0y - Pesistance 7ﬁkmfmewaf/xr‘p Detecton

Tﬁaw’més%ow - .The«\m&i_,e&mggém\

: Th‘.e e/ec'!{r*i.ra(- V\.P.qf.sfmncﬁ @fééfqe sS2N05801

Varies m&éé e mppw@%am'e

E=£F(T)

KTD - con q—fy\a_c,zéiiﬁaamﬁm@éa_f_ucm4

/A
/

oty

£ ;’ﬁcreasgs_wdf»é chereasing T

function &’(7‘) (s [inean




. sens it lee cerami / o)

P(r)

A
b
\ e
\

T (ec)

R O/ecwemées /m'.f/w anweaséﬂg?’_

f@mc-’éion t@(’?‘) S ﬁOﬂ/&ihea_v?

e T,D. i
_&@w&ﬁmﬁwm

_5‘51(‘.@[[}/' mecga_nica_/' sfr‘a_én cAa,nge.s 'éAe.

V‘esésfd_nae afi%e_ wir‘& —-%"—"S%lf‘adm g&;e




Lineanr Made/

el LG

-

R Sty 2 '
. P ot o1 4

T = reference "éem/ﬂer\a:/:awe. (°c)

R - vreference V*asés‘éamce (o)

S _

/z@,Jz’;

Mﬁfm J,Z{E/wnvmb T/fl}?ma JM\/}

JAMM 17,«&\4//)

Accuracy

/fmr!%//nﬁ A ‘Zlﬂ'm,mj/z,dﬁﬂ b ot

.:fﬂ,wé"‘"c,}' M&M%, /O‘M




2T Fes Lsfa,n_ ce Measure ment

e

/ Canvenfziana_/ O_Am me_'éev‘_e

Mnaﬂ WJ%UME—M D _.




Thermoca%ofa

Thermo coo(,p{e Cilrewlt

- metalA
e Tf < e ) T, reference
e)gpevimen'&\ o / '
metal B metalp

-
—

Vo f'_t':a.?""e. v

7/‘4/ 7 —"———"? Oﬂeﬂmciwccx_if va/‘éa_ge. vV

£

v = \/(T T*A&B)

TA&%moe. lectirie Phenomena. W%ZLJM %ﬁ
P P Ly P 5 e R,




S R e s

/Aeor\a‘éz_,ob/ é)asbs ,MM)'&-&J-@-& wwmﬂ@

Y,




THERMOCOUPL ES

Material A

: @ Material B Material B E
e e A LT ; ,9 @'\ : Figure 8.14 Typical =
Junction 3~ ™~ Junction 4 thermocouple measuring
_ : T Measuring device T, R

i _,__,Seeb sok gL ;C_e A

A pofenf&aa[}dd fgfer\e nce or em_fl L& jm\ozfm

»

Ln_an open fﬁewmowwp(e it e

ﬁ&mpﬁr@;ﬁ&r‘éda Here nce (s &P P lied across

f/} ﬁj unc ‘é ‘ @) n S P s

ppen c&reu&-ﬁ meons No current f/ow

Theve iz o ﬁxec{ funaféona/ r*e(a_'t {,ons[n{.p

e T éam{me&r‘aj&mrﬁs

7, amcf?’;. See Falgu_r\e a8 .18,

Sfa.fi_c. C\cz./éﬁ.r“aﬂfdan 3ener‘afas f%e. CUY Ve




Se eﬁeck Cc)e.ffécd en'&

7 At %
o Jemr) | P demf
AB
2T [nlaaen r;(',r\mu'.'é’ AT
emf{m'v)
[~ 4:"/”:"-
D e
. L2 D
(4] 500 /000 igp0 (a C')

We need to measure the e.mf}. va/ﬁa;?eJ Qcrass

the 'é-_;zv‘mc',na,/s__,__/abe[ecl junction 3 and junction

with minimal cunnrent f/aadclng 'éAr"ou.g/ﬂ +he

zineult. Use a Ad;}zx 'mepede,hce. volt meten. |

A CLLY‘J"‘GH_{: wc// Lr??'él"‘ﬂd/mcf.. aééem éAermaﬁ/ea‘é!ﬂﬂc

é-ffeaf e that c./m,m-ge.' Ahe .ca./_iﬁvmz‘édbn.




Dynamd.c Laltbeation

ico the 1ot -order _/zlne,a_!(\ mac{e[ c{&saussec

-'Ln bhe laet lo-ticre

i j
T 2 e . )

e

e e _
it B

T(lo) - Lni.fim( 'éempeﬂa.'éa.he e

Ll cka%?w,_&méﬂfﬂia_m@g_@ e

G5 - ‘z./:z'.me aons'ﬁa.nf.

=%
o

0.632C. _—”".-//

(o

.T(o) /__,




Salapose ‘=7

|
)
l
()
S
N
b
N

) - Tlo)
—

|
Fundamental Thermocouple Laws

il ol Homag;e.meou_s-/‘/la.fewda{s

Yoo dEed T difberent metal wives ‘<

alke o Hhepmp aoacp/& .

2. LW az(_:.]méebmadcfafée, Mczﬂfemda,/,s .

If 4wo junctions of a thermocouple civeu

4.;1»__;434_,;@%,.,1446 same Te mpéwaéMP&, the

WéSu/‘éanf emfwa//naé aAa;nﬂq ﬁam—ééﬁ,

open i e

2, La.wof_fnfamﬁdﬂﬁ:ée Tém,DéP&'é&PéS

I?C T: é T o em:(?
T 4T, =» e.mﬁ
Then 'r* E3 Tq = e_mf -Ff’m-)[




314 Chapter8 Temperature Measurements

gt e S R e e B s S e S o
Iron
Potentiometer
emf = 9.669 mY i
. Constantan . Iron
Measuring
junctien &
Ice bath Do,
Reference
junction oc R :

Figure 8.19 Thermocouple circuit for Example 8.6.

an ice-point bath. The voltage output is measured with a potentiometer and is found
to be 9.669 mV. What is 77?7

KNOWN

A thermocouple circuit having one junction at 0°C and a second junction at an ————
unknown temperature. The circuit produces an emf of 9.669 mV. T

FIND

The temperature T;.

ASSUMPTION
'Ihermocouple follows NIST standard.

SOLUTION

Standard thermocouple tables such as Table 8.6 are referenced to 0°C. The tem-
perature of the reference junction for this case is 0°C. Therefore, the temperature
corresponding to an output voltage may s;mply be determined from Table 8.6, in this |

case as 180°C.

COMMENT

Because of the law of intermediate metals, the junctions formed at the potentiometer
do not affect the voltage measured for the thermocouple circuit, and the voltage
output reflects accurately the temperature d]fference between junctions 1 and 2.

Suppose the thermocouple circuit in the previous example (Example 8.6) now has.
junction 2 maintained at a temperature of 30°C and produces an output voltage of
8.132 mV. What temperature is sensed by the measuring junction?



KNOWN
T; is 30°C, and the output emf is 8.132 mV.

ASSUMPTION
Thermocouple follows NIST standard.

FIND

The temperature of the measuring junction.

SOLUTION

By the law of intermediate temperatures the output emf for a thermocouple circuit
having two junctions, one at 0°C and the other at 7j, would be the sum of the emfs
for a thermocouple circuit between 0 and 30°C and between 30°C and 7;. Thus,

emfy 39 + Bmfj,[)_j'l = c_m.fq..-ﬁ

This relationship allows the voltage reading from the nonstandard referend_e
temperature to be converted to a 0°C reference temperature by adding emfy 30 =
1.537 to the existing reading. This results in an equivalent output voltage, referenced
to 0°Cas -

1.537 + 8.132 = 9.669 mV

Clearly, this thennocouple is sensing the same temperatu:re as in the prevmus exam-
. ple, 180°C. This value is determined from Table 8.6.

COMMENT

Note that the effect of raising the reference junction temperature is to lower the
output voltage of the thermocouple circuit. Negative values of voltage, as compared
with the polarity listed in Table 8.4, indicate that the measured temperature is less
than the reference junction temperaturc :
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