
page1 of 2 

Group quiz #2 - key 
 
Problem:   
 
A 20 g ice cube at 0°C is added to 100 g water at 35°C and the system of ice and water is 
allowed to come to equilibrium.   
Assume (1) that the system does not lose any heat to the surroundings,   
(2) the water-ice mixture fills a glass “to the brim”. 
a) what is the temperature of the system after it comes to thermal equilibrium (i.e. the 
temperature is the same throughout).  Describe fully: indicate how much ice remains if 
any. 
b) will the water spill as the floating ice starts to melt significantly? (explain very clearly 
if you want any credit on this one). Remember that the buoyant force = weight of the 
liquid displaced by an object. 
 
Solution: 
If all the ice melted, first we find out how much heat it would require: 
Heat abs by ice = heat of fusion  = mHf =(20g)(80cal/g)(4.18J/cal)=6 688 J = ∆qice 
 
Now, just to get an overall picture, let’s figure out how much heat would need to be 
removed from the water to cool it by the melting ice all the way down to 0°C: 
 
Heat released by water to go to °C = 100(1cal/g°C)(4.18J/cal)(0-35°C) = - 14,630 J   
 
OK since this is larger in magnitude than the heat that can be absorbed by the ice, we 
conclude that all the ice will melt to cool down the water.  Furthermore, after all the ice 
has melted to 0°C water, we must take into account the fact that it will also need to 
equilibrate with the rest of the water to reach a final equilibrium temperature. 
 
qice = -6688 J = qwater = mCp(Tf -35) = (100g)(1 cal/g°C)(4.18J/g°C)((T-35) 
solving for T:   
 -6688 = 418 T – 14630  =>  T = 19°C 
But this is not quite complete since we need to account for the 20 g of 0°C water that has 
just been formed from the melting of the ice to bring the 100 g of water down to 19°C.  
the 2 water temperatures must equilibrate: 
 
So heat gained by the cold water + heat lost by the warmer water =0 
m1C(T-0°C)+ m2C(T -19°C) =0 =>  (20)(T) + 100(T-19) =0 
120T -1900 = 0 =>  T = 1900/120 = 15.8 °C  final temperature. 
 
After melting all the ice:  ∆qw =- 6688 J = 100(4.18) ∆T =>∆T = 35-16= 17°C 
 
B)  Will the water spill?  No.   When the ice was floating, it displaced exactly its mass in 
water.  The ice is of course less dense than water, which is why the ice “sticks” out of the 
water level.  But after the ice melts, it occupies the same volume of the water it was 
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displacing before (since it is now identical to the liquid).  The level of the water neither 
goes up nor goes down after the ice melts. 
 
C) The Cartesian diver: 
The first example: as the bottle is squeezed, the pressure goes up inside the bottle and 
invoking Boyle’s Law we can say that V goes down.  The gas inside the ketchup packet 
shrinks as it gets compressed.  That makes the volume of the liquid displaced by the 
packet less and lowers the buoyant force acting on the packet. This leads to the sinking of 
the small suspended bottle.    (In a way, we can say the density of the packet increases) 
 
The second example illustrates the same principle for the small suspended vial. As you 
squeeze the flat sides of the bottle, it raises the pressure inside and the floating vial sinks 
to the bottom because its buoyant force decreases as more water is forced into the 
suspended bottle.  (same effect as above) 
 
But if you squeeze the “rounded” sides, the other vial which was resting at the bottom all 
this time rises up!  While the other floating vial remains floating.  Why?   
 
Well, the only possible explanation is that the buoyant force of the second vial has 
increased, and that the air bubble inside of the vial has actually gotten bigger.  That can 
only happen if the pressure inside has actually decreased.  Pressing on the sides must 
have lowered the pressure inside the sealed plastic bottle due to the configuration of the 
plastic bottle itself. 
 


