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Level 2 Physics: Atoms & Radioactivity – Half Life - Answers 
 
Prior to 2012, this was an external standard - AS90256. It is likely to be assessed using an internal test from 2012 onwards (although teachers can select from a range of 
assessment techniques). There were only minor changes to this standard when it became AS91172. The old external examinations may be useful revision for an internal test. 
The Mess that is NCEA Assessment Schedules…. 
Level 2 Physics: AS 91172 replaced AS 90256. 
In 90256, from 2004 to 2011, there was an Evidence column with the correct answer and Achieved, Merit and Excellence columns explaining the required level of 
performance to get that grade.  Each part of the question (row in the Assessment Schedule) contributed a single grade in either Criteria 1 (Explain stuff) or Criteria 2 (Solve 
stuff).  From 2003 to 2008, the NCEA shaded columns that were not relevant to that question (Sorry haven’t had time to do 2004 yet). 
 

Question Evidence Achievement Merit Excellence 

2011(3) 

(b) 

The time taken for half the (number of) radioactive 
nuclei / atoms to decay.  

OR the time for the rate of decay to halve. 

OR the time for the activity / count rate to halve 

OR the time taken for half the radioactive mass to 
decay* 

OR the time taken for half the radioactive sample to 
decay* 

OR the time taken for half the radioactive substance 
to decay* 

(OR similar but cannot accept any of these * type of 
answer without the term radioactive) 

The time taken for radioactive nuclide not accepted. 

Correct answer.   
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(c)(i) 

 

 

 

 

 

 
 

Points plotted on graph:  
8 days = 20 
16 days = 10 
24 days = 5 
 
OR 
 
Incorrect Exponential curve 
drawn using incorrect points 
(do not accept joining the 
dots with a ruled line) BUT 
must not cross x-axis. 

Points plotted on graph:  
8 days = 20 
16 days = 10 
24 days = 5 
 
AND 
 
Accurate exponential curve 
drawn (Joining the dots with a 
ruled line or joining the dots 
freehand with multiple curves 
not accepted). 

 

(ii) Correct value for cps after 20 days is between 6 – 8 
cps based on graph. 
 
(A mathematical solution cannot be accepted as 
evidence but is neutral.) 

An attempt at an Exponential 
curve is made  
AND 
Answer matches graph. 
(Construction lines preferred 
but not required.) 

  

2010(1) 

(f) 

24 hours is 4 half-lives. 

The Technetium 99m reduces to 0.75 mg (or 0.75 × 
10–3 g or 7. 5 × 10–4 g or 0.0075).  

There is 12 – 0.75 = 11.25 mg (or 11.25 × 10-3 g or 
1.125 × 10-2 g or 0.01125 or variants to 2 s.f., e.g. 1.1 
× 10-2 g or 11 g) of Technetium 99. 

(Units are not required.) 

Correct answer for Technetium 
99m.  

OR 

Correct subtraction method used 
to try and get Technetium 99 
value is shown. 

OR 

Correct use of 4 half-lives 
leading to incorrect answer for 
Technetium 99m. 

Correct answer for Technetium 
99. 
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2009(3) 

(b) 

 

 

This response requires a graphical solution. 

If a mathematical solution is used, this can only be 
used to support the graphical solution – it cannot 
replace the graphical solution. 

ONLY the graphical solution is to be marked. 

If a student confirms their graph mathematically, the 
confirmation is neutral e.g. an interpolation of 12 g 
confirmed as 11.8 g is acceptable. 

2 half life points drawn 
correctly and exponential 
curve drawn (smooth curve and 
asymptote). 
 
OR 
Consistent Interpolation of 
(incorrect) graph. 

2 half life points drawn 
correctly and exponential 
curve drawn (smooth curve and 
asymptote). 
 
AND 
Consistent Interpolation of 
graph. 

2 half life points drawn 
correctly and exponential 
curve drawn smooth curve 
and asymptote). 
AND 
Consistent Interpolation of 
graph. 
AND 

Correct answer from graph 
that mass remaining after 20 
years = 12±1 g (unit required). 
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2008(1) 
(g) 

Graph drawn correctly. 
Intercept lines for 1.0 mg drawn correctly. 
Approx 610 years. 
 
 

Graphical method: 
• 2 half life points drawn 

correctly and exponential 
curve drawn 

OR 
• Interpolation of graph 

(construction lines or 
visibly marked point) – 
accept 1.0 (250 -290 based 
on graph) or 0.6 (590 – 630 
based on graph) 

 
OR 
Mathematical method: 
1.6(½)n = 0.6 
(accept 1.6(½)n = 1.0) 
 
(If BOTH methods used, award 
highest grade from either 
method.) 

Graphical method: 
• 2 half life points drawn 

correctly and exponential 
curve drawn 

• Interpolation of graph 
(construction lines or 
visibly marked point) – 
accept 1.0 (250 -290 based 
on graph) or 0.6 (590 – 630 
based on graph) 

 
OR 
Mathematical method: 
1.6(½)n = 0.6 so n = 1.41 half 
lifes 
1.6(½)n = 1.0 so  
n = 0.68 half lifes 
 
(If BOTH methods used, award 
highest grade from either 
method.) 
 

Graphical method: 
• 2 half life points drawn 

correctly and exponential 
curve drawn 

• Interpolation of graph 
(construction lines or 
visibly marked point) 
using 0.6 (590 – 630 based 
on graph) 

• Correct statement of 
answer based on graph 
 

OR 
Mathematical method: 
1.6(½)n = 0.6 
n = 609 – 611 years 

 
(If BOTH methods used, award 
highest grade from either 
method.) 

(h) When the Americium decays, it doesn’t disappear, 
but changes into a slightly smaller nucleus (Np). The 
Neptunium is still there so the mass is virtually 
unchanged. 

 Correct answer.  
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(h) By calculation: 
One half-life is 8 days (since the rate falls to ¼ after 
16 days). 28 days is 3.5 half-lifes. 

 
Rate = 600× 1

2






3.5
 

Rate = 53 
OR 
By graphing: 

After 1 half-life, count rate 
 
=

600
2

= 300  

After 2 half-lives, count rate 
 
=

300
2

= 150  

After 3 half-lives, count rate 
 
=

150
2

= 75  

After 4 half-lives, count rate 
 
=

75
2
= 37.5  

From graph, decay rate after 28 days is about 50 
counts per second. 

Correct number of half-lives 
calculated to be 8 days 

OR 
 
Points plotted on graph:  
8 days = 300 
16 days = 150 
24 days = 75 
32 days = 37.5 
 
 
 
 
 
If BOTH methods used, award 
highest grade from either 
method. 

Half-life calculated to be 8 days 
and 28 days is 3.5 half-lives 
 
OR 
 
Points plotted on graph: 
8 days = 300 
16 days = 150 
24 days = 75 
32 days = 37.5 
AND  
Accurate exponential curve 
drawn (do not accept joining the 
dots with a ruled line). 
 

Half-life calculated to be 8 
days and 28 days is 3.5 half –
lifes and use of 3 half-lives = 
75 and 4 half-lives = 37.5 / 
calculation of 1 / 23.5 to arrive 
at answer of 53 
OR 
Points plotted on graph: 
8 days = 300 
16 days = 150 
24 days = 75 
32 days = 37.5 
AND  
Accurate exponential curve 
drawn (do not accept joining 
the dots with a ruled line). 
AND  
Answer matches graph 
(construction lines preferred 
but not required). 

2006(4) 

(b) 

The time taken for half the (number of) radioactive 
nuclei to decay  

or the time for the rate of decay of an isotope to 
halve. 

or the time for the activity of to halve 

Correct answer.   
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(c) M = 2.0 g. 

When the cobalt decays, it changes into another type 
of nucleus which also has mass, it doesn’t disappear. 
The decrease in mass is negligible. 

 Correct answer of  
2.0 g or statement that the mass 
does not change (significantly). 

Correct answer of 2.0 g or 
statement that the mass does 
not change (significantly). And 
idea that when the cobalt 
decays, it changes into 
another type of nucleus which 
also has mass. 

(d) ¼ is two half-lives, 

ie 10.4 years 

ie 2011. 

Accept 2012 as well. 

Correct answer of 2011 or 2012.   
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2005(7) 

(a) 

Exponential graph drawn on axes 

Graph starts at y-axis and never reaches x-axis. 

Axes labelled Activity/Counts per second/Number of 
radioactive atoms against time/Half-life (units not 
required). 

Point at half maximum activity drawn across to graph 
line with line dropped onto time axis and labelled 
half-life (but can only accepts if Graph starts at y-
axis) . 

Or 

A value on y-axis chosen and interpolated, half the 
value chosen interpolated – difference in time is half-
life 

timehalf life

Activity

 

Exponential graph drawn. 
(Graph starts at/close to y-axis 
and never reaches x-axis). 

 

Achievement plus both axes 
suitably labelled. 

Merit plus construction lines 
shown enabling half-to be 
correctly calculated 

(b) The half-life of a radioactive material is the time taken 
for the activity of the sample to decrease to half of its 
original value (or other correct definition). 

The time taken for half a 
radioactive sample to decay into 
something else/ The time for the 
activity of a radioactive sample 
to halve. 
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2005(9) 10 g of a living sample has an activity of 234.5 cpm. 

To drop to a count of 25 cpm, the activity has halved 
a little more than three times. 

3 × half-life = 3 × 5 730 = 17 190 

Hence approximate age = 18 000 years. 

Conversion of one of two activity 
so dealing with equivalent mass: 

250 cpm per 100 gram of tree 
trunk  

or 

23.45 cpm for 10 g of living tree  

Or  

other conversion such as both to 
cpm per g 

(unit not required). 

Correct number of half-lives 
(actual =3.22, accept 3 – 4) 

 

Correct answer of 
approximately 18000 years 

(actual = 18451 years – accept 
range form 17190 – 22920) 

(unit not required). 

 

 


