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� Heat and Internal Energy

� Specific Heat and Calorimetry

� Latent Heat

� Work and Heat in Thermodynamic 
Processes

� The First Law of Thermodynamics

� Some Applications of the First Law of

� Thermodynamics

� Energy Transfer Mechanisms in Thermal 
Processes
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The effect of Heat on substance
� When energy is added to a system and there is no change in the kinetic or potential

energy of the system, the temperature of the system usually rises.

(An exception to this statement is the case in which a system undergoes a phase 
transition—as discussed in the next lecture.) 

� The quantity of energy required to raise the temperature of a given mass of the
substance by some amount varies from one substance to another.

For example

The quantity of energy required to raise the temperature of 1 kg of water by 1°C is 4 186 J

The quantity of energy required to raise the temperature of 1 kg of copper by 1°C is 387 J 
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Heat Capacity
Suppose that several objects composed of different materials are heated in the same
manner. Will the objects warm up at equal rates?

The answer: most likely not. Different materials would warm up at different rates
because each material has its own heat capacity.

The heat capacity, C, of a particular sample is defined as the amount of energy needed 
to raise the temperature of that sample by 1oC.

�If energy Q produces a change of temperature of DT, then                               .
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𝑸 ∝ ∆𝑻 𝑸 = 𝑪∆𝑻 𝑪 =
𝑸
∆𝑻

𝑸 = 𝑪∆𝑻
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Specific Heat Capacity (Specific Heat)
¾ Specific heat, c, is the heat capacity per unit mass.

¾ If energy Q transfers to a sample of a substance of mass m and the temperature
changes by DT, then the specific heat is

¾ The specific heat is essentially a measure of how thermally insensitive a substance is
to the addition of energy.

¾The greater the substance’s specific heat, the more energy that must be added to a
given mass to cause a particular temperature change.

¾ The equation is often written in terms of Q:
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𝒄 =
𝑸

𝒎∆𝑻

𝑸 = 𝒎𝒄∆𝑻

Some Specific Heat Values
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Example 1
Calculate the energy required to raise the temperature of 0.500 kg of
water by 3.00°C.
Solution

𝑸 = 𝒎𝒄∆𝑻
Q = (0.500 kg)(4186 J/kg.°C)(3.00°C) = 6.3 x 103 J. 

Notice that:
� When the temperature increases, Q and ∆𝑻 are taken to be 

positive and energy transfers into the system. 
� When the temperature decreases, Q and ∆𝑻 are negative and

energy transfers out of the system.
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Quiz
Imagine you have 1 kg each of iron, glass, and water, and all
three samples are at 10°C.
� (a) Rank the samples from highest to lowest temperature after 100 J

of energy is added to each sample.

� (b) Rank the samples from greatest to least amount of energy
transferred by heat if each sample increases in temperature by 20°C.
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Specific Heat of Water
� Water has the highest specific heat of

common materials.

� This is in part responsible for many
weather phenomena:
¾Moderate climates near large bodies of

water
¾Global wind systems
¾Land and sea breezes
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Calorimetry
One technique for measuring specific heat involves heating
a material, adding it to a sample of water, and recording the
final temperature.

�This technique is known as calorimetry.

� A calorimeter is a device in which this energy transfer
takes place.

�The system of the sample and the water is isolated.

Conservation of energy requires that the amount of energy
that leaves the sample equals the amount of energy that
enters the water.
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𝑸𝒄𝒐𝒍𝒅 = −𝑸𝒉𝒐𝒕 or 𝑸𝒈𝒂𝒊𝒏𝒅 = −𝑸𝒍𝒐𝒔𝒕 calorimeters 
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Sign Conventions
If the temperature increases:

� Q and DT are positive
� Energy transfers into the system

If the temperature decreases:

� Q and DT are negative
� Energy transfers out of the system

The negative sign in the calorimetry equation is critical for consistency with the sign 
convention.
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System+Q -Q

𝑸𝒄𝒐𝒍𝒅 = −𝑸𝒉𝒐𝒕

Calorimetry

Tf is the final temperature after the system comes to
equilibrium.

The subscript w represent values for water and x
represents the values for the sample whose specific
heat is to be determined.

�Since each Q = m c DT, the calorimetry equation can be
expressed as

� This can be solved for the unknown specific heat.
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Example 2
A 0.05kg of metal is heated to 200oC and then dropped into a beaker containing
0.4kg of water initially at 20oC. If the final equilibrium temperature of the mixed
system is 22.4oC (a) find the specific heat of the metal. (b) What is the total heat
transferred to water in cooling the metal?

(a) Heat lost by the metal = heat gained by water
− 𝒎𝒙 𝒄𝒙 (𝑻𝒇 − 𝑻𝒊) = 𝒎𝒘 𝒄𝒘 (𝑻𝒇 − 𝑻𝒊)
+𝒎𝒙 𝒄𝒙 𝑻𝒊 − 𝑻𝒇 = 𝒎𝒘𝒄𝒘 (𝑻𝒇 − 𝑻𝒊)

(0.05Kg) cx (200oC-22.4oC) = (0.4kg)(4186J/kg.Co)(22.4oC-20oC)

cx = 453J/kg.Co

(b) total heat transferred to water is Q = 𝒎𝒙𝒄𝒙 𝑻𝒊 − 𝑻𝒇 = 0.05 x 453x(200-22.4) = 4020J
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Example 3
A man fires a silver bullet of mass 2g with a velocity of 200m/sec into a
wall. What is the temperature change of the bullet?

The kinetic energy of the bullet Ek = 1/2 m v2 = 40 J = the heat transferee to the
bullet

where c for silver is 234J/kg.Co

𝑸 = 𝒎𝒄∆𝑻

∆𝑻 =
𝑄
𝑚𝑐 =

40𝐽
(2 × 10−3𝑘𝑔)(234𝐽/𝑘𝑔. 𝐶𝑜) = 85.5C𝑪𝒐
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Problem to solve by yourself
1. A quantity of hot water at 91°C and another cold one at 12°C.

How much kilogram of each one is needed to make an 800 liter
of water bath at temperature of 35°C.

2. Consider Joule’s apparatus. The mass of each of the two
blocks is 1.50 kg, and the insulated tank is filled with 200 g of
water. What is the increase in the water’s temperature after the
blocks fall through a distance of 3.00 m?

3. What mass of water at 25.0°C must be allowed to come to
thermal equilibrium with a 1.85-kg cube of aluminum ini- tially
at 150°C to lower the temperature of the aluminum to 65.0°C?
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)٦(المحاضرةمعاللقاءإلى

Latent Heat


