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Statistics Area :

7. Further Probability

Further Probability

Further Probability

10. Conditional 10.1 Understand the concepts of conditional
probability and probability and independent events
independence 10.2 use the laws P(4 ~ B) = P(4) P(B | A) and
P(D | C) = P(D) for independent events C and D
to solve problems
11. Bayes’ theorem 11.1 use Bayes’ theorem to solve simple problems

Set notation

Let 4 and B be two events. Suppose that P(4)=0.8, P(B |4)=045 and P(B |4)=0.6,

where A' is the complementary event of A . Find

@  P(B),
) P(4]B),
(¢ P(4UB).

(5 marks) (2018 DSE-MATH-M1 Q1)

Let 4 and B be two events. Suppose that P(4)=0.2, P(B')=0.7 and P(A IB)=0,6, where
B' is the complementary event of B .
@ P(B4).

(b) Are A and B mutually exclusive? Explain your answer.
(c) Are A and B independent? Explain your answer.
(6 marks) (2017 DSE-MATH-M1 Q2)
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7. Further Probability
Let X and ¥ be two events such that P(X)=0.4 , P(¥)=0.7 and P(Y|X)=0.5 .

(a) Are X and Y independent? Explain your answer.
(®)  Find P(XUY) .
(5 marks) (2016 DSE-MATH-M1 Q1)

4 and B are two events. Suppose that P(4)=0.3, P(B)=0.28 and P(B'| A)=0.6, where
A" and B' are the complementary events of 4 and B respectively.
(a) Find P(A‘mB‘) and P(A‘mB) :
(b) Are A and B mutually exclusive? Explain your answer.
(6 marks) (2015 DSE-MATH-M1 Q2)

Let 4 and B be two events such that P(A | B)=0.4 , P(A4UB)=045 and P(B)=0.75,
where B' is the complementary event of B .
(@  Find P(A4nB) and P(4) .
(b) Areevents A and B independent? Justify your answer.
(6 marks) (2014 DSE-MATH-M1 Q7)

Suppose 4 and B aretwo events. Let 4' and B' be the complementary events of 4 and B
respectively. It is given that P(A|B'): 0.6 , P(Aﬁ B) =0.12 and P(A mB') =k ,where k>0.

(@)  Find P(4), P(B) and P(4UB) interms of k.
b) If 4 and B are independent, find the value of k.
(6 marks) (PP DSE-MATH-M1 Q9)

Let 4 and B be two cvents. It is given that P(4)=a , P(B’[A)zi—z and P(4 |B')=§~Z .
(a) Find P(Ar\B') in terms of a .
(b)  Find P(B) intermsof a .
(¢)  Ttis given that P(4~B)=0.1 .
(i) Find the value of a .
(ii) Determine whether 4 and B are independent or not.

(7 marks) (2013 ASL-M&S Q5)

Let 4 and B betwo events. It is given that P(A[B) ==, P(B]A) :% and P(d)=a .

3

4

(@) Find P(AnB) intermsof a .

(b)  Find P(B) intermsof a .

(c)  Ttis given that P(A'mB'):% .
(i) Find the value of « .
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7. Further Probability

(i)  Find the value of P(4B') .

(7 marks) (2012 ASL-M&S Q5)

Let 4 and B be two events of a certain sample space such that P(A U B):] . Denote
P(B)=b and P(AnB)=c ,where 0<b<l and O<c<1 .
(@) Express P(4) intermsof 5 and c .

(b)  Suppose that P(A]B)=% and P(B]A)z% ,

(i) Find the values of 4 and ¢ .
(ii) Arethe events 4 and B independent? Explain your answer.
(7 marks) (modified from 2010 ASL-M&S Q4)

Let 4 and B be two events. Suppose P(AuB)z% , P(A)=a , P(B):% and

P(4 | BY=k .
(a) Find P(AN B) intermsofa.
(b) Find the value of & .
() If A4 and B are independent, find the value of « .
(8 marks) (2009 ASL-M&S Q4)

A4 and B aretwoevents. 4" and B' are the complementary events of 4 and B
. 1 1
respectively. Suppose P(A)=§ , P(AuB):;go— s P(AlB):g and P(B)=k , where

O<k<l .
(a) Using P(A|B) ,express P(AN B) intermsof k .
(b) Find the value of & .
(c) Find P(A'nB) .
(d) Are the two events 4" and B’ mutually exclusive? Explain your answer.
(7 marks) (2008 ASL-M&S Q4)

Let 4 and B are two events with P(4) = @ and P(B) = b, where 0 <a <1 and 0<b <1. Supposc
that P(4'|B)=0.6, P(B|4)=0.3 and P(B'|4)=0.7, where 4’ and B' are
complementary events of 4 and B respectively.
(a) By considering P(4' N B), prove that a +2b = 1.
(b) Using the fact that 4 U B" is the complementary event of A’ B, or otherwise, find the
value of @ and b.

(c) Are 4 and B independent events? Explain your answer.

(7 marks) (2007 ASL-M&S Q5)
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7. Further Probability
A4 and B are two events. Suppose that P(4"B)=0.2 and P(4|B')=0.5, where B’ is the

complementary event of B. Let P(B) =b, where b < 1.
(a) Express P(4ANB') and P(4) in terms of b.
(b) If 4 and B are independent events, find the value(s) of b.
(7 marks) (2006 ASL-M&S Q5)

2 ,
A and B are two cvents. Suppose that P(4|B’) = % , P(B|4) :1—85 and P(B)= 5 where A4

and B' arc complementary events of 4 and B respectively. Let P(4) = a, where 0 <a< 1.
(a)  Find P(4NB).
(b) Express P(A'™ B) interms ofa .
(c) Using the fact that A"U B is the complementary event of 4 B’', or otherwise, find the
value of a .
(d) Are 4 and B mutually exclusive? Explain your answer.
(7 marks) (2005 ASL-M&S Q5)

A and B are two events. Suppose that P(4)=0.75 and P(B)=0.8.Let P(ANB)=k .
(a) Express P(4U B) interms of k.
(b) (i) Prove that 0.55<k <1 .

(ii) Let A'and B' are complementary events of 4 and B respectively. Using (b)(i) and
A"UB' is the complementary event of AMB, or otherwise, prove that
P(4"UB')<0.45

(7 marks) (2004 ASL-M&S Q1)

A and B are two events. Suppose that P(4|B)=0.5 , P(B|4)=0.4 and P(4UB)=0.84. Let
P(4)=a,wherea>0.

(a) Express P(4NB) and P(B) in terms of @ .

(b) Using the result of (a), or otherwise, find the value of a .

(c) Are A and B independent events? Explain your answer briefly.
(7 marks) (2003 ASL-M&S Q4)

A and B arc two independent cvents. If P(4) = 0.4 and P(AuU B) =0.7, find P(B) .
(4 marks) (2001 ASL-M&S Q1)
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7. Further Probability

Tree Diagram, Conditional Probability and Bayes' Theorem

18.

20.

A box contains six cards numbered 1,2 ,3,4, 5 and 6 respectively.

(a) Three cards are drawn randomly from the box one by one with replacement. Given that the
sum of the numbers drawn is 7, find the probability that the number 1 is drawn exactly two
times.

(b) If the card numbered 6 is taken away before three cards are drawn, will the probability
described in (a) change? Explain your answer.

(6 marks) (2015 DSE-MATH-M1 Q2)

A bag contains 2 white balls and 5 yellow balls. In a survey, cach interviewee draws a ball
randomly from the bag. If a white ball is drawn, then the interviewee considers the question ‘Are
you a smoker?’. If a yellow ball is drawn, then the interviewee considers the question ‘Are you a
non-smoker?”.
Finally, the interviewee answers either “Yes” or ‘No’. Let P be the probability that a randomly
selected interviewee is a smoker.
(a) Express, in terms of p , the probability that a randomly selected interviewee answers “Yes’.
(b) In this survey, 50 out of 91 interviewees answer “Yes’.

(i) Find p .

(i)  Given that an interviewee answers ‘No’, find the probability that the interviewee is a

non-smoker.
(6 marks) (2015 DSE-MATH-M1 Q3)

A company produces microwave ovens by production lines 4 and B. It is known that 4% of all

microwave ovens fail to function properly and that 2% of microwave ovens produced by line 4
2 : ; : 2
fail to function properly. Among the microwave ovens which function properly, 3 of them are

produced by line B . Suppose a microwave oven is randomly selected.
(a) What is the probability that the microwave oven is produced by line B and functions
properly?
(b) What is the probability that the microwave oven is produced by line 47
(c) If the microwave oven is produced by line B, what is the probability that it functions
properly?
(5 marks) (2014 DSE-MATH-M1 Q8)
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7. Further Probability
In a shooting game, one member from each team will be selected to shoot a target three times. The
team will get a prize if the target is hit at least once. Team A consists of Mabel and Owen, with the
probability that Mabel is selected to shoot being 0.7. Suppose that the probabilities of Mabel and
Owen to hit the target in each shot are 0.6 and 0.5 respectively.

(a) Find the probability that Team A will get a prize if Mabel is selected.

(b) Find the probability that Team A will get a prize.

(c) Given that Team A does not get a prize, find the probability that Owen is selected.

(6 marks) (2013 DSE-MATH-M1 Qg8)
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22. In a game, there are two bags, 4 and B , each containing 5 balls. Bag A4 contains 3 red and 2 26. A department store uses a machine to offer prizes for customers by playing games 4 or B . The

blue balls, while bag B contains 4 red and 1 blue balls. A player first chooses a bag at rand . . ;8
i ¢ e Dalls. £ piayet Hrst chooses a bag at rancom probability of a customer winning a prize in game A4 is % and that in game B is i Suppose

and then draws a ball randomly from the bag. The player will be rewarded if the ball drawn is blue.

The ball is then replaced for the next player's turn. cach time the machine randomly generates cither game 4 or game B with probabilities 0.3 and 0.7
(a) Find the probability that a player is rewarded in a particular game. respectively.
(b) Two players participate in the game. Given that at least one of them is rewarded, find the (a) Find the probability of a customer winning a prize in 1 trial.

probability that both of them are rewarded. (b) The department store wants to adjust the probabilities of generating game 4 and game B so
© IF 60 players are rewarded, find the expeoted number of players among them having drawn that the probability of a customer winning a prize in 1 trial is 2 . Find the probabilities of

a bluc ball from bag A4 3

(5 marks) (PP DSE-MATH-M1 Q7) generating game A and game B respectively.
(6 marks) (2000 ASL-M&S Q8)
23. The percentage of local Year One students in a certain university is 90% , among whom 5% are

enrolled with a scholarship. For non-local Year One students, 35% of them are enrolled without a
scholarship. 27. Three control towers 4, B and C are in telecommunication contact by A
(a) If a Year One student is selected at random, find the probability that the student is enrolled means of three cables X, ¥ and Z as shown in the figure. 4 and B

with a scholarship. remain in contact only if Z is operative or if both cables X and Y are
(b) Given that a selected Year One student is enrolled with a scholarship, find the probability operative. Cables X, Y and Z are subject to failure in anyone day with V4 Y

that this student is a non-local student. probabilities 0.015, 0.025 and 0.030 respectively. Such failures occur

(4 marks) (SAMPLE DSE-MATH-M1 Q4) independently.
(a) Find, to 4 significant figures, the probability that, on a B C
24. Twelve boys and ten girls in a class are divided into 3 groups as shown in the table below: particular day, X
(a) both cables X and Z fail to operate,
Group A Group B Group C (b) all cables X', Y and Z fail to operate,
Number of boys 6 4 2 (c) A and B will not be able to make contact.
Number of girls 2 3 5 (b) Given that cable X fails to operate on a particular day, what is the probability that 4 and B
are not able to make contact?

To choose a student as the class representative, a group is selected at random, then a student is () Given that 4 and B are not able to make contact on a particular day, what is the probability

chosen at random from the selected group. that cable X has failed?

(a) Find the probability that a boy is chosen as the class representative. (7 marks)

(b) Suppose that a boy is chosen as the class representative. Find the probability that the boy is (7 marks) (1999 ASL-M&S Q7)

from Group A.
(5 marks) (2002 ASL-M&S Q5) 28. A factory produced 3 kinds of ice-cream bars 4 , B and C in the ratio 1: 2 : 5. It was reported that
some ice-cream bars produced on 1 May, 1998 were contaminated. All ice-cream bars produced on
25 Inthe election of the Legislative Council, 48% of the votes supports Party 4 , 39% Party B and that day were withdrawn from sale and a test was carried out. The test results showed hat 0.8% of
13% Party C . Suppose on the polling day, 65% , 58% and 50% of the supporting voters of Parties kind 4, 0.2% of kind B and 0% of kind C were contaminated.
A, B and C respectively cast their votes. (a) An ice-cream bar produced on that day is selected randomly. Find the probability that
(@) Avoter votes on the polling day. Find the probability that the voter support Party B . (1) the bar is of kind A and is NOT contaminated,
(b) Find the probability that exactly 2 out of 5 voting voters support Party B . (i) the bar is NOT contaminated.
(7 marks) (2001 ASL-M&S Q7) (b) If an ice-cream bar produced on that day is contaminated, find the probability that is of kind
A.

(6 marks) (1998 ASL-M&S Q6)
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29.

30.

A company buys equal quantities of fuses, in 100-unit lots, from two suppliers A and B. The
company tests two fuses randomly drawn from each lot, and accepts the lot if both fuses are
non-defective.
It is known that 4% of the fuses from supplier A and 1% of the fuses from supplier B are defective.
Assume that the qualities of the fuses are independent of each other.
(a) What is the probability that a lot will be accepted?
(b) What is the probability that an accepted lot came from supplicr A?

(6 marks) (1996 ASL-M&S Q6)

An insurance company classifies the acroplanes it insures into class L (low risk) and class A (high
risk), and estimates the corresponding proportions of the aeroplanes as 70% and 30% respectively.
The company has also found that 99% of class L and 88% of class H aeroplanes have no accident
within a year. If an aeroplane insured by the company has no accident within a year, what is the
probability that it belongs to
(a) class H?
(b) class L?

(7 marks) (1995 ASL-M&S Q5)

In asking some sensitive question such as “Are you homosexual?”, a randomized response
technique can be applied: The interviewee will be asked to draw a card at random from a box with
one red card and two black cards and then consider the statement ‘I am homosexual” if the card is
red and the statement ‘I am not homosexual” otherwise. He will give the response either “True’ or
‘False’. The colour of the card drawn is only known to the interviewee so that nobody knows which
statement he has responded to. Suppose in a survey, 790 out of 1200 interviewees give the response
“True’.
(a) Estimate the percentage of persons who are homosexual.
(b) For an interviewee who answered ‘True’, what is the probability that he is really
homosexual?
(7 marks) (1994 ASL-M&S Q7)
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Section B

32.
TY | TY | TY
©|1Y|©
TY |© | TY
Figure (a) Figure (b)

A soft-drink company proposes a promotion programme by attaching a scratch card to each can of

soft drink. Every card has nine squares, with 3 or 4 randomly selected squares each containing a

smiley face and in each of the rest a 'TY' denoting "Thank You'. An example is shown in Figure (a).

All squarcs arc covered by metallic films (see Figure (b)).

(a) A customer is asked to rub off the metallic films on 3 squares of a scratch card. If 3 smiley
faces are found, the customer will win a prize. Find the probability that the customer can
win a prize if the card has
(1) 3 smiley faces,

(i) 4 smiley faces.
(2 marks)

(b) If the company wants to set the probability of winning a prize to be at most 6_10 , what
should be the largest value of the proportion (p) of the cards with 4 smiley faces?

(3 marks)

(c) The company then produces the scratch card according to the proportion p found in (b). The
company changes the rule of the game that customers will be asked to rub off the metallic
films on 4 squares now and the prizes will be given as follows:

Gold Prize  — exactly 4 smiley faces are found on 1 card
Silver Prize — exactly 3 smiley faces are found on 1 card
Bronze Prize — exactly 2 smiley faces are found on each of 2 cards
Find the probability of winning
(i) a Gold Prize with 1 card,
(ii) a Silver Prize with 1 card,
(iii)  one or two prizes with 2 cards.
(10 marks)
(2009 ASL-M&S Q10)
7.10
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In a promotion period of an clectronic shopping card with spending limit of $3 000 , cardholders
who spend over $400 in the maximum amount transaction are classified as VIPs and are eligible for
entering an online "click-and-get-point" game once. The rules of the game are detailed in the
following table.

Spending ($x) | VIP Category Number of clicks allowed
400 < x <800 Silver 1

800 < x <1000 Gold 2

1000 < x <3000 Platinum 3

The probabilities to get 1,2, 3 and 4 points on a single click are 0.4, 0.3, 0.2 and 0.1 respectively.
The total number of points got in a game can be exchanged for a cash rebate according to the
following table.

Total number of points Cash rebate
l1to3 $20
4t09 $50

10 to 12 $200

It is known that among the VIPs, 25% belong to Silver, 60% belong to Gold and 15% belong to
Platinum.
(a) In a certain completed game, find the probability

(i) of getting exactly 3 points if the player is a Gold VIP;

(ii) of getting exactly 3 points;

(iii)  that the player is a Gold VIP given that the player gets exactly 3 points.

(5 marks)
(b) Find the probability that the player gets a cash rebate of exactly $ 20 in a certain completed
game.
(2 marks)
(c) In a certain completed game, find the probability that the player gets
(1) exactly 10 points;
(ii) a cash rebate of exactly $ 200 .
(3 marks)

r-
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7. Further Probability
(d) Rescarch data reveal that 70% of cach category of the VIPs will complete the game. A

manager of the card company proposes offering a 4% direct cash rebate of the transaction to

all VIPs instead of the online game. However, a senior manager, Winnie, thinks that the

cost of that proposal will certainly be higher than the expected cash rebate of the online
game.

(1) Do you agree with Winnie? Explain your answer.

(i1) Another senior manager, John, thinks that the cost of offering a 2% direct cash
rebate to all VIPs will certainly be lower than the expected cash rebate of the online
game. Do you agree with John? Explain your answer.

(5 marks)
(2010 ASL-M&S Q11)

Boys B, , B, and girls G, , G, are students who have qualified to represent their school in a

singing contest. One boy and one girl will form one team. The team formed by B, and G, is

denoted by B, G, ,wherei=1,2and;=1,2.A team can enter the second round of the contest

if both team members do not make any mistakes during their performance. Suppose that a student
making mistakes in a performance is an independent event, and the probabilities that B, , B, ,
G, and G, do not make any mistakes in a performance are 0.9, 0.7, 0.8 and 0.6 respectively.
(a) List all the possible teams that can be formed.

(1 mark)
(b) Find the probability that B, G, can enter the second round of the contest.

(1 mark)
(c) If a team is selected randomly to represent the school, find the probability that the team can

enter the second round of the contest.

(2 marks)
(d)  If two teams B, G, and B, G, are formed to represent the school, find the probability
that
(1) exactly one team can enter the second round of the contest,
(i) at least one team can enter the second round of the contest.
(5 marks)
(e) Suppose that two teams are allowed to represent the school and each student can only join
one team.
(1) If the two teams are formed randomly, find the probability that exactly one team can

enter the second round of the contest.
(i1) How should the teams be formed so that the school has a better chance of having at
least one team that can enter the second round of the contest?
(6 marks)
(2000 ASL-M&S Q13)
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Set notation

1.

2.
(2)

®

©

(2018 DSE-MATH-M1 Q1)

(2017 DSE-MATH-M1 Q2)

7. Further Probability

P(B1 4)
_ P(4] B)P(B)
P(4)
_B(4]BYI-P(B)
P(4)
” 0.6(1-0.7) M
0.2
=09 1A
P{(ANB)
= P(A| B)P(B)
=P(4| B)(1-P(B"))
=0.6(1-0.7)
=0.18
#0 M
Thus, 4 and B are not mutually exclusive. 1A fit.
Notethat P(4|B)=0.6#02=P(4) . M
Thus, A and B are not independent. 1A £t
Note that P(An B)=0.18%0.06 =P(4) P(B) . iM
Thus, 4 and B are not independent. 1A & 1.
{a) Very good. Over 90% of the candidates were able to find the value of P(B|A) by using
Bayes’ Theorem.
) Very good. Most candidates were able to conclude that 4 and B are not mutually
exclusive events.
{©) Very good. About 80% of the candidates were able to conclude that 4 and B are not
independent events.
Marking 7.1
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(2016 DSE-MATH-MI1 Q1) 4. (2015 DSE-MATH-M1 Q2)
P X) —
~05 (a) P(A'nB")
%07 =P(B'| AYP(4")
=P} M =0.6(1-0.3) IM
Thus, X and Y are not independent. 1A ft =0.42 1A
PX)P(Y) P(4'nB)
={0.4%0.7) =P(4)-P(4'nB)
=028 =1-03-042 1M
PXAY) =028 i
=PI X)P(X) (b) Notethat P(B)=P(An B)+P(ANB) .
jf}‘);)(“-“) Since P(B)= P(4' " B)=028 , wehave P(AnB)=0 . ™
o Thus, 4 and B are mutunally exclusive. 1A it
X NY)=P(X)P(Y) ™ol e (6)
Th ;
us, X and ¥ are not independent. 14 LL (@) Very good. Most candidates were able to find the value of P(4'n B') while a few
P(XY) candidates failed to find the value of P(4' B) properly.
=P(r | 0PCY) {b) Fair, Many candidates mixed up mutually exclusive events with independent events. Only
=(0.5)0.4) M some candidates were able to mention P(4N B)=0 to conclude that 4 and B are
=02 mutually exclusive events,
P(XuUY)
=P +PM-PXND) 5. (2014 DSE-MATH-M1 Q7)
=04+0.7-02 M
=09 14 (2) P(4nB)=P(B)P(4]B)
........ 5) =(1-0.75)x04 M
=0.1 1A
(a) Very good. More than 70% of the candidates were able to mention P(Y'|.X)= P(¥) or
P(XNY)#P(X)P(Y) toconclude that 4 and B were not independent events. Only P(AUB) = P(4)+P(B)-P(4N B)
some candidates were unable to show their numerical values in comparison. 0.45=P(A)+(1-0.75)-0.1 M
P(4)=03 1A
(b) Very good. A very high proportion of the candidates were able to use the identity
PXUY)=P(X)}+P(Y)-P(XNY) to find the value of P(XUY) while a few
candidates were unable to find the value of P(X NY) . (b) P(4|B)=04
#P(4) iM
Alternative Solution
P(A)P(B)=0.3x0.25
=0.075
#P(4NB) M
Hence 4 and B are not independent events. 1
()
(@) Excellent.
(b) Good.
Few candidates wrote P(4 N B)=0.1 for (a) and then
P(A)-P(B)=-#0.1#P(4 N B) for (b); while others tried to make conclusion by
comparing P(4 N B) with 0, or P(4|B) with P(4)-P(B).
6. (PP DSE-MATH-M1 Q9)

Marking 7.2

Marking 7.3
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7. Further Probability

(@ P(A)=P(ANB)+P(ANB)
=0.12+k 1A
P(AIB) = P(A(\,B)
P(B)
T -
1-P(B)
p(B)=1-X 1A
3
P(AUB)=P(A)+P(B)-P(ANB)
=(0.12+k)+(1-§;—(—jw0.12 M
=1 —Z’i 1A
3
(b) If A and B are independent, P(A)P(B)=P(ANB) .
(0J2+k)(l~—%)=0.12 M
2
0.8k~
3.‘ ----------------
k=0.48 ;o1 0 (rejected): 1A
Alternative solution 1
If A and B are independent, P(A)=P(AlB") .
0.12+k=0.6 M
k=0.48 1A
Alternative solution 2
If A and B are independent, P(A)P(B)=P(ANB") .
(0.12+k)(5?kj=k IM
2
Sk -0.8k =0
3 -
k=0.48 ior 1A
Alternative solution 3
If A and B are independent, P(AIB)=P(AIB") .
PACE) _pia1py
P(B)
0.12
T 0.6 IM
l_;
3
k=048 1A
©)
(@) A8AS o R A ARET P(AY=P(ANB)+P(ANB) FiRLIE

P(AUBY=P(A)+P(B) ~

®) AR o B A RN R A B R AR AR

7. (2013 ASL-M&S Q5)

Marking 7.4

DSE Mathematics Module 1

(a) P(ANB)=P(B'| 4)-P(4)
27

=—u
32

(b) P(AnB')=P(4| B)-P(B)

27 27
Pl
31

P(B)=1-"=
(B) 27

(€) (i) PA=PANB+P(ANE)
a:0.1+gz-a
32

a=0.64

(i) P(A)-P(B)= (0.54)[1-—2—% (0.54)]

={.2432
#P(AdNB)
Hence 4 and B are not independent,

7. Further Probability

1A

1A

1
0

Good,

nrixed up the events B and its complement 8’|

Some candidates were not able to apply the definition of independent events and some

Marking 7.5
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8.

(2012 ASL-M&S Q5)

@ PUNBY=P(AR(B] 4)

3
8

() P(ANB)=P(B)P(4]B)

©)

9.
@

®)

3a_3

TP
a
P(B)—E
(i) P(4UB)=P(4)+P(B)~P(ANB)
felegsl 38
16 2 38
1
a=—
2
N n_PANB)
(i) P(AIB)——-~——P(33
=P(A)—P(AhB)
1-P(B)
131
_2 82
1.1
I-=x—
2 2
=l
12

r—

= e =

7. Further Probability

M For numerator

Very good.

intersection of events.

Nevertheless, some candidates were not familiar with the operations of complement and

(2010 ASL-M&S Q4)
© P(AUB)=P(4)+P(B)-P(ANB)
L I=P(A)+b-c
ie. P(A)=1+c-b

P(4NB)

0 P(4]B)= 5

=2¢ (6]

c=2-2b @)
Solving (1) and (2), we have b=0.8 and c=04 .

(il P(AP(B)=(0.6)0.8)= 0.4 =P(4N B)

Alternative Solution 1
P(A41B)=0520.6=P(4)

Alternative Solution 2

P(BlA):% #0.8=P(B)

Hence the events 4 and B are not independent.

1A For P(AUB)=1

1A

M For conditional probability
N <

For either one
<
TAHIA

1 Follow through
W)

definition and concept of independent events were also not well mastered.

Poor. Many candidates were not familiar with the basic concept of exhaustive events. The}

Mark

ing 7.6
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10.

(@

®)

©

(2009 ASL-M&S Q4)

& =

P(AU B)=P(A)+P(B)~P(4AN B)
3 e+l opunn 1A
12 4
ie. P(AnB):a-% A
P(B)P(4|B)=P(4AN B
[1-P(B))-P(4| B) = P(4)~P(4 " B)
. (l—l)k=a—(a-—vl) MHIM+IM
4 6
2
ie k== 1A
1€, 9
Since 4 and B are independent, P(AB)=P(A4)xP(B) .
P Y, | ™M
6 4
a=2 A
9
Alternative Solution
Since 4 and B are independent, P(4|B’)=P(4) .
a=k M
=2 1A
9
—a—

e B

7. Further Probability

OR ---=P(4L B)-P(B)

Very good. Most candidates were able to master the basic rules of probability.

Marking 7.7
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11. (2008 ASL-M&S Q4)

@ P(AnBy=P(4|B)-P(B)

7. Further Probability

]
s 1A
®) P(4UB)=P(4)+P(B)-P(4n B)
A .
"2 s 6 i
T TR 1A
(¢} P(4'~B)=P(B)-P(ANB)
=[i)_l(i
10) 10 IM
Alternative Solution
P(A’' " B) = P(4 U B)~ P(A)
3L
205 M
=L
2 A
@& PANB)=1-F(AUB)
1=
20
Alternative Solution
P(A' N B} =P(4A")~P(4'"B)
1 1
-(-3-G)
ternative
P(A'nB)=P(4)+P(B)-P(4'LB")
= P(4")+P(B)-P((4 N B))
(-2t
5 10 6 10
_iT
©20
®0 M For P(A'nB)=0 -
Hence A’ and B’ are not mutually exclusive. 1 Follow through
Y+ BBy =[1-1)4[1-2
5 10
-
2
#P(A"UB") since P(A/UB)LI IM | |[For P(4)+P(B")# P(4'U B")
Hence A' and B’ are not mutually exclusive, 1 Follow through
[0

'Very good, except part (d) where many candidates were not sure of the definition of “mutually
exclusive” events and confused with that of “independent” events.

Marking 7.8
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12. (2007 ASL-M&S Q5)
(®  P(4'NB)
" =P(B| AYP(A")
=0.3(1-a)

P(A'NB)
=P(A'| BYP(B)
=0.6b
Hence, we have 0.6b= 0.3(1-a) .
Thus, we have a+2b=1 .

®)  P4nB)
=P(B'| A)P(4)
=0.7a
P(A\u B}
=1-P(4'nB)
=1-0.65
Note that P(AUB)=P(4) +P(B)-P(ANB’) ,
Hence, we have 1-0.6b=a+(1-5)-0.7a

So, we have 3a=4b .
.Solving @+2b=1 and 3a=4b , wehave a=04 and =03 .

7. Further Probability

M

1 either one

1M for complementary events

M

1A for both correct

P(ANBY)
=P(B'| HP(4)
=0.7a
P(AUB")
=1-P(4'nB)
=1-03(1~-a)
=0.7+03a
Note that P(4W B}y =P(A)+P(B)-P(ANB) .
Hence, we have' 0.7+03a=a+1-5-0.7a
So, we have 5=03 .
By (a), we have a+2(0.3)=1 .
Thus, we have a=04 .

1M for complementary events
1M
- 1
both correct
1A commmem——————————— i

{c

2

we have P(ANB)=0.12=(0.4)(0.3)=P(4)P(B) .
Thus, 4 and B are independent events.

Since P(ANB)=P(d)~P(ANB") , P(4)=04 and P(ANB)=028 ,

1M for relating P{(4M B) and P(4)P(B)
1AfL

With the help of P(B)=03 , wehave P(4NB)=P(4)P(B) .
Thus, 4 and B are independent events.

Since P(A)=a , wehave P{(ANB)=P(A)-P(ANB)=a~07a=03a . .

1M for relating P(AM B) and P{A)P(B)
1Aft

Since - P(4'] B)=0.6 , wehave P(A4|B)=1-P(A'|B)=1-0.6=04 .
With the help of P(4)=0.4 , we have P(4|B)=P(4) .
Thus, 4 and B are independent events.

1M for relating P(A4|B) and P(A4)
1Afx

(7}

events are also involved.

Fair. Some candidates could not apply the laws of probability especially when complementary

Marking 7.9



—

r—

DSE Mathematics Module 1

13.

®

(&)

(2006 ASL-M&S Q5)

P(ANB)
P(B)
_P4NB)
05=—LC
P(ANB)=0.5(1-b)

P(A)
=P(ANBY+P(ANB")
=02+0.5(1-b)
=07-0.55

P(4]BY)=

P(A B)=P(A)P(B)
0.2=(0.7-0.50)b

552 ~7b+2=0

b=04 or b=1 (rejected)
Thus, we have 5=04 .

= = 1 f

— 1 e =

7. Further Probability

M
1A accept 0.5 - 0.55

1M for using (2) + IM for using independence

1A

Since A4 and B are independent events, we have P(A B) =P(A)P(B) .
So, we have P(4| BYP(B') = P(A B = P(A) - P(A)P(B) = P(A)P(B) .
Since P(B)#0 , we have P(4]B)=P(4) .

By (a), we have 0.5=0.7~0.55 .

Therefore, we have 0.56=0.2 .

Thus, we have b=04 .

1M for using () + IM for using independence

1A

R—

Good. Some candidates confused the definition of ‘mutually exclusive events’ with the
definition of ‘independent events’.

Marking 7.10
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14.
(@)

®)

©

@

(2005 ASL-M&S Q5)

P(ANBY
=P(4| BYP(B")

5 2
=X

P

PANB)
=P(B] AYP(A)
8
~G2XI-a)
P(A'UB)
=1-P(ANB)
=1-5 (by(@)
3

e »
Note that P(4"U B)=P(4"}+ P(B)-P(A'NB) .

Hence, we have -:—=(l——a)+%—(%)(l -a) (by(b)).

Qe

Thus, we have a=

P(A) =P(ANB)+P(4N B, P(A):% (by ()

- and P(AnB'):-i- (by (@)

P(AnB)=0
Thus, 4 and B are mutually exclusive,

r—

e &=

7. Further Probability

IM can be absorbed ==~==~~

1A or equivalent

—

IM accept P(A)+ P{A' A B) = P(B) + P(AN B")

1M for using (b)

1A

1A must show reasons
(7)

Good. Some candidates confused the definition of ‘mumally exclusive events' with the

definition of “independent events’.

Marking 7.11
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15.

@

®

(2004 ASL-M&S Q1)
“ P(AUB)
=P(4)+P(B)~P(AN B)
=0,754+0.8—k
=155~k

M v PAUB) <1
oo 155-k <1 (by (@)
Therefore, we have k20.55 .
- P(AnB)<1
S ksl
Thus, we have 0.55<5k<1 .

@) P(4'wB)

=1-P(ANB) (since 4'UB' isthe complementary éventof 4N 3B )

=1-k

<1-0.55
=0.45 .
Thus, we have P(AiuB’) <045 .

(by O®)

7. Further Probability

1M can be absorbed
1A

1M can be absorbed . ==~~~ :

1

P4y
=1-P(4)
=1-0.75
=025

P(BY)
=1-P(B)
=1-0.8
=02

P(A' U B
=P(4)+P(BY)~P(4' "B
=0.25+0.2~P(4'NB")
=045-P(A'NB")
<045 (RS

1 i

D

Good. Most candidates knew that any probability is between 0
and 1 but some could not state the fact that £ <1 .

Marking 7.12
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16. (2003 ASL-M&S Q4)
() P(dnB)=P(4) P(B|4)
P(ANB) = 0.4P(4)
P(ANB) = 0.4a

P(4NB) = P(B) P(4|B) = 0.5P(8)
0.4a = 0.5P(B)
) =04
BE)=g5e
P(B) = 0.8a

7. Further Probability

IM  can be absorbed ~-=---~ t

1A t
either one
)

(P(AB) = P(4) P(BIA)

P(ANB) = 0.4P(4)

P(AB) = 0.4a

P(AUB) = P(4) + P(B) - P(4B)
0.84 = 2 + P(B) - 0.4
P(B)=0.34 - 0.6a

IM can be absorbed
1A

1M can be absorbed
1A

P(ANB) = P(B) P(4|B)

P(8) =2 P(4nB)

P(AUB) = P(4) + P(B) — P(4NB)
0.84 = @ + 2 P(ANB) - P(4NB)
P(ANB) = 0.86 ~ a

1M can be absorbed

1M canbe absorbed
1A accept P(4B) = 1.8a - 0.84

P(B) =168 ~2a 1A accept P(B) = 0.8a
(b) P(4UB)=P(A) + P(B) - P(ANB)
0.834 =a +0.8¢ - 0.4a (by(a)) IM can be absorbed
0.84 = 1.4a
a=06 1A
P(4NB) = P(B) P(4|B) = 0.5P(B)
0.4a = 0.5P(B)
0.4
P8y =24
By =350
P(B)=0.8a
0.82=0.84 ~0.6¢ (by(a))
14a=0384
e¢=0.6 1A
P(ANB) = P(4) P(B]4)
P(ANB) = 0.4 P(4)
0.84 ~q=04a
a=0.6 1A
(€} o P(4) P(B) = (0.6)(0.8)(0.6) = 0.288 ¢ 0.24 = (0.4)(0.6) = P(AnB) M
~ 4 and B are not independent, 1A
P(A4|B)=0.5=0.6=P(4) M
4 and B are not independent. 1A
(D)

A

Fair. Concepts of indep
events have to be
istinguish the formmulas for i

events and it Tusi
thened. Some candidates were unable to
and union under general

and s;eciﬁc conditions.

17. (2001 ASL-M&S Q1)

Since P(4\UB) = P(4)+P(B)-P(4N B)

and P(ANB) = P(4)P(B)
0.7=0.4+P(B)-0.4P(B)
P(B) =0.5 '
Marking 7.13
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e = e

7. Further Probability

Tree Diagram, Conditional Probability and Bayes' Theorem

18.
@)

®)

19.
(a)

(b)

(if)  The required probal

%0.3902439024
~0.3902

bility

(2015 DSE-MATH-M1 Q2)
The required probability
1 3
[E] 3) 5
- 3 IMHIMTIM| M or (%J + 1M for numeratoc + 1M for denominstor
&) (3+31+3+3)
1
=3 A
The required probability
3
1
(gj ©]
— 1M
G) (3+31+3+3)
=L
5
Thus, the required probability will not change. 1A fit.
e (6)

(a) Good. Some candidates were unable to count the correct number of relevant outcomes for
the sum of 7 , hence unable to work out the denominator of the required probability
properly.

(b} Fair. ~ Although many candidates guessed correctly that the required conditional
probability remains unchanged, they were unable to provide a mathematical argument to
Jjustify the guess.

(2015 DSE-MATH-MI1 Q3)
The required probability

=%p+;(l~p) IM for rs+(1-r)(1-s)
53 1A

7
() 5_"'73_1’ = _;.(ll M for using (a)

5
= 1A
e
p%0.384615384 rt. 0.3846
p~ 03846

M for numerator using (b)(i)

r.t. 0.3902

@

®) (@
)]

Good. Some candidates did not simplify the answer and some candidates failed to give an
answer as an expression in terms of p .

Very good. Most candidates were able to set up an equation by using the result of (a).

Good. Some candidates failed to use the result of (b)(i) to find the required probability.

r—

Marking 7.14
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20.

(a)

(&)

()

(2014 DSE-MATH-M1 Q8)

P(the selected microwave oven is produced by line B and functions properly)

e

T —

e N — N

7. Further Probability

2 3 A
=(1-0.04)x= function
3 properly
=0.64 1A ™y
> fail to
P(4) P(functions properly | A} = P(functions properly) P(4 | functions properly) " ﬁmclioln
properly
P(A4) (1—0.02)=(l—0.04)(1——§~} M
16
P(A)=— 1A OR 0.3265
49
P(functions properly | B)= 161% M
T4
=15 1A | OR 09503
825
®)
(ay Very goad.
{b) Poor.
Most candidates did not und d the of the conditional probabilities
given,
(O] Fair.
Many candidates used correct methods but obtained wrong answers, because their
answers to (a) or (b) were wrong.

Marking 7.15
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21. (2013 DSE-MATH-M1 Q8)

7. Further Probability

(a) P(getaprize | Mabel)=0.6+0.4x0.6+0.42 x0.6 v | OR TEU=06)
=0.936 1A OR (0.6)* +C}(0.6)%(0.4)
+C}H0.6)(0.4)
(b} P(getaprize | Owen)=0.5+0.5x0.5+0.5% x0.5 OR 1-(1-0.5)
=0.875
<o P(win)=0.7x0.936 + 0.3x0.875 M
=0.9177 1A
) 0.3% (i -0.875) 0.3%(1-0.5)°
P{O d t get = sl i
{c) P{Owen |does not get a prize) 09177 1M WEETT
375
7823 1A OR 0.4557
6)
(a) Fair. Many candidates actually found P(Mabel is selected and Team A gets a prize) instead
of the required probability.
{b) Good.
(c) Satisfactory. Quite a number of candidates were weak in applying Bayes’ theorem.’
22. (PP DSE-MATH-M1 Q7)
5 12 11
a) P(aplayer is rewarded) = —-—+4—-—
(a) P(aplay ) 5353
=03 1A
.3x0. .3x0.3
(b} P(both players are rewarded | one player is rewarded) = WO?TE%%WE M OR %
-1 1A | OR 0.1765
17
1x2
(¢) E(no. of players having drawn a blue ball from A )= 60x-2—2 M
3
=40 1A
(5)
() B o
(b) WA o ERR A EEREEMEA AN -
() A o KRS B A AT SR S -

23. (SAMPLE DSE-MATH-M1 Q4)

(2)  The required probability
=0.9%0.05+0.1x(1-0.35)
=0.11

(b)  The required probability
_ 0.1x(1-0.35)
0.11

Marking 7.16

M For pypy +(1-p1)p3
1A
,
M For denominator using (a)
1A OR 0.5909
4)
& _ = 4 <
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24.
@

®)

(b)

26.

(®)

(2002 ASL-M&S Q5)
The required probability

7 ”
5 (=04667)

(2001 ASL-M&S Q7)

The required probability
_ 0.39%x0.58

7 0.48%0.65+0.39%0.58+0.13x0.5
=0.375 ®

The required probability
= C3(0.375)%(1-0.375)°
=0.3433

(2000 ASL-M&S Q8)

The probability of a customer winning a prize in 1 trial

= 0.5 2)+O‘7(2]
9 6

=0.75

Let x and y be the probabilities of generating games A and B respectively.

3 5 2
Then —x+=—y=—
5778773
and xX+y=
5 2
—x+=(l-x)=—=
Trg-n=3
5§ 5 2
s i
6 18 3
x=z (or 0.6)
5

The probabilities of generating game { and game B are

2 (or0.6) and % (or0.4) respectively.
2

Marking 7.17

7. Further Probability

1A

1A a-1forrt 0.536

1M + 1A (1A for numerator)

1A a-1 forr.t 0.467
n(5)

1A numerator
1A denominator

1A

iIM binomial, for any p

M C;’pz(]—p):’, for pin (a)
1A a-1forr.t 0.343
———(6)

IM

M

IAor y=—, y=04

wlN
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27. (1999 ASL-M&S Q7)

Let E, betheevent thatcable X is operative,
E, be the event that cable ¥ is operative,
E; be the event that cable Z is operative, and
F be the event that 4 and B are not able to make contact.

@ & P(Ey nE;)=(0.015(0.030)
=0.00045 (1)

(i) P(Ey ME, AE; )=(0.015)0.025)0.030)
: =0.00001125 ( p,)

(i) PUF) =P(Ex NE; )+P(Ey nE; Y=P(Ey NEy NE;)
=0.00045 + (0.025)(0.030) - 0.00001 125

=0.00118875
~0.00118% (p3)

®) P(FIEy)=P(E;)
=0.030 (py)

P(Ey )P(FI Ex)
P(F)
_ (0.015)(0.030)
© 77 0.00118875
~0.3785489
~0.3785

© P(Ey |F)=

Remark on (a)(iii):

e

r—

1A

)]

—

7. Further Probability

a-1 for r.t. 0.0005
(method must be shown)

a1 for r.t. 0.0000
(method must be shown)

Py +(0.025)(0.030) - p,
rt. 0.001189,

a-1 forr.t. 0.0012
(method must be shown)

or 0.03

(0.015)p,
Ps3

r.t. 0.3785

Note that 4 and B are not able to make contact when Z is not operative and either X or ¥ is not

cooperative.
F = E,N(E; VE})
= (E;NEy)U(E; NEY)
So we have
P(F) =P(E) NEL)+P(E) NE})—=P(E) NE\ NE)

Alternatively, we have
P(F) = P(E,N(Ey, UE}))

= P(E)xP(E} E})
0.030x(P(E} )+P(E})—P(E\. NE"))
0.030x(0.015+0.025-0.015%0.025)
0.00118875

Marking 7.18
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28. (1998 ASL-M&S Q6)

Let E be the event that an ice-cream bar is contaminated.
0.008 E
N < ,
0.992 "E
0.002 E
B
0.998 E
0 E }
o <
1 E

fen foo]rs \ oofem

@ () PA)PEA) = -:?x 0.992
=0.124
(i) P(E")=P(A) P(E'|A) + P(B) P(E' | B) + P(C) P(E' [ C)
=0.124 + 3 % 0.998 + 2 x1
8 3
=0.9985

® Paip= ZEEEIA)

I-PE)
-;—x 0.008 ";‘X 08%
=8 (or o
1-0.9985 L 0.8%+2x00%
. 3 8
~0.6667

29. (1996 ASL-M&S Q6)

(a) The probability that a lot will be accepted
(09[(0.99)* +(096)"]

]

= 0.9509 (or 0.95085)

{b) The probability that a lot came from supplier A

(05)(096)*
095085

u

0.4848

Marking 7.19
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7. Further Probability

1A

©®

IM+IM

1A

1A+IM

1A

(6)

For the tree diagram
or all parts in (a) being
correct

(p)

2 S
for py +—8~p2 +§p3

a-] forr.t. 0.999

a-1 forrt. 0.667

IMfor (099) +(096)°
1M for 0.5p

lAfot!benummr
1M for the denominator
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30. (1995 ASL-M&S Q595)

7. Further Probability

(a) Let A’ be the event of having no accident
within a year.
A
0.7~ L
0.99 A
a i
0.88 ar .
Alternatively,
P(L) = 0.7, P(H) =0.3
p(a‘|L) = 0.99, P(A/[H) = 0.88 1A
P (a‘NH)
A, e
B[ P(a%)
_ P(a’]H) P (H)
' P(A/|H) P(H) +P(A’[L)P(L)
Tﬁ%‘? 1M+1M+UR 1M for the numerator
1M for the denominator
= 0.2759 (or ,2%) 1A
(b) PB(L|A") =1 - P(H[A)
= 1 - 0.2759 1M
= 0.7241 (or .g%) 1
Alternatively,
P(A/|L) P(L)
P(L]A%
! p(a’|H) P(H) +P(A’|L)P(L)
_ 0.99x0.7
0.86x0.3+0.99%0.7 M
= 0.7241 (or %) 1A
(7)

Marking 7.20

DSE Mathematics Module 1
31. (1994 ASL-M&S Q7)
(a}) R: red card is drawn T: response ‘True’

B: black card is drawn F: response ‘False’
p: percentage of persons who are homosexual

7. Further Probability

P T
R<
3 -
3 l1-p~F
1A
5 l-p T
B
P F
+
790 1 2
A =p + £(1- 1M+ 1
200 -~ 3P F0P) 3
750 _ 21
1200 ~ 3 3%
p = 2.5% 1A
Alternatively
Let x, y be the no. of interviewees who are
homosexual and not homosexual respectively,
then
s
=x+Zy=790 1a
3%'3Y
2 1
S X+ y=410 1a
33
Solving the equations, we have
x=30, y=1170 1M For reducing into
one unknown
The percentage required = 29
: B 1200
= 2.5% 1a
P(T|R) P(R)
() BIRITI P(T)
(0.025) ()
= £ 1M+ 1A
a8
120
= 0.0127 (or =) 1A
79
7
Marking 7.21
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7. Further Probability

32, (2009 ASL-M&S Q10)

(@ () Therequired probability= N 1A OR 0.0119
: c] 84
) ) LG
(i) The required probability = e 1A OR 0.0476
C; 21
2)
1 1), )
1-p) —i+p —=|S— IMHA 1) for using “="
®) ( p)(84) P(ZJ (ep-1) g
5—-5p+20p<7
2
S Wi
T
Hence, the largest value of p should be % s 1A OR 0.1333
3)
. e1d 2 1 y
(¢} () Therequired probability= T8 0 M For using (b)
C,
4
ot 1A | OR 00011
945
cicf cic}
(i) The required probability=(l —1)'—3—1—4-1- Cha IMHIA
15 Cz 15 Cz :
=39 1A | OR 00624
945
(i) The probability of exactly 2 logos are found on 1 card
36 45
=(1_l).§z_fz+l.£2% , ™M
15) ¢ 15 c3
. 1A | OR 03730
126
Hence, the required probability
2 ' 2 ]
- _‘_+£Il__1____5_9_)+(_"'1) IMHA
945 945 945 945 945 945 126
_1387 1A | ORo02621
5292
(10)
@ @ Very good.
(i) Very good.
(b) Good. Some candidates were unfamiliar with handling inequalities.
© @ foir. Many candidates could not analyse the situation and in fact a simple tree
diagram would be helpful,
(ii) Poor. Many candidates had difficulties in counting and exhausting the relevant
cases.
(iii) Very poor. Again many candidates encountered difficulties in counting the relevant
cases when the situation was complicated in having two cards.

Marking 7.22

DSE Mathematics Module 1 7. Further Probability
33. (2010 ASL-M&S Q11)
(a) (i) P(getting 3 points | Gold VIP)
=2(0.4)(0.3)
=024 1A
(ii) P(getting 3 points)
=(0.25)(0.2) +(0.6)(0.24) + (0. 15)(0A4)3 iM
=0.2036 1A
(iti) P(Gold VIP| 3 points are obtained)
2 (0.6)0.24) M
0.2036
~0.7073 1A
[6))
(b) P($20 cashrebate)
=(0.25)(0.4) +[(0.25)(0.3) + (0.6)(0.4)? ] + 0.2036 M
=0.4746 1A
2)
(¢} (i) P(getting 10 points)
=(0.15)[3(0.3)(0.1)% +3(0.2)2(0.1)]
=0.00315 1A
(i) P($200 cashrebate)
=0.00315+ (0.15)[3(0.2)(0.1)% + (0.1)°] M
=0.0042 1A
3)
(d) (i) Expected cash rebate using the online game
=${0.7[20(0.4746) + 50(1 — 0.4746 — 0.0042) + 200(0.0042)} + (1 - 0.7)0)} M
=$25.4744
The minimum cash rebate under the 4% direct cash rebate plan
> §{(0.25)(400) + (0.6)(800) + (0.15)(1000)}(0.04) M
=$29.2
Since 29.2 >25.4744 , Winnie is agreed with. 1 Follow through
(if) The maximum cash rebate under the 2% direct cash rebate plan
= $[(0.25)(800) + (0.6)(1000) + (0.15)(3000)](0.02) IM
=825
Since 25 <25.4744 | John is agreed with. 1 Follow through
3)
(2) Very good.
b) Good. Some candidates did not exhaust all possible cases in their counting.
©) Fair. Many candidates made some errors in counting the relevant events.
d) Poor. Many candidates were not familiar with expected values.

Marking 7.23
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(b)
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@

(e)

Mathematics Module 1
(2000 ASL-M&S Q13)
Possible teams: B, G;, B, Gy, B, G, and B, G, .
The probability that 8, G, can enter the second round of the contest

=0.9x%08
=0.72

Probability required = -3-(0\9x0.8+0.9x0.6+0.7x0.8+O.7x0.6)
=0.56
Suppose By G, and B, G, are formed to represent the school.

Q) The probability that exactly one team can enter the second round

= (0.9%0.8)(1-0.7x0.6)+ (0.7%0.6)(1 ~0.90.8)

fr 1-(0.9%0.8)(0.7x0.6)~(1-09 x0.8)(1-0.7 % 0.6)
=0.5352

(iiy  The probability that at least one team can enter the second round
=0.5352+09%x08x0.7%0.6

lor 1=(1=0.x0.8)(L —0.7x 0.6
lor 0.908+07%06-09x08x%07x0§
=0.8376

(D) If the two teamns are formed randomly, the probability that
exactly one team can enter the second round

= —;—x0,5352+%[(0.9x 0.6)(1~0.7x0.8)+(0.7x0.8)(1-0.9%0.6)]

= %(0.53524» 0.4952)
=0.5152

(iiy - If B, G, and B, G, are formed to represent the school, the
probability that at least one team can enter the second round
=0.4952+0.9x 0.8 x0.7x 0.6

br 1-(1-09x06)(1-0.7x08)
Br 0.9x0.6+0.7x08~-09%06x0.7x0.8
=0.7976

From (d)(ii), the combination B, G, and B, G, will have a better
chance of having at least one team that can enter the second
round of the contest.

Marking 7.24

7. Further Probability

4 cases

probability of 1 case
surnmation of 2 cases

the combination 8,G» , 8:G,

multiplying by —i—



~

|

3 )

A _

-3

&

-J

[—

-

()

-

\ 4

DSE Mathematics Module 1

8. Discrete Random Variables

8. Discrete Random Variables

Statistics Area

expectation and
variance 132

12. Discrete random 12.1 recognise the concept of a discrete random
variables variable

13.  Probability 13.1 recognise the concept of discrete probability
distribution, distribution and its representation in the form of

tables, graphs and mathematical formulae

recognise the concepts of expectation £(X) and
variance Var(X) and use them to solve simple

problems
13.3 use the formulae FE(aX + b) = aFE(X) + b
and Var(aX + b) = a* Var(X) to solve simple
problems
Section A
1. The table below shows the probability distribution of a discrete random variable Y, where m and
p are constants:
Y -2 2 m
P(Y=y) p 0.25 0.5

(@)  Prove that Var(Y)=0.25m"+2.
(b)  If Var2¥ —1)=8E(2Y ~1), find m.

(7 marks) (2018 DSE-MATH-M1 Q4)

8.1

.3
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DSE Mathematics Module | 8. Discrete Random Variables DSE Mathematics Module 1 8. Discrete Random Variables
2 The table below shows the probability distribution of a discrete random variable X, where & isa 5. Let X and Y be two independent discrete random variables with their respective probability
constant: distributions shown as follows:
X 0 2 4 5 8 9 9% 0 1 3 5 7
P(X=x) K 0.16 0.18 0.3 k 0.12 P(Y=x) | 02 | 03 | 03| 01 | 0.1
Find y 1 2 4 m
(@ &k, P(r=y) | 04 | 03 | 02 | o1
b Ex),
© Var(2—3X) - Supposc that E(Y)=2.4 .
(6 marks) (2017 DSE-MATH-M1 Q1) (a)  Find the value of m .
(b) Let A betheeventthat X' +Y <2 and B be the event that X' =0 .
3. The table below shows the probability distribution of a discrete random variable X , where a and (i) Find P(A) :
b are constants: (i)  Areevents 4 and B independent? Justify your answer.
(5 marks) (2013 DSE-MATH-M1 Q7)
= 2 3 5 7
P(X = x) 0.08 0.15 a 0.45 b 6. Let X be a discrete random variable with probability function shown below:
Itis given that E(Y)=5.64 . Find & 1 3 4 6 9 13
(A aand b, P(x=x) |01 a 025 (015 |b 0.05

2 >
®) E((6—5X)) ndl Vac(i—5) . where @ and b are constants. It is known that B(V)=5.5 .

(6 marks) (2015 DSE-MATH-M1 Q1) (a) Find the values of @ and b .
(b) Let F bethe event that X >4 and G be the event that X' <8 .
(i)  Find P(FNG) .
4. Let X be adiscrete random variable with probability function as shown in the following table. (ii) Are F and G independent events? Justify your answer.
(6 marks) (2012 DSE-MATH-M1 Q8)

x k 0 4 6
P(X =x) 0.1 0.2 0.3 0.4 7. The random variable X has probability distribution P(X =x) for x=1,2and 3 as shown in

the following table.
Itis given that E(X)=3.4.

(a)  Find the value of & . x 1 2 3
(b)  Find Var(3-4X) . P(X =x) 0.1 0.6 0.3
(¢) Let G betheeventthat X <4 and H be theeventthat X > -1 .Find P(GNH).
(5 marks) (2014 DSE-MATH-M1 Q6) Calculate
@ EWX),

(®  Var(3-2X) .
(5 marks) (SAMPLE DSE-MATH-M1 Q7)

8.2 8.3



DSE Mathematics Module 1 8. Discrete Random Variable

DSE Mathematics Module 1 8. Discrete Random Variables 8. Discrete Random Variable
NEW

1. (2018 DSE-MATH-MI Q4)
Out of syllabus

2. (2017 DSE-MATH-MI Q1)

(@) K +0.16+0.18+03+4+0.12=1 M
K +k-024=0
k=02 or k=-12 (rejected) 1A
Thus, we have £=02 .

()  EW@X) :
=0(0.04) +2(0.16) + 4(0.18) + 5(0.3) + 8(0.2) + 9(0.12) ™M
=522 1A

) Var(2-3X)

=9Var(X)
=9((0 - 5.22)2(0.04) + (2 - 5.22)*(0.16) + (4~ 5.22)*(0.18)
+(5-5.22)2(0.3) + (8-5.22)2(0.2) + (9~ 5.22)*(0.12)) ™
=56.6244 1A
Var(2-3X)
=9Var(X)
=9(EQX®) - (EON))
=9(33.54—(5.22)%) ™M
=56.6244 1A
(®)
(a) Very good. About 98% of the candidates were able to find the value of k by setting upa
quadratic equation.
(b) Very good. Over 90% of the candidates were able to find the value of E(X).
{©) Very good. Most candidates were able to find the value of Var(2~3X) .

3. (2015 DSE-MATH-M1 Q1)

8.4 Marking 8.1
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(2)

(®)

0.08+0.15+a+045+b=1

= = e = =

2(0.08)+3(0.15)+ 5a+ 7(0.45) +9b = 5.64
Solving, we have =025 and 5=0.07 .

E((6-5X)%)

=E(36~60X +25X72)
=36-60E(X)+25E(X?)
=36-60(5.64) +25(35.64)

=588.6

Var(6 —5X)

=E((6~-5X)%) - (E(6-5X))°
=E((6-5X)%)— (6 -SE(X))*
=588.6 — (6 —5(5.64))*

=95.76

8. Discrete Random Variable

IM

1A

either one -------+

for both

accept (—5)? Var(X)

r-—

(@)

(b)

Very good. Most candidates were able to find the values of @ and & by setting up two

equations involving them.

Good. Many candidates were able to find the value of Var(6-5X) while some
candidates wrongly found the value of (E(6-5X))? instead of E((6-5.X)%) .

Marking 8.2
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4.

®

(©)

(@ 0.1k+0.2(0)+0.3(4) +0.4(6) = 3.4 M
k=-2 1A
Var(3-4X)=16Var(X) M

=16[E(X*)-E(X)*]
=16[0.1(=2)* +0.2(0)* +0.3(4)* +0.4(6)* -3.47]
Alternative Solution
x -2 0 4 6
3-4x 11 3 -13 —21 M
P(X=x) 0.1 0.2 0.3 0.4
E(3=4X)=0.1(11)+0.2(3)+0.3(~13) + 0.4(~21)
=-10.6
Var(3-4X)=0.1(11+10.6)% +0.2(3 +10.6)* + 0.3(~13+10.6)% +0.4(~21+10.6)f
=128.64 1A
P(GAH)=P(-1< X <4)
=P(X =0)
=02 1A
[©)

——

(2014 DSE-MATH-M1 Q6)

_— e s

r—

— c—

8. Discrete Random Variable

OR 3-4(34)

(a)
®)

©

Excellent.
Very good.

Good.

Some candidates equated Var(3 - 4X) to 3*Var(X) or 3 —4Var(X).

Marking 8.3
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8. Discrete Random Variable

5. (2013 DSE-MATH-M1 Q7)

(a) E(Y)=1x04+2x03+4x02+mx0.1=2.4
. m=6 1A
(b) @ PA=PX=0,Y=1)+P(X=0,Y=2)+P(X=1,7Y=1)
=02x04+02x0.3+0.3x0.4 IM
=0.26 iA
(i) P(ANB)=P(X=0,Y=1D)+P(X=0,Y=2)
=02x0.4+0.2x03
=0.14 1A
P(A)P(B)=0.26x0.2
=0.052
#P(ANB)
Alternative Solution
P(A|B)=P(Y=1}+P(Y=2)
=0.4+03
=07 1A
=P(4) by(®
Thus, 4 and B are not independent. 1A Follow through
3)
[@) Excellent.
() (i) | Good. Mistakes were lly found in putati .
(i) | Fair. A lot of candidates thought that the independence of two events 4 and B could be verified

by checking P(4 N B)=0. Among those who found correct values of related probabilities, some
did not mention P(4 N B) # P(4) -P(B) as the reason to make conclusion, while some made a

wrong conclusion that * 4 and B are independent’.

Marking 8.4
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(2012 DSE-MATH-M1 Q8)

() PX=D+P(X=3)+---+P(X=13)=1
0.14+a+025+0.15+5+0.05=1
a+b=045

E(X)=5.5
1x0.1+3a+4%0.25+6x0.15+95+13x0.05=5.5

a+3b=0.95
Solving (1) and (2), we get a=0.2 and b=025.

® (@) PFNG)=025+0.15
=04

@

@

(i) P(F)XP(G)=(0.25+0.15+0.25+0.05)(0.1+0.2 +0.25+0.15)

=049
#P(FNG)

8. Discrete Random Variable

M

M

1A

1A

Alternative Solution 1
_P(FNG
PFIG)= PG
_ 04
T0.1+402+025+0.15
~0.571428571
P(F)=0.25+0.15+0.25+0.05
=0.7
=P(F|G)

1A

Alternative Solution 2
P(FNG)
P(G|F)= o
_ 0.4
7 0.25+0.15+0.25+0.05
~0.571428571
P(G)=0.1+0.2+0.25+0.15
=0.7
#P(G| F)

Hence, F and G are not independent.

1

©

For both

(a) | Excellent.

mutually exclusive events.

(b) | Satisfactory. Quite a number of candidates did not understand the concept of independence —
some calculated P(F n G) using P(F) x P(G) and some mixed up independent events with

Marking 8.5
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7. (SAMPLE DSE-MATH-M1 Q7)
(a) E(X)=1(0.1)+2(0.6)+3(0.3)

8. Discrete Random Variable

=22 1A
(b) Var(X)=[12(0.1)+22(0.6) +32(0.3)] - 2.22 IM
=036 1A
Var(3—2X) =22 Var(X) ' M
=1.44 1A
Alternative Solution

E(3-2X)=3-2E(X) IM
=-14 1A

Var(3—2X)=(3-2-1+1.4)2(0.) + 3-2-2+1.4)2(0.6)+ 3-2-3+1.4%(0.3) | 1M
=144 1A

O

Marking 8.6
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DSE Mathematics Module 1 9. Binomial, Geometric and Poisson Distributions

9. Binomial, Geometric and Poisson Distributions

Statistics Area

'Binbnﬁél,fc’eqméﬁic and Poisson Distributions

14. Binomial 14.1 recognise the concept and properties of the
distribution binomial distribution

14.2 calculate probabilities involving the binomial

distribution
15,  Geometric 15.1 recognise the concept and properties of the
distribution geometric distribution

15.2 calculate probabilities involving the geometric

distribution
16.  Poisson 16.1 recognise the concept and properties of the
distribution Poisson distribution

16.2 calculate probabilities involving the Poisson

distribution
17.  Applications of 17.1 use binomial, geometric and Poisson
binomial, distributions to solve problems

geometric and
Poisson
distributions

9.1
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Section A

9. Binomial, Geometric and Poisson Distributions

Susan plays a game. In each trial of the game, her probability of winning a doll is 0.6 . Susan plays

the game until she wins a doll.

(a) Find the probability that Susan wins a doll at the 4th trial in the game.

(b) If Susan cannot win a doll in & trials, then the probability that she wins a doll within 10
trials in the game is greater than 0.95 . Find the greatest value of k.

(c) In each trial of the game, Susan has to pay $15. Find the expected amount of money she has

to pay to win a doll in the game.
(7 marks) (2017 DSE-MATH-M1 Q4)

A museum opens at 10:00 . The number of visitors entering the museum in a minute follows a

Poisson distribution with a mean of 1.8 .

(a) Write down the variance of the number of visitors entering the museum in a minute.

(b) Find the probability that 3 visitors entered the museum in the first two minutes after the
museum opens.

(c) At 10:00 , only one gate at the entrance of the museum is opened. If in any two consecutive
minutes, there are at least 4 visitors entering the museum in each minute, then a second gate
will be opened. Find the probability that the second gate is just opened thrce minutes after
the museum opens.

(7 marks) (2016 DSE-MATH-MI Q3)

A manufacturer of brand B biscuits starts a promotion plan by giving one reward points card in
each packet of biscuits. It is found that 75% of the packets of brand B biscuits contain 3-point
cards and the rest contain 7-point cards. A total of 20 points or more can be exchanged for a gift
coupon. John buys 4 packets of brand B biscuits and he opens them one by one.
(a) Find the probability that John gets the first 7-point card when the 4th packet of brand B
biscuits has been opened.
(b) Find the probability that John can exchange for a gift coupon.
(c) Given that John can exchange for a gift coupon, find the probability that he gets a 7-point
card when the 4th packet of brand B biscuits has been opened.
(7 marks) (2015 DSE-MATH-M1 Q4)

The number of goals scored in a randomly selected match by a football team follows a Poisson

distribution with mean A . The probability that the team scores no goals in a match is 0.1653.

(a) Find the value of A correct to 1 decimal placc.

(b) Find the probability that the team scores less than 3 goals in a match.

(c) It is known that the numbers of goals scored by the team in any two matches are
independent. Find the probability that the tecam totally scores less than 3 goals in two
randomly selected matches.

(5 marks) (2012 DSE-MATH-M1 Q7)

9.2

DSE Mathematics Module |
5.

9. Binomial, Geometric and Poisson Distributions
Eggs from a farm are packed in boxes of 30. The probability that a randomly selected egg is rotten
is 0.04 .
(a) Find the probability that a box contains more than 1 rotten egg.
(b) Boxes of eggs are inspected one by one.
(i) Find the probability that the 1st box containing more than 1 rotten egg is the 6th box
inspected.
(ii) What is the expected number of boxes inspected until a box containing more than |
rotten egg is found?
(7 marks) (PP DSE-MATH-MI Q8)

The monthly number of traffic accidents occurred in a certain highway follows a Poisson
distribution with mean 1.7. Assume that the monthly numbers of traffic accidents occurred in this
highway are independent.
(a) Find the probability that at least four traffic accidents will occur in this highway in the first
quarter of a certain year.
b) Find the probability that there is exactly one quarter with at least four traffic accidents in a
certain year.
(6 marks) (SAMPLE DSE-MATH-M1 Q8)

Let $X be the amount of money won in playing a certain game. It is known that X ~ B(10, p) .
Two plans are proposed for calculating the game fee ($F) .

Plan 1: F=(1+0)E(X) ,

Plan 2: F=E(X)+0.1Var(X) ,
where @ is a constant, E(X) is the expected value of X and Var(X) is the variance of X .
It is known that the game fees are same for both plans if p :% .
(a) Find 6 .
(b) Show that the variance of X is the greatest when p :% 5
(c) Determine which plan will give a lower game fee when p =% ;
(8 marks) (2013 ASL-M&S Q6)

9.3
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9. Binomial, Geometric and Poisson Distributions
Soft drinks are produced in packs by a production linc in a company. Assume that the number of

defective packs in a day follows a Poisson distribution with mean A . The company has decided
to inspect the production line whenever 4 or more defective packs are found in a day. It is known
that the probability that at least 1 defective pack found ina dayis 1-e™ .
(a) Find the value of A4 .
(b) Find the probability that the company will have to inspect the production line in a given
day.
(c) It is given that the probability that the production line will not be inspected for »n
consccutive days is greater than 0.5 . Find the greatest integral value of 1.
(6 marks) (2012 ASL-M&S Q4)

It is known that 36% of the customers of a certain supermarket will bring their own shopping bags.

There are 3 cashiers and each cashier has 5 customers in queue.

(a) Find the probability that among all the customers in queue, at least 4 of them have brought
their own shopping bags.

(b) If exactly 4 customers in queue have brought their own shopping bags, what is the
probability that each cashier will have at least 1 customer who has brought his/her own
shopping bag?

(6 marks) (2009 ASL-M&S Q5)

Assume that the number of passengers arriving at a bus stop per hour follows a Poisson distribution
with mean 5. The probability that a passenger arriving at the bus strop is male is 0.65.
(a) Find the probability that 4 passengers arrive at the bus stop in an hour.
(b) Find the probability that 4 passengers arrive at the bus stop in an hour and exactly 2 of them
are male.
(5 marks) (2002 ASL-M&S Q6)

The number of people killed in a traffic accident follows a Poisson distribution with mean 0.1.
There are 5 traffic accidents on a given day, find the probability that there is at most 1 accident in
which some people are killed.

(5 marks) (2000 ASL-M&S Q7)

60% of passengers who travel by train use Octopus. A certain train has 12 compartments and there
are 10 passengers in each compartment.
(a) What is the probability that exactly 5 of the passengers in a compartment use Octopus?
(b) What is the mean number of passengers using Octopus in a compartment?
(c) What is the probability that the third compartment is the first one to have exactly 5
passengers using Octopus?
(6 marks) (1999 ASL-M&S Q5)
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9. Binomial, Geometric and Poisson Distributions
On the average, 5 cars pass through an auto-toll every minute. Assuming that the cars pass through
the auto-toll independently, find the probability that more than 5 cars will pass through the auto-toll
(a) in 1 minute,

(b) in any 3 of the next 4 minutes.

(6 marks) (1997 ASL-M&S Q6)

A brewery has a backup motor for its bottling machine. The backup motor will be automatically
turned on if the original motor breaks down during operating hours. The probability that the
original motor breaks down during operating hours is 0.15 and when the backup motor is turned on,
it has a probability of 0.24 of breaking down. Only when both the original and backup motors break
down is the machine not able to work.
(a) What is probability that the machine is not working during operating hours?
(b) If the machine is working, what is the probability that it is operated by the original motor?
(c) The machine is working today. Find the probability that the first break down of the machine
occurs on the 10th day after today. »
(7 marks) (1997 ASL-M&S Q7)

5000 children are divided into 100 groups, cach consisting of 50 children. The number of
“over-weight” children are counted in each group and the numbers of groups having 0, 1,2, ...
“over-weight” children are recorded. The distributions, Poisson( A ) and Binomial(n , p), are
respectively used to approximate the number of “over-weight” children in each group and some of
expected frequencies are shown in the table below.

Expected frequencies of the number of groups by number of

“over-weight” children

Number of Expected frequency *
“over-weight” children Poisson( 1) Binomial(n, p)

3 19.5 19.9

4 19.5 20.4

3 15.6 16.3

* Correct to 1 decimal place
It is known that A is an integer.
(a) Find A4 .
(b) If the mean of the two distributions are equal, find p .
(5 marks) (modified from 1998 ASL-M&S Q7)
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Tom arrives at the bus stop at 7:10 . A bus arrives at 7:20 and another bus arrives at 7:30 . The
probability that Tom can take the bus is 0.9 each time. If Tom takes the bus at 7:20 , the probability
for him to be late is 0.1 . If Tom takes the bus at 7:30 , the probability for him to be late is 0.4 .
Tom will be late if he cannot take these two buses.

(a) Find the probability that Tom takes a bus on or before 7:30 on a certain day.

(2 marks)
(b) Find the probability that Tom is late on a certain day.

(2 marks)
(c) Find the probability that Tom is late 2 times in 6 days.

(2 marks)

(d) There are 7 persons, including Tom, waiting for a lift at the lobby. If Tom is late, he will go
to the second floor; otherwise he will go to the third floor. The probabilities for each of the
other 6 persons to go to the second and third floor are 0.7 and 0.3 respectively. When an
empty lift arrives, the 7 persons enter the lift. No person enters the lift afterwards.

1) Find the probability that the 7 persons are going to the same floor.
(ii) Find the probability that exactly 3 persons are going to the third floor.
(ii)  Given that exactly 3 persons are going to the third floor, find the probability that
Tom is late.
(7 marks)
(2016 DSE-MATH-M1 Q10)
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According to the school regulation, air-conditioners can only be switched on if the temperature at

17.

8 am exceeds 26 °C . From past experience, the probability that the temperature at 8 am does NOT

exceed 26 °C is ¢ (¢ > 0 ). Assume that there are five school days in a week. For two consecutive

school days, the probability that the air-conditioners are switched on for not more than one day is

7

6

(a)

(®)

(©)

(i) Show that the probability that the air-conditioners are switched on for not more than
one day on two consecutive school days is 2g —g> .
(ii) Find the value of ¢ .
(2 marks)
The air-conditioners are said to be fully engaged in a week if the air-conditioners are
switched on for all five school days in a week.
(i) Find the probability that the fifth week is the second week that the air-conditioners
are fully engaged.
(ii) What is the expected number of consecutive weeks when the air-conditioners are not
Sfully engaged?
(5 marks)
On a certain day, the temperature at 8 am exceeds 26 °C and all the 5 classrooms on the first
floor are reserved for class activities after school. There are 2 air-conditioners in each
classroom. The number of air-conditioners being switched off in the classroom after school
depends on the number of students staying in the classroom. Assume that the number of

students in each classroom is independent.

Case I 11 1
Number of air-conditioners being switched off 2 1 0
Probability 0.25 0.3 0.45

(1) What is the probability that all air-conditioners are switched off on the first floor
after school?

(ii) Find the probability that there are exactly 2 classrooms with no air-conditioners
being switched off and at most 1 classroom with exactly I air-conditioner being
switched off on the first floor after school.

(iii) ~ Given that there are 6 air-conditioners being switched off on the first floor after
school, find the probability that at least 1 classroom has no air-conditioners being
switched off.

(8 marks)
(2013 ASL-M&S Ql1)
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18. A fitness centre has 8 certified personal trainers providing personal training programmes to its 19. A manufacturer produces a specific kind of tablets. He uses one machine to produce ingredient A4

9. Binomial, Geometric and Poisson Distributions 9. Binomial, Geometric and Poisson Distributions

customers in evenings. A trainer can only train one customer each evening.

The customers have to book the service in advance. Assume all bookings are made independently.
Past data revealed that ‘no show’ bookings account for one-third of the bookings and therefore the

fitness centre accepts over-bookings every evening. Trainers are assigned based on a

and ingredient B , and then one mixer to mix the ingredients to produce the tablets and pack them
in bags. The bags of tablets are then delivered to a hospital.

Past records indicate that 0.6% of ingredients 4 and B respectively are contaminated during the
ingredient production process, while 0.1% of the tablets are contaminated during the mixing and

packing process. A tablet is regarded as a contaminated tablet if

first-come-first-serve basis. If a customer has made a booking but cannot get training due to ° the ingredient A4 in the tablet is contaminated, or
over-booking, the customer will be given a coupon for compensation. ° the ingredient B in the tablet is contaminated, or
° the tablet is contaminated during the mixing and packing process.
(a) Suppose there are 12 bookings in a particular evening. The pharmacist of the hospital draws a random sample of 20 tablets from each bag to test for
(i) Find the probability that the fitness centre needs to give out 2 or 3 coupons. contamination. A bag is considered unsafe if it contains more than 1 tablet tested positive as a

(ii) Find the probability that every customer with booking who shows up can be
assigned a trainer.

contaminated tablet.

(a) Find the probability that a randomly selected tablet from a certain bag is a contaminated

(4 marks) tablet.
(b) Find the largest number of bookings the fitness centre can accept for an evening so that at (3 marks)
least 80% of customers who have made a booking can be assigned a trainer. (b) Find the probability that a bag of tablets is regarded unsafe.
(3 marks) (2 marks)

(c) The centre provides three kinds of personal training programmes for its customers in each
evening as follows:

Tt is known that 50%, 30% and 20% of the customers sclect Diamond, Platinum and Jade
programmes respectively. In a particular evening, all trainers are assigned customers.
(i) Find the expected income of the centre in that evening.
(ii) Find the probability that the 8th customer is the first one to select Jade programme.
(i)  Find the probability that all programmes are selected and exactly 3 are Diamond
programmes.
(iv)  Itis given that all programmes are selected and exactly 3 are Diamond programmes.
Find the probability that more than 2 customers select Platinum programmes.
(8 marks)
(2012 ASL-M&S Q12)

9.8

(c) In a certain week, 100 bags of such tablets are delivered to the hospital. The hospital will
suspend the supply of the tablets from the manufacturer if more than 4 bags are found

unsafe within a week.

Personal training programmes | Fee per programme (i) Find the probability that the 10th bag will be the first one which is regarded unsafe.
Diamond $ 3800 (i) Find the probability that the supply from the manufacturer will be suspended in a
Platinum $ 2800 certain week.
Jade $ 1800 (5 marks)

(d) The manufacturer wants to increase the production and requires the probability of a tablet
being contaminated to be less than 1% . To achieve this, he plans to add new machines for
producing the ingredients 4 and B which has contamination probability of 0.4%
respectively. Suppose equal amount of ingredients 4 and B are produced by the original
machine and each of the » new machines.

(1) Express the probability that the ingredient A is contaminated in terms of # .

(ii) What is the least value of #?
(5 marks)
(2010 ASL-M&S Q12)

Officials of the Food Safety Centre of a city inspect the imported "Choy Sum" by selecting 40
samples of "Choy Sum" from each lorry and testing for an unregistered insecticide. A lorry of
"Choy Sum" is classified as risky if more than 2 samples show positive results in the test.

Farm A supplies "Choy Sum" to the city. Past data indicated that 1% of the Farm A "Choy Sum"
showed positive results in the test. On a certain day, "Choy Sum" supplied by Farm A is transported

by a number of lorries to the city.

9.9



DSE Mathematics Module 1

21.

9. Binomial, Geometric and Poisson Distributions
(a) Find the probability that a lorry of "Choy Sum" is risky.
(3 marks)
(b) Find the probability that the 5th lorry is the first lorry transporting risky "Choy Sum".
(2 marks)
(c) If k lorries of "Choy Sum" are inspected, find the least value of k such that the probability of
finding at least one lorry of risky "Choy Sum" is greater than 0.05 .
(3 marks)
(d) Farm B also supplies "Choy Sum" to the city. It is known that 1.5% of the Farm B "Choy
Sum" showed positive results in the test. On a certain day, "Choy Sum" supplied by Farm A4
and Farm B is transported by 8 and 12 lorries respectively to the city.
(i) Find the probability that a lorry of "Choy Sum" supplied by Farm B is risky.
(ii) Find the probability that exactly 2 of these 20 lorries of "Choy Sum" are risky.
(iii) It is given that exactly 2 of these 20 lorries of "Choy Sum" are risky. Find the
probability that these 2 lorries transport "Choy Sum" from Farm B .
(7 marks)
(2008 ASL-M&S Q12)

In game A, two players take turns to draw a ball randomly, with replacement, from a bag
containing 4 green balls and 1 red ball. The first player who draws the red ball wins the game.
Christine and Donald play the game until one of them wins. Christine draws a ball first.
(a) Find the probability that Donald wins game A before his 4th draw.
(2 marks)
(b) Find the probability that Donald wins game 4.
(3 marks)
(c) Given that Donald wins game A4, find the probability that Donald does not win game A4
before his 4th draw.
(3 marks)
(d) After game 4, Christine and Donald play game B. In game B, there are box X and box Y.
Box X contains 2 cards which are numbered 4 and 8 respectively while box Y contains 7
cards which are numbered 1, 2, ... , 7 respectively. A player randomly draws one card from
each box without replacement. If the number drawn from box X is greater than that from
box 7, then the player wins game B. Christine and Donald take turns to draw cards until one
of them wins game B. Donald draws cards first.
(i) Find the probability that Donald wins game B in his 1st draw.
(i1) Find the probability that Christine wins game B.
(ii))  Given that Christine and Donald win one game each, find the probability that
Donald wins game 4.
(7 marks)
(2007 ASL-M&S Q12)
9.10
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A manufacturer of brand E grape juice starts a marketing campaign by issuing points which can be
exchanged for gifts. The number of points is shown on the back of the lid of cach can of brand E
grape juice. The probabilities for a customer to get a can of brand E grape juice with a 2-point lid
and 5-point lid are 0.8 and 0.2 respectively. A total of 15 points or more can be exchanged for a
packet of potato chips whilc a total of 20 points or more can be exchanged for a radio.
(a) Find the probability that a customer can exchange for a packet of potato chip in buying 5
cans of brand E grape juice.

(3 marks)
b A customer, Peter, buys 7 cans of brand E grape juice.

(i) Find the probability that only when the 7th can of brand E grape juice has been
opened, Peter gets a 5-point lid.

(ii) Find the probability that only when the 7th can of brand E grape juice has been
opened, Peter can exchange for a radio.

(i) Given that Peter can exchange for a radio only when the 7th can of brand E grape
Juice has been opened, find the probability that the 7th can of brand E grape juice
has a 5-point lid.

(iv)  Given that Peter cannot get a packet of potato chip after opening 5 cans of brand E
grape juice, find the probability that he can exchange for a radio only when the 7th
can of brand E grape juice has been opened.

(12 marks)
(2006 ASL-M&S Q11)

A certain test gives a positive result in 94% of the people who have disease S . The test gives a
positive result in 14% of the people who do not have disease S . In a city, 7.5% of the citizens have
disease S .
(a) Find the probability that the test gives a positive result for a randomly selected citizen.
(3 marks)
(b) Given that the test gives a positive result for a randomly selected citizen, find the
probability that the citizen does not have disease S .
(3 marks)
(c) The test is applied to a group of citizens one by one. Let M be the number of tests carried
out when the first positive result is obtained. Denote the mean and the standard deviation of
Mby p and o respectively.
()  Find P(M=3).
(ii) Find the exact values of x and o.

(ili)  Using the fact that P(—kGSM—;z Sko*)zl—;lz— for any positive constant k

prove that P(1 <M <25)>0.95 .

9.11
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(9 marks)
(2004 ASL-M&S Q10)

A manufacturer of brand C potato chips runs a promotion plan. Each packet of brand C potato chips
contains either a red coupon or a blue coupon. Four red coupons can be exchanged for a toy. Five
blue coupons can be exchanged for a lottery ticket. It is known that 30% of the packets contain red
coupons and the rest contain blue coupons.
(a) Find the probability that a lottery ticket can be exchanged only when the 6th packet of brand
C potato chips has been opened.
(3 marks)
(b) A person buys 10 packets of brand C potato chips.
(i) Find the probability that at least 1 toy can be exchanged.
(i) Find the probability that exactly 1 toy and exactly 1 lottery ticket can be exchanged.
(ili)  Given that at least 1 toy can be exchanged, find the probability that exactly 1 lottery
ticket can also be exchanged.
(8 marks)
(c) Two persons buy 10 packets of brand C potato chips each. Assume that they do not share
coupons or exchange coupons with each other.
(i) Find the probability that they can each get at least 1 toy.
(i) Find the probability that one of them can get at least 1 toy and the other can get 2
lottery tickets.
(4 marks)
(2004 ASL-M&S Q11)
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In a game, two boxes A4 and B each contains 7 balls which are numbered 1,2,...,n . Aplayer is
asked to draw a ball randomly from each box. If the number drawn from box 4 is greater than that
from box B, the player wins a prize.

(a) Find the probability that the two numbers drawn arc the same.

(1 mark)

(b) Let p be the probability that a player wins the prize.

(i) Find, in terms of p only, the probability that the number drawn from box B is greater
than that from box 4 .
(ii) Using the result of (i), express p in terms of 72 .
(i)  If the above game is designed so that at least 46% of the players win the prize, find
the least value of » .
(6 marks)
(c) Two winners, John and Mary, are selected to play another gamer. They take turns to throw a
fair six-sided die. The first player who gets a number ‘6” wins the game. John will throw the
die first.
(1) Find the probability that John will win the game on his third throw.
(i)  Find the probability that John will win the game.
(ili)  Given that Mary has won the game, find the probability that Mary did not win the

game before her third throw.
(8 marks)

(2003 ASL-M&S Q11)
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You may use the probabilities list in the table to answer this question.

A salesman is promoting a new fertilizer which will improve the growth of potatoes. He claims that
using the fertilizer, farmers will produce 65% of Grade 4 and 35% of Grade B potatoes (referred as
the claim below). A farmer uses the fertilizer on his potatoes. In order to test the effectiveness of
the fertilizer, he randomly sclects 8 potatoes as a sample for testing.
(a) If the claim is valid, find the probability that there is at most 1 Grade A potato in the sample.
(2 marks)
(b) The farmer will reject the claim if there are not morc than 3 Grade 4 potatoes in the sample.
(1) If the claim is valid, find the probability that the farmer will reject the claim.
(i) If the fertilizer can only produce 20% Grade 4 and 80% Grade B potatoes, find the
probability that the farmer will not reject the claim.
(5 marks)
(c) The farmer’s wife takes 3 independent samples of 8 potatoes each to check the claim. She
will reject the claim if not more than 3 Grade A potatoes are found in 2 or more of the 3
samples. If the claim is valid, find the probability that the farmer's wife will reject the claim.
(4 marks)
(d) Suppose the claim is valid. By comparing the methods described in (b) and (c), determine
who, the farmer or his wife, will have a bigger chance of rejecting the claim wrongly.
(1 mark)
(e) The farmer’s son will reject the claim if there are not more than k£ Grade 4 potatoes in a
sample of 8 potatoes. Find the greatest value of k such that the probability of rejecting the

claim is less than 0.05 given that the claim is valid.

(3 marks)
Table: Probabilities of two binomial distributions
Probability *
Number of success
B(8, 0.65) B(8, 0.2)
0 0.0002 0.1678
1 0.0033 0.3355
2 0.0217 0.2936
3 0.0808 0.1468
4 0.1875 0.0459
5 0.2786 0.0092
6 0.2587 0.0011
7 0.1373 0.0001
8 0.0319 0.0000
* Correct to 4 decimal places.
(2001 ASL-M&S Q13)
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Madam Wong purchases cartons of oranges from a supplier every day. Her buying policy is to

randomly select five oranges from a carton and accept the carton if all five are not rotten. Under
usual circumstance, 2% of the oranges are rotten.
(a) Find the probability that a carton of oranges will be rejected by Madam Wong.
(3 marks)
(b) Every day, Madam Wong keeps on buying all the accepted cartons of oranges and stops the
buying exercise when she has to reject a carton. What is the mean, correct to 1 decimal
place, of the number of cartons inspected by Madam Wong in a day?
(3 marks)
(c) Today, Madam Wong has a target of buying 20 acceptable cartons of oranges from the
supplier. Instead of applying the stopping rule in (b), she will keep on inspecting the cartons
until her target is achieved. Unfortunately, the supplier has a stock of 22 cartons only.
(i) Find the probability that she can achieve her target.
(ii) Assuming she can achieve her target, find the probability that she needs to inspect
20 cartons only.
(7 marks)
(d) The supplier would like to import oranges of better quality so that each carton will have at
least a 95% probability of being accepted by Madam Wong. If 7% of these oranges are
rotten, find the greatest acceptable value of r .
(2 marks)
(1995 ASL-M&S Q11)

A day is regarded as humid if the relative humidity is over 80 % and is regarded as dry otherwise.
In city K, the probability of having a humid day is 0.7.
(a) Assume that whether a day is dry or humid is independent from day to day.
(i) Find the probability of having exactly three dry days in a week (7 days).
(i) What is the mean number of dry days before the next humid day? Give your answer
correct to 3 decimal places.
(i) ~ Today is dry. What is the probability of having two or more humid days before the
next dry day?
(8 marks)
(b) After some research, it is known that the relative humidity in city K depends solely on that
of the previous day. Given a dry day, the probability that the following day is dry is 0.9 and
given a humid day, the probability that the following day is humid is 0.8.
(i) If it is dry on March 19, what is the probability that it will be humid on March 20
and dry on March 21?
(i1) Ifit is dry on March 19, what is the probability that it will be dry on March 217
(iii)  Suppose it is dry on both March 19 and March 21. What is the probability that it is

humid on March 20?

(7 marks)
(1994 ASL-M&S Q11)
9.15
{ ] (21 3 3 ) 65 )



= = = = - B -—— = —— R — i —— i —— ) =~ =~ A e i~

DSE Mathematics Module 1 9. Binomial, Geometric and Poisson Distributions DSE Mathematics Module 1 9. Binomial, Geometric and Poisson Distributions
Section B - Poisson distribution 30. A department store issues a cash coupon to a customer spending at least $500 in a transaction. The
details are given in the following table:
29. A company records the numbers of lateness of its staff monthly. The performance of a staff Transaction amount ($ x) Cash coupon
member in a month is regarded as good if the staff member is late for fewer than 2 times in that 500 < x <1000 $50
month. Albert is a staff member of the company. The number of lateness of Albert in a month 1000 < x <2000 $100
follows a Poisson distribution with a mean of 1.8 . x>2000 $200
(a)  Find the probability that Albert's performance in a certain month is good. At the department store, 45%, 20% and 10% of the customers each gets one cash coupon of $50 ,
(2 marks) $100 and $200 respectively in a transaction. Assume that the number of transactions per minute
(b) To improve the performance of the staff, the company launches a bonus scheme on staff follows a Poisson distribution with a mean of 2 .
performance in the coming four months. Two suggestions for the bonus scheme are listed (a)  Find the probability that there are at most 4 transactions at the department store in a certain
below: minute.
(3 marks)
Suggestion I (b) Find the probability that there are exactly 3 transactions at the department store in a certain
Number of month with good performance 4 3 2 1 0 minute and cash coupons of total value $200 are issued.
Bonus $5000 | $2500 | $ 1500 | $ 600 $0 (3 marks)
(c) If there are exactly 4 transactions at the department store in a certain minute, find the
Suggestion IT probability that cash coupons of total value $200 are issued by the department store in this
Total number of lateness in these four months Fewer than 5 Otherwise minute.
Bonus $ 8000 $0 (3 marks)
(d) Given that therc are at most 4 transactions at the department store in a certain minute, find
Which one of the above suggestions is more favourable to Albert? Explain your answer. the probability that cash coupons of total value $200 are issued by the department store in
(6 marks) this minute.
(c) The company also records the numbers of early leaves of its staff monthly. The number of (3 marks)
early leaves of Albert in a month follows a Poisson distribution with a mean of A. It is (2017 DSE-MATH-M1 Q10)

assumed that whether Albert is late and whether he leaves early are independent events.

(i) Express, in terms of e and A, the probability that Albert is late for 2 times and

does not leave early in a certain month. 31.  The number of customers buying tickets at cinema A in a minute can be modelled by a Poisson
(ii) Given that the sum of the number of lateness and the number of early leaves of distribution with a mean of 3.2. The probability distribution of the number of tickets bought by a
Albert in a certain month is 2, the probability that Albert is late for 2 times and does customer at cinema 4 is shown in the following table:
not leave early in that month is 0.36 . Find A.
(5 marks) Number of tickets bought | 1 2 3 4 5 6 >7
(2018 DSE-MATH-M1 Q10) Probability 012 |07 0.08 |0.04 [0.03 |0.02 |0.01

(a) Find the probability that fewer than 4 customers buy tickets at cinema 4 in a certain
minute.
(3 marks)
(b) Find the probability that the 8th customer buying tickets at cinema A is the 3rd customer
who buys 2 tickets.
(2 marks)
(c) Find the probability that exactly 3 customers buy tickets at cinema 4 in a certain minute
and cach of them buys 2 tickets.
9.16 9.17
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(2 marks)

(d) Find the probability that exactly 3 customers buy tickets at cinema A4 in a certain minute
and they buy a total of 6 tickets.
(3 marks)
(e) Given that fewer than 4 customers buy tickets at cinema A in a certain minute, find the
probability that they buy a total of 6 tickets.
(3 marks)
(2015 DSE-MATH-M1 Q10)

The number of delays in a day of a railway system follows the Poisson distribution with mean 4.8.
Assume that the daily numbers of delays are independent.
(a) Find the probability that there are not more than 3 delays in a day.
(2 marks)
(b) Find the probability that, in 3 consecutive days, there are at most 2 days with not more than
3 delays in each day.
(2 marks)
(c) A day is called a bad day if there are more than 5 delays in that day; otherwise it is called a
good day.
(i) Suppose today is a bad day. Find the mean number of good days between today and
next bad day.
(i)  Find the probability that the last day of a week is the third bad day in that week.
(ii)  Find the probability that there are at least 4 consecutive bad days in a week.
(7 marks)
(2014 DSE-MATH-M1 Q13)

A lift company provides a regular maintenance service for every lift in an estate at the beginning of
each month. Assume that the number of breakdowns of a lift in a month follows the Poisson
distribution with mean 1.9. Suppose there are totally 15 lifts in the estate, and the regular
maintenance service of a lift in a month is regarded as unacceptable if there are more than 2
breakdowns in that month after the regular maintenance. Assume that the monthly numbers of
breakdowns of lifts are independent.
(a) Find the probability that the regular maintenance service of a randomly selected lift in a
certain month in the estate is unacceptable.
(2 marks)
(b) For a certain lift, find the probability that June of 2014 is the 3rd month in 2014 such that
the regular maintenance service of that lift is unacceptable.
(2 marks)
(c) Find the expected total number of unacceptable regular maintenance services of all lifts in
the estate for one year. expected value
(2 marks)

(d) In order to assure the quality of the maintenance service provided by the lift company, the

9.18
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estate management office introduces the following term in the new maintenance contract for

the 15 lifts, which will be effective on 1st January 2015.

For each lift in the estate, if the regular maintenance services is unacceptable
for 3 consecutive months in the new contract period, one warning letter will
be immediately issued to the lift company, provided that no warning letter
has been issued for that lift before.

(1) For a randomly selected lift, find the probability that a warning letter will be issued
to the lift company on or before 30th April 2015.
(ii) Find the probability that 3 or more warning letters will be issued to the lift company
on or before 30th April 2015.
(6 marks)
(2013 DSE-MATH-M1 Q13)
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Drunk driving is against the law in a city. The police set up an inspection block at the entrance of a

certain highway at night in order to arrest drunk drivers. From past experience, the number of drunk
drivers arrested follows a Poisson distribution with mean 2.3 per hour.
(a) Find the probability that at least 2 drunk drivers are arrested in a certain hour.
(2 marks)
(b) Given that at least 2 drunk drivers are arrested in a certain hour, find the probability that not
more than 4 drunk drivers are arrested.
(3 marks)
(c) In a certain wecek, the police scts up an inspection block for three nights, all at the same
period from 1:00 am to 2:00 am. It is known that the numbers of drunk drivers arrested in
different nights are independent.
(i) Find the probability that the third night is the first night to have at least 2 drunk
drivers arrested.
(ii) Find the probability that at least 2 drunk drivers are arrested in each of the 3 nights
and there arc totally 10 drunk drivers arrested.
(5 marks)
(2012 DSE-MATH-M1 Q13)

There are 80 operators in an emergency hotline centre. Assume that the number of incoming calls
for the operators are independent and the number of incoming calls for each operator is distributed
as Poisson with mean 6.2 in a ten-minute time interval (TMTT). An operator is said to be idle if the
number of incoming calls received is less than three in a certain TMTI.
(a) Find the probability that a certain operator is id/e in a TMTL
(3 marks)
(b) Find the probability that there are at most two idle operators in a TMTI.
(3 marks)
(c) A manager, Calvin, checks the numbers of incoming calls of the operators one by one in a
TMTI. What is the least number of operators to be checked so that the probability of finding
an idle operator is greater than 0.9 ?
(4 marks)
(SAMPLE DSE-MATH-M1 Q13)
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A group of 5 members is waiting for a mini-bus to Mong Kok at a mini-bus station. It is known that
there is one mini-bus every fifteen minutes and the number of empty seats on a mini-bus can be
modelled by a Poisson distribution with mean A . The probability that each of three consecutive
mini-buses has at least onc empty seat is 0.6465 . Assume the number of empty seats for each
mini-bus is independent and the 5 members want to travel together.

(a) Find A . Correct your answer to the nearest integer.

(2 marks)
(b) By using the A corrected to the nearest integer, find the probability that
(1) the 5 members cannot get on the first arriving mini-bus together,
(ii) the 5 members will have to wait for more than two mini-buses.
(4 marks)

(c) After waiting for a long time, the 5 members decided to break up into a group of 2 members

and a group of 3 members.

L] All the 5 members will wait for the coming mini-buses if the mini-bus has less than
two empty scats.

L] The group of 2 members will get on a mini-bus if the mini-bus has exactly two
empty seats and the group of 3 members will wait for the coming mini-buses.

L] The group of 3 members will get on a mini-bus if the mini-bus has three or four
empty seats and the group of 2 members will wait for the coming mini-buses.

L] All the 5 members will get on a mini-bus if the mini-bus has at least five empty
seats.

By using the A corrected to the nearest integer, find the probability that
(i) the group of 2 members gets on the first arriving mini-bus and the group of 3
members gets on the next mini-bus,
(i)  none of the members have to wait for more than two mini-buses,
(iii)  the group of 2 members will go first given that some members have to wait for more
than two mini-buses.
(9 marks)
(2013 ASL-M&S Q12)
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64/F
63/F
62/F
61/F

G/F

In a multi-storey office building as shown in Figure 4, there is a lift with maximum capacity of 6

persons that only serves G/F, 61/F — 64/F and operates on demand. The lift is said to be full when

there are 6 persons in the lift. People waiting for the lift will enter the lift until it is full.

(2)

(b)

In the morning, the lift only allows passengers from G/F to enter and travel to upper floors.
The number of persons waiting at G/F can be modelled by a Poisson distribution with a
mean of 4 persons. The probability that a person goes to each floor (61/F — 64/F) is the
same.
(i) Find the probability that the lift is full at G/F.
(ii) Find the probability that there are exactly 4 persons getting into the lift at G/F and
they will get off the lift at different floors.
(iii)  Find the probability that at least 1 person will get off the lift at each floor (61/F —
64/F) in a single trip.
(7 marks)
In the evening, the lift only takes passengers from upper floors (61/F — 64/F) to G/F and
passengers arc only allowed to exit the lift at G/F. The number of persons waiting at each
floor (61/F — 64/F) can be modelled by a Poisson distribution with a mean of 3 persons.
(i) Find the probability that there are exactly 3 persons waiting for the lift and they are
all from different floors.
(ii) Find the probability that there are exactly 2 persons waiting for the lift.
(iif)  Ifthere are exactly 3 persons waiting at 62/F, find the probability that all of them can
get into the lift.
(8 marks)
(2011 ASL-M&S Q11)
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38.  Assume that the number of visitors arriving at each counter in an immigration hall is independent

and follows a Poisson distribution with a mean of 3.9 visitors per minute. A counter is classified as

busy if at least 4 visitors arriving at it in one minute.

(@)

®

(©)

(d)

(e)

Find the probability that a counter is busy in a certain minute.

(3 marks)
An officer checks 4 counters in a certain minute. Find the probability that at least one busy
counter is found.

(2 marks)
If 10 counters are open, find the probability that more than 7 of them are busy in a certain
minute.

(3 marks)
Suppose 10 counters are open and one of them is randomly selected. Find the probability
that more than 7 of them are busy and the randomly selected counter is not busy in a certain
minute.

(3 marks)
The immigration hall is called congested if more than 90% of the open counters are busy in
a minute. Suppose 15 counters in the hall are open. A senior officer checks the counters in a
certain minute. It is given that more than 7 of the first 10 checked counters are busy. Find
the probability that the hall is congested.

(4 marks)

(2008 ASL-M&S Q10)
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39.

There are many plants in a greenhouse and all of them are of the same species. Assume that the
numbers of infected leaves on the plants in the greenhouse are independent and the number of
infected leaves on each plant follows a Poisson distribution with a mean of 2.6 . A plant with at
least 4 infected leaves is classified as unhealthy.
(a) Find the probability that a certain plant in the greenhouse is unhealthy.

(3 marks)

(b) A researcher, Teresa, inspects the plants one by one in the greenhouse. She finds that the
Mth inspected plant is the first unhealthy plant.
(1) Find the probability that M is less than 5 .
(ii) Given that M is less than 5, find the probability that M is greater than 2 .
(i) If Teresa inspects m plants in the greenhouse, find the least value of m so that the
probability of finding an unhealthy plant is greater than 0.95 .
(9 marks)
(c) It is given that there are 150 plants in the greenhouse. The number of unhealthy plants in the
greenhouse is recorded every Friday. Let N be the number of unhealthy plants recorded on a
Friday. Find the mean and the variance of N.
(3 marks)
(2006 ASL-M&S Q12)
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40. A bank customer service center records the number of incoming telephone calls in five-minute time
intervals (FMTIs). The following table lists the number of calls in a sample of 50 FMTTs.

Number of calls 0 1 2 8 4 5 6 7 or more
Frequency = 12 14 10 6 2 1 0

(a) Find the sample mean and the sample standard deviation of the data in the table.
(2 marks)
(b) The manager of the bank believes that the number of calls in a FMTI follows a Poisson
distribution and its mean can be estimated by the sample mean obtained in (a).
(i) Find the probability that there are fewer than 4 calls in a FMTI.
(ii) Find the probability that there are fewer than 4 calls each in exactly 2 FMTIs out of
6 consccutive FMTTs.
(6 marks)
(c) Assume that model in (b) is adopted and it is known that 55% of the calls are from male
customers and 45% of the calls are from female customers.
(6] If there are 3 calls in a FMTI, find the probability that exactly 2 calls are from male
customers.
(ii) Find the probability that there are 2 calls in a FMTI and they are both from male
customer.
(ii))  Given that there are fewer than 4 calls in a FMTI, find the probability that there are
at least 2 calls and all of there calls are from male customers.
(7 marks)
(2003 ASL-M&S Q10)
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A building has only two entrances A and B. Within a 15-minute period, the numbers of persons who

entered the building by using entrances 4 and B follow that Poisson distributions with means 3.2
and 2.7 respectively.
(a) Find the probability that, on a given 15-minute period,

(1) no one entered the building by using entrance 4;

(11) no one entered the building by using entrance B;

(iii)  at least one person entered the building;

(iv)  exactly two persons entered the building.

(7 marks)
(b) Let X be the number of persons who entered the building within a 15-minite period.

Supposc X follows a Poisson distribution with mean A and k is the most probability

number of persons who entered the building within a 15-minute period.

(i) By considering P(X =k-1) , P(X=k) and P(X=k+1) , show that
A-1<k<A.

(ii) Suppose A =5.9. For any 5 successive 15-minute periods, find the probability that
the third time that exactly k persons entered the building within a 15-minute period
will occur during the fifth 15-minute period.

(8 marks)
(2001 ASL-M&S Q11)

A bus company finds that the number of complaints received per day follows a Poisson distribution
with mean 10. 40% of the complaints involve the time schedule, 35% involve the manner of
drivers, 13% involve the routes and 12% involve other things. These four kinds of complaints are
mutually exclusive and can be resolved to the passenger’s satisfaction with probabilities 0.6 , 0.2,
0.7 and 0.5 respectively.

(a) If a complaint cannot be resolved to the passenger’s satisfaction, find the probability that

this complaint involves the manner of drivers.

(4 marks)
(b) Find the probability that on a given day,
(1) there are 5 complaints,
(ii) there are 5 complaints and 3 of them involve the time schedule.
(4 marks)

(c) Find the probability that on a given day, there are » complaints and 9 of them involve the

time schedule.
(2 marks)
k

< X 9 x
Show that =X
; (k=9)!

(ii) Find the probability that, on a given day, there are 9 complaints involving the time

@ O

schedule
(5 marks)
(1999 ASL-M&S Q12
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Suppose that the number of printing mistakes on each page of a 200-page Mathematics book is

independent of that on other pages, and it follows a Poisson distribution with mean 0.2.

(a) Find the probability that there is no printing mistake on page 23.

(2 marks)
(b) Let page N be the first page which contains printing mistakes. Find
(i) the probability that N is less than or equal to 3 .
(i) the mean and variance of N .
(7 marks)
(c) Let M be the number of pages which contain printing mistakes. Find the mean and variance
of M.
(2 marks)

(d) Suppose there is another 200-page Statistics book and there are 40 printing mistakes
randomly and independently scattered through it. Let Y be the number of printing mistakes
on page 23.
(i) Which of the distributions — Bernoulli, binomial, geometric, Poisson or normal, does
Y follow? Write down the parameter(s) of the distribution.

(ii) Find the probability that there is no printing mistake on page 23 .
(4 marks)
(1998 ASL-M&S Q11)

In city A, the occurrences of rainstorms are assumed to be independent. The number of occurrences
may be modelled by a Poisson distribution with mean occurrence rate of 2 rainstorms per year.
(a) Find the probability of having more than two rainstorms in a particular year.
(3 marks)
(b) Last year, more than two rainstorms occurred. Estimate the number of years which will
elapse before the next occurrence of more than two rainstorms in a year. Give the answer
correct to the nearest integer.
(3 marks)
(c) Past experience suggests that the probability of having at least one serious landslide in a

year depends on the number of rainstorms in that year as follows:

Number of rainstorms 0 lor2 3 or more
Probability of having at 0.2 0.3 0.5

least one serious landslide .
Find the probability that, in city A ,

i) there is no serious landslide in a particular year;

(i1) no rainstorm has occurred if there is no serious landslide in a particular year;
(iif)  there is no serious landslide for at most 2 out of 5 years.
(9 marks)
(1996 ASL-M&S Q13)

9.27



—

— = ==

DSE Mathematics Module 1

= s s

9. Binomial, Geometric and Poisson Distribution

9. Binomial, Geometric and Poisson Distribution

1. (2017 DSE-MATH-M1 Q4)

(a) The required probability
=({1~0.6)*(0.6)
=0.0384

®  1-(-0.8"*>095
0.4'%*% < 0,05
log(0.4%%) < 10g0.05
k <6.730587608

Thus, the greatest value of % is 6.

{c) The expected amount of money
=15 [L)
0.6

=825

for (1-p)3p,0<p<l

IM | for 1-(1-¢)'"*, 0<g<!

M for 15(—}) ,Ber<i

1A
—U)

= I

(a)

®)

©

Very good. Most candidates were able to write down & probability of geometric
distribution but a few candidates wrongly wrote down (0.6’ (1-0.6) instead of|
(1-0.6)*(0.6) .

Poor.  Less than 10% of the candidates were able to set up the correct inequality
1-(1-0.6)'"* > 095 .

Good. Only some candidates were unable to find the expected amount of money correctly.

2. (2016 DSE-MATH-M1 Q3

)

Marking 9.1
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{a) The variance of the number of visitors entering the musenrm in & minute is 1.8, 1A

(b}  The required probability
436

31
_1776
Y

= 02125

- e e e

9. Binomial, Geometric and Poisson Distribution

IM+IM | 1M for Poisson probability + 1M using mean 3.6

1A rt. 0.2125

The required probability

IM + IM} 1M for & cases

~181 ol ~1.81 @3
=2(e 18 Ie 1.8 ]+2(
o 3

e g Y et 8?
21

+ 1M for Poisson probability using mean 1.8

1A Tt 0.2125

{c})  P{stmost 3 visitors in a minute)
ot E -t B St & S ™

The required probability

= (0.891291605(1~0.891291605)"

01
~0.0105

3t

M

1A | rt 0.0105
i

@

)

(e

Very good. A very high proportion of the candidates were able to write down the required
variance.

Very good. More than 70% of the candidates were able to find the answer using a Poisson
probability with a mean of 3.6 instead of a mean of 1.8.

Good. Ouly a number of candid: made 1 istakes in finding the required
probability.

Marking 9.2
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(2015 DSE-MATH-M1 Q4)

The required probability
=(0.75)(1-0.75)

2
" 256
=0.10546875
~0.1055

The required probability
-1-((0 75y +4( =

~02617

M for p*(1-p), 0<p<l
1A
rt 0.1055

)J IM+IM | IM for 1~ p+ IM for using (a)

rt. 0.2617

The required probability
=(1-0.75) + CF (1-0.75)°(0.75) + Cf (1 - 0.75)2(0.75)? EM4IM | 188 for the 3 cases-+ M foc bimomist peobability

51
256
= 026171875

~0.2617

rt 0.2617

The required probability
B §1 ~{0.75) 1(1 -0.75)
0.26171875

£0.552238806
~0.5522

M for denominator using (b)

rt 0.5522

The required probability
. (u -0.75)" +C} (1 -0.75) (0.75)+c§(1—0,75)(0.75)2)(1—0‘75) M

for denominator using (b)

~0.552238806

~0.3522

0.26171875

r.t. 0.5522

------ ~(7)

9. Binomial, Geometric and Poisson Distribution

{a) Very good‘ Most candidates were able to write a binomial probability while a few
candidates wrongly wrote (0.25)°(1-0.25) instead of (0.75)°(1—0.75) .

) Very good. Most candidates were able to use the result of (a) while a few candidates
27 . 27
wrongly wrote 1~} (0.75) +| =— || instead of 1~ (0.75) +4 «—m—) .
et (( ) (256)} (( ) 256
{c) Good. Some candidates failed to get the correct answer because they made a mistake in (b).

Marking 9.3
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4. (2012 DSE-MATH-M1 Q7)

9. Binomial, Geometric and Poisson Distribution

et
(a) —0!— =0.1653
A=-In0.1653
~1.8 1A
18 13 1801.8)2
(b) P(no.of goalsinamatch <3)= e()* e l? ) "“%')— iM
~0.7306 1A
{c) The number of goals scored in two matches by the team ~Po(3.6) .
. P(no.of goalsin two matches < 3)
36 e3536) 2436
ot T o
ternative i
P(no. of goalsin two matches <3)
=P(0, 0)+ PO, )+ P, 0)+P{, D +P(0,2) +P(2 ,0)
IV (8 s o8 R
0:
=~ 0.3027 1A
8)

(ay | Excellent.
(b) | Very good.

(c) | Poor. A few candidates used the Poisson distribution with mean 24. Many failed to consider
all the events related to the required probability when using the Poisson distribution with mean
A.

5. (PP DSE-MATH-MI Q8)

(a) P(a box contains more than 1 rotten eggs) S
1 30 _ 30 2 or binomial prol
1-(0.96* - ¥ (096)° (0.04) IMHIM 1 1M for correct cases
=,338820302
={.3388 tA
(b (i) Plthe 1 box containing more than 1 rotten egg is the 6™ box inspected)
= (1-0.338820302)°(0.338820302) M
= (1.0428 1A
(i) E(no. of boxes inspected until a box ¢ g more than | rotten egg is found}
1
- IM
0.338820302
=29514 1A
(7)
(@) BIF » DS EREBATRIERE 1-096™ -096°0.04)

(i) AAE

@O | asas . BRI SRR

Ao R B TR AHRY AN R -

1~ (0.3388)(0.338%)°

Marking 9.4
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() Let X be the number of traffic accidents occurred in
quarter of this year. Therefore X ~ Po(5.1) .

9. Binomial, Geometric and Poisson Distribution

this highway in the first

The required probability
=P(X 24)
-5tz 40 ~3.1 1 ~5.1 2 5.1 3 IM £
31_(:2 Of.l L€ 1‘5.1 e zf.x L€ 3;&1 } MM oroogictsc:ises
) ’ . : M for S 2l
= 0.748731735 x
~ 0.7487 1A
(b}  The required probability
IE T n-r
= CHO748T31735(1 - 0.748731735)° iMerm | PMfor CpT - p)
~ 0.047511545 IM for using (a)
= 0.0475 1A
(6)
7. (2013 ASL-M&S Q6)
@ E(X)=!0(%J=2,5 1A
var(y =101 2 )= 1aos 14
ip4)
L (HOX2.S) = 2.5+ (0.1(1.875)
60075 1A
(b) Var{X}=10p(l- p)
=] pz—p+(-!—)2 =L M
2} 7%
2
1Y s
=l pom] +2 A
0( 2} +2 i
Alternative Solution
A Var(xy =100 -2p) 1A
dp
: ivmm:o when s
. dp F 4 2
dZ
Lo Var(X)=-20<0 M
dp
Hence Var(X) is greatest when p=—li 5 i
() ForPlanl, F=(l +o.o75)-w(%)=5.375 .
] Y1 IM | Forboth
For Plan 2, F‘=]0(—) 0.1x1 -I~)=5(zs .
2 2032
Hence Plan 2 will give s lower game fee. {
S 2

Good.
In (b), some candidates were not able to present the proof well.

Marking 9.5
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8. (2012 ASL-M&S Q4)

{a) Let X be the number of defective packs in a day.
A0
P(X2h=1~ 1A
ot
A B

ie A=2 1A
(b) P(the company will have to inspect the production line in a given day)

=P(X24)

1t 2 3t

=(.142876539

=0.1429 1A
() (1-0.142876539)" >0.5 M

nin(l-0.142876539) > n 0.5

n<4.495896098

ie. the greatest integral value of # is 4. 1A

®)

Very good.

Nevertheless, some candidates were still not very competent in handling inequalities.

9. (2009 ASL-M&S Q5)

(a) The required probability
=1-0.64)"% -5 (0.36)(0.64)'* ~C15(036)% (0.64)° - €17 (036)° (064 | MHIA
~0.8469 1A
(b) The required probability
ci M
5 4 h 4 5 2 3 T G % a4
N 3xC{(0.36)(0.64)" x 7 (0.36)0.64)" xC3(0.36)*(0.64) MHA | OR = 2 11‘ 314141
c¥ @36y (0.69)" 151
stsis
=% 1A | OR 05495
X )

Part {2) was well attempted although a number of candidates mistook the total number of]
customers to be 5 instead of 15. Many candidates still had difficulty in analysing the situation
and hence could not exhaust and count the number of relevant outcomes.

10. (2002 ASL-M&S Q6)

Let & be the number of passengers arriving the bus stop in an hour and M be
the number of male passengers.

Lot
(& PN=4)= %Te"

{b) P(M=2 and N=4)

47 ~0.1755

= C5(0.65)*(1-0.65)% -0.17547

= (.0545

Marking 9.6

1A

1A o-lforrt 0.175

IM for binomial distribution
IM for multiplication rule
1A o~1forrt. 0.055
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11. (2000 ASL-M&S Q7)

ivelv,
The probability that there is no The probability that there is at least
people killed in a traffic accident I people killed in a traffic accident
= ™! @ o jmg™ (@
= 0.904837418 =~ 0.095162582

The required probability The required probability
=(1-g) +30~-9)'q

= 0.925477591
= 0.9255

= p’+5p*(1-p)

= 0.925477591
=~ 0.9255

12. (1999 ASL-M&S Q5)

Let X be the no. of passengers using Octopus in a compartment.

@ Pr=5 =Cl06’a-0s6°
= 0,200658
= 0.2007 (p,)

() EX)=np=10x06 =6
‘The mean number of passengers using Octopus
in a compartment is 6.

{c}  The probability that the third compartment is the first one to have
exactly 5 passengers using Octopus

= (1-0.200658)%(0.200658)
~ 0.1282

13 (1997 ASL-M&S Q6)
(2) Let X be the number of cars passing through the auto-toll in a nunute,
then X ~ Po(5).
PY>5)
5 e
= I_ZM o xt
= 0.3840

Out of the next 4 minutes, let ¥ be the number of minutes in which

mote than 3 cars will pass through the auto-toll, then ¥~ B(4, 0.3840).
P(Y=3)

~ CH03840)°(1-03840)

=~ 0.1395 {or 0.1396)

®

<

Marking 9.7
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{tM  binomial (at least 2 terms)
1IM  cases 0 and 1

1A a-1forrs 0928
—(5)

1A a-1 for rt 0.201

1M -p)?p
a-1 for r.t 0.128
6)

M

1A a1 forrt. 0.384

M

M For binomial formula

1A a-1 for r.t. 0.140

©)

DSE
14.

Mathematics Module |
(1997 ASL-M&S Q7)

Ay be the event that the original motor breaks down,
Az be the event that the backup motor bresks down and
¥ be the even that the machine is working.

9. Binomial, Geometric and Poisson Distribution

@ Pl 4
= 0,15 x 0.24 1A
= 0.036 1A
&) P(¥)y= 1-PlAd)
: =1-0.036 iM
=0.964
Alternatively,
P(= P(4) +P(44;)
=0.85 +0.15x0.76 }M
=0.964
The probability that the machine is operated by the original motor
- P4y
P}
- U8s ™M
0964
= 0.8817 1A a-1 forr.t. 0.882
©) The prob. that the ist break down of the machine occurs on the 10th day
= (0036)(1-0036)'"" M
= 0.0259 A a~1 for r.1. 0.026
Y]
15. (1998 ASL-M&S Q7)
‘ 1002%™*
(@ UnderPoisson (), ——— =193 1A
1002'e*
and —-——4—;*——“" 185
i goa%e™t  1008%™ ;
Therefore loze . T e M can be omitted
A=d .
‘Since A isan integer, 2=4. 1A
Altﬁmm 3
By calculating the expected frequencies under Po(Aywhend=1,2,3,..., ™M
Bofl) Paf2) Po(3) Pof4)
3 6.1 180 224 195
4 15 90 168 195
s 03 36 101 156 , o ot wriing 44
{ From the able above, 2 =4. 2A 1A for just writing 2 =
LA
(@) If A=np, then p= -
ol M
50
= (.08 —1A_
)
Marking 9.8
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16.
(@

(O

©)

(@

9. Binomial, Geometric and Poisson Distribution

(2016 DSE-MATH-M1 Q10)

The required probability :
=0.9+(1~0.9)(0.9) M
=099 1A

--eennee(2)

The required probability
={0.9)0.9+(1~0.9)(0.9)(0.4) + (1~ 0.9 (1) M
=0.136 1A

eemenene(2)

The required probability
=C§ 36)%(0.136° M

(i) The required probability
36)(

(i)  The required probability

~03052
(iii}  The required probability

¢ +(1-0.136(0.3)° M

=(0, 13@(7;(0.7)3(0.3)3 +{1~0.130CE(0.1* 0.3

(0.136)CE(0.7)° (0.3

1A 1.t 01546

een(2)

1A r.t. 0.0166

IM+IM

1A rt. 0.3052

[Ee LRy
~0.0825

(0.136)C5(0.7°(0.3)° +(1-0.136)CE (0.7)* (0.3
R

M 1M for denominator using {d)(i1)

1A |1t 0.0825
{7}

(a)
®)

©

@ @

(i)

(i)

Very good. More than 70% of the candidates were able to find the required probability.
Good. Some candidates missed the term  (1-0.9)*(1) when finding the required
probability,

Very good. Most candidates were able to formulate the required probability using
binomial distribution.

Good. About half of the candidates were able to find the required probability by using the
result of (b). However, some gly used 0.7 and 0.3 instead of (0.7)%
and (0.3)° respectively in the required probabitity.

Good.  Many candidates were able to formulate the required probability by using an
eppropriate binomial probability

Good. Many candidates were able to formulate the required conditional probability by

using the result in (d)(i).

Marking 9.9
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17.
{(a}

®)

()

€ r t t ¢ v

(2013 ASL-M&S Q11)

(i) P(the air-conditioners are switched on for not more than one day on two

consecutive school days) = ¢* +Clg(l-q)
= 2q -q2 1
i) 2g-q7 =L
(i) 2g9-g e
16¢% ~32¢+7=0
¢=0.25 or L75 (rejected) 1A
2)
(i)  P(the fifth week is the second week that the air-conditioners are fully engageld)
=CHO.T5° X1-0.75%) - (0.75%) IMHIM
2 0.0999 1A
1
i) E d ber of ive weeks M
0 ko 0.75°
52
=32 1A
243
{3)
() P(all conditioners are switched off) =0.25%
sk, 1A
1024
(i) P(exactly 2 classrooms with no air-conditioners being switched off and
atmost 1 classroom with exactly | air-conditioner being switched off)
=C3(0.45)2(0.25% + C}(0.25)*(0.3)] IM+IA
" 1863 A
12800
(iii) P(at least 1 classroom has no sir-conditioners being switched off)
7527-'(025)’ (0.3°(0.45) + C3 (045 (0.25)°
= et 5 IMHIMHA
CHo25%0.3* + i (0.25)°(0.3)*(0.45) + C3 (045 (0.25)°
B 1A
93
(8)

Marking 9.10
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9. Binomial, Geometric and Poisson Distribution

OR 1-(1-g)°

M for Binomial prob
1M for Geometric prob

For ! 5
0.75

OR 3.2140

OR 00010

OR 0.1455

IM for conditional prob
M for cases in numerator
1A for numerator

OR 0.9140
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9. Binomial, Geometric and Poisson Distribution

@)
()

©

®
G

0]
(i
iy

Very good.
Good.

Satisfactory,

Some candidates did not know the expression of the
pected value of 2 g ic distribution, while some
others did not minus one from the sxpected value, which

would be the first of a fully engaged week.

Good.
Fair,

Poor.

Many candidates were not able to analyse the given
situation correctly and they were confused by the number
of classroomns and the number of air-conditioners being
switched off,

Marking 9.11
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18.
()

®)

©

(2012 ASL-M&S Q12)

{i) P(the centre needs to give out 2 or 3 coupons}
=P(10 or 11 customers show up)

10 2 11
{2} (L 1 2) (1
53 G -3 6)
_ 10240
" 59049

(i) P(every customer with booking who shows up can be assigned a trainer)
=P(atmost § customers show up)

9 3 10 2 11 12
2Y(1 PANE. 2Y'(1) (2
=-63) (5) - —) (_) - lz(“) -)_(~)
G (3) (3) wi3) 3) "91E) GG
_lo7515
177147

If the centre accepts 10 bookings, then
Pevery customer who have made a booking can be assigned a trainer)

2 10
oo 2Y{1) (2
-G (3)(3) (3)
=0,8960
>08

If the centre accepts 11 bookings, then
Pevery customer who have made a beoking can be assigned & trainer)

' g 2 10 11
e1-ci{2Y(1Y _cu i) (1 _(3)
= (3) (3) ’°(3 3)\3
=.7659

<0.8
Hence the centre can accepts 10 bookings at most.

(i) The expected income in that evening
=8 (0.5x3800+0.3x2800+0,2x1800)x8

=§24800

(ii) P(the 8th customer is the first one to select Jade programs)
=(0.87(02)

(iii) P(all programs are selected and exactly 3 are Diamond programs)

9. Binomial, Geometric and Poisson Distribution

™

1A OR 0.1734

M

1A OR 0.6069
[G)

1A

1A OR 0.0419

=——8'—;(o.5)’(o,3)“(02)‘+ ¥ _esPe3re OR
R4 33A2n CHOSPH0S -3 -0
8 30 20y 4 3003 70
i % Prerearri US . IM+1A
*y 2!32(05) ©3)°(02) My 0.5)°(0.3) (0.2
=0.1995 1A
{iv) The required probability i
,.___]_. 8 3 4 1,8 3 3 2 CTRT S SRR
0.1995[3! M(ﬂ.s) ©.3)° 02y AT (0.55°(03)"(0.2) } M cies’ic oy of;:);qm %
=0.6632 1A
)
@ @ Sati y. Some candidates had difficulties in analysing the scenarios.
()] Poor.
Many candidates were not able to come up with all the possible
outcomes.

@) Very poor.

© O .| Good.
Gif{iv) Poor.
The weak of

Candidates were weak in calculating probabilities by counting the|
number of relevant outcomes followed by comparing with a given value.

didates was similar to that stated in (a)(ii).

Marking 9.12
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19. (2010 ASL-M&S Q12)
(a) P(atablet is contaminated)

= (1= 0.6%X1 ~ 0.6%)(1 - 0.1%) IM+IM
= 0.012952036
=~ 0.0130 1A
1))
(b) P(abagis wisafe)
=1-(1-0.012952036)*" ~ 201 - 0.012952036)'% (0.012952036) M
=~ 0.027306899
20,0273 1A
)
(¢} () P(the 10th bag is the first unsafe bag)
(1 0.027306899)'9-1(0.027306899) M
~0.0213 1A

(i) P(the supply will be suspended in a certain week)
= 1-(1-0.027306899)' % — 101 - 0.027306899)°° (0.027306899)

-C10(1- 0.027306899)°% (0.027306899)
- ¢4 - 00273068997 (0.027306899)° - 1001 - 0.027306899 % 0.027306899) % | IM+1A

—

r—

9. Binomial, Geometric and Poisson Distribution

= 0.1390 1A
[6)
(d) () P(the ingredient 4 is contaminated)
_ 0.006+0.004n M
- n+l
" SR L _ 0.006+0.004n
@ity P(the ingr Bis ) = —
1-[1- 0.006+0.0042 - 0'006+0‘004"}1—0A001)<0.0! 1A
n+l n+l
2 0.004
0.006 + 0.004» 110
e = e
( n+l ] 111
l"().()()6«}01)(34»> 110 ¢ M

n+l 11t
n>2.885790831
Hence the least number of » is 3.

1A OR n>2.8858
1A

[6)]

@

®

©)

[CHO}
(i)

Unsatisfactory. There were three sources of and many
had difficulty in sorting out the situation. Many could not see that the required
event was the compl of “a tablet completely free from ination”,

Very good.
Very good.
Poor. Many candidates seemed to have difficulty in understanding the question.

Very poor. Very few candidates were able to use the concept in (a) and most
were weuk in handling inequalities.

Marking 9.13
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20. (2008 ASL-M&S Q12)
(8) ‘Iherequired probability

r r e

9. Binomial, Geometric and Poisson Distribution

1M £
=1-[-001* + {00 -0.007 (0,01 + {00 - .00 0.01)) IM4IM | 1 for m?;lmproblbﬂity
~ 0.007497363 {Can be awarded in (d)(3))
~0.0075 1A
[6)]
{b) The required probability

= (1-0.007497363)* (0.007497363) M
= 0,0073 1A
)

(@)} Cf (0.007497363)1 - 0.007497363% + CH (0.007497363)% (1 - 0.007497363)
+ooe+ CF L (0.007497363)* (1 - 0.007497363) + (0.007457363)* > 0.05

! ATimative Sotut

0007497363 + (1 - 0.007497363X0.007497363) + (1 - 0.007497363)2(0.0074973K3)
+...+ (1= 0.007497363)*(0.007497363) > 0.05

1~ (1-0.007497363)* > 0.05

0.992502636* <0.95
k1n0.992502636 < ;n0.95

n0.95

FouomoS3
> 0.992502635

~6,815832223

Hence the least value of £ is 7.

(@) () The required probability

=1-{(1-0.015)% + {1~ 0.015)°0.015)+ €20 - 0.0155 (0.015)2]

~ 0.022069897
=0.0221

(i) The required probability

=[C3(1-0.007497363)* (0.007497363)° [C}2 (1 - 0.022069897)"° (0.022069897)° 1
+[CT(1-0.007497363)" (0.007497363)J{C{(1- 0.022069897)" 0.022069897)]
4[Cf(l—0'00707363)'(0.007497363)‘}[@’(I-0.022069!97)”(0.022069897)‘ IM+IM

= 0.037154780
~0.0372

(iif} The required probability

1M forany 1 case correct

~0.6517

1M for all cases correct
1A
€5 -0.007497363) (0.007497369 %1 (1 - 0.022069897)(0.022069897)%] R IMfor formcomect
B037154780 1M for denominator using (if)

1A
()]

(2) Very good.

(2] Very good.

{e} Fair. Candidates were less skilful in bandling inequalities,

(i) Good.  Some candidates encountered difficulty in counting the number of

relevant events,
() Fair. Some candidates had difficulty in counting the events.

Marking 9.14
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21 (2007 ASL-M&S Q12)

{8)  The required probability

BEHIEETE)

" e
il
4

3
SR e

~0.4444

()  The required probability

9. Binomial, Geometric and Poisson Distribution

1M for geometric probabiiity

1A

a-1 for r.t. 0.328
———{2)

1M must indicate infinite series
and have at least 3 terms

1M for summing geometric sequence

1A

a~1 forrt. 0.444
{3}

IM for numerator = (b)~(a)
+ IM for denominator using (b)

1A

a-1forrt 0.262

The required probability
5124

1M for complementary probability
+ 1M for denominator using (b)

1A

a-1 for r.t. 0.262

Marking 9.15
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(d) (i)  The required probability
1.3, . .1
=(=)E) + ()0
(2)(7)+(2)()
5

= 0.7143

9. Binomial, Geometric and Poisson Distribution

i 1M for either case

1A

a-1forrt. 0.714

The required probability

1M for complementary probability

1A

a-1 forrt 0.714

{ii}  The required probability

-

=~0.2857

IM for 1-(d)(i)

1A

a-1forrt 0.286

The required probability

iM for denominator = (2)(7)

1A

a1 forrt. 0.286

(iii)  The required probability
4.2,
(-)(-;)

) i 2
('9‘)(7) +( ‘5)(1 -;)

=0.2424

M for Bl
pa+{i-p)i-q)
; . p=(b) p=(d)(i)

_ + {M for {q=(d)(ii) T { g lBy

1A

a-1 fornt. 0.242
R —{]

8}
®)
{c}
@®

(i)

(i)

Good.
Good. Some candidates were not able to sum the infinite geometric series.

Fair. Some candidates could not work out the complementary probability.

Good. Some candidates encountered difficulty in counting the number of relevant

events.
Fair. Many candidates did not realise this is the complementary event of d(i).

Poor. Very few candid: pted this part,

Marking 9.16
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22, (2006 ASL-M&S Q11)

(a)  The required probability
=1-{0.8)° +C} 0.8) (02)
=821
3125

~02627

= e e

9. Binomial, Geometric and Poisson Distribution

1M for cases cotrect + 1M for binomial probability

1A

a-1 forr.t. 0.263

The required probability
=(02)° + [ (0.2)' (0.8) + C5(0.2)°(0.8)* + C§(0.2)% (0.8

IM for the 4 cases + IM for binamisl probabitity

iA

a-1 forrt 0.263

(b} () . The required probability
=(0.8)°(0.2)
4096
8125
- =00524288
={0.0524

(i)}~ The required probability
C =lctente?)on+(cios )0 +{ctosro)e
25344

E—}

1M for p®(1-p), where G<p<i
1A

a-} forr.t. 0.052

1M for the 3 cases + IM for binomiat probability

1A

a-~] forrt. 0.324

The required probability
=C5(0.8)* (0.2 + (c{(o.s)‘(o.z))(o.z)
_ 25344
78125
~ 03244

1M for the 2 cases + 1M for binomial probability

1A

a-1 forrt 0.324

The required probability
=] 08)°(0.2)? +{ct 08 0.2 )02)
25344

1M for the 2 cases + IM for binomial probsbility

1A

a-1 forrt 0.324

(iii)  The required probability
- _{ces0)en +[cosieale
03244032

Marking 9.17

1A for numerator
1M for denominator using (b)(ii)

A

a-1foret 0.394
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r = = e

9. Binomial, Geometric and Poisson Distribution

The required probability

b ( ci8)* 0.2y !(o.s)

0.3244032

~0.3939393039
~ 0.3939

1A for numerator
1M for denominator using (b)(i)

1A

a-1 forr.t. 0.394

(v}  The required probability
_08°027 + P8t ef02)? +Fea02)

1M {one term) + LA for numerator
1M for denominator using (a)

1-0.26272
1A
a-1forrt, 0.218
----- ~(12)
{a) . ] Very good.
[(B1D)] Very good.
(i Fair. Some candidates encountered difficulty in counting the number of relevant
events.
@iy | Fair. Some candidates encountered difficulty in counting the number of relevant
events.
(iv) Not satisfactory. Very few candidates attempted this part.

Marking 9.18
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DSE Mathematics Module 1 9, Binomial, Geometric and Poisson Distribution
(2004 ASL-M&S Q10) 24.
The required probability @
= (0.075)0.94) + (1~ 0.075)(0.14) M for (p(0.94)+(1- pX0.14)) +1A
=02 1A .
_ ; —
_ The required probability
. sifl X o
= wg—gw 1M for denominator using (a) +1A )
| 259
= 0‘64'75 1A (accept 0 ) -1 forrt 0.648
1 ~(3)
M - Pa=3)
= (1-02)%(0.2) « 1M for (1-(2)}*(2)
= 0.128 1A
Gy p
1 1
ey 1M for ©
=3 T ———
o i
H
4 {
3 . £
'=,[—-—-—1',°2'2 o (2@ i
0.2 @ !
N . 1
=420 --14 for both correct -mmm=-
=205 -
() Putting k=25 i P(~ko SM-usko)z 1—}% , we have 1Afor k=245 or k=30
’ . R
P{-2+50 < M - < 250) 21 (2J§) . ©
By (e)(if), we have P(~20 € M ~5£20) 2 0.95 ’
So, we have P(~15<M £25)20.95 . M
Notethat P(~15SM <=0 . IM for using P~ S M <1) =0 forany />0
Thus, we have
CPsM<25)
= P(~15< M £25)~P(~I1S< M <1)
=P(-15S M <25)
= 0.95 1 do not acoept finding the vahie of
: P(1< M $25) directly
"))
{a/b) Very good.
{e} (i) Goed.
(ii) Fair. Some candidates confused & with &7 .
(iii) Poor. Many candidates did not have the
confidence to try this unfamiliar question.
Marking 9.19
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(2004 ASL-M&S Q11)

The required probability
= (C3(0.7)*(0.3))(0.7)
= 0.252105
=~ 0.2521

Let X be the number of red coupons in the 10 packets of brand € potato
chips. .
@) The required probability
=P(X 2 4)
=1-(0.7)" - CI°(0.7)°(0.3) ~ CI(0.7)*(03)* - €1%(0.7) 7 (0.3)°
=~0.3504
The required probability
=P(4<XX5)
=CR0.7)5(03)* + CI°(0.7)° (0.3)°
= F0TUAONEZ
=0.3030

@)

The required probability
=P4S X s51 X 24)

P(ASX<5)
“Trxz4)

03030402942
" 03503892816

(i)

~0.8649

(3] The required probability

9. Binomial, Geometric and Poisson Distribution

1M for binomial probability + 1M for multiplication nle
1A

a~-1forrt 0.252

s—eaf3)

1A

1A a-1 forrt 0350

1M

1A o1 forz.t, 0.303

IM for pumerator using (b)(if) +
IM for denominator using (b)(i)

1A (accept 0.8647 and 0.8648 )
a~] for .t 0.865
(8}

=(P(X24))
~(0.3503892816)% (by (5)E)) 1M for {{b)())
AL
={,1228 1A a~1 forr.t. 0.123
(i}  Therequired probability
=2P(X 2 4)P(X =0) _ M
= 2(0.3503892816)(0.0282475249) (by (5)())
~0,0198 1A.a-1 forr.t. 0.020
‘‘‘‘‘ 4)
(a) Fair. Many candidates wrongly adopted the
goometric distribution.
(bic) Good.
Marking 9.20
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DSE Mathematics Module 1
25. (2003 ASL-M&S Q11)

(2) The required probability

ol

9. Binomial, Geometric and Poisson Distribution

s L,
o 1A
The required probability
i
B e
nAn
=1
= 1A
E—)
(b) () The required probability
=p 1A
(i) pﬂn;‘:ﬂ M
.
p=ml-) 1A

(iii) p>0.46
[P
5 (=) 2046

nz2125
# is a positive integer.

the least value of n is 13.

© ® The required probability

- (z}‘L

6) 6
_ 625
T 7776
=<0.080375514
= 0.0804

(i) The required probability

~H0:545454545
= 0.5455

B

1A can be absorbed
M

—eene(6)

3
IM for (2) £
6§} &

1A

a-1 for r.x, 0.080

LA must indicate infinite series
and have at least 3 terms

IM for sum of GP

1A

a~1 forrt 0.545

DSE Mathematics Module 1

(it} The required probability

[

J

[T

BOIGEQIGEGI

#0:482253086
= (,4823

?
6

9. Binomial, Geometric and Poisson Distribution

M for denominator using 1-{c){ii) +
1A for numerator

1A

a-1forrt 0.482

The required probability

FAGEE

. 11736 12%

20482253086
~ 0.4823

1M for denominator using I-{c)(ii) +
1A for numerator

1A

a-1 forr.t. 0.482

wmen(8)

(/)

()

Not satisfactory. Many candidates were not able to
identify the symmetry nature of
“P(A>By=P{d< B)’.

Satisfactory. When applying a geometric
distribution, some candidates miscounted the
number of dice throwing. Part {iii} was performed
poorly.

Marking 9.22
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9. Binomial, Geometric and Poisson Distribution

DSE Mathematics Module 1 9, Binomial, Geometric and Poisson Distribution DSE Mathematics Module 1
26. (2001 ASL-M&S Q13) 27, (1995 ASL-M&S Ql11)
Let X be the number of Grade 4 potatoes in the 8 selected potatoes. . (a) Probability of acceptance, p,=(1-0.02)° 1a
2 ‘ =0.903%
(2) P(XS1]p=0635) =0.0002+0.0033 M Probability of rejection, p,=l-p, 1M
=0,0035 0.0036 1A - . =0.0861 1
{b) Let X be the numbexr Aof cartons inspected by
) () PX$3{p=065) =0.0002+0.0033+0.0217 +0.0808 IM Hadam Wong in a day, then X — Geom(p,). M
1A
= 0.1060 @ s mean = —Pi 1A
G) PX>3]p=02) M = 10.4 ) 1a
~ 0.0459 + 0.0092 + 0.0011 + 0.0001 +0.0000 M
k1 —(0.1678+O.3355+0.2936+0.14681 (c} (i) Prob. that Madam Wong can achieve her target,
= 0.0563 }f‘ ) Py = P(ALl cartons are acceptable) +
P{exactly 1 carton is not acceptable) +
© The required probability P(exactly 2 cartons are not acceptable) M
1M for the 2 cases = (pa® +(22)p:<p_)=x 4(22) (P (D> 1M+ 1k
13-y +Cig 1M for Istterm { * N 1
1M for Znd term i = 0.6445 ia Accept 0.6444 - 0.6445 -
= C1(0.1060)2 (i - 0.1060) + C3(0.1060)° IMHIM+IM
=0.0313 00314 1A : mlternativelv,
P e ) p; = P(the lst 20 cartons are accepted) +
. P{l is rejected in the 1st 20 cartons
(d) A and the 21st carteon is accepted) +
5 i b e
i iyt wfeswiLirongt jectlieslana: 0:03333 P(2 is rejected in the lst 21 cartons
Therefore the farmer will have a bigger chance of rejecting the claim wrongly. _IM - and the 22nd carton is accepted) M
= )™ Vet T o2 (2 ¢+ 13
(&) P(X$2]p=065)=00252 IM+1A 1M for 0.05 as a value between
2 = 0.6445
P(X £3| p=0.65) = 0.0252+0.0808 = 0.1060 ) ia Aosept 0.6444 - 0.6445
Since P(X $2|p=0.65) <0.05< P(X <3| p=0.65)
k=2, 1A independent
cossnz3) (ii) If ¥adam Wong can achieve her target,
' the prob. that she needs to inspect
20 cartons only
{p,)*®
-————p‘ IX + 1A
= 0.2058 ia Accept 0.2057
(d) (1-r%)% 2 0.35 g i
% £ 0.010206
r £ 1.02086
The greatest acceptable value of r is 1.0206 . ia

Marking 9.23 Marking 9.24
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28.
(a)

(b)

r—

= = = =

(1994 ASL-M&S Q11)
[§9) Let X be the number of dry days in a week.

——

-

—

9. Binomial, Geometric and Poisson Distribution

X - Bin(7, 0.3) ™
£x(x) = () (0.3)%(0.7)1% for x=0,1,2,...,7 1A
The prob. of having exactly 3 dry days
in a week is
£443) = (3)(0.3)%(0.7)* = 0.2269 1A
(ii) Let Y be the no. of days elapsed until the
1st humid day.
Y ~ Geom(0.7) 1M
1
E(Y) = 7 1A
Henca the mean no. of dry days before the
next humid day is
3
E(Y) 1= T 1 = 0.429 1A
(Lii) The prob. of having 2 or more humid days
before the next dry day is
1 -0.3 - (0.7)(0.3) 1A
=1 - 0.51
= 0.49 1A
Alternatively -
¥ (0.3) (0.7)* 1a
k=2
= (0.3)(0.7)%[1+0.7+(0.7)3s...]
- (0.7)2
031707
= 0.49 1A
Let a dry day and a humid day be denoted by
D and H respectively.
i) 19th-20th-21st : D-H-D
P(H on 20th, D on 21st | D on 13th)
= (1-0.9)(1-0.8) 1M
= 0.02 1A
(ii) 19th~20th-21st : D~H-D or D-D-D
P(D on 21st | D on 1Sth)
= 0.02 + (0.9)(0.9) 1M
= 0.83 1A
(iii) P(H on 20th | D on 19th and 21at)
0.02 . .
583 24 1 for nominator, | for denominator
= 0.02410 1a

Marking 9.25
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Section B - Poisson distribution

29. (2017 DSE-MATH-M1 Q10)

{a) The required probability
P62 2'e? 2% 27 26

¥
0f it 2 3} 4

~0.9473

(6)  The required probability
=2 502570, + 30.25X02) +30457(02))

S

= 1 | —

9. Binomial, Geometric and Poisson Distribution

TMTM | M for the 5 cases + 1M for Poissen probabitity

1A rt 09473
e (3)

IMHIM | 104 tor Pojsson prodebifity + 184 fo sy one cormoct

31
~,0307 ‘ 1A rt 0.0307
eemee(3)
{¢).  The required probability
= 4(0.25)1(0.1) + 6(0.25)%(0.2)? + (4)(3(0.45)* (0.2)(0.25) + (0.45)° IMFIM | 18 fo sny sos corece-+ 14 or syt cormce
~0.1838 1A nt. 0.1838
eree(3)
(d)  Therequired probability
20+ 2 bawas0 1)+(oz)’)«»o.osovnm*[""‘ }mmms)
[ 2 T 4 IM+IM s
0.947346982
1A rt. 0.1042
. memeene(3)
{a} Very good. Over 85% of the candidates were able to write down all the five Poisson
probabilities.
®) Very good. A few candidates were unable to use correct combinations in counting.
(c) Good. Some candidates wrongly multiplied the Poisson probability to the required
probability.
(d) Good. Only some candidates were unable to consider all the possible cases that cash
coupons of total value $200 are issued in a minute.
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30. (2015 DSE-MATH-M1 Q10) 31. (2014 DSE-MATH-MI Q13)

(a) The required probability {a) P{not more than 3 delays in : day)
0 32 1,32 2,-32 3,32 s 4.8* 4 &
=3‘2 g 32¢ + X 32 ¢ IMHIM M for the 4 cases + 1M for Polssan probatility {!*4 B 2t 31 1 , ™
o! it 2t 3! \
~ 0602519724 :gﬁgﬁm 16 N
= 0.6025 1A r.t. 0.6025
--------- ®) @
{b)  The required probability
=C] O (1 -0.7°(0.7) M for binomial probability
~0,01750829 (6) P(atmost 2 days with not more than 3 delays in a day in 3 consecutive days) OR 22: Sl pP
~0.0175 1A vt 0.0175 =1-0.294229916° M > i !
— = 09745 1A where p~ 0294229916
(c)  The required probability @)
3 23 ~3.2 ,
=2 7 M
& 0.0763§.7282 (¢} Denote P(bad day) by &. c)ii)
=0.0764 1A |1t 00764 ! L
2 ¥ 4 S =
R L o 2 o Crelalelsls
i - : . t BB B
(d)  The required probabxhty ~0.348993562 1A st
o th f gaod days between today and next bad d C)(il) Alt So
~0.0763572824 325 2: (3(0 12)2(0.04) + 31(0.12)(0.7)(0.08)) IMHTA | 1M for using () + 14 for amy one correct pe numbsr of gupd days betieen today:end o d R vTTTETE
. =] M Bl G
~0.085717839 & [} g
~0.0857 1A | rt 00857 =1.8654 1A o
......... (3) B8
G118
. o (i) P(the last day in a week is the third bad day in that week) G g
(¢)  The re?:ured pmbablxht):J = CHP-1) ) M g g
32t ooy s 228 [1 (0.12)(0.03) + 20.7X0.04) + (0.08)° ) 5 0.085717839 S0.114 A g B
" 2 1M for numerator using {d)
IMEIM | erominator uei (X} Alt Sol 2
——__ OmsieTe s for denominator using (2) (i1} P(there are at least 4 consecutive bad days in a week) A VITIFTS
%0.170703644 B L A LS T BN VLN PR LT Ay M g g
= 0.1707 1A rt 0.1707 5 g
---------- ) Altemative Solution 1 ; :
*[Zk‘(l k)+2k (- k) 1+m - k)+k 1=k} ]+2k°(1 k)u’ M
b 2k +k‘~2k’+l¢‘)+2k’~2k‘+k’ 2k‘+k’+2k‘ 2" +k’
{2} Very good. A few candidates missed the first case in the required sum of the Poisson Sozaa o o i : g
probabilitics. Al ive Solution 2 G
N 3 E3 2 $ 0 G G
&) Very good. A few candidat fly multiplied the Poisson probability to the 41~k + 9K (k) + 6k (1-k) + k M S
required probability form. Ak 367 #3kE k7Y 9 - 2k° +4T) 4 6K - 67 + 7 B
(2} Very good. A few candidates wrongly used (0 73 instead of —————-(0 7 s A
= U
in the caleulation,
[©)
{d) Good. Some candidates failed to count the number of eases correcily, such as they wrongly)
multipticd 3 instead of 3! to the term (0.12)(0.7)(0.08) . @ Excellent.
Some candidates missed the case of 3 deleys ina day.
{&) Good. Some candidates did not realize that a conditional probability is considered here. {b) Good. ‘ . "
Some candidates did not consider the Poisson probabitities as a part of the joint probahility Some candidates used incorrect expressions suchas 1 - (1 - 0.2942)" to find the
inthe of the required conditional probability. required probability.
{©) (i) | Paor.
5 " 1 .
ids e 10 £
Quite 2 number of candidates wrongly used T to find the required mean
number.
(i) | Satisfactory.
Some candidates used €] instead of C§ in the calculation.
{iif) | Very poor.
Many candidates were able to write the related terms for the required probability,
but assigned wrong coefficients to them. "
Marking 9.27 Marking 9.28
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32, (2013 DSE-MATH-M1 Q13)
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9. Binomial, Geometric and Poisson Distribution

{8}  P(the regular maintenance service of 2 lift in a certain month in the estate is unaceeptable)
s, 19 19?
=]~g (l + T + = M
«0.296279646
= (.2963 1A
2)
(b) P(the maintenance service of 2 lift in June of 2014 is the 3rd month unacceptable)
= (3(0.296279646)2 (1 - 0.296279646)° - (0.296279646) M
=0.0906 ’ 1A
@)
{€) The expected total number of unacceptable maintenance services of all Iifts for one year
= 15x12x0.296279646 IM
=53.3303 1A
2
(d} (i) P(a warning letter will be issued for a lift on or before 30th April 2015)
=(0.296279646)° + (1 - 0.296279646)- (0.296279646)° IM+IM
= (.044310205
=0.0443 1A
(i} P(3 or more warning letters will be issued on or before 30th April 2015)
~1-(1-0.044310205)" ~ C}%(0.044310205)(1 - 0.044310205) ——
~ 03 (0.044316205)% (1 - 0.044310205)"°
=~ 0.0265 1A
©)
(@) . . 4919 . .
Good. Some candidates missed out the term ¢™ L the expression
- ,“’(] *%*‘in'z] , while some others missed out the factor ¢ .
@®) Satisfactory. Mistakes found were missing the factor €5 or replacing itby Cf .
(] Poor. Some candidates missed out the factor 15 or 12, while some others used 1.9, the
mean of the Poisson distribution given, instead of the probability found in (a).
@ Poor. Most candidates were not able to analyse the events correctly to caleulate the

o

(]

probabilities,
Some candidates multiplied factors such as Cf , 15 ar % to the probability
(1-0.296279646).0,.296279646" , some multiplied 2 to 0.2962796467 , while some

others wrote 2(1-0.296279646)-0.296279646° without adding 0.296279646* 1o it.
Some candidates used the probability found in (a) instead of that in (d)G).

Marking 9.29
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33.
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(2012 DSE-MATH-M1 Q13)

—

e e

9. Binomial, Geometric and Poisson Distribution

P(at least 2 drunk drivers are prosecuted)
=1-e2? - 3(23) 1A
= (.669145815
= 0.6691 1A
@)
P(<4 drunk drivers are prosecuted | at least 2 drunk drivers are prosecuted)
2 3 4
o3 23 +£+ 23
2t 3t 4 1M for Poisson
0.669145815 IM+IM 1M for conditional prob
=~ 0.8748 1A
3)
{i) P(the third night was the st night to have 22 drunk drivers prosecuted)
= (1-0.669145815)>(0.669145815) M
={0,0732 1A
(i) P(22 drunk drivers prosecuted in each night and totally 10 prosecuted)
232 3 2 3 s
_ c;[e‘” 2.3 ) (8-23 23 ]+3![e_13 23 Ie_u 13' Ie_u 23 }
a e 2 3 st 1M for any one case
232 934 2 233 2 2.3% IMFIML 1M for alf cases
3} 23 2. ~23 2. 3| 23 -2.3 2.
+C{e ——2! Ie ——44 ) +Cz(e —3! ) [e @ J
=0.0471 1A
©)
(a) Excellent. However, a small nunber of candidates forgot the formula of Poisson
probabilities.
(b) Satisfactory. Some candidates failed to write all the terms needed in the numerator,

©} O

wrong numerical answers.

Satisfactory. Many candidates were able to apply the correct method, although some got

(i) | Poor. Most candidates failed to ideatify all the events related to the probability required and
some even used 4.6 instead of 2.3 as the mean of the Poisson distribution.

Marking 9.30
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34.
(a)

(b}

©

(SAMPLE DSE-MATH-M1 Q13)

The required probability
62%702 6210762 432,762
- L6 L8
0! 1! 2!
=0.053617557
~{.0536

Let p be the probability obtained in (a).

The required probability
=-p)® 4 5011 p)° p+ o Ca 1~ )™ p?
= (1~0.053617557)%0 + 80(1 - 0.053617557)7° (0.053617557)

+3160(1 - 0.053617557)7%(0.053617557)?
~ 0.1908

p+(t-p)p+(i—p)2p+..,+(l—p)’"”'p>0.9
1= (1= p)" 09

(-p)" <0.1

min{l - 0.053617557) < In{0.1)

m>41.78274367
Thus, the least number of operators to be checked is 42.

Marking 9.31
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9. Binomial, Geometric and Poisson Distribution

IM+IM

(3)

IM+IM
1A

[€))]

IM+1A

M

4)

IM for correct cases
IM for Poisson prob

IM for correct cases
1M for binomial prob

IM for geometric prob

DSE Mathematics Module |

35.

(2013 ASL-M&S Q12)

(8} Plthree consecutive mini-buses with at least one empty seat) = 0,6465
U~y =0.6465

A

® O

= - Inf1~ ¥/0,6465)

=2 {correct to the nearest integer)

P{the 5 members cannot get on the first arriving mini-bus together)

. 202 9yl ik gtyd
T A +
u 2 3 E]

=70

{ii} P(the S members will bave to wait for more than fwo mini-buses)

(e} (i)

={Tey

=497

Pthe group of 2 gets on the fiest mini-bus snd the group of 3 gets on the next minif

2,2 -2 432
2’¢ [l—(e‘212e r2: H

2| i 2
=2 -5h)

¢} P{none of the members have to wait for more than two mini-buses)

-2
=[¢" + —-—~2"y {-7e )+ 267 (1 =507}

3 -2 C I 3 -2
{2 LN }{l-[e'h?ﬁuﬁu—n“’ by (BXD & ()X

3 4 B

=[~37e7

9. Binomial, Geometric and Poisson Distribution

1A OR 09473

1A OR 0.8975

IM+IM

{iii) P{the group of 2 go first| some members have to wait for more than two mini-b

et 2, g,
m»-z.-!»mc I+Z+E +e7 (1+2)

202, , 2%
ke [{E 310 ot

1-(1=37¢7%)
6™
I
37674
_2Ee 18
37(e? -3

107 4

IM+IA

1A OR 0.0875

1M for using {e)(i)
1M for any other one case

1A OR 0.3223

1A for any one case

M For sum of geomatric seriac

1A OR 0.5433

[&)

®

®)
©
6]

(iH)

Satisfactory.
Some d

ked that the given probability is
ive arriving mini-buses rather than for

for three
one only.

Good.
Satisfactory.

Fair.
Many candidates hiad difficulty in counting and exhausting
all the refevant outcomes,

Poor,

Some candidates had difficuities in analysing the outcomes

and combining different situations, while some faifed to
gnise that & jonal ity should be

Marking 9.32
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9. Binomial, Geometric and Poisson Distribution

36. (2011 ASL-M&S Q11) ~
(@ () Pdiftis full at G/F)
42 4 & g
=l-e™ 144442 = M
e [+4+Z+3'+4I 3
% (.214869613
=0.2149 1A
(i) P(4 persons gets into the lift and it stops at each floor)
gt 4
gt
-4} M
S-4(3)
=0.0183 1A
(i) P(lift stops at each floor)
et 4 o4 cfa Cs -4+ cics 1M for using (i) and (i
= L __._..__z_.“ _..______2. g (i) and (i)
P + = +0.214869613. pr IM+1M IM for correct cases
~0,1368 1A
[0}
(®) () P(3 persons from different floor waits for the lift)
=Ce?3 ™) M
= 0.0007 1A
(ii) P(2 persons waits for the lift)
~342 ~12452
=il £ ey sl sy v | or &2
2t 2
«0.0004 1A
(iif) Let the number of persons waiting above 62/F be X .
P(3 persons get into the lift at the 62/F | 3 persons wait at the 62/F)
=P(X =0)+P(X =)+ P(X =2)+P(X =3)
-342
_ . e 3 ] . . = IM for 4 cases
=) +CHe®3)e ’){C.’(‘—Z,—}e Py aNe ’»} 1M for the case X =2
M+IM+IM leorthecase X =3
A2 ey a2 s OR z et
Hoa A
~0.1512 1A
&)
(@@ Satisfactory, ]
Candidates seemed to have difficulty in und ding the situation described.
@i Fair,
Candidates were unabls to master the rules of joint probabilities.
[§ih] Poor.
Very few candidates were able to get through this part,
®) () (i) Satisfactory.
(i) Fair.

Candidates had difficulty in exhausting ail relevant cases.

Marking 9.33
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37 (2008 ASL-M&S Q10)
(2} The required probability &
a1 (390670 39139 392,39 393,39 1M for cases comrect
o [ R IMHM | 10 for Poisson probability
~ 0.546753239
»0.5468 1A
&)
(b) The required probability
= I-P(nobmyctxmmnmf‘omdaﬁer!helthmmwkc}mked)
~ 1 (1-0.546753239)* ™M
~0.9578 1A
Ty
~ Cf (0.546753239)(1 - 0.546753239)° +CF(0.546753239)2 (1 ~ 0.546753230)?
+CF(0.546753239)° (1 - 0.546753239) + (0.546753239)* IM || IM for Binomial prabability
~0.9578 1A
T -
The required probability
~ (0.546753239) + {1 ~ 0.546753239)0.546753239)
+(1~0.546753239)7(0.546753239) + (1 - 0.546753239)° (0.546753239) M 1M for Geometric probability
~0.9578 1A
3
(c) The required probability
= (0.546753239)° + C§(0.546753239)° (1 - 0.546753239)
+C(0.546753239)* (1 - 0.546753239)% IM#+IM m §§§ mﬁmwmy
0096004444
~ 0.0960 1A
3
{(d) The required probability
=« Cf%(0.546753239)8 (1 - 0.546753239)% x-l%
i’ 0.546753239)° (1 - 0‘546753239)x%+ [ IM+1A | IM for form correct
~0.0167 1A
[€))
{e) The required probability
(0.546753239)"% x[(0.546753239)° + C5 (0.546753239) (1 - 0.546753239)]
+C1%(0.546753239)° 1 - 0.546 53 . S IM for denominator using (¢}
L= bd z o B Y 1M+ 1014l 1M for numerator form corroct
096004444 1A for numerator correct
Alternative Solution
The required probabitity e
15, 15 14 lenominator using (c)
. £0.546753239)'5 + €13 (0.546753239) !4 (1 - 0.546753239) M+ 101 Al 1M for numerator form cormect
0.096004444 1A for correct
~0.0163 1A
-
(&) Very good.
®) Very good.
{c} Good.
@ Poor. Many candidates overlooked that a joint probability should be considered.
{&) Fair, Many candidates were able to handle conditional probabilities but some
were careless.
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(2006 ASL-M&S Q12)
The required probability

38.
@

=]

2.606.2‘6 2.612-2’6 262 e«).ﬁ 2.638_2'6
o Tr T Ty

0.2640

Let p be the probability described in (a).

®)

©

@

G

(iif)

The required probability
= p+(-p)p+(-pPp+(-pYp
=1-(- p)*
=1-(1-0.263998355)"

= 0,7066

The required probability

9. Binomial, Geometric and Poisson Distribution

1M for cases correct +
1M for Poisson probability

1A a-} forrt. 0.264
s £V

1M for the 4 cases + 1M for geometric probability

1A a-1 forrt. 0.707

LU ~0.263098355)2(0.263998355) + (1 - 0.263998355)°(0.263998355)| 1M for numerator using (2)

0.70656282

=0.3514

The integer m satisfies P(M sm)>095 .
p+(=p)p+{-pYp+--+(-p)" p>095
1-{-p)" >0.95

{1~ p)™ <0.05

(1-0.263998355)" < 0.05

m1n(0.736001645) < In(0.05)

m>9.773273146

Thus, the least value of m is 10.

Note that ¥ ~B{150, p) .
Themeanof N
=150p

=39.5998

The variance of N
=150p(1~p}

0.263998355)(1 ~ 0.263998355)

29,1455

1M for denominator using (b))

1A (accept 0.3513 )
a-1 forr.t. 0.351

M withhold 1M for bearing an equality sigi

1M for using log or trial and error

1A
R

1A {accept 39.6)
a-1 forr.t. 39.600 eith

3

one

——

1A {accept 29.1456 )
a-1 forr.t. 29,145
——

@

®®
[0
i)

©

Good. Some candidates overivoked the case of & plant without infected feaves.
Good. Some candidates overiocked the case of M =0 .
Good. Many candidates could tackle this part on conditional probability.

Not satisfactory. Only » few candidates were able to formulate the inequality
carcectly and simplify the expression to atrive at the conclusion.

Good. Many candidates could apply the binomial distribution aithough some|
candidates forgot the formulas for the mean and the varjance of the distribution.

Marking 9.35
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39.
(a)

)

&)

(2003 ASL-M&S Q10)

Sample mean
1201+ 14(2) + 10(3) + 6(4) + 2(5) + 1(6)
5+12+14+10+6+2+1

= 2.2

Sample Standard deviation
[1207) + 1427 +10037) + 6(43) + 2(5% )+ 16)* ~(50) (2.2)°
T

5+12+14 410+ 642 +11

=47
414213562

= 14142

10 The requirsd probability

2208l 992,02 993,22
ST T 2t 31
= B ESIS2A%E

= 0.8194

(i) The required probability
=~ C$(0.819352421)* (1 -0.81935242 )"
061072481
= 0.0107

{9, The required probability
C3(0.55)%(0.43)
0.408375

0.4084

u

(i) The required probability

2 12
- 3;2._..22_._(0'552)

shoosritdse
=~ 0.0811

(i) The required probabitity
2 -12 3,22
(2‘2 = j(o.ssf +(2'2 £ }(0.55)’
=

9. Binomial, Geometric and Poisson Distribution

1A

a-1 forrt 1414

)

1M for the 4 cases » 1M for Poisson probability
1A {accept0.8193) a-1 for r.t. 0.819

1M for Binomiat probability + 1M for using ()}

14 a-1 foret 0011
-{6)

IM for (0.55)%(0.45)

a-1 forrt 0.408

1A o1 forrt. 0.081

1M for numerator + 1M for
denominator using {b)(i)

1A a-1forrt 0.139
{7}

Good. Candidates should have used *n~1’ rather
than ‘#° when finding the sample standard
deviation,

Good.  Most candidates were able to apply the
binomial distribution.
Good. A few candid
coefficient *C; .

forgot the binomial

Fair.

Poor. Very few candidates were able to correctly
obtain the required conditional probability.

0.819352421
2 0138925825
= 0.1389
@)
b
(e) ()
(i)
(i)
Marking 9.36
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9. Binomial, Geometric and Poisson Distribution

DSE Mathematics Module 1
40. (2001 ASL-M&S Q11)

Let X, and Xy be the numbers of persons entered the building using
entrances 4 and B respectively within a 1S-minute period.

0 _-32
@ O Porg=g<EL o @

o ~2.7
i) Pry=0)= &0 _ e

0!

(i) P(X,+Xz21) = 1-P(X, =0and X, =0)
= 1-P(X, =0)P(X =0)
= {mg 32727

Gv)  PX,+Xy=2)

= P(X 4 =2)P(Xg = 0)+P(X, =1)P(X, =)+ P(X, =0)P(X, = 2)

232 =32 =32 21 2 -7

3.2)e o 2 Te™™ N 2, -
_By et 32T 27T a7
21 i 1 2

= 17.405¢7%°

(b) (i) Since £ is the most probable number of persons entered
the building within a 15-minute period,
P(X=k~1}SP(X=k) and P(X=k+ 1) <SPX=F)
A Y

Hence G- ST
kA

p FLER Sfif_—i‘
k+1)! At
ASk+1
A-1<k

(i) From (b)(i), k=5.
The probability required
= CI[P(X = PP [1-P(X = BFP(X = &)

oo B9 ’ (59 Y59y e
s st st

~0.0183

Marking 9.37

1A a-]forrt 0.041

1A o~ forr.t 0.067

M1 - ()
1A a-] forr.t. 0.997

IM forthe 3 cases

1A

1A o-1forrt 0.048
()

IM+1M

IM for binomial
IM forall

1A o~} forrt 0018
)

=2 == =

DSE Mathematics Module 1
41. (1999 ASL-M&S Q12

Let N be the number of camplaints received on a given day and
X be the number of complaints involving the time schedule.

@ :

time schedule * resolved
b 0.4 not resolved

manner of drivsm—* resolved
0.8 not resofved

routes * resolved
0.3 not resolved

other things * resolved
0.5 not resolved

P(manner of drivers | not resolved)

o

= S BN e

9. Binomial, Geometric and Poisson Distribution

1A for p, , 1A for P

- 0.35x0.8 2 s o
04%04+035x08+0.13%03+012703  (p,) TAIAL 1M for 21
2 P2
= 0.5195 1A a-1 forri 0.519
§ 105 -t0
) () PW=3) =L 1A
= 0.0378 () 1A
s 1086710 3 3 3 3 ]
() PV=5 and X=3) = 2 {cs 04y 06y?) M| plciesos?)
~ 0.0087 1A | o1 forrr 0.009
{c} n29. (orP(N=n and X=5%)=0 for n<9) M
=10
P(N=n and X=9) = I°; CJ(0.4°(0.6)"° 1A”
* e 1 12
. - x 9 X ¥ x
DI s T
2 3
N P AP
) 1A
= x%* i
(i) PY=9) =3 P(N=nand X=9)
- - 107710 "0.4)° neg
= DGl 047 06) M
© J0" g0 n
= s s e (0.4 % (0.6) 0
o Tagym 06
~10 9
0.4 "
- 5*(——,)~Z° S 1A
91(0.6) 7=% (n - 9)!
~10 : ]
e 7(04)° o ¢ .
EI SR LAY Y b
e (by )
495"
= 5 {or 0.0132) 1A a-} forrt 0.013

Marking 9.38



DSE Mathematics Module 1
42, (1998 ASL-M&S Q11)

(a) Let X be the no. of printing mistakes on P.23, then X~ Po (0.2).
P(X=0)= ?
~ 0.8187

{b) (i} Let p be the probability that there are printing mistakes on a page, then

p=1-e?
Hence N~ Geometric (p) and
PNL3)=PN=1)+P(N=2)+P(N=3)
= p+p(1-p)+ p(i-p)*

=1-(1-p)*
- 1__8-0.6
= 0.4512
(i) Mesnof V= - = —1 _ ~55167
P [me02 *
_ -02
Variance of N = —1——3-‘?- SRR ~24.9168
P (1_3-‘0.2)2

(c) M~ Binomial (200, p) where p = 1-¢™22,
Mean of M = np = 200(1-¢™°%) ~36.2538
Variance of M= np(i- p) = 200e 2 (1~ e%%) ~ 29.6821

. N 1
(@) (i) Y~ Binomial (40, -2-0—0-)‘

1 40
(i) P(r=0)= (l—ﬁ) ~0.8183

Marking 9.39

9. Binomial, Geometric and

Poisson Distribution

IM+1A

iM
IM

IM+1A

1A

1A

1A

1A
1A

1A+1A

IM+1A

DSE Mathematics Module 1
43. (1996 ASL-M&S Q13)
(a) Let X be the number of rainstorms in a year. ¥ ~Po(2)

e 22E

9. Binomial, Geometric and Poisson Distribution

P({=x)= , =0, 1,2 .
P(Y23) =1=PEX=0)+P¥=1)+P{=2)} IM
gt-e“[nz +i] 1A
] 2
=i~Se?
=0.3233 1A
() Let ¥ be the number of years which will elapse before the next occurence
of more than two rainstorms in a year. ¥ ~ Geometric (p=0.3233). iM .
Number of years which will elapse = %-— i M For _1;
=2.0929
=2 1A
() Let.dbetheevent ;)f having at least one serious landslide in city A.
PY=0)=02
Plilx=1.2)=03
Puilxz3)=05
@ P
= PCJY = 0 P(X = 0)+ PCALY = 12)P(Y = 12)+ PCALY 2 3 BY 23)
= 08(e2)+07(de ™2 ) +05(1~Se %) . IM+IA
= 0.6489 1A
Alternatively,
P(d) = 1-P(A) IM#1A
= 1-[02(e7?) +03(4e™?) +05(1 - 3¢71)]
= 0.6489 1A
- PAX=0PX=0)
i) POV =0d) = ———te—————
(i) PLY=0[D) 7
-z
L 08T IM+IM | 1A for the numerator
06489
: iM for the denominator
= 0.1669 1A
(i) The probability that there is no serious landslidz
for at most 2 out of 5 years
= CH1-06389) +CH0.6489)(1~06489)" +C] (06489)7 (1~ 06489 IM#IM
=0.2369 ) 1A
Alternatively,
1-[CH064893(1 - 06489)% + CH(06389)(1 - 06489) + C3(06489)°] | IM+IM
=~ 0,2369 1A
Marking 9.40
3 =3 O F 4 L 3 g j Y £ 1
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10. Normal Distribution

Statistics Area

10. Normal Distribution

DSE Mathematics Module 1
Section A

Normal Distributiqn

18.  Basic definition
and properties

18.1

18.2

recognise the concepts of continuous random
variables  and  continuous  probability
distributions, with reference to the normal
distribution

recognise the concept and properties of the
normal distribution

19.  Standardisation
of a normal
variable and use
of the standard
normal table

19.1

standardise a normal variable and use the
standard normal table to find probabilities
involving the normal distribution.

20.  Applications of
the normal
distribution

20.1

20.2

203

find the values of P(X >x), P(X<x,),
P(x; <X <x,) and related probabilities, given
the values of x;, x», ¢ and o, where

X~ Ny, )

find the values of x, given the values of
PX>x), PX<X), Pla<X<x), P(x<X<b)or
a related probability, where X ~ My, %)

use the normal distribution to solve problems

10.1

10. Normal Distribution

A factory manufactures a batch of marbles. The diameters of the marbles follow a normal
distribution with a mean of 9 mm and a standard deviation of 0.125 mm . A marble is classificd as
oversized if its diameter is more than 9.16 mm .

(a) Find the probability that a randomly selected marble from the batch is oversized.

(b)  The diameters of the marbles are measured one by one. Let X be the random variable

representing the number of measurements taken when the first oversized marble is found.

Find
(i) P(X <3),
)  E(x).

(6 marks) (2018 DSE-MATH-M1 Q3)

In a large farm, the weights of chickens follow a normal distribution with a mean of kg and a
standard deviation of o kg . It is given that the percentage of chickens being lighter than 1.83 kg is
the same as the percentage of those being heavier than 3.43 kg. Moreover, 89.04% chickens weigh
between 1.83 kg and 3.43 kg.
(a) Find ¢ and o.
(b) If 9 chickens are selected randomly from the farm, find the probability that the mean of
their weights lies between 2.5 kg and 3.1 kg.
(5 marks) (2017 DSE-MATH-M1 Q3)

Among the students sitting for a Mathematics test, 73% of them had revised before the test. For
those who had revised, their scores are real numbers which can be modelled by N(59, 102); and for
those who had not revised, their scores are real numbers which can be modelled by N(35.2, 122 )
Students who scored at least 43 passed the test.
(a) Find the probability that a randomly selected student passed the test.
(b) Given that a randomly selected student passed the test, find the probability that he had not
revised before the test.
(c) Ten students are randomly sclected among those who passed the test. Find the probability
that exactly four of them had not revised before the test.
(7 marks) (2012 DSE-MATH-M1 Q9)

10.2
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10. Normal Distribution
The coach of a girls school basketball team recruits new members from the Form One students, of
whom 11.7% are taller than 152 cm. Assume that their heights are normally distributed with a mean
4 cmand a standard deviation of 5 cm.

(a) Find the value of # .

(b) It is known that 20% of the Form One students taller than 152 cm do not apply to join the
basketball team, while 10% of students shorter than 152 cm apply to join. If a Form One
student is selected at random, find the probability that
(1) the student applies to join the basketball team;

(i) the student is shorter than 152 cm given that she does not apply to join the basketball
team.

(7 marks) (2010 ASL-M&S Q6)

10.3

DSE Mathematics Module 1
5.

10. Normal Distribution
The amount of money spent by a randomly selected customer of a jewellery shop is assumed to be

normally distributed with a mean of § 4 and a standard deviation of $6 000. Suppose 24.2% of the
customers spend more than $30 000 in the shop.
(a) Find the value of 1.
(b) It is given that Mrs. Chan spends less than $30 000 in the shop. Find the probability that she
spends more than $16 500 .
(6 marks) (2008 ASL-M&S Q5)

Some statistics from a survey on the monthly incomes (in thousands of dollars) of a group of
university graduates are summarized as follows:

Minimum 8
Maximum 52
Lower quartile 10
Median 17
Upper quartile 20
Mean 17.94
Standard deviation 4.7

(a) Using the above information, construct a box-and-whisker diagram to describe the
distribution of the monthly incomes.

(b) A student proposes to model the distribution of the monthly incomes of the group of
university graduates by a normal distribution with mean and standard deviation given in the
above table.

(i) Using the model proposed by the student, find the probability that the monthly
income of a randomly selected university graduate from the group is less than
$ 17000 .
(i1) Is the model proposed by the student appropriate? Explain your answer.
(6 marks) (2004 ASL-M&S Q5)

10.4
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10. Normal Distribution
The amount of money involved in a business transaction follows a normal distribution with mean

$215 and standard deviation $50 . Any transaction with an amount more than $300 is classified as a

Type A transaction.

(a) Find the probability that a transaction will be classified as Type A.

(b) Find the probability that in 7 randomly selected transactions, exactly 2 transactions will be
classified as Type A.

(c) Find the probability that the 8th randomly selected transaction is the 3rd transaction which
is classified as Type A.

(d) It is known that 64.8% of the transactions each exceeds $X . Find K .

(7 marks) (2003 ASL-M&S Q6)

—x*

(a) Use the exponential series to find a polynomial of degree 6 which approximates e 2 for

x closeto 0.

) . ;o
Hence cstimate the integral Ie 2 dx .
0

(b) It is known that the area under the standard normal curve between z=0 and z=a is

.|
. 1 = ;
J e * dz . Use the result of (a) and the normal distribution table to estimate, to 3
O N2m

decimal places, the value of 7 .
(7 marks) (1994 ASL-M&S Q6)
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10. Normal Distribution

Section B

A fruit wholesaler, John, grades a batch of apples according to their weights. The following table

shows the classification of the apples, where «a is a constant.

a<W <260 W > 260

medium large

Weight of an apple (W g) W<a

Classification small

The weights of the apples follow a normal distribution with a mean of x g and a standard
deviation of 16 g. It is known that 10.56% and 73.57% of the apples are large and medium
respectively. Every 8 of the apples are packed in a box. A box of apples is regarded as regular if
there are at least 6 medium apples in the box.
(a) Find ¢ and a.
(3 marks)
(b) Find the probability that a randomly chosen box of apples is regular.
(2 marks)
(c) John randomly chooses 3 boxes of apples.
(i) Find the probability that these 3 boxes of apples are regular and there are totally 21
medium apples and 3 small apples.
(ii) Given that these 3 boxes of apples are regular, find the probability that there are
totally 21 medium apples and 3 small apples.
(iii)  Given that there are totally 21 medium apples and 3 small apples in these 3 boxes of
apples, find the probability that these 3 boxes of apples are regular.
(7 marks)
(2018 DSE-MATH-M1 Q9)

X and Y are two schools with the same number of students. The daily reading times (in minutes) of
the students in each school are assumed to be normally distributed. In school X', 0.6% of the
students read less than 40 minutes daily while 1.5% read more than 70 minutes. In school ¥, 1.5%
of the students read less than 48 minutes daily while 1. 7% read more than 72 minutes.
(a) Which school has less students reading more than 60 minutes daily? Explain your answer.
(6 marks)
(b) For the school that has less students reading more than 60 minutes daily, find the probability
that the 4th randomly selected student is the 2nd one who reads more than 60 minutes daily.
(2 marks)
(c) Students reading T minutes or more daily will be awarded. What should the least value of T
be so that no more than 10% of students are awarded in each school? Give your answer in
integral minutes.
(4 marks)
(2016 DSE-MATH-M1 Q9)

10.6
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12.

10. Normal Distribution

Let I—rie;a’t
=] 7 .

(a) (i) Use the trapezoidal rule with 6 sub-intervals to estimate 7
(ii) Is the estimate in (a)(i) an over-estimate or under-estimate? Justify your answer.
(7 marks)
b) Using a suitable substitution, show that [ = ZJ.Izeerx .
(3 marks)
(c) Using the above results and the Standard Normal Distribution Table, show that 7 <3.25 .
(3 marks)

(2012 DSE-MATH-M1 Q10)

In a supermarket, there are two cashier counters: a regular counter and an express counter. It is
known that 88% of customers pay at the regular counter. It is found that the waiting time for a
customer to pay at the regular counter follows the normal distribution with mean 6.6 minutes and
standard deviation 1.2 minutes.
(a) Find the probability that the waiting time for a customer to pay at the regular counter is
more than 6 minutes.
(2 marks)
(b) Suppose 12 customers who pay at the regular counter are randomly selected. Assume that
their waiting times are independent.

(i) Find the probability that there are more than 10 of the 12 customers each having a
waiting time of more than 6 minutes.

(ii) Find the probability that the average waiting time of the 12 customers is more than 6
minutes.

(5 marks)
(b) It is found that the waiting time for a customer to pay at the express counter follows the
normal distribution with mean x minutes and standard deviation 0.8 minutes. It is known
that exactly 21.19% of the customers at the regular counter wait less than % minutes,
while exactly 3.59% of the customers at the express counter wait more than & minutes.

(i) Find £ and 1.

(i)  Two customers are randomly selected. Assume that their waiting times are
independent. Given that both of them wait more than 4 minutes to pay, find the
probability that exactly one of them pays at the regular counter.

(8 marks)
(PP DSE-MATH-M1 Q13)

10.7
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10. Normal Distribution

The speeds of the vehicles (X km/h) on a highway follow a normal distribution with mean u km/h

and standard deviation o km/h . It is known that 12.3% of vehicles have speeds more than
82.64 kio/h and 24.2% of vehicles have speeds less than 75.2 km/h . A machine is used to detect
the speeds of the vehicles at a spot on the highway. A notice will be issued to the driver if the speed
of his/her vehicle is detected to be over 80 km/h .

{8} Find g and o .
(3 marks)

(b) (i) A vehicle passes the spot. What is the probability that a notice will be issued?
(ii) Suppose that 10 vehicles pass the spot on the highway. What is the probability that at

most 2 notices will be issued?
(4 marks)

(¢} On a certain day, the machine does not work properly and there is an error in detecting the
speeds of the vehicles. The error (¥ km/h) is defined as follows:

Y= speed detected — actual speed ,

and it can be modelled by the following probability distribution:

Error (1) P 2+8
Probability 0.5 0.5

where & isanon-zero constant. A vehicle passes the spot.

(i) Find the probability that a notice will be issued but the speed of the vehicle is not over
80 km/h for the following two cases:
(1 é=1,
2 8=-3.
(ii) Find the range of values of # such that the probability that a notice will not be issued
but the speed of the vehicle is over 80 km/h is at most 7.125%.
{8 marks)

(2013 ASL-M&S Q10)
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10. Normal Distribution
A manufacturer produces batterics 4 and B for notebook computers. After fully charged, the
operation times (in minutes) of batteries 4 are normally distributed with mean 168 minutes and
standard deviation 32 minutes, and those of batteries B are normally distributed with mean
minutes and standard deviation o minutes. Past data revealed that 33% of batteries B have
operation times longer than 188 minutes, while 87.7% have operation times shorter than 213.2
minutes.
(a) (i) Find the probability that a randomly chosen battery A4 has an operation time
shorter than 152 minutes or longer than 184 minutes.
(i) If the probability that a randomly chosen battery A has an operation time longer
than & minutes is 5% , find the value of k .
(iii)  Find the values of x and o .
(iv)  Find the probability of a randomly chosen battery B having an operation time
shorter than 146 minutes.
(7 marks)
(b) The manufacturer produces 1500 batteries per day. One-third of them are 4 and the rest
are B . A battery is regarded as ‘faulty’ when the operation time is shorter than 104 minutes.
Let A, and A, be respectively the mean numbers of ‘faulty’ batteries of 4 and B
produced per day. Assume that the numbers of ‘faulty’ batteries 4 and B produced per
day can be approximately modelled by Poisson distributions with means 4, and A4,.
(i) Find A, and A, correctto 1 decimal place.
(i) Find the probability that the number of “faulty’ batteries A4 produced on a certain
day is between 4 and 6 inclusively.
(iii)  Given that the total number of ‘faulty’ batteries 4 and B produced on a certain
day is 10 and the number of ‘faulty’ batteries 4 produced is between 4 and 6
inclusively, find the probability that the number of “faulty’ batteries B produced is
more than 4 .
(8 marks)
(2012 ASL-M&S Q10)
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10. Normal Distribution
In a scoring game, a player will roll a ball at a starting point along a long horizontal track. When
the ball comes to rest, let ¥ cm be the distance of the ball having travelled. The scoring system is

shown in the following table.

154<Y <160 160<Y <K K<Y<174 Otherwise

Score 20 50 30 0

Range of ¥

It is known that ¥ can be modelled by a normal distribution with mean 165 and variance 16 . It is
also known that 78.88% of the players score 50 in a game. A game in which the player scores 50 is

called "Bingo". Assume that the games are independent.

(a) Find the value of K .

(2 marks)
(b) Find the probability that a player will score 30 in a game.

(2 marks)
(c) Find the probability that the 6th game is the 3rd “Bingo™.

(2 marks)

(d) If the variance of the number of "Bingo" in » games is at most 2.3 , determine the largest
value of » .
(2 marks)
(e) A player will win a prize if his average score in 4 games is at least 40 .
>1) Find the probability that a player will win the prize.
(i1) Find the probability that he wins the prize and his average score in the first 2 games
is at least 40 .
(iii)  Given that a player wins the prize, find the probability that his average score in the
first 2 games is less than 40 .
(7 marks)
(2011 ASL-M&S Q10)
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10. Normal Distribution
A construction company proposes to use the daily rainfall precipitation to determine the effect of

rainfall on a construction project. The following table shows the classification system.

Daily Rainfall Precipitation | ¥ <100 100<Y <150 | 150<Y <200 | ¥ =200

(Y mm)

Effect Level of the Day Low Medium High Severe

Assume that the daily rainfall precipitation recorded follows a normal distribution with mean
4 mm and standard deviation o mm. From past record, 12.10% of the days are classified as Low
and 9.18% of the days are classified as Severe.
(a) Find the values of # and o.
(3 marks)
(b) Find the probability that a day is classified as High.
(1 mark)
(c) It is given that, in a certain rainy day, the rainfall precipitation exceeds 100mm. Find the
probability that the day is classified as High.
(2 marks)
(d) In a construction site, the numbers of days that a project is postponed under the precipitation
levels Medium, High and Severe of a rainy day follow Poisson distributions with means 1, 3
and 6 respectively. The project will not be postponed if a day is classified as Low. Given
that during the construction of the project, there is exactly 1 rainy day with precipitation
exceeding 100 mm.
(i) Find the probability that the project will NOT be postponed.
(i1) Find the probability that the project will be postponed for exactly 1 day.
(iii)  Given that the project is postponed for at least 3 days, find the probability that the
rainy day is classificd as High.
(9 marks)
(2011 ASL-M&S Q12)

10.11
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10. Normal Distribution
Suppose the width of the tongues of normal new born babies can be modelled by a normal
distribution with mean x cm and standard deviation 0.4 cm. It is known that 24.2% of the normal
babies will have their tongue widths less than 2.22 cm . If babies have inherited a certain genetic
disease A4 , their tongues will be wider. It is known that 5% of new born babies have inherited
disease A and the width of their tongues can be modelled by a normal distribution with mean
(£ +0.3) cm and standard deviation 0.2 cm . A diagnostic test is proposed such that if the width of
the tongue of a baby is wider than (z +0.5) cm, he/she is diagnosed to have inherited disease 4.
(a) Find the value of u

(1 mark)
What is the probability that a normal baby is diagnosed as having inherited disease
A7
(i1) What is the probability of a wrong diagnosis?

® O

(iii)  Given that a baby is diagnosed as NOT having inherited disease 4 , what is the
probability that the baby has actually inherited the disease?

(8 marks)
(c) A group of 20 babies are going to take the test one by one.

(i) Given that exactly 4 babies are diagnosed wrongly among the 20 babies, what is the
probability that exactly 3 babies are diagnosed wrongly in the first 8 tests?

(ii) Given that at most 4 babics are diagnosed wrongly among the 20 babies, what is the
probability that the 8th baby to take the test is the 3rd baby who is diagnosed
wrongly?

(6 marks)
(2009 ASL-M&S Q11)

A manager of a maintenance centre launches an appraisal system to assess the performance of
technicians in terms of the time spent to complete a task. A technician can get 2 points if he takes
less than 2 hours to complete a task, 1 point if he takes between 2 and 4.6 hours, and 0 point if he
takes longer than 4.6 hours.
Assume the time for a technician to complete a task is normally distributed with a mean of 3 hours
and a standard deviation of 0.8 hour, and the number of tasks assigned to a technician follows a
Poisson distribution with a mean of 1.8 tasks per day.
(a) Find the probability that a technician is assigned not more than 4 tasks on a certain day.

(3 marks)
(b) Let p, be the probability of a technician getting / point(s) upon completing a task, where

i=0,1,2 .Find the values of p, , p, and p, .

(3 marks)

(c) Find the probability that a technician gets exactly 4 points on a certain day under each of the

following conditions:

(1) 3 tasks arc assigned,
(i1) 4 tasks are assigned.
(5 marks)
10.12
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10. Normal Distribution
(d) It is given that a technician is assigned fewer than 5 tasks on a certain day. Find the

probability that the technician gets exactly 4 points.
(4 marks)
(2008 ASL-M&S QI11)

The manager, Teresa, of a superstore launches a promotion plan to increase the sales volume. The
number of customers shopping at the superstore in a minute can be modelled by a Poisson
distribution with a mean of 2.4 customers per minute. The expense of customers in the superstore
are assumed to be independent and follow a normal distribution with a mean of $ 375 and a
standard deviation of $ 125. A customer who spends more than $ 300 but less than $ 600 in the
superstore can enter lucky draw X in which the probability of winning a gift is 0.25. A customer
who spends $ 600 or more in the superstore can enter lucky draw ¥ in which the probability of
winning a gift is 0.8. Assume that each customer enters at most one lucky draw for each visit.
(a) Find the probability that there are more than 2 customers shopping at the superstore in a
certain minute.
(3 marks)
(b) Find the probability that a randomly selected customer shopping at the superstore can enter
lucky draw X .
(2 marks)
(c) Find the probability that a randomly selected customer shopping at the superstore wins a
gift.
(2 marks)
(d) Find the probability that there are exactly 3 customers shopping at the superstore in a
certain minute and each of them wins a gift.
(2 marks)
(e) Given that there are more than 2 customers shopping at the superstore in a certain minute,
find the probability that there are fewer than 5 customers shopping at the superstore in this
minute and each of them wins a gift.
(3 marks)
® If Teresa wants to revise that least expense of a customer for entering lucky draw Y so that
33% of the customers shopping at the superstore could enter lucky draw Y, what should be
the revised least expense?
(3 marks)
(2007 ASL-M&S Q10)
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10. Normal Distribution
A factory produces brand D coffee beans which are packed into boxes of 30 cans cach. The net
weight of each can of coffee beans follows a normal distribution with a mean of 300g and a
standard deviation of 7.5 g. A can of coffee beans with net weight less than 283.5 g or more than
316.5 g is classificd as exceptional.
(a) Find the probability that a randomly selected can of brand D coffee beans is exceptional.
(2 marks)
(b) The manager of the factory randomly selects a box of brand D coffee beans and inspects
every can in the box one by one.
(i) Find the probability that the 12th inspected can is the 1st exceptional can of coffee
beans in the box.
(ii) Find the probability that there is exactly 1 exceptional can of coffee bean in the box.
(iii)  Find the probability that there is at most 1 exceptional can of coffee beans in the
box.
(8 marks)
(c) The shopkeeper of a coffec shop buys onc box of brand D coffee beans. The shopkeeper
regards a can of coffee beans as unacceptable if the net weight of the can is less than
283.5g.
(i) Find the probability that in the box there is exactly 1 exceptional can of coffee beans
which is unacceptable.
(ii) Given that in the box there is at most 1 exceptional can of coffee beans, find the
probability that there is exactly 1 unacceptable can of coffee beans in the box.
(5 marks)
(2007 ASL-M&S Q11)
A researcher models the number of cars entering a roundabout in five-second time intervals (FSTIs)
by a Poisson distribution with a mean of 4.7 cars per FSTI, and the speed of a car entering the
roundabout by a normal distribution with a mean of 42.8km/h and a standard deviation of 12 knvh.
A car is speeding if the speed of the car is over 50 kmv/h.
(a) Find the probability that fewer than 6 cars enter the roundabout in a certain FSTI.

(3 marks)
(b) Find the probability that a car entering the roundabout is speeding.

(2 marks)
(c) Find the probability that the 6th car entering the roundabout is the Ist speeding car.

(3 marks)

(d) The roundabout is hazardous in a certain FSTI if at least 4 cars enter the roundabout in that
FSTI and more than 2 of them are speeding.
(i) If exactly 4 cars enter the roundabout in a certain FSTI, find the probability that the
roundabout is hazardous in that FSTI.
(i1) Given that fewer than 6 cars enter the roundabout in a certain FSTI, find the
probability that the roundabout is hazardous in that FSTI.
(7 marks)
(2006 ASL-M&S Q10)
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10. Normal Distribution
In a city, the number of cars entering a filling station for petrol per hour can be modelled by a
Poisson distribution with a mean of 6.2 cars per hour.
(a) Find the probability that there are fewer than 5 cars entering the filling station for petrol in
a certain hour.
(3 marks)
(b) The manager of the filling station models the amount of petrol for refuelling a car by a
normal distribution with a mean of 23.2 litres and a standard deviation of 6 litres.
(i) Find the probability that the amount of petrol for refuelling a car is at least 25 litres.
(ii) Find the probability that the 9th car entering the filling station for petrol is the 3rd
car which has been refuelled with at least 25 litres.
(iti)  Find the probability that there are exactly 3 cars entering the filling station for petrol
in a certain hour and each of them will be refuelled with at least 25 litres.
(iv)  Ifthere are exactly 4 cars entering the filling station for petrol in a certain hour, find
the probability that more than 2 of them will each be refuelled with at least 25 litres.
W) Given that there are fewer than 5 cars entering the filling station for petrol in a
certain hour, find the probability that more than 2 of them will each be refuelled
with at least 25 litres.
(12 marks)
(2005 ASL-M&S Q10)

Every school day, Peter leaves home at 7:00 a.m. to go to the train station to take a train to his
school. The time needed for him to go to the train station platform follows a normal distribution
with a mean of 17.5 minutes and a standard deviation of 2 minutes.

The following table shows the departure times for trains 4 , B and C and the probabilities that Peter
to be late when taking trains 4 , B and C respectively:

Train Departure time Probability for Peter to be late
A 7:13 a.m. 0.02
B 7:19 a.m. 0,15
C 7:22 a.m. 0.35

Peter takes the earliest departing train when he arrives at the train station platform. Assume that the
time needed for him to get on the train from the platform is negligible. It is certain that he will be
late if he cannot catch any one of the trains 4, B and C .
(a) Find the probability that Peter takes train B to the school on a certain morning.

(2 marks)
(b) Find the probability that Peter is late on a certain morning.

(3 marks)
(c) Given that Peter is late on a certain morning, find the probability that Peter takes train B to

the school on this morning.
(2 marks)
10.15
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10. Normal Distribution
(d) Find the probability that Peter is late on exactly 2 mornings in a certain week of 5 school
days.
(2 marks)
(e) Given that Peter is late on exactly 2 mornings in a certain week of 5 school days, find the
probability that he takes train B to the school only on these 2 mornings.
(3 marks)
® If Peter tries to leave home earlier so that the probability of his getting on train A4 is at least
0.95, what is the latest time that he should lcave home? Give your answer correct to the
nearest minute.
(3 marks)
(2005 ASL-M&S Q11)

A customer who spends $300 or more in a store during a visit is classified as a ‘valuable’ customer.
The expenses of customers in the store are assumed to be independent and follow a normal
distribution with a mean of $428 and a standard deviation of $100. The number of customers
visiting the store in a minute can be modeled by a Poisson distribution with a mean of 4 customers
per minute.
(a) Find the probability that a randomly sclected customer of the store is a “valuable” customer.
(2 marks)
(b) Find the probability that there are at least 2 customers visiting the store between 2:00 p.m.
and 2:01 p.m. on a certain day.
(3 marks)
(c) Find the probability that there are exactly 3 customers visiting the store between 2:00 p.m.
and 2:01 p.m. on a certain day and exactly 2 of them are ‘valuable’ customers.
(3 marks)
(d) Given that there are 2 or 3 customers visiting the store between 2:00 p.m. and 2:01 p.m. on
a certain day, find the probability that exactly 2 of them are ‘valuable’ customers.
(3 marks)
(e) A customer who spends $600 or more in the store during a visit will receive a gift. If the
probability of the store giving out gifts is at least 0.99, find the smallest number of
customers visiting the store.
(4 marks)
(2004 ASL-M&S Q12)
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10. Normal Distribution
A teacher randomly sclected 7 students from a class of 13 boys and 17 girls to form a group to take

part in a flag-selling activity.
(a) Find the probability that the group consists of at least 1 boy and 1 girl.
(3 marks)
(b) Given that the group consists of at least 1 boy and 1 girl, find the probability that there are
more than 2 girls in the group.
(3 marks)
(c) A group of 3 boys and 4 girls is formed. It is known that the amount of money collected by
a boy and a girl in the activity can be modelled respectively by normal distributions with the

following means and standard deviation.

Student Mean Standard deviation
Boy $673 $100
Girls $708 $100

Any student who collects more than $800 receives a certificate.
(i) Find the probability that a particular boy in the group will receive a certificate.
(ii) Find the probability that exactly 1 boy and 1 girl in the group will receive
certificates.
(iii)  Given that the group has received 2 certificates, find the probability that exactly 1
boy and I girl received the certificates.
(9 marks)
(2003 ASL-M&S Q12)

The weight of each bag of self-raising flour in a batch produced by a factory follows a normal
distribution with mean 400 g and standard deviation 10 g . A bag of flour with weight less than
376 g is underweight, and more than 424 g is overweight.
(a) Find the probability that a randomly selected bag of flour
(1) is underweight;
(ii) is overweight.
(3 marks)
(b) If a bag of flour is cither underweight or overweight, it will be classified as a substandard
bag by the director of the factory. The director randomly selects 50 bags as a sample from
the batch.
(1) Find the probability that there is no substandard bag of flour in the sample.
(ii) Find the probability that there are no more than 2 substandard bags of flour in the
sample.
(5 marks)
10.17
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(c) A wholesaler is only concerned about the number of bags of flour which are underweight .

The wholesaler re-analyses the sample of 50 bags of flour in (b).

(1)

(i)

(iif)

Find the probability that in the sample there is only 1 substandard bag and it is not
underweight.
Find the probability that there are no more than 2 substandard bags in the sample
and no underweight bag of flour in the sample.
Given that in the sample there are no more than 2 substandard bags, find the
probability that there is no underweight bag in the sample.
(7 marks)
(2002 ASL-M&S Q13)

Suppose the number of customers visiting a supermarket per minute follows a Poisson distribution

with mean 6 .

(a) Find the probability that the number of customers visiting the supermarket in one minute is

more than 2 .

(3 marks)

(b) Suppose the amount $ X spent by a customer in the supermarket follows a normal
distribution N(/J,O’z) .

Probability distribution of the amount spent by a customer

Amount spent Probability *
($X)

X <100 0.063
100 < X <200 0.364
200 < X <300 a,

300 < X <400 a,

X 2400 0.006

* Correct to 3 decimal places.

()

(i)
(iif)

(iv)

Using the probabilities provided in the above table, find the values of x and o
correct to 1 decimal place.
Hence find the values of «, and a, correct to 3 decimal places.
What is the median of the normal distribution?
Given that a customer spends less than $200, find the probability that the customer
spends more than $50 .
Find the probability that there are 5 customers visiting the supermarket in a minute
and exactly 2 of them each spends less than $200 .
(12 marks)
(2002 ASL-M&S Q14)
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The table gives the probability distributions of the lifetimes of two brands of compact fluorescent
lamps (CFLs). The lifetime of a Brand X CFL follows a normal distribution with mean x hours

and standard deviation 400 hours. The lifetime of a Brand Y CFL follows another normal
distribution with mean 8 800 hours and standard deviation & hours.

Probability distributions of the lifetimes of brand X and ¥ CFLs

Lifetime of a CFL Probability *
(in hours) Brand X N(}t, 4002) Brand Y: N(& 0'2)
Under 8 200 0.0808 0.1587
8200 to 8 600 0.2638 b,
8 600 to 9 000 a, b,
9000 to 9 400 0.2195 by
Over 9 400 a, 0.1587

* Correct to 4 decimal places.

(a) Using the probabilities provided in the table, find # and o.
Hence find the values of «,, a,, b, b,, b, inthe table.
(5 marks)

(b) Based on the results of (a), which brand of CFL would you choose to buy? Explain.
(1 mark)

(c) The figure shows a lighting system formed by three lamps. The system will work only if

lamp a works and either lamp b or lamp ¢ works.

Lamp b

)

Lamp a

o

S

Lamp ¢

(i) Suppose all the lamps in the system are brand X CFLs.
M Find the probability that the lifetime of the lighting system is more than 8200
hours.
(II)  Ttis known that the lifetime of the lighting system is less than 8 200 hours.
Find the probability that only the lifetime of lamp a is less than 8200 hours.
(ii) Suppose the lighting system is formed by 2 brand X and 1 brand ¥ CFLs. In order
for the system to have a better chance of having a lifetime of more than 8 200 hours,
where would you put the brand ¥ CFL in the system? Explain.
(9 marks)
(2001 ASL-M&S Q12)
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The milk produced by Farm 4 has been contaminated by dioxin. The amount of dioxin presented in
each bottle of milk follows a normal distribution with mean 20 ng (Ing=10"g) and standard
deviation 5 ng. Bottles which contain more than 12 ng of dioxin are classified as risky, and those
which contain more than 27 ng are hazardous.

(a) Suppose a bottle of milk from Farm 4 is randomly chosen.

(1) Find the probability that it is risky but not hazardous.

(i) If it is risky, find the probability that it is hazardous.

(6 marks)
(b) A distributor purchases bottles of milk from both Farm 4 and Farm B and sells them under
the same brand name ‘Healthy’. It is known that 60% of the milk is from Farm A4 and the
rest from Farm B . A bottle of milk from Farm B has a probability of 0.058 of being risky
and 0.004 of being hazardous.

(i) If a randomly chosen bottle of 'Healthy' milk is risky, find the probability that it is
from Farm B .

(ii) If a randomly chosen bottle of 'Healthy' milk is risky, find the probability that it is a
hazardous bottle from Farm B .

(ii))  The Health Department inspects 5 randomly chosen bottles of 'Healthy' milk. If2 or
more bottles of milk in the batch are risky, the distributor's license will be suspended
immediately. Find the probability that the license will be suspended.

(9 marks)
(2000 ASL-M&S Q12)
A criminologist has developed a questionnaire for predicting whether a teenager will become a
delinquent. Scores on the questionnaire can range from 0 to 100, with higher values indicating a
greater criminal tendency. The criminologist sets a critical level at 75, i.e., a teenager scores more
than 75 will be classified as a potential delinquent (PD). Extensive studies have shown that the
scores of those considered non-PDs follow a normal distribution with a mean of 65 and standard
deviation of 5. The scores of those considered PDs follow a normal distribution with a mean of 80
and standard deviation of 5.
(a) Find the probability that
(i) a PD will be misclassified,
(ii) anon-PD will be misclassified.
(4 marks)
(b) What is the probability that out of 10 PDs, not more than 2 will be misclassified?
(3 marks)
(c) If a sociologist wants to ensure that only 1 in 100 PDs should be misclassified, what critical
level of score should be used?
(3 marks)
(d) It is known that 10% of all teenagers are PDs. Will the probability of teenagers
misclassified by the sociologist in (c) be greater than that misclassified by the criminologist?

Explain.

(5 marks)

10.20
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10. Normal Distribution
(1999 ASL-M&S Q10)

The weight of each box of washing powder produced by a factory follows a normal distribution
with mean 500 g and variance 25 g? . The weights of boxes of washing powder are independent of

each other. Every thirty minutes, a test consists of one or two parts will be performed as follows:

First part of the test
A randomly selected box of washing powder is weighed. If the weight of this box is greater than
510 g or less than 490 g , a black signal will be generated.

Second part of the test
(Performed only when the weight of the box in the first part is greater than 508 g or less than 492 g

and no black signal has been generated.)
Another randomly selected box of washing powder is weighed.
) A black signal will be generated if the weight of this box is greater than 510 g or less
than 490 g .
(II)  Ared signal will be generated if the weights of the two boxes in the first and second

parts arc both between 508 g and 510 g, or both between 490 g and 492 g.

(a) Find the probability that a black signal will be generated in the first part of a test.

(2 marks)
(b) Find the probability that the second part has to be performed in a test.

(3 marks)
(c) Find the probability that a black signal will be generated in a test.

(3 marks)

(d) Given that the second part has to be performed in a test, find the probability that the weights
of the two boxes sclected are both between 508 g and 510 g.
(3 marks)
(e) Given that the second part has to be performed in a test, find the probability that a red signal
is generated.
(2 marks)
(f) Find the probability that a red signal will be generated in a test.
(2 marks)
(1998 ASL-M&S Q13)
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The number of fire insurance claims (FICs) received by an insurance company is modelled by a
Poisson distribution with mean 4 claims per day. The company found that 60% of the FICs are
related to house fires.
(a) Find the probability that no FICs are received on a particular day.

(2 marks)
(b) If 5 FICs are received on a certain day, find the probability that at least 2 of them are related

to house fires.

(3 marks)

(c) Tt is known that the amounts of FICs related and not related to house fires can be modelled

respectively by normal distributions with the following means and standard deviations:

FICs Mean Standard deviation
Related to house fires $100 000 $50 000
Not related to house fires $150 000 $20 000

If the amount of a FIC is greater than $ 200 000, the FIC is said to be large.
1) Find the probability that a certain FIC is /arge.
(ii) Given that a FIC is /arge. Find the probability that the FIC is related to a house fire.
(iii)  Find the probability that on a particular day, the company reccives 5 FICs and at
least 2 of them are large.
(10 marks)
(1997 ASL-M&S Q11)
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Every morning, Mr. Wong wears a necktie to work. If the length of the front portion of his necktie
is between 44 cm and 45 cm, he regards it to be a perfect tying. Otherwise, he has to tie it again
until he gets the perfect tying. Suppose that the length of the front portion of his necktie can be

modelled by a normal distribution with mean 44.6 cm and standard deviation 1.2 cm.

(a) Find the probability that Mr. Wong gets a perfect fying in one trial.
(3 marks)
(b) Find the mean number of trials to be taken by Mr. Wong to get the first perfect tying.
(2 marks)
(c) Find the probability that Mr. Wong gets the perfect tying in not more than 3 trials.
(2 marks)
(d) Mr. Wong will have to go to work by taxi only if he doesn't get the perfect .tying in the first
3 trials in any morning.
(i) Find the probability that Mr. Wong will have to go to work by taxi in less than 2 out
of 6 days.
(ii) Given that Mr. Wong has to go to work by taxi on a certain morning, find the
probability that he could not get the perfect tying until the Sth trial.
(iii)  Find the probability that in a certain week of 6 working days (Monday to Saturday),
Mr. Wong will have to go to work by taxi on 2 consecutive mornings and he will not
have to take a taxi on the other 4 mornings.
(8 marks)
(1997 ASL-M&S Q13)
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A machine discharges soda water once for each cup of soda water purchased. The amount of soda

water in each discharge is independently normally distributed with mean 210 ml and standard

deviation 15 ml.

(a) Find the probability that the amount of a cup of soda water is between 200 ml and 220 ml.
(2 marks)

(b) Suppose cups of capacity 240 ml each are used.

(i) Find the probability that a discharge will overflow.

(ii) What is the probability that there will be exactly 1 overflow out of 30 discharges?

(iii)  If Sam buys a cup of soda water from the machine every day starting on st July,
find the probability that he will get the second overflow on 31st July.

(5 marks)

(c) The vendor has decided to use cups of capacity 220 ml each and to repair the machine so

that, on the average, 80 in 100 cups contain more than 205 ml of soda water in each and

only 1 in 100 discharges overflows. The amount of soda water in each discharge is still
independently normally distributed.

(i) What will the new mean and standard deviation of the amount of soda water in each
discharge be? Give the answers correct to 1 decimal place.

(ii) Ifa discharge from the repaired machine overflows, find the probability that the
amount of soda water in this discharge exceeds 225 ml. Give the answer correct to 2
decimal places.

(8 marks)
(1996 ASL-M&S Q11)

A test is used to diagnose a disease. For people with the disease, it is known that the test scores
follow a normal distribution with mean 70 and standard deviation 5. For people without the
disease, the test scores follow another normal distribution with mean x and the same standard
deviation 5. It is known that 33 % of those people without the disease will achieve a test score over
63.2.
(a) Find u .
(3 marks)
(b) It is estimated that 15 % of the population of a city has the disease. A doctor has proposed
that a person be classified as having the disease if the person's test score exceeds 66,
otherwise the person will be classified as not having the disease.
If a person is randomly selected from the population to take the test,
(i) what is the probability that this person will be classified as having the discase?
(ii) find the probability that this person will be misclassified.
(12 marks)
(1995 ASL-M&S Q12)
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Batches of screws are produced by a manufacturer under two different sets of conditions,

favourable and unfavourable. If screws are produced under favourable conditions, the diameters of

the screws will follow a normal distribution with mean 10 mm and standard deviation 0.4 mm. If

screws are produced under unfavourable conditions, the diameters of the screws will follow a

normal distribution with mean 12.3 mm and standard deviation 0.6 mm. A batch of screws is

examined by measuring the diameter X mm of a screw randomly selected from the batch.

(2

(b)

(©

(d)

(©)

The batch is classified as acceptable by the manufacturer if X <c, and as unacceptable if
otherwise. The value ¢, satisfies P(X <c¢)=095 under favourable conditions.
Determine the value of ¢,

(3 marks)
The buyer uses a different criterion instead. He classifies the batch as acceptable if
X <c, and as unacceptable if otherwise. The value ¢, satisfies P(X < Cz): 0.01 under
unfavourable conditions. Determine the value of ¢, .

(3 marks)
For a batch of screws produced under favourable conditions and based on the same
measurement of a screw, find the probability that the batch will be classified as
unacceptable by the manufacturer but acceptable by the buyer.

(4 marks)
After some negotiation, the manufacturer and the buyer agree to use a common cut-off
point ¢, such that P(X <c¢,) under favourable conditions is equal to P(chJ) under
unfavourable conditions. Determine the value of ¢, .

(3 marks)
The manufacturer and the buyer later agree that a batch will be rejected in the future if
X>10.8 (too thick) or X <9.4 (too thin). If the population mean gz mm of the
diameters of the screws produced can be modified by adjusting the machine, find x so
that the probability of rejection, P(X <94o0r X > 10.8), is minimized.

(2 marks)

(1994 ASL-M&S Q13)

10.25

c—

= = S e &= &=

2021 DSE Q9

The weight of each potato in 2 large farm follows ¢ normal distribution with a mean of 200 gams and 2
standard deviation of o grams . The classification of the potatoss is 2s follows:

Weight of 2 potato (¥ grams} <180 30 <230 w2230

Classification small ‘ mediven big

ftis giventhat 21.19% of the potatoes in the farm are smaff.
{2} Find the percentage of mediwm potatoes in the farm. (3 marks)

{5} The potatoes in the farm are now inspected one by one. Find the probability that the 4th
inspected is the 2nd big potato inspected. G”ﬁ

{3 Fromthe fm, 5 potatoes are randomly selected,
{i}  Find the probability that there are exactly 1 big potato and 2 small potatoes.
(i) Given that there is exactly 1 big potato, find the probability that there are at Jeast 2 smolt

potatoes.
(S marks)
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10. Normal Distribution

Section A

1. (2018 DSE-MATH-M1 Q3)

2. (2017 DSE-MATH-M1 Q3)

10. Normal Distribution

@ »
_183+343
2
=263 1A
P(1.83*2.63 <Z<3'43—2'63)=0.8904 ™M
-4 o
P(:—% <Z< 93) =0.8904
c -2
P(O 22y A EE) =0.4452
o
98 16
o
ag=0.5 1A
(b) The required probability
2.5-2.63 3.1-2.63
B i it ™
g *
=P(-0.78<Z <2.82)
=0.2823+0.4976
=0.7799 1A
—)
(a) Very good. Most candidates were able to find the required mean # and standard|
deviation o .
(b) Good. Some candidates mistook o as the standard deviation of the sample mean.

Marking 10.1
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(2012 DSE-MATH-M1 Q9)

Let X be the score of a student who had revised.
P(X 243)= P(Z 2 43—;05—9)
=P(Z2-1.6)
~0.9452
Let Y be the score of a student who had not revised.
P(¥Y243)=P| Zzw
12
=P(Z 2 0.65)
~0.2578
.. P(pass the test)~ 0.73x0.9452+0.27 x0.2578
=0.759602

P(a student had not revised for the test | he passed the
_ 0.27x0.2578

0.759602
~0.091634829
~0.0916

P(4 students had not revised for the test among 10 pas
=~ C10(0.091634829)* (1-0.091634829)°
~0,0083

10. Normal Distribution

1A

Either one

M
1A OR 0.7596

test)
M
1A
sed students)
1M
1A
@)

® factory. Many candid
numerical answers.
(c) | Fair. Some candidates wrote a

(a) | Good. Nevertheless, some candidates did not figure out that the required probability was,
0.73P(X 2 43) + 0.27 P(¥ 2 43) , and some failed to use the standard normal distribution table.

were able to apply the correct method, although some got wrong,

binomial probability but did not use the result of (b).

Marking 10.2
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4. (2010 ASL-M&S Q6)

(a) P(Z > ’525"‘}0.117
1{0<Z< ]525"’)=0.383
L2419

5
1 ~146.05

(b) (i) The required probability

=0.117x(1-0.2) +(1-0.117)x 0.1

=0.1819

(ii) The required probability
_(@=-0117)x(1-0.1)
T 1-0.1819
883
909

10. Normal Distribution

1A

IM+1M

1A OR 09714
@)

Very good. Candidates performed well in simple application of normal and conditional

probabilities.

5. (2008 ASL-M&S Q5)

izt Taztad

(2) Let $X be the amount of money spent by a

P(X >30000)=0.242

p( Zs w) =0.242
6000

30000 - 1
—— =025
P(o <Zs 5000 ) 3

. 30000-p
6000
Le. p=25800

(b) The required probability
_ P{16500 < X <30000
= T p(x <30000)
P(16500 ~25800 _, 30000~ 25800]
6000 6000
1-P(X 230000)
- P_(—X.SS LT < 0.7!

1-0.242
0439440258

T o8
~0.9201

Y

M For standardization

1A | For P(16500 <X <30000)

1A For denominator

1A

e !

Fair. Some candidates were not aware that a conditional probability is required.

Marking 10.3
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@

—— N — B -

10. Normal Distribution

1A for any correct box-and-whisker diagram
1A for correct scale
pp-1 for omitting the title

* Monthly incomes (in thousands of dollars)

1A for any correct box-and-whisker diagram
1A for correct scale
pp-1 for omitting the title

(b) (i) Let $X be the monthly income of a randomly s.elcctcd university .
. graduate from the group. Then, we have X ~ N(17940, 4700%) .

The required probability
=P(X <17000)

o p(z < 1700017940,
4700
=P(Z <—0.2)

=0.4207

(if) Since the distribution is skewed to the right side,
the mode] proposed by the student is not appropriate.

1A
1A a-1 forrt 0.421

1M accept skewed to one side or not symmetrical
M
"

Good. Many candidates did not
diagram to the scale which is necessary for correctly describing
the distribution of data.

t the box-and-whisk

Marking 10.4



DSE Mathematics Module 1
7. (2003 ASL-M&S Q6)
Let $X be the amount of a business transaction. Then, X ~ N(215, 502) 4
(2} The required probability
= P(X >300)
! -
-#z> 30050215)

=PZ>17)
= 0.0446

{b)  The required probability
= €](0.0846)2 (1 -0.0446)°
20.033251802 )
= 0.0333

{c})  The required probability
= (0.033251802) (0.0446)
=, 0:001483030369
=~ 0.0015

{by (b))

(& PLX>K)=64.8%
P(Z > K=215) 0 6ag
50

K-215
= 0,38
50

K =196

1A

M

1A

M
1A

10. Normal Distribution

accept P[ZZM)

50

a-1 forr.t. 0.045

for Binomial probability

a-1 forrt. 0.033

a-1 forr.t. 0.001

-215

X
aceept

()

distribution table.

Very good. Most candidates were able to make use of the normﬂ

8. (1994 ASL-M&S Q6)

4
(a) Since eXsl+x+ X4

x3
X =0,
TR for x

.x! 2 2 2
2 Xy L XDy, XDy
e = 1+( 2)*2( z)’s( 2)

= 12,1 1
§ 40 336
= 0.8554

{b) From the normal distribution table,

-z

mli f‘a Tdx = 0.3413

VZx Yo

Hence —=— x 0.8554 = 0.3413
7=

2
x o= 0:85547 _ 4 444

2x0.3413%

Marking 10.5

1M

1A

1M

1A

1A

p3.

3.140 for using exact value

of (s)

DSE Mathematics Module 1
Section B

9.

Let J minutes and K minutes be the random variables representing the daily
reading times of the students in schools X and ¥ respectively.

(2)

(2016 DSE-MATH-M1 Q9)

Let 4 minutesand oy minutes be the mean and the standard deviation
of the daily reading times of the students in school X respectively, while
4 minutes and o, minutes be the mean and the standard deviation of|
the daily reading times of the students in schools ¥ respectively.

H-m_ 55
oy

- o1y
9

Bt o7
%2

Rots 5y
a2

Solving, we have

#, % 56.0897, 0y = 6.4103
8600 800
oy =—

143

1y %60.1399, 0 ~ 5.5944

P(students reading more than 60 minutes daily in school X')
=P(J > 60)

6045
=P Z> g

39
=P(Z>0.61)
=0.2709

P(students reading more than 60 minutes daily in school V)
=P(K >60)

60 — 8600
= 143
= P{Z > — )
143

=P(Z>3h)
>P(Z>0)
=05
>0.2709

Thus, there are less students reading more than 60 minutes daily in
school X.

Marking 10.6
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IM+1A | either one ~--==---4
1
1
|
1
1
1
1
1
1
1A for both
.t 4 ~56.0897, 0y 6.4103
1A for both
rt g =60.1399, 0y ~ 5.5944
M either one  ~-------
:
1
i
1
1
'
1
1
1
1
1
i
!
[l
]
t
1A fr.
......... (6)
P '\ P 2 P Y
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(b)  Therequired probability
= C}(0.2709)(1 - 0.2709)(0.2709) M

10. Normal Distribution

=~ 0.1170 1A
R —o

1.t 0.1170

(c) Forschool X,
P(J2T)<0.1
4375

- 2129
E2
T 251
264358974361
7265 1A

IM+1A | 1Afor 129 --

1
1
|
'

=

either one

|
i

accept 7'= 65 -E»-"—

‘v
©

i

: i

For school 7, E E
P(K>T)<0.1 ! ;
T 3600 i '
143 ] i
w2129 i
143 f

9632
> 2632
Tz 143

Thus, the least value of T should be 68 . 1A fit.

(a) Good. Many candidates were able to formulate the corresponding equations in means and
standard deviations, but some candidates were unable to give the numerical answers either
in an exact fraction or correct to 4 decimal places.

(b) Good. Many candidates were able to apply the result of (a) .

O] Fair. About half of the candidates were unable to use inequality to formulate the problem.
Besides, many candidates used 1.28 instead of 1.29 in the inequality.

r—

_ e =R == =

DSE Mathematics Module 1
10. (2012 DSE-MATH-M1 Q10)

I

= = e =

10. Normal Distribution

41
® ® 1='(-22d:
»r
dan 3o Pl FoaF L F
26 (N1 4 Jis o s
P2 =2
+=e? d—e ? ™M
3o Es
=0.692913377
»0.6929 1A
4 & e o -
R e T S IM+A
dt 2 2
a2 4
=732 t2 412
gAY 4l M a2 42} 323
i—z-t’ez Wt (B f o i S Pt Wy P Y IM+IA
dr 2 2 2 2
N
=—e2|312 +2¢2 412
4
>0 for ist<4.
Hence the in (i) isan 1
D
®) Let r=x?. M
dr=2xdx

When t=1, x=1;when t=4, x=2 .

1 2
= | a2
I'Eﬁzdt

Marking 10.7

2
= | —e? 2xdx
1 X
-2
7 ==
= 2
ZJ: e 2 dx 1
3)
_
2 =
© 2 J'l €7 dx<0.692913377 ™M
237 [k %a 3
= J; e T G <02913377
Zﬁ;(OA4772—0.3413)<0.692913377 1A For 0.4772 and 0.3413
7 <3.249593152
. <325 1
(3)
(@) (i) | Good. Many candidates applied the trapezoidal rule correctly.
) 21 i Sl =t
. dl 5 51 . &l 5 5 :
Poor. Many candidates used 5 t2e2 | instead of d—z t2¢2 | to determine
t
whether the estimate in (i) is an over-estimate or und
(b) Fair. Many candidates used wrong substitutions.
{c) Very poor. Only a few candidates attempted this part. Among them, some wrote
I=0.692913377 instead of I<0.692913377 .

11. (PP DSE-MATH-MI QI

3)

Marking 10.8



DSE Mathematics Module 1

Let X, minutes and X, minutes be the waiting times for a castomer in the regular
and express counter respectively.

{a) P(X, >6)=P(Z >6—;gﬁ] IM
=P(Z>-0.5)
~={.6915 1A
[¥3)
(b) (i) P(more than 10 from 12 customers with X, >6)
=CR(0.6915)(1-0.6915) +(0.6915)12 IM+IM
=0.0759 1A
(ii) Let ¥ minates be the average waiting time of the 12 customers
Y~ N(().(),%}=N(6.G L0012y 1A
6-6.6
PY>6)=PZ> )
Vo2
=P(Z>-1.73)
=0.9582 1A
(5)
€y ) P(X,<kr=02119
F{z<k'f"6}=o.2n9 ™M
12
k-6.6
o ~-0.8
k=564 1A
P(X, > k) =0.0359
5.64—u
Z > 1=0.0359 M
P( >255%)
Fo4=l iy
0.8
p=42 1A
b £
(i) P, > @)= p(z >42 6‘6)
=0.9772 1A
P(1 customer pays at regular counter | 2 customers wait more than 2 min)
2(0.88)(0.9772)(0.12)(0.5) IMeIM
{(0.88)(0.9772) + (0.12)0.5))
=0.1219 1A
®)

10. Normal Distribution

OR P(Z>-1.732)
OR 0.9584

. 1M for numerator
IM for denominator

(a)

() ()

(i)

H43BY »

R B TR R R P N R A R S A9 B R o

© @ FERE o IR Y S R U v R AT A A6 R DR A (o B ST A 1 K

) | &% - BROPABKTHS -

12. (2013 ASL-M&S Q10)

Marking 10.9

DSE Mathematics Module 1
Let X be the speed of a randomly selscted vehicle.
(a

&<

P(X >82.64)=0.123 and P(X <752)=0242
BO4-8 1 16 and B22H_ oy

k<4 (-3
8264-p 116

Dividing the equations, we have

ie. u=78
& o=l

by (i} P(anotice will be issued) = P(X >80}

=SF(Z>80~’)K)
4

=P(Z>0.5)
%0,3085

752-p -0

(i) P(at most 2 notices will be issued for the 10 vehicles)
=(1-03085)"° + CI°(0.3085)(1 ~0.3085)" + C?(0.3085)* (1 - 0.3085)*

=0.3604

(¢} () (I} Planotice will be issued but the speed of vehicle is not aver 80 if #41)

= P(speed of vehicle < 80 and (speed of vehicle + error} > 80 )
=P(18< X SBO|Y =2P(Y =2)+ P(77 < X <80} ¥ = YP(¥ =13)
= P(0 < Z £ 0.5)0.5) + P(~0.25 < Z S 0.50.5)

= {0.1915X0.5)+ (0.0987 +0.1915)(0.5)
~0.2409

{11} P(a notice will be issued but the speed of vehicle is not over 80 if 853 )

= P{speed of vehicle < 80 and (speed of vehicle + error) > 80)
=P(TE< X S80{Y =2)P(Y =2)+ 0-P(Y =-1)

=P(0<Z<0.5)0.5)
= {0.1915X0.5}
=0.0958

(i) Weneed 2+8<0 for the scenario happens.

P{a notice will not be issued but the speed of vehicle is over 80 ) £0.07125
P(speed of vehicle > 80 and (speed of vehicle + error} < 80 3 S0.07125

P(80< X <80~ (2+0)|¥ =2+8) P(¥ =2+ 8) < 0.07125

P(O.S <z sn—'i—l@)(o.s)so,oms

P(o<25i§)sc,14zs*o.1915

-8
— 2097
4

¢2-3.88
Henee the range is ~3.8858<-2 .

13; (2012 ASL-M&S Q10)

10. Normal Distribution

1A
1A

)

IM+IA | 1A for either term

fA Accept 0,24083

1A Accept 0.09575

M
1A For 0.97
1A
—®
{a) Good,
When making use of the normal distribution table, some
candidates equated B32-£ 15 07 catherthanto
a
~0.7 .
(&) Good.
© O Fair.
Some candidates wrongly assurned that the varisble was
discrete,
(i) Paor,
Marking 10.10
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10. Normal Distribution

Let A and B be the operation time of a randomly chosen battery 4 and B respectivély.
@ () P(A<152 or 4>184)
152-168 184168
P(Z<T°r zZ> 7 )
=P(Z<~0.5 or Z>0.5)
=0.617 1A
() P(d4>k)=0.05
k;;“ =1.645 IM | Accept 1.64 or 1.65
k=220.64 1A Accept 220.48 or 220.8
(iii) P(B>188)=033 and P(B<213.2)=0.877
P[z >l§‘—”)= 0.33 and P(Z <53—'2;E)= 0.877
o a
1884 pan g 2327E 136 M
o o
Solving, y#=1726 and o=35 . 1A+1A
_1m26
() P(B<146) =P[Z <5%5~—)
=P(Z <-0.76)
=0.2236 1A
(@)
/1‘=1500><§xP(A<104) M
=500% P(Z < MJ
Either one
=500xP(Z <~2)
=114 (correctto 1d.p.) 1A
A5 =1500x—§-xP(B <104)
104-172.6
= Z <
IUUOXP( < 35 )
=1000xP(Z <-1.96)
=25.0 (comectto 1dp.) 1A Accept 25
(i) P(4< number of faulty’ batteries 4 produced < 6)
Mgt SV e14y1.4 .
4 5t é!
~0.0600 1A
(iii) The required probability
Sat e Past otnngt o s
41 6 51 st IMHIM 1M for numerator
Ay 48 . 5256 i 41145 . 25755 ] e11411 .45 . 23054 1M for denominator
41 & & s 6 4
~0.8815 1A
8)
@ @) € Very good.
(i Gv) Good.
® O Fair.
Some candidates were not able to make use of the given information of
1500 batteries.
(i) Very good.
(i) Poor.

Many candidates had difficulty in counting the number of outcomes and
considering all the relevant ones. Some candidates failed to recognise
that a conditional probability should be considered.

(2011 ASL-M&S Q10)

Marking 10.11
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— = e

P(160<Y < K)=78.88%
P(160—165 27 K‘165J=o.7xss
4 4
0.3944+}{052 X '4165 )=0.7sss M
K-165 ;05
4
K=170 1A
2)
P(score30) =P(170 <Y <174)
=P(125< Z <2.25) M
=0.4878-0.3944
=0.0934 1A
)
P(6th game is the 3rd Bingo) = Cj (0.2112)*(0.7888)° M
~0.0462 1A
[))
The number of “Bingo” in » games ~ B(n, 0.7888) .
7(0.7888)(0.2112) < 2.3 M
7 <13.80597302
Thus the largest value of n is 13. 1A
0]
(i) P(score20)=P(-2.75< Z < -1.25)=0.1026 1A
.. P(win a prize)
= P(total score in 4 games = 160)
=(0.7888)" +C}(0.7888)*(0.0934 +0.1026) + C3 (0.7888)*(0.0934)” M
~0.804490478
~0.8045 1A
(if) P(win a prize and averagescore in the first 2 games 2 40)
= P(total score in 4 games 2160 and total score in first 2 games 2 80)
=(0.7888)* + C} (0.7888)° (0.0934) + C}! (0.7888)° (0.1026)
+(C3 -1)(0.7888)(0.0934)> IM
Alternative Solution
= P(total score in 4 games 2 160 ) ~ P(total score in 4 games > 160 and
total score in first 2 games < 80)
=~ 0.804490478 - (0.7888)2(0.0934)* — C}(0.7888)° (0.1026) M
~0.698351364
~0.6984 1A
(iii) P(averagescorein the first 2 games <40 | win a prize)
0.804490478 - 0.698351364
o e Dt e M
0.804490478
~0.1319 1A
(

10. Normal Distribution

(@)(b)c)
@

() () (i)
(iii)

Very good.

Good.

Some candidates were not familiar with the variance of a binomial
distribution.

Fair.

Many candidates were unable to exhaust all relevant outcomes.

Fair.

Many candidates were unable to fully understand the rules of the game
described in the question.

(2011 ASL-M&S Q12)
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DSE Mathematics Module 1
(a) P(¥Y<100)=0.121

P(NOT’” <Z< o} =0379
100- 4
117
= m
P(Y 2200)=0.0918
P(0<Z< 200'/‘)=o.4osz
o
200 4
-133
= @

Solving (1) and (2), we get x4 =146.8 and o =40

(b) P(High level)
=P(150 <Y <200)
=P(0.08<Z <1.33)
~0.4082-0.0319
=0.3763

(c) P(High | rainfall exceeds 100 mm)
03763
1-0.121
= 0428100113
= 0.4281

(d) (i) P(Severe|rainfall exceeds 100 mm)
_ 0.0918
1-0.121
~0.10443686

P(Medium | rainfall exceeds 100 mm)
_1-0.121-0.0918-0.3763

1-0.121
=~ 0.467463026

P(job will NOT be postponed | rainfall exceeds 100 mm)

= (0.467463026)e™ +(0.428100113)e™> +(0.10443686)e™*
~0.193542759

~0.1935

(ii) P(job will be postponed for 1 day | rainfall exceeds 100 mm)
=(0.467463026)-¢™'1+(0.428100113)- 733 +(0.10443686) - e °6
~0.237464824
~0.2375

Marking 10.13

1A

[©)]

1A

[3)

M

2)

1A

10. Normal Distribution

For conditional probability

DSE Mathematics Module 1

= (0.467463026)-

=~ 0.186557057

10. Normal Distribution

~ 0.6457

(iiiy P(job will be postponed for 2 days | rainfall exceeds 100 mm)
1 0428100113)- £ 1 (0.10443686) £5
+(0. . +(0. .
2! ¢ ) 2 ( 2 2!
. 1A
P(High level | job will be postponed for at least 3 days)
~342
0.4281001 1{1 —et o3 —%}
= - M
1-0.193542759-0.237464824-0.186557057
1A
)
-(2) (b) (c) Good.
@@ 6D Satisfactory.
The given condition in the stem of (d) was overlooked by some candidates.
(i) Fair.

Many candidates were unable to analyse the situation and exhaust all relevant
cases.

Marking 10.14
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16. (2009 ASL-M&S Q11)

Let Xy cm and X, o be the widths of the tongue of a normal baby and a baby

having inherited disease A respectively.

(@ P(Xy<222)=0242
222-p
0.4
u=25

=-0.7

(b) () Therequired probability

=P(Xy >2.5+0.5)

_ P(Z S 3-2.5}
0.4

=0.5-0.3944
=0.1056

(i) 'The required probability

=0.05xP(Xp <2.5+0.5)+0.95xP(X y >2.5+0.5)

=0.05><P(Z<E)+0.95x0.1056
02

=0.05%0.8413+0.95x0.1056
=0.142385

(i) The required probability .
_ 0.05(0.8413) ~
" 0.05(0.8413) + 0.95(1 - 0.1056)
~0.0472

(c) (i) Therequired probability
clcf?(0.142385)* (1-0.142385)'6
€3°(0.142385)* (1-0.142385)'6
-2
1615

(i) The required probability

cJ(0.142385°1-0.142385)!7 + ] cf3(0.142385) 1~ 0.142385)'

— = /= — e

10. Normal Distribution

()

™M

1A OR 0.1424

1A OR 0.1387

1-0.142385)20 + C2°(0.142385)(1 - 0.142385)"? + C2°(0.142385)? (1~ 0.142385)'8
+C2°(0.142385)° (1~ 0.142385)!7 + €20(0.142385)*(1 - 0.142385)'6

=~ 0.0156

IM for numerator
1M 1M for denominator
1A
L ©

(@

(OO}
(if)
. (iii)

© O

@)

Fair. Candidates were not familiar with the use of normal tables especially in
determining whether the z-value is positive or negative.

Good. Except for the wrong answer carried forward from part (a).
Fair. Many candidates could not formulate the problem.

Fair. Many candidates did not fully understand the question and hence could not
work out the conditional probability.

Fair. Many candidates were affected by the wrong answers obtained in the
previous parts.

Very poor. Very few candidates got to attempt this part.

Marking 10.15
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17. (2008 ASL-M&S Q11)

r—

= =

10. Normal Distribution

(2) The required probability

0 _~1%8 1,-18 2 -18 3 18 4 -1.3 IM for P(X <4)
_18%7ME 1glet® 1878 1aden 1ste £M41M | 131 S Posson probebly
of il 2 3 4 with 2
= 0.963593339
=~ 0.9636 1A
3)
®) pg= P(Z > 4:; 2 ) =P(Z>2)=0.5-04772=0.0228 iM For standardization
P2 =P(Z <20;:’-)-P(Z <-1.25)=0.5~-0.3944 = 0.1056 1A For any one correct
Py =1=pg — py =1-0.0228-0.1056 = 0.8716 1A | Forall correct
(3)
(c) () Therequired probability
=Cl3p;_p,1 +C13p22p0 iM 1M for form correct
=3(0.1056)0.8716)* +3(0.1056)%(0.0228)
= 0.241431455
~0.2414 1A
{if) The required probability
:Cz‘pzngzi»%pzp;zpo +p1‘ M 1M for form correct
= 6(0.1056)7(0.0228)? + 12(0.1056)(0.8716)* (0.0228) + (0.8716)"* 1A
~0.599107436
~0.5991 1A
[63)
(d) The required probability
2 -18 3 ,-18 4 _-13
187€7 0 1056)% + 187" (0241431455 + 22 € (0.599107436) IMforany2cases
S 3 4 im+1m+1a] 1M for denominator using (a)
0963593339 1A for all correct
=0.0883 1A
(4)
(a) Very good.
) Good,
{e) () (i) Fair. Some candidates did not do the counting right and missed some of the
eligible events.
@ Poor. Many candidates had difficulty in identifying the joint probabilities

required for the numerator of the conditional probability.

Marking 10.16
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18. (2007 ASL-M&S Q10)
()  The required probability

o1 24%724 2.4‘3'1‘*2.425’-‘
- 0! TR
xo4303

(b) Let $.X be the expense of a customer,
Then, X ~N(375,125%) .
The required probability
=P(300 <X <600) -
300-375 600375
P T )
=P(-0.6<Z<1.8)
=0.2257+0.4641
=0.6898

(c)  The required probability
= (0. 25)(0 6898) +(0.8)(0.5 - 0.4641)

(d) The required probability
2 4 &

(0 20117

(e)  The required probability
(2.4t
0.00170163 +(0.20117) ———47--

0.430291254

(f) Suppose that the revised least expense is $x.

Then, we have P(X 2x)=0.33 .

So, we have P(za” 375) 033,

Therefore, we have -)5—12352 =044 |

Hence, we have x=430 .
Thus, the revised least expense is $430.

10. Normal Distribution

1M for complemeantary events
+ 1M for Poisson probability

1A a-1forrt. 0.430
memm—(3)

IM C aceept P(JOO 375525600-375

125 125 N

1A a-1 forrt. 0.690
| e

IM for 0.25(b)+0.8p , 0< p<0.5
1A a1 forr.t. 0.201
)

1M for 2 (c)3

1A a-1 forr.t. 0.002
pa—E

1M for numerator using (c) and (d)
+ 1M for denominator using (a)

1A a~1forrt, 0.004

(@
(b)
©
(d)

(e)

®

—(3)
M
1A
1A
)
Very good.
Very good.
Good.

Good. Some candidates overlooked the given condition that each of the three
customers wins a gift.

Fair. Many candidates were able to handle conditional probabilities but some were
not able to identify the compound events and get the numerator right.

didates could not establish the ii lity and some could not

Fair. A number of
solve for the required value.

Marking 10.17
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19. (2007 ASL-M&S Q11)

Let X'g be the net weight of a can of brand D coffee beans.
Then, X ~N(300,7.5%) .

(a)  The required probability
=P{X <283.5 or X >316.5)

-p(z< 283.5-300 - 316.5—-300)
. 1.5 7.5

=P(Z<-220r Z>22)

=2(0.0139)

=0.0278

b O The required probability
=(1~0. 0278)"(0 0278)

(ii} The required probability
(1 -0 0278)”(0 0278)

~03682

(iiiy  The required probability
~ (1 -0. 0278)* +0.368195889

@© @ The required probability
g-(o 368195889}

(i)  The required probability
_ 0.184097944
T, 797404575

10. Normal Distribution

2!3.:—5-!00 or 72 3165-300

IM{scoept P(ZS Tl

1A a-1forrt. 0.028
 —)!

IMfor (- p)'! p =mmmmmmmme e

1A a-1forrt. 0.020

IMfor p=(

M for (1= p) pomet (either one;

1A a-1forrt 0.368 -

1M for ‘p— i +q} + 1M for g = (h)ii)~—

1A a-1forrt. 0.797
-~(8)

1M for %((b)(ii))
1A e-1forrt 0.184

IM for numerator using (c)(i)
+ 1M for denominator using (b)(iti)

1A a-1forrt 0231
e (5)

In this particular case, P(4) is from b{ii) and

(2) Very good.
(b) Good.
(c) (i) Poor. Many candidates could not
P(ANBy=P(A)P(B| 4) .
P(B| Ay=—
(ii) Satisfactory.

apply the well known multiplication rule:

Marking 10.18
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(2006 ASL-M&S Q10)

20.
(@)

(b}

{©)

@

r—

The required prébabi!ity

—

= = =

10. Normal Distribution

_ 4.7034.7 1 4~7‘€-"7 . 4.7294'7 N 447384‘7 ) 4.749-4.7 . 4‘752—41

0t i

-

~0.6684

Let Xkm/h be the speed of a car entering the roundabout.
Then, X ~N(42.8,12%) .
The required probability

=P(X >50)

50-42.8

2P(Z > e

> n )
=P(Z>06)

=0.2743

The required probability
=(1-0.2743)°(0.2743)

#0952
= 0.0552

(i)  The required probability
=C}(0.2743)° (1 - 0.2743) + (0.2743)*
6474

= 0.0656

(ify  The required probability
4,4
0.055570471(—(.‘-'1)_“‘———)

+ ((0.2743)’ +Cle2mnt (- 02743) « 02743 (1 - 0,2743)3):

1M for the 6 cases + 1M for Poisson probability

+

3! 41 5t

1A a1 forrt. 0.668
{3}

1M (accept p(22§0—T;2§) )

1A a-1 forrt: 0.274
e €2}

IMfor (I-p)’p + IMfor p=(b)
1A a-1forrt 0.055

—)

M for the 2 cases + 1M for binomial probability

1A a-1 for r.t. 0.066

( (4'7)56‘"”J 1M + 1M for numerator +
5t

L 1M for denominator using (a)

r—

" = e =

DSE Mathematics Module 1
(2005 ASL-M&S Q10)

The required probability
620682 621072 622,62 (23,62 ot 02
+ +—= +

0.668438485
1A a-1 forr.t. 0.052
----- ~(7)
(a} Very good.
{b) Good. However, some candidates did not define the notation X when they used
it to denote a random variable.
(c) Good. A number of candidates could not adopt the geometric distribution.
(10 Fair. Some candidat istook the required probability to be a conditional
probability.
(if) Not satisfactory. Many candidates were not able to count the number of|
relevant events and clearly formulate the required probability.

Marking 10.19
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Let X litres be the amount of the petrol for refuelling a car,
Then, X ~N(23.2,6%) .

The required probability
=P(X225)

=Pz 25—623‘2)

=P(Z203)
=0.3821

The required probability
=C5(0.3821)% (1~ 0.3821)° (0.3821)

N U1088935732
~0.0869

(i)  The required probability

62t
]

(0.3821)°

©0.0045

The required probability
=C;_(o 3821)° (1-0.3821) + (0.3821)*
~ ;159198867
=0.1592

The required probability

£ 62
0.004497064 +0.159198667 { £ 4‘; )

= = e e

10. Normal Distribution

IM for the 5 cases + 1M for Poisson probability

1A a-1forr.t. 0.259
eree(3)

IM (accept P(Z >

25-232
=)

1A a-1 forr.t. 0.382

IM for C3p7(1-p)' p
+IM for p=(b)}(i) =w=mmsnnmnns

1A o-1 forrt. 0.087

62362 ;
M for 5 R either one

1A a-1 forrs. 0.004

M for G PP -p)+ pteeee

1A a-1 forr.t. 0.159

IM for numerator using (b)(iii} and (b)(iv)

0259177368 + 1M for denominator using (a)
e :
~ 0054100184
=0.0941 1A a-1 forr.t. 0,094
——(12)
() Very good.
(D10} Very good.
(i) Very good.
(iii) Fair. Some candidates mistook the required probability to be a conditional
probability.
(iv) Not satisfactory. Many candidates mistook the required probability to be 2
conditional probability.
v) Fair. Many candidates were unable to correctly work out the pumerator.

Marking 10.20
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22, (2005 ASL-M&S Q11)
Let X minutes be the time needed for Peter to go to the train station platform.
Then, X ~N(17.5,2%).
(a)  The required probability
=P(i3< X <19)

13-17.5 19-17.5
=Pl 2 Z L e
P( 3 < 2 )

=P(-225<Z <075}
=0.4878+ 02734
=0.7612

[©

~=

The required probability
=(0.02)(0.0122) +(0.15)(0.7612) + (0.35)(0.2144) +(1)(0.0122)

=0201664
= 02017

(c)  The required probability
_ (0.15)(0.7612)
0.201664

LR

» 0.5662

(d)  The required probability
=3 (0.201664)*(1 ~0.201664)°
~ 0.2069

(e

£

The required probability
. C5((0.15)0.7612){(0.0122)(1 - 0.02) + (0.2144)(1 - 0.35)}
0.206925443

022

10. Normal Distribution

~17. ~17
M (accept P(—E—iﬂsz<lg—2—j))

1A a-1forrt. 0.761

rree(2)

1M for (0.02)p, +(0.15)p, +(0.35)p;
+ 1M for()i-p, - py3~ p3)

1A

a-~1 forr.t. 0.202
ereeen(3)

(0.15Xa)
1M for M_(b)

1A (accept 0.5661) a1 for r.t, 0.566
()

M for €} (b2~ (b)Y

A (accept 6.2070 } a~1 forr.t. 0.207

—

S kA
leorf“z—(’;}-"—uA

1A a-t forr.t, 0,002

The required probability
(0.0122X1-0.02)+(0.2144)(1 - 0.35) Y
1-0.201664

~ (0,566l89305)2(

OB

~0.0022

IMfor ()% +1A

1A o~ forr.t. 0.002

(f) Suppose Peter leaves home ¢ minutes before 7:00 a.m.
Then, we have P(X <13+£)20.95 .

So, we have P(Z 5211—2‘1,35) 2095 .

1—4.35

Therefore, we have 21.645 ,

- Hence, we have ¢27.79 .
Thus, the required time Is 6:52 am.

——0)

1M withhold IM for equatity or strict inequelity

1-4.5
2

1A (accept 2z, 1.6452<165)

1A
(3

®
(b}

©

@
©

Fair. Some candidates were ot able to express the required probability.

Fair, Many candidates overlooked the case that Peter cannot catch any onc of |
the three trains.

Fair. Some candidates got the numerator wrong and forgot that the required
probability should be a joint probability.

Very good.

Poor. Many candidates were not able to count the number of relevant events and
hence they were unable to correctly work out the numerator.

Poor. Many candidstes could not formulate the problem using the correct
inequality.

Marking 10.21
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23;

(

(2004 ASL-M&S Q12)

Let $X be the amount of money spent by a customer. Then, ¥ ~ N(428,100%) .
Also let ¥ be the number of customers visiting the store in a minute. Then, X ~Py(4) .
(a) The required probability

= P(X 2300)

& P(ZZEQO—‘?ZS
100

= P(Z2-128)
=0.8997

(b) The required probability
=1-P(¥=0)-P(r =1)

(c) The required probability
= P(Y =3)(C3(0.8997)% (1-0.8997))

4 3 2
= (—T-)(C’2 (0.8997)*(1-0.8997))
SOSEERER

~0.0476

(d) The required probability

4204 43
) (T)(c,’(o.sgw)’)-w 35,

=
)(C3(0.8997)* (1-0.8997))

4251 43,4
iz
2! 31

_ 016619104895
. 034189192597
S

~04861

&

P(X 2 600)
600428
100

=PZz172)
= 0.0427
Let n be the number of customers visiting the store. Then, we have
1-(1-0.0427)" > 0.99
(0.9573)” <0.01
7In0.9573 <1n 0.01
o 1n0.01
In0.9573
n2105.5300874

=RZ2 )

10. Normal Distribution

1A sccept P(Z >—1.28)
1A o-1forrt 0.900

1M for complementary probability
1A

1A

a-1 forr.t 0.908

1M for €3 (a)*(1 = (3)) + I8 for rultiplicaton rule

1A o-1 forr.t. 0.048
——(3)

1A for denominator + 1M for numerator

1A a1 forrt 0.486
——3)

14

accept (1-0.0427)" 50.01

M. ithhold 1M for using equality or sictinequality

1M for using In or trial and error

Thus, the smallest number of customers visiting the store is 106 . 1A
—eeeld)

(2) Good. The skifl is straightforward but some
candidates did not understand the question and
were unable to correctly find the probability.

(b} Good.

{c) Good.  Some candidates were not capable of]|
applying the multiplication rule.

(d) Fair.

{e) Poor. Very few candidates managed to establish
the inequality that the stated probability > 0.99 .

Marking 10.22
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DSE Mathematics Module 1 10. Normal Distribution DSE Mathematics Module 1 10. Normal Distribution

24. (2003 ASL-M&S Q12) (i) P(¥ >800)
{a)  The required probability = P(Z = 80016{37 08)
-1 (o wing 1M for counting cases + =Pz >092)
T 1A for correctness of probability e >
G = 0.1788 1A
_ 38743 A
39150 The required probability ) B
2 0:989604086 = (¢} (0.102)(0.308) )(ct 0.1788) (0.8212)° ) I for Binoraial probability +
= 0.9896 a-1 forr.t 0.990 IM for Binomial x Binomial
| e ;
: @ ?0‘0977 . 1A a-1 forr.t 0.098
(b)  The required probability o bili
CleB Lok eclich (i)  The required probability
B H 302 8.7l ) ) - 0057734619 = 5 1M for numerator +1M for denominator
” < IM for denominator using (a) + "7 boorraasto - CA(0.102)% (08983 (0.8212)° + (08987 CF (0.1739) 7 (0.521)
38743 1A for numerator = AT8TI0045 - 00
i 39150 ~ 0.4787 1A (accept0.4786) a-1 forrt 0.47
_ 1498 " —ereee(9)
227%
= 0.657305835 (ab) Good. Most candid: fully ged to
=~ 0.6573 a-1 forr.t 0.657 count the number of combinations.
{c) Parts (i) and (i) were well atterpted. Part (iii)
The required probability was more demanding and most candidates were
i 1 ble to obtain the probability of getting two
_ EPcP wclicl ol 1M for denominator using (a) + :;iﬁcca‘:&o P i
cocl - cr 1A for numerator
- 1498
T 2279 o
. 0.657305835
=~ 0.6573 a-1 forra 0.6537

(c) Let $X be the amount of money collected by a boy
and $Y be the amount of money collected by a girl.

Then, X ~N(673,100%) and ¥ ~ N(708,100%) .

(6] The required probability

—(3)

= P(X >800)
= 800-673 800708
=P Z>—— Z2——
( > 150 ) IM  accept 60
= P(Z >1.27)
= 0.102 1A accept 0.1020

Marking 10.23
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25. (2002 ASL-M&S Q13)
Let Xg be the weight of a bag of self raising flour in the batch.
(@) ) P(a bag of flour is underweight) = P(X < 376) .

- P(X 1(;%OO z 37510400)
= P(Z <-24)
~ 0.0082
(iD) P(a bag of flour is overweight) = P(X> 424)
- P(X 16100 o 42410400)
=P(Z>24)
~ 0.0082

) ® P(a bag of flour is substandard)
= P(X <376)+P(X >424)

~ 0.0082 +0.0082 = 0.0164

Let ¥ be the number of substandard bags in the sample.
P(there is no substandard bags in the sample) = P(¥ = 0)
= C3° 0.0164% x (1-0.0164)
= 0.9836° ~ 0.4374
(i) P(r<2)
= P(Y=0)+P(V=1)+P(¥=2)
= C3°0.0164° x0.9836% +C* 0.0164x0.9836*
+C3° 0.0164 %0.9836*

~ 0.43745 + 0.36469 + 0.14897
= 0.9511 :

(c) Let W be the number of underweight bags in the sample.
(i) P(W=0,Y=I)
=P(W=0{Y=1)-P¥ =1

L= -;—x C°(0.0164)(0.9836)
~ 0.1823

(ii) The required probability is P(W =0, ¥ <2)
=P(W=0,Y=0)+PW =0,Y =)+P(W =0,Y =2)
=PY=0)+PW =0,Y =D+PW =0|Y =2)-P(Y =2)

2
~ 0.43745+0,18235+ (%) -C3°(0.0164)%(0.9836)“

= 0.6570

(ili)  The required probability is P(W=0]Y<2)
. _ PW=0,Y<2)
BT )
& 0.65704
0.95111
=~ 0.6908

Marking 10.25

M ----

1A

M

10. Normal Distribution

either one

1A (0.43745) ao~1 forr.t. 0.437

M

)

1A (0.9511%) a1 forrt 0.951

—)

IM+ IM for,-é— and cond. prob.

1A a-1forrt.0.182 o

IM

IM for the last term

1A (0.65704)
a-1 forr.t. 0.657

M

(Accept 0.6569)

(Accept 0.6907)

B—_e)

DSE Mathematics Module 1
26. (2002 ASL-M&S Q14)

(2) Let N be the number of customers visiting the supermarket in one minute.

2k
sy =Y Lo
e

® 6 X~N(go?)
P(X < 100) = 0.063

pz <190-# 0‘:“ )= 0.063

LO_O__'”,._,_Lj_';
o

P(X 2 400) = 0.006
400~z

cpZ2 —T) =0.006

ﬂ?:_fig,ziﬂ
[o2

Solving (1) and (2), we get .
#=213.6

o SHBE~743

a; = P(200 < X <300)

. 300-213.6, 200-213.6.
N I ey

~0.4484
~0.448

" 4, =P(300 < X < 400)
~0.117

(if) For normal distribution,

median = m 21336
(i)  P(X>50|X<200)

- P(50 < X <200)

P(X <100)+P(100 < X <200)
o P(2207<-0.18)
0.063+0.364
~ 0:4861-0.0714
0.427
= 0.9712

Marking 10.26

10. Normal Distribution

1A

IM+1A &-1if0.938
O

200- 4
o .

1A (Accept &€[-0.185,-0.18])

1A a-1 for more than I d.p.

(Accept 1 €[213.3,213.8])

1A g1 for more than 1 d.p.
(Accept o e[74.1,74.3])

1A a~1 for more than 3 d.p.
(Accept a; €[0.448,0.453])

1A g~ for more than 3 d.p.

(Accept a, €[0.115,0.119])

M

1A a-1 for more than 4 d.p.
(Accept probability e [0.9620, 0.9749] )
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10. Normal Distribution DSE Mathematics Module 1

DSE Mathematics Module 1
P(Y> 50 |.X <200) 27. (2001 ASL-M&S Q12)
= P50 X <200) ’ Let £, and £, be the lifetimes of brand X and brand ¥ CFLs respectively.
P(X <100)+P(100 < X <200) M i .
_ P(X <200)~P(X < 50) @ P(E, <8200)=0.1151 = p[ Byt 82"""‘]- 0.0808 ‘
P(X <200) 400 400
= P(X <200)-P(Z £ -2.20) = %:—M -1A  for either
P(X <200) = p=8760 i 1A
- 0.427-0.0139 B i
0.427 ! ;
~ 0.9674 P(Ey <8200)=0.1587 = P[f’;ﬂ<m_°;8ﬂ)= 01587 |
1A a-1 for more than 4 d.p, $200-8800
(Accept probability € [0.9620, 0.9749] ) = = =100 = S =
= o=600 1A
1A

a, =03811, a, =0.0548
5 =0.2120, b, =0.2586, by =02120
[6 =02109, b, =02608, b, =02109 |

(iv)  The required probability

=S 2
= Cj P(X <200)2(1-P(X < 200))° -P(N =5) 1A b =5, €[02101,02120] ¢

b, € [0.2586, 0.2624]

5 . " .
= 10(0.063+0.364)? (1-(0.063 +0.364)) __6__9-5 IM for Bmonua']/Poxsson probabiljr
st IM for the multiplication rule ememeneea(5)
(Binomial x Poisson) (b} The mean of the lifetimes of the 2 brands only differ a little but the
standard deviation of the lifetimes of brand X CFLs is significantly
1A a-1 forrt. 0.055 smaller than that of brand V.
(Accept probability <[0.0550. 0. ] shall choose brand A" because the lifetimes of its CFLs are more reliable, M
. P ;;2 ty <[ 0,0 0552]) 1 shall choose brand ¥ because there will be a bigger chance of m
———(12) getting a long life CFL.
|1 shail choose brand ) because the mean lifetime is larger. i
: —)
(c) (i) Let X,, X, and X, be the lifetimes of lamps a, b and c resp.
[6)] The required probability
= P(X, > 8200)[P(.X, >8200 or X, >8200)] M
= [1-P(Ey <8200} ~[P(Ey <5200))" M .
= (1-0.0808)(1-0.0808%) M (
~ 2(0.9192)%(1-0.9192)+(0.9192)* . MMM
=0.9132 1A

(II)  The réquired probability .
_ P(X, <8200) P(X, >8200)P(X,, >8200) IM  for numerator
B 1-0.9132 1M for denominator

_ 0.0808(1-0.0808)*
1-0.9132
=0.7865 1A

(ii) Note that P(E, <8200) =0.0808
and P(Ey <8200) =~0.1578.
Since a brand X CFL is less likely than a brand ¥ CFL to have
a lifetime less than 8200 hours, and lamp a is the most critical [amp
for the lighting system to work (according to the result of (c)(i)(II)),
... Lamp a should be a brand X CFL.
Hence I will put the brand ¥ CFL aslamp b or c.

Let X, and ¥, bethe lifetimes of lamp & when using brand X CFL
and brand ¥ CFL respectively. Similar notations are used for the other
two lamps.

P(¥, >8200)[P(X, >8200 or X, >8200)]
= (1-0.1587)(1-0.0808%)

= 0.8358 i
PX, > 8200)[P(Y, >8200 or X, >8200)]
- (1-0.0808)[(1 - 0.0808) +(1~0.1587) — (1-0.0808)(1 - 0.1587)]

1A with explanation

=0.9074
Hence putting the brand ¥ CFL aslamp b or ¢ will yeild a better @ with explanation
system.

[——))

Marking 10.27 Marking 10.28
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29. (1999 ASL-M&S Q10)

DSE Mathematics Module 1
28. (2000 ASL-M&S Q12)

(@) Let X~N(20,5% and Z~N(O, 1). Let X be the score on the questionnaire.
(i) P{risky but not hazardous | A) @ (i) P(classify as non-PD | PD)
= P(12<X<27) 1A = PLY< 75X~ N(80, 5%)
1220 27-20 - Pz<75—80
=P(5<Z<5) (———-—5) 1A
= P(-16<Z<14) tvt = P(Z<~1)
= 0.4452 + 04192 ~ 0.5-03413
~ 0.8644 A a-1 forrr 0.864 = 0.1587 1A
o N (i) P{classify as PD [ non-PD)
= P(X>12
(i) P(risky | A) - §§§> —I.)é) = PX>75 | X~ N(65, 5%))
~ 0.4452+0.5 1A - p(bL;éE) .
=~ 0.9452 =P(Z>2)
P(hazardous { A) = P(X'>27) = 0.5;) 0.4772
= P(Z> 1.4) = 0.0228 A
= 0.5~-04192 1A ) n
~ 0.0808 L ®) The probability that out of 10 PDs, not more than 2 will be misclassified .
' = (- 01587 + GOS8~ 0.1587)" 4 COQISENI(-0.1587 | ingarng | M BT 2or ¥ tem
0.0808 ’ = 0.7971 IM for al]
P (arisky bottle is hazardous | A) = 0'945_) = 0.0833 1M 1A
T (c) Let x, be the required critical level of score.
(b) (i) P(risky) =0.6P(risky|A) + 0.4 P(risky | B) P(X < xy | X~N(80, 5) = 0.01
~ 0.6(0.9452) + 0.4(0.058) M Pz <2780 oo,
3 e 1A
=~ 0.59032 X I .50 5
~ i a-1 forr.t. 0.5 ; -
~0.5903 @) X0 =80 23767 M aceept ~2.325 t0 —2.33,
: for the case ‘Z<..." only
sy | £ P(risky | B)P(B) ~ 68.3665
P(B and risky | risky) = -(—Fk(!r%Ey)SL_ o 1A accept 68.35 to 68.375
(0.058)(0.4) o (1A numeraror (d) Ifateenageris Aclassiﬁcd by the sociologist, then o
~ 7059032 IiM Bayes'theorem P(classify as PD | non-PD)
= 0.0393 gyt Gl IM | accept 68.35 10 68.375
050 5496 accept 0.67 to 0.675
(i) P(B and hazardous | risky) P(hazardous | B)P(B) - 0‘25'04'
i and hazardous | risky) = ———————"——= 5 = 0. .
: h P(risky) o L  P(misclassified)= (0.01)(0.1) + (0.2504)(0.9) M ;:: :P:h()“% 1602514 4
(0.004)(0.4) 1A numerator ~0.2264 ither
L . . 1A aceept 0.2258 16 0.2273
0.59032 M Bayes'theorem ) )
Ifa teenager is classified by the criminologist, then
= 0.00271 P(misclassified)= (0.1587)(0.1) + (0.0228)(0.9)
= 0.0027 =~ 0.0364 1A
IM  binomial - 0.2264>0.0364
(iii) P(license suspended) = 1~(1-p)® ~5p(1 - p)* IM  complement of cases 0 & | < The probability of teenagers miscalssified by the sociologist is greater
) . - IM  p from b(i) than that by the criminologist. 1
~ 1-(1-0.59032)° ~5(0.59032)(1 - 0.59032)*
= 0.9053
Marking 10.29 Marking 10.30
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30. (1998 ASL-M&S Q13)

Let X, Y be the weights of the randomly selected boxes in parts 1 and 2 of a test
respectively.

(@  P(X<490 or X'>510)

| == = =

r—

10. Normal Distribution

-1- P(490"500 <7< 510"500) 1A deduct I mark once forthe%
5 5 whole question forany |
=1-P(-252%2) wrong inequality sign |
~1-2x04772
=~ 0.0456 1A
(b)  P(490 £.X<492) + P(508 < X < 510) 1A
_ P(49O—500 <7< 492*500)+P(508-500 <Z< 510-500) 1A
5 5 5 5
=P(-2<Z<-1.6)+P(1.6<Z<2)
=~ (0.4772 - 0.4452) x 2
=~ 0.0640 1A
P(X <492) + P(X > 508) — P(a black signal is generated in the first part) 1A
o - -
= p(2<“9”55°°)+1>(2>5085500)—0.0456 1A |
~ 0.0548 + 0.0548 - 0.0456
= 0.0640 1A
(c)  P(black)
= P(black in part 1) + P(black in part 2)
=~ 0.0456 + 0.0640 x 0.0456 IM+IM
= 0.0485 1A
(d) P(508 <X £510and 508 <Y SSIOI 490 £ X <492 0or 508 < X <510)
_ P(508< X 510) P(508 <Y 5510) - s
N P(490 < X <492)+P(508 < X <510)
- 0.0320x0.0320 IM+TM
0.0320 +0.0320
=0.0160 1A
(¢)  P(red|part2)
= P(508< X <510and 508<Y <510 14905X<4920r 508 < X <510)
+P(490< X <492and 490 X <492}490 <X <492 0r 508 < X $510)
=2 x0.0160 M
=~ 0.0320 1A
(f) P(red) = P(red | part 2) Ppart 2)
=~ 0.0320 x 0.0640 M
= 0.0020 1A
Alternatively,
P(red) = P(508 <X 510 and 508< Y <510)
+ P(490< X <492 and 490<Y <492)
= 0.0320% x2 M
=0.0020 1A

Marking 10.31
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31. (1997 ASL-M&S Q11)

(@) Let X be the number of FICs per day, then X ~ Po(4).

=0.0183

() Let Y be the number of FICs which arc related to housc fires in 5 FICs,
then Y~ B(5, 0.6).
P(¥22)=1-P¥=0)~FKV=1)
= 1-C2(04)° - C; (06)04)*
= 0.9130

(¢) Let H and L be the events of “a FIC is related to a house fire” and
“a FIC is large”. Let 4 be the amount of a FIC.
@ P H)=P4 > 20 000)
200000~ 100000

=HE> 000 )

=PZ>2)
~0.0228

Pl H) =P > 20 000)
. 200000-150000
=P> =00

=P(Z>2.5)
=0.0062

Py =P H)P(E) + P HP(H )
= 0.0228(0.6) + 0.0062(0.4)
= 0.0162

i) P [y= FCHAD) PU)
i) PHIL) RO
0.0228x 06

00162
= 0.8444

(iii)  P(5 FICs and at lcast 2 of them are large)
= P(2 or more out of § FICs are large)P(X=5)

& ae™ta’
~ [1-(1-00162)° - (00162)(1-00162)* | =~
=0.0004 ‘

Marking 10.32
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DSE Mathematics Module 1
32. (1997 ASL-M&S Q13)

Let L cm be the length of the front portion of Mr. Wong’s necktie.

(@) P4 <L <45)

apMoMs 43;:4.6 ,

~P(-0.5 < Z<0.3333)

=0.1915 + 0.1293 (or 01915 +0.1306)
=~ 0.3208 (or 0.3221)

(b) Let ¥ be the number of trials that Mr. Wong gets the first perfect tving,
then I ~ Geometric(p), where

p =0.3208 (or 0.3221)

(or 3.1046 )

(<) P(not more than 3 trials)
= P(1 trial) + P(2 trials) + P(3 trials)
= p+p(l-p) + pl1-p)*

= 0.6867 (or 0.6885)

(d) Let T be the event that Mr. Wong has to go to work by taxi.

@) P =1-06867
=0.3133

(or 1-0.68385)
(or 0.3115)

P(less than 2T out of 6 days)
= CS(0686T)° +CE(06867)°(03133)
(or C506885)° + C¥(06885)°(03115) )
~0.3919 (or 0.3957)

.
(i) PU=3D) ~ Q;("—%”

=~0.2179 (or 0.2184)

(ili)  Probability required
= X03133)%(06867)*
=0.1091

(or 503115%(06885)° )
(or 0.1090)

Marking 10.33
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33.

Let .X'ml be the amount of soda water

(a)

For either_
®)

or 1-(1-p)°

©

DSE Mathematics Module 1

(1996 ASL-M&S Q11)

P(200 < X <220) A ,
- P20 7 220-210, T
~ P(-0§667 < Z < 06667) _ .
= 04972 . 1A
@ P >240)

Pz > 20210, M
= P(Z>2)
~ 00228 _ 14

(ii) The probability that there is exactly 1 overflow out of 30 discharges is
C°(0.0228)(09772)% M
~ 0.3504 1A

(iii) The probability that Sam will get the second overflow on 31st July is
0.3504 x 0.0228
=~ 0.0080 M

(i) PV >205=08

Bz > 204y Lo
a

205~-p 084 (1) IMFIA
o
=+ PLY > 220) =001
“PZ >220—_”) =001
o
) -
20k 933 @ A
o
Solving (1) & (2) :
=47
- IA+1A
2=12090
(i) P(Y>225)
B 225-209
= K(Z>=222)
= P(Z > 34042)
~ 0.0003 *
Probability required
= 00003
T "
=0.03 *

Marking 10.34

10. Normal Distribution

Accept value in {0.494, 0.4972]

Accept value in (~0.845,~0.84]

Accept value in {2.32,2.33] .
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34. (1995 ASL-M&S Q12)
Let X denote the test score and D the event that a person
has the disease.

(a) P(x»63.2]D') =0.33
p(z> 83:278) = 0.33
5

From the normal distribution table,

63.278 = 0.44
5
p = 61
= 66-70
(by (1) P(X>66|D) = P(Z>——E—_)

= P(2>-0.8)
= 0.7881

and P (x>66|D)) = p(z> 8881,
= P (2>1)
= 0.1587

oy P(the person will be classified as having
the disease)
= 0.15%X0.7881+ (1-0.15)x0.1587
= (,2531

(ii) 0.7881 >66
<66

1 - 0.7881

042119

P(the person will be misclassified)
0.15X0.2119+ (1-0.15) X0.1587
0.1667

P (X<66 | D)

1l

)

n

It

Marking 10.35

— =

10. Normal Distribution

ia

1A

1A

1A

1A

1A

1M + 13
1a

1M

M
1A

1M + 1a
1a

—

= = = I —

DSE Mathematics Module 1
35. (1994 ASL-M&S Q13)

c,~10

(a) P(z¢ Ta

) = 0.95

c;-10
0.4
¢, = 10.658

= 1.645

c;-12.3
0.6

c;-12.3
0.6

c, = 10.9038

(by = P(Z< ) = 0.01

= -2,327

(¢) Given the batch is produced under the favourable
condition, the required probability is
P(c; <X and X<c;)
= P(10.658¢X<10.9038)
10.658-10 10.8038~10
= P
( 0.4 $Zs 0. )

= P(1.645<Z¢2,2595)
= 0.4881 ~ 0.45
= 0.0381

(d) P(X<c, where 0=0.4, p=10) = P(X2c, where o=0.6, p=12,3

i.e. = c,-lo) - S3712.3
0.4 0.6
¢ = 10.92

(e) The probability would be minimized if B is in the
middle of the 2 limits,

10.8+9.4
2

= 10.1

i.e. R o=

r—

1M

1A

1A

1M

1A

1A

1M
1X

1M
1a

1A

1

Marking 10.36

1a

1K + 1A

= ==

10. Normal Distribution

Accept 1.641.65

Accept 10.656-10.55

-2.331-2.32

10.902 v 10.508

For subtraction

r—



DSE Mathematics Module 1 11. Point and Interval Estimation

11. Point and Interval Estimation

Statistics Area

Point and Interval Estimation

21.  Sampling 21.1 recognise the concepts of sample statistics and
distribution and population parameters

point estimates 21.2 recognise the sampling distribution of the

sample mean from a random sample of size n

21.3 recognise the concept of point estimates
including the sample mean, sample variance and
sample proportion

21.4 recognise Central Limit Theorem

22.  Confidence 22.1 recognise the concept of confidence interval

interval for a 222 find the confidence interval for a population

population mean

mean
23.  Confidence 23.1 find an approximate confidence interval for a
interval for a population proportion
population
proportion
11.1
Y P 2 N P - - B ) g B I
(; _ E 3 | *r\ 4 LS _J - = 3 L _J L

~

DSE Mathematics Module 1
Summary

11. Point and Interval Estimation

A. About population mean

2
For a normal population, i.e. X~N(,u,az) , based on a sample size n, )?~N[,u,U—J. It
n

should be noted that the results are true for samples of any sizes.

For a non-normal population with the population mean 4 and a known variance o2 , if the
sample size is large (n>30), Central Limit Theorem can be used. X isapproximately normal

and )?~N[,u,£] s

n

For a normal or non-normal population with the population mean u and waknown variance

2

2
¢’ , ifthe sample size is large (»>30), X is approximately normal and )?~N[,u,s—] where
n

L is called the standard error of the sample and is denoted by SE(X) . (For normal

N

population and small sample size, /~distribution is used.)

. 95% confidence 99% confidence
Conditions . .
interval for interval for u
Normal population
with known variance ¢ _ c _ o _ o _ o
. x —196F , x +1967=) | x -2.575= , x +2575—7)
large or small sample size n n n \ln \In
* sample meanX
Non-normal population
- with known variance o° _ o _ o _ o _ o
. & -196F , X +196F) | (& 2575 % , X +2.5752)
large sample size n (» > 30) lm n \n n
sample mean X
Non-normal population
with unknown variance o
— S — § - S — S
ize x =196 , x +1.96= v —2.575+ +2575—F
large sample size 1 (n > 30) | (x 5 * 6\/;1) (x-25 5\/;1 . X 2575\/;1)
* sample meanXx
sample variance s°
11.2
] L3 L3 €33 1293 63 633 33,6

f‘\

L 2]
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11. Point and Interval Estimation

B. About population proportion

A number of random samples, each of size n, are drawn from a parent population. I[f the

proportion of successes for each sample is p, =£, these proportions form a distribution
n

called the sampling distribution of proportions P (P denotesa distribution). When » is

sufficiently large, the distribution of P is approximately normal and P, ~N(p,M)
n

1- . . . ;
where pU—p) is the standard error of the proportions. The larger the sample size nis,
n

the better is the approximation. Since p is not known, we use p, to approximate p.

The approximate confidence interval for the population proportion p:

Conditions

large sample size 7 and sample proportion p

95% confidence interval

(p, 19622 41 96, 2llr)

99% confidence interval

(p, - 2.575 ’P;(I”*P,) D, +2.575 P:(l’;P;))

The sample size, 7, should satisfies L2 <width for 95% C.I. and 2l <width for99% C.I. .
Jn Jn

Section A

1: In an estate, Peter wants to study the proportion p of households who keep pets. He conducts a

survey of a random sample of 64 households and finds that an approximate f% confidence
interval for p is (0.0915,0.3085).

(@)

(b)

Find
(i) the sample proportion of houscholds who keep pets,
(i1) .

Using the sample proportion obtained in (a)(i), find the least number of households such
that the probability of at least 1 of these households who keeps pets is greater than 0.999 .
(6 marks) (2018 DSE-MATH-M1 Q2)

 — B — B —— B -
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11. Point and Interval Estimation

There are many packs of seeds and each pack contains 100 seeds. Let p be the population

proportion of seeds that germinate in a pack.

()

(®)

A pack of seeds is randomly selected, 64 seeds germinate. Find an approximate 95%
confidence interval for p .
It is given that the proportion of seeds that germinate in these packs of seeds follows a
normal distribution with a mean of p and a standard deviation of 0.05 . Find the least sample
size to be taken such that the width of a 90% confidence interval for p is less than 0.04 .

(7 marks) (2016 DSE-MATH-M1 Q4)

The manager of a fitness centre wants to promote aerobic classes.

(@

©)

The manager randomly selected 200 Hong Kong residents and found out that 80 of them
had taken part in aerobic classes. Let p be the proportion of Hong Kong residents who
had taken part in aerobic classes. Find an approximate 95% confidence interval for p .
The manager wants to randomly select » Hong Kong residents and invite them to take
part in a free aerobic class. The probability that an invited resident will show up is 0.85 . Let
X be the proportion of the # invited residents who will show up. Assume that X can
0.85(1-0.85)
n

be modelled by a normal distribution with mean 0.85 and variance . Find the

maximum number of # such that the probability that more than 100 invited residents will
show up is less than 0.05.
(7 marks) (2014 DSE-MATH-M1 Q9)
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4.

In a random sample of 120 swimmers in a certain beach, 75 of them are not satisfied with the water
quality of the beach. Let p be the population proportion of the swimmers in this beach who are
not satisfied with the water quality of the beach. Find an approximate 90% confidence interval for
p.

(4 marks) (2013 DSE-MATH-MI Q6)

The lifetime of a randomly selected LED bulb produced by a manufacturer is assumed to be

normally distributed with mean x hours and standard deviation 5000 hours. It is known that

96.41% of the bulbs will have a lifetime shorter than 39000 hours.

(a) Find the value of 4.

(b) Suppose a random sample of 100 bulbs is drawn. Find the probability that the mean lifetime
of the sample lies between 30200 hours and 30800 hours.

(c) The manufacturer wants to select another random sample of » bulbs such that the
probability that the mean lifetime of the sample exceeding 28500 hours is at least 0.985.
Find the least value of »n.

(7 marks) (2013 DSE-MATH-M1 Q9)

The weights (in kg) of the students in a school can be modelled by the normal distribution with
mean 67 and standard deviation 15. A random sample of 36 students is taken.
(a) Find the probability that the mean weight of the 36 students is over 70 kg.
(b) It is found that 9 students in the sample like French fries. Find an approximate 95%
confidence interval for the proportion of students in the school who like French fries.
(5 marks) (2012 DSE-MATH-M1 Q6)

A random sample of size 10 is drawn from a normal population with mean 4 and variance 8. Let

X be the mean of the sample.
(a) Calculate Var(2—)?+7) 2

(b) Suppose the mean of the sample is 50. Construct a 97% confidence interval for .
(5 marks) (PP DSE-MATH-M1 Q6)

A political party studied the public view on a certain government policy. A random sample of 150
people was taken and 57 of them supported this policy
(a) Estimate the population proportion supporting this policy.
(b) Find an approximate 90% confidence interval for the population proportion.
(4 marks) (SAMPLE DSE-MATH-M1 Q3)

A manufacturer produces a large batch of light bulbs, with a mean lifetime of 640 hours and a
standard deviation of 40 hours. A random sample of 25 bulbs is taken. Find the probability that the
sample mean lifetime of the 25 bulbs is greater than 630 hours.

(5 marks) (SAMPLE DSE-MATH-M1 Q5)

11.5

DSE Mathematics Module 1 11. Point and Interval Estimation
Section B
10. The daily times spent on homework of the students in a school follow a normal distribution with a

mean of x hours and a standard deviation of 0.4 hours.
(a) A survey is conducted in the school to estimate s .
(i) A sample of 40 students in the school is randomly selected and their daily times
spent on homework are recorded below:

Daily time sent (x hours) Number of student
0.5<x<1.0 11
1.0<x<1.5 13
1.5<x<20 8
20<x<25 5
25<x<3.0 3

Find a 90 % confidence interval for s .

(ii) Find the least sample size to be taken such that the width of a 97 % confidence
interval for x is at most 0.3 .

(7 marks)
(b) Suppose that 2 =1.48. If the daily time spent on homework of a student exceeds 2 hours,
then the student has to attend homework guidance class.

(i) If a student is randomly selected from the school, find the probability that the
student has to attend homework guidance class.

(i1) Asample of 15 students is now randomly drawn from the school and their daily
times spent on homework are examined one by one. Given that more than I student
in the sample have to attend homework guidance class, find the probability that the
10th student is the 2nd student who has to attend homework guidance class.

(6 marks)
(2017 DSE-MATH-M1 Q9)

11.6
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DSE Mathematics Module 1 11. Point and Interval Estimation
11.  The speeds of cars passing a checkpoint on a highway follow a normal distribution with a mean of
4 km/h and a standard deviation of 16 km/h .
(a) A survey on the speeds of cars to estimate 4 is conducted.
(i) A random sample of 25 cars is taken and the stem-and-leaf diagram below shows the
distribution of their speeds (in knv/h) :

Stem (tens) | Leaf (units)

6 10 0 1 1 1 2 3 4 4 5 5 6 6 7
711 1 2 3 5 5 6
8 |3 6 7

Find a 95% confidence interval for sz -.
(i) Find the least sample size to be taken such that the width of a 97.5% confidence
interval for x is less than 9 .
(7 marks)
(b) Suppose that x =66 . If the speed of a car passing the checkpoint exceeds 90 km/h , a
penalty ticket will be issued.
(i) If a car passes the checkpoint, find the probability that a penalty ticket will be
issued.
(ii) If 12 cars pass the checkpoint, find the probability that more than 2 penalty tickets
will be issued.
(5 marks)
(2015 DSE-MATH-M1 Q9)

DSE Mathematics Module 1

12.
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11. Point and Interval Estimation
The delivery time X (in minutes) of an order received by a pizza restaurant follows a normal
distribution with mean s and standard deviation o . It is known that 27.43% of the delivery
times are longer than 25 minutes and 51.60% of the delivery times fall within 3.5 minutes of x .
(a) Find 4 and o .
(4 marks)
(b) If the delivery time of an order is longer than & minutes, then a coupon will be given as a
compensation to the customer who has made the order. Suppose that a total of 200 orders
are received in a day. Assuming independence among delivery times of different orders,
find the minimum integral value of & such that the expected number of coupons given out
is at most 5 in that day.
(3 marks)
(c) The employees of the pizza restaurant recently received training to improve their efficiency.
After training, the delivery time Y (in minutes) of an order follows a normal distribution
with mean ¢ and standard deviation 4.7 .
(1) Manager 4 draws a random sample of 12 orders and the delivery times (in minutes)
are recorded as follows:
22 15 18 21 22 31
20 16 21 19 23 24
Construct a 90% confidence interval for .
(ii) Manager B is going to draw another random sample of » orders. He requires that
the probability that the mean delivery time ofthe » orders falls within 3 minutes of
6 be greater than 0.99. Find the minimum value of » to meet his requirement.
(6 marks)
(2014 DSE-MATH-M1 Q12)

11.8
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11. Point and Interval Estimation

The cholesterol levels (in suitable units) of the adults in a city are assumed to be normally

distributed with mean g and variance o. From a random sample of 49 adults, a 95%
confidence interval for 4 is found to be (4‘596 s 5.044).

(2

©)

(i) Find the value of o .

(ii) Find the mean of the sample.

(3 marks)

Another sample of 15 adults is randomly selected and their cholesterol levels are recorded

as follows:

36 38 39 43 43 45 48 50
5.1 52 53 55 58 60 64

The two samples are then combined. Construct a 99% confidence interval for x using the

combined sample.

(4 marks)

A health organisation classifies the cholesterol level of an adult to be low, medium and high

if his/her cholesterol value is respectively at most 5.2, between 5.2 and 6.2, and at least 6.2.

Suppose u=4.8:

1) Find the probability that the cholesterol level of a randomly selected adult in the city
is low.

(ii) A sample of 20 adults is randomly selected in the city. Find the probability that there
are more than 17 adults with low cholesterol level and at least 1 adult with medium
cholesterol level in this sample.

(5 marks)
(2013 DSE-MATH-M1 Q12)

DSE Mathematics Module 1

14.

15.

11. Point and Interval Estimation

A company provides cable-car service for tourists. Tourists complain that the waiting time for the

cable-car is too long. From past experience, the waiting time (in minutes) of a randomly selected

tourist follows a normal distribution with mean x and standard deviation 9 .

(2)

®

The customer service manager of the company conducts a survey on the waiting time to

estimate 4 .
(i) A random sample of 16 tourists is taken and their waiting times are recorded as
below:

56 36 48 63 57 41 50 43
56 55 62 46 55 69 38 50
Construct a 90% confidence interval for .
(i) Find the least sample size to be taken such that the width of the 90% confidence
interval for 4 is less than 6 minutes.
(7 marks)
Suppose that £1=51.5. The customer service manager of the company interviews tourists
and will give a coupon to a tourist whose waiting time is more than 65 minutes.
(i) Find the probability that he gives less than 2 coupons to the first 10 tourists
interviewed.
(ii) Find the probability that the 5th coupon is given to the 20th tourist interviewed.
(6 marks)
(2012 DSE-MATH-M1 Q12)

A staff of a school studies the school sick room utilization. The number of visits to the sick room

per day on 100 randomly selected school days are recorded as follows:

(2)

(©)

©

(=]

Number of visits per day 1 2 3 4 15

Frequency 6 12 |18 21 |20 |12 |7 4

Find an unbiased estimate of the mean number of visits per day.
(1 mark)
(i) Find the sample proportion of school days with less than 4 visits per day.
(ii) Construct an approximate 95% confidence interval for the proportion of school days
with less than 4 visits per day.
(3 marks)
Suppose the number of visits per day follows a Poisson distribution with mean A . Assume
that the unbiased cstimate obtained in (a) is used for A. The sick room is said to be
crowded on a particular day if there are more than 3 visits on that day.
(i) Find the probability that the sick room is crowded on a particular day.
(ii) In a certain week of 5 school days, given that the sick room is crowded on at least 2
days, find the probability that the sick room is crowded on alternate days in the

week.
(6 marks)
(PP DSE-MATH-M1 Q12)
11.10
)} £ 3 £33 £ 81 k3
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16. The Body Mass Index (BMI) value (in kg/m*) of children aged 12 in a city are assumed to follow
a normal distribution with mean x kg/m* and standard deviation 4.5 kg/m?.
() A random sample of nine children aged 12 is drawn and their BMI values (in kg/m?*) are
recorded as follows:
16.0, 183, 152, 17.8, 19.5, 159, 18.6, 22.5, 23.6
(1) Find an unbiased estimate for .
(i) Construct a 95% confidence interval for s .
(3 marks)
(b) Assume p =18.7. If a random sample of 25 children aged 12 is drawn and their BMI
values are recorded, find the probability that the sample mean is less than 17.8 kg/m?.
(4 marks)
(c) A child aged 12 having a BMI value greater than 25 kg/m® is said to be overweight.
Children aged 12 are randomly selected one after another and their BMI values are recorded
until two overweight children are found. Assume that ¢ =18.7 .
(1) Find the probability that a selected child is overweight.
(ii) Find the probability that more than eight children have to be selected in this
sampling process.
(iii)  Given that more than eight children will be selected in this sampling process, find
the probability that exactly ten children are selected.
(8 marks)
(SAMPLE DSE-MATH-MI1 Q14)
2021 DSE Q4

Mary conducts R survey 1o estimate the proportion p uf .:isxwwn vru u' whi ‘cm: r
sample of 40 children from the city, 2% of them learn regonder

seenler In a oandom

tey () Find the sample proportion of children who Jearn recorder

(i) Find an approximate 90% confidence interval for

) Mary now wants 1o construct an 949 fidh 3 ;
% P > nee migrvyl for posuch tha the widtds of
Lbc. confidence interval does not exceed 01 Using the result of (i, ostimate the feast number of
children that Mary should sevey

i marks)

11.11
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2021 DSE Q10

The number of commercial emails that Jobn receives each hour follows a Poisson distribution with 3 mean
of 1.3 per hour, while the number of non-conuncercial emails that he receives cach hour follows a Poisson
distribution with a mean of 0.9 per hour.

{a}  Find the probability that the number of non-commercial emails that John receives in & certain hour is
fewerthan 3. (3 marks}

(b} Find the probability that the number of commercial emails that John receives in 6 hoursis §.
{2 marks)

{c}  Find the probability that the sumber of emails that John receives in a certain houris 2. (3 marks)
(d)  Given that the number of emails that John receives in & certain hour is 2, find the probability that both

emails are non-commercial emails, {3 marks)

(¢}  Given that the number of emails that John receives in a certain hour is fewer than 3, find the probability

that Johs does not receive commerciat email in that hour, (3 marks)
11.12
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11. Point and Interval Estimation

11. Point and Interval Estimation 3.
(a)
i (2018 DSE-MATH-M1 Q2)
2. (2016 DSE-MATH-MI Q4)
4
(a) The point estimate of p is %:0‘64 . 1A
An approximate 95% confidence interval for p
= -—6i~1.96 w—)-,fi+lt961 —(—Qﬁ)(—oﬁ IM+1A | 1A for 1.96
100 V 100 100 100

=(0.54592, 0.73408) iA (b)

~(0.5459, 0.7341)
(b) Let n be the number of packs in the sample.

(0.05
The width of a 90% confidence interval for p is (2)(1.645)( = .
An
0.05

2)(1.645) —= {<0.04 IM+1A

-

Jn>4.1125

n>16.91265625

Thus, the least sample size is 17 . 1A

---------- Q)
(a) Very good. More than 60% of the candidates were able to evaluate the approximate 95%|

confidence interval for the populatiou proportion p . However, some candidates wrongly|
used 7=64 instead of n=100 in evaluating the approximate confidence interval

0

84 o [06(036) 64 (0.64)(0.36)
(10 R ST e - }

DSE Mathematics Module 1

(2014 DSE-MATH-M1 Q9)

11. Point and Interval Estimation

®

Good. Some candidates were unable to distinguish the concept between the confidence,
interval for the population mean and the approximate confidence interval for the|
population proportion.

Marking 11.1

An estimate of p = 8
200
=0.4 1A
An approximate 95% confidence interval for p
= 0.4—1.96,/M,0.4+1.96‘}M M
200 200
= (0.3321, 0.4679) 1A
y -0.8
X ~ N(O.SS s _(ES_Q_S)]
n
P[X > @) <0.05 1A
n
L@ -0.85
Pl Z> L |<0.05 M
}0.85(0. 15)
n
100-0.85n n 51,645 M
n 0.1275
0.85n+1.645+/0.1275n -100 < 0
~11.19754391 < +/n <10.50650569
0<n<110.3866618
Hence the maximum number of » is 110 . 1A
(7
(a) Very good.
(b) Poor.
Some candidates considered P(X> 100) rather than P(X> 100/x).
Some candidates used wrong means such as 85 and 0.85n, or wrong standard
deviations such as 523 (‘; 58 , for standardisation. Others got inequalities in
/n with incorrect direction of sign.

Marking 11.2
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DSE Mathematics Module 1 11. Point and Interval Estimation DSE Mathematics Module 1 11. Point and Interval Estimation
4. (2013 DSE-MATH-M1 Q6) 6. (2012 DSE-MATH-M1 Q6)
; .75 5 142
An estimat: e 2 -
SEERE L0 ds G =Di625 A | OR = (8) Let X bethe weight of a student. The sample mean X~N(67,%] .

An approximate 90% confidence interval for p

0.625(1- 0.625) 0.625(1— 0.625)
=| 0.625-1.645 ,0.625+1.64 ,/ X =
( 120 +1.645 120 IM+1IM P(X>70)=P| Z > 1567 e

= (0.5523,0.6977) 1A 6
=P(Z>12)
4) ~0.1151 1A
Good. Some candidates treated 75 as the sample size. Some wrote wrong expressions for the 9
approximate standard deviation of the sample proportion. (b) The sample proportion is e 0.25 . 1A
5 (2013 DSE-MATH-M1 Q9) An approximate 95% confidence interval for the proportion
0.25x0.75 0.25%0.75
(a) P (lifetime of a bulb <39000) = 0.9641 s(ozs—x.gsx,’—;ﬁ—, 025+1 .96x,}——36——) M
39000 u
Pz <2228 1 0,964 0.1085, 0.391 1A
( 5000 ) . M =~ ( 5
39000 -4 1.8 &)
5000 '
#=~30000 1A (@) | Good. Some candidates failed to perform the standardisation related to the distribution of a
' sample mean correctly.
(b) isfactory. Many candidates found the sample proportion but failed to find the confidence
interval required.
(b) P (30200 < sample mean < 30800) Canuse ‘<’sign 7. (PP DSE-MATH-M1 Q6)
-p 3020030000 <Z< 30800 ~ 30000 M (@) Var(2X +7)=4Var(X)
3000 5000 (3 S | o Vudiye )
Jioo V100 - [ﬁ) o =
=32 1A

=P(0.4<Z<1.6)

~0.4452-0.1554
(b) A 97% confidence interval for #

=0.2898 1A N 5
< 8 8 IMfor 50+d
_[3(]—2.E7><ﬁ,50+2,]7x—\/1——0) IM+1A LA for 2.17
(¢} P (sample mean> 28500) > 0.985 =(48.0591,51.9409) 1A
)
2 -
Plz> “—”-Og—m%w 20.985 M
f : (@) I e AR LS Var@X +7) =2Var(X) K Var(X) =Var(X) -
n
-03/ns-2.17 1A ® P o R RS W R (so-z.nxi,smz.nxi) .
nz5232111111 10 10
Thus, the least value of n is 53 . 1A
8. (SAMPLE DSE-MATH-MI Q3)
@ (a) The estimate for the population proportion = %76 = 038 1A
(a) Very good. Some candidates showed poor presentation such as
‘P(z & 39(5)82;11] = 09641, (P(”gggo_#) =0.9641", (b) The approximate 90% confidence interval for the population proportion -
0.38(1-0.38) 0.38(1-0.38) iM for using (a)
- =10.38~1.645,|] ————, 038 +1.645,|——— IM+1M =
‘P(Z<3—95023Tﬂ)=0.4641=0.9641’ or 0.9641=0.18'. ( V150 150 1M for ¥z,
(b) Good. Some candidates used ‘0.4452 + 0.1554" to find the probability required. =~ (0.314805956, 0.445194043)
(c) Fair. Some candidates used same symbols for both random variables before and after ~ (03148, 0.4452) 1A
standardization. Many did not show enough ability to selve inequalities, such as writing a
negative number greater than or equal to a positive number. ) @
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9 (SAMPLE DSE-MATH-MI Q5) Section B

Let X be the lifetime of the bulb, then by Central Limit Theorem,
10. (2017 DSE-MATH-M1 Q9)

- 40* .
~ — tely. 1A
X N{640, > j approximately. (@ ()  The sample mean
The required probabiliy is _ (0.75X11)+ (1.25)13) + (1.75)(8) + (2.25)(5) +(2.75)(3)
pa 40
P(X > 630) =145 hours 1A
. A 90% confidence interval for x
=P Z> §30=640 IM+IA | IM for standardization o A
40 : =(1.4s-1,645(;), 1.45+1.64 —} IM+1A | 1A for 1.645
N V40 Jao
Pz 1.25) ~(1.3460, 1.5540) 1A rt. (1.3460, 1.5540)
= > -1
=0.54+P(0<Z<1.25) M (ii) Let n be the sample size.
=0.5+0.3944 04 ’
¢ 2(2.17 <03 IM+IA |1 217
=0.8944 1A ( 7;] A for
. n233.48551111
[O)] Thus, the least sample size is 34 . 1A
-------- )
(b) (i)  Therequired probability
=P(Z>z-1.48) M
0.4
=P(Z>13)
=0.5-0.4032
=0.0968 1A
(ii)  The required probability
91— 8 2
= G (1”0'09]658) (0'0968)“ IM+IM+EM | 1M forusing (9Xi) + IM for numerstor
1-(1-0.0968)" —C}°(1-0.0968)"°(0.0968)
i + 1M for deneminator
~00861 14 |re 00861
~-m(6)
(a) (1) Very good. Most candidates were able to find the confidence interval correctly.
(ii) Very good. A few candidates wrongly used the sampie mean obtained in (2)(i) to find the
width of the interval concerned.
(b) (i) Very good. About 80% of the candidates were able to find the required probability.
(ii) Good. Many candidates were able to find the required conditional probability.
Marking 11.5 Marking 11.6
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DSE Mathematics Module 1 11. Point and Interval Estimation DSE Mathematics Module 1 11. Point and Interval Estimation
11. (2015 DSE-MATH-M1 Q9) 12; (2014 DSE-MATH-M1 Q12)
(@) (i)  The sample mean (@) P(u-3.55X5u+3.5)=05160 1A
=68.64 km/h
1a P(Oszs£)=0.2580
o
A 95% confidence interval for 35
2207
= 16 16 i
—[68.64—196(@], 68.64+1.96(———,2_5]] IM+1A | 1A for 1.96 c=5 1A
=(62.368,74.912) 1A P(X >25)=02743 1A
- 25-p)_
(i) Let n be the sample size. P(O <Z< o ]_ 02257
16 25-p
2(2'24)[WJ <9 IM+1A | 1A for2.24 5 -0
n>6343237531 p=2 1A
Thus, the least sample size is 64 . 1A “)
Y )
(b) ) The required probability
90 -66 5
=p(z>T] M ) PUX>hs— 1A
=P(Z>15) P(o<2<ﬂ)z 0.475
=0.5-0.4332 3
=0.0668 1A ";52—2- 2196 M
(i)  The required probability k2318
Hence the minimum integral value of k is 32. 1A
v=170—0A0653)” - C12(1-0.0668)"" (0.0668) ~ C}? (1-0.0668)'2(0.0668)] IM+1M | 1M forusing (b)) + IM for binomisl probabifity o ’
%0.041574551 [©)]
~0.0416 1A rt. 0.0416
--------- )
o Sampl _22+15+-424
@) () Very good. Most candidates were able to use the correct formula to find the confidence © () Samplemean= )
interval while a few candidates treated 16 as the variance rather than the standard deviation -1 1A
of the given distribution. A 90% confidence interval
47 47
(in) Very good. A few candidates wrongly used the sample mean in (a)() to find the width of the = (21 —1.645% 5 21+1.645 Xﬁ} M
interval concerned.
~(18.7681, 23.2319) 1A
(b) (i) Very good. Most candidates were able to perform standardization and find the required
probability. _
(i) Let Y be the mean delivery time of the 7 orders. Alternative Solution
(if) Very good. Most candidates were able to formulate the required probability form while a P(O-3<7 <6+3)>0.99 [F- 2575x AL 7 a2.575% 447}
few candidates used wrong probabilities in substitution. T e
P[ :f <zZ< f, ]>o.99 ™M S(F-3,7-3)
In U
3 4.7
E>2'575 M ..2.575Xﬁ <3
n>16.27450069
Hence the minimum value of » is 17. 1A
6)

(3 Satisfactory.
Some candidates found the value of P(u— 1.75 X<+ 1.75) instead of
P(#-35sX<su+3.5).

® Fair.
Some candidates got inequalities in k with incorrect direction of sign.
(©). () | Good.
Few candidates used the sample standard deviation in the calculation.
(ii) | Poor.

Some candidates wrongly treated 21 as the mean of ¥
Some candidates thought that the length of the confidence interval was 3.
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13. (2013 DSE-MATH-M1 Q12)

11. Point and Interval Estimation

DSE Mathematics Module 1

11. Point and Interval Estimation

@ () 2%1.96x—Z =5.044-4.506 M 14, (2012 DSE-MATH-MI Q12)
Jag
o =08 1a (@ (i) The sample mean = 2—4-16—”9
=51.5625 1A
(i) The mean of the sample = 4.596 +5.044 A 90% confidence interval
=482 1A w(51.5625—1.645><—9—,5145625+l.645x—9~ 1IM+1A
Ji6 Ji6
3) =(47.86125, 55.26375) 1A OR (47.8613,55.2638)
(i) Let n be the sample size.
9
(b) The combined sample mean = 3;8&“12__'95:"35-8*& M o 2(] 645 :j—_;) <6 M
= 483875 1A OR 4.8388 n>24.354225 : 1A
A 95% confidence interval for g Hence, the least sample size is 25 . 1A
0.8 0.8 '
~|4.83875—2,575x —=, 4.83875+2.575 x —= M
( Vet Jaz} @
=(4.58125, 5.09625) 1A OR (4.5813,5.0963)
)
(®) () P(atourist waits for more than 65 minutes)
=P(z>65~—51.5) M
9
=P(Z >1.5)
0.0668 1A
chol iy R
(c) Let X be the cholesterol level of a randomly selected adult. P(less than 2 coupons are sent tothe first 10 tourists interviewed)
@ Pllow) = P(X <5.2) ~(1-0.0668)° + C}° (1 -0.0668)° (0.0668) M
- 0.8594 1A
=P(255'2 4.8) o
0.8
=P(Z<0.5)
~ 06913 1A (i) P(the Sth coupon is sent to the 20th tourist interviewed)
~CY (1-0.0668)"*(0.0668)* . 0.0668 M
(if) P(high) =P(X 26.2) ~0.0018 1A
- p( Z> il:‘i-ﬁ)
0.8 ©6)
=P(Z21.75)
=~0.0401 . 1A (@) (i) | Good. However, some candidates used the standard deviation of the sample instead of the
Plmedium) = 1-0.6915—0.0401 {Jizfixtxsl.auon, used values other than 1.645, or interchanged the upper and lower confidence
=0.2684 1A (if) | Fair. Besides mistakes similar to (i), many candidates did not write the width of the
. X . confidence interval correctly or failed to solve inequalities.
P ("“:‘:‘ than {7 :d‘”;s with low level and at least 1 :’d““ w’;h medium level) (®) (i) | Good. Most candidates were able to express the probability of the mentioned event, but,
= Cjy (0.6915)*[C(0.2684)(0.0401) + (0.2684)° 1+ CI§ (0.6915)°(0.2684)| 1M some failed in the standardisation of normal distributions.
~0.0281 1A (i) | Satisfactory. Binomial cocfficients were omitted or written wrongly by some candidates.
)
w Good. S te Z T tnstond of e, ns e sttt dSVISHOR S
OO.AOme\\TOCE Ol‘ﬁ; instead of 74—9‘ as the standa ‘1atn 0l
sample mean,
(b) Poor. Many candidates tried to use the standard deviation of the combined sample insteac
of that of the population. Some thought that the mean of the combined sample would be
4.82+49
—
(c) (I) Fair. Some candidates assigned wrong valuesto x and o.
(if) Poor. Some candidates missed out the factor C7*  in calculating the probability required.
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15.
(@)

(b)

©

(PP DSE-MATH-M1 Q12)

' — S —— N BB

—

1. Point and Interval Estimation

The estimate of the mean = 0xGt 4 7x4
100
=321 1A
()]
(i) The sample proportion of school days with less than 4 visits =% 1A
(i) An approximate 95% confidence interval for the proportion
~l057-1.96 !0,57x0443 057 +1.96 /0.57 x0.43 M
100 100
=(0.4730, 0.6670) 1A
3)
(i) By(a), 2=321.
2 g3
P(crowded on a day) =1 —e"“‘z‘(l +3.2[+i%3—+ 3;1 ) M For Poisson probability
=(.399705729
=.3997 1A
(i) Plcrowded on alternate days | crowded on at least 2 days) o
3¢ 3 3 3 or numerator
_ (0.399705729)° (1 0.3997(15729) +(1-0.399705729)" (0.399705729) MeiMetM 1M for denominator
1-(1-0.399705729)" - 5(1-0.399705729)* (0.399705729) 1M for binomial prohability
= 0.0869 1A
(©)
7
@ B - OB ERUB MR 2

&) RAF -

)| e ARG B E A EEER AR -
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16.

(@)

(b)

©

(SAMPLE DSE-MATH-M1 Q14)

— T t t t

r ==

11. Point and Interval Estimation

(i) Anunbiased estimate for x4 is 18.6. 1A
(ii) The 95% confidence interval for x
= 18.6—1.96i§,l8‘6+1.96£) M
Vo %
=(15.66, 21.54) A
3)
Let X bethe sample mean of the BMI values of 25 children aged 12, then
_ 2
F-af1s7, 452 "
25 J
The required probability
=P(X <17.8)
17.8~18.7
=P Z<———=— IM+IM
( 451425 )
=P(Z <-1)
=0.5-0.3413
=0.1587 1A
4)
(i) Let X be the BMI values of the children aged 12, then X ~ N(18.7, 4.52)
The required probability
=P(X >25)
—P(Z>25 18'7) M
=P(Z>14)
=0.5-0.4192
=0.0808 1A
(ii) The required probabitity
=(1-0.0808) + §C;(1-0.0808) (0.0808) IM+IM
=~ 0.868062354
~0.8681 1A
(iii) The required probability
__9C;(1-0.0808)°(0.0808) x (0.0808) MM
(1-0.0808)% +5 C, (1 - 0.0808)7 (0.0808)
=~ (.034498041
=~ 0.0345 1A
Alternative solution
The required probability
_ (1-0.0808)° x (0.0808)>+5 C; (1 - 0.0808)" (0.0808)x (1 - 0.0808)(0.0808) | |\ 0
(1-0.0808)% +5 C, (1~ 0.0808)” (0.0808)
~ 0.034498041
~ 0.0345 1A
)
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IM for ¥+z.5

1M for standardization
IM for =

Vn

For standardization

1M for 2 cases
1M for binomial prob

IM for numerator
1M for denominator using

(e)ii)

{M for numerator
1M for denominator using

(e)(ii)



