Name ___________________________________________________________  Date ___________ period ________

Heat Transfer / Phase changes Problems

Section 1:  Convert the following temperatures using the formulas given:  

	1.   254 oC =         oF
	                    Formulas 

	2.   87 oC =            K
	       oF = 1.8 +  32 

	3.  -252 oC=           K
	

	4.   92 oF =            oC
	

	5. -459.4 oF=         K
	              oC=  oF-32
                    1.8

	6.  185 oF=            oC
	

	7.  212oF =             oC
	

	8.   92 K                 oC
	            oC=  K - 273              

	9.  2 K                   oC
	

	10.  32 oF=             K 
	         K = oC  +273


SECTION 2: HEAT TRANSFER Q = mCT
Sample A
How much thermal energy (in Joules) is needed to raise the temperature of 50 grams of water from 4.5 degrees Celsius to 83 degrees Celsius?

Sample B 
How much thermal energy (in Joules) must be added to 50 grams of aluminum at –5 degrees Celsius to raise its temperature to 125 degrees Celsius?

Sample C
A copper wire has a mass of 165 grams. An electric current runs through the wire for a short time and its temperature rises from 21 degrees Celsius to 39 degrees Celsius. What minimum quantity of thermal energy is generated by the electric current?

Sample D
A 500-gram block of metal absorbs 5016 Joules of thermal energy when its temperature changes from 20 degrees Celsius to 30 degrees Celsius. Calculate the specific heat (heat capacity) of the metal? (NOTE: Do not just look on your chart… It is different!)

11. How much thermal energy is absorbed by 250 grams of water when it is heated from 10 degrees Celsius to 85 degrees Celsius?

12. How much thermal energy is absorbed by 60 grams of copper when it is heated from 20 degrees Celsius to 80 degrees Celsius?

13. A 38kg block of lead is heated from –26 degrees Celsius to 180 degrees Celsius. How much thermal energy does it absorb during the heating?

14. The cooling system of an automobile engine contains 20 liters of water ( 1 liter water = 1 kg water ). What is the change in temperature of the water if the engine operates until 836 kilojoules of heat are added?

15. Five kilograms of ice cubes are moved from the freezing compartment of a refrigerator into a home freezer. The refrigerator’s freezing compartment is kept at –4 degrees Celsius. The home freezer is kept at –17 degrees Celsius. How much thermal energy does the freezer’s cooling system remove from the ice cubes?

16. A 400-gram glass coffee cup at room temperature, 20 degrees Celsius, is plunged into hot dishwater, 80 degrees Celsius. If the temperature of the cup reaches that of the dishwater, how much thermal energy does the cup absorb?

SECTION 3: heat lost = heat gained (mCT= mCT)
Sample E:
A 500-gram sample of water at 92 degrees Celsius is mixed with 500 grams of water at 32 degrees Celsius. Assume no heat lost to surroundings. What is the final temperature of the mixture?

Sample F:
A 200-gram sample of brass at 100 degrees Celsius is placed into a calorimeter cup that contains 261 grams of water at 20 degrees Celsius. Disregard the absorption of heat by the cup and calculate the final temperature of the mixture.

Sample G:
A 100-gram sample of tungsten at 100 degrees Celsius is placed into 200 grams of water at 20 degrees Celsius. The mixture reaches equilibrium at 21.6 degrees Celsius. Calculate the specific heat (heat capacity) of the tungsten.
17. An 800-gram block of lead is heated to 100 degrees Celsius. The lead is then dropped into 250 grams of cool water at 12.2 degrees Celsius. After a short time, the temperature of both lead and water is 20 degrees Celsius. Calculate the heat capacity (specific heat) of the lead.  (NOTE: Do not just look it up on your chart because the answer is different!)

18. A 200-gram sample of water at 80 degrees Celsius is mixed with 200 grams of water at 10 degrees Celsius. What is the final temperature of the mixture?

19. A 600-gram sample of water at 90 degrees Celsius is mixed with 400 grams of water at 22 degrees Celsius. What is the final temperature of the mixture?

20. A 400-gram sample of alcohol at 16 degrees Celsius is mixed with 400 grams of water at 85 degrees Celsius. What is the final temperature of the mixture?

21. A 100-gram mass of brass at 90 degrees Celsius is placed into a glass beaker containing 200 grams of water at 20 degrees Celsius. Assume no heat lost to the glass or surroundings. What is the final temperature of the mixture?

22. A 100-gram mass of aluminum at 100 degrees Celsius is placed into 100 grams of water at 10 degrees Celsius. The final temperature of the mixture is 25 degrees Celsius. What is the specific heat (heat capacity) of the aluminum? (NOTE: Do not just look it up on your chart… the answer is different!)

23. A 10-kilogram piece of zinc at 71 degrees Celsius is placed into a container of water. The water has a mass of 20 kilograms and ahs a temperature of 10 degrees Celsius. What is the final temperature of the water and zinc?
SECTION 4: HEAT OF VAPORIZATION AND HEAT OF FUSION  Q = mCT 

(Sum of the parts equal the total energy change Q)
Sample H:
Years ago, a block of ice with a mass of about 20 kilograms was used daily in a home icebox. The temperature of the ice was 0 degrees Celsius when delivered. As it melted, how much thermal energy (in Joules) did a block of ice of this size absorb?

Sample I:
A 40-gram sample of chloroform is condensed from a vapor at 61.6 degrees Celsius to a liquid at 61.6 degrees Celsius. It liberates 9870 Joules of thermal energy. What is the heat of vaporization of chloroform?

Sample J:
A 50 gram sample of ice at 0 degrees Celsius is placed into a glass beaker containing 400 grams of water at 50 degrees Celsius. All of the ice melts. What is the final temperature of the mixture? Disregard any heat lost to the glass.

Sample K:
How much thermal energy is needed to change 15 grams of ice at –10 degrees Celsius to steam at 105 degrees Celsius.

24. How much thermal energy is needed to melt 50 grams of lead?

25. How much heat is needed to change 50 grams of alcohol at 78 degrees Celsius into alcohol vapor at 78 degrees Celsius?

26. How much thermal energy is absorbed by 100 grams of ice at –20 degrees Celsius to become water at 0 degrees Celsius? The specific heat of ice is 2.06J/g°C.

27. How much thermal energy is removed from 60 grams of steam at 100 degrees Celsius to change it into 60 grams of water at 20 degrees Celsius?

28. A 200-gram sample of water at 60 degrees Celsius is heated to steam at 140 degrees Celsius. How much thermal energy is absorbed?

29. How much thermal energy is needed to change 300 grams of ice at –30 degrees Celsius to steam at 130 degrees?

30. The specific heat of mercury is 0.14 J/g°C. Its heat of vaporization is 306 J/g. How much heat is needed to heat a 1 kilogram mass of mercury metal from 10 degrees Celsius to its boiling point and vaporize it completely? The boiling point of mercury is 357 degrees Celsius. 

