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SOLUTION 

 

 

Q1 (a) 
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(note a=d) 
 

 

 

(b)   Density = 
𝑴𝒂𝒔𝒔

𝑽𝒐𝒍𝒖𝒎𝒆
  = 

𝟒 𝒙 𝒂𝒕𝒐𝒎𝒊𝒄 𝒘𝒆𝒊𝒈𝒉𝒕

𝑵𝑨 𝒙 𝟐𝟐.𝟔 𝒙 𝒓𝟑  = 
𝟒 𝒙 𝟔𝟑.𝟓𝟒

𝟔.𝟎𝟐𝒙𝟏𝟎𝟐𝟑 𝒙 𝟐𝟐.𝟔 𝒙 (𝟎.𝟏𝟐𝟕𝟖 𝒙𝟏𝟎−𝟗) 𝟑
 = 8.92gcm-3 

 

(c)  Not all lattice points filled in reality due to point/line defects therefore observed density 

always less than theoretical. 
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http://www.google.co.uk/imgres?q=unit+cell+fcc&start=63&hl=en&biw=1440&bih=774&tbm=isch&tbnid=sfRJM-pGwP_TfM:&imgrefurl=http://www.chemteam.info/Liquids&Solids/WS-fcc-AP.html&docid=AV9a9VlN6A7r6M&imgurl=http://www.chemteam.info/Liquids&Solids/fcc-face-view2.gif&w=265&h=266&ei=HebiT-HACZSN0wWe67CRAw&zoom=1&iact=hc&vpx=292&vpy=269&dur=2381&hovh=212&hovw=212&tx=117&ty=128&sig=114347461511600222638&page=3&tbnh=133&tbnw=110&ndsp=39&ved=1t:429,r:1,s:63,i:8
http://www.google.co.uk/imgres?q=how+to+calculate+unit+cell+parameter&start=244&hl=en&biw=1440&bih=774&tbm=isch&tbnid=n40CJTjgutAemM:&imgrefurl=http://drajput.com/notes/electronic_properties/conductivity_of_sodium.php&docid=CREchhgVq1an1M&imgurl=http://drajput.com/notes/electronic_properties/images/sodium_bcc.jpg&w=205&h=200&ei=7-TiT_PlONTZ0QWBiOi_Aw&zoom=1&iact=hc&vpx=352&vpy=218&dur=5828&hovh=160&hovw=164&tx=102&ty=120&sig=114347461511600222638&page=8&tbnh=139&tbnw=142&ndsp=38&ved=1t:429,r:16,s:244,i:292
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(b)   Density = 
𝑴𝒂𝒔𝒔

𝑽𝒐𝒍𝒖𝒎𝒆
  = 

𝟐 𝒙 𝒂𝒕𝒐𝒎𝒊𝒄 𝒘𝒆𝒊𝒈𝒉𝒕

𝑵𝑨 𝒙 𝟏𝟐.𝟑𝟔 𝒙 𝒓𝟑  = 
𝟐 𝒙 𝟓𝟓.𝟖𝟒𝟕

𝟔.𝟎𝟐𝒙𝟏𝟎𝟐𝟑 𝒙 𝟏𝟐.𝟑𝟔 𝒙 (𝟎.𝟏𝟐𝟑𝟖 𝒙𝟏𝟎−𝟗) 𝟑
 = 7.91 gcm-3 

 

 

  Not all lattice points filled in reality due to point/line defects therefore observed 

 density always less than theoretical  
 

 

 (c)  The significance of dislocations is that although slip can occur in some ceramics and 

  polymers, the slip process is particularly helpful in understanding the mechanical  

  behaviour of metals.  

 

 Firstly, slip explains why the strength of metals is much lower than the value predicted 

 from  the metallic bond. If all of the metallic bonds had to be broken in order to 

 fracture an Iron bar.  Then a force of thousands of MPa would be required to deform 

 the bar, however only  a small fraction of this would be required to deform the bar by 

 slip i.e. 4 - 5 MPa. 

 

 Secondly, slip provides ductility in metals. If no dislocations were present, the iron bar 

 would  be brittle, metals could not be shaped by the various metal working 

 processes, such as forging, into useful shapes. 

 

 Thirdly, it is possible to control the mechanical properties of a metal by interfering 

 with the movement of dislocations. An obstacle introduced into the crystal prevents a 

 dislocation from slipping unless a greater force is applied, therefore, the metal 

 must be stronger. 
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Q3 (a)  

 
 

 

Volume change = 
𝑉𝑏𝑐𝑐−𝑉𝑓𝑐𝑐

𝑉𝑓𝑐𝑐
  = 

2𝑥12.36−22.6

22.6
 = +8.1% 

 

 

 

(b)     FCC, 

PF
R

R

PF

FCC

FCC














4

4
2

0 74

4
3

3

3



.

 

 BCC, 

PF
R

R

PF

BCC

BCC














2

4
3

0 68

4
3

3

3



.

 

 

 

Q4  

  

http://www.google.co.uk/imgres?q=bcc+to+fcc+transformation+in+iron&start=180&hl=en&biw=1920&bih=924&tbm=isch&tbnid=I82gxVlDLUD2CM:&imgrefurl=http://www.kokch.kts.ru/me/t7/index.html&docid=sRq3y5iB8T5ubM&imgurl=http://www.kokch.kts.ru/me/t7/image/s1_101.gif&w=324&h=222&ei=Gp3jT-DvNtSU8gPGmYHXDg&zoom=1&iact=hc&vpx=1162&vpy=157&dur=1401&hovh=177&hovw=259&tx=160&ty=102&sig=109723491134967648145&page=4&tbnh=127&tbnw=185&ndsp=60&ved=1t:429,r:6,s:180,i:23
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5. (a) There are two types of line dislocation: 

 

Edge type - An edge dislocation is a defect where an extra half-plane of atoms is 

introduced mid way through the crystal, distorting nearby planes of atoms. When 

enough force is applied from one side of the crystal structure, this extra plane 

passes through planes of atoms breaking and joining bonds with them until it 

reaches the grain boundary. A simple schematic diagram of such atomic planes can 

be used to illustrate lattice defects such as dislocations. The dislocation has two 

properties, a line direction, which is the direction running along the bottom of the 

extra half plane, and the Burgers vector which describes the magnitude and 

direction of distortion to the lattice. In an edge dislocation, the Burgers vector is 

perpendicular to the line direction
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Screw type – A screw dislocation is much harder to visualize. Imagine cutting  a 

crystal along a plane and slipping one half across the other by a lattice vector, the 

halves fitting back together without leaving a defect. If the cut  only goes part way 

through the crystal, and then slipped, the boundary of the cut is a screw 

dislocation. It comprises a structure in which a helical path is traced around the 

linear defect (dislocation line) by the atomic planes in the crystal lattice. Perhaps 

the closest analogy is a spiral-sliced ham. In pure screw dislocations, the Burgers 

vector is parallel to the line direction 

 
 

 

  

  

http://www.google.co.uk/imgres?q=screw+defect+crystal&start=219&hl=en&sa=X&biw=1440&bih=774&tbm=isch&prmd=imvns&tbnid=mkF5qhD7wsMw0M:&imgrefurl=http://www.physik.uni-regensburg.de/forschung/schwarz/research.html&docid=cRSkaJVcRqIHgM&imgurl=http://www.physik.uni-regensburg.de/forschung/schwarz/research-Dateien/image010.jpg&w=331&h=358&ei=O-LiT47LCIWe0QWSxZStAw&zoom=1&iact=hc&vpx=565&vpy=234&dur=6019&hovh=233&hovw=216&tx=109&ty=129&sig=114347461511600222638&page=7&tbnh=141&tbnw=131&ndsp=36&ved=1t:429,r:31,s:219,i:228
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(b)  The significance of dislocations is that although slip can occur in some ceramics and 

  polymers, the slip process is particularly helpful in understanding the mechanical  

  behaviour of metals.  

 

 Firstly, slip explains why the strength of metals is much lower than the value predicted 

 from  the metallic bond. If all of the metallic bonds had to be broken in order to 

 fracture an Iron bar.  Then a force of thousands of MPa would be required to deform 

 the bar, however only  a small fraction of this would be required to deform the bar by 

 slip i.e. 4 - 5 MPa. 

 

 Secondly, slip provides ductility in metals. If no dislocations were present, the iron bar 

 would  be brittle, metals could not be shaped by the various metal working 

 processes, such as forging, into useful shapes. 

 

 Thirdly, it is possible to control the mechanical properties of a metal by interfering 

 with the movement of dislocations. An obstacle introduced into the crystal prevents a 

 dislocation from slipping unless a greater force is applied, therefore, the metal 

 must be stronger. 

 

  


