
Temperature Measurement



Types of Temperature devices

◼ Indicators

◼ Contact probes

◼ Non-contact probes



Indicators

◼ Two primary types

❑ Liquid expansion             

(Glass bulb) thermometers

❑ Bi-metal thermometers



Glass Thermometers

◼ Construction
❑ Glass tube with very small hollow in center

◼ Sometimes shaped as an oval  hole rather than round

❑ Large reservoir at both ends

❑ Evacuated and Sealed

◼ Liquid filled
❑ Used to be Mercury

◼ Still available but less common

❑ Petrolate

❑ Alcohol based liquid

❑ Mineral oil

❑ Synthetic oil



Immersion depth

◼ Immersion depth on thermometers is 

critical to reduce error

❑ Partial immersion

◼ Most common

◼ Immersion depth indicated by a line on 

thermometer

❑ Total immersion

◼ Less common but used in special conditions



How it works

◼ Liquid in the glass bulb expands with 

temperature

❑ Expansion rate known and constant

◼ Liquid pushes up the thin tube

❑ Amount of liquid going up tube is small compared to 

the amount in reservoir

◼ Scale marked on outside of tube 

◼ Reservoir on end prevents pressure buildup 

inside tube as fluid rises and provides for 

“overflow” if pushed over scale.



Error and problems

◼ Fragile!

❑ Cant take a lot of pressure

❑ Cant insert into high flow rate liquids without 

protection

◼ Insertion depth critical to calibration

❑ Too deep or shallow causes error

◼ Temperature of extended portion can cause 

error.

❑ Relies on small volume of tube to reduce this error



Industrial Thermometers

◼ Armored ends to prevent 

breakage

◼ Angle bases

❑ Actual thermometer measures 

temperature of metal not fluid!

◼ Thermometer sleeves, encase in 

metal but still allow actual 

thermometer immersion in liquid.



In old days…

◼ Thermometer switches existed

❑ Relied on the electrical conduction of mercury as 

a switch

❑ Used on various control systems before electronic 

controllers existed

◼ Specially thermometers existed that utilized 

unique tube designs to vary scale resolution 

at certain temperature ranges. 



Expansion bulb thermometers

◼ Rely on the expansion of fluid to move a 

needle (or switch element) remotely.



Expansion bulb thermometers

◼ Used for remote readings

◼ Used in refrigeration switches

❑ If you have a refrigerator, you have a variation on 

this!

Flexible 

Capillary Tube

Fluid 

Bulb



Bi-Metal Thermometer

◼ Typically good for indicators 
and switches

◼ Not particularly accurate

◼ Good rugged indicators

◼ Inexpensive 

◼ Very common in all kinds of 
processes and systems 
where “human viewable” 
indicators are needed.



How do they work?

◼ Consists of two metallic materials laminated 

together.

◼ Each material has different coefficient of expansion.

◼ Different rates of expansion cause element to bend 

as it heats and cools

Simple Bi-metal 

switch



Other applications of Bi-Metal elements

◼ Thermometer uses a coil of Bi-Metal to twist gauge 

dial

◼ Other common uses for this technology:

❑ Home thermostat

❑ Electrical circuit breaker

❑ Water heater thermostats



Here comes that new technology stuff!

◼ Devices so far do not lend themselves to 

accurate recording  of data for other uses.  

◼ New stuff, better stuff, new ways to do it…

❑ Yep this stuff really is better… IF you use it right!



Electronic Contact Probes and Devices

◼ Resistance Elements

❑ Thermistor

❑ RTD

◼ Voltage Elements

❑ Thermocouple

◼ Semiconductor



Thermistor

◼ Variable resistance 

element

◼ Resistance varies 

with Temperature

◼ Has a variety of 

package types

❑ Actual element very 

tiny.



Thermistor

◼ Reasonably inexpensive

❑ Elements run from around $20 and up.

◼ Resistance is inverse WRT temperature

❑ Temp goes up resistance goes down

◼ Extremely Non-linear

◼ Thermistor value specified as resistance at 

25°C



Thermistor Plot
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Thermistor Plot 0 – 100 C
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Reading the temperature

◼ Lookup in table

◼ Calculate from formula

❑ Typically requires multiple formulas covering 

different segments of the curve.



Linear Thermistor

◼ Built of two matched thermistors 

that act in concert to provide a 

linear (more or less) output.

◼ Typically linear over a fairly short 

temperature span



Linear Thermistor network

◼ Example of linear 

thermistor network 

T1 T2
R1

1K

R2

1.5K

Rout



Plot of “linear” Thermistor set (Omega 44018)
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RTD

◼ Resistance Temperature Detector

◼ The RTD is one of the most accurate 

temperature sensors. Not only does it provide 

good accuracy, it also provides excellent 

stability and repeatability. 



RTD

◼ Fine coiled wire 
wrapped around a 
ceramic or glass core 

◼ Or film of metal on a 
ceramic backing



RTD

◼ EXTREEMLY Fragile
❑ Generally installed into a metal sheath 

◼ The RTD element is made from a pure material 
whose resistance at various temperatures has been 
documented 

❑ Rated by α ( Ω/Ω/°C or %/°C )



RTD

◼ Materials used for RTD’s

❑ Platinum (most popular and accurate) 

❑ Nickel 

❑ Copper 

❑ Balco (rare) 

❑ Tungsten (rare) 



Measuring resistance elements

◼ Remember back to measuring resistance with basic 

instrumentation!

◼ Flow current through element and measure current 

through and voltage across

A

Meter

+

-

Probes

1.5V

Unknown

Resistance
V

Meter



Flow current through the element?

◼ Uh Oh….  Current through a resistance… 

sounds like a heater, doesn’t it?

◼ YES!  You must be very careful.  

◼ This is known as self heating error

◼ Generally specified in °C/mW at some air 

flow

❑ Typically in the range from .04 to .2 °C/mW 



Solution…

◼ Use as low a current as you can!



Strengths

◼ Values are very accurate and predictable

◼ Wide range of styles 

◼ Relatively inexpensive

❑ Starting at around $50



Weaknesses

◼ Very small change in resistance per degree

◼ Generally limited temperature range

❑ -200 to around 850°C



Temperature from Resistance value

◼ IEC 751 standard temperature curve

◼ R0= 100 Ω @ 0ºC  (α=.00385)

◼ Temperature curve calculation (0ºC to 850ºC) 

❑ Coefficients

◼ A= 0.0039083  B= -5.775e-7

2 2

0 0 0 0

0

4 ( )

2

T

R

R A R A R B R R
T

R B

− + − −
=



Plug and chug

◼ RT = 220.57  (Resistance at temp)

❑ Coefficients

◼ A= 0.0039083  B= -5.775e-7

◼ R0 = 100  (Resistance at 0C)

◼ Temp = 324.009ºC
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RTD resistance values
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Table lookup



Voltage generating transducers

◼ Thermocouple 

❑ Created by junction of two dissimilar metals

❑ Generates small voltages in response to 

temperatures

❑ Called “thermo-electric” effect

◼ Thermopile

❑ Specialized cell consisting of many thermo-

electric elements wired in series.



Thermocouple

◼ Not all metal combinations are useful

◼ Common materials

❑ (J) Iron-Constantan  [First industrial TC]

❑ (T) Copper – Constantan

❑ (K) Cromel – Alumel

❑ (E) Cromel – Constantan



Thermocouple

◼ High temperature and exotic types

❑ R

❑ N

❑ S

❑ T

❑ Tungsten - Rhenium combinations

❑ Tungsten – Gold combinations



Temperature ranges

Type Materials Min temp Max temp Min°C Max°C

J
Iron

0°C 750°C
0 42.281

Constantan(Cu-Ni) mV mV

T
Copper

-250°C 350°C
-6.18 17.819

Constantan(Cu-Ni) mV mV

K
Cromel (Ni-Cr)

-200°C 1250°C
-5.891 50.644

Alumel (Ni- Al) mV mV

E
Cromel (Ni-Cr)

-200°C 900°C
-8.825 68.787

Constantan(Cu-Ni) mV mV

N
Nicrosil (Ni-Cr-Si)

-260°C 1300°C
-4.336 47.513

NiSil (Ni-Si-Mg) mV mV

S
Platinum-13% Rhodium

-50°C 1768°C
-0.236 18.693

Platinum mV mV

B
Platinum-30% Rhodium

0°C 1820°C
0 13.82

Platinum-6% Rhodium mV mV

C
Tungsten-5% Rhenium

0°C 2320°C
0 37.107

Tungsten-26% Rhenium mV mV



Simple TC circuit

◼ Connect TC directly to Meter



Solution to unwanted junction

◼ Add a second type T junction to change wire type



Turning the voltage into temperature

A volts = Measured volts + B volts @ x°C

 where x = reference junction temperature

A

B

Measured Voltage



Reference junction temperature

◼ Holding the reference junction at 0°C makes things 

easier because its always the same value. 



Voltage to temperature conversion

◼ Lookup table

❑ Each type has its own table

◼ Calculation

❑ Multiple coefficient polynomial

❑ Different coefficients for different temperature 

ranges and TC types



Lookup Table



Look up Reference junction voltage

Look-up 0°C

Ohhh   0V

That’s handy!



Next lookup voltage measured

◼ Lets assume a measured value of 6.945mV

◼ 6.945 + 0 = 6.945

◼ 154-155°C



Calculation by polynomial

Is that ugly or what?

Generate a 
spreadsheet

( ) ( )

( ) ( )

( ) ( )

2

3 4

5 6

0 2.5928E 01 6.945 -7.602961E-01 6.945

4.637791E-02 6.945 -2.165394E-03 6.945

6.048144E-05 6.945 -7.293422E-07 6.945

T = + + + +

+ +

+



TC voltage vs Temperature
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Lets look at the TC a bit more

◼ Different sizes and types

❑ Wire sizes from .001” up to .032”

❑ Wide array of probe sizes and end types

◼ Grounded / ungrounded ends



Accuracy



Advantages

◼ Inexpensive

◼ Easy to make

◼ Can take extremely high temperatures (up to 
4200ºF)

◼ Can couple multiple TC’s in series (reversed 
polarity) to “average” an area.

7.5mv 7.5mv 7.5mv 7.5mv 7.5mv+- +-

7.5mv



Disadvantages

◼ Calculation is difficult

◼ Accuracy is only good for large temperature ranges

◼ Output is non-linear

◼ Signal levels are small and easily pick up noise

❑ Need to filter makes them difficult for signals faster than 

about 20 Hz

◼ Inadvertent current flows between grounded 

junctions can affect readings.



Semiconductor Probes

◼ Most common is an AD590

◼ Output is 1μA per ºK



AD590

◼ Temperature range -55ºC to + 150ºC

◼ Supply voltage +4V to +30VDC

◼ Accuracy ranges from ±5ºC to ±0.5ºC 

depending on model

◼ VERY linear (<1.5ºC over temp range)

◼ Price ranges from $6.50 to $65 depending on 

accuracy



How to use an AD590



Other semiconductor sensors

◼ National Semiconductor LM355
❑ 10mV/ºK

◼ LM35 
❑ 10mV/ºC

❑ 250mV @ 25ºC

◼ LM334
❑ 1μA /ºC

◼ Maxim MAX6612
❑ 19.53mV/ºC  

❑  -10°C to +125°C  

❑  $0.67 ea

❑ Surface Mount Package



Common Uses

◼ Cold Junction compensation

◼ Electronic circuit board / component 

temperature measuring (computer over temp)

◼ Home thermometers and thermostats



Non-contact Probes

◼ Two categories

❑ Single temperature readings

❑ “Image” scanners

◼ All work on the same basic principle.

❑ All “hot” surfaces emit radiation in the infrared 

range

❑ These devices look at this radiation to determine 

temperature



Non-conductive laser probes

◼ Uses laser beam down a fiber optic cable

◼ Change in diffraction based on temperature

◼ Electrically non-conductive



Single reading units

◼ Handheld devices and probes

◼ Focus all the IR within the field onto a single 

detector effectively averaging the field.

◼ “emissivity” greatly affects the measured 

temperature.

❑ a number between 0 and 1 that takes into account 

wavelength, waveband, reflectivity, transmissivity, 

absorptivity, absorption coefficient etc. 



Single reading devices

◼ Reflections of other IR sources will affect 

readings 

❑ Sunlight

❑ Arc Lamps

❑ Halogen Lamps

◼ The field is cone shaped, everything within 

the cone will be included in the measurement



Single point IR



Image field devices

◼ Display temperature as an image of different 

colors or gray scale

❑ Different colors represent different temperatures

◼ Reading the temperature of a single point is 

difficult.

◼ Range in price from $1000 and up….up…up



Fluke FlexCam R2 Infrared Camera 

◼ Bottom line unit $1000

◼ 8 calibrated color “ranges”

◼ Temperature range from -20°C to 100°C (-4°F to 212°F) 

◼ Spectral Band: 8µm to 14µm 

◼ Emissivity/Background Correction: Based on user input 



Fluke FlexCam TiR3FT 
◼ High end $20,000

◼ Calibrated temperature range: -20°C to 100°C (-4°F to 212°F) 

◼ High image quality

◼ Accuracy: ±°C or 2% 

◼ Emissivity correction: 0.1 to 1.0 (0.01 increments) 



Transmitters

◼ Transmitters exist to change the signal from a 

TC, Thermistor, RTD to Voltage or Current

◼ Current outputs in 0-20ma or 4-20ma

❑ 4ma offset allows for “broken wire” detection

❑ Current outputs are VERY noise immune

❑ Lead length can be very long and lead resistance 

is NOT a factor (exception is VERY high lead 

resistances over a few hundred ohms)

◼ Used heavily in industrial environments 

where signals need to be sent a long ways!



Transmitters

◼ Range in price from $75 to over $300

◼ Come in a variety of sizes and package 

styles



Newer technologies always coming out!

◼ Wireless TC transmitter ($125)

◼ Battery operated for remote use (300’ range)

◼ USB receiver can read 12 transmitters ($225)



What would you use?

◼ Application:

❑ Measuring a cryogenic application

❑ -230 Deg C

❑ Type T Thermo couple

❑ Good down to -250 Deg C



What would you use?

◼ Application:

❑ High volume (means low cost)

❑ 10 to 40 deg C

❑ Easily read by a computer

❑ Thermistor – Inexpensive, and easy to use over a 

short temperature span, even though it is very 

non-linear



What would you use?

◼ Application:

❑ Measure average temperature of a fluid down the 

length of a long tube (prefer at least ten 

measurement points)

❑ 150 Deg C

❑ Type T thermocouples in series.



What would you use?

◼ Application:

❑ Measure temperature in a reactor vessel

❑ 450 Deg C +/- 2 

❑ Location is ¼ mile from recording computer.

❑ Type K Thermocouple with a transmitter



Questions?
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