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Answers 

Practice-for-exam questions 
Ian Lovat  

Stellar nurseries 
1 a From Box 1 in the article, photon energy, E, is related to the frequency, f, and 
wavelength, l, of the radiation emitted or absorbed: 

𝐸 = ℎ𝑓 = 	
ℎ𝑐
l

 

so 

l =	
ℎ𝑐
𝐸  

Photon energy, E, for the transition from n = 2 to n = 3 is 

𝐸	 = 	13.6	eV -
1
3!

−
1
2!
0	 

  = – 1.89 eV 

Dropping the negative sign (which indicates absorption) and converting to SI units: 

E = 1.89 × 1.60 × 10–19 J 

 = 3.02 × 10–19 J 

and so the wavelength of the radiation is 

l =
6.63 × 10"#$	Js	 × 3.00	 × 10%	ms"&

3.02 × 10"&'	J  

  = 6.58 × 10–7 m  

  = 658 nm » 660 nm 

b 660 nm is in the red part of the visible spectrum.  

2 From Box 1 in the article,  

1 ly = 9.46 × 1012 km = 9.46 × 1015 m 

so distance, d, from observer is 

d = 50 × 106  ly × 9.46 × 1015 m ly–1 

 = 4.73 × 1023 m 
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From Box 3 in the article, the angular resolution, q, of the ALMA telescope is 

𝜃 = 1.22	 ×
l
𝐷 

where D is the effective telescope diameter and l the observing wavelength, so 

𝜃 = 1.22	 ×
10 × 10"#	m
16	 ×	10#	m 

 = 6.25 × 10–7 radians 

Also from Box 3 

𝜃 =
𝑥
𝑑 

where x is the linear distance between features that can be resolved and d is the distance from the 
observer. Therefore: 

x = q d 

 = 6.25 × 10–7  × 4.73 × 1023 m 

 = 3.0 × 1017 m 

Synchrotron radiation  
1 From Box 1 in the article, the electron’s cyclotron frequency, f, is 

 𝑓 = 𝛾! ()
!*+

 

electron charge e = 1.60 × 10–19 C 

electron mass m = 9.11 × 10–31 kg 

magnetic field B = 0.8 T 

From Box 3, a 3 GeV electron has g = 5.8 × 103 

so 

𝑓 = 	 (5.8	 × 10#)! × &.-.	×&.!"#	1	×..%	2
!*×'.&&	×	&.!$"34

  

 = 7.5 × 1017 Hz 

2 In plane polarised waves, the electric field vector and the magnetic field vector remain in the 
same plane. If you were able to look at the vectors in a wave coming towards you, you would see 
these vectors at right angles to each other, but always in the same plane relative to the direction of 
travel of the wave. 

If you were able to look at the vectors in a circularly polarised wave coming towards you, you would 
see the electric field vector and the magnetic field vector, also at right angles to each other, rotating 
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either clockwise or anti-clockwise around the direction of travel. The frequency of rotation will be equal 
to the wave frequency. 

Mathskit: Vectors  
1 a To calculate the angle, q, at which the boat moves across the river, use a vector 
diagram for velocities as shown below: 

 

tan q = 5/3 

q = 59° 

b To calculate the distance, x, down the bank where the boat lands, use a vector diagram for 
displacements as shown below: 

 

x = 20 m × tan 59°  

 = 33 m 

2 a The horizontal component of the initial velocity is 

ux = 45 m s–1 × cos 30°  

 = 39 ms–1  

b The vertical component of the initial velocity is 

uy = 45 m s–1 × sin 30°  

 = 22.5 ms–1  

3 ms
-1 

5 ms
-1 

θ 

20 m 

x 

59° 
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c The projectile’s horizontal velocity remains constant as there are no horizontal forces acting 
on it. As we need to know how long the projectile is in the air, we will calculate the time for it to reach a 
vertical velocity of zero (the top of its path) using this equation for the vertical motion: 

vy = uy + at 

To make t the subject, subtract uy from both sides and divide by a: 

𝑡 =
𝑣5 	− 	𝑢5

𝑎  

Defining upwards as positive, we have 

uy = 22.5 ms–1  

vy = 0 

a = g = – 9.81 ms–2  

so 

𝑡	 =
0	 − 	22.5	m	s"&

−	9.81	m	s"!  

  = 2.3 s 

This is the time taken to reach the top of its flight when the vertical velocity is momentarily zero. The 
second half of the flight takes the same time as the projectile returns to the ground, so the total time in 
the air is t = 4.6 s 

Therefore x, the horizontal distance travelled, is 

x = ux t 

 = 39 ms–1 × 4.6 s  

 = 179 m 

Where does mass come from?  
1 a Using Equation 4 from the article: 

E = mc2 

 = 1.6748 × 10–27 kg × (2.998 × 108 m s–1)2 

 = 1.5053 × 10–10 J 

Using Equation 5: 

𝐸 = &.6.6#	×	&.!"%	7
&.-.!	×&.!"#	789!"

  

  = 9.396 × 108 eV 

  = 939.6 MeV 
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b As described in the article, a proton has two up quarks and one down quark. Theoretical 
modelling suggests that an up quark has a mass of 2.4 MeV/c2 and a down quark has a mass of 4.8 
MeV/c2, which gives a mass of 9.6 MeV/c2 for the quarks. This makes up about 1% of the total mass 
of a proton, the remainder of the mass is associated with the gluons. 

A neutron has two down quarks and one up quark. Their combined mass, m, is   

m = 2 × 4.8 MeV/c2 + 2.4 MeV/c2  

 = 12 MeV/c2 

This is greater than the difference between a proton's mass and that of the neutron calculated in part 
a. The difference in mass is mainly associated with the gluons, and it will be different because of the 
different arrangement of quarks in the neutron and the proton. 

2 a Alpha particles travelling through air lose kinetic energy rapidly as they collide with 
atoms and molecules to ionise them. Alpha particles have a range of only a few centimetres in air. In 
order for the alpha particles to be able to travel any distance, there needs to be a vacuum. 

b i The ‘plum pudding’ model involved negative particles (electrons) embedded in a solid, 
positively-charged sphere. 

ii The density of the positive material in the plum pudding model would have been quite 
low, with the atom’s mass evenly distributed throughout the sphere. An alpha particle, with its small 
size and large kinetic energy, would pass through this positive material without being significantly 
deflected, and certainly not deflected straight back.  

Rutherford's experiment found that some alpha particles were deflected through large angles, and 
some were even deflected straight back towards the source. This suggested a structure that is mostly 
empty space with most of the atom’s mass concentrated in a very small volume at its centre.  

As stated in the article, ‘From the pattern of scattering, Rutherford was able to deduce the existence of 
an extremely small atomic nucleus, orders of magnitude smaller than an atom, which contained nearly 
all the atom’s mass. This was a huge breakthrough in atomic structure research and…it located an 
atom’s mass in its nucleus.’ 
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