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Radiation MS1

Question 
Number 

Answer Mark 

1(a)  β-particles can (easily) penetrate the body/skin (1) 

Since they are not very ionising OR reference to what will stop them  (1) 
(2) 

1(b)(i)  Use idea that number of unstable atoms halves every 8 days OR that 
24 days represents 3 half-lives (1) 

Correct answer (1) 

Example calculation: 
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Fraction decayed = 100% - 12.5% = 87.5% 

(2) 

1(b)(ii)  Use of λ T1/2 = ln2 (1) 

Use of an appropriate decay equation (1) 
Correct answer (1) 

Example of calculation: 

MBq1.64eMBq1.50A

eAMBq1.50

day0.08660.693
day8T

ln2λ
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(3) 

Total for question 1  (7) 
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Question 
Number 

Answer Mark 

2(a)  Alpha-radiation only has a range of a few cm in air / cannot penetrate 
walls of container / skin (1) (1) 

2(b)(i)  Top line: Am241 Np237 α4 (1)

Bottom line: Am95 Np93 α2 (1) (2) 
2(b)(ii)  Attempt at calculation of mass defect (1) 

Use of (∆)E=c2(∆)m OR use of 1 u = 931.5 MeV (1) 

Correct answer [5.65 MeV; accept 5.6 – 5.7 MeV]  (1) 

Example of calculation:

( )
MeV5.65

JMeV101.6
J109.04E

J109.04ms103kg101.005E

kg101.005ukg101.66u053∆m 0.006
u0530.006u6034.002u166237.048u822∆m 241.056
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(3) 

2(c)  Reference to half-life and typical lifespan (1) (1) 
Total for question 2  (7) 
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Question 
Number 

Answer Mark 

3(a)*  (QWC – Work must be clear and organised in a logical manner using 
technical wording where appropriate) 

Appropriate reference to the following: 
The penetrating power of beta radiation 
The ionising effects of the beta radiation 
The shielding effect that the cylinder might have had 
The constant activity over the 5 day period 

Examples of responses: 
Beta radiation is (moderately) ionising 
Beta radiation is able to penetrate the body 
Once inside the body beta radiation may damage / kill / mutate / alter 
DNA of cells 

Beta radiation is absorbed by a few mm of aluminium 
Cylinder may have reduced the radiation to safe levels / absorbed the 
beta radiation 
Greater risk of exposure if cylinder damaged or cracked 

Long half life means that: 
source stays active for a long time/activity unlikely to lower over 5 days 

max 3 

3(b)   
Top line: Ba137 −β0 (1)

Bottom line: Ba56
−

− β1 (1) 2 
3(c)(i)  Cannot identify which atom/nucleus/particle will be the next to decay  

OR cannot say when a given atom/nucleus/particle will decay 

OR cannot state exactly how many atoms/nuclei/particles will decay in a 
set time 

OR can only estimate the fraction of the total number that will decay in 
the next time interval (1) 

1 
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3(c)(ii)  Use of λT1/2 = ln2 (1) 
Decay constant, λ = 7.3 ×10-10 (s-1) (1)

Example of calculation

110e s107.32
s36002436530

0.693
T

2log
λ

2
1

−−×=
×××

==

2 

3(d)  
Use of tedN

dt
dN
dt

−λ⎟
⎠
⎞

⎜
⎝
⎛=

0

(1)

activity = 3.3 × 1013 Bq [3.3 × 1013 Bq if show that value used] (1) 
Use of dN/dt = λN (1)
N = 4.5 × 1022 [4.8 × 1022 if show that value used]  (1)

OR

Use of dN/dt = λNo (1) 
No = 7.1 × 1022 [No = 7.4 × 1022 if show that value used] (1)
Use of teNN −λ= 0 (1) 
N = 4.5 × 1022 [4.8 × 1022 if show that value used] (1) 
Example of calculation

Bq
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λ
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== −−

−dtdN

4 

3(e)(i)  nRb 1
0

95
37 ×+ 4 (1) 1 

3(e)(ii)  Idea that at least one neutron needs to be available to be absorbed for a 
chain reaction to be sustained (1) 

Appreciation of the need to control/limit/restrict the number of neutrons 
(which can go on to produce another fission) (1) 2 

Total for question 3  12 
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Question 
Number 

Answer Mark 

  (5 a)  A radioactive isotope has an unstable nucleus 

(Which decays and) emits radiation  Or α/β/γ (radiation) specified

(1) 

(1) 
2 

 (5 b)  Max 2 
We can’t know when an individual nucleus will decay 
We can’t know which nucleus will decay next 

(In a given time interval) each nucleus has a fixed probability of decay 
Or 
(In a given time interval) a fixed fraction of nuclei undergo decay 

[accept atom for nucleus, but there is a one mark penalty for using particle, 
molecule or isotope] 

(1) 
(1) 

(1)  2 

 (5 c)  Identify half life = 5730 years  

Use of 
2/1

2ln
t

λ =

Decay constant = 1.21 × 10-4 (yr-1) [3.84 × 10-12 (s-1)] 

N/N0=0.60 

Use of teNN −λ= 0

Age = 4220 yr [1.34 × 1011 s] 

Example of calculation

14

2/1

yr1021.1
5730

693.02ln −−×===
t

λ

yr4220
1021.1
)6.0ln(

1021.1)6.0ln(

6.0

4

4
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0

4
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t

e
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N t

(1) 

(1) 

(1) 

(1) 

(1) 

(1) 6 

5(d)  Ratio of C-14 to C-12 (in living material) was greater in the past  

Appreciation that we are not comparing ‘like with like’ e.g. ratio used is from 
current matter 

(Hence) the age of Stonehenge has been underestimated 

(1) 

(1) 

(1) 3 

Total for question 5  13 
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Question 
Number 

Answer Mark

7(a)  Similarity: Same number of protons Or same magnitude of charge Or both 
have 1 proton  

Difference: Different number of neutrons / nucleons Or different mass Or D 
has 1 neutrons and T has 2 neutrons 

(1) 

(1) 2 
7(b)  

Use of 
t
EP
∆
∆

=     (do not penalise a power of ten error) 

Energy = 7.5 × 106 (J) 

Example of calculation
J107.5s1015W10500 6912 ×=×××= −E

(1) 

(1) 2 

7(c)(i)  nHeTD 1
0

4
2

3
1

2
1 +→+

(1) 
(1) 2 

7(c)(ii)  Attempt at calculation of mass difference 
Energy released = 17.5 (MeV)   [17.5 must be clearly identified as an energy] 

Example of calculation
∆m= (1875.6 + 2808.9 – 3727.4 – 939.6) MeV/c2 = 17.5 MeV/c2

∆E = 17.5 MeV 

(1) 
(1) 2 

7(c)(iii)  Conversion of energy to consistent units  
Number of nuclei = 3 × 1018

Example of calculation
In each fusion J102.8eVJ101.6eV1017.5 121196 −−− ×=×××=∆E

18
12

6

102.68
J102.8

J107.5
×=

×
×

∴ = −N

(1) 
(1) 2 

Energy MJ  (b) Energy MeV  (c)(ii) N × 1018

7.5 17.5 2.7
7.5 20 2.3
8 17.5 2.9
8  20 2.5 

Top line 2 3 4 1 
Bottom line 1 1 2 0 



Re
vi
sio

nm
ad

es
im

pl
e.
co

m




