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*Problem 1. (3) 

The nanograined alloy is produced with porosity p=0.6. The young modules of this nanograined material 
is found to be 20% smaller than the one of the corresponding bulk alloy. The nanograined alloy is 
additionally heat treated at 400 C, for 2 hours which decreased its porosity to 0.45. If the Young’s module 
of bulk alloy is 350 GPa, what is the Young’s module of heat treated nanograined alloy.  

Problem 2. (3) 

The nanograined material is found to deform by dislocation motion mechanism. It’s yield stress is a 
function of the grain size and obeys Hall-Pitch relation with σ0=250 MPa, and κ≈2. The main source of 
dislocations is Frank-Reed source operating in each nanograin once they are exposed to shear stress. I f 
the F-R source operates at 1GPa shear stress, and the shear module of this material G=0.8 GPa, find out 
what is the yield stress of this material. You can assume that Burger’s vector of F-R source dislocation is 
of order of 1 A. 

Problem 3. (3) 

There is FCC material consists of nanograins which are about 5 nm in diameter. At room temperature the 
deformation occurs by Coble mechanism if the sample is exposed to stress σc, while at 1000 K the 
dominant deformation occurs by N-H mechanism if the sample is exposed to stress σNH. Assume that the 
diffusion coefficient in solid can be expressed as D=D0exp(-nn*Eb/kT) where Do=10-8 m2/s, and nn is the 
number of nearest neighbors, while Eb= 4 eV, is the energy of the bond. For grain boundaries the nnGB is 
¾ of that for the bulk material.  If the strain rate achieved during deformation by either mechanism is the 
same, what is the ratio between σc and σNH. 

Problem 4. (1) BONUS 

One day there was a man in a hospital bed, and there was a man sitting next to him. So, the doctor 
asked the man sitting next to the man in the hospital bed, he asked, who are you? The man said listen 
closely for I will only tell you this once. Brothers and sisters I have none, but this man's father is my 
father's son. Who is this man? 


