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Answers 

Practice-for-exam questions 
Ian Lovat  

Oklo: a natural nuclear reactor 
1 a Isotopes of an element all have the same number of protons in their nucleus but 
different numbers of neutrons. 

b Equation 1.3 gives the relationship between half-life, t½ , and decay constant l:  

 l	 = !"#
$½
	

 = !"#
&.&()	×	,-!./012

	
 

 = 1.551 × 10–10 years–1 

c Use Equation 1.4  

N = N0 e–lt 

and start with 100 nuclei of 238U, so N0 = 100.  Then 

lt = 0.155136 × 10–9 years–1 × 4.6 × 109 years  

 = 0.71 

N = 100 × e–0.71 

 = 49 

so 49% of the original 238U remains.  

2 Initial mass = mass of 235U nucleus + mass of neutron  

  = (390.31395 + 1.65700) × 10–27 kg 

  = 391.98895 × 10–27 kg 

Final mass = mass of 139Ba nucleus + mass of 94Kr nucleus + 3 × mass of neutron 

  =  (230.67202 + 155.98703 + 5.02499) × 10–27 kg 

  = 391.68405 × 10–27 kg 

Δm = (391.98895 – 391.68405) × 10–27 kg 

  = 3.0490 × 10–28 kg 
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Dating with carbon-14  
1 The mass difference, Δm, when a 14C nucleus decays is 

Δm = mass of 14C  – mass of 14N  

 = 14.003242 u – 14.003074 u 

 = 0.000168 u 

 = 0.000168 u × 1.66054 × 10-27 kg u–1  

 = 2.78971 × 10–31 kg 

This mass change will be equivalent to the combined energy, E, of the emitted electron and 
antineutrino: 

E = Δm c2 

 = 2.82292 × 10–31 kg × (3.0 × 108 m s–1)2 

 = 2.51074 × 10–14 J 

 = #.3,-4&	×	,-"#$5
,.(-##	×	,-"#!5	/6"#	

	
 

 = 1.567 × 105 eV  

 = 156.7 keV 

2 From Equation 1.4 in Box 1 on page 4: 

N = N0 e–lt  

We can use mass, m, of 14C in the sample instead of N: 

m = m0 e–lt  

Dividing by m and by e–lt : 

elt   = m0/m	
Taking natural logs of both sides: 

lt = ln (m0/m) 

t = ln (m0/m) ÷ l 

Using the data from the question: 

m0/m = 0.60 mg/0.24 mg 

 = 2.5 

t = ln(2.5) ÷ 1.21 × 10–4 y–1  

 = 7573 years 
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Mathskit: exponentials  
As shown in the magazine, an exponential change is one in which values are multiplied by a constant 
factor when the independent variable (e.g. time or distance) changes in equal steps. The dependent 
variable has the same proportional, or percentage, change in each step. 

In our thermistor example, temperature is the independent variable and it changes in equal steps of 
10°C. To test for exponential change, take at least three steps of 10°C and check whether the 
proportional change in resistance is the same for each. The table below gives three examples. 

Temperature change Proportional change in resistance 

10°C–20°C  (1005 Ω–674 Ω) ÷ 1005 Ω = 0.33 

40°C–50°C  (303 Ω–203 Ω) ÷ 303 Ω = 0.33 

70°C–80°C  (91 Ω–61 Ω) ÷ 91 Ω = 0.33 

As this shows the same proportional change of resistance for equal temperature changes, the 
suggestion that the resistance changes exponentially with temperature appears to be correct over this 
temperature range. 

The Nobel prize 100 years on: the photoelectric 
effect  
1 a At the threshold frequency, f0, the energy of the emitted electrons is zero. From the 
equation on page 28:  

f0 = φ/h 

i zinc 

 𝑓- =
(.7-	×	,-"#!	5

(.(#(	×	,-"%$	5	2
	

  

  =  1.04 × 1015 Hz 

ii potassium 

 𝑓- =
8.(-	×	,-"#!	5
(.(#(	×	,-"%$	5	2

	
  

  = 5.43 × 1014 Hz 

b Use the wave equation to calculate the threshold wavelength for zinc and for potassium.     

l0 = c/f0 

zinc 

 l- =
8.--	×	,-&	9	2"#

,.-&	×	,-#$	:;
	

 

 = 2.88 x 10–7 m 
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 = 288 nm 

potassium 

 l- =
8.--	×	,-&	9	2"#

3.&8	×	,-#$	:;
	

 

 = 5.52 x 10–7 m 

 = 552 nm 

In each case this is the longest wavelength that will produce electron emission. The threshold 
wavelength for potassium falls within the visible spectrum but for zinc the threshold wavelength is in 
the ultraviolet region and so zinc will need to be illuminated by ultraviolet light before any electrons are 
emitted. 

c Electrons will be emitted from both surfaces provided the ultraviolet light has shorter 
wavelength than 288 nm.  

The light has the same intensity in each case, meaning that the same number of photons arrive per 
second, and so the same number of electrons will be emitted per second from each metal.  

Zinc has a higher work function than potassium, which means that a greater energy is required to 
liberate an electron from its surface. This means that there is less energy available for the emitted 
electron's kinetic energy. The electrons from the zinc will therefore have less kinetic energy than those 
emitted from potassium. 

2 a The light shining through the strip of varying width on the film produces a light beam of 
varying intensity. This light beam is focused on the photoelectric cell and the varying intensity 
produces a varying emission of electrons from the cell. This (small) current can be detected and 
amplified to produce a signal that is sent to the speaker. 

b A potassium coating meant that visible light could be used to produce electron emission.  

c Potassium is highly reactive with oxygen in the air and any contamination of the surface would 
reduce the number of electrons emitted. Collisions with air molecules would impede the movement of 
electrons crossing from cathode to anode. An evacuated glass envelope reduces both these 
problems. 

d Electrons emitted from the cathode when light falls on it are attracted to the anode, allowing a 
current to be detected in the external circuit. This is the electrical signal that is then amplified. 
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