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Instructions to  Candidates :   

Answer  quest ion one  (compulso ry)  and  any o ther  two questions.   Al l  the  symbols have the ir  

usua l  meanings.  You may take :  

 

Speed  of l ight  in a  vacuum,  c  = 3  x 10 8  ms - 1  

Atomic mass unit ,  u  = 1 .660565 x 10 - 2 7 kg =  931e V  

Elec tron vo lt  ,  leV  = 1.602189 x 10 - I 9J  

Elec tron res t  mass,  m e  = 9 .109534 x 10 - 3 l kg 

Plank 's  constant ,  h  = 6 .626 x 10 - 3 4Js  

Avogadro 's  number,  N A  = 6 .02 x 10 2 3  

Elec tronic charge,e -  = 1 .6  x 10 - I 9 C 

Mass of  one atom of  radom        .  = 222u 

Rydberg 's  constants  = 1 .897 x 10 - 7 m - 1  

************************************************************************************* 
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Quest ion One (Co mpulsory)  

a)  Other  than re la t ive motion,  which i s  commonly experienced,  i s  there an abso lute motion?  

Expla in your  answer.                                                                             (2marks)  

b)  Show tha t  there  i s  a  t ime di la t ion for  a  clock tha t  moves at  a  re la t ivis t ic  ve loci ty v  

rela t ive to  an observer  who is  on the ground  taking read ings.                           (5 marks)  

c)  Sta te the major  def iciencies o f Ruther ford 's  Nuclear  model .                             (2marks)  

d)  Expla in the fol lowing te rms:  
 

( i)  Nuclear  f i ss ion                                                                                   (1mark)  

( i i )  Nuclear  fus ion                                                                                    (1mark)  

( i i i )Mass defect                                                                                        (1mark)  

( iv)Bind ing energy                                                                                   (1mark)  

e)  X rays  o f wavelength 10  x  10  - 1 2  m are sca ttered from a stat ionary targe t .  Find :  
 

( i)  The maximum wavelength of the x -rays  scat tered through 45°                (3marks)  

( i i )  The maximum kine tic  energy of the recoi l  e lec trons                              (3marks)  

f)  A polonium iso tope P210

84  is  unstable  and emi ts 5 .3MeV alpha par t ic le .  The atomic  

mass o f P210

84 0  = 209.9829 a.m.u and that  o f  Hel ium He4

2  = 4.0026 a.m.u:  
 

( i)  Identi fy the  daughter  nucleus and                                                        (2marks)  

( i i )  Find i t s  atomic mass                                                                          (3marks)  

g)  A metre s t ick appears only 50cm long to  an observer .  What i s  i ts  relat ive speed and how 

long does i t  take to  pass  the observer?                                                      (3marks)  

 

Quest ion Two  

a)  Tom was ab le to  see  Leah do ing ca lcula t ion in her  space p lane tha t  was moving at  0 .5c.  

Tom who is  in  an iner t ia l  frame tha t  i s  at  rest  uses  his c lock and notices  tha t  she  takes  

exact ly one minute to  f inish her  calcula t ion.  How much t ime did she take by his (Tom's)  

clock?                                                                                                     (5 marks)  

b)   ( i)  Show that  two clocks that  are a  metre apar t ,  which were ini t ial ly synchronized whi le  

the tra in was  a t  rest ,  appears unsynchronized as  viewed from the ground  when they move a t  a  

rela t ivis t ic  motion  wi th the same ve loci ty.                           (6 marks)  

( i i )  Which c lock in ( i)  above i s  a  head and by how many s econds.                    (2 marks)  

( i i i )   What happens when the  clocks are moved c loser?                                      (1mark)  

c)  Derive the Lorentz  transformat ions .                                                          (6 marks)  
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Quest ion Three  

a)  A monochromat ic  beam of x -rays  wi th wavelength   = 1.3xl0 - 1 0 m is scat tered by a  metal  

fo i l .  By what percentage  is  the  wavelength shi f ted for  the  scat tered component observed 

at  an angle o f 90°?                                                                                      (5 marks)  

b)Show tha t  the ha l f l i fe  of a  rad ioac tive e lement i s  given by  


693.0

2
1 T      ,where  symbols  

have their  usua l  meaning.                                                                                  (5 marks)  

b)  Find the act ivi ty o f one mi l l igram of Rado m whose hal f l i fe  i s  3 .8  days            (5 marks)  

c)  Ultravio le t  l ight  o f wavelength 350mm had intensi ty o f lW/m 2  d irec ted at  a  po tassium 

sur face.  Find  the  maximum kine tic  energy of the  photoelec trons  emi t ted  (Work funct ion 

of po tassium = 2.2eV)                                                                               (5 marks)  

Quest ion Four 

a)  ( i)  What are e lementary par t icles?                                                               (2 marks)  
 

( i i )  Sta te three  other  e lementary par t icles  apar t  from leptons                         (3marks)  

( i i i )What i s  an antipar t icle  o f an e lementary par t ic le?                                   (1mark)  

b)  Show tha t  the bind ing energy per  nucleon i s  maximum when packing fract ion i s  minimum .  

                                                                                                                    (6 marks)  

c)  What i s  the wavelength of the emi tted l ight  when exci ted electrons in the hydrogen a toms 

make t ransi t ion fro m the  n = 3 in the  Ba lmer ser ies.                                      (5 marks)  

 

c)  Derive an express ion for  de Brogl ie  wavelength of a  moving body.                   (3 marks)  

 

Quest ion Five  

a)  From the Bose -Einstein dis tr ibution funct ion,  ob tain the Stefan's-Boltzmann law for  a  

per fec t  black body.                                                                                    (8 marks)  

b)  Find the atomic spacing,  d ,  for  a  crys ta l  o f rock sa l t  (Nacl)  whose formula mass is  58.5u 

and  whose density '    '' is  2 .16 x 10 3 kgm - 3 .                                                  (3marks)  

c)  Sta te FIVE propert ies o f  x -rays .                                                                 (5 marks)  

d)  ( i)  What are quarks?                                                                                  (1mark)  

( i i )  Name the or igina l  three quarks                                                            (3 marks)  
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