP'QJ
Cotls. which - ave onnected 4o one avym of a meo\scex’i’nﬁ
b”éidcac fo3 mdcusw?ocd the C/Pwadde ‘0 muha) foductane M.

3
T+ O+

™M = Met

f_(_
T

I
\l \ Samp\e Lot .
L)

To bﬁl’ckac
In  pradkice, Mp ard @ depend oD Ao , ¢ and ) design,

@ s o Salt p"ﬂop@,‘é"ﬂa and al\so C‘CP@DC{S on Same Shape.

and A s Onl\j dependent  on Pwopwtﬁ of the Salt.

Cfi CMN, both B and o Vc*s:j gmall and the equalon  becoms

B
- | 4 =
M = \/IO i

Tt G wequwed that "he Jus constants ™M, B, B ard K ave
evatuaked bﬁ coli‘bmh‘nf) at  fous tempesatures  and  the calibsation

= r\CCcssonsﬁ fz diMevemn Somples f’rwdf'viduq.lltd'



F Keas\ance ("lw\n'()\" |*“K' Thexonpmedt ¢ H5eNSens S
\
l.‘ . / . ‘ ) - §
Wis Wpe of Sensove  ave  wptke on o basie prociple It
}(“D)(\T‘Ml\l\\'(" 1 6 r\r'[‘C‘Ut‘f'(” o) P‘\r"(""ll'('(l' (.l")(’dl'/'{'i“” lul”) (f)”“}‘-’-'/'/"-’?l-'ﬁ

and ‘.\crnf(’nn«\rcc lewe .

he Y¢S lanee ("’1(‘\{‘[:)(' q, (AL?) wat 1t (")nr\fa(:‘ n 'lm"’("ﬁm”h”(\”)
AV, AR s measuaed (“)lJ eleclifeal  ironifs and fﬂ"’()(‘(-f"[""oT 'q'}('*(ﬂx’
Resistive natre o pbgesved ce Lo pheoon Qb(’b?’pHm’l("rm’g;’;m)’
S on\‘() tempexatuye - dependent  and  vaviahons 0 temn pevatuve

Can  we caused btd he Cor)c\t..e("ﬁ'iufi'l\[ of he metals This con he
explained btl)

Txf

{1

nfial Yelarahon Hme

?\'D - Ovexall ‘G‘G\GIROHOXW Hme.

Foy Simple metale Such as  sedivm and Potassium, ¥eSistane (s

a  simple  funclion ol T Qs lonCJ as T7T¢

Te is a
Chanactexistic tempesature  f

the metal yelated 4o Debtde
—Ecvﬂpc‘xohwe B4 .

AE  low  tempevatuves,

the ¥elation wip T may he positive foi
Some  metals

(NT) ond ﬁ@(dq"{v‘e -ﬁﬁ Yome me_f:qu( P-L)..IOLYGCLA(‘,O?
Ltern fures. v

PEQAMATEL . hol( reg He Ey which Y& the anyatd sif fo% mation
vacanty . then  Resistance he

TG 3

of lattice

LS

tomées,



@
The natuxe of 4he ReSistaace - T‘empexcﬂuve (R-T) fR a Sample

Q\\oj s Showon o c&mPH

Resistante decvyeaces monobnica\l;/
ith lowalncJ of termpevatuse /YIO

without o minimum at a

Spectte value .

Ranﬁes ol such SQmwomchtCHr? D\J

S
150 3m)

S5enSoYS  ase %ene*sq\u\ \(mk‘tec\ 'y T —_—
%0 300 "L-{ODQ’C,. Ak VQT\j l‘DL\) ":&(\qP@fQ{uyesl belbLo "2600(:

Conducken s brj eleckon  (umps byt sHIl +he yesistance

Naviakop  with terpesattire  wermains exPonenﬁa).

¥ Metal Resistante  Thevmpmelsic Sensoss

In metals, orducHen due o SmHeriﬂj 013 E(CC%ODS,

+his steﬁnC& leads 4b 4he xes?&h'\l(tzj, ad the welahon s

/D = /Do[‘+ n?ei (—%’;)]

which {5 a specific xesistance elemen]l as o Sensox o be
tyansfgmed (oto

A i
R RD[H D&Oﬁ [AT)}
1=
he pey unit xesléstancc c,%arﬂ()e fiom the nikal valle Ry 8
%i\sen bnj R-R
sl S = O(; AT
Ro

he values of f and <; depend on the (pwoﬁ\,é & materials.



¥ Theymistoss :

These 4—1(”36 of SehSoyxs  ave dechopeJ bLJ WB?(KJ Semiconductss

Yesistance dheymomelitc  Sends  made fiom  oxides of metaws of
Lyansihion %xoup.
! l
Ry = Ro expp[:r" 'ro]

NTC dhevmistoss ave named ar bead {‘CJP@/"‘OQ{ *‘JPG’CJ(SC ‘\tJ(Je-TBe

Dpe%\“hj xoncbe of —1to0 -200% - Two plqh'num wites owe Shetched

apost b a veasonable distance.
>{eads
—
Rod d ( :
(=\ass ﬁd@ Sl WPQ
Bead
Bead ‘\'LJPQ_

The ’fbexmistox\g Chaxactesishes ave

) Resistante value

2) Tempesalure  coefficient of wsichne
3) Response  Hme .

Resisﬁvits s \A.bL\Q“tj \/\ept bhetween oo - toé—flcm armd yesSiskapce

Nalnes  behween 5-50-0. Kithin o woanCj ¥ange, a ahcmje of
R Yy 30% Ts prefexved - Tts  weflicient of ¢hange tn ~esistance

(S %f\feh 59

dT T*
A theymiotox  of bead -hbpe with 02 cm diometey can have a

¥esponse  YHme ag \arcde as 159 o ohl\ ondition. TRe fime Constant
of a thexmistes {s calalated a»

mC
hA

OL&h:_'R_i@_.._ﬂ



&)
Positive tempoatuve  ocfficlent “hevmistss shous lovg e and Sudden

vesistante' changes at a tempesalure called sLoHc(m'nj 0% Fransition

fxmpexa{uh-e la as Shpwon. A

R
P

The SLUH‘Chi(\j Eempevature  1s
dependent on Ba xako. lBH
53
Pyopey proportion Te may be

Vavyied ?‘Lom |5 - ~|l'SDC and

Such  tyansducers ave wed ar heat switches.

Resistanc e thesmometers need b have g cuyent PaSS}rxJ -fmou?h them

which (s h‘Kehj to cause an exvoy pften tesmed an Self ~heati
S The heat pxeduced 0 sensos  becarwe of this cuwsvent flows

) Twaxds e zone whese bernpexetuve s t& be measured
'H‘wroucdh the Su"c“fou\'\dfnCJ walls and Sheaths
<P q\omj tre leads 1o a cevtain exvdert

The Se\f—hea'h'nc:) e¥Yoy  th 'S

. . T
Xm*?ﬁ'

¥ R and Ry aye Yesistancens when the Cuyvenk ave I; and Jdo

Hen the ’ccmperaerfeA axe 4 and t9

2
I . (Ry- Q:)I
l:h 2 g =iby = L iohre
2
StnR(3,7-12)
Sth s thama) SenAH—fVH'U of 'zruf‘s-%ancé +hesmoteor
({l"i&):[:l'
I"l_ 3-22

"I:l:‘L,-’




* Theympem{ Sensoxs *

These SenhsoxS  Qye ’\‘neTmDCouP\es which ave most
; : . of tern pexatures,
G:ZCESV)S(VElLJ weed TN mdwshstJ, ovey A wide XC'D({IL' P
This measyvements does bt ¥equive Zepanate SUPP“(}' A yesolution

of 01 o 0:2°% wih facveasre o about 5%

Two torducdsts ¢, ord ¢o  of

T+AT ,_C
ditfevent lompositions awe made iy C
up Tnto o closed cixwit, a L
Small turvent flows Jrhvouah rt 2

Bosic ’Hﬂe‘(mo(,ouple
+ one of the d"undﬁone 3

has o Jdiffevent tempexattuse than the oibex Junction Jo  This
loevent (s dyiven as an emf s genevated betoeen these tuwoeo

Junchions  beawse of tempevahure diffexence (AT

It o c%afr?e_ Y Passes ovound the touple Tn a anti—clock

divechion ot T+ AT , then the heal absosbed at T+ AT is I
and Hhe heat weleased at T |
s 97Ny - The heat weleaced at

C, at {:mpexc\-!-uwe T4 (é;l'),fs

T T+AT

9 %) AT ond heat absosbed in
metal &y at temperature ('H %T)
ts q0c, oT

I 2\ 711 S A T y 30, AT
T+AT T -T+(4_:T>
i

=0
T+[45T)

WTdT



Materials  for thevoeemf %ersoxs.

Matexial choice: (s 3w‘decé (DL({ :

D high thesmoemf  pes unit tempeyatine change, thatis thesmoelechic
powey -

]
2) \ow elechical vesisbance of -the couple.

3 L»"ne.a“ah‘(\s of E-T tuxve pyex e ange of intevest.

) Hw‘cd\w meHma Point of Ane Couple Mmatexials % widey ’Kangé.

NU\'\MEE(‘\“\‘C %tYmOCOuP\eS ha\;e ,beeﬂ PYOPDSGCI f@ bﬁ (/(/.S@CI toﬂ

O\*MDSPhexeS Contq(m‘ncJ cavbon, ot opexq—\ﬁna \wﬁncjes and  diffewent

Fempesatures  qrowt 22007

E~-T Relahons:

The %exmo&ouplﬁ emt
funckom  pf tempevature L.

@Ud'PLL": can be expresged S a  Series

L J
E= 2 aj t
J:O

Costuchon

Conshiuction  of o couple complete  twith pYoteckon Navies
weually | the Kept sepoyated brd gmal)

nsu)a tox loequ(S(nale-hole
fwin = hole, Y- hole

H'PC ave Commm\)‘ The enkive ’ﬁ\EYmDCouple Loith

Suth  Tasu\a toy S$eev\‘n% I's @ow  encloeed
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