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Q3
Physicists are conducting an experiment involving collisions between protons and anti-

protons. The mean amount of energy, ¥ MeV, relcased in 7 collisions is found to be
1864 MeV.
One model predicts the energy released would be 1860 MeV with standard deviation 40

MeV. This is tested at a 1% level of significance against a newer model that claims a

hlgher value. _
()  Find the least value of 7 such that the hypothesis that the mean amount of energy |
released is 1860 MeV is rejected. [5]

Given instead that n = 600,

(ii) Calculate the p-value and state its meaning in context of the question. 3]

(iii) State, with a reason, wheth'er it is necessary to assume the amount of energy
released in collisions to be normally distributed for this test to be valid. [1]

Two-sigma is an indicative of how confident researchers feel their results are. For

researchers to feel confident, they must be able to produce a “two-sigma” Ire.sult — that is

the experimental result must be at least two standard deviations away from the predicted

mean under the null hypothesis.

(iv) Calculate the level of significance that corresponds to a “two-sigma” test. Hence,
using your answer from part (ii) determine whether the éxperiment has met the
“two-sigma” threshold. | | | I3]
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Q2
(i) Every dustbin has an equal probability of being selected and the selections of each
dustbin are made independently.
(ii) Since n =350 is large, by Central Limit Theorem, the mean mass of rubbish in dustbins will
be approximately normally distributed.
(iii) Unbiased estimate of population mean, x = % =18.49
1 924.5° |
_ _ _ _ s =—|18249.2 - =23.575 (5s.f)
Unbiased estimate of population variance, 49
=236 (3sf)
Let u be the population mean mass of rubbish, in kg, in a domestic dustbin.
To test: Ho: x=20
against Hi: u<20
at 1% level of significance
Since n =350 is large, by Central Limit Theorem,
— 23.575
X ~ N(20, j approximately under Ho.
- X -20 . .
Test Statistic: Z = —=====~ N(0,1) approximately under Ho.
f23.57y
50
Using GC, [¥=18.49, s =23.575,n=50]
Zor =—2.199 | p-value =0.013937 (5 s.f.)
Since p-value = 0.013937 > 0.01, we do not reject Ho and conclude that there is
insufficient evidence at 1% level of significance to claim that there has been a reduction in
the mass of rubbish in dustbins.
(iv) ~18.49-20

For Ho to be rejected, z, x\/; <-2.3263

“ J23.575

n>55.954
Range of values of nis n>56, neZ"

[Also Accept: n>55, neZ (or equivalent form) |
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Q3
(1)
Let 4 denote the population mean amount of energy released in the collisions.
Test Ho: 1 =1860
Against Hi:  u>1860

Using a one-tail test at 1% significance level.
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