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Problem 2.8* One mole of a monatomic ideal gas at standard temperature and 

pressure (STP) undergoes  the  following three processes: 

1. at constant Pressure the Temperature is doubled.

2. at constant Temperature the Pressure is doubled

3. the gas is returned to STP via constant volume process

Calculate U, H, q and w for each of the steps. 

Solution 

First calculate the values of T, V and P at the states A, B and C. 

Step 1 

       T       V       P

A     T  V   P

B     2T  2V  P

C     2T   V  2P

A A A

A A A

A A A

Step 1  A B 

1

1

1

(2 )

(2 )

( )

V V A A V A

A A A A A A A

V A A V A

U C T C T T C T

w P V P V V P V RT

q U w C T RT C R T

     
     
      

Step 2  BC 
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2

2

2

(2 2 ) 0

2 2 ln 2 ln(2)

2 ln(2)

C C

B B

V V A A

V V
B C

A A A
V V

B

A

U C T C T T

RT dV V
w dV RT RT RT

V V V

q w RT

     

    

  

 

Step 3  CA 

3

3

3 3

( 2 )

0   since 
A

C

V V A A V A

V

C A
V

V A

U C T C T T C T

RT
w dV V V

V

q U C T

      

  

   



Thus we see that for the entire process: 

0 0  as it should for a state function

2 ln(2) 0

( ) 2 ln(2) 2 ln(2)

V A V A

i A A

i V A A V A A A

U C T C T

w RT RT

q C R T RT C T RT RT

    

  

     


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Problem 2.9* 

Paramagnetic salts often obey the Curie relation: 
constantM C

T T
 

H

Obtain an expression for the work needed to change the magnetization from  

0 to MM M  of such a material.  Assume that the field and the magnetization are

parallel. 

Solution 

2

0 0 0 0
0 0 2 2

f fM M
f f fTM MTM

w V dM V dM V V
C C

         
H

H

From the equality 0
2

f f
M

w V
H

we see that to get to the same M at higher 

temperature, more work is needed. Temperature works against the ordering of the 

moments. 

From the equality 0
2

f f
M

w V
H

we also see that the work needed is the area under 

the linear H vs. M plot. 

SOLUTIONS MANUAL FOR INTRODUCTION TO THE THERMODYNAMICS OF MATERIALS

                        6TH EDITION GASKELL

Downloaded by zarsan far (zarsanfar@gmail.com)

lOMoARcPSD|5414048

https://testbankplus.com/shop/solutions-introduction-thermodynamics-materials-6th-edition-gaskell/


Problem 2.10 *  One mole of a monatomic ideal gas is taken on the path A B  

C D A as shown in Figure 2.7 .  

(1) A B is a reversible isothermal expansion of the gas;

(2) B  C is a reversible adiabatic expansion of the gas;

(3) C D is a reversible isothermal compression of the gas

(4) D  A is a reversible adiabatic compression of the gas.

a. Derive expressions for U, q and w during each step in terms of Va, Vb, Vc, Vd, t1,

t2 cV and R. Determine the sign of each. 

b. Determine the values of wi), qi) and Ui) in terms of Va, Vb, Vc, Vd, t1, t2

and R.  Determine the sign of each. 

Figure 2.7  
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Solution 

1 1 1 2

2 2 2 1 2 2 2

3 3 3 1

4 4 2 1 4 4

(1)       0;  ln( )   > 0   

(2)        0;   (t -t ) 0;    =  so w  > 0

(3)C D      0;  ln( )  < 0   

(4)        0 ;  (t -t ) > 0   -  so

b

a

V

d

c

V

V
A B U w q Rt

V

B C q U c w U

V
U w q Rt

V

D A q U c w U

    

      

    

      4

2 1

2 1

 w  < 0   

 ln( ) ln( ) 0

ln( ) ln( ) 0

0

b d
i

a c

b d
i

a c

V V
SUM w Rt Rt

V V

V V
q Rt Rt

V V

U

  

  

 




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Problem 2.11 * 

The change in enthalpy when one mole of solid water (ice) is melted at 

273 K is 6008 J.   

a. Calculate the change in enthalpy when ice is melted at 298 K.  Is this process 

possible at 1 atm? 

b. Calculate the change in enthalpy when supercooled water solidifies at 260 K.

c. Sketch the H vs. T plot for both solid and liquid water.

For this problem take the heat capacity of liquid water to be 75.44 J/k and that of solid 

water to be 38 J/K over the range in temperatures of the problem.  The enthalpy of 

liquid water at 298 K may be set equal to zero. 

Solution: 

a.    

2

273

0
298 273

( )

75.44(273 298) 6008 38( 273) J

7894 38( 273) J

T
S L S

H P m P
H T c dT H c dT

T

T

   

    
   

 

2 0
298

( ) 75.44( 298) J
T

L L

H P
H T c dT T  

Thus 

(298) (298)

0 ( 7894) 38 (298 273)

6944 J.

Yes, ice can be superheated

L S

MH H H  
     


b. 

(260) (260)

(260) 75.44(260 298) 2866.72

(260) 7894 38((260 273) 8388

 ( 8388) ( 2866.72) 5521.28  J

S L

fusion

L

S

fusion

H H H

H

H

H

  

   

     
      
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c.
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Problem 2.12*  Three phases, β ,α and δ meet as shown in Fig. 2.8a, forming three 
interphase interfaces, namely the β / α, the δ  / α and the .δ / βIt can be shown that 
the following holds 

/ //

3 2 1sin sin sin

     
  

 

Using the above equation determine the equation that relates the grain boundary 

grooving angle gb to the interface energy /L and the grain boundary energy .  

See Fig. 2.8b. 

/

/

/

/

/

/

/

sin sin

2 2

sin sin( ) sin( )
2 2

sin
sin( )

2

using:  sin(2 ) 2sin( )cos( )

sin
2 cos( )

2
sin( )

2

using:  sin(

gb L

groove L

groove L

groove groove

L

gb L

groovegroove

groove L groove

gb L
groove

X X X














 
 

  

 
 

 


  
 



 

  





 

2 ) 2sin( )cos( )X X X
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INTRODUCTION 

 

This solutions manual provides worked-out answers to all problems appearing in 

Introduction to the Thermodynamics of Materials, 6th Edition, with the exception of some of the 

problems in Chapter 5 and Problem  9.7), which are included in the answer section in the back of 

the book. 

 

Complete solutions to all the new problems to the 6th edition are included and denoted by *. 

 

All solutions arc comprehensive, making this supplement a useful instructional tool for 

professors and students. 
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Problem 1.1*   The plot of V = V (P, T) for a gas is shown in Fig. 1.1.  Determine. 

the expressions of the two second derivatives of the volume of this plot.  (note: the 

principle curvatures of the surface are proportional to these second derivatives).  

What are the signs of the curvatures?  Explain. 

Solution: start with the defining equations of T  and . 

2
2

2

2
2

2

     assuming  is constant     

> 0

          assuming  is constant       

0

T T

T

T

T

P

P

V
V

P

V
V

P

V
V

T

V
V

T

 



 



     

 
  

    

 
   

Since all terms in the expressions are positive (V, 2 and 2), both principle 

curvatures are positive.  The surface is convex. 
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Problem 1.2*  The expression for the total derivative of V with respect to the 

dependent variables P and T is : 

    
T P

V V
dV dP dT

P T

            
 

Substitute the values of  and  obtained Qualitative Problem 2 into this equation 

and obtain the equation of state for an ideal gas. 

 

Solution 

1 2 3

1  

  

ln ln ln
(constant) T

T
dV VdP V dT

V
dV dP V dT

P T

dV dP dT

V P T

V c P c T c

PV

   

  

  

     
 

 

 

The constant is nR for n moles of the ideal gas.
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Problem 1.3*  The pressure temperature phase diagram (Fig. 1.4) has no two phase 

areas (only two phase curves), but the temperature composition diagram of Fig. 1.5 

does have two phase areas.  Explain. 

 

Solution 

 

This must be due to the number of components in each system: The system displayed 

in Fig. 1.4 is unary and that in Fig. 1.5 is a binary.  We will see more on this later in 

the text. 
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Problem 1.4*   Calculate the value of the ratio 
T




for an ideal gas in terms of its 

volume. 

 

Solution 

1

1
T

P RT

T V

P




    
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Problem 2.8* One mole of a monatomic ideal gas at standard temperature and 

pressure (STP) undergoes  the  following three processes: 

1. at constant Pressure the Temperature is doubled.

2. at constant Temperature the Pressure is doubled

3. the gas is returned to STP via constant volume process

Calculate U, H, q and w for each of the steps. 

Solution 

First calculate the values of T, V and P at the states A, B and C. 

Step 1 

       T       V       P

A     T  V   P

B     2T  2V  P

C     2T   V  2P

A A A

A A A

A A A

Step 1  A B 

1

1

1

(2 )

(2 )

( )

V V A A V A

A A A A A A A

V A A V A

U C T C T T C T

w P V P V V P V RT

q U w C T RT C R T

     
     
      

Step 2  BC 
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2

2

2

(2 2 ) 0

2 2 ln 2 ln(2)

2 ln(2)

C C

B B

V V A A

V V
B C

A A A
V V

B

A

U C T C T T

RT dV V
w dV RT RT RT

V V V

q w RT

     

    

  

 

Step 3  CA 

3

3

3 3

( 2 )

0   since 
A

C

V V A A V A

V

C A
V

V A

U C T C T T C T

RT
w dV V V

V

q U C T

      

  

   



Thus we see that for the entire process: 

0 0  as it should for a state function

2 ln(2) 0

( ) 2 ln(2) 2 ln(2)

V A V A

i A A

i V A A V A A A

U C T C T

w RT RT

q C R T RT C T RT RT

    

  

     


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Problem 2.9* 

Paramagnetic salts often obey the Curie relation: 
constantM C

T T
 

H

Obtain an expression for the work needed to change the magnetization from  

0 to MM M  of such a material.  Assume that the field and the magnetization are

parallel. 

Solution 

2

0 0 0 0
0 0 2 2

f fM M
f f fTM MTM

w V dM V dM V V
C C

         
H

H

From the equality 0
2

f f
M

w V
H

we see that to get to the same M at higher 

temperature, more work is needed. Temperature works against the ordering of the 

moments. 

From the equality 0
2

f f
M

w V
H

we also see that the work needed is the area under 

the linear H vs. M plot. 
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Problem 2.10 *  One mole of a monatomic ideal gas is taken on the path A B  

C D A as shown in Figure 2.7 .  

(1) A B is a reversible isothermal expansion of the gas;

(2) B  C is a reversible adiabatic expansion of the gas;

(3) C D is a reversible isothermal compression of the gas

(4) D  A is a reversible adiabatic compression of the gas.

a. Derive expressions for U, q and w during each step in terms of Va, Vb, Vc, Vd, t1,

t2 cV and R. Determine the sign of each. 

b. Determine the values of wi), qi) and Ui) in terms of Va, Vb, Vc, Vd, t1, t2

and R.  Determine the sign of each. 

Figure 2.7  
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Solution 

1 1 1 2

2 2 2 1 2 2 2

3 3 3 1

4 4 2 1 4 4

(1)       0;  ln( )   > 0   

(2)        0;   (t -t ) 0;    =  so w  > 0

(3)C D      0;  ln( )  < 0   

(4)        0 ;  (t -t ) > 0   -  so

b

a

V

d

c

V

V
A B U w q Rt

V

B C q U c w U

V
U w q Rt

V

D A q U c w U

    

      

    

      4

2 1

2 1

 w  < 0   

 ln( ) ln( ) 0

ln( ) ln( ) 0

0

b d
i

a c

b d
i

a c

V V
SUM w Rt Rt

V V

V V
q Rt Rt

V V

U

  

  

 




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Problem 2.11 * 

The change in enthalpy when one mole of solid water (ice) is melted at 

273 K is 6008 J.   

a. Calculate the change in enthalpy when ice is melted at 298 K.  Is this process 

possible at 1 atm? 

b. Calculate the change in enthalpy when supercooled water solidifies at 260 K.

c. Sketch the H vs. T plot for both solid and liquid water.

For this problem take the heat capacity of liquid water to be 75.44 J/k and that of solid 

water to be 38 J/K over the range in temperatures of the problem.  The enthalpy of 

liquid water at 298 K may be set equal to zero. 

Solution: 

a.    

2

273

0
298 273

( )

75.44(273 298) 6008 38( 273) J

7894 38( 273) J

T
S L S

H P m P
H T c dT H c dT

T

T

   

    
   

 

2 0
298

( ) 75.44( 298) J
T

L L

H P
H T c dT T  

Thus 

(298) (298)

0 ( 7894) 38 (298 273)

6944 J.

Yes, ice can be superheated

L S

MH H H  
     


b. 

(260) (260)

(260) 75.44(260 298) 2866.72

(260) 7894 38((260 273) 8388

 ( 8388) ( 2866.72) 5521.28  J

S L

fusion

L

S

fusion

H H H

H

H

H

  

   

     
      
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c.
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Problem 2.12*  Three phases, β ,α and δ meet as shown in Fig. 2.8a, forming three 
interphase interfaces, namely the β / α, the δ  / α and the .δ / βIt can be shown that 
the following holds 

/ //

3 2 1sin sin sin

     
  

 

Using the above equation determine the equation that relates the grain boundary 

grooving angle gb to the interface energy /L and the grain boundary energy .  

See Fig. 2.8b. 

/

/

/

/

/

/

/

sin sin

2 2

sin sin( ) sin( )
2 2

sin
sin( )

2

using:  sin(2 ) 2sin( )cos( )

sin
2 cos( )

2
sin( )

2

using:  sin(

gb L

groove L

groove L

groove groove

L

gb L

groovegroove

groove L groove

gb L
groove

X X X














 
 

  

 
 

 


  
 



 

  





 

2 ) 2sin( )cos( )X X X
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Problem 3.7*   In deriving the equation for the efficiency of a Carnot engine in Section 3.11 it 

was stated that CB

A D

VV

V V
 .  Show that this equality is valid. 

Solution 

2 1

1 1

2 1

1 1

2 1

Along the adibatic curve BC

       

since the gas is ideal

        and  

Thus 

or          (i)

Also, along the DA adiabati

B B C C

B B C C

B C

B C

P V P V

P V RT P V RT

T V TV

T V T V

 

 

 

 

 



 





1 2

1 1

1 2

1 1

1 2

1

2

1

2

c curve

        

since the gas is ideal

        and  

Thus 

or          (ii)

Dividing (i) by (ii)  we obtain:  

D D A A

D D A A

D A

D A

B

P V P V

P V RT P V RT

TV T V

T V T V

T V

T

 

 

 



 

 







 





1

1

1

1

:C CB

A D A D

T V VV

V T V V V



 



 
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Problem 3.8*    a. Calculate the change in entropy at 273 K for the freezing of water. 

b. Calculate the change in entropy for the freezing of water at 260 K.

The change in enthalpy when one mole of solid water (ice) is melted at  

273 K is 6008 J.  Take the heat capacity of liquid water to be 75.44 J/K and that of 

solid water to be 38 J/k over the range in temperatures of the problem.   

Solution 

a.        

The change in entropy of one mole of water on freezing at its 

equilibrium freezing temperature is:

6008 
21.23

273 273 

L S
H J J

K K

 
  

b. The freezing of water at 260 K is an irreversible process since 260 is below the

Equilibrium freezing point of water.  But since entropy is a state function we

can perform a cyclic calculation as shown below:
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260 273 273 260

273 273

260 260

(260) (273) 0

6008 
(260) 0

273 

273 6008 260
(260) 38ln 75.44ln 0

260 273 273

(260) 1.85 21.23 3.68 0

(260) 19.40

L S S S L L

S L

P P
L S

L S

L S

L S

S S S S

C CJ
S dT dT

T K T

J
S

K

S

J
S

K

 
 









       

    

    

    

  

 
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Problem 3.9*  Calculate the work performed by the Carnot cycle for the shown 

in Fig. 3.4 using the T-S diagram of Fg. 3.9. 

Solution 

The area enclosed by the box in Fig.3.9 is first calculated. 

Area = (t2 – t1)S 

Where  S = SC – SD = SB - SA 

1

2

2

1

2 1 2 1

2 1

( )

( ) ( )

( ) , the area of the box in the T-S plot

B A

D C C D

q
S S S

t

q
S S S S S

t

w q q t S t S

w t t S

   

      

     
  
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lnBA nk T  Z4.5* We saw in Sec. 4.6 (Eq. 4.xx) that .  We will see in the next 

chapter that: 
V

A
S

T

     
. Perform the differentiation of A with respect to 

temperature and obtain the relationship for the entropy of an isolated system in terms 

of its partition function Z. 

ln

ln
ln

Thus

ln
ln

B

B B

V

B B

A nk T

A
S nk nk T

T T

S nk nk T
T

 

          


 



Z

Z
Z

Z
Z

Note that if we multiply both sides by T we obtain: 

2

2

ln
ln

ln

ln
Thus: U

B B

B

B

S nk nk T
T

TS A nk T
T

nk T
T


 




  







Z
Z

Z

Z

Problem
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Problem 4.6*  A weak magnetic field is applied to a system of up and down spins.  The up 

spins have a slightly lower energy state than those with down spins.  This is because 

the up spins are favored by the weak magnetic field.  Thus 

  

a. Determine the partition function for this system under the influence of the weak

magnetic field. 

b. Determine the ratio of:
n

n



 for very high temperatures and very low temperatures.

SOLUTION 

.     exp( ) exp( ) exp( )

exp( ) exp( )

  and 

exp( ) exp( ) exp( ) exp( )

Thus:

exp( ) 1

   as T gets large: 1   

exp( ) 1

e

i

B B B

B B

B B B B

B B

B B

a
k T k T k T

n nk T k T

n n

k T k T k T k T

n nk T k T

n n

k T k T

  

 

   

 

 

 

 

 

   

 

 

   

  

 

 
    

 
  

 

Z

qual numbers of up and down

exp( )

b.    exp( )

exp( )

The numerator of the exponental is poitive: Thus as

T gets small the exponential  get large.  

As T 0     and 0

B

B

B

n k T

k Tn

k T

n n n


 





  

 

 




 


  
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5.13*  Show that the three TdS equations can be written as: 

1.   

2.   

3.   

V

T

P

T P
V

T
TdS C dT dV

TdS C dT TV dP

C
TdS C dP dV

V






 

 

 

 

Solution 

1.  V

V

P
TdS C dT T dV

T

     

We need to obtain an expression for 
V

P

T

 
  

1

1

V P T

V T T

P T

P T V

T V P

P V

T VT V

V P

 
 

                     
              

       

V

T

TdS C dT T dV



 

2.  P

P

V
TdS C dT T dP

T

     
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We need an expression for 

We know that 

P

P

P

V

T

V
V

T

Thus

TdS C dT TV dP





 
  

    

 

3.  V P

V P

T T
TdS C dP C dV

P V

            

We need expressions for  and  
V P

T T

P V

    
       

 =  see first TdS equation aboveT

V

T

P




 
  

1

P

T

V V
    

Thus 

 T P
V

C
TdS C dP dV

V


 

 
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5.14*  Starting from the following equation valid for a closed system, obtain  

Maxwell relationships. 

dH = TdS + VdP – 0VMdH 

Solution 

, ,

0

, ,

0

, ,

S P

S P S

S P P

T V

P S

V M
V

P

T M
V

S





           

            

            

H H

H

H

H

H
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5.15* Starting from the following equation valid for a closed system, obtain  Maxwell 

relationships. 

dA = –SdT – PdV +0VHdM

Solution 

, ,

0

, ,

0

, ,

T M V M

T V M V

V T M T

S P

V T

S
V

M T

P
V

M V





           

            

            

H

H
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5.16* The cycle shown below consists of two isotherms (AB and CD) and two isobars 

(BC and DA).  Use the TdS equations to draw the T-S diagram for this cycle. 

Use the following TdS equations 

1.   

2.   

3.   

V

T

P

T P
V

T
TdS C dT dV

TdS C dT TV dP

C
TdS C dP dV

V






 

 

 

 

AB   from 1, at constant T, ifV decreases, S decreases  

BC  from 3, at constant P, V increases then S increases. 

From 2, at constant P if S increases T increases 

C—D   from 2, at constant T if P increases then S increases 

D—A   from 3, at constant P, if V decreases S decreases 

From 2, at contant P is S decreases, T decreases. 
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5.17*  Show that: T P

S V

c

c

 


  where 
1 1

and T S

T S

V V

V P V P
             

 

Hint: use the TdS equations. 

Solution 

Start with the First and Second TdS equations: 

   

1.   

2.   

Set S  = 0 and divide 2 by 1

1.  

2.   

1

V

T

P

V

T

P

P T
T

SV S S

T

T
TdS C dT dV

TdS C dT TV dP

T
C dT dV

C dT TV dP

C TV dP
V

TC dV V









   


 

 

 



     
 

SOLUTIONS MANUAL FOR INTRODUCTION TO THE THERMODYNAMICS OF MATERIALS

                        6TH EDITION GASKELL

Downloaded by zarsan far (zarsanfar@gmail.com)

lOMoARcPSD|5414048

https://testbankplus.com/shop/solutions-introduction-thermodynamics-materials-6th-edition-gaskell/


SOLUTIONS MANUAL FOR INTRODUCTION TO THE THERMODYNAMICS OF MATERIALS

                        6TH EDITION GASKELL

Downloaded by zarsan far (zarsanfar@gmail.com)

lOMoARcPSD|5414048

https://testbankplus.com/shop/solutions-introduction-thermodynamics-materials-6th-edition-gaskell/
https://www.studocu.com/row?utm_campaign=shared-document&utm_source=studocu-document&utm_medium=social_sharing&utm_content=gaskell-6th-solutions


SOLUTIONS MANUAL FOR INTRODUCTION TO THE THERMODYNAMICS OF MATERIALS

                        6TH EDITION GASKELL

Downloaded by zarsan far (zarsanfar@gmail.com)

lOMoARcPSD|5414048

https://testbankplus.com/shop/solutions-introduction-thermodynamics-materials-6th-edition-gaskell/


SOLUTIONS MANUAL FOR INTRODUCTION TO THE THERMODYNAMICS OF MATERIALS

                        6TH EDITION GASKELL

Downloaded by zarsan far (zarsanfar@gmail.com)

lOMoARcPSD|5414048

https://testbankplus.com/shop/solutions-introduction-thermodynamics-materials-6th-edition-gaskell/
https://www.studocu.com/row?utm_campaign=shared-document&utm_source=studocu-document&utm_medium=social_sharing&utm_content=gaskell-6th-solutions


SOLUTIONS MANUAL FOR INTRODUCTION TO THE THERMODYNAMICS OF MATERIALS

                        6TH EDITION GASKELL

Downloaded by zarsan far (zarsanfar@gmail.com)

lOMoARcPSD|5414048

https://testbankplus.com/shop/solutions-introduction-thermodynamics-materials-6th-edition-gaskell/


SOLUTIONS MANUAL FOR INTRODUCTION TO THE THERMODYNAMICS OF MATERIALS

                        6TH EDITION GASKELL

Downloaded by zarsan far (zarsanfar@gmail.com)

lOMoARcPSD|5414048

https://testbankplus.com/shop/solutions-introduction-thermodynamics-materials-6th-edition-gaskell/
https://www.studocu.com/row?utm_campaign=shared-document&utm_source=studocu-document&utm_medium=social_sharing&utm_content=gaskell-6th-solutions


SOLUTIONS MANUAL FOR INTRODUCTION TO THE THERMODYNAMICS OF MATERIALS

                        6TH EDITION GASKELL

Downloaded by zarsan far (zarsanfar@gmail.com)

lOMoARcPSD|5414048

https://testbankplus.com/shop/solutions-introduction-thermodynamics-materials-6th-edition-gaskell/


SOLUTIONS MANUAL FOR INTRODUCTION TO THE THERMODYNAMICS OF MATERIALS

                        6TH EDITION GASKELL

Downloaded by zarsan far (zarsanfar@gmail.com)

lOMoARcPSD|5414048

https://testbankplus.com/shop/solutions-introduction-thermodynamics-materials-6th-edition-gaskell/
https://www.studocu.com/row?utm_campaign=shared-document&utm_source=studocu-document&utm_medium=social_sharing&utm_content=gaskell-6th-solutions


SOLUTIONS MANUAL FOR INTRODUCTION TO THE THERMODYNAMICS OF MATERIALS

                        6TH EDITION GASKELL

Downloaded by zarsan far (zarsanfar@gmail.com)

lOMoARcPSD|5414048

https://testbankplus.com/shop/solutions-introduction-thermodynamics-materials-6th-edition-gaskell/


SOLUTIONS MANUAL FOR INTRODUCTION TO THE THERMODYNAMICS OF MATERIALS

                        6TH EDITION GASKELL

Downloaded by zarsan far (zarsanfar@gmail.com)

lOMoARcPSD|5414048

https://testbankplus.com/shop/solutions-introduction-thermodynamics-materials-6th-edition-gaskell/
https://www.studocu.com/row?utm_campaign=shared-document&utm_source=studocu-document&utm_medium=social_sharing&utm_content=gaskell-6th-solutions


SOLUTIONS MANUAL FOR INTRODUCTION TO THE THERMODYNAMICS OF MATERIALS

                        6TH EDITION GASKELL

Downloaded by zarsan far (zarsanfar@gmail.com)

lOMoARcPSD|5414048

https://testbankplus.com/shop/solutions-introduction-thermodynamics-materials-6th-edition-gaskell/


SOLUTIONS MANUAL FOR INTRODUCTION TO THE THERMODYNAMICS OF MATERIALS

                        6TH EDITION GASKELL

Downloaded by zarsan far (zarsanfar@gmail.com)

lOMoARcPSD|5414048

https://testbankplus.com/shop/solutions-introduction-thermodynamics-materials-6th-edition-gaskell/
https://www.studocu.com/row?utm_campaign=shared-document&utm_source=studocu-document&utm_medium=social_sharing&utm_content=gaskell-6th-solutions


SOLUTIONS MANUAL FOR INTRODUCTION TO THE THERMODYNAMICS OF MATERIALS

                        6TH EDITION GASKELL

Downloaded by zarsan far (zarsanfar@gmail.com)

lOMoARcPSD|5414048

https://testbankplus.com/shop/solutions-introduction-thermodynamics-materials-6th-edition-gaskell/


SOLUTIONS MANUAL FOR INTRODUCTION TO THE THERMODYNAMICS OF MATERIALS

                        6TH EDITION GASKELL

Downloaded by zarsan far (zarsanfar@gmail.com)

lOMoARcPSD|5414048

https://testbankplus.com/shop/solutions-introduction-thermodynamics-materials-6th-edition-gaskell/
https://www.studocu.com/row?utm_campaign=shared-document&utm_source=studocu-document&utm_medium=social_sharing&utm_content=gaskell-6th-solutions


6.11*  A function Ω ≡ -F + µN, where F is the Helmholtz free energy , µ is the 

chemical potential and N is the number of particles in the system.   

Obtain an expression for  dΩ  and thus determine the independent variables for 

this function. 

d Ω = -dF + dN + Nd 

but F ≡ U – TS  so 

dF = dU –TdS – SdT = -PdV –Nd - SdT 

d Ω = SdT  + PdV  + Nd    

Ω = Ω (T, V, ) 
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6.12*   (a)  Given that the Helmholtz energy can be written as: 

lnsystem BF N k T  Z

Obtain simplified expressions for both F and S of an Einstein solid. 

(b) Show that the entropy approaches 0 as the temperature approaches 0 in such

a solid. 

From the text we saw that Z  for the Einstein solid can be written as: 

Since Nsystem = 3n 

1 h 1
  exp -

2 k T
1 expB

B

h

k T




 
             

  

Z

F = -N ln

3
F = N h 3N ln 1 exp

2

system B

system system B

B

k T

h
k T

k T


  

   
  

Z

sys sys

ln
= S  N  k  ln  NB

V

F
kT

T T

        
Z

Z

exp

S  N  - N  ln 1-exp  

1-exp

B

system B system B

B

B

h

k Th h
k k

kT k Th

k T


 



 
                  
 

exp

S  3n  - 3n  ln 1-exp  

1-exp

B

B B

B B

B

h

k Th h
k k

k T k Th

k T


 



 
                  
 
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exp

S  3nk - 3n  ln 1-exp  

1-exp

exp

0  as T 0

1-exp

1-exp 1  as T 0: ln 1 =0

So S 0  as T 0

B

B

B B

B

B

B

B

h

k Th h
k

k T k Th

k T

h

k T

h

k T

h

k T


 









 
                  
 

 
 
   
 
 
 
 
   
 
 
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6.13*   Obtain an expression for the internal energy of an Einstein solid as the 

temperature gets very large and differentiate it with respect to T and show that the  

Dulong and Petit value for the heat capacity is attained. 

3 3
'

2 (exp( ) 1)

as T  exp( ) 1

3 3 3
' 3

2 2( )

'
Thus C 3 3    for one mole

B

B B

B

B

V B

nhv
U nhv

h

k T

h h

k T k T

nhv
U nhv nhv nk T

h

k T

U
nk R

T



 



 


  

   


  

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7.10* Three allotropes   and   of a certain element are in equilibrium at its triple 

point  See Figure 7.18.  It is known that: 

  and  S
m m m m

V V S
    

Determine which regions of the diagram are  and   
Explain your reasoning. 

Solution  

If the pressure is increased, equilibrium of the system favors the lowest molar volume 

phase.  Therefore  is in either region I or II of Fig. 7.18, since 
m mV V
  .  But at the 

triple point, increasing the pressure moves equilibrium to the lowest molar volume 

phase.  Thus, region II is the  phase field. 

If the temperature is increased, equilibrium of the system favors the phase of the 

highest entropy. Therefore the  phase is in either region II or III since S
m m

S
    But 

at the triple point increasing the temperature moves equilibrium to the highest entropy 

phase: therefore region III is the phase field for the  phase. 

The phases are as they appear below. 
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7.11*.  Fig. 7.11 shows a pressure vs. temperature phase diagram for a system 

exhibiting two solid state phases.  Sketch the Gibbs free energy curves v. temperature  

for the two solid phases and the liquid phase.  Comment on the slopes of the curves. 

The slopes show that the  phase has a higher entropy than the  phase both of which 

have lower entropy than the liquid phase. 
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7.12*  Below is the Gibbs free energy vs. Pressure plot for three phases, solid (S) liquid (L) 

and gas (G), near the triple point for the system.   It is known that the molar volume of the 

solid is greater than that of the liquid. 

a. Label the three plots of G vs. P as S, L or G

b. Below, draw the T P plot for the material.  Label the S, L and G fields and any other

points of interest.  Note that the temperature is increasing in the downward direction. 

It is important that the slope of the liquid / solid curve be as shown.  His plot is the 

normal P-T plot rotated by 900 clockwise! 
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7.13*  The Pressure Temperature phase diagram of a certain material is shown below.  

Construct the Volume Temperature diagram for this substance and label all phase 

fields. 
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7.14*  It can be seen from Fig. 7.7 that the metastable extensions of the two phase 

equilibria go into single phase fields.  At the triple point it can be seen that the stable 

and metastable equilibrium curves alternate as one goes around the triple point.  Show 

that the metastable extensions must alternate with stable two phase curves. 

Solution 

Assume the curves representing the stable equilibrium and those representing the 

metastable equilibrium  do not alternate.  Demonstrate that a contradiction arises.  See 

below.  The metastable extension of the  curve goes into the stable  phase field. 

So on the extension is the  phase stable or metastable?  This ambiguity shows that 

the  curve can not be extended into the single  phase field. Hence the curves must 

alternate. 

P

T 






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8.8*  Show that the truncated Kammerlingh Onnes virial equation: 

'( )
1

PV B T

RT V
 

      reduces to P(V - b’) = RT, and find the expression for b’ . 

 

Solution 8.8

'( )
1

1
if '( )  then using the expansion 1   for 1

1

'( )
1 '( )

so b' = '( )

PV
RT

B T

V

V B T x x
x

B T
PV P V B T RT

V

B T


  
 

   


    
 
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8.9*   Fig. 8.7  shows an  isothermal variation, with pressure, of the volume of a van 

der Waals gas at a temperature below its critical temperature.  Redraw this Figure and 

below it sketch the Helmholtz free energy vs. Volume plot.  Be sure to indicate 

important points on the A vs. V plot. 

2

2

Solution to 8.9

   so the slope should always be < 0

   and there are two extrema in P vs V.

Thus there are two points where A vs. V changes its curvature.

A

T

T

TT

dA PdV

A
P

V

A P

V V

 

     

         

lso the common tangent delineates the molar volumes of the

 equilibrium phases.
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8.10*  Obtain a simplified expression for the total derivative of the pressure  for an 

van der Waals’gas. 

2

2 3

2 3

  for a van der Waals' gas
( )

   for a van der Waals' gas

2
     for a van der Waals' gas

( )

2
Thus,  ( )

( )

V T

V

T

P P
dP dT dV

T V

RT a
P

V b V

P R

T V b

P RT a

V V b V

R RT a
dP dT d

V b V b V

            

 


     
       

  
 

2
which reduces to dP  =   if a = 0 and b = 0

V

R RT
dT dV

V V

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8.11*  Obtain a simplified expression for the total derivative of the pressure  for a gas 

that obeys the truncated Kammerlingh Onnes virial equation: 

'( )
1

PV B T

RT V
 

2 2

2 3

2 2 2 3

2

Solution 8.11

'( )
1

'( )

2 '

'( ) '( ) 2 '( )

which reduces to dP  =   if B

V

T

B T RT
P

V V

P R B T R RT B

T V V V T

P RT B RT

V V V

R B T R RT B T RT B T RT
dP dT dV

V V V T V V

R RT
dT dV

V V

   
 

             

      

                

 '(T) = 0
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8.12*  Derive an expression for Zcr of a van der Waals gas. 

   The equation of state for the van der Waals fluid is 

2
v

a

bv

RT
P 




Where P  is the pressure in Pa 

R is the gas constant (8.314 Joule/K) 

v is the molar volume of the gas (m3) 

a and b are empirical constants that vary from gas to gas. 

To calculate Zcr we must obtain: Pcr, vcr and Tcr 

At the critical pressure and volume, the critical isotherm has a horizontal inflection: 

2

2
0

C C
T T

P P

v v

           

 

 

2 3

2

32 4

2

2

2
0

2 6
0

Solving we get:

8
v 3 ;    RT ;    P

27 27

3
327

8 8

27

C

C

T

T

Critical Critical critical

cr cr
cr

cr

P RT a

v vv b

P RT a

v vv b

a a
b

b b

a
b

P v bZ
aRT

b

        

 
     

  

  
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8.13*.  The ideal entropy of mixing of a binary solution is given as:   

)lnln( BBAAmix XXXXRS 

a. Sketch the entropy of mixing vs. XB.

b. Calculate (using the expression for the ideal entropy of mixing) the ideal entropy of

mixing at B = 0.25

c. Calculate the slope of this curve at XB = 0.25

d. Calculate the partial molar entropy of component B for the composition XB = 0.25

e. Calculate the partial molar entropy of component A for the composition XB = 0.25

f. Show that your answers in d and e are consistent with your answer in c.

Solution 
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b. 
2ln

)lnln(

RS

XXXXRS

mix

BBAAmix




4.56 J/Mol 

c. 
3ln)3ln()ln[ln

)lnln(

RRXXR
dX

Sd

XXXXRS

AB

B

mix

BBAAmix






9.13 J/Mol 

d. 4ln)(ln RXRS BB  11.52 J/Mol 

e. )
4

3
ln()(ln RXRS AA            2.39 J/Mol 

f.  

3ln)4ln3ln4(ln

3ln

RRSSS

R
dX

Sd

ABmix

B

mix






11.52-2.39 = 9.13 J/Mol 
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9.6*  a. Calculate the values of BG and aB for an alloy of XB = 0.5 at 1000 K 

assuming the solution is ideal.  

For ideal and regular solutions ( 0.5)
M MM
A ABG X G G     

, ( 0.5) ( 0.5)

1 1 1 1
8314*( ln ln ) 5763

2 2 2 2

M id M

B BG X RT S X

J

     

    

5763

5763
( 0.5) exp( ) 0.5

8314

B B

B B

G RTa J

a X

   

   

b. Calculate the values of BG and aB for an alloy of XB = 0.5  at 1000 K that is a

regular solution with a 16,628* *mixing A BH X X  . 

, 1 1 1 1
(0.5) 16,626 8314*( ln ln )

2 2 2 2

1 1 1 1 1
=16,626* 8314*( ln ln )

4 2 2 2 2

1609 

M reg
G

J

   

 

 

1609 

1609
exp( ) .844

8314

B B

B

G RTa J

a

   

  
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9.7*   A regular solution exhibits a miscibility gap.  Sketch the activity of XB vs. XA at 

a temperature within the miscibility gap. 

Denote regions where Henry’s law is obeyed and where Raoults’ law is obeyed if 

applicable.  

 

 

 

Solution 

 

 
  

 

 

 

            XA 
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9.12* The activities of liquid iron-copper solutions at 1550 °C as a function of 

composition are shown in Fig. 9.9.  Sketch the activity coefficients as a function of 

composition at this temperature.  

 

Solution 
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9.13*  Use the equation: 2 4( )XS

CG b T T c     to derive the following equation  

for  = (T):    1/2(1 )eq

C

T

T
   where b > 0 

(Hint: Use the Third Law of Thermodynamics to set  = 1 at T = 0). 

 

 

Solution 

2 4

3

2

( )

0  for equilibrium

2 ( ) 4 0

( )
Thus 0  and   are extrema

2

XS

C

XS

XS

C

C

G b T T c

G

G
b T T c

b T T

c

 



 


 

   







   




  

 

By taking the second derivative  = 0 can be shown to be a maximum when T< Tc 

and the other two extrema are minima when T< Tc. 

2

2

( )
   

2

at T = 0, 1 (by the third law)

2
Thus :  which leads to (1 )

C

C

C

b T T

c

c T
T

b T








 



  
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9.14*  It has been found that in a certain solution the activity aA = XA over a certain 

range of composition.  Determine the relationship between aB = XB over the same 

range of composition. 

 

Solution 

 

2

2 2

(ln ) (ln )

(ln ) (ln ) 0      Gibbs Duhem

: (ln ) (ln ) (ln )

integrating: ln ln ln     where  is a constant

Thus,   

This is Henry's law.

A A

A A

A A B B

A A B
A A

B B B

B B B B

a X

d a d X

X d a X d a

X X dX
Thus d a d a d X

X X X

a X

a X X

 
 




 

    

 
 
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9.15*  All regular solutions with positive heats of mixing have the same value of the 

activity of its components (A or B) at the critical point of the miscibility gap.  

a. Calculate this activity. 

b. Plot  aB vs. XB for a regular solution at TC for a miscibility gap. 

Solution 

 

    

 

Another way 

 

 

 0

0

(0.5)

      = ln 2 ln
4

But:  
2

1
       ln 2 ln 0.1935

2

0.824

B mix mix mix

B

C

B

B

G G H T S

a
RT RT a

a
T T

R

a

a

      

 

 

   


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9.16*.  At a certain temperature, T the A-B system exhibits regular solution behavior.  

The activity coefficient of A is given by: 

   2)1()ln( AA Xb  , where b is a constant at the  given T 

Compute the corresponding equation for the variation of B with composition at the 

same temperature.  Be sure to state justification for the steps of your solution. 

  

 

Solution 

 

22

2

)1(lnln

)(2(lnln

0lnln

)ln(ln

0

)1(ln

1

BABB

AB

B

A
A

B

A
B

BBAA

AAAA

BBAA

AA

XbbXd

dXbX
X

X
d

X

X
d

dXdX

XRTdaRTdGd

GdXGdX

DuhemGibbs

Xb

B




























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10.8*   A metatectic binary phase diagram displays the following invariant 

transformation on cooling: 

  β  α + L 

Sketch such a phase diagram and then draw free energy curves of mixing just below, 

at and just above the invariant temperature. 
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10.9*  The  free energy of mixing of a regular solution is given by: 

 

  0

0

[ ln ln ]

    and 24,943 Joules/mole

mix A B A A B BG a X X RT X X X X

a

   


 

 

 a.  Plot 
mix

G vs. XB at 1400, 1500 and 1600 K.    

  

 

    
 

  1400 K        1500 K       1600 K 

 

 

 

b. Plot mix

B

G

X




vs. XB at the same 

temperatures as (a). 

 

  
 

 

 

Plot of the first derivative for 

1400K.  The first and third zeros 

are the minima of free energy 

plot: they give the compositions 

of the two phases in equilibrium.  

The maximum in this plot and the 

minimum give us the spinodals  
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c. Determine the critical temperature for this alloy.  Show work. 

 

 

  From the answers above we estimate TC to 1500 K.     

Or, since a regular solution we calculate it to be   TC = a0/2R = 1500 K 

Plot of the first derivative for 

1500K.  Only one zero for this 

plot at 0.5.  In fact when it passes 

through zero the curve has zero 

slope.  This demonstrates that this 

is the critical temperature. 
 

Plot of the first derivative for 

1600K.The zero value is the 

minimum in free energy vs. XB 

plot (0.5) 
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10.10*.  A certain solid solution of A and B has a xs

mixG  as follows: 

 

 
1 2[ ] [ ln ln ]xs id

mix mix mix B A A B A A B BG G G X X a X a X RT X X X X         

 Where a1 = 12,500 Joules/mole and a2 = 5500 Joules/mole 

 

 a. Plot xs

mixG at T = 500 and 700 K 

 

b.  Sketch the T vs. XB phase diagram of this alloy 

 

c. Determine the critical temperature and composition of this alloy. 

 

 

Solution 

 

-1200

-1000

-800

-600

-400

-200

0

200

0 0.2 0.4 0.6 0.8 1 1.2

Series1

 
Plot of xs

mixG  ve. XB at  500 K, showing that a miscibility gap will exist in the T vs. 

XB phase diagram with TC being less than XB = 0.5. 
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-2500

-2000

-1500

-1000

-500

0

500

0 0.2 0.4 0.6 0.8 1 1.2

Series1

 
 

Plot of xs

mixG  ve. XB at  700 K, showing that 700 K is above  TC. 

 

 

 

b.  Plot will be asymmetric with TC less than XB = 0.5 

 

 

c. A graphical way of doing this is to plot 

    

2

2

B

xs

mix

X

G




vs. XB and see what T has the 

curve just touching the 0 ordinate.  Below is the 

    

2

2

B

xs

mix

X

G




 vs. XB for 700 K 
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-10000
-9000
-8000
-7000
-6000
-5000
-4000
-3000
-2000
-1000

0
1000
2000
3000
4000
5000
6000
7000
8000
9000

10000

0 20 40 60 80 100 120

Series1

Series2

 
This is above TC. 

 

The 600 K plot shows two crossings of the 

    

2

2

B

xs

mix

X

G




 = 0.  Hence T < TC. 

 

-10000
-9000
-8000
-7000
-6000
-5000
-4000
-3000
-2000
-1000

0
1000
2000
3000
4000
5000
6000
7000
8000
9000

10000

0 20 40 60 80 100 120

Series1

Series2

 
 

By trying various values of T,  TC can be found to be 607.5 K  and the composition of 

the critical point is XB = 0.35 
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10.11*.   The phase diagram of an alloy that has an eutectoid transformation is shown 

in Fig.10.33.   

a. Sketch the Gibbs free energy curves for this alloy at T = T’. 

b. Show that the  solvus must enter the  two phase field (as 

shown by the arrow). 

 

 
 

 

Solution 

The common tangent of  and  below TE intersects the  free energy 

curve to the right of E.  
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10.12*  A eutectoid phase diagram is shown in Fig. 10.33.  Draw the phase diagram 

that would result if for some reason it were impossible to form the  phase. 

 

 

SOLUTION  
 

A possible diagram is shown below.  Note that the  curve is the same as the one in 

Fig.10.28a until the temperature where the eutectoid temperature was. is reached.  It 

then is extrapolated to 0 K. The 0 K phases present are and  
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11.11*  Consider the reduction of Magnetite by CO to form pure iron: 

3 4 2( ) 4 ( ) 3 ( ) 4 ( )Fe O s CO g Fe s CO g  

Calculate the partial pressure of CO and CO2 in terms of the equilibrium constant KP 

for the reaction at any temperature, T. 

SOLUTION 

Assume the activity of the solids to be unity and that the gases behave as ideal gases. 

2 2

3 4

2

2

3 4 4

4 4

1

4

1

4

Also the total pressure is 1 atmosphere:

1

Solving the two equations simultaneously:

1

(

Fe CO CO

P

Fe O CO CO

CO

P

CO

CO CO

CO

P

a a p
K

a a p

p
K

p

p p

p

K

 



 


2

1

4

1

4

       

1) ( 1)

P
CO

P

K
p

K


 

.  
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11.12*  It is known that at 300 K the value of KP for a certain reaction is 1012.  For the 

reaction H0 is 100 kJ/mole. 

a. Determine if this reaction is favorable at 800 K and estimate KP (800K).  Explain.

b. The actual value of KP (800) is 35.  Explain any  discrepancy from your estimate.

SOLUTION 

First, estimate KP at 800 K. 

0(800 ) 1 1
ln

(300 ) 300 800

(800 ) 100000 1 1
ln 25.06

(300 ) 8.3144 300 800

(800 )
Thus exp( 25.06)

(300 )

(800 ) (300 ) exp( 25.06) 13.12

P

P

P

P

P

P

P P

K K H

K K R

K K

K K

K K

K K

K K K K

        
  

          
  

 

  

Since the value is greater than unity the reaction is possible at 800 K, 

b. The above method assumed there was no temperature dependence of H0 over the

span of 500 K. 
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11.13*  Sketch the natural log of KP  vs.  1/T  for the cases of  

aH0 < 0    S0 < 0 

b. H0 < 0    S0 > 0

c. H0  > 0    S0 > 0

d. H0 > 0    S0 < 0
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15.1*  2-4 Landau Case 

The excess Gibbs free energy as a function of order parameter for a solution is written 

as: 

2 4( )XS

ord dis CG G G a T T C     

where Gdis is the free energy of the disordered phase and a and C are positive constants. 

a. Obtain an expression for the excess entropy of the equilibrium ordered phase as a

function of temperature. 

Solution 
2 4

2

eq

2 2
2 4

2

2

C

( )

( )
First we obtain   by setting 0

2

and solving for .

( )
( )

4

2 ( )

4

( )

2

 (valid only at T T )

XS

ord dis C

XS

C
eq

XS C
C eq eq

XS
XS C

XS C

G G G a T T C

a T T G

C

a T T
G a T T C

C

G a T T
S

T C

a T T
S

C

 






 

    

 
  




    

 
   








SXS is negative since it is the excess entropy over and above the disordered entropy! 
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b. Determine the value of CP = CP
ord -Cp

dis  at the transition temperature TC.

Solution 

P

2

2

ord dis

2

C
C C

2

C
P P

C P P

C

( )
Thus, since  

2

S S

T T 2C

T
T -T

2

T
C -C 0

2

2
and since T :      C -C

P

C
ord dis

ord dis

ord dis

ord d

S
T

T

a T T
S S

C

a

S S a

T T C

a

C

C

a

    


 

 
 

 
 


 

 

 is
a

The heat capacity is of the ordered phase is larger than that of the disordered phase since 

some thermal energy must be used to disorder the ordered phase on heating.  See Figure 

15.15. 
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15.2* 2-4-6 Landau case: 

The Gibbs energy as a function of order parameter for a solution is written as: 

2 4 6( )CG a T T C E     

For this case assume C < 0 and a and E are positive. 

a. Find the non-zero value of the order parameter of the solution that has the

same Gibbs Energy as that of the disordered solution.

SOLUTION 

2 4 6

3 5 2 4

  of the disorderd phase 0. Thus G of the ordered phase also 0

G
If equilibrium obtains: 0. Thus we have 2 equations to solve:

( ) 0

G
0 2 ( ) 4 6 ( )

XS

C

C C

G

G a T T C E

a T T C E a T T C E



  

     


 





    


        


6

2

2

2

2

 these two equations:

2 ( )
on eliminating E we obtain: 0 and 

on eliminating ( ) we get 0 and 
2

2 ( )
Thus:     (note for part d that 4AE = C )

2

4

C

C

C

C

solving

a T T

C

C
a T T

E

a T T C

C E

C
T T

aE

 

 


  

   


  

 
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b. Sketch the Gibbs Energy vs.  curve for the temperature in question in (a).  This

temperature can be called T0.

c. Determine if the transformation for this alloy is first order. Explain.

Solution  

Since there are two phases at 
2

4
C

C
T T

aE
  with the same Gibbs energy and both are 

minima, this is a first order transformation.  This value of T can be called T0 in line with 

the way we have defined T0 in the text. 

d. Calculate the heat of transformation, ΔH0, for this disorder / order transformation in

terms of a, η0 and Ttr, where η0 is the order parameter at the equilibrium transition

temperatureTtr.

Solution  

 

 

0

0

0

0

0

2 4 6

0 0 0

2

0

2

0 0

0

( )

0

0   since C < 0)
2

XS

ordered disordered

XS
XS

T
T

XS

C

XS
XS

T
T

H T S

S S S

G
S

T

G a T T C E

G
a S

T

H T a

C
H T a

E

  





 
  

 
    

   

 
    

   

    
 

e. What is the significance of the sign of ΔHtr for this transformation?

It is an Exothermic transformation 
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15.3*  A 2-4 Landau case: 

Using the equation: 2 4

0( ) ( )XS
G a T T C    

show that the excess enthalpy for the Landau model with B = 0 and C > 0 is: 

2 2( )

2

XS C

C

a T T
H

T


 

Solution 

From Eq.5.10 that 
2 1C
eq

C C

T T T

T T
 

  

Inserting 
2 C
eq

C

T T

T
 

  and 

2
C

C
T

a


into 2 4

0( ) ( )XS
G a T T C    

2

2

2 2 2

2 2

( )

2

( )
and   

( ) ( )

2

( 2 ) 2 2

2 2

( )

2

XS C

C

XS
XS C

C

XS XS XS C C

C C

XS C C C

C C

XS C

C

a T T
G

T

G a T T
S

T T

a T T Ta T T
H G TS

T T

a T TT T aTT aT
H

T T

a T T
H

T


 

 
  



 
    

  
  




It can be seen that 

at    

XS
XS

P

C

XS

C P

dH aT
C

dT T

T C a

 


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15.4* A solid is held at high temperature until equilibrium is attained.  Its surface 

displays grooves as shown in Fig. 15.19. 

a. Write an expression for the relationships between the grain boundary energy of 1

and 2. 

SOLUTION 

See problem 2.12* 

1

12
/1 2 / 22 cos( )

2
gb  

  

b. Which grain boundary has the largest energy: 1/2  or 2/3?

SOLUTION 

The one with the smallest groove angle. Hence 1/2  

1 2

2 2

12
/

/1 2

23/2 3
/

2 cos( )
2

2 cos( )
2

gb

gb

 

 


 







c. If ij goes to  what is the value of the grain boundary energy?

SOLUTION 

/ /2 cos( ) 0
2i j

ij

gb i j  


   

d. If ij goes to 0 what is the value of the grain boundary energy?

SOLUTION 

/ / /2 cos( ) 2
2i j i j

ij

gb i j    


    
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15.5*.  Small cylindrical particles has been observed to nucleate in certain alloys 

system.  

a. What values of r and l will minimize the energy barrier to the formation of these

particles. 

b. What surface energies favor the formation of long thin cylinders?  Explain


1
 is the surface energy of the circular face 


2
 is the surface energy along the length of the cylinder. 

Note: assume the volume of the particle is constant. 

2

2

1 2

2 22 2
1 12

2
1 2

2
1

1

V=πr l=constant
S.E.=Surface Energy = 2πr 2

2 2
. . 2πr 2πr

πr πr
( . .) 2

0 4πr
πr

* 1
 for small   large r

* π

rl

V r V
S E

d S E
V

dr

r

l

  
   



 




   

  



Long rod for small 2 or large 1 

Thin disc for large 2 or small 1 
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15.6* 

Solution 

2 6

4

5

4

0  0 (disordered)

for the ordered phase G 0

 

G
  since in equilibrium:  0 2 6

 
3

For both t

( )

( )

( )

( )

C

C

C

C

G for

a T T E

a T T
or

E

Also a T T E

a T T
or

E



 



 




 

   


 


   




 

0
o be true:  T

C
T

b. What is the value of the order parameter at T0?

0: that is, the phase is just beginning to order 

c. Is this a first order or higher order phase transition?  Explain.

Must be a higher order transition 

d. Show mathematically that for T < TC, the disordered phase is unstable.

2 6

5

2
4

2

2

C2

 G

G
2 6

G
2 30 2   0

G
Thus 2 0  for T T

Therefore unstable (a maximum) 

( )

( )

( ) ( )

( )

C

C

C C

C

a T T E

a T T E

a T T E a T T for

a T T

 

 


 




  


  




     




   


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