Chapter 17.  Quantity of Heat

Physics, 7th Edition


Chapter 17. Quantity of Heat

NOTE:  Refer to Tables 18-1 and 18-2 for accepted values for specific heat, heat of vaporization, and heat of fusion for the substances in the problems below

Quantity of heat and Specific Heat Capacity

17-1.  What quantity of heat is required to change the temperature of 200 g of lead from 20 to 1000C?  [Answer given in calories--also worked below for joules.]
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17-2.  A certain process requires 500 J of heat.  Express this energy in calories and in Btu.
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       Q = 0.474 Btu
17-3.  An oven applies 400 kJ of heat to a 4 kg of a substance causing its temperature to increase by 80 C0.  What is the specific heat capacity?
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17-4. What quantity of heat will be released when 40 lb of copper cools form 78 to 320F?

Q = (40 lb)(0.093 Btu/lb F0)(780F – 320F);    Q = 171 Btu

17-5.  A 900-kg car traveling initially at 20 m/s is brought to a stop. If all of this work were converted to heat, what is the equivalent loss in kilocalories.   
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17-6.  An air conditioner is rated at 15,000 Btu/h.  Express this power in kilowatts and in calories per second?
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;       P = 1050 cal/s

17-7.  Hot coffee is poured into a 0.5-kg ceramic cup with a specific heat of 4186 J/kg C0. How much heat is absorbed by the cup if it’s temperature increases from 20 to 800C?  

Q = mct = (0.5 kg)(4186 J/kg C0)(800C – 200C);      Q = 126 kJ


17-8.   A 2 kW electric motor is 80 percent efficient.  How much heat is lost in one hour?

Loss = 0.20(2 kW) = 400 W = 400 J/s;

Loss = 400 J/s(3600 s/h);     Loss = 1.44 MJ


17-9.   An 8-kg copper sleeve must be heated from 250C to 1400C in order that it will expand to fit over a shaft.  How much heat is required?                                                   

Q = mct = (8 kg)(390 J/kg C0)(1400C – 250C);        Q = 359 kJ.


17-10. How many grams of iron at 200C must be heated to 1000C in order to be able to release 1800 cal of heat as it returns to its original temperature?
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;      m = 199 g

17-11. A 4-kg chunk of metal (c = 320 J/kg C0) is initially at 3000C.  What will its final temperature be if it losses 50 kJ of heat energy?                                            
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t = 3000C – 39.10C;       t = 2610C

17-12.  In a heat-treatment, a hot copper part is quenched with water, cooling it from 4000C to 300C.  What was the mass of the part if it loses 80 kcal of heat?
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Conservation of Energy: Calorimetry

*17-13.  A 400-g copper pipe initially at 2000C is dropped into a container filled with 3 kg of water at 200C.  Ignoring other heat exchanges, what is the equilibrium temperature of the mixture?                                                                                                             

Heat lost by copper pipe = Heat gained by water;      mccc t = mwcw t;  

 (400 g)(0.093 cal/g C)(2000C – te) = (3000 kg)(1 ca/g C)(te – 200C)

Solving for te  we obtain:     te = 22.20C

 17-14.  How much aluminum (c = 0.22 cal/g C0) at 200C must be added to 400 g of hot water at 800C in order that the equilibrium temperature be 300C?

mw cw (800C – 300C) = mAL cAl (300C – 200C)

(400 g)(1 cal/g C0)(50 C0) = mAl (0.22 cal/g C0)(10 C0)
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 17-15. A 450-g chunk of metal is heated to 1000C and then dropped into a 50-g aluminum calorimeter cup containing 100-g of water.  The initial temperature of cup and water is 100C and the equilibrium temperature is 21.10C.  Find the specific heat of the metal?

Heat lost by metal = heat gained by cup + heat gained by water

mxcx(1000C – 21.10C) = mAlcAl(21.10C – 100C) + mwcw(21.10C – 100C)

17-15.  (Cont.)                 mxcx(78.9 C0) = mAlcAl(11.1 C0) + mwcw(11.1 C0)

(450 g) cx (78.9 C0) = (50 g)(0.22 cal/g C0)(11.1 C0) + (100 g) (1 cal/g C0)(11.1 C0)

(35,505 g C0) cx = 122.1 cal + 1110 cal;        cx = 0.0347 cal/g C0

 17-16.  What mass of water initially at 200C must be mixed with 2 kg of iron to bring the iron from 2500C to an equilibrium temperature of 250C?

mw cw (250C – 200C) = miron ciron (2500C – 250C)

mw (4186 J/kg C0)(5 C0) = (2 kg)(470 J/kg C0)(225 C0)
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*17-17.  A worker removes a 2-kg piece of iron from an oven and places it into a 1-kg aluminum container partially filled with 2 kg of water.  If the temperature of the water rises from 21 to 500C, what was the initial temperature of the iron?   [ tw = 500C – 210C = 29 C0 ]

Heat lost by iron = heat gained by aluminum + heat gained by water

(2 kg)(470 J/kg C0)(te – 500C) = mAlcAl(29 C0) + mwcw(29 C0)

     (940 J/C0)(ti – 500C) = (1 kg)(920 J/kg C0)(29 C0) + (2 kg) (4186 J/kg C0)(29 C0)

(940 J/C0) ti – 47,000 J = 26,680 J + 242,788 J
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 17-18.  How much iron at 2120F must be mixed with 10-lb of water at 680F in order to have an equilibrium temperature of 1000F?  [The “lb” used here is the pound-mass (1/32) slug.]

ti = 2120F – 1000F = 112 F0;    tw = 1000F – 680F = 32 F0;  

mx (0.113 Btu/lb F0)(112 F0) = (10 lb)(1 Btu/lb F0)(32 F0)

mx = 25.3 lb

*17-19.  A 1.3-kg copper block is heated to 2000C and then dropped into an insulated container partially filled with 2-kg of water at 200C.  What is the equilibrium temperature?

(1.3 kg)(390 J/kg C0)(2000C – te) = (2 kg)(4186 J/kg C0)(te – 200)

101,400 J – (507 J/C0)te = 8372 J/C0)te – 167,440 J
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*17-20. Fifty grams of brass shot are heated to 2000C and then dropped into a 50-g aluminum cup containing 160 g of water.  The cup and water are initially 200C. What is the equilibrium temperature?



Heat lost by shot:  (50 g)(0.094 cal/g C0)(2000C – te) = 940 cal – (4.70 cal/C0)te


Heat Gained by AL:  (50 g)(0.22 cal/g C0)(te – 200C) = (11 cal/C0)te – 220 cal



Heat Gained by Water:  (160 g)(1 cal/g C0)(te – 200C) = (160 cal/C0)te – 3200 cal



Heat lost by shot = Heat gained by aluminum + Heat gained by water

940 cal – (4.70 cal/C0)te = [(11 cal/C0)te – 220 cal] + [(160 cal/C0)te – 3200 cal]

Simplify and solve for te:         te = 24.8C0
Heat of Fusion and Heat of Vaporization

17-21.  A foundry has an electric furnace that can completely melt 540 kg of copper.  If the copper was initially at 200C, what total heat is needed to melt the copper? 

First we raise temperature to boiling point, then we must melt at that temperature:

Q1 = mct = (540 kg)(390 J/kg C0)(10800C – 200C) = 2.23 x 108 J

Q2 = mLf = (540 kg)(134,000 J/kg);     Q2 = 7.24 x 107 J

QT = Q1 + Q2 = 22.3 x 107 J + 7.24 x 107 J;     QT = 2.96 x 108 J

17-22.  How much heat is needed to melt completely 20 g of sliver at its melting temperature?

Q2 = mLf = (0.020 kg)(960.8 J/kg);     Q2 = 19.2  J


17-23. What quantity of heat is needed to convert 2 kg of ice at -250C to steam at 1000C?  

Total Q = Q1 to reach 00C +Q2 to melt + Q3 to reach 1000C + Q4 to vaporize

Q1 = mct = (2 kg)(2300 J/kg C0)(25 C0);   Q1 = 1.150 x 105 J

Q2 = mLf = (2 kg)(334,00 J/kg);      Q2 = 6.680 x 105 J

Q3 = mct = (2 kg)(4186 J/kg C0)(100 C0);     Q3 = 8.372 x 105 J

Q4 = mLv = (2 kg)(2,256,000 J/kg);     Q​4 = 45.12 x 105 J

QT = Q1 + Q2 + Q3 + Q4 = 1,465,000 cal;         QT = 6.13 x 106 J


17-24. If 7.57 x 106 J of heat are absorbed in the process of completely melting a 1.60-kg chunk of an unknown metal, what is the latent heat of fusion and what is the metal?
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;       Lf = 4.73 x 106 J/kg;   Copper

*17-25. How many grams of steam at 1000C must be mixed with 200-g of water at 200C in order for the equilibrium temperature to be 500C? 

msLv + mscw(1000C – 500C) = mwcw(500C – 200C)

(540 cal/g)ms + (50 C0)(1 cal/g C0)ms = (200 g)(1 cal/g C0)(30 C0)

(590 cal/g)ms = 6000 cal;        ms = 10.2 g


17-26.  What total heat is released when 0.500 lb of steam at 2120F changes to ice at 100F?


Total Heat lost =  (0.5 lb)(970 Btu/lb) + (0.5 lb)(1 Btu/lb F0)(2120F – 320F)

                                                           + (0.5 lb)(144 Btu/lb) + (0.5 lb)(0.5 Btu/lb F0)(10 F0)

Heat Lost = 485 Btu + 90 Btu + 72 Btu + 2.5 Btu;       Heat lost = 650 Btu

17-27.  One hundred grams of ice at 00C is mixed with 600 g of water at 250C. What will be the equilibrium temperature for the mixture?   

(600 g)(1 cal/g C0)(25 C0 – te) = (100 g)(80 cal/g) + (100 g)(te – 00)

15,000 cal – 600te = 8000 cal + 100te – 0)
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17-28.  A certain grade of gasoline has a heat of combustion of 4.6 x 107 J/kg.  Assuming 100% efficiency, how much gasoline must be burned to completely melt 2-kg of copper at its melting temperature?
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Additional Problems

17-29.  If 1600 J of heat is applied to a brass ball, its temperature rises from 20 to 700C.  What is the mass of the ball?
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 m = 0.0821 kg;      m = 82.1 g


17-30. How much heat does an electric freezer absorb in lowering the temperature of 2 kg of water from 800C to 200C?

Q = mct = (2 kg)(4186 J/kg C0)(800C – 200C);       Q = 5.02 x 105 J

Alternatively:   Q = (2000 g)(1 cal/g C0)(800C – 200C);      Q = 120 kcal

17-31.  A heating element supplies an output power of 12 kW.  How much time is needed to melt completely a 2-kg silver block?  Assume no power is wasted.

Q = mLf = (2 kg)(88.3 x 103 J/kg) = 176,600 J;     P = 12,000 J/s
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*17-32.  How much ice at -100C must be added to 200 g of water at 500C to bring the equilibrium temperature to 400C?  (The ice must first be brought to 00C, then it must be melted, and the resulting water brought to the equilibrium temperature.)

mici(10 C0) + miLf + micw(400C – 00C) = mwcw(500C – 400C)

           mi(0.5 cal/g C0)(10 C0) + (80 cal/g)mi + (40 C0)(1 cal/g C0)mi = (200 g)(1 cal/g C0)(10 C0)

(125 cal/g)ms = 2000 cal;        ms = 16.0 g


*17-33.  Assume that 5 g of steam at 1000C are mixed with 20-g of ice at 00C.  What will be the equilibrium temperature?  (Total heat lost by steam = Total heat gained by ice)

msLv+ mscw(1000C – te) = miLf + micw(te – 00C)

 
(5 g)(540 cal/g) + (5 g)(1 cal/g C0)(1000C – te) = (20 g)(80 cal/g) + (20 g)(1 cal/g C0)te
2700 cal + 500 cal – (5 cal/C0)te = 1600 cal + (20 cal/C0)te
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*17-34.  How much heat is developed by the brakes of a 4000-lb truck to bring it to a stop from a speed of 60 mi/h?    Work = ½mvf2 - ½mvo2    vo= 60 mi/h = 88 ft/s;   vf = 0;    m = W/g
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*17-35.  Two hundred grams of copper at 3000C is dropped into a 310-g copper calorimeter cup partially filled with 300 g of water.  If the initial temperature of the cup and water was 150C, what is the equilibrium temperature? 

           Heat lost by copper:  (200 g)(0.093 cal/g C0)(3000C – te) = 5580 cal – (18.6 cal/C0)te

   Heat Gained by cup:  (310 g)(0.093 cal/g C0)(te – 150C) = (28.83 cal/C0)te – 432.5 cal



Heat Gained by Water:  (300 g)(1 cal/g C0)(te – 150C) = (300 cal/C0)te – 4500 cal

Heat lost by copper = Heat gained by cup + Heat gained by water


     5580 cal – (18.6 cal/C0)te = [(28.8 cal/C0)te – 432.5 cal] + [(300 cal/C0)te – 4500 cal]

Simplify and solve for te:         te = 30.3 0C

*17-36.  How many pounds of coal must be burned to melt completely 50 lb of ice in a heater that is 60% efficient?
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*17-37.  If 80 g of molten lead at 327.30C are poured into  a 260-g iron casting initially at 200C, what will be the equilibrium temperature neglecting other losses?  

          Heat to solidify lead:  Q = mLf = (0.080 kg)(24,500 J/kg) = 1960 J


Heat lost to reach te:  Q = (0.080 kg)(130 J/kg C0)(327.30C – te) = 3404 J- (10.4 J/C0) te

Heat gained by iron:   Q = (0.260 kg)(470 J/kg C0)(te – 200C) = (122 J/C0)te – 2444 J

Heat lost in solidifying + heat to reach te = heat gained by iron

1960 J + 3404 J – (10.4 J/C0)te = (122 J/C0)te – 2444 J

Simplify and solve for te:       te = 58.90C

*17-38.  What equilibrium temperature is reached when 2 lb of ice at 00F is dropped into a 3-lb aluminum cup containing 7.5 lb of water?  The cup and water are initially at 2000F.

m1ci320F – 00F) + miLf + micw(te – 320F) = mwcw(2000F – te) + mAlcAl(2000F – te)


Heat gained: (2 lb)(0.5 Btu/lb F0)(32 F0)+(2 lb)(144 Btu/lb)+(2 lb)(1 Btu/lb F0)(t – 320F)


Heat gained:  32 Btu + 288 Btu + (2 lb/F0)te – 64 Btu = 256 Btu + (2 lb/F0)te

Heat Lost:  (7.5 lb)(1 Btu/lb F0)(2000F – te) + (3 lb)(0.22 Btu/lb F0)(2000F – te)


Heat lost: 1500 Btu–(7.5 Btu/F0)te +132 Btu –(0.66 Btu/F0)te = 1632 Btu – (8.16 Btu/F0)te
Heat lost = Heat Gained:     256 Btu + (2 lb/F0)te = 1632 Btu – (8.16 Btu/F0)te
Solving for te we have:       te = 1350F

*17-39.   A solar collector has an area of 5 m2 and the power of sunlight is delivered at 550 W/m2.  This power is used to increase the temperature of 200 g of water from 200C to 500C.  How much time is required?    

P = (550 W/m2)(5 m2) = 2750 W =2750 J/s

Q = mct = (0.200 kg)(4186 J/kg C0)(500C – 200C);      Q = 25,116 J
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*17-40.  If 10 g of milk at 120C is added to 180 g of coffee at 950C, what is the equilibrium temperature.  Assume milk and coffee are essentially water.

Heat gained by milk = heat lost by coffee.

(10 g)(1 cal/g C0)(te – 120C) = (80 g)(1 cal/g C0)(950C – te)

(10 cal/C0)te – 120 cal = 7600 cal – (80 cal/C0) te
Solving for te we obtain:       te = 85.80C

*17-41.  How many grams of steam at 1000C must be added to 30 g of ice at 00C in order to produce an equilibrium temperature of 400C?

msLv + mscw(1000C – 400C) = miLf + micw(400C – 00C)

ms(540 cal/g) + ms(1 cal/g C0)(60 C0) = (30 g)(80 cal/g) + (30 g)(1 cal/g C0)(40 C0)

(600 cal/g)ms = 2400 cal + 1200 cal;        ms = 6.00 g


*17-42.  A 5-g lead bullet moving at 200 m/s embeds itself into a wooden block. Half of its initial energy is absorbed by the bullet.  What is the increase in temperature of the bullet? 

Heat = ½(½mv2) = ¼(0.005 kg)(200 m/s)2 = 50 J
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*17-43. If 4 g of steam at 1000C is mixed with 20 g of ice at -50C, find the final temperature of the mixture.

msLv + mscw(1000C – te) = mici(5 C0) + miLf + micw(te – 00C)

Heat gained = (4 g)(540 cal/g) + (4 g)(1 cal/g C0)(100 C0 - te) 



                         = 2160 cal + 400 cal – (4 cal/C0)te

    Heat lost = (20 g)(0.5 cal/g C0)(5 C0) + (20 g)(80 cal/g) + (20 g)(1 cal/g C0)te


                        =  50 cal + 1600 cal + (20 cal/C0)te
     50 cal + 1600 cal + (20 cal/C0)te = 2160 cal + 400 cal - 4 cal/C0)

(24 cal/C0)te = 910 cal;          te = 37.90C.

Critical Thinking Questions

*17-44.  An large, insulated container holds 120 g of coffee at 850C.  How much ice at 00C must be added to cool the coffee to 500C?  Now, how much coffee at 1000C must be added to return the contents to 850C?  How many grams are finally in the container?


(a)                    miLf + micw(500C – 00C) = (120 g)(1 cal/g C0)(850C – 500)

mi(80 cal/g) + mi(1 cal/g C0)(50 C0) = (120 g)(1 cal/g C0)(35 C0)

(130 cal/g)mi = 4200 cal;        mi = 32.3 g

(b)         mc(1 cal/g C0)(1000C – 850C) = (120 g + 32.3 g)(1 cal/g C0)(850C – 500C)

                                    (15 cal/g)mc = 5330.5 cal;         mc = 355 g

(c)          mT = 120 g + 32.3 g + 355.4 g = 508 g;         mT =  508 g


*17-45.  Four 200-g blocks are constructed out of copper, aluminum, Silver, and Lead so that they have the same mass and the same base area (although of different heights).  The temperature of each block is raised from 200C to 1000C by applying heat at the rate of 200 J/s.  Find the time required for each block to reach 1000C.

           Copper:  Q = mct = (0.2 kg)(390 J/kg C0)(80 C0) ;      Q = 6240 J
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      Aluminum:  Q = mct = (0.2 kg)(920 J/kg C0)(80 C0) ;    
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             Silver:  Q = mct = (0.2 kg)(230 J/kg C0)(80 C0) ;     
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             Lead :  Q = mct = (0.2 kg)(130 J/kg C0)(80 C0) ;     
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Note that materials with lower specific heat capacities take less time to reach 1000C.
*17-46. Each of the blocks in the previous example are placed on a large block of ice. Find out how much ice is melted by each block when all reach equilibrium at 00C?  Which sinks deepest and which sinks the least?

           miLf = mccct;     mi(3.34 x 105 J/kg) = (0.2 kg)(390 J/kg C0)(100 C0);      mc = 23.4 g


miLf = mAcAt;     mi(3.34 x 105 J/kg) = (0.2 kg)(920 J/kg C0)(100 C0);      mA = 55.1 g


miLf = mscst;     mi(3.34 x 105 J/kg) = (0.2 kg)(230 J/kg C0)(100 C0);      ms = 13.8 g


miLf = mlclt;     mi(3.34 x 105 J/kg) = (0.2 kg)(130 J/kg C0)(100 C0);      ml = 7.78 g


Note that the materials of higher heat capacity melt more ice.  Thus, the aluminum block sinks deepest and the lead block sinks the least.


*17-47. In an experiment to determine the latent heat of vaporization for water, a student measures the mass of an aluminum calorimeter cup to be 50 g.  After a quantity of water is added, the combined mass of the water and cup is 120 g.  The initial temperature of the cup and water is 180C.  A quantity of steam at 1000C is passed into the calorimeter, and the system is observed to reach equilibrium at 47.40C.  The total mass of the final mixture is 124 g. What value will the student obtain for the heat of vaporization?


              First determine the mass of water:   mw = 120 g – 50 g;    mw = 70 g
                              Now find mass of steam:   ms = 124 g – 120 g;     ms = 4.00 g

msLv + mscw(1000C – 47.40C) = mwcw(47.40C – 180C) + mccc(47.40C – 180C)

               (4 g)Lv + (4 g)(1 cal/g C0)(52.6 C0) = (70 g)(1 cal/g C0)(29.4 C0)

                                                                                         + (50 g)(0.22 cal/g C0)(29.4 C0)

(4 g)Lv + 210.4 cal/C0 = 2058 cal/C0 + 323.4 cal/C0 

    Lv = 543 cal/g

*17-48.  If equal masses of ice at 00C, water at 500C, and steam at 1000C are mixed and allowed to reach equilibrium.  Will all of the steam condense? What will be the temperature of the final mixture?  What percent of the final mixture will be water and what percent will be steam?  (Let m be the initial mass of water, ice, and steam.)

Because the heat of vaporization is the largest, lets assume that the equilibrium temperature is 1000C and that only mass mx condenses.  Then look at the results.

mxLv  = mLf + mcw100 C0) + mcw(1000C – 500C)
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This answer is reasonable based on the assumptions. Thus, all the steam

does NOT condense and        te = 1000C
  The total mass is ms + mw + ms = 3m  and mx = 0.426 m (condensed) , Thus

Percent steam = 
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;    19.1% steam

The remainder is water;    80.9% water

*17-49.  If 100 g of water at 200C is mixed with 100 g of ice at 00C and 4 g of steam at 1000C, find the equilibrium temperature and the composition of the mixture?.


First let’s assume that not all of the ice melts, then check to see if answer is reasonable.

  Heat lost = Heat gained:     msLv + mscw(1000C – 00C) + mwcw(200C – 00C) = mxLf
         (4 g)(540 cal/g) + (4 g)(1 cal/g C0)(100 C0) + (100 g)(1 cal/g C0)(20 C0) = mx(80 cal/g)

mx = 57 g;     This means that 100 g – 57 g or 43 g of ice remain unmelted

Total water = 4 g + 100 g + 57 g = 161 g;   Total ice = 43 g

*17-50.  Ten grams of ice at -50C is mixed with 6 g of steam at 1000C.  Find the final temperature and the composition of the mixture.     (Let’s assume that only a mass mx  of steam condenses and that the final temperature is 1000C, then check solution.)    

            mx(540 cal/g) = (10 g)(0.5 cal/g C0)(5 C0) + (10 g)(80 cal/g) + (10 g)(1 cal/g C0)(100 C0)

         Solving for mx we obtain:     mx = 3.38 g  of steam condensed;  2.62 g of steam remain.

Total water = 3.38 g + 10 g = 13.4 g;  Total steam = 2.62 g
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