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Advanced Heat Problems 

Multiple objects and thermal equilibrium.   You already know how to solve basic thermal equilibrium problems.    
Here are two examples to push you to the next level.  
 
1. 1.5 kg of water is at 15°C.  A 650g piece of gold (cp = 129) at 160°C and a 900g piece of copper (cp = 387) at 145°C 

are put into the water.  What will the temperature finally equalize at?  (Find the final temperature when they come to 
thermal equilibrium.)  (Hints:  1) work in standard units, like kg;  2) in this case there are 2 hot objects.  In your ther-
mal equilibrium equation—put two Q’s on the hot side, being sure that they are both negative!) 
Step 1:  Write down all that you are given (masses, specific heats, temperatures in standard units).   
 
 
 
Step 2:  Set up your thermal equilibrium problem, but with two Q’s on the hot side and solve.  
 
 
 
 
 
 
 
 
 
 

2. A calorimeter is an aluminum cup-like device to measure heat gained or lost.  The aluminum is surrounded by  
insulation so that heat is not exchanged with the outside environment.  Water is placed inside the calorimeter  
and its temperature is measured.   A second substance is placed into the calorimeter.  By measuring the final  
temperature of the water, the specific heat of the substance can be calculated.  

A. The calorimeter is insulated so that heat is not lost by which kind of heat transfer?  
B. Before the unknown substance is placed into the calorimeter, the water AND the calorimeter are at the same 

temperature, which is known as:  
 
The aluminum calorimeter (cp = 899) has a mass of 200 g.  There is 450 g of water inside.  Both are at an  
initial temperature of 15°C.  A 250 g sample of the unknown substance is heated to 350°C and placed into  
the calorimeter.    The final temperature of the mixture is measured as 32.2°C.    
 

C. Find the specific heat of the unknown substance.   (Hints: Again, this is just another Thermal Equilibrium  
problem with more than 2 objects.  The change here: you are not looking for Tf .) 
 
Step 1:  Write down all that you are given (masses, specific heats, temperatures, in standard units).   
 
 
 
Step 2:  Set up your thermal equilibrium problem, but with two Q’s on the cold side and solve.  
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3. Silver has a melting point of 961°C and a boiling point of 2193°C.   The latent 
heat of fusion for silver is 0.88×105 J/kg and its latent heat of vaporization is  
23×105 J/kg.    The cp of solid silver is 230 J/kg•ºC.  The cp of liquid silver is  
287 J/kg•ºC.    How much heat is necessary to bring 12 kg of silver from 25°C  
to 1200°C?  
 
 
 
 
 
 
 
 
 

4. 0.55 kg of Ethyl alcohol is originally at from 25°C.  How much heat is necessary 
to boil it at 78°C?   (CEA = 2400 J/kg•ºC;  Lv = 8.5×105 J/kg; boiling point of 
Ethyl alcohol is 78°C.) 
 
 

Calculating Heat or Total Heat with a substance that is not water.   You can use the same diagram and same procedure 
(mcp� T for any temperature change and mL for any phase change).  For non-water substances, though, the boiling and  
freezing/melting points will be different (and will be given to you).  

 

Q = mcp� T 

Q = mcp� T 

liq
ui

d 
so

lid
 

ga
s 

Q = mLf 

Q = mLv 

°C 

°C 

cpliquid =  

cpgas=  

cpsolid=  

Lv =  

Q = mcp� T 

Lf =  
°C 

°C 

Mechanical Equivalence of heat.  Anything with the same units can change from one form to the other.   Since heat (Q) has 
the units of joules (J) it is equivalent to work and mechanical forms of energy (PE, KE, and PEelastic).     

5. A 2 kg ball falls from a 8.2 m high ledge.  
A. Calculate the energy the ball has while on the ledge.  
 
 
B. How much (and what kind of) energy does it have just before it strikes the ground?  
 
 
After it strikes the ground this mechanical energy transforms into heat.   
C. If 40% of the energy is absorbed by the ball, how much heat was gained by the ball?  
 
 
D. If the ball was made of iron (ciron = 448) what is the temperature change of the ball?  
 

8.2 m 

2 kg 

6. A 20 g bullet moving 800 m/s slams into an 8 kg block of  
aluminum at 12°C.  
A. How much mechanical energy is lost by the bullet?  
 
 
B. If 60% of it is transferred to the block, what is the final  
 temperature of the block (assuming it is thermally insulated 
 from the outside environment [somehow {it could happen}]).  

8 kg 
20 g 

800 m/s 

0 m/s 

8 kg 
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