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The following information is supplied as an aid to memory. 
 
Planck’s constant h = 6.626 × 10−34 Js 

Fundamental charge unit e = 1.60 × 10−19 C 

Speed of light (vacuum) c = 3.0 × 108 m/s 

Electron mass = 9.1 × 10−31 kg 

Neutron mass = 1.675 × 10−27 kg 

Proton mass = 1.672 × 10−27 kg 

Boltzmann’s constant k = 1.38 × 10−23 JK−1 

Angstrom (Å) = 1.0 × 10−10 m 

Permittivity constant εo = 8.85 × 10−12 Fm−1 

Gravitational constant G = 6.67 × 10−11 Nm2/kg2 
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Bragg’s law: θλ sin2dn =  

Compton Shift: ( )θλ cos1−=∆
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Relativistic E-p relation: E2 = (pc)2 + (mc2)2 = Kinetic energy + Rest mass energy 

Non-relativistic E-p relation: E = p2/2m 
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Question 1 (10 Marks) 

(a) Describe briefly the Davisson-Germer experiment and comment on its significance for 
Modern Physics. 

(b) Calculate the wavelength of the most energetic X-rays produced when electrons of 
kinetic energy 50 keV strike a lead target. 

(c) To what kinetic energy must an electron be accelerated so that its de Broglie 
wavelength is 25 × 10−12 m? What accelerating voltage would be required to achieve 
electrons with this kinetic energy? (Hint: you should be careful in deciding whether to 
do this calculation relativistically or non-relativistically. Explain which you choose to 
use and why.) 

(d) A beam of electrons from an electron gun accelerated to a kinetic energy of 2.5 keV is 
incident on a sample of Nickel containing atomic planes spaced 2.15 Å apart. 
Calculate the smallest Bragg angle for which the intensity of the diffracted electrons 
will be a maximum. 

Question 2 (8 Marks) 

(a) A wavepacket for a particle has a small value of ∆x, the uncertainty in position. 
Explain in terms of the formation of this wavepacket why the uncertainty in 
momentum will be large. (n.b., – simply saying that ∆p∆x ≥ h/2, therefore ∆p ∝ 1/∆x 
is not a satisfactory answer.) 

(b) When a neutron decays it produces a proton, an electron and a particle called an 
electron-antineutrino ( eν ) whose mass you can take as zero (it turns out the mass is 
actually very small, and is currently an exciting research topic in physics). The beta 
decay process for the neutron is: 

eepn ν++→ −+  

(i) Using the uncertainty principle, estimate the energy of the antineutrino, if it 
is confined inside the neutron. Assume that the neutron is about the same 
size as a proton (i.e., 1 × 10−15 m). 

(ii) If the energy of antineutrinos emitted from a beta decay process are 
measured, they are found to have a typical energy of around 1 MeV, What 
can you conclude from this information? 

Question 3 (7 Marks) 

A particle of mass m moves freely in one dimension in the region 0 ≤ x ≤ L. The potential 
energy is zero within this region and is infinite outside the region. The wavefunction 
describing the particle has the form: 
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(a) Evaluate the normalisation constant C. Why is normalisation important? 

(b) Obtain an expression for the expectation value of the momentum <p>. Comment 
on your answer. 

(c) Calculate the probability for n = 1 of locating the particle in the first third of the 
box (i.e., between x = 0 and x = L/3). Give the numerical value. 


