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!"! "!#$%&'()!%*+,!,+-'.,!/0!#)+$1!+/!1)(2+&!!!%#3!4&)-)!!!',!(/-#$115!6',+-'7*+)6!4'+&!
,+$(6$-6!6)8'$+'/(!9:;!%#:

! <+-'.,!4'+&!1)(2+&!)'+&)-!1),,!+&$(!=>!%#!/-!2-)$+)-!+&$(!;9:?;!%#!#$%%&'!7)!*,)6:

! @'8)(!+&$+!A:;B!/0!+&)!%*+!1)(2+&,!)C%))6!;9:>D!%#3

! E$F! 0'(6!+&)!.-/7$7'1'+5!+&$+!$!-$(6/#15!%&/,)(!,+-'.!/0!#)+$1!#$%!7)!*,)6:
()*

! G)(!,+-'.,!/0!#)+$1!$-)!,)1)%+)6!$+!-$(6/#:

! E7F!H'(6!+&)!.-/7$7'1'+5!0)4)-!+&$(!=!/0!+&),)!,+-'.,!#$%%&'!7)!*,)6:
(+*

! "!,)%/(6!#$%&'()!%*+,!,+-'.,!/0!#)+$1!/0!1)(2+&!"!%#3!4&)-)!"!',!(/-#$115!6',+-'7*+)6!
4'+&!,+$(6$-6!6)8'$+'/(!9:I!%#

! "!-$(6/#!,$#.1)!/0!J;!,+-'.,!%*+!75!+&',!,)%/(6!#$%&'()!4$,!0/*(6!+/!&$8)!$!#)$(!
1)(2+&!/0!;9:=!%#

! E%F! <+$+'(2!5/*-!&5./+&),),!%1)$-15!$(6!*,'(2!$!JB!1)8)1!/0!,'2('0'%$(%)3!+),+!4&)+&)-!/-!(/+!
+&)!#)$(!1)(2+&!/0!$11!+&)!,+-'.,3!%*+!75!+&)!,)%/(6!#$%&'()3!',!2-)$+)-!+&$(!;9:J!%#

()*
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
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!"! "!#$%&'()!%*+,!,+-'.,!/0!#)+$1!+/!1)(2+&!!!%#3!4&)-)!!!',!(/-#$115!6',+-'7*+)6!4'+&!
,+$(6$-6!6)8'$+'/(!9:;!%#:

! <+-'.,!4'+&!1)(2+&!)'+&)-!1),,!+&$(!=>!%#!/-!2-)$+)-!+&$(!;9:?;!%#!#$%%&'!7)!*,)6:

! @'8)(!+&$+!A:;B!/0!+&)!%*+!1)(2+&,!)C%))6!;9:>D!%#3

! E$F! 0'(6!+&)!.-/7$7'1'+5!+&$+!$!-$(6/#15!%&/,)(!,+-'.!/0!#)+$1!#$%!7)!*,)6:
()*

! G)(!,+-'.,!/0!#)+$1!$-)!,)1)%+)6!$+!-$(6/#:

! E7F!H'(6!+&)!.-/7$7'1'+5!0)4)-!+&$(!=!/0!+&),)!,+-'.,!#$%%&'!7)!*,)6:
(+*

! "!,)%/(6!#$%&'()!%*+,!,+-'.,!/0!#)+$1!/0!1)(2+&!"!%#3!4&)-)!"!',!(/-#$115!6',+-'7*+)6!
4'+&!,+$(6$-6!6)8'$+'/(!9:I!%#

! "!-$(6/#!,$#.1)!/0!J;!,+-'.,!%*+!75!+&',!,)%/(6!#$%&'()!4$,!0/*(6!+/!&$8)!$!#)$(!
1)(2+&!/0!;9:=!%#

! E%F! <+$+'(2!5/*-!&5./+&),),!%1)$-15!$(6!*,'(2!$!JB!1)8)1!/0!,'2('0'%$(%)3!+),+!4&)+&)-!/-!(/+!
+&)!#)$(!1)(2+&!/0!$11!+&)!,+-'.,3!%*+!75!+&)!,)%/(6!#$%&'()3!',!2-)$+)-!+&$(!;9:J!%#

()*
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
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!"! "!#$%&'()!*+,,*!*++-*!'(-!#,'.%*!/0'/!112!$3!./*!&+'!*++-*!4+5%.('/+6

! 7'8!95./+!-$:(!'!5+'*$(!:0)!/0+!#$%&'()!*0$;,-!($/!<;*/.3)!/0+.5!#,'.%!=)!/+*/.(4!',,!/0+!
&+'!*++-*!/0+)!&5$-;#+6

#$%

! "!5'(-$%!*+,+#/.$(!$3!/0+!&+'!*++-*!.*!&,'(/+-!.(!>?!/5')*!:./0!@A!*++-*!.(!+'#0!/5')6

! 7=8!"**;%.(4!/0'/!/0+!#$%&'()B*!#,'.%!.*!#$55+#/C!#',#;,'/+!/0+!&5$='=.,./)!/0'/!.(!'/!,+'*/!
0',3!$3!/0+!/5')*!>1!$5!%$5+!$3!/0+!*++-*!4+5%.('/+6

#&%

! 7#8!95./+!-$:(!/:$!#$(-./.$(*!;(-+5!:0.#0!/0+!($5%',!-.*/5.=;/.$(!%')!=+!;*+-!'*!'(!
'&&5$D.%'/.$(!/$!/0+!=.($%.',!-.*/5.=;/.$(6!

#$%

! "!5'(-$%!*'%&,+!$3!@A?!&+'!*++-*!:'*!&,'(/+-!'(-!>1?!$3!/0+*+!*++-*!4+5%.('/+-6

! 7-8!"**;%.(4!/0'/!/0+!#$%&'()B*!#,'.%!.*!#$55+#/C!;*+!'!($5%',!'&&5$D.%'/.$(!/$!3.(-!/0+!
&5$='=.,./)!/0'/!'/!,+'*/!>1?!&+'!*++-*!4+5%.('/+6

#&%

! 7+8! E*.(4!)$;5!'(*:+5!/$!&'5/!7-8C!#$%%+(/!$(!:0+/0+5!$5!($/!/0+!&5$&$5/.$(!$3!/0+!
#$%&'()B*!&+'!*++-*!/0'/!4+5%.('/+!.*!-.33+5+(/!35$%!/0+!#$%&'()B*!#,'.%!$3!112

#$%
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF

11

!"#$%&'()''%#! Turn over     

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T W

RITE IN
 TH

IS A
REA

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

 
D

O
 N

O
T 

W
RI

TE
 IN

 T
H

IS
 A

RE
A

!"#$%&'()*)+'(%&("#,
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

-.'%/0)1'2)!"#$%&'()*)&$)3)4/25$6
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!"! "!#$%&'()!*+,,*!*++-*!'(-!#,'.%*!/0'/!112!$3!./*!&+'!*++-*!4+5%.('/+6

! 7'8!95./+!-$:(!'!5+'*$(!:0)!/0+!#$%&'()!*0$;,-!($/!<;*/.3)!/0+.5!#,'.%!=)!/+*/.(4!',,!/0+!
&+'!*++-*!/0+)!&5$-;#+6

#$%

! "!5'(-$%!*+,+#/.$(!$3!/0+!&+'!*++-*!.*!&,'(/+-!.(!>?!/5')*!:./0!@A!*++-*!.(!+'#0!/5')6

! 7=8!"**;%.(4!/0'/!/0+!#$%&'()B*!#,'.%!.*!#$55+#/C!#',#;,'/+!/0+!&5$='=.,./)!/0'/!.(!'/!,+'*/!
0',3!$3!/0+!/5')*!>1!$5!%$5+!$3!/0+!*++-*!4+5%.('/+6

#&%

! 7#8!95./+!-$:(!/:$!#$(-./.$(*!;(-+5!:0.#0!/0+!($5%',!-.*/5.=;/.$(!%')!=+!;*+-!'*!'(!
'&&5$D.%'/.$(!/$!/0+!=.($%.',!-.*/5.=;/.$(6!

#$%

! "!5'(-$%!*'%&,+!$3!@A?!&+'!*++-*!:'*!&,'(/+-!'(-!>1?!$3!/0+*+!*++-*!4+5%.('/+-6

! 7-8!"**;%.(4!/0'/!/0+!#$%&'()B*!#,'.%!.*!#$55+#/C!;*+!'!($5%',!'&&5$D.%'/.$(!/$!3.(-!/0+!
&5$='=.,./)!/0'/!'/!,+'*/!>1?!&+'!*++-*!4+5%.('/+6

#&%

! 7+8! E*.(4!)$;5!'(*:+5!/$!&'5/!7-8C!#$%%+(/!$(!:0+/0+5!$5!($/!/0+!&5$&$5/.$(!$3!/0+!
#$%&'()B*!&+'!*++-*!/0'/!4+5%.('/+!.*!-.33+5+(/!35$%!/0+!#$%&'()B*!#,'.%!$3!112
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3. For a particular type of bulb, 36% grow into plants with blue flowers and the remainder grow
 into plants with white flowers. Bulbs are sold in mixed bags of 40

Maggie takes a random sample of n bulbs.

Using a normal approximation, the probability that more than 244 of these n bulbs will grow 
into blue flowers is 0.0521 to 4 decimal places.

(b) Find the value of n.
(6)
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5. The lifetimes of batteries sold by company X are normally distributed, with mean 150 hours 
and standard deviation 25 hours. 

 
A box contains 12 batteries from company X. 
 
(a) Find the expected number of these batteries that have a lifetime of more than 160 hours. 

(3) 
 
The lifetimes of batteries sold by company Y are normally distributed, with mean 160 hours 
and 80% of these batteries have a lifetime of less than 180 hours. 
 
(b)  Find the standard deviation of the lifetimes of batteries from company Y. 

(3) 
 
Both companies sell their batteries for the same price. 
 
(c)  State which company you would recommend. Give reasons for your answer. 

(2) 

(Total 8 marks) 
___________________________________________________________________________ 
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5.	 The lifetime, L hours, of a battery has a normal distribution with mean 18 hours and 
standard deviation 4 hours.

	 Alice’s calculator requires 4 batteries and will stop working when any one battery reaches 
the end of its lifetime.

	 (a)	 Find the probability that a randomly selected battery will last for longer than 16 hours.
(1)

	 At the start of her exams Alice put 4 new batteries in her calculator.  
	 She has used her calculator for 16 hours, but has another 4 hours of exams to sit.

	 (b)	Find the probability that her calculator will not stop working for Alice’s remaining exams.  
(5)

	 Alice only has 2 new batteries so, after the first 16 hours of her exams, although her 
calculator is still working, she randomly selects 2 of the batteries from her calculator and 
replaces these with the 2 new batteries.

	 (c)	 Show that the probability that her calculator will not stop working for the remainder 
of her exams is 0.199 to 3 significant figures.

(3)

	 After her exams, Alice believed that the lifetime of the batteries was more than 18 hours.
	 She took a random sample of 20 of these batteries and found that their mean lifetime was 

19.2 hours.

	 (d)	Stating your hypotheses clearly and using a 5% level of significance, test Alice’s belief.
(5)
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Question 5 continued
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5.	 A health centre claims that the time a doctor spends with a patient can be modelled by a 
normal distribution with a mean of 10 minutes and a standard deviation of 4 minutes.

	 (a)	 Using this model, find the probability that the time spent with a randomly selected 
patient is more than 15 minutes. 

(1)

	 Some patients complain that the mean time the doctor spends with a patient is more than 
10 minutes.

	 The receptionist takes a random sample of 20 patients and finds that the mean time the 
doctor spends with a patient is 11.5 minutes.

	 (b)	Stating your hypotheses clearly and using a 5% significance level, test whether or 
not there is evidence to support the patients’ complaint.

(4)

	 The health centre also claims that the time a dentist spends with a patient during 
a routine appointment, T minutes, can be modelled by the normal distribution 
where T ~ N(5, 3.52)

	 (c)	 Using this model, 

		  (i)	 find the probability that a routine appointment with the dentist takes less than 2 
minutes

(1)

		  (ii)	 find P (T < 2 | T > 0)
(3)

		  (iii)	hence explain why this normal distribution may not be a good model for T.
(1)

	 The dentist believes that she cannot complete a routine appointment in less than 2 minutes.  

	 She suggests that the health centre should use a refined model only including values 
of  T > 2 

	 (d)	Find the median time for a routine appointment using this new model, giving your 
answer correct to one decimal place.

(5)
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Question 5 continued
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Question 5 continued
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5.	 The heights of females from a country are normally distributed with 

•	 a mean of 166.5 cm  
•	 a standard deviation of 6.1 cm

	 Given that 1% of females from this country are shorter than k cm,

	 (a)	 find the value of k
(2)

	 (b)	Find the proportion of females from this country with heights between 150 cm 
and 175 cm

(1)

	 A female, from this country, is chosen at random from those with heights between 
150 cm and 175 cm

	 (c)	 Find the probability that her height is more than 160 cm
(4)

	 The heights of females from a different country are normally distributed with a standard 
deviation of 7.4 cm

	 Mia believes that the mean height of females from this country is less than 166.5 cm  

	 Mia takes a random sample of 50 females from this country and finds the mean of her 
sample is 164.6 cm

	 (d)	Carry out a suitable test to assess Mia’s belief.
		  You should

•	 state your hypotheses clearly
•	 use a 5% level of significance

(4)
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Question 5 continued.
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1.	 George throws a ball at a target 15 times. 
Each time George throws the ball, the probability of the ball hitting the target is 0.48
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George now throws the ball at the target 250 times.

(b) Use a normal approximation to calculate the probability that he will hit the target
 more than 110 times.

(3)
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2.	 A manufacturer uses a machine to make metal rods.

	 The length of a metal rod, L cm, is normally distributed with 

•	 a mean of 8 cm

•	 a standard deviation of x cm

	 Given that the proportion of metal rods less than 7.902 cm in length is 2.5%

	 (a)	 show that x = 0.05 to 2 decimal places.
(2)

	 (b)	Calculate the proportion of metal rods that are between 7.94 cm and 8.09 cm 
in length.

(1)

	 The cost of producing a single metal rod is 20p

	 A metal rod 

•	 where L < 7.94 is sold for scrap for 5p

•	 where 7.94  L  8.09 is sold for 50p

•	 where L > 8.09 is shortened for an extra cost of 10p and then sold for 50p

	 (c)	 Calculate the expected profit per 500 of the metal rods. 
Give your answer to the nearest pound.

(5)

	 The same manufacturer makes metal hinges in large batches.

	 The hinges each have a probability of 0.015 of having a fault.

	 A random sample of 200 hinges is taken from each batch and the batch is accepted if 
fewer than 6 hinges are faulty.

	 The manufacturer's aim is for 95% of batches to be accepted. 

	 (d)	Explain whether the manufacturer is likely to achieve its aim.
(4)
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Question 2 continued
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4.	 A study was made of adult men from region A of a country. 
It was found that their heights were normally distributed with a mean of 175.4 cm and 
standard deviation 6.8 cm.

	 (a)	 Find the proportion of these men that are taller than 180 cm.
(1)

	 A student claimed that the mean height of adult men from region B of this country was 
different from the mean height of adult men from region A.

	 A random sample of 52 adult men from region B had a mean height of 177.2 cm

	 The student assumed that the standard deviation of heights of adult men was 6.8 cm both 
for region A and region B.

	 (b)	 Use a suitable test to assess the student’s claim. 
You should

•	 state your hypotheses clearly

•	 use a 5% level of significance
(4)

	 (c)	 Find the p-value for the test in part (b)
(1)
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Question 4 continued
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6.	 A medical researcher is studying the number of hours, T, a patient stays in hospital 
following a particular operation.

	 The histogram on the page opposite summarises the results for a random sample 
of 90 patients.

	 (a)	 Use the histogram to estimate P(10 < T < 30)
(2)

	 For these 90 patients the time spent in hospital following the operation had

•	 a mean of 14.9 hours

•	 a standard deviation of 9.3 hours

	 Tomas suggests that T can be modelled by N(14.9, 9.32)

	 (b)	 With reference to the histogram, state, giving a reason, whether or not Tomas’ model 
could be suitable.

(1)

	 Xiang suggests that the frequency polygon based on this histogram could be modelled 
by a curve with equation

y = kxe–x   0  x  4

	 where

•	 x is measured in tens of hours

•	 k is a constant

	 (c)	 Use algebraic integration to show that

0

n

∫ xe–x dx = 1 – (n + 1)e–n

(4)

	 (d)	 Show that, for Xiang’s model, k = 99 to the nearest integer.
(3)

	 (e)	 Estimate P(10 < T < 30) using

		  (i)	 Tomas’ model of  T ~ N(14.9, 9.32)
(1)

		  (ii)	 Xiang’s curve with equation  y = 99xe–x and the answer to part (c)
(2)

	 The researcher decides to use Xiang’s curve to model P(a < T < b)

	 (f)	 State one limitation of Xiang’s model.
(1)
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Question 6 continued
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Question 6 continued
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1.	 Xian rolls a fair die 10 times.

	

	 	

		  	

		  	

	  

	 	

	 	

	 	

2024 AL Statistics

The random variable X represents the number of times the die lands on a six.

               
   

(d) Use a normal approximation to estimate the probability that Xian rolls a total of
 more than 95 sixes during these 60 days.

(4)
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Xian repeats this experiment each day for 60 days.
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5.	 The records for a school athletics club show that the height, H metres, achieved by 
students in the high jump is normally distributed with mean 1.4 metres and standard 
deviation 0.15 metres.

	 (a)	 Find the proportion of these students achieving a height of more than 1.6 metres.
(1)

	 The records also show that the time, T seconds, to run 1500 metres is normally 
distributed with mean 330 seconds and standard deviation 26 seconds.

	 The school’s Head would like to use these distributions to estimate the proportion of 
students from the school athletics club who can jump higher than 1.6 metres and can 
run 1500 metres in less than 5 minutes.

	 (b)	 State a necessary assumption about H and T for the Head to calculate an estimate of 
this proportion.

(1)

	 (c)	 Find the Head’s estimate of this proportion.
(3)

	 Students in the school athletics club also throw the discus.

	 The random variable D~N μ σ, 2  represents the distance, in metres, that a student can 
throw the discus.

	 Given that P(D <  16.3) = 0.30 and P(D < 29.0) = 0.10

	 (d)	 calculate the value of µ and the value of σ
(5)
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Question 5 continued
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