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1. Temperature scales

1. Liquid volume at constant pressure.

2. Gas volume at constant pressure.

3. Gas pressure at a fixed volume.

4. The dimensions of the solid body.

5. Electrical resistance of the conductive material.

6. The radioactive wavelength has changed with the temperature of the

hot body.

Temperature is a measure of a heat of the body. Thermometers are depend on the principle

of changing a physical property with temperature.



1. Temperature scales

In the Celsius scale: the lower point is called the melting point of ice, and the upper point

is the boiling point of water at standard atmospheric pressure.

Celsius Scale

Fahrenheit Scale

In the Fahrenheit scale: the degree of freezing water at the

standard atmospheric pressure is 32° Fahrenheit and the boiling

point of water is 212° Fahrenheit.



1. Temperature scales

In the Kelvin Scale: the smallest point is the melting point of ice and given 273.15∘𝐾.

The greatest point is the boiling point of water and given 373.15∘𝐾.

Kelvin Scale



1. Temperature scales

The relationship between thermometric scales

The following equation is used to convert from one of these scale to 

the other:

𝑇𝐶

100
=

𝑇𝐾 − 273

100
=

𝑇𝐹 − 32

180

𝑇𝐶 =
5

9
𝑇𝐹 − 32

𝑇𝐾 = 𝑇𝐶 + 273



1. Temperature scales

 

Example: 7.1 

If the room temperature on a summer day is 100 °F , then how much is it on the 

Celsius and on the Kelvin scale? 

Solution 

First on the Celsius scale: 

𝑇𝐶 =  
5

9
  𝑇𝐹 − 32 

=
5

9
  100 − 32 = 37. 8∘𝐶 

Second, on the Kelvin scale: 

𝑇𝐾 = 𝑇𝐶 + 273

= 37.8 + 273 = 310.8 𝐾 



2. Thermal expansion



2. Thermal expansion

𝜟𝓵 = 𝜶𝓵𝜟𝑻 𝜟𝐒 = 𝜸𝐒𝜟𝑻 𝜟𝐕 = 𝜷𝐕𝜟𝑻

𝜸 = 𝟐𝜶 𝑩 = 𝟑𝜶

The length of a metal bar is extended due to the increase in temperature.



2. Thermal expansion

Example

A length of copper bar is 10 m at zero Celsius, raising its temperature

to 500∘C. calculate the expansion of length of the copper bar.

Note that α = 1.8 × 10−5 C∘ −1

Solution

𝛥𝓁 = 𝛼 𝓁1 𝛥𝑇

= 1.8 × 10−5 × 10 × 500 = 0.09 m



2. Thermal expansion

Longitudinal expansion coefficient

Longitudinal expansion coefficient: α defined as the amount of change in length

for each temperature change of one-degree Kelvin.

Surface expansion coefficient

Surface expansion coefficient γ: defined as the relative change in the area of a

slide when its temperature changes by one-degree Kelvin.

Volume expansion coefficient

Volume expansion coefficient β: defined as the relative change in slide size when

the temperature changes by one-degree Kelvin.



2. Thermal expansion

Example

A size of metal box is 0.55 𝑚3 at a temperature 20∘𝐶. if the temperature

increases to 100∘𝐶 , what is the expansion of the box size?

Note that 𝛼 = 1.7 × 10−5 𝐶∘ −1

Solution

𝛥V = 3𝛼V𝛥𝑇

= 3 × 1.7 × 10−5 × 0.55 × 100 − 20 = 0.002 𝑚3



3. Specific Heat

𝑸 = 𝒄 𝒎 𝜟𝑻

Heat is a type of energy. An amount of heat Q acquired or lost by a system is 

proportional to its mass m and change in temperature of the ∆𝑇:

The unit of heat Q calorie, where 1 Calorie = 4.18 Joule

Example: 7.6

Calculate the amount of heat needed to change the 720 𝑔𝑚 of ice at −10∘ 𝐶

to 0∘ 𝐶. Note that the specific heat of the ice 𝑐 = 2220 𝐽/𝑘𝑔 𝐾.

Solution

𝑄 = 𝑚 c Δ𝑇

= 0.72 × 2220 × 0 − −10 = 15984 𝐽



3. Specific Heat

Specific heat of material c is defined as the amount of heat needed to raise the

temperature of one gram of the material 1°C.

𝑸 = 𝒄 𝒎 𝜟𝑻

Heat capacity is the amount of heat needed to raise the temperature of the

material 1°C, and it is symbolized by the symbol C.

𝑸 = 𝑪 𝜟𝑻

L is the latent heat that is known as the amount of heat needed to convert one

gram of material from a phase to another phase, when the temperature is

constant.

𝑸 = 𝒎 𝑳



3. Specific Heat

 

Example: 7.7 

A system of liquid water and ice with mass equal 720 gm is heated until the ice 

is completely melted, how much should it be gained during the presence of the 

liquid and ice phase in the system?  

Note that the latent heat of the ice melt is 333 kJ/kg 

Solution 

𝑄 = 𝑚 𝐿 

    = 0.72 × 333 × 103 =   239760  𝐽 

Example: 7.8 

A 75 𝑔𝑚 copper sample raised its temperature to 312∘ 𝐶, and then placed in a 

glass container (water temperature 12∘ 𝐶, and water mass 220 𝑔). Calculate the 

final temperature of mixture, if the thermal balance is reached. 

 Note that the specific heat of copper is   0.092  
𝐶𝑎𝑙

𝑔∙𝐾
 , the specific heat of water 

is 1
𝐶𝑎𝑙

𝑔∙𝐾
 , and  the heat capacity of glass is 45

𝐶𝑎𝑙

𝐾
 . 

Solution 

𝑄𝐶𝑜𝑝𝑝𝑒𝑟  =    𝑄𝑊𝑎𝑡𝑒𝑟   +   𝑄𝑔𝑙𝑎𝑠𝑠  

 𝑚𝐶𝑜𝑝𝑝𝑒𝑟  𝑐𝐶𝑜𝑝𝑝𝑒𝑟   𝑇𝑖 − 𝑇𝑓  

=  𝑚𝑊𝑎𝑡𝑒𝑟  𝑐𝑊𝑎𝑡𝑒𝑟   𝑇𝑓 − 𝑇𝑖  +  𝐶𝑔𝑙𝑎𝑠𝑠   𝑇𝑓 − 𝑇𝑖   

75 × 0.092  (312 − 𝑇𝑓) = 220 × 1  (𝑇𝑓 − 12) + 45  (𝑇𝑓 − 12)    

2152.8 −   6.9  𝑇𝑓   =   220  𝑇𝑓   −   2640  +   45  𝑇𝑓 −   540 

5332.8  =   271.9 𝑇𝑓    

𝑇𝑓 =   19.6 °𝐶  



4. Heat transfer



4. Heat transfer

Thermal Conduction

𝑯 = 𝒌𝒄 𝑨
𝑻𝟏 − 𝑻𝟐

𝒙

Convection Radiation

𝑸 = 𝝈 𝑨 𝑻𝟒


