
Solutions 

Partie 1: voir cours 

 

Partie 2. Solutions 

Ex 2.1 solutions 

 

 

 

Ex 2.2 solutions 

∆𝑆𝑚,𝑃𝑏
 𝑠→𝑙𝑖𝑞

=  
∆𝐺𝑚,𝑃𝑏

 𝑠→𝑙𝑖𝑞

∆𝑇
=  

0 − (−397) 

650 − 600
 

𝐽

𝑚𝑜𝑙 𝐾
= 7.94 

𝐽

𝑚𝑜𝑙 𝐾
 

∆𝑆𝑚,𝑆𝑛
 𝑠→𝑙𝑖𝑞

=  
∆𝐺𝑚,𝑆𝑛

 𝑠→𝑙𝑖𝑞

∆𝑇
=  

0 − (−278) 

525 − 505
 

𝐽

𝑚𝑜𝑙 𝐾
= 13.9 

𝐽

𝑚𝑜𝑙 𝐾
 

𝐿𝑚,𝑃𝑏 = ∆𝑆𝑚,𝑃𝑏
 𝑠→𝑙𝑖𝑞

 𝑇𝑓,𝑃𝑏 =  4764 
𝐽

𝑚𝑜𝑙
  

𝐿𝑚,𝑆𝑛 = ∆𝑆𝑚,𝑆𝑛
 𝑠→𝑙𝑖𝑞

 𝑇𝑓,𝑆𝑛 = 7019.5 
𝐽

𝑚𝑜𝑙
 

 

Ex 2.3 solutions 

𝑉𝑚,𝑆𝑛
 𝑠 = 16.555 

𝑐𝑚3

𝑚𝑜𝑙
 

𝑉𝑚,𝑃𝑏
 𝑠 =

𝑁𝐴

4
𝑎𝑃𝑏

3 = 18.25 
𝑐𝑚3

𝑚𝑜𝑙
 

5 % était OK 

85 % était OK 

ms(Pb)  9.6 K/wt% 

ml(Pb)   2.3 K/wt% 

ms(Sn)   -9.8 K/wt% 

ml(Sn)   -1.2 K/wt% 

(the exact values depend on 

the values of concentrations 

you used) 

 

 

 

 

 

 



𝑉𝑚,𝑆𝑛
 𝑙𝑖𝑞

=  (𝑓𝑟𝑜𝑚 𝐹𝑖𝑔. 2 𝑎𝑡 𝑇 = 𝑇𝑓,𝑆𝑛) = 0.1435 
𝑐𝑚3

𝑔
=  0.1435

𝑐𝑚3

𝑔
× 118.7 

𝑔

𝑚𝑜𝑙
= 17.033 

𝑐𝑚3

𝑚𝑜𝑙
 

∆𝑉𝑚,𝑃𝑏
 𝑠→𝑙𝑖𝑞

= (
𝑑𝑇

𝑑𝑝
)|

𝑒𝑞

𝐿𝑚,𝑃𝑏

 𝑇𝑓,𝑃𝑏

 =  1.12748 
𝑐𝑚3

𝑚𝑜𝑙
 

∆𝑉𝑚,𝑆𝑛
 𝑠→𝑙𝑖𝑞

𝑉𝑚,𝑆𝑛
 𝑠 =  

17.033 − 16.555

16.555
× 100 = 2.88% 

∆𝑉𝑚,𝑃𝑏
 𝑠→𝑙𝑖𝑞

𝑉𝑚,𝑃𝑏
 𝑠 =  

1.12748

18.25
× 100 = 6.17% 

 

Ex 2.4 solutions 

a) 

∆𝐺𝑛 =  −𝐿3∆𝑆𝑓,𝑃𝑏→𝑙𝑖𝑞
𝑣 ∆𝑇𝑛 + 6𝐿2𝛾𝑠𝑙   

b) 

𝜕∆𝐺𝑛

𝜕𝐿
= −3𝐿2∆𝑆𝑓,𝑃𝑏→𝑙𝑖𝑞

𝑣 ∆𝑇𝑛 + 12𝐿 𝛾𝑠𝑙   

𝜕∆𝐺𝑛

𝜕𝐿
= 0 →  𝐿2∆𝑆𝑓

𝑣∆𝑇𝑛 = 4𝐿 𝛾𝑠𝑙 →  ∆𝑇𝑛 =
4 𝛾𝑠𝑙

𝐿 ∆𝑆𝑓,𝑃𝑏→𝑙𝑖𝑞
𝑣   

∆𝑆𝑓,𝑃𝑏→𝑙𝑖𝑞
𝑣 =  

∆𝑆𝑚,𝑃𝑏
 𝑠→𝑙𝑖𝑞

𝑉𝑚,𝑃𝑏
 𝑠 = 435068 

𝐽

𝑚3𝐾
  

∆𝑇𝑛 =
4 𝛾𝑠𝑙

𝐿 ∆𝑆𝑓,𝑃𝑏→𝑙𝑖𝑞
𝑣 =  

4 × 4499.39 × 10−6

2 × 10−9 × 435068
= 20.68 𝐾 

c) 

𝑇𝑓,𝑎𝑙𝑙𝑜𝑦 = 600𝐾 − 𝑚𝑙𝑖𝑞,𝐵 × (100 − 60)𝑤𝑡% = 516 𝐾 

∆𝑇𝑛 = 20.68 𝐾 

𝑇1 = 500 𝐾 >  𝑇𝑓,𝑎𝑙𝑙𝑜𝑦 − ∆𝑇𝑛

→   𝑇ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 𝑖𝑠 𝑐𝑜𝑛𝑠𝑖𝑡𝑢𝑡𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑙𝑖𝑞𝑢𝑖𝑑 𝑝ℎ𝑎𝑠𝑒 𝑎𝑠 𝑡ℎ𝑒 𝑠𝑜𝑙𝑖𝑑𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 ℎ𝑎𝑠 𝑛𝑜𝑡 𝑦𝑒𝑡 𝑠𝑡𝑎𝑟𝑡𝑒𝑑 

𝑇1 = 470 𝐾 <  𝑇𝑓,𝑎𝑙𝑙𝑜𝑦 − ∆𝑇𝑛

→   𝑇ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 𝑖𝑠 𝑐𝑜𝑛𝑠𝑖𝑡𝑢𝑡𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑙𝑖𝑞𝑢𝑖𝑑 𝑎𝑛𝑑 𝑃𝑏 𝑠𝑜𝑙𝑖𝑑 𝑝ℎ𝑎𝑠𝑒𝑠 𝑎𝑠 𝑡ℎ𝑒 𝑠𝑜𝑙𝑖𝑑𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 ℎ𝑎𝑠 𝑠𝑡𝑎𝑟𝑡𝑒𝑑 

 

Ex 2.5 solutions 

a) No. In steady state we would have 𝐶𝑙
∗ =

𝐶0

𝑘
> 𝐶𝑒𝑢𝑡. → before reaching the steady state regime 

we cross the eutectic temperature T=456 K. 

b) 𝛿(𝑎𝑡 456 𝐾) =
𝐷𝑃𝑏

𝑣
×

𝐶𝑙
∗−𝐶0

𝐶𝑙
∗−𝐶𝑠

=
2.74×10−10

0.5×10−6
×

61.9−40

61.9−19
= 279 µ𝑚 

 

Ex 2.6 solutions 



Sn- 38.1 wt.% Pb is the eutectic composition: we have an eutectic microstructure 

𝛼𝐵,𝑆𝑛 =  
∆𝑆𝑚,𝑆𝑛

 𝑠→𝑙𝑖𝑞

𝑘𝐵 × 𝑁𝐴

= 0.954 < 2  ;     𝛼𝐵,𝑃𝑏 =  
∆𝑆𝑚,𝑃𝑏

 𝑠→𝑙𝑖𝑞

𝑘𝐵 × 𝑁𝐴

= 1.671 < 2 

→   𝑡ℎ𝑒 𝑚𝑜𝑟𝑝ℎ𝑜𝑙𝑜𝑔𝑦 𝑤𝑖𝑙𝑙 𝑏𝑒 𝑟𝑒𝑔𝑢𝑙𝑎𝑟 

𝑔𝛼 =  
81 − 38.1

81 − 2.5
= 0.546  ;     𝑔𝛽 =  

38.1 − 2.5

81 − 2.5
= 0.454 → 𝑡ℎ𝑒 𝑚𝑜𝑟𝑝ℎ𝑜𝑙𝑜𝑔𝑦 𝑤𝑖𝑙𝑙 𝑏𝑒 𝑙𝑎𝑚𝑒𝑙𝑙𝑎𝑟 

 

Partie 3. Solutions 

 

Ex 3.1 solution =5 

Ex 3.2 solution p =(h,k) = (-1,2),  d = -[2,1] 

Ex 3.3 solution  

a) the mirror symmetry leaves invariant the direction d and reverses the normal of the plan p,  

We use the basis B1 made of d, and n the normal of the plane p, in a cubic lattice n = [-1,2]. 

[𝐵𝛾 → 𝐵1] = (
2 −1
1 2

) , [𝐵𝛼 → 𝐵1] = (
2 1
1 −2

)  

M = [𝐵𝛾 → 𝐵1][𝐵𝛼 → 𝐵1]−1 = (
2 −1
1 2

)
1

5
(

2 1
1 −2

) =
1

5
(

3 4
4 −3

) 

b) R = (
1 0
0 −1

)
1

5
(

3 4
4 −3

) =
1

5
(

3 −4
4 3

) 

Ex 3.4 solution    

 

 

𝐂𝛼→𝛾= (
1 0

−1 1
) 

Ex 3.5 solution    

a) 𝑠2 = Tr(𝐂t𝐆 𝐂 𝐆−1) − 2 with  𝐆 = (
1 0
0 1

)  s = Tr (
1 −1
0 1

) (
1 0

−1 1
) − 2 = Tr (

2 −1
1 1

) − 2 = 1 

b)   S = 𝐈 + 𝑠 𝐝. 𝐩t = 𝐈 + 𝑠 𝐝 ⊗ 𝐩 ̃ 

 𝐒 = (
1 0
0 1

) + 1
1

√5
(

−2
−1

)
1

√5
(−1 2) = (

1 0
0 1

) +
1

5
(

2 −4
1 −2

) = 
1

5
(

7 −4
1 3

) 

Ex 3.6 solution   Utiliser la formule 𝐂𝛼→𝛾 = 𝐓𝛼→𝛾𝐅𝛾 with 𝐅𝛾 = 𝐒 and 𝐓𝛼→𝛾 = R-1 

 

 




