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concept of temperature  

• We often associate the concept of temperature with 
how hot or cold an object feels when we touch it. Thus, 
our. Scientists have developed a variety of 
thermometers for making such quantitative 
measurements. 

• We are all familiar with the fact that two objects at 
different initial temperatures eventually reach some 
intermediate temperature when placed in contact with 
each other 

• To understand the concept of temperature, it is useful 
to define thermal contact and thermal equilibrium.  

 



thermal contact and thermal 
equilibrium 

• the meaning of thermal contact, let us imagine that two 
objects are placed in an insulated container such that they 
interact with each other but not with the rest of the world. 
If the objects are at different temperatures, energy is 
exchanged between them, even if they are initially not in 
physical contact with each other.  

• Heat is the transfer of energy from one object to another 
object as a result of a difference in temperature between 
the two.. For purposes of the current discussion, we 
assume that two objects are in thermal contact with each 
other if energy can be exchanged between them. Thermal 
equilibrium is a situation in which two objects in thermal 
contact with each other cease to exchange energy by the 
process of heat.  



Thermal equilibrium  

• Thermal equilibrium is a situation in which two objects in 
thermal contact with each other cease to exchange energy 
by the process of heat 

• Let us consider two objects A and B, which are not in 
thermal contact, and a third object C, which is our 
thermometer. We wish to determine whether A and B are 
in thermal equilibrium with each other. The thermometer 
(object C) is first placed in thermal contact with object A 
until thermal equilibrium is reached. From that moment on, 
the thermometer’s reading remains constant, and we 
record this reading. The thermometer is then removed 
from object A and placed in thermal contact with object B. 
The reading is again recorded after thermal equilibrium is 
reached. If the two readings are the same, then object A 
and object B are in thermal equilibrium with each other. 



The zeroth law of thermodynamics  

• We can summarize these results in a statement known as the 
zeroth law of thermodynamics (the law of equilibrium): 

• If objects A and B are separately in thermal equilibrium with a third 
object C, then objects A and B are in thermal equilibrium with each 
other. 

• This statement can easily be proved experimentally and is very 
important because it enables us to define temperature.  

• We can think of temperature 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.  

• Conversely, if two objects have different temperatures, then they 
are not in thermal equilibrium with each other. 



THERMOMETERS AND THE CELSIUS 
TEMPERATURE SCALE 

• Thermometers are devices that are used to define and measure 
temperatures. All thermometers are based on the principle that 
some physical property of a system changes as the system’s 
temperature changes. Some physical properties that change with 
temperature are 

•  (1) the volume of a liquid,  
• (2) the length of a solid,  
• (3) the pressure of a gas at constant volume, 
•  (4) the volume of a gas at constant pressure, 
•  (5) the electric resistance of a conductor,  
• . 6)   IR radiation 
•  For a given substance and a given temperature range, a 

temperature scale can be established on the basis of any one of 
these physical properties 



Liquid thermometers 

• A common thermometer in everyday use 
consists of a mass of liquid—usually mercury 
or alcohol—that expands into a glass capillary 
tube when heated. In this case the physical 
property is the change in volume of a liquid. 
Any temperature change can be defined as 
being proportional to the change in length of 
the liquid column.  



Liquid thermometers 

• To make the  liquid device into a useful  
thermometer we need to mark a scale on the 
tube well with nu. We label the thermometer 
liquid leve at zero freeezing temperature of 
pure water and levelat the boling temperature 
100 and divide the distant between these 
point in to 100 equal intervel called degrees. 
The result is the Centigrade scale  ( ℃). 



 problem of Liquid thermometers 

• An additional practical problem of any 
thermometer is the limited range of 
temperatures over which it can be used. A 
mercury thermometer, for example, cannot be 
used below the freezing point of mercury, which 
is 39°C, and an alcohol thermometer is not useful 
for measuring temperatures above 85°C, the 
boiling point of alcohol. To surmount this 
problem, we need a universal thermometer 
whose readings are independent of the substance 
used in it.  



Types of thermometers 

• Another common type of thermometer call 
resistances thermometer in this type using the 
measure of changing in electrical resistance of 
a coil of fine wire a carbon cylinder or a 
germanium crystal. 

• Because resistance can be measure very 
precisely , resistance thermometer are usually 
more precise than other types of 
thermometers  



Radiation thermometer 

• Thermometer work by detecting the amount of 
infrared radiation emoted by the object. 

• All objects emit electromagnetic radition 
,including infrared, as a consequence of their 
temperature .  

• A modern example is a temporal artery 
thermometer . This thermometer measures the 
temperature from the skin body. 

• Test show that  this device gives more accurate 
values of body temperature than the other 



actual temp. and interval temp. 

• It is useful to distinguish between an actual 
temperature and temperature interval (a 
different or change in temperature) . 

• An actual temp. of 2o°  is stated as 20 ℃ and a 
temp. interval of 10°  is 10 C° . 

• A beaker of water heated from 20℃ to 
30℃ undergoes temp. change of 10 C°. 



Fahrenheit 

• The Fahrenheit temp. scale still used in United 
states .the freezing temp, of water is 32℉ and 
bo;ing temp. is 212℉ .there are 180 degrees 
btween freezing and boiling . 

• To convert temp. from Celsius to Fahrenheit  

• 𝑇𝐹 = 9/5 𝑇𝐶  +32                  (1) 

• To convert Fahrenheit  to Celsius  

• 𝑇𝐶  = 5/9 (𝑇𝐹 - 32)                (2) 



absolute zero ,Kelvin scale 

• The triple point of water is the single combination 
of temperature and pressure at which liquid 
water, gaseous water, and ice (solid water) coexist 
in equilibrium. This triple point occurs at a 
temperature of approximately 0.01°C and a 
pressure of 4.58 mm of mercury.  

• On the new scale, which uses the unit kelvin, the 
temperature of water at the triple point was set 
at 273.16 kelvin, abbreviated 273.16 K.  



absolute zero ,Kelvin scale 

•  Note that temperatures measured on the Kelvin scale are 
not cited as degrees Kelvin, but simply as Kelvin, (Note: no 
degree sign “°” is used with the unit kelvin.)  

• The size of a degree on the absolute temperature scale is 
identical to the size of a degree on the Celsius scale. 
Thus, the conversion between these temperatures is  

• 𝑇𝐶= 𝑇𝐾 - 273.15  ° C             (3) 
• where TC is the Celsius temperature and 𝑇𝐾 is the absolute 

temperature. 
•  the absolute temperature scale, which sets -273.15°C as its 

zero point. This temperature is often referred to as absolute 
zero.  



Kelvin defined  

• Kelvin scale employs the SI unit of absolute 
temperature, the kelvin, which is defined to 
be 1/273.16 of the difference between 
absolute zero and the temperature of the 
triple point of water.  



What would happen to a gas if its 
temperature could reach 0 K?  

• the pressure it exerts on the walls of its 
container would be zero. the pressure of a gas 
is proportional to the average kinetic energy 
of its molecules. Thus, according to classical 
physics, the kinetic energy of the gas 
molecules would become zero at absolute 
zero, and molecular motion would cease; 
hence, the molecules would settle out on the 
bottom of the container.  



Example 1 

• On a day when the temperature reaches 50°F, 
what is the temperature in degrees Celsius 
and in kelvins?  

• Solution Substituting into Equation we obtain 

• 𝑇𝐶= 5 /9 (𝑇𝐹  – 32) = 5/9 (50 -32 ) = 10 ℃ 

• 𝑇𝐾 = 𝑇𝐶  + 273.15 = 10℃ + 273.15  = 283K 

 



Example 2  

•  to find a relationship between changes in 
temperature on the Celsius, Kelvin, and 
Fahrenheit scales using eq. 1 and 2 we get 

• ∆𝑇𝐶  = ∆ 𝑇𝐾= 5 /9  ∆𝑇𝐹         (4) 

• Example 2  

• A pan of water is heated from 25°C to 80°C. 
What is the change in its temperature on the 
Kelvin scale and on the Fahrenheit scale?  

 

 



solution 

•  From Equation 4 we see that the change in 
temperature on the Celsius scale equals the 
change on the Kelvin scale. Therefore, 

• ∆ 𝑇𝐾= ∆ 𝑇𝐾 = 80℃- 25℃  = 55℃ 

• ∆ 𝑇𝐹 =   9 /5  𝑇𝐶=  9/ 5  (55℃) = 99 ℉ 

• Q1 ; There is a temperature whose numerical 
value is the same on both the Celsius and 
Fahrenheit scales. What is this temperature?  

 



H.W 

• Q2; The temperature difference between the 
inside and the outside of an automobile 
engine is 450°C. Express this temperature 
difference on the (a) Fahrenheit scale and (b) 
Kelvin scale.  

• Q3;  Liquid nitrogen has a boiling point of (-
195.81°C) at atmospheric pressure. Express 
this temperature in (a) degrees Fahrenheit 
and (b) kelvins.  



H.W 

• Q4 ; two beH.Waker of water A and B initially 
at the same temp. the temp. of the water in 
beaker A is increase 10℉ , and the temp. of 
the water in the beaker B is increase 10K .after 
these temp. changes which beaker of water 
has the higher temp. explain 


