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What is Temperature?

◼ It is the measurement of 

the AVERAGE kinetic 

energy of the particles of 

matter.



Temperature

◼ We associate the concept of temperature with 
how hot or cold an object feels

◼ Our senses provide us with a qualitative 
indication of temperature

◼ Our senses are unreliable for this purpose

◼ We need a reliable and reproducible method for 
measuring the relative hotness or coldness of 
objects

◼ We need a technical definition of temperature



Thermal Contact

◼ Two objects are in thermal contact with each 

other if energy can be exchanged between them

– The exchanges we will focus on will be in the 

form of heat or electromagnetic radiation

– The energy is exchanged due to a 

temperature difference



Thermal Equilibrium

◼ Thermal equilibrium is a situation in 

which two objects would not exchange 

energy by heat or electromagnetic 

radiation if they were placed in thermal 

contact

◼ The thermal contact does not have to 

also be physical contact



Zeroth Law of Thermodynamics

◼ If objects A and B are separately in 

thermal equilibrium with a third object C, 

then A and B are in thermal equilibrium 

with each other

– Let object C be the thermometer

– Since they are in thermal equilibrium 

with each other, there is no energy 

exchanged among them



Zeroth Law of Thermodynamics, Example 

◼ Object C (thermometer) is placed in contact with A until they 
achieve thermal equilibrium

– The reading on C is recorded

◼ Object C is then placed in contact with object B until they 
achieve thermal equilibrium

– The reading on C is recorded again

◼ If the two readings are the same, A and B are also in thermal 
equilibrium



Temperature

◼ Temperature can be thought of as the property 
that determines whether an object is in thermal 
equilibrium with other objects 

◼ Two objects in thermal equilibrium with each other 
are at the same temperature

– If two objects have different temperatures, they 
are not in thermal equilibrium with each other



Temperature Scales  

◼ Celsius

◼ Fahrenheit

◼ Kelvin

◼ Rankine



◼ The 3 main temperature scales

◼Fahrenheit

◼Celsius

◼Kelvin



Celsius Scale

◼ The fixed points on which this scale was created, 
were the Boiling and Freezing point of water.

◼ Original scale had boiling point = 100 

◼ And the freezing point = 0



Celsius Scale …
◼ The ice point of water is defined to be 0 0C

◼ The steam point of water is defined to be 100  

◼ The length of the column between these two 

points is divided into 100 increments, called 

degrees



Celsius Scale…

◼ The original name was the 
CENTIGRADE scale

• These were later reversed so 
the

➢Boiling Point = 100 0C

➢Freezing Point = 0 0C



Fahrenheit Scale

◼ Named for Daniel Fahrenheit

◼ Temperature of the ice point is 32oF

◼ Temperature of the steam point is 212oF

◼ There are 180 divisions (degrees) between the two 
reference points



The Fahrenheit Scale

◼ Freezing point

◼ became = _________

• Boiling point 

• became = ________

32 0F

212 0F



Absolute Temperature Scale

◼ Absolute zero is used as the basis of 

the absolute temperature scale

◼ The size of the degree on the absolute 

scale is the same as the size of the 

degree on the Celsius scale



Absolute Temperature Scale…

◼ The absolute temperature scale is now based 

on two new fixed points

– One point is absolute zero

– The other point is the triple point of water

• This is the combination of temperature and 

pressure where ice, water, and steam can all 

coexist



Kelvin Scale

◼ Absolute Zero = 0 K

◼ Boiling point of water = 373 K

◼ Freezing point of water = 273 K

•This temperature is known as

•ABSOLUTE ZERO



Comparison of Temperature  scales



Temperature CONVERSION

Celsius to Kelvin:

K = C + 273

Kelvin to Celsius:

C = K - 273



Temperature CONVERSION…

°F = 9/5(°C) +3

°C = 5/9[(°F) –32]

°F = °R – 459.67

°C =  K – 273.15
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Thermometers



Thermometers

◼ A thermometer is a device that is used to 

measure the temperature of a system

◼ Thermometers are based on the principle 

that some physical property of a system 

changes as the system’s temperature 

changes



Thermometers, cont

◼ These properties include:

– The volume of a liquid

– The dimensions of a solid

– The pressure of a gas at a constant volume

– The volume of a gas at a constant pressure

– The electric resistance of a conductor

– The color of an object

◼ A temperature scale can be established on the 

basis of any of these physical properties



Calibrating a Thermometer

◼ A thermometer can be calibrated by placing it in 
contact with some natural systems that remain at 
constant temperature

◼ Common systems involve water

– A mixture of ice and water at atmospheric 
pressure Called the ice point of water

– A mixture of water and steam in equilibrium 
Called the steam point of water

◼ Once these points are established, the length 
between them can be divided into a number of 
segments



Thermocouples

◼ Seebeck effect

– If two wires of dissimilar metals are joined at both ends and 

one end is heated, current will flow.

– If the circuit is broken, there will be an open circuit voltage 

across the wires.

– Voltage is a function of temperature and metal types.

– For small DT’s, the relationship with temperature is linear

– For larger DT’s, non-linearities may occur.

V TD = D



Measuring the Thermocouple Voltage
◼ If you attach the thermocouple directly to a voltmeter, you will 

have problems.

◼ You have just created another junction! Your displayed voltage 
will be proportional to the difference between J1 and J2 (and 
hence T1 and T2). Note that this is  “Type T” thermocouple.



External Reference Junction

◼ A solution is to put J2 in an ice-bath; then you know 

T2, and your output voltage will be proportional to   

T1-T2.



Other types of thermocouples

◼ Many thermocouples don’t have one copper wire. 
Shown below is a “Type J” thermocouple.

◼ If the two terminals aren’t at the same temperature, 
this also creates an error.



Isothermal Block
◼ The block is an electrical insulator but good heat 

conductor. This way the voltages for J3 and J4 cancel 

out. Thermocouple data acquisition set-ups include 

these isothermal blocks.

◼ If we eliminate the ice-bath, then the isothermal block 

temperature is our reference temperature

( )1 blockV T T= −



Software Compensation

◼ How can we find the temperature of the block? Use a 

thermister or RTD. 

◼ Once the temperature is known, the voltage 

associated with that temperature can be subtracted 

off.

◼ Then why use thermocouples at all?

– Thermocouples are cheaper, smaller, more flexible and 

rugged, and operate over a wider temperature range.

◼ Most data acquisition systems have software 

compensation built in. To use Labview,you’ll need to 

know if you have a thermister or RTD.



Hardware Compensation

◼ With hardware compensation, the temperature of the 

isothermal block again is measured, and then a 

battery is used to cancel out the voltage of the 

reference junction. 

◼ This is also called an “electronic ice point reference”. 

With this reference, you can use a normal voltmeter 

instead of a thermocouple reader. You need a 

separate ice-point reference for every type of 

thermocouple.



Making Thermocouple Beads

◼ Soldering, silver-soldering, butt or spot or beaded gas 
welding, crimping, and twisting are all OK. 

◼ The third metal introduced doesn’t effect results as 
long as the temperature everywhere in the bead is 
the same.

◼ Welding should be done carefully so as to not 
degrade the metals.

◼ If you consistently will need a lot of thermocouples, 
you can buy a thermocouple welder; you stick the two 
ends into a hole, hit a button, and the welding is 
done.



Time Constant vs. Wire Diameter



Time Constant vs. Wire Diameter, cont.



Thermocouple Types

If you do your own 

calibration, you can 

usually improve on the 

listed uncertainties.



Thermocouple Types, cont.

◼ Type B – very poor below 50ºC; reference junction temperature 
not important since voltage output is about the same from 0 to 
42 ºC

◼ Type E – good for low temperatures since dV/dT () is high for 
low temperatures

◼ Type J – cheap because one wire is iron; high sensitivity but 
also high uncertainty (iron impurities cause inaccuracy)

◼ Type T – good accuracy but low max temperature (400 ºC); one 
lead is copper, making connections easier; watch for heat being 
conducted along the copper wire, changing your surface temp

◼ Type K – popular type since it has decent accuracy and a wide 
temperature range; some instability (drift) over time

◼ Type N – most stable over time when exposed to elevated 
temperatures for long periods



Sheathing and SLE

◼ “Special Limits of Error” wire can be used to improve accuracy.

◼ Sheathing of wires protects them from the environment (fracture, 

oxidation, etc.) and shields them from electrical interference.

◼ The sheath should extend completely through the medium of 

interest. Outside the medium of interest it can be reduced.

◼ Sometimes the bead is exposed and only the wire is covered by 

the sheath. In harsher environments, the bead is also covered. 

This will increase the time constant.

◼ Platinum wires should be sheathed in non-metallic sheaths 

since they have a problem with metallic vapor diffusion at high 

temperatures.



Liquid in glass

Liquid-in-glass thermometer: glass tube filled 
with liquid (often mercury or alcohol) that 
expands/contracts with air temperature 

http://apollo.lsc.vsc.edu/classes/met130/notes/chapter3/graphics/liquid_thermometer.jpg


Liquid-in-glass Thermometry
Liquid-in-glass thermometers

one of the earliest types of thermometer developed.

Because their use has dominated thermometry for at least
250 years.

Liquid-in-glass thermometers have been developed to cover
the temperature measurement range from −190 C to 600

C.

In spite of the fragile nature of glass and

the toxicity of mercury, the popularity of the thermometers
continues, largely because of the chemical stability of glass,

the apparent ease of use

and the self-contained nature of the thermometer.



The trend was moved away from liquid-in-glass
thermometers to

Platinum resistance thermometry: gives superior
performance at lower

overall cost

and is readily accessible with easy-to-use electronic
resistance bridges

and high-quality probes available commercially.

now replace many liquid-in-glass thermometers.

However, liquid-in-glass thermometers are still specified in
many documentary standards for test procedures, and they still
represent a cost-effective solution where measurements are
made over a narrow temperature range.













Measuring temperature

Features of 
liquid-in-glass 
thermometers

Most liquids expand slightly 
when heated. This property 
is put to use in 
thermometers filled with 
alcohol or mercury.

Sensitivity.
- The narrower the 
tube, the more the 
liquid inside moves, 
making the 
thermometer more 
sensitive to changes in 
temperature.  Alcohol 
expands more than 
mercury, so a mercury 
thermometer must 
have a narrower tube 
than an alcohol one.

At any given 
temperature 

same 
increase in 
volume of 

liquid 
alcohol.
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Range – mercury has a freezing point of -
39oC and a boiling point of 356oC.  Alcohol 
freezes at -115oC, but boils at 78oC.  
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bulb respond less quickly to changes in 
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Measuring temperature

Features of 
liquid-in-glass 
thermometers

Most liquids expand slightly 
when heated. This property 
is put to use in 
thermometers filled with 
alcohol or mercury.

Sensitivity.
- The narrower the 
tube, the more the 
liquid inside moves, 
making the 
thermometer more 
sensitive to changes in 
temperature.  Alcohol 
expands more than 
mercury, so a mercury 
thermometer must 
have a narrower tube 
than an alcohol one.

At any given 
temperature 

same 
increase in 
volume of 

liquid 
alcohol.

Range – mercury has a freezing point of -
39oC and a boiling point of 356oC.  Alcohol 
freezes at -115oC, but boils at 78oC.  

Responsiveness – thermometers with 
large bulbs or thicker glass around the 
bulb respond less quickly to changes in 
temperature.

Linearity – the expansion of mercury is not 
quite linear compared with alcohol – they differ 
slightly, but these differences are not 
significant between 0oC and 100oC.



Clinical thermometer.

- Measures human temperatures very accurately.   Scale is 

restricted to a few degrees either side of the normal body 

temperature (37oC). A restriction in the neck stops the 

mercury from dropping until the reading is taken.

Measuring temperature

- Examples of thermometers
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Once a thermometer has been received from a supplier,

you should subject it to a thorough visual inspection,

preferably under magnification up to 20x. Figure gives

an example checklist of the main physical dimensions

to be checked. In principle, the supplier should have

carried out this inspection but unless it was written into

the purchase contract, with evidence supplied, then it is

unlikely. Suppliers may request a premium for carrying

out such an inspection, but the cost will usually repay

itself in reducing the time wasted on a bad thermometer

and the cost of a calibration.





The points to watch for are:

• breaks and bubbles in the mercury which may be repairable

• any foreign matter in the capillary;

• distortions in the capillary or scale;

• the presence of fine scale markings, less than one-fifth of a division;

• the scale markings to be at multiples of one, two or five;

• the dimensions to match the specifications;

• the required markings to be on the stem; for example, possible 

markings include:


















