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Answers 

Practice-for-exam questions 

Alex Weatherall 

Splitting the nucleus 
1 a Transmutation 

b Alpha particles 

c Momentum, energy and charge are all conserved. (Mass on its own is not conserved. 

Energy conservation includes the mass–energy equivalence.) 

2 Cloud-chamber tracks are made by charged particles which ionise the vapour in the chamber 

and produce condensation. Experimenters use the thickness and curvature of  cloud -chamber tracks to 

help identify the particles that produced them. 

The thickness of  the track depends on how much ionisation a particle produces over a given length. 

For example, helium nuclei (alpha particles) produce much thicker tracks than electrons.  

Applying a magnetic f ield makes the tracks of  charged particles curve around the f ield lines. The 

direction of  curvature depends on the sign of  a particle's charge, and the radius of  curvature depends 

on the particle's charge and momentum (see At a glance: high energy colliders on pages 16–17 of  this 

issue). 

3 a Box 3 states that the kinetic energy of  the protons and the helium nuclei could not be 

measured very precisely. Proton kinetic energy was calculated f rom the potential dif ference 

used to accelerate them, which was probably not known very precisely. 

The kinetic energy of  the helium nuclei was found by measuring the thickness of  foil needed to 

stop them, and by measuring the length of  their cloud-chamber tracks. Both these 

measurements would have some uncertainty. 

b i Cockcrof t and Walton would have repeated the experiment and made several 

measurements of  foil thickness and of  track length. Calculating the mean thickness 

and mean track length would reduce the uncertainty. 

ii Nowadays, an experimenter would be able to record the accelerating voltage 

much more precisely using modern instruments. A very large number of  particle tracks 

could be recorded and analysed digitally, reducing the overall measurement 

uncertainty. 

At a glance: High-energy colliders 
1 a The particle in the diagram has negative charge. 

Using Fleming's lef t-hand rule at the position of  the particle: 
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• the First f inger representing magnetic Field points into the page 

• the thuMb representing the change of  Motion (produced by the electromagnetic force) points 

along the red arrow towards the centre of  the circle 

• the seCond f inger representing Current points in the opposite direction to the green arrow 

showing the particle's movement 

The direction of  conventional current is def ined as the movement of  positive charge. The particle is 

moving in the opposite direction to the current so it must have negative charge.  

b The particle will move in a circle with a quarter of  the original radius.  

Rearranging Equation 3.2 to make r the subject: 

𝑟 =
𝑝

𝐵𝑞
 

If  both charge, q, and magnetic f ield, B, are doubled then the radius, r, will be divided by 4. 

Equation 3.3 uses the relativistic expression for momentum: 

 𝑝 =
𝐸

𝑐
 

and rearranging that equation leads to the same conclusion about the radius of  the path. 

2 a The circumference, C, of  the FCC is 100 km (= 1.00  105 m): 

C = 2r 

Substituting for C in Equation 3.3: 

𝐵 =
2𝜋𝐸

𝑐𝑞𝐶
 

 
To get a value of  B in SI units, the electron energy E must be expressed in J 

1 eV = 1.60  10–19 J 

E = 50 TeV  

 = 50  1012  1.60  10–19 J  

 = 8.00  10–6 J 

so 

𝐵 =
2𝜋 ×  8.00 × 10−6 J

3.00 × 108 m  s−1 ×  1.60 ×  10−19C ×  1.00 × 105 m
 

 

 = 10.4 T 

b This is slightly less than the value of  over 16 T quoted in the article for the FCC magnets. The 

FCC will be designed to have f ields capable of  steering particles with energies greater than the 

minimum energy of  50 TeV, so f ields stronger than 10 T will be needed.  
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Pointing a space telescope  
1 a The telescope rotates through an angle  in a time t and has angular velocity : 

𝜔 =
𝜃

𝑡
 

The HST has its maximum angular velocity, max, when  

t =  15 minutes = 60  15 s = 900 s 

 = 90 =   radians/2 

 ωmax =
 π rad  

2 × 900 s
 

 

 = 1.75  10–3 rad s–1 

b From Box 1 in the article, angular momentum, L, is 

L = I 

 = max/4 = 8.74  10–4 rad s–1 

so 

L = 3.1  104 kg m2  8.75  10–4 rad s–1 

 = 27 kg m2 s–1 

c The moment of  inertia would decrease.  

2 a Changes in air pressure f rom Earth's thin atmosphere, and pressure f rom the solar 

wind, can cause random f luctuations in the direction the telescope is pointing. The ef fect of  both of 

these is reduced by using sensors that measure key stars against their known locations and by using 

very stable gyroscopes to reduce unintended rotation of  the telescope.  

b The solar panels distort due to changes in temperature as the telescope moves between 

Earth's shadow and direct sunlight. A correction was made originally by rewriting the measurement 

sof tware to compensate, and then by replacing the solar panels during a maintenance operation.  

c 
 directional error 

CCD resolution
 =

 7.2 × 10−3arcsec   

0.040 arcsec
   

   = 0.18 = 1.8  10–3 % 

(Alternatively, you could express the angles in degrees. It does not matter whether you use degrees or 

arcsec, provided you use the same units for both quantities.) 

The directional error is much smaller than the resolution (and the f ield of  view), so it does not af fect 

the quality of  the images. If  the directional error is larger than the resolution, the images would be 

blurred by the wobbling of  the telescope and the full capability of  the imaging system could not be 

used.  
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