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All temperature measuring sensors have to be calibrated before use to check their accuracy
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Ideal-Gas Thermometer: ideal gas law, PV=mRT, where R=Ř/M, Ř=universal

gas constant =8314.5 J/kg.mol.K, M=molecular weight. Volume is exposed to

standard reference temperature Tref & we read pressure Pref & we keep

Tref=cons., we change amount of

gas in tank,we get different values

of Pref. In general we have small

difference in gas ratio as quantity of

gas is varied. If curve is extrapolated

To zero pressure, true temperature

Is obtained as defined by the ideal-Is obtained as defined by the ideal-

gas eqn of thermometer that may be

Used to measure temperatures as

low as 1 K by extrapolation.

Liquid-in-glass Thermometer: it is mechanical transducer. It has 

limited range & may not be used for automation, inexpensive not 

very accurate measurement. Mercury &Alcohol (higher expansion 

coefficient but limited low temp.) are most commonly used liquids.  

Expansion seen on scale is difference between expansion of liquid 
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Expansion seen on scale is difference between expansion of liquid 

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

bulb immersed. To correct for combination effect, thermometers 

must be calibrated for a certain specified depth of immersion. 

High-grade thermometers have mark engraved  to specify proper 

depth of immersion. Very precise mercury-in-glass thermometers 

be obtained from National Bureau of  Standards with calibration 

data for each. Filling space above mercury with a gas like nitrogen  

increases pressure on mercury to increase its boiling temperature, 

and permits use of thermometer at higher temperatures.  



Bimetallic Strip: it is mechanical transducer. 

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 

limited range &may be used for automation, 

inexpensive not accurate measurement.  

Fluid expansion thermometers: mechanical transducer, economical, 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.  
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may be used to get more accuracy or higher transient response.  

Temperature measurement by electrical Effects:



Electrical-Resistance Thermometer: 

consists of resistive element/wire,  

exposed to temperature to be measured 

by finding change in resistance. Only 

for narrow temp. range, we define 

linear resistance-temperature 

coefficient,  α, as α=(R2-R1)/R1(T2-T1). 

But for wider temp. range, resistance is quadratic eqn.: R(T)=Ro(1+aT+bT2), 

Platinum thermometer (PRT) is used widely. In all cases, care to be made to Platinum thermometer (PRT) is used widely. In all cases, care to be made to 

ensure that resistance wire is free of mechanical stress or effect of moisture. 
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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. 

Change of resistance  to be 

done by Wheatstone bridge 

or resistance potentiometer. 

At steady-state measurement, 
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At steady-state measurement, 

, null condition is to be made 

while  unsteady measurement 

needs using deflection bridge.

Errors  are due to resistance 

of  the lead wires connecting 

the RTD to a bridge circuit. 

Several arrangements  may 

be used to correct  for this 

effect. Interchanging leads & 

average  of readings  is used. 



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

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

K depending on material/temperature. Transients response is seen to increase as voltage E is increased.

Thermo-electric Effect, thermocouples:the most common 

electric transducers used  widely to measure temperature.

Seebeck effect (the main one): if junction of  two dissimilar 
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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 emf.

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:

1-Law of intermediate metals: if 3rd metal is connected in circuit, 

net emf is not affected if new connections at same temp. (TC=TD).

2-Law of intermediate temperatures: as shown  we get E3=E1+E2

Reference temperature:we have 2 junctions, one at unknown T, 2nd at reference temp.=0.0 oC as shown.Reference temperature:we have 2 junctions, one at unknown T, 2 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 oC
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Thermocouple-Equations, Tables& Charts:

Output characteristics of the most common thermocouples are shown in next tables &charts. 

1-Chromel-Constantan

2-Iron-Constantan (type J)

3-Copper-Constantan(type T)

4-Chromel-Alumel(type K)

5-Platinum-Platinum 

rhodium(type R)

6- Platinum-Platinum 

A-Rhenium-

Molybdenum

B- Rhenium-Tungsten

C-Iridium-Iridium 

rhodium

D-Tungsten-Tungsten 

rhenium
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6- Platinum-Platinum 

rhodium(type S)

rhenium

E-Plat. Rhodium-

Plat.10%Rhodium 
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Thermoelectric power: Output voltage, E, of  simple thermocouple circuit is: E=(A.T+0.5 B.T2+0.33 T3 ). 

The sensitivity, or thermoelectric power is S = dE/dt = (A+ B.T+ C.T2). 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).

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

temp. of the 4 hot junctions if T1 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.

Thermocouple Compensation: using an electric network to 

get higher frequency response for transient measurement.
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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.
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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 0oC to several hundred oC. 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. 



Temperature measurement by Radiation: By adjusting the lamp current, color of filament may be made 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. 
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Sensors & Transducers (as part of 
control systems) القياس عملية مھمة وجوھرية

بصفة عامة وللتحكم ا�لى خاصةً 
ويوجد مقرر إجبارى للقياسات بكل 

الوحدة  -جوانبھا النظرية والعملية 
الثانية يتم تغطيتھا مع المزيد من 

التفاصيل فى مقررالقياسات 


















