Chapter 16.  Temperature and Expansion

Physics, 7th Edition


Chapter 16. Temperature and Expansion

16-1. Body temperature is normal at 98.60F.  What is the corresponding temperature on the Celsius scale?
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;        tC = 370C

16-2. The boiling point of sulfur is 444.50C.  What is the corresponding temperature on the Fahrenheit scale?
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;     tF = 8320F
16-3.  A steel rail cools from 70 to 300C in 1 h.  What is the change of temperature in Fahrenheit degrees for the same time period?

t = 700C – 300C = 40 C0;   
[image: image3.wmf]0

0

0

9 F

40

5 C

tC

æö

D=

ç÷

èø

t = 72 F0
*16-4.  At what temperature will the Celsius and Fahrenheit scales have the same numerical reading?  
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;     x = -400C or –400F

16-5.  A piece of charcoal initially at 1800F experiences a decrease in temperature of 120 F0.  Express this change of temperature in Celsius degrees.  What is the final temperature on the Celsius scale?   

t = 120 F0;     
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;     t = 66.7 C0
The final temperature is 1800F – 120 F0 = 600F which must be converted to 0C:
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;        tC = 15.6 0C

16-6.  Acetone boils at 56.50C and liquid nitrogen boils at -1960C.  Express these specific temperatures on the Kelvin scale.  What is the difference in these temperatures on the Celsius scale?

Acetone:    T = tC + 2730m = 56.50 + 2730;    T = 329.5 K

Nitrogen:    T = tC + 2730m = -1960 + 2730;    T = 77.0 K

t = 56.50C – (-1960C) = 252.5 C0;      t = 252.5 C0
Note: The difference in kelvins is the same as in Celsius degrees.

16-7.  The boiling point of oxygen is –297.350F.  Express this temperature in kelvins and in degrees Celsius.                                                                    
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T = tC + 2730 = -1830C + 2730;     T = 90.0 K


16-8.  If oxygen cools from 1200 to 700F, what is the change of temperature in kelvins?

t = 1200F – 700F = 50 F0;    
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;   1 K = 1 C0;     t = 27.8 K


16-9.  A wall of firebrick has an inside temperature of 3130F and an outside temperature of 730F. Express the difference of temperature in kelvins.                               

t = 3130F – 730F = 240 F0;    
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;   1 K = 1 C0;     t = 133 K

16-10. Gold melts at 1336K.  What is the corresponding temperature in degrees Celsius and in degrees Fahrenheit.

tC = 1336 K – 2730 = 10630C;         t​C = 10600C
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;       tF = 19500F


16-11. A sample of gas cools from –120 to -1800C.  Express the change of temperature in kelvins and in Fahrenheit degrees.  [ Since 1 K = 1 C0, the change in kelvins is the same as in C0.]

t = -1800C – (-1200C) = -60 C0 ;      T = -60 K
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Temperature and Expansion

16-12. A slab of concrete is 20 m long.  What will be the increase in length if the temperature changes from 120C to 300C.   Assume that  = 9 x 10-6/C0.
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;     L = 3.24 mm


16-13.  A piece of copper tubing is 6 m long at 200C. How much will it increase in length when heated to 800C? 
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;     L = 6.12 mm


16-14. A silver bar is 1 ft long at 700F. How much will it increase in length when it is placed into boiling water (2120F)?


[image: image14.wmf]-5000

0

(1.1 x 10/F)(1 ft)(212F - 70F)

LLt

a

D=D=

;     L = 0.00156 ft

L = 0.00156 ft(1 in./12 ft);      L = 0.0187 in.

16-15. The diameter of a hole in a steel plate 9 cm when the temperature  is 200C.  What will be the diameter of the hole at 2000C?        
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L = L0 + L = 9.00 cm + 0.0194 cm;     L = 9.02 cm


*16-16. A brass rod is 2.00 m long at 150C.  To what temperature must the rod be heated so that its new length is 2.01 m?      [ L = 2.01 m – 2.00 m = 0.01 m ]
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t = to + t = 150C + 278 C0;      t = 2930C


16-17. A square copper plate 4 cm on a side at 200C is heated to 1200C.  What is the increase in the area of the copper plate?   [  ( = 2 = 2(1.7 x 10-5/C0) = 3.4 x 10-5/C0 ]

A = (Aot = (3.4 x 10-5/C0)(4 cm)2(1200C – 200C);   

  A = 0.0544 cm2.


*16-18. A circular hole in a steel plate has a diameter of 20.0 cm at 270C.  To what temperature must the plate be heated in order that the area of the hole be 314 cm2?
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 at 270C

The change in area must be 314 cm2 – 314.16 cm2:     A = - 0.16 cm
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Thus, the final temperature is 270C – 21.20C:     t = 5.880C

16-19. What is the increase in volume of 16.0 liters of ethyl alcohol when the temperature is increased by 30 C0?

V = Vot = (11 x 10-4/C0)(16 L)(500C – 200C);     V = 0.528 L


16-20. A Pyrex beaker has an inside volume of 600 mL at 200C. At what temperature will the inside volume be 603 mL?   [ V = 603 mL – 300 mL = 3 mL ]
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t = 200 C + 5560C;     t = 5760C


16-21.  If 200 cm3 of benzene exactly fills an aluminum cup at 400C, and the system cools to 180C, how much benzene (at 180C) can be added to the cup without overflowing?
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    t = (18 – 40) = -22 C0
V = (12.4 x 10-4 /C0)(200 cm3)(-22 C0) – 3(2.4 x 10-5/C0)(200 cm3)(-22 C)

V = -5.456 cm3 + 0.3168 cm3 = -5.14 cm3;    VB = 5.14 cm3

16-22. A Pyrex glass beaker is filled to the top with 200 cm3 of mercury at 200C.  How much mercury will overflow if the temperature of the system is increased to 680C?

Vo = 200 cm3;     m = 1.8 x 10-4/C0;   p = 0.3 x 10-5/C0
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    t = 680C – 200C = 48 C0;

V = (1.8 x 10-4 /C0)(200 cm3)(48 C0) – 3(0.3 x 10-5/C0)(200 cm3)(48 C0)

V = 1.728 cm3 – 0.0864 cm3 = 5.14 cm3;    VB = 1.64 cm3
Additional Problems

*16-23. The diameter of the hole in a copper plate at 200C is 3.00 mm.  To what temperature must the copper be cooled if its diameter is to be 2.99 mm. [L = (2.99 – 3.00) = -0.01 mm ]
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t = to + t = 200C - 196 C0;      t = -1760C


16-24.  A rectangular sheet of aluminum measures 6 by 9 cm at 280C.  What is its area at 00C?

Ao = (6 cm)(9 cm) = 54 cm2;    t = 00 – 280C = -280C ;     = 2
A = Aot = 2(2.4 x 10-5/C0)(54 cm2)(-28 C0) = -0.0726 cm2
A = 54 cm2 – 0.0726 cm2;     A = 53.9 cm2
*16-25. A steel tape measures the length of an aluminum rod as 60 cm when both are at 80C.  What will the tape read for the length of the rod if both are at 380?  

The aluminum rod will expand more than does the steel tape. Thus the tape will give a smaller reading based on the difference in the change of length.
LAL = AlL0t = (2.4 x 10-5/C0)(60 cm)(30 C0);    LAl = 0.0432 cm

Ls = sL0t = (1.2 x 10-5/C0)(60 cm)(30 C0);       LAl = 0.0216 cm

     The reading will be less by the difference in the expansions.

Reading = 60 cm + (0.0432 cm - 0.0216 cm);  Reading = 60.02 cm
 16-26. At 200C, a copper cube measures 40 cm on a side.  What is the volume of the cube when the temperature reaches 1500C?  [ V0 = (40 cm)3 = 64,000 cm3 ;  t = 150 – 20 = 130 C0 ]

V = V0 + 3V0t = 64,000 cm3 + 3(1.7 x 10-5/C0)(64,000 cm3)(130 C0)

V = 64,000 cm3 + 424 cm3;      V = 64,420 cm3

 16-27.  A Pyrex beaker (( = 0.3 x 10-5/C0) is filled to the top with 200 mL of glycerine (( = 5.1 x 10-4 /C0). How much glycerine will overflow the top if the system is heated from 200C to 1000C?      [ Vo = 200 mL;     g = 5.1 x 10-4/C0;   p = 0.3 x 10-5/C0 ]
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    t = 1000C – 200C = 80 C0;

V = (5.1 x 10-4 /C0)(200 mL)(80 C0) – 3(0.3 x 10-5/C0)(200 mL)(80 C0)

V = 8.16 mL – 0.1444 mL = 8.016 mL;      VB = 8.02 mL


  16-28. A stove is at 4500F.  If the temperature drops by 50 kelvins, what is the new temperature in degrees Celsius? 
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;     tC = 232.20C
Since 1 K = 1 C0:     t = 232.20 – 500     and     t = 1820C


*16-29. A 100-ft steel tape correctly measures distance when the temperature is 200C.  What is the true measurement if this tape indicates distance of 94.62 ft on a day when the temperature is 360C?

L = Lot = (1.2 x 10-5/C0)(100 ft)(360C – 200C) = 0.0192 ft

L = Lo + L = 94.62 ft + 0.0192 ft;     L = 94.64 ft


*16-30. The diameter of a steel rod is 3.000 mm when the temperature is 200C.  Also at 200C, the diameter of a brass ring is 2.995 mm.  At what common temperature will the brass ring slip over the steel rod smoothly?    

Lb - Ls = 3.000 mm – 2.999 mm = 0.001 mm 

(1.8 x 10-5/C0)(3.000 mm) t – (1.2 x 10-5/C0)(2.999 mm)t = 0.001 mm

From which:  t = 55.2 C0  and   t = 200C + 55.20 C      t = 75.20C

*16-31. A certain metal cube increases its volume by 0.50 percent when its temperature increases by  100 C0.  What is the linear expansion coefficient for this metal?  [ 0.5 % = 0.005 ]
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 = 1.67 x 10-5/C0
16-32. By what percentage does a brass cube increase its volume when heated from 200C to 1000C?    [   = 3   and   t = 1000C – 200C = 80 C0 ]
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16-33. A round brass plug has a diameter of 8.001 cm at 280C. To what temperature must the plug be cooled if it is to fit snugly into an 8.000 cm hole?
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t = to + t = 280C – 6.94 C0;      t = 21.10C


*6-34. Five hundred cubic centimeters of ethyl alcohol completely fill a Pyrex beaker.  If the temperature of the system increases by 70 C0, what volume of alcohol overflows?

Vo = 500 cm3;     m = 11 x 10-4/C0;   p = 0.3 x 10-5/C0
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    t = 70 C0;

V = (11 x 10-4 /C0)(500 cm3)(70 C0) – 3(0.3 x 10-5/C0)(500 cm3)(70 C0)

V = 38.5 cm3 – 0.315 cm3 = 5.14 cm3;    VB = 38.2 cm3
Critical Thinking Questions

16-35. The laboratory apparatus for measuring the coefficient of linear expansion is illustrated in Fig. 16-17. The temperature of a metal rod is increased by passing steam through n enclosed jacket.  The resulting increase in length is measured with the micrometer screw at one end.  Since the original length and temperature are known, the expansion coefficient can be calculated from Eq. (16-8). The following data were recorded during an experiment with a rod of unknown metal:

Lo = 600 mm
to = 230C

(L = 1.04 mm
tf = 980C

What is the coefficient of linear expansion for this metal?  Can you identify the metal?
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*6-36.  Assume that the end points of a rod are fixed rigidly between two walls to prevent expansion with increasing temperature. From the definitions of Young’s modulus (Chapter 13) and your knowledge of linear expansion, show that the compressive force F exerted by the walls will be given by

F = (AY (t
where  A = cross-section of the rod, Y = Young’s modulus, and (t = increase in temperature of rod.  From Chap. 15, young’s modulus Y is:
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Eliminating (L/L), we have:      F = YA t

*16-37.  Prove that the density of a material changes with temperature so that the new density ( is given by
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where 
(o = original density, ( = volume expansion coefficient, and  (t = change in temperature.

Vf = Vo + Vot = Vo(1 + t)    from which    
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Now,  = m/V  or  V = m/ ,  so that:   
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16-38. The density of mercury at 00C is 13.6 g/cm3.  Use the relation in the previous example to find the density of mercury at 600C?  
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16-39.  A steel ring has an inside diameter of 4.000 cm at 200C.  The ring is to be slipped over a copper shaft that has a diameter of 4.003 cm at 200C.  (a) To what temperature must the ring be heated?  (b) If the ring and the shaft are cooled uniformly, at what temperature will the ring just slip off the shaft?  [ Ls = 4.003 cm – 4.00 cm = 0.003 cm ]


(a)  Ls = Lot;      
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      The steel ring must be heated to:  200C + 62.50  or    82.50C

*15-39.  (Cont.)    (b) Find temperature at which ring slips off easily.


Begin at 200C where Ls = 4.000 cm and Lc = 4.003 cm, next


cool both until the diameters are the same.  That occurs when 


the copper rod shrinks more than the steel ring such that:  Lcopper - Lsteel = 0.003 cm

cLct - sLst = 0.003 cm;     
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Thus the temperature of both copper and steel must decrease by 1500C.

 tf = t0 – 150 C0 = 200C – 150 C0;      tf = -1300C
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