
Mechanical Equivalent of Heat  
and Specific & Latent Heat 

1. An iron ball is dropped onto the pavement from a height of 100 m. If half of the heat generated 

goes into warming the ball, find the temperature increase of the ball. (The specific heat capacity 

of iron is .)  450 J/(kg C )⋅ °

 

Let the mass of the ball be m. The kinetic energy of the ball at the moment it hits the pavement 

is equal to its potential energy K = U = mgh. Half the kinetic energy is converted into heat: 

 ;
2

mghQ Q cm= = TΔ  

 2
2

(9.81m/s )(100m) 1.10C
2 2(450J/kg )

mgh cm T

ghT
c C

= Δ

Δ = = = °
⋅ °

  

 

2. A 0.500 kg block of metal with an initial temperature of 30.0oC is dropped into a container 

holding 1.12 kg of water at 20.0oC. If the final temperature of the block-water system is 20.4oC, 

what is the specific heat of the metal? Assume the container can be ignored and that no heat is 

exchanged with the surroundings.  

 

Heat flow out of the block: . ( )b b b bQ m c T T= −

Heat flow into the water: . ( )W W W WQ m c T T= −

Conservation of energy implies ,  ( ) ( )b W b b b W W WQ Q m c T T m c T T+ = − + − = 0
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3. A physics student fills a copper mug of mass 100 g, initially at 20oC, with 200 g of coffee 

initially at 70oC. What is the final temperature after the system attains thermal equilibrium? 

Assume that the specific heat capacity of coffee is the same as for water.  The heat capacity of 

copper is 390 . J/(kg K)⋅

 



Let the final temperature be T. The heat extracted from the water is 

  ( )c c c cQ m c T T= −

Similarly, the heat absorbed by the mug is 

  ( )m m m mQ m c T T= −

If we assume that there is no interaction with the outside air, then this is a closed system, and so 

by energy conservation Qm + Qc = 0.  Thus, 
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4. Find the heat needed to change 1 kg of ice at 0oC into steam at 100oC. 

 

We first need to melt the ice: 

 1 fQ m LΔ = , where  is the heat of fusion of ice.  79.7 kcal/kgfL =

Heat needed to raise the temperature of the water to 100oC:  

 , where is the specific heat capacity of water. 2 wQ c m TΔ = Δ 1 kcal/(kg K)wc = ⋅

Heat needed to change the water into steam using  

 , where  is the latent heat of vaporization. 3 vQ m LΔ = 540 kcal/kgvL =

Thus, the total heat required is   
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