








Characterizing a Crystal 



Wave Particle Interaction 



Bragg’s Law 



Diffraction Patterns 



Common X-Ray Wavelengths 



X-Ray Powder Diffraction Patterns 



Miller Indices 

Understanding crystal orientation 





Viscosity 

  A measure of resistance of a fluid to deformation or 
flow. 

  Water has a low viscosity. It is thin and flows easily 
  Honey has a high viscosity. It is thick and does not 

flow easily 
  Viscosity is measured usually in one of two ways: 

–  A given volume is timed to fall through a hole 
–  Balls are timed falling through a given length 



Viscosity 

  Mark a stop and start point on the side of the 
tester 

  Fill the tester over the start line. 
  Time how long it takes for same amount of 

each standard liquid to go from start to stop 
  Event supervisors will give standard curve if 

doing this activity. 



Creep Rate 

  Creep is the movement of material under stress 
over time usually at higher temperatures 

  Creep ends when the material breaks 



Fracture Toughness-State & 
National 

    

K1 is the fracture toughness  

σ is the applied stress  
α is the crack length  
β is a crack length and component 

geometry factor that is different for each 
specimen and is dimensionless. 



Fatigue Limit-State & National 

  Maximum fluctuating stress a material can 
endure for an infinite number of cycles 

  Determined from a stress/cycles curve 
  This is what we looked at with the paperclip 



Shear Modulus-State & National 

    



Poisson’s Ratio-State & National 

•  ν = -εtrans/εaxial 
•  Where 
•  ν = Poisson’s Ratio 
•  εtrans = Transverse Strain 
•  εaxial = Axial Strain 
•  ε= ΔL/Lo  
•  ΔL = Change in length of 

material 
•  Lo = Initial length of material 



Resources 

  For Event Supervisors 
–  http://mypage.iu.edu/~lwoz/socrime/index.htm 

  For Lesson Plans for classroom use 
–  http://mypage.iu.edu/~lwoz/socrime/index.htm 

  Miller Indices 
–  http://www.doitpoms.ac.uk/tlplib/miller_indices/printall.php 

  Stress, Strain, etc.  
–  http://www.ndt-ed.org/EducationResources/

CommunityCollege/Materials/Mechanical/Mechanical.htm 



Resources Continued 

  YouTube. 
–  LOTS of nice videos on stress, strain, Young’s 

Modulus, etc. 
  Contact Angles 

–  http://www.csu.edu/chemistryandphysics/
csuphysvan/participantactivities/
Kondratko.FengertHS.ContactAngleIFTWetting.p
df 



Questions? 
 Thank you 
 Time to play! 



Workshop Test  

  Form the Silly Putty into a cone. Put it in the middle 
of the petri dish. 

  Place the petri dish on the on the concentric circles 
and center the Silly Putty. 

  Note where the Silly Putty circle is 
  Every 5 minutes note what circle the Silly Putty is 

on. 



Young’s Modulus 

  Form some Play-Doh into a cylinder 
  Determine the height and radius 
  Attach a dual force sensor with a round tip to 

the calculator. Take out  bottom screw. 
  Zero the sensor on 50N range. 
  Determine the force of the cylinder resting in an 

empty petri dish balanced on top of the sensor 
  Push down, noting the force 
  Determine the new height  



Young’s Modulus Continued 

  Stress = Force/Area0 
–  Determine the Force 
–  Determine the initial area of the cylinder 
–  Divide 

  Strain = ΔL/L0 
–  Determine the difference in the heights 
–  Divide the difference by the original height 

  Young’s Modulus 
–  Divide Stress by Strain 



Contact Angle 

  Use Pasteur pipette to put drops of water on 
slide until large enough drop to measure 
contact angle. 

  Use a protractor and ruler to find the contact 
angle. 



Surface Tension 

  Fill petri dish with water. 
  Measure width of slide 
  Attach dual force sensor with hook end to calculator 
  Attach slide suspended from clamp to hook 
  Zero dual sensor 
  Determine Force 
  Determine Force when slide just touches water 
  Determine how far up water moves on slide 



Surface Tension 

  Determine perimeter of water on slide 
  Determine force difference 
  Surface tension is  

–  l is the perimeter 
–  θ is the contact angle (Assumed to be 0) 
–  F is the difference in the forces 



Thickness of a Molecule 

  Fill the pie plate with water 
  Sprinkle chalk dust on top 
  Determine how many drops from the Pasteur 

pipette are required to make 1 ml. 
  Add one drop of soap to the center of the pie plate. 
  Determine the radius of the circle of soap 
  Since the soap has a hydrophobic part, it will 

spread out 1 molecule thick on top of the water. 
  Divide the volume of the drop by the area  



Face Centered Cube 

  Put 4 toothpicks (parts) at right angles to each other 
around the middle of one marshmallow. 

  Repeat for 5 more marshmallows 
  Pick 2 of your toothpicked marshmallows & add 

marshmallows to the 8 toothpicks 
  These are now 2 of the sides of the cube.  
  The other 4 toothpicked marshmallows are the 

insides of the cube.  
  Put the toothpicks into the edge marshmallows to 

form cube 



Questions Continued 

  Using CuKα radiation (λ=.154 nm), 
the 1st order reflection for the spacing 
between the {200} planes of gold 
occurs at a 2θ angle of 44.5º 
–  What is the spacing between the {200} 

planes? 

–  What is the value of a? 
–  What is the radius of gold? 

nλ = 2d(sinθ) 

a=.406 nm 

r=.203 nm 



Surface Area/Volume Relationship 

  Using your Play-Doh, make a 1 cm cube, 2 
cm cube, and 3 cm cube. 

  Determine the surface area of each 
  Determine the volume of each 
  Divide the surface area by the volume 
  What trend do you see? 



Creep Rate 

  Retrieve the Silly Putty 
  Note the time and the last circle the putty reaches  
  Measure all of the diameters and match them to 

their times 
  Using your calculator, make a spreadsheet of the 

times vs. the diameters. 
  Subtract the original diameter from each diameter 



Creep Rate 

  Divide the differences in the diameters by the 
original diameter and multiply by 100 to get 
the percent stress 

  Plot the time on the x axis vs. the stress on 
the y axis. 

  Determine the slope of the middle range by 
defining the area of interest and then finding 
the tangent. 

  The creep rate is the slope 



Deflection 

  Measure the length and diameter of a 
straightened paperclip. 

  Suspend the paperclip across two tall containers 
so the paperclip is resting at its two ends. Place 
a ruler across the containers too. 

  Attach a dual range force sensor with a hook to 
the calculator  

  Pull down in the center of the paperclip until the 
clip is deflected down a measureable amount. 

  Note the deflection and the Force difference. 



Deflection 

  The formula for deflection is:  
–  d = (Wl3)/(12πr4Y)

  Solving for Young’s Modulus (Y) we get:
–  Y = (WI3)/12πr4d) 
–  W = force added 
–  I = length of paperclip 
–  d = deflection 
–  r = radius of paperclip = diameter/2 



Viscosity 

  Take one of the cups with the hole in the bottom. 
  Place finger over hole and pour a liquid in cup 

until liquid is over start line on side of cup 
  Remove finger and place cup on pipe 
  Time how long it takes liquid to go from start line 

to stop line. 
  Compare to standard curve to get viscosity. 



Miller Indices 

    



Miller Indices, con’t 

  Now pick a dot. Count over two rows & up 1 row. 
Connect this dot and the one you started with. 
Continue to connect a couple more. This is an 
index of (21).  

  If you went over one and up two, it would be an 
index of (12). 

  If you went over 3 and up one, this would be (31) 


