Section A (62 marks)

Answer ALL questions in this section.
1.
Find
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 from first principle.

(3 marks)
2.
If the equation 
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 has two unequal real roots, 


find the possible range of values of k.

(3 marks)

3.
Solve the inequality
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4.
Find
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(3 marks)
5.
Find the constant term in the expansion of


[image: image5.wmf]64

11

()()

xx

xx

+-


(4 marks)

6.
(a)
Find the value of 
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 that 
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(b)
Hence, or otherwise, solve 
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 for 
[image: image10.wmf]02

qp

££

.
(5 marks)
7.
(a)
Show that 
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(b)
Find the equation of normal to the curve 
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(5 marks)
8.
(a)
Given that 
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Find 
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 in terms of 
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(b)
Hence, or otherwise, show that
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 (5 marks)

9.
By using Mathematical Induction, or otherwise, show that
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 is divisible by 2


for all positive integers n.

(6 marks) 
10.
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Figure 1 show the graph 
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:
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. A is the x-intercept of 
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C

 and 
B is intersection point of 
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 and the line 
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(a)
Find the coordinates of A and B.


(b)
Find the area of the shaded region bounded by 
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, 
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 and 




the x-axis.

(6 marks)
11.
(a)
Prove that 
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(b)
Find the general solution of the equation
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(6 marks)
12.
(a)
A is a point with distance 2 from the origin in the first quadrant. If 
[image: image29.wmf]q

 


represents the angle between A and the x-axis, find the coordinate of A 


in terms of 
[image: image30.wmf]q

.

(b)
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 is a point on the first quadrant.



Find the distance of AB in terms of 
[image: image32.wmf]q

.

(6 marks)
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13.


As shown in figure 2, some bacteria is carrying out binary fission and its 
occupied area is increasing. Some penicillin was dropped into the bacteria.


Initially, the bacteria and penicillin occupied an area with radius 8 cm and 2 cm 
respectively.  The center of bacteria and center of penicillin is 4 cm apart.


Let the radius of the bacteria be q cm and penicillin be p cm as time varies. 
Given that the area of bacteria is increasing at a rate 
[image: image33.wmf]21

2 cm s

q

-

 and the area of 
penicillin is increasing at a rate 
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(a)
Find 
[image: image35.wmf] and 
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.

(2 marks)


(b)
Find the time required for the penicillin to kill all the bacteria.

(5 marks)

Section B (48 marks)

Answer any FOUR questions in this section. Each question carries 12 marks.

14.
Methane (CH4), a simple organic compound, is made up of one central carbon atom and four hydrogen atoms.
[image: image100.png]



In order to minimize the repulsion force between the hydrogen atoms, methane molecules form a regular tetrahedral structure so the distance between any two hydrogen atoms is the longest.


The line H1C is projected onto the plane 
[image: image36.wmf]234
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 to give the point C’. The line H2C’ is elongated to meet the line H3H4 at M. (see figure 3)
[image: image101.png]



Let the distance between two neighboring hydrogen atoms be x.


(a)
(i)
Express H1M
and H2M in terms of x.



(ii)
Hence, or otherwise, find 
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 and 
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(iii)
Show that 
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 (5 marks)


Let the distance and angle between each hydrogen atom and the central carbon be 
[image: image40.wmf]r

 and 
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 respectively, where 
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 (see figure 4)

(b)
(i)
Express x in terms of 
[image: image44.wmf]r

 and 
[image: image45.wmf]q

.



(ii)
Using the above results, show that
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and hence solve the value of 
[image: image47.wmf]q

.

(5 marks)

(c)
If all hydrogen atoms are replaced by chlorine atoms (CCl4), will the bond angle 
[image: image48.wmf]q

 of the molecule be changed? Explain your answer.

 (2 marks)
15.
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Figure 5 shows a semi-circle C1 with radius r. A is the x-intercept of C1. C2 is a semi-circle centered at A with radius half of C1.

(a)
(i)
Show that the equation of C2 is
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(ii)
Find the equation of the locus of the intersection point of C1 and 

C2 as r varies.

(4 marks)


(b)
Show that the volume of the solid generated by revolving the shaded 
region on figure 5 about the x-axis is
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(4 marks)
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Infinitely many circles are produced with centre positioning at the 
x-intercept of the previous circle and radius half of the previous one.


(c)
Evaluate the volume of the solid generated by revolving the bounded 


region of all the circles about the x-axis.

(4 marks)
16.



Figure 7 shows four identical circles 
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 with centers at 
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The circles 
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 are now slipping on the upper surface of 
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 and 
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. 
During slipping, 
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 makes an angle 
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 with the horizontal line 
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(a)
Without explanation, determinate the possible range of 
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 such that 
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and 
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 are in touch without overlapping.

(2 marks)


(b)
(i)
Show that the ratio of the shaded area to the area of 
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(ii)
Find the corresponding value(s) of 
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 such that R is minimum.



(iii)
Find the maximum packing efficiency of the circles.

(7 marks)


(c)
Given that 
[image: image79.wmf]q

 is changing at a rate 
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slipping on 
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 and 
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. Find the rate of change of the position of 
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(3 marks)
17.
(a)
(i)
Show that 
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(2 marks)


A semi-circle ABC is attached to
[image: image88.wmf]BCD

D

. Let AO be the radius r cm and CD 
be x cm. It is given that AB = BC and the area of 
[image: image89.wmf]2

ABCBCD cm

a
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.


Now, the semi circle rotates anti-clockwise at the fixed center O, producing 
an angle y to the straight line OD. A straight line is projected by BC to cut 
OD 
at P. (see figure 8)
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(b)
(i)
Show that 
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(ii)
Hence, or otherwise, show that 
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(8 marks)


(c)
A student guesses that BD will attain its maximum value when x is 



maximum. Do you agree with him? Explain your answer.

(2 marks)

18.
.



Figure 10 shows a cannon Q1 with height 2m is inclined 
[image: image93.wmf]45
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 to the horizon. A bomb is shot and reached a maximum height 
[image: image94.wmf]2.25m

. Let the locus of the bomb be C1 and the tangent to C1 when the bomb is just shot be l1. Given that C1 is a quadratic equation.

(a)
Let the shooting position of the bomb be (0,2), where the shooting position of the bomb is 2m above the ground. Find the equation representing l1 and hence show that the equation of C1 is
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(5 marks)

(b)
Another cannon Q2 which is identical to Q1 with same height and inclined angle is placed on a cliff of (8k-2)m above the ground. The two cannons face each other and the horizontal distance between them is 5m.


(i)
Show that the equation of C2 is 
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(ii)
Hence, or otherwise, show that the locus of the intersection points of the two bombs can be written as
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(5 marks)

(c)
If the two bombs can collide with each other, find the possible range of the height of the cliff.

(2 marks)
Figure 3
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