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(b) by inspection the order they are in forms a right handed set as does any cyclic 
permutation. 

 

(4)       (a) By inspection U is a rotation of q about the origin.  For q = p/4 we get a 45° rotation. 

[1,1] ® [Ö2, 0],  [1,2] ® [3/Ö2,  1/Ö2],  [2,2] ® [2Ö2, 0], [2,1] ® [3/Ö2, -1/Ö2] 

 Plot points and observe they form a square of unit side. 

(b) U4 = 4 rotations of -45° =one rotation of -1, so U4=-I, can do it by numbers and multiply 
out the matrices.  By inspection, rotation of –q gives a transpose of U so U-1 = UT 

 (c) ||A-lI||=0 implies l3 -3la2 - 2a3=0 or l= -a, -a, 2a. 

 largest eigenvalue:  l = 2a Eigenvector: (1/Ö3, 1/Ö3, 1/Ö3) 

Other two eigenvectors in the plane perpendicular to {1,1,1}.   

 

(5)  (a) dN/dt = -lN  integrates up to N(t)=N0exp(-lt) 

 After time T1/2 we have half the number of atoms left so N(T1/2)/N0 = exp(-l T1/2 )= 0.5 and  

   So :  T1/2 = ln(2)/l.   

       (b)  If the N1 species is stable, i.e. has a very long lifetime, then the N1’s being produced are all 
those that decayed, N1(t) + N(t) = N0, so   N1(t) = N0 (1 - exp(-lt)).  This satisfies the boundary 
conditions that there are no N1 species at t=0 and they are all N1 species at very large time. 

       (c)  If the N1 species are unstable, then the rate of growth of N1 is determined by the rate of 
formation of N1 from N0 minus the loss of N1 to the daughter product N2 

So:  dN1(t)/dt  = lN0exp(-lt) - l*N1(t)  =   

Integrate dN1(t)/dt + l* N1(t) = lN0exp(-lt) 

 Particular integral:  N1(t) = A exp(-lt):    -lA + l*A = lN0, and so A= - lN0/(l-l*) 

 No:  N1(t) = Aexp(-lt) + B exp(-l*t), and given that N1(t=0) = 0, B=-A 

  N1(t) = [N0/(l*-l)][ exp(-lt) – exp (-l*t)]. 

       (d)   dN1(t)/dt= 0 when  l exp(-lt) = l*exp(-l*t)   or   t* = ln (l/l*)/(l-l*) 

Note that both numerator and denominator are positive if l>l*, and both are negative if 
l<l*, so t* is always positive.  






















