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R— KRB BER - BEERZPE
SHEF BEER  FHBEARR K
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Table 3 : Comparison of the mercury-in-glass and the spirit-in-glass

H = 7K i & #
ReARCRE (B3 182 X10°® per’C C,H,0H 11X10" per'C)
18% 10 ~27% 10%erC )

PR 356.7°C C,H,OH, 77.7~784°C
C,H,  360~365C
C,H,CH, 109.2~110.6°C
B -38.87C C,H;0H -111.8~-117.3C
C,H,, -130.8~-147.5C
C,H,CH, -92.4~-102.0°C
T % i 8
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Fig.1 : "U" type thermometer
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EES I EEREESNER R8T
ZESBIEEIHE 1% WRER - —IRFTR
Az B a% (invar i $837.5% * #
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% o
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SEBhy 0 he - HEBREES R, -
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L: =(R-he ) ¥

L: L. A BEAETHRESBIRE - #H
(24) ~ 23R

= Ll -LE llllll
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EBEREEIMSRTRAT

Ly =L, (1tat)
L, =L (It a,T)

L, =L (1+a, T) e @D
(2.7) A (26) XBE|
. Lo (X1 -2 )T
B hi +he 70 (2.8)
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Fig.2 : Temperaure effect of bimetal thermometer -

(After Simidchiev, 1986)
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:j A 4 Ny -2 (P - ¢ 2’ ~ Lo

HEs e B/ sin - (_:2_) R /1,0
A Al (29) &

o222 ) (%)

Lﬂu(m)ﬂﬁx’%a=kg§%1
Hbva=(a, -a. YfIb=th, +h. )

HEL, .a hiTEHS  FILLA=AT -(2.10)

ﬁZEF'A=a . Loe
2h
& (2.0) RATMAEESRBREEBRE
BEREY A ERMERE -
2.BIRERES

RFEEBRTENEE - A%EE (8
- AR RE)  HBREF SR AR
HERE EGEELLR RORYS
W R EE R A R R L -

F4 L SEMBETROEE BT
Table 4 : Comparison of the Bimetal and Bourdon Tube
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P AR AR R 4 A
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2k ~ e & &

3.8 MR B E A — AR AWK SR A0 A 2 BB 0 B

DKERE R BTESOAR » A KA HERRE R %A

EHEEY » 813 @ERERKER
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AEFA BRI IR - AR ERT RS -
(DERFBFEERSE  QERRIARELL
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FLUTREGER -

RRENEEERSAREEENREMA -
B & R B LBV - TR

DR et (CREETU FTRART :
— B THERED - Rr =R (I+a(T—Ts)) = (2.11)
e i R, : TR, B

EIRARET R, : oA T 2 AR
I.Eﬂﬂitfﬂfgﬁ a : EFE s R

e R BREMBERERSRDE
SR (ERSRERE) - EXEFFFTIEE
HHEARMABER R — R a% -
#  HEMEINE - DSBS ERREER
B IE R 2 B ARt B THE - B A A
BB o SRAT R S IR AT (Rt B AR -

B4 —HERRNRET AKX EER

HESREEBMUCEEREAR - BEMNEE
BRI TF AR

Ry =R [1ta (T-T,)+ 8 (T-T,)% )

a8 METREETE - GRS
RABTEAMEOCZ B B B A58

K5 RAEMEOC 2 B B RH B R

Table 5 : The resistance and resistance temperature coefficients of various material

My R, X10% Qcm?! a X104 - C!

#1 1.56 43 '

i 8.9 65

& 6.14 68

= 9.81 39.2

& 49 48

#7 (60%)88 (40%) & & 48 +0.2

S—EEEARMEEBREOEETSE AN BESEY  hENSEERERE

FERBSEIE (thermister;thermally sensitive B
resistor) - HEHGEEEEZPUBER DOHEEE.ERELELERTRE

S (EEHZEENWEERAE) HILUESR
[FURYFE R B OR Tt - #EUTE [H 2 8 fELAT 3
R PRET LU T =k -

R=A-e¥T .. (2.13)
Hod : AFaSES  REFAMHEWE
TREE - BRK
76 (2.13) ANEB - B

InR=InA+ %

R EAB BB ERRE » Al (2.14)
HALERRL  HRBERGE - LEHE
ERBEAFRKERRELFCER/BEES

o ...{2'14)

Q) EURME R AR RABIE

. 14

OB IER B ERE

3R A MEEEN S SERC EH -

WEKERNAE - SEWERETTPASE
FREEEHRURACBENREE - THA®
BHEARSZHERE - B4RAMERZE
PRUESCREME - (EE P A BB 2 I
BRI E - BESLERIEGME
ERAYREM -
BRBEREI A E—RF R THR
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Fig.3 : Resistance-Temperature response of typical thermistor material compared with platinum
(After Wang et al. 1983)
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Fig.4 : Equivalent temperature nonlinearity error of a linear thermistor circuit vs, temperature
(After Brock, 1990)
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Table 6 : Performance specifications of platinum and Nickel Resistance Thermometer versus thermistors

# % S EME BB EME =] & i

400 probe#! - 700 probe#!

B EE -35 to 140C 0 to 100C -350 to 1350F -100 to 600F
in 4 steps

T 0.1C/0.01C 0.1C 0.1F 0.1F
or 0.001C :

HETE B + 1% full 0.2C full +2F +5p

BETTHERN | 532" dia 3/32" dia. 1/4"dia. 1/4" dia.
412" 1 6 1/2" 1. 11 1/2" 1. 4" 1,

e 10mv full scale i0 mv full 1 v full scale 1 v full scale

scale
BRI 34s 3.6s 5.0

MEEHIR | Science Essentials Company, A Division of Beckman Instruments,Inc.,Anaheim,

California.

HEEEABEHON—RE R TES

DOEBEREBRANEEFRE o

QB EEF—ERRMS Tios

QR

@R EEE 2422 R

ORI E R

A P A S R R R D

E % (Wheatstone-Bridge ) FEE B SAT
o T CGRRE ) BEFG (RIEH) BNoogt » L)
HRABER (HEFEAEBREREEN
MY EEAH) -

2. B EIUR AR
gEAEEETEAERREERL

[ ERSNEBRAURE » BEERA

M EBEET S E M (Thermocouples )

‘m

13

S - IR AR

Fig.5 : The circuit of temperature measurement

BER - R —WENRREHAMETER
R B#E® (junction) FE—# (M
6) » MRMRERE (— RSB AER
( measuring junction ) B—MMEWERSE
2L (reference junction ) FEFHRAIRYIBE T &EK
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Indicator
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Fig.6 : Elementary thermoelectric circuits T1 and T2 represent measuring and reference junction
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R EEERER—RETR - Rl
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FEBERHEBEERNEET) FRE
HIERE -

QUREBATICHemf B Eac * &EBRIC
Hemf f5Ebc » Al /&AFIBHYemf FEac
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WNRREHEECIRESTIET, BT,
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B RQL R (FRFEERD) OB

BN (HENRCKER) G1E
BAEERG) 5 E B — B Sss - R
RRBELE Zemf IEHMES » £940 4 v/ CRIBRE
BERS2IEAMENE » Fit etk .
FHEHEEESE (Instrument Society of
America) H—RFEHRASHEREEEH &
B 2 LA — e R AR Ak -
Type T—#i ¥ EEdE
Type I—8 ¥
Type E—$110%8¢ % A
Type K —#1E10%8 XN HBESRERD
TypeR-HES13%# H HE
Type S—HEZ10%% ¥ AL
Type B-H&E30%# #H H&E6%8
E i Type THIRAEMIRA 7 € MEEREDS
df - REERRRERE TR -
emf IR EERYBR AN FRARYE - A ATFRER
E=afB+b 6 ®
IAType TE I » a=38.63043, b=0.04132299
E-BRASEEEERN > TFLERbO® ¥
FERAMETY -
75 LAType T2 B SHIFEIZ B —8
B EE - EEa AEeS IR
BE—EEZEE (JER—HR) - EeEsS




OUTPUT IN MILLIVOLTS

IR ECE - 3EIREE 2 L

AR — e A — AR RME EEEEPEEERANSEEER
# (thermopile) @ EISHQ@TLIgraREHE EHRABB/BA  UTRMEREZ
SR Zemf X - Jo

- THERMOCOUPLE
T T 1

[

A=38.63 B = 0.0413

% L1 | | | | 1
-30 -20 -10 0 10 20 30 40 SO
TEMPERATURE IN DEG. C

7 : SHEEAEROCR — FRNEERENCEE - B X B (Brock,1990)

Fig.7 : Voltage output of a copper-constantan thermocouple
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M8 : #EE IR URERE (Brock,1990)
Fig.8 : Nonlinearity of a copper-constantan thermocouple

() FIEFH 3 (o) e
MEEEAEE (BSEHREAHE PVBNEH B HERE - HERTE R 20.01°C
) AIERRNEREERERAXTE 2% H&EERZ » HERETE+0.1°C
B HL RSB HNERAARTERE  AETETEE1C
(b) B EHE (d) BB
HERASEMN - BREEEAERR BSEE : 0.1QF
BEACAEGHELASBERA AE&EM A © 10-10° QF"
W BB/ - EEE 40 L vC T (FE25C 3 Type T)

£7 - HS R - S B R e

Table 7 : Temperature range of platinum resistance thermistor and electrical thermometer

i} = BETENEE | EEUTEWNEE
H4&®HE -297°F 2000°F

B EE -475°F 600°F
R E 475°F 6000°F
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REBARTRELERYE  EHAK
HEHNE I BETY S EEHARERE
A/ARIBME IR AT AR B REE 0 BB E
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R BEEH
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T {EHRE
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PAUF 2 B
DB EEERESR
QF ZEH T E
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HREEANBEREARE —EFM
THERFERIEE - HERBARERES
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B (R E B 0 Time Constant ) FFHRE
6%

BRI R B RE LA =R
dO=-BA(T-6)D 7
Hibdo - E—RIFEH « RIBEEERER
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B ¢ BRI R AR
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dOEAEE IR EFHAEIORER
dO0=mcdT
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c : BFETL 2 LB
B (216) & (2.17) A%

ar _ _ 1 r
ar ~TR@- )

Hooft A =% AC A BIBECE 2T R B
AT RARRA  SMERAVN I
SR - BEERIRBOR R Bk B
T2 AN )

(218) SNEAHIAEFHEENRBE

i (2.18) 3% 39T Mgy =) 8 dv
ERr®ET.goco V) (2.19)
% T=0,T=T, WA (2.19) AT
(T% -9) = A HRH(2120)
IR (220) Kb A=
(T% -0y~ 2.7118 =038

I ENARESE A B > WEE (T-0 ) BHE
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In [((I)Tu y ]: ;-L_ e (2.21)
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B EICERAREX - EHERAR
RHEEUHE  HEZRERAAIRRAR
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R RERE R REYERE - FTEAE
Bist B ERREE » HIE (on-site ) BERW
DI B— T {EfE%# (working-standard ) 28
RS REFRE - AMERECREBRRIFE—
L - PIANEIRAE - BRCREE S HEN
BEEREEETEILE  EOGWERES—
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STUDY ON PHYSICAL AIR TEMPERATURE
MEASUREMENTS

Yeong-Junag Wang
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ABSTRACT

The measurement of air temperature near the surface of the earth is facilitated
by the vast array of temperature sensors and supporting electronic modules that are
readily available. Accuracy is limited not by technology but by our ability to use it
and by our ability to provide adequate coupling with the atmosphere. Measurements
of the thermofield in the atmosphere usually measure air temperature rather than
heat. To accurately measure the true air temperature, two major probleins must be
solved: the time response and the radiation error of the temperature sensor.

This paper is to review errors of air temperature measurements and the physical
priniciples of temperature measurements, We introduced some basic concepts in this
paper and hope can be used as a reference for readers.



