The equivalence of mass and energy

1. Beta particle emission from       Bi  can be described by the equation


                               Bi   (       Po   +     e     +    (e     +   Q



Where e denotes the electron which is the β- particle, (e denotes an antineutrino and Q is the energy that 
becomes the kinetic energy of the particles produced.


The masses of the atoms concerned are 209.984110u for the bismuth-210 and 209.982866u for the 
polonium-210.  Calculate the value of Q  (a) in joules and, (b) in electron-volts.



Take 1u = 1.7 x 10-27 kg,  c = 3.0 x 108 ms-1,  e = 1.6 x 10-19 C.  me = 5.485798544552975 x 10-4 u.  The rest 
mass of an antineutrino is zero.

2. Calculate the energy in MeV released in the fusion reaction




H       +       H       (         H        +        H     +    Q



The atomic masses:  deuterium  2H   2.014102 u ;    tritium   3H   3.016049 u ;   hydrogen  1H  1.007825 u
3. In the fusion reaction described in Q2 the total final mass of the particles is 5.0113 u.  The energy released is 2.8 x 10-12 J.
a) Find the mass equivalent, in kg, of the energy released.
b) Find the mass equivalent, in u, of the energy released.

c) Use the answer to b) to estimate the total mass of the nuclei, in u, before fusion.

4. An electron and a positron may be annihilated in a collision which results in the emission of electromagnetic radiation.  If energy and linear momentum are to be conserved, how many quanta may be produced?
5. Calculate the minimum energy required for the production of an electron-positron pair by a γ-ray.  What would be the wavelength of such a γ-ray?  What would be the minimum energy for the production of a proton-antiproton pair? (Note that the real threshold value for proton pair-production is substantially higher because of the problem of conserving momentum.)

6. Show that the equation  ΔE =  Δmc2 is dimensionally correct.

7. Explain the statement seen in a physics textbook:  ‘1 u is equivalent to 931 MeV’.
Answers:

Q1a.  19.03 x 10-14 J    b. 1.19 MeV      Q2.  4.03 MeV      Q3a.  3.1 x 10-29 kg    b. 0.0187 u    c. 5.0300 u      Q5.  0.16 pJ;  1.2 pm;  0.30 nJ 
Questions sources:

Qs 1& 2:  Calculations for A-level physics (Rounce & Lowe) [Q1 = Ex.1, p234; Q2 = Q3, Ex. 29.1, p237]

Qs 4 & 5:  Questions and problems in pre-university physics (Whelan & Hodgson) [Q4 = Q63-40; Q5 = Q63-41, both p193]

Q3, 6 & 7: Advanced level study aids: physics  (Arnold & Bloor) [Q3= Q3, p186; Q6 = Q7, p186; Q7 = Q12, p187]
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