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Section A (50 marks)

1. Air is leaking from a spherical balloon at a constant rate of 100¢m?® per second. Find the rate of change of the

radius of the balloon at the instant when the radius is 10cm .

0 3 marks
dv - o
= 100w’ ¢
V= L yd

N 3

oV - L

T = Y4 Ty

dv {

Y . o O

Yy 2
dv - I
- VAV A Qu——
d& V=10 L 7ot
— \K

LT

-1

— =05 072% om

Answers written in the margins will not be marked.

2014-DSE-MATH-EP(M1)-2

Answers written in the margins will not be marked.



Answers written in the margins will not be marked.

X
,where x>1.

X
2. Let f(x)=
(2x+13)°

(a) By considering Inf(x) , find f'(x) .

(b) Show that f(x) isincreasingfor x>1.
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3
3. The slope of the tangent to a curve S at any point (x, y) on S is given by % = (Zx—l] ,where x>0 .
x

Apoint P(1,5) lieson §.

(a) Find the equation of the tangent to S at P.

3
(b) (i) Expand (Zx—lJ .

x
(ii) Find the equation of S for x>0 .

(7 marks)
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4. Evaluate the following definite integrals:

3
(@) jl
+3vt+9

3 t2
(b) I dr .
i 2 +4r+11

1+2

dr |
2 +4r+11

[Note: For definite integrals, answers obtained by using numerical integration functions in calculators are not

accepted. ] (6 marks)
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5. The government of a country is going to announce a new immigration policy which will last for 3 years. At the
moment of the announcement, the population of the country is 8 million. After the announcement, the rate of

change of the population can be modelled by

K=o

2
b _ 9! (0<r<3),
dt 3

X=1

where x is the population (in million) of the country and ¢ is the time (in years) which has elapsed since the

announcement. Find x interms of ¢.

dx £ Jog

(5 marks)
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6. Let X be adiscrete random variable with probability function as shown in the following table.

X k 0 4 6
P(X =x) 0.1 02 0.3 0.4

It is given that E(X)=3.4 .
(a) Find the value of %.
(b) Find Var(3-4X) .

(¢) Let G betheeventthat X <4 and H betheeventthat X >2-1. Find P(GNH) .

(5 marks)
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7. Let A and B be two events such that P(4|B)=0.4 , P(4UB)=045 and P(B)=0.75, where B’ isthe

complementary event of B.
(a) Find P(4nB) and P(4).

(b) Areevents A and B independent? Justify your answer.
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8. A company produces microwave ovens by production lines 4 and B. Itis known that 4% of all microwave
ovens fail to function properly and that 2% of microwave ovens produced by line A fail to function properly.
e, W ——

Among the microwave ovens which function properly, % 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?
Ve \____

(b) What is the probability that the microwave oven is produced by line 4 ?

(c) Ifthe microwave oven is produced by line B, what is the probability that it functions properly?
(5 marks)

(% ?( ‘L‘L hicrowse Oven 1S \7\0&»@ b\/ e B ound

Tunching \}vo?@rl{ \

[ \\__.@0.%\
— \x) U7

(5) v C et Oven- U6 Produad b\( (H\LA/)

T O ‘qb X\_\'; no - -

0%

— 0.%2 b5

) V[ futo oy | probd by i

(0.9%) (5 )

Answers written in the margins will not be marked.

[/

L= 03769306

— 0 9505

Answers written in the margins will not be marked.

2014-DSE-MATH-EP(M1)-12 12



"PINIRUIL 3 10U (1M SUISIBW Y] Ul USYLIM SIOMSUY

"PINIBW 9q 10U [[IM SUISIEW JY) UI USHILIM SIOMSUY

Answers written in the margins will not be marked.

| Goon to the next page>

13

2014-DSE-MATH-EP(M1)-13



Answers written in the margins will not be marked.

9.  The manager of a fitness centre wants to promote aerobic classes.

(a) 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 proportlon of Hong Kong residents who had takefipart in aerobic classes. Find
an approximate 95% confidence interval for p .
(Ab
(b) The manager wants to randomly select_n 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 be modelled by a normal distribution with mean 0.85 and

variance 0851-085) . Find the maximum number of » such that the probability that more than 100

n
invited residents will show up is less than 0.05 .

(7 marks)
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Section B (50 marks)

10. (a) (i) Find —d—(ve‘”).
dv

(ii) Using (a)(i), or otherwise, show that Ive“’dv =—-¢ ' (1+v)+C , where C is aconstant.

(b)

Figure 1

(3 marks)

Figure 1 shows a shaded region bounded by the curve y = Inx ,the line x=2 and the x-axis. Using a

x2

suitable substitution and the result of (a), show that the area of the shaded region is ! —;n 2 .

d?> (Inx

(ii) Using (b) and (c)(i), show that
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11. Let y be the amount (in suitable units) of suspended particulate in a laboratory. It is given that

340

— (r20),
2+e =27 (=0

(E): y=

where ¢ is the time (in hours) which has elapsed since an experiment started.

(a) Will the value of y exceed 171 in the long run? Justify your answer.
(2 marks)

(b) Find the greatest value and least value of y .
(6 marks)

~t

(c) (i) Rewrite (E) as a quadratic equation in ¢

(i) It is known that the amounts of suspended particulate are the same at the time =@ and 1=3-a .
Giventhat 0<a<3-a ,find o .
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12. The delivery time X (in minutes) of an order received by a pizza restaurant follows a normal distribution with
mean 4 and standard deviation o . Itis 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 u .

(a)

(b

(c)

N

Find 4 and o .
(4 marks)

[f the delivery time of an order is longer than 4 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)

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 .

(i) Manager A 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 € .

(if) Manager B is going to draw another random sample of » orders. He requires that the probability that
the mean delivery time of the » orders falls within 3 minutes of 8 be greater than 0.99 . Find the

minimum value of » to meet his requirement.
(6 marks)
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13. 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) Aday 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.
(ii) Find the probability that the last day of a week is the third bad day in that week.

(iii) Find the probability that there are at least 4 consecutive bad days in a week.
(7 marks)
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Standard Normal Distribution Table

z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09

0.0 | .0000 .0040 .0080 .0120 .0160 .0199 .0239 .0279 .0319 .0359
0.1 0398 .0438 .0478 .0517 .0557 .0596 .0636 .0675 .0714 .0753
0.2 | .0793 .0832 .0871 .0910 .0948 .0987 .1026 .1064 .1103 .1141
03 A179 1217 0 1255 1293 1331 1368  .1406  .1443  .1480 .1517
04 | .1554 1591 1628 .1664 .1700 .1736 .1772 .1808 .1844 .1879

0.5 | .1915 .1950 .1985 2019 .2054 2088 2123 2157 .2190 2224
0.6 | .2257 .2291 .2324 2357 2389 2422 2454 2486 2517 2549
0.7 | 2580 .2611 2642 2673 2704 2734 2764 2794 2823 2852
0.8 | .2881 2910 .2939 2967 .2995 3023 3051 .3078 3106 3133
0.9 | 3159 3186 .3212 3238 3264 3289 .3315 3340 3365 .3389

1.0 | 3413 3438 3461 3485 3508 .3531 3554 3577 3599 3621
1.1 3643 3665 3686 3708 3729 3749 3770 3790 3810 3830
1.2 | 3840 3869 3888 3907 .3925 3944 3962 3980 .3997 4015
1.3 4032 4049 4066 4082 4099 4115 4131 4147 4162 4177
1.4 | 4192 4207 4222 4236 4251 4265 4279 4292 4306 4319

1.5 4332 4345 4357 4370 4382 4394 4406 4418 4429  444]
1.6 | 4452 4463 4474 4484 4495 4505 4515 4525 4535 4545
1.7 4554 4564 4573 4582 4591 4599 4608 4616 4625 4633
1.8 4641 4649 4656 4664 4671 4678 4686 4693 4699 4706
1.9 | 4713 4719 4726 4732 4738 4744 4750 4756 4761 4767

20 | 4772 4778 4783 4788 4793 4798 4803 4808 4812 4817
2.1 4821 4826 4830 4834 4838 4842 4846 4850 4854 4857
22 | 4861 4864 4868 4871 4875 4878 4881 4884 4887  .4890
23 4893 4896 4898 4901 4904 4906 4909 4911 4913 4916
24 4918 4920 4922 4925 4927 4929 4931 4932 4934 4936

2.5 4938 4940 4941 4943 4945 4946 4948 4949 4951 4952
2.6 | 4953 4955 4956 4957 4959 4960 4961 4962 4963 4964
27 | 4965 4966 4967 4968 4969 4970 4971 4972 4973 4974
2.8 | 4974 4975 4976 4977 4977 4978 4979 4979 4980 4981
29 | 4981 4982 4982 4983 4984 4984 4985 4985 4986 .4986

3.0 | 4987 4987 4987 4988 4988 4989 4989 4989 4990  .4990
3.1 4990 4991 4991 4991 4992 4992 4992 4992 4993 4993
32 | 4993 4993 4994 4994 4994 4994 4994 4995 4995 4995
33 | 4995 4995 4995 4996 4996 4996 4996 4996 .4996  .4997
34 | 4997 4997 4997 4997 4997 4997 4997 4997 4997 4998

3.5 | 4998 4998 4998 4998 4998 4998 4998 4998 4998 4998

.

Note:  An entry in the table is the area under the standard normal curve between x=0 and
x=z (z20) . Areas for negative values of z can be obtained by symmetry.

2
—X

e 2 dx

A= ) N
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Comments

The candidate demonstrates comprehensive knowledge and understanding of the concepts
underpinning calculus and statistics in the curriculum by applying them successfully at a
sophisticated level to a wide range of unfamiliar situations, such as in Questions 1, 2, 4(a), 6, 7, 8,
10(a), 10(b), 11(a), 11(b), 12(a), 12(c), 13(a) and 13(b).

He/She communicates and expresses views and arguments precisely and logically using
mathematical language, notations, tables, diagrams and graphs. Typical examples are his/her
solutions in Questions 2(b), 7(b), 11(b) and 12(c).

He/She formulates mathematical models successfully in complex situations, employs
appropriate strategies to arrive at a complete solution, and evaluates the significance and
reasonableness of results obtained, as in Questions 1, 4, 9(a), 10(b) and 13(c)(ii).

It can be concluded that the candidate has the ability to integrate knowledge and skills from

different areas of the curriculum in handling complex tasks using a variety of strategies.






