Lesson 8: Temperature
·  Lecture Objectives
· relate temperature to the direction of net energy transfer;

· identify physical properties which vary with temperature and which therefore may be used as the basis for measuring temperature;

· relate use of a thermometer to its design;

· define fixed points on the Celsius scale;

· relate temperature of a body to the kinetic energy of molecules;

______________________________________________________________________________________

Temperature
When a substance is heated, the particles within it gain energy and vibrate more rapidly, i.e. the internal energy of the substance increases. Increases in internal energy may lead to: 

· changes in chemical composition; 

· changes in shape, resulting from expansion; 

· changes of state (e.g. from solid to liquid or liquid to 

vapour); 

· a rise in temperature. 

We use heat in a number of ways: 

· to cook our food; 

· to keep us warm; 

· to raise steam to run engines and drive turbines. 

Heat, however, often appears when we do not want it: for example, in the moving parts of machinery or when we turn on an electric light
NOTE: The internal energy of a system is the sum of the kinetic and potential energies of all the particles in the system
Temperature is not the same as heat
Heat is a form of energy. The temperature of an object is proportional to the average kinetic energy of the particles it contains. Whereas temperature is independent of the amount of substance, the quantity of heat is dependent on the amount of substance and also on the nature of the substance.
You already know that temperature is a sense impression, and temperature is one of the base SI quantities. Many physical properties vary with temperature and can, therefore, be used (the basis for making thermometers and for establishing temperature scales. Among these 'thermometric' properties are: 

· the expansion of mercury and alcohol; 

· the resistance of wires; 

· the pressure of a gas, held at constant volume; 

· the volume of a gas, held at constant pressure; 

· the radiation emitted by hot objects; 

· the expansion of bimetallic strips, and so on. 

NOTE: A thermometric medium is one whose properties change with temperature. 

Thermometers 

A thermometer quantitatively measures the temperature of a object or system.
Common laboratory thermometers are mercury (or alcohol)-in-glass thermometers. These work on the principle that liquids expand slightly when heated. 

The mercury-in-glass thermometer:
· may be used in the range - 39°C to 400°C, but is not suitable for use at very low temperatures; 

· is easy to use; 

· responds relatively quickly. 

Alcohol-in-glass thermometers can be used at lower temperatures than mercury-in-glass thermometers (alcohol freezes at -115°C). Alcohol, however, wets the sides of the capillary tube and the thread often breaks. Alcohol-in-glass thermometers are not used above 110°C.

The clinical thermometer
This is a special type of mercury- in-glass thermometer. It is used to measure the temperature of the human body. It covers a narrow range of temperature on either side of 37°C (why 37°C?). 
Observe the constriction of the bore of the clinical thermometer (Figure 10.3). This prevents the mercury thread from running back into the reservoir, once the body temperature has been taken. The clinical thermometer is reset by shaking it. 
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The thermocouple
The thermocouple consists of two wires of different metals joined together as part of an electric circuit (see Figure 10.4). When one junction is cold and the other hot, a small current flows. The greater the difference in the temperature of the junctions, the greater the current which flows. Thermocouples: 
· may be used to measure temperatures in the range -200°C to 1600 °C; 

· respond rapidly to changing temperatures; 

· take little heat from the object whose temperature is being measured; 

· are used to measure temperatures in small enclosures or remote places. 
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______________________________________________________________________________
Questions

1. What do you understand by these terms: calibrating a thermometer? The upper fixed point and the lower fixed point of a thermometer? How are these established?
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A the thermocouple

B the mercury-in-glass thermometer
C the alcohol-in-glass thermometer
D the clinical thermometer

Which of the thermometers
5 has a constriction in its bore?

6 is best suited for measuring rapidly
changing temperatures?

7 isused in the temperature range 37 °C to
42°C?
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Two standard temperatures are needed to define a temperature scale. These references are: 


The lower fixed point - the temperature of pure melting ice (O°C on the Celsius scale). 


The upper fixed point - the temperature of steam at 1 atmosphere pressure (100°C on the Celsius scale).
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