ﬁhe definition of temperature Temperature Measurements

The temperature of a medium is an expression of its content of thermodynamic energy.
The thermodynamic energy represents the average velocity of the unarranged molecular
movement in the material. To measure a temperature is therefore different from measur-
ing one of the other basic units. Metres for example can be measured with an inch rule
without affecting or changing the length. To measure temperature is different. Actually, the
content of thermodynamic energy in the medium should be measured, based on the defi-
nition. This is of course not possible in practice and therefore a measuring principle is
used, where the medium affects a sensor / a sensor element. The measurement must
take so long that molecules in sensor and medium assume the same mean velocity.
When this has been reached, the two bodies will have the same temperature (measure-
ment medium and temperature sensor).

To achieve this, the following 3 conditions must be fulfilled:
The bodies must not exchange heat with external or internal sources.

The bodies must be in mutual balance.
The bodies have had thermal contact through sufficiently long time.

PRINCIPLES OF TEMPERATURE MEASUREMENT
Electrical temperature measurement is based on electrically measurable changes that are
takina place in materials when exposed to temperature changes.
These changes could for example be)

Changes in resistance in conducting materials, Changes in resistance in semiconductors
Thermal voltage, Drop in diode voltage ,Drop in transistor voltage. Changes in frequency

The principles are used for the follnwing thermometers:)
Resistance thermometers  Thermocouples
Thermistors Frequency thermometers, etc.




Temperature 1s a measurement variable, which 1s familiar to every person. Temperature variations occur
during the daily and yearly cycles of our planet. Because of its importance, temperature 15 one of the most
commonly measured engineering variables. Temperature 15 actually the macroscopic manifestation of the

energy level of atoms and molecules. This implies that there 15 a lower limit to temperature, the absolute
zero. This 1s the temperature at which the atoms stop moving. Note that many thermodynamic equations
are based on temperature scales starting at absolute zero (such as the 1deal gas equation).
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TABLE 2+ Primary points for the International Practical Temperature Scale of 198 | Secondary fixed points for the Intemational Practical Temperature Scale of 194
— Temperature —.____Point. L '""""_*If‘_’ﬂ. __ Poimt__|Tempcrature,
Point ) 10 s ¢ I Triple point, normal H, -259.194 oiling point, Hg 356.66
Normal pressire = 146959 psa = 10132 x 10" Njim Boiling point, normal H,[  —252753 boiling point, S 444,674
{ k.r ' - Ia B
Triple point of equilibrium hydrogen 159.34 ']lﬂ Triple point, N¢ ~248.593 [reezing point, 54873
Bollng point of equiibrium hydrogen at 4 normal pressure |- 256108 | - 4871 Triple point, N, -210002 Cu-Al eutectic
Normal boiling point (1 atm) of equilibrium hydrogen 25247 | 4201 Bn;\]lmt point, N, —lmﬂg E=XIs POstl, SA? 630.74
i ‘ ) 41049 ublimation point, —18.4/0 |Te€zIng point, .
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Normal freezing point of gold 106443 [Freezing point, Pb 7,502 [€¢#n€ point, Ir Y447

Interpolation procedures for International Practical Temperature Scale of 1964 Procedure

Range, °C
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. GalITI0)
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degree polynomial coefficients determined | ]l‘- I radiant energy emitted per unit time,
from calibration at three fixed points in range lpﬁ unit area and per unit wa\'ekngth
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Standard platinum-platinum rhodium (10%,)
thermocouple with second-degree polynomial
coefficients determined from calibration at
antimony. silver, and gold points.
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| okd-point temperature T,_, respectively
C,= 14 em-K To=273.16K




Temperature Sensors| (summary)

There are many different tvpes of temperature sensors on the market. They can be primarily distinguished
based on price. linearity. suitable temperature range. stability. ruggedness and suitability for integration into
automated measurement systems.

Device fl Physical principle Advantage Disadvantage
Liquid-in-Glass Thermal expansion of | Simple, inexpensive Not suitable for wide range of
thermometer Liquud temperatures or measurement
automation
Bimetallic Ditference in thermal | Simple. inexpensive, used | Limited temperature range
thermometer expansion coefficient | in many dial
causes mechanical thermometers
\ bending
Resistance Metal wire changes Most stable, Expensive, current source
Temperature its resistance with Most accurate, more required. small resistance

Detectors (RTD)

temperature (higher
temperature = higher

linear than thermocouple

change. low absolute
resistance. self heating

resistance)

Device Phyvsical principle Advantage Disadvantage

Thermistor Semiconductor High output, fast Non-linear. limited range.,
reduces its resistance fragile, cuiurent source

_/\/\_ with increased required. self heating

temperature

Thermocouple Dissimilar metals Self-powered. simple. Non-linear. low voltage.
generate emf voltage rmigged. inexpensive. wide | reference required. least

;. across junction if at variety. wide temperature stable least sensitive

different reference range
temperatures

I.C. Sensor Integrated circuit on Most linear. highest T < 200°C., power supply

—(D-

chip senses
temperature,
amplifies and
conditions signal

output, Inexpensive

limited configuration

Radiative
Temperature Sensor

s ]

Detects radiated
thermal energyv at a
specific wavelength

MNon-contact, temperature
measurement at a distance

allowable operating

surface emissivity

required. slow. self-heating.

Wawvelength sensitivity., cost,

temperatures. adjustment for




All temperature measuring sensors have to be calibrated before use to check their accuracy

Calibration|is applying a range of known input values to the Resistance Temperature Defector, RTD
instrument and observing the system output . ] | |
1. A static calibration curve can be determined Olrmmr Static Calibration Curve '
from a plot of the calibration data. Tus curve R 14
is used later during an actual unknown
measurement. An output is measured to return . /i
the unknown mput. A
2. Estimates of the accuracy and precision of L2 /
the mstrument can be determined from the A
static calibration curve, ; L
R . : Known Input
3. Calibration certificates should be available > | |
for all mstruments you are using. A schedule 0 £ 1
to check the calibration of each instrument regularly, should be in place. Temparature (C)
&4
2x10 | | . | | W |
fitting
. . e U -
1.5:=:1I]4 Typical thermistor curve 40 - errot
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Ideal-Gas Thermometer: ideal gas law, PV=mRT, where R=R/M, R=universal / o \
gas constant =8314.5 J/kg.mol.K, M=molecular weight. Volume is exposed to Unknown

standard reference temperature T,; & we read pressure P, & we keep L |temperature
T..=cons., we change amount of P J p
g;;f_in tank,we get different values b= Tref (pre f) / Volume | gagere
of P In general we have small /

difference in gas ratio as quantity of

gas is varied. If curve is extrapolated /

To zero pressure, true temperature e

Is obtained as defined by the ideal- |1~

gas eqn of thermometer that may be p

Used to measure temperatures as 0 "i

low as 1 K by extrapolation. Results of measurements with Ideal-gas thermometer ideal-gas ther:nometer]
Liquid-in-glass Thermometer: it is mechanical transducer. It has | mercury- m azr |
limited range & may not be used for automation, inexpensive not |th Sinsmeter Il ™

very accurate measurement. Mercury &Alcohol (higher expansion —
coefficient but limited low temp.) are most commonly used liquids. sl 2 i
Expansion seen on scale is difference between expansion of liquid ekl ’

& expansion of glass, so errors may be due difference of depth of e i

bulb immersed. To correct for combination effect, thermometers T

must be calibrated for a certain specified depth of immersion. P o=
High-grade thermometers have mark engraved to specify proper | -ivé-ﬁ?-ml
depth of immersion. Very precise mercury-in-glass thermometers | — sease Y |

be obtained from National Bureau of Standards with calibration B
data for each. Filling space above mercury with a gas like nitrogen|, = detecter (8] b (L
increases pressure on mercury to increase its boiling temperature, ::;u > = E ! i
and permits use of thermometer at higher temperatures. 2 : "o -




Bimetallic Strip: it is mechanical transducer. ¥ R cunti

Consists of two pieces of metal with different
coefficient of expansion are bonded together.
If strip at temp. higher than bonding temp.,
strip bends in one direction & vis-versa. |
Radius of curvature depends on temp. It has - -}——sv—"—
limited range &may be used for automation,

inexpensive not accurate measurement.

e g el

L i
" The bimetallic strip
Fluid expansion thermometers: mechanical transducer, economical,
versatile, widely used devices for industrial applications. Has limited
range &may not be used for automation, inexpensive not accurate
measurement. Increase in temp. causes liquid or gas expansion
increasing pressure on gauge. System must be calibrated directly.
Temp.of capillary tube may affect measurement.Capillary tube must
be at temp. less than liquid bulb so that fluid in capillary will always
be in subcooled liquid state, while pressure will be uniquely specified
for each temp. in the equilibrium mixture contained in the bulb.
Capillary tubes 60m long may be used. Electric pressure transducers
may be used to get more accuracy or higher transient response.

Mechanical properties of commonly used&thermal materials

Thermal coefficient Modulus of

of expansion | elasticity

Material per °C psi
[var 17 x107% 14 x 10°
Yellow brass | 202 x 1075 {140 x 108
[Monel 40 1135 x 1075 2607 % 48
eone’ "2 1125 x107% 315 x 108
“type 316 |16 x 1073 |28 x 108

| Vapor

Liquid

| Temperature measurement by electrical Effects:

Fluid expansion
thermometer

Bourdon
tube

pressure
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G
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T
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Resistance thermometer]

applications below 600 °C, due to higher accuracy and repeatability.

Resistance thermometers, called resistance temperature detectors or resistive thermal devices (RTDs).
are temperature sensors that exploit the predictable change in electrical resistance of some materials with
changing temperature. As they are almost mvariably made of platinum, they are often called platinum
resistance thermometers (PRTs). They are slowly replacing the use of thermocouples in many mdustrial




. . ] |:|4 Resistance-temp.coefficient,room temp.
Electrical-Resistance Thermometer: ! ! Nickel 0.0067
consists of resistive element/wire, 1 5¢10%  Typical thermistor curve | | Iron (alloy) 0-0%20‘5’43-006
exposed to temperature to be measured |, |, | 0.0045
by finding change in resistance. Only ; Coppe 0.0043
for narrow temp. range, we define ox10 1 gggﬁ'
linear resistance-temperature 0 Rl 0.004
coefficient, a, as 0=(R,-R,)/R,(T,-T}). ’ Tjjlpmmlféj 120 ! g-m;
But for wider temp. range, resistance is quadratic eqn.: R(T)=R (1+aT+bT?), ' ""&* 1 0.00002
Platinum thermometer (PRT) is used widely. In all cases, care to be made to , _ ' —0.00m

° ° ° ° O s "- e _0.02 tO —'0-09
ensure that resistance wire is free of mechanical stress or effect of moisture. Scmiconductor -0.068 to +0.14

(thermuistors)
General description of Resistance Thermometers: '
There are many categories; carbon resistors, film, and wire-wound types are the most widely used.
» Carbon resistors are widely available and are very mexpensive. They have very reproducible results
at low temperatures. They are the most reliable form at extremely low temperatures. They generally
do not sutfer from significant hysteresis or stram gauge effects.

n Film thermometers have a layer of platmum on a substrate; the layer may be extremely thin, pethaps
one micrometer. Advantages of this type are relatvely low cost (the hugh cost of platmum bemg offsef| °
by the tmy amount required) and fast response. Such devices have mproved performance although |
different expansion rates of substrate and platimum give "stramn gauge" effects and stability problems.

a[Fire-wound thermometers can have greater accuracy, especially for wide temperature ranges. The

coil diameter provides a compromuse between mechanical stability and allowing expansion of the wire
to mmnimize strain and consequential drft.




L(&m’f elements|have largely replaced wire-wound elements in industry. This design has a wire coil
which can expand freely over temperature, held m place by some mechanical support which lets the
coil keep its shape. This design 1s similar to that of a SPRT, the primary standard upon which ITS-90 15

based, while providing the durability necessary for imndustrial use.
The current mternational standard which specifies tolerance, and temperature-to-electrical resistance

in industry have nominal resistance 100 ohms at 0 °C, and are called Pt100 sensors ('Pt’ is symbol for
platinum). sensitivity of standard 100 ohm sensor is a nominal 0.385 ohm/°C. RTDs withsensitivity of

0.375 and 0.392 ohm/°C as well as a variety of others are also available.

relationship for platinum resistance thermometers is IEC 60751:2008. By far most common device used

Connection of Resistance-Temperature
RTD: various methods are used to insert RTD
in place of the unknown temperature (as seen ).
In all cases, care must be made to ensure that
RTD is free of mechanical stresses & strong

transients so to get some accurate results. f Nesiiad misir=nale Shounting
, or elbow ! against flow direction }
Change of resistance to be three-lead arrangement four-lead arrangement

done by Wheatstone bridge
or resistance potentiometer.
At steady-state measurement

al'l'angelnent

[:H gabvanometer

, null condition is to be made| A \& temeasure

while unsteady measuremen| ke : httﬂ;,:r‘ A X
o o o condition

needs using deflection bridge \f o

Errors are due to resistance
of the lead wires connecting
the RTD to a bridge circuit.

floating-potential

to measure
steady

+~ Resistance . Resistanceq 5
Several arrangements may elements ——=f L] element
be used to correct for this i
effect. Interchanging leads &
RTD

RTD

galvanometer .

average of readings is used. — (Methods of connecting for lead resistance with RTD)]




Thermistor: is a semiconductor device has —(ve) & exponential resistance temp. coefficient, in contrast

to +(ve ) polynomial coefficient of most RTD metals. Numerical values of f varies between 3500-4600

K depending on material/temperature. Transients response is seen to increase as voltage E is increased.
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(Typical set of transient voltage-current curves for a thermistor)

Thermo-electric Effect, thermocouples:the most common
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electric transducers used widely to measure temperature.
Seebeck effect (the main one): if junction of two dissimilar
metals is connected, we will get emf = f (Temp. of junction).
Peltier effect: if junction of two dissimilar metals connected
to external circuit AB, we have a change in the above emf.
Thomson effect: if temp. gradient exists along either or both
materials, we may get another change in the above em/f.

External circuit

Matenal (1) A
: Seebeck | ™

. Junction ‘ effect T T)_
B

Matenal (2) ___J

Junction of 2 dissimilar metals indicats thermoelectric effect

Thermo-electric circuits include combination of Seebeck+Peltier+Thomson effects. To measure emf we
connect to voltage measuring device, there will be another thermal emf due to device connection wires.
This emf depends on the temperature of connection wires.




Analysis of thermoelectric circuits: we have 2 rules: Mat;ri al (1) =0 A

1-Law of intermediate metals: if 3" metal is connected in circuit, |7~
net emf is not affected if new connections at same temp. (T -=T}).
2-Law of intermediate temperatures: as shown we get E;=F ,+E,

net circuit emf
Material (3) |1s not affected

it T.=T,
Tp §D S
T< @ M . ® T, T, "‘3’ D e
1 “ 2 1“5 e Material (2)
o o A E=E+E e
i 1S Law of intermediate metals

Reference temperature:we have 2 junctions, one at unknown T, 274 at reference temp.=0.0 °C as shown.
System in fig.A is necessary if the binding ports at the potentiometer are at different temperatures. But
system in fig.B is satisfactory if binding ports at voltmeter are at same temp. To be effective,system in A
must have coppor binding ports; ie., binding ports & lead wires must be of the same material.

Most Standard thermocouples calibration data/tables/charts based on Reference temperature =0.0 °C

2 binding ports at the _--—"""~ 2 binding ports af tie
voltneter at same q=" tant R voltmeter at differen
Constantan renp eraiire I'E‘OHS Constantan temperatures ™" :
not kept at ref.temp. i LE : T, -0 \\
! S 2
Iron onstantan, \ A
¥ - Iron ~. Copper r 5
e 77 e L
We keep only « . Voltage- We keep both
one of the two 1 Dewar measur?ment Constantan r Voltage-
thermocouple P e = I flask device & Iron wires X WS Dewar ~ Measurement
wires at refer. at the same N | T Sask .
e v 41— lce-water Fis. B b Sl device
temperature - Is. Reference N
reference temp.0 C mixture : .. «—— Ice-water ;
or 32°F ; temperature |reference temp.0 C i Fig A
- J or32°F ) mmxture

Electronic Reference Junction)
It is inconvenient to use an ice bath as reference junction. Therefore modern mput boards for thermocouples

have on-board thermistors. which measure the ambient temperature. The ambient temperature then serves
as reference junction temperature and on-board software compensates for fluctuating ambient temperature.




Types of Thermocouples

A large number of thermocouples are available based on choice of materials used to manufacture them.
The materials affect price. temperature range and suitability for a particular measurement purpose.

Thermocouples have been standardized and are designed by letter code that denotes. which two materials
compose the thermocouple. A selection of thermocouples 1s shown below.

Standard LiDouble Foot Seebeck Coefficient “C Standard NBS Specified

Type Metal Color Code 20 AWG S (mVEC) @ T(*C) Wire Error Materials Range*
+ -+ - (*C)

B Flatinwm-= Platinum- — 0.2 5 &00 4 4-86 0-1820"*
6% FRhodium 30%: Rhodium

E MNickel- Constantan | Vioket Red 0.71 58.5 0 1.7-4.4 -270 to 1000
10% Chromium

J Irovn Constantan | VWhite Red 0.36 502 0 1.1-29 =210 to 760

K Nickel Nickel | “ellow Red 0.59 38 4 0 1.1-2.9 =270 to 1372
10% Chromium

N (AWG 14) Nicrosil Misil — —_— 39 G0 —_ 0-1300

N (AWG 28) Nicro=il Mizil _— —_— 262 0 —_— =270 to 400

R Platinum- Platinum —_ 0.19 11.5 800 1.4-38 -50 to 1768
13% Rhodium

5 Platinwm- Platinurm _— 019 10.3 &00 1.4-3.8 -50 to 17686
10% Rhodium

T Copper Con=stantan | Blue Red 0.30 38 0 0.8-2.9 -270 to 400

YW-Re Tungsten- Tungsten- —_ — 19.5 &00 —_ 0-2320
5% Rhenium 26% Rhenium

A J-type thermocouple, whose reference junction is at 0°C, produces a emf output voltage of
4.115 mV. What is the temperature at the measurement junction of the thermocouple ?

The table for J-type thermocouples is referenced at 0”C. Therefore. we simply need to find the temperature
from the table, which would generate a emf of 4.115mV. Inspection of the table shows that the temperature
15 between 78 and 79°C. mterpolation gives 78.7°C

IExample 2) A J-type thermocouple, whose reference junction is at 21.1°C, produces a emf output voltage of
2.878 mV. What is the temperature at the measurement junction of the thermocouple ?

The table for J-type thermocouples is referenced at 0°C. From the table we see that at 21.1°C. the
l:hernmcmlple would produce an emfy,; of 1.076 mV. Using the law of successive or intermediate
emperatures we get  {emf, = emify-; + emifs; 7= 1.076mV + 2.878mV = 3.954 mV)

Interpolating data in table for J-type thermocouples we find temperature with 3.954mV as T=75.7°C.




Thermocouple-Equations, Tables& Charts:
Output characteristics of the most common thermocouples are shown in next tables &charts.

Thermal emf in absolute millivolts for thermocouples (atT,=0.0 C)[Thermal emf in absolute millivolts for thermocouples (atT,,,=0.0°C))
pe ’ Type K Type S ) Type T TypeJ ITypek Iype S
Temperature ijp(’ .T “hramel ijpe ot ( j]f“: A pfjﬁ’:i“m, Tf,’”‘f"” amwre  Copper- Chromel- I;]-{;)::— Chromel- Platinum
@, y Copper- ( ’I“mi e hl'“"_ 1.‘ mf,. 10° ‘-j i [ & F constantan constantan constantan alumel 10°% rhodium
C F__constantan constantan constantan _alume arhodium| —————55 6.647 971 7 04 6.09 1.O17
-184.4 - 300 —35.284 —8.30 - 7.52 - 5,51 {500 H.064 9 AM 7 90) { 947
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i e o — 3.4¢ —2.65
73.3 —100 —2.559 3.94 3-43 6 3711 700 19.100 26.65 2026 15.1% 2.977
~50 —1.634 -2.22 - 170 BO0) 31.09 23.32 17.53 3.506
17.78 0 —-0.670 -1.02 —0.89 —0.68 537.8 1000 40.06 29.52 22,26 4.596
50 0.389 0.50 0.40 1200 49.04 36.01 2698 5.726
3778 1.517 1.94 1.52 0221 815.6 1500 62.30 33.93 7.498
10? s 2.27 i : b 1ot 1700 70.90 38.43 8.732
]5 ) ? o ’ i 1093 2000 44,91 10.662
93.33 200 3.967 587 4.91 3.82 0.595 2500 54.92 13.991
250 5.280 6.42 497 0.800 1649 3000 17.292
0 :
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Thermoelectric power: Output voltage, E, of simple thermocouple circuit is: E=(A.T+0.5 B.T°+0.33 T3 ).
The sensitivity, or thermoelectric power is S = dE/dt = (A+ B.T+ C.T?). The output is in milivolt &needs

sensitive potentiometer or DC milivoltmete. Careful arrangements must be made for accurate results.

The resistance of lead wires has no effect if we use potentiometer at null condition (zero current ﬂow)

Thermoelectric sensitivity,

S=dF ofr of thermoelement made of

materials listed against plﬂtlnum micro—volt /C (Tyer =0.0°C)
Bismuth —— g Silver 6.5
Constantan — 35 Copper 6.5
Nickel — 15 Gold 6.5
Potassium — 9 Tungsten B e
Sodium == Cadmium g e
Platinum O Iron 18.5
Mercury 0.6 Nichrome 25
Carbon 3 Antimony 47
Aluminum 3.5 Germanium 300
I ead 4 Silicon 440
Tantalum 4.5 Tellurium sS00
Rhodium 6 Selenium 200

Thermopile arrangement: used for more sensitive circuit to duplicate output emf (or we get the average

temp. of the 4 hot junctions if T, not uniform &cold junctions are at same temp). We must ensure that all
junctions are electrically insulated from one another. We use series connection of thermocouples (must

be even # of junctions for same material at voltmeter) to check if 4 pints are at same temp. or not. Net

emf is not indicative of any particular temp. & it is not representative of an average of junctions temp.
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Parallel Thermopile arrangement: used to get the average temperature of a number of points which are
at different temperatures. There can be a small error due to current flow in lead wires as result of the
difference in potential bet. Junctions. Resistance of wires will affect the reading to some extent. The
method of installation of thermocouple on metal plate will define the type of errors in results as shown.
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Installation of thermocouples on a metal plate voltage measurement device
- z Output
Thermocouple Compensation: using an electric network to EEscoiple R utpy
get higher frequency response for transient measurement.| input . - 5
2 C 0
Thermo-couples Calibration s ysrenﬂ y
High Accuracy Multi-Well Calibration Systemn Typical thermocouple-compensation network
FEATURES: -

m High accuracy low and high termperature drywell capable of laboratore as well

as field calibration

Folished stainless steel cabinet construction

2anly one hlock covers the whole range

Small footprint for field use

Fast cooling time from 100°C to -95°C in 55 minutes

Termperature metrology wells permit calibration of RTD, thermocouple and any

other termperature sensors at one controlled termperature

m Advance block design provides excellent termperature stahility in both low and
high range

m Designed for

requirements

fmetralagy  laboratories  and  instrumentation  depadment




Quartz-Crystal Thermometer: based on sensitivity of resonant frequency of quartz

crystal to measure temperature & difference in temp. If proper angle of cut is used
with the crystal, there is very linear relation between resonant frequency & temp.
Commercial devices utilize electric digital counters readouts to measure frequency.
Since measurement process relies on frequency measurement, device is insensitive
to noise pick up in connecting cables.

Close-up view of quartz sensor mounted on header.
Sensor is later sealed in helium atmosphere.
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Two-channel version of Quartz Thermometer can measure
temperature sensed by either probe or difference belween probes.

Sensor oscillator is normally located within cabinet but s self-con-
tained and can be located externally for remote measurements.

Liquid-Crystal Thermography, LCT: Cholesteric liquid crystals, formed
from compounds/esters of cholesterol, show interesting response to temp.
Over reproducible temp. range, liquid crystal will show all colors of the
visible spectrum. By varying chemical formation, LCT can be made
operate from below 0°C to several hundred °C. LCT is used to measure
surface temp. if sprayed over surface. Optics/color record system to be
used to produce temperature-color coded image. LCT used as water
based slurry or precoated on blackended substrate of paper or Mylar.




How Does LCT work?

The following steps are taken when measuring surface
temperature with an LCT system

a. Select optics suitable for spatial resolution required. e
b. Select the appropriate liquid crystal and calibrate it. E

c. Coat the test specimen with black paint.

d. Spray the test specimen with liquid crystal. _ —
e. Apply power to test specimen and start measurement,  sowce St

thermC AL

Temperature measurement by Radiation: By adjusting the lamp current, color of filament may be made
to match color of incoming radiation. Red filter is installed in eyepiece to ensure that comparisons are
made for essentially monochromatic radiation, thus eliminating some of the uncertainties resulting
from variation of radiation properties with wavelength. The appearance of the lamp filament is viewed
from eyepiece. When balance conditions are achieved, the filament will seem to disappear in the total

incoming radiation. Temperature calibration is made in terms of the lamp heating current which get
the null condition.

3 CCD digital
camera

High resclution
optics

Absorption filter
Eyepiece Standardlamp\\ i . :
\ (' radiation *"Lens
Lens-_.,o f:""t“ s
W Sﬂll?.l'(‘f
il i
Red |
filter
Filament Null Filament >
too cold condition too hot {Schematic of optical pyrometer] o=
Ammeter
[Appcarance of lamp filament 111
P ,. Slidewire calibrated
eyepiece of optical pyrometer. e
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