
Phys-99A5 Differentiate between the terms ‘heat’ and ‘temperature’. Explain 
briefly the principles of a mercury thermometer and a thermistor, indicating 
their advantages and disadvantages. 
 
Outline of answer + overview of different methods of measuring temperature 
 
Background 
 
Heat is a form of energy – SI unit = Joule (kg•m2/s2) 
 
Temperature is the thermal state of a substance, which measures the tendency of a 
system to undergo heat transfer – SI unit = Kelvin 
 
A body with higher temperature will transfer heat to a body with lower temperature 
that is in thermal contact. (corollary of second law of thermodynamics)  
 
For those who are super pedantic, a more rigorous definition of temperature uses the second law of 
thermodynamics. 
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When the amount of substance and volume of a system are kept constant, temperature of the system is 
defined as the reciprocal of the amount of entropy change for a given change in internal energy 
 
Measuring Temperature 
 
Divided into: 

- non-electrical techniques 
- electrical techniques 

 
Non-electrical techniques 
(1) mercury or alcohol thermometer 

- thin column of mercury or alcohol ! expands when heated 
- height of column reflects degree of expansion ! proportional to temperature 
- mercury solidifies at -39ºC ! not suitable for low temperatures 
- alcohol boilds at 79ºC ! not suitable for high temperatures 
- disadvantages = takes 3 ~ 5 min to reach thermal equilibrium, glass can break 

causing injury 
(2) bimetallic strip thermometer 

- 2 strips of metal with different thermal expansion coefficients fixed together in 
coil ! expands different extent when heated ! moves dial 

(3) Bourdon gauge thermometer 
- sensing element contains volatile fluid ! content expands when heated ! 

moves dial 
 
Electrical techniques 
(4) resistance thermometer 

- resistance of metal (e.g. platinum wire) increases linearly with temperature 
- measure resistance using galvanometer in Wheatstone bridge arrangement ! 

calculate temperature 



- disadvantages = bulky 
(5) thermistor 

- resistance of a bead of metal oxide falls exponentially with increasing 
temperature 

- metal oxide bead can be made very small ! e.g. suitable for end of Swan 
Ganz catheter 

- disadvantage = calibration may be impaired if exposed to high temperature 
(e.g. sterilisation process) 

(6) infrared (tympanic) thermometers 
- uses a pyroelectric sensor made from ceramic which alters charge based on 

incident (infrared) radiation 
- temperature ! infrared radiation ! induce charge ! vary capacitance ! 

measured ! derive temperature from calibration curve 
 
Examiner’s comments – 82% of candidates passed this question. 
 
Most passed well and there were a number of very good answers. There was a 
reasonable amount of confusion about the difference between Heat and Temperature. 
Mentioning S.I. units and relating the entities via Specific Heat Capacity enhanced 
definitions and gained extra marks. Most candidates gave a reasonable explanation of 
the physical principles of the mercury thermometer, although many omitted 
calibration principles and did not mention the importance of the relative volumes of 
the Mercury Reservoir in the bulb and the capillary column. It is also critical that the 
capillary tube is evacuated. 
 
The concept of a time constant was often mentioned but also often misunderstood. In 
general, advantages and disadvantages were well done with a number of candidates 
having prepared exemplary lists. 
 


