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Multiple Choice 
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2 D) The converse of "If A then B" is "If B then A"
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1
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or they do not intersect.
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2

ies all 3 equations, the 2 lines are
the same

6 B) SHM must satisfy equations in
the form cos( ) sin( )  are SHM.
In (B), sin 4 4cos 2 2sin 2 cos 2 4cos 2

2cos 2 sin 2 2  cannot be conv
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erted to the form
stated above. 

7 A) in (B),  can be more or less than the principal

range, in (C), 2 ,  in (D), arctan ,
2 2

 less than the principal range (A) is correct.

8 D) ( 1)
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, 1 ( 1)

If 4 1 then ( 1) 4( 1) 4

0 3 8 3 2 3. This circle has centre 
4 1, . Rejected, as it does not match given diagram.
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If 1 4  then ( 1) 4 4( 1)
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The shaded region is outside this circle, LHS RHS
(D)

9 D) 0, 0 (from diagram, tangent to the curve 0) 
and 0 (since particle is slowing down)
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10 B) If A, B and C lie on a sphere of centre at O then
. Let it be .

Then cos 1, cos 2,  and
cos 3,  letting , ,  be the corresponding

angles.
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As long as 3,  the 3 equations above have real
solutions.
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Question 11 

( )

2 2 2 2 2 2

3 9 4 4 3 7 3 7(a) 
2 2 2 2

1 1 2 4 ( 3) 2(b) cos
1 2 3 1 4 2

1
14 21

87  to the nearest degree.
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Question 12 

( )

2 2

2

2 2

2 2 2

(a) Assume 23 is rational, 23 ,  where ,

and  and  have no common factors. (1)
23

 is divisible by 23, i.e.  is divisible by 23. Let 23

23 23

23 ,  i.e.  is divisible by 23, i.
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e.  is divisible by 
23, i.e.  and  have a common factor of 23. (2)

From (1) and (2), 23 is irrational
(b) ( ) 0

2
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q
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2
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(e) (i) because all coefficients are real.

(ii) 2 2 ( 2) 1 4 5.

3 30 4 5 ( ).
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Question 13 

2 2 2
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1 4 2 3
2 5 4 9 ( 2)

25 4 3sin
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(b) (i) Let ( ) 2 3, ( ) 2 2 0 for 1.
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(ii) Let 3,  LHS 8,  RHS 9 2 7.
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Question 14 
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( ) ( )( )
( ) ( )( )
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Question 15 

( )

1

2

2
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0
0

2
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0
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2
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2

(a) (i) Let sin , sin ,
( 1)sin cos  and cos .

cos sin ( 1) sin cos

( 1) sin 1 sin

( 1) sin ( 1) sin

( 1) ( 1) .
(

n
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n
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u x dv x dx
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2
0

2
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2
0

1) .
1 .

(ii) Let sin , 2sin cos .

When 0, 0. When 1, .
2

sin 1 sin 2sin cos

2 sin cos
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2

1 sin 2
2
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n

n n

nn
n

n n

n
n

n
n
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When , ; 0, 0.
2

1 1 sin
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1 sin ,  since the curve sin  is symmetrical
2

about the line ,  for 0 , sin 2 sin
2

1(iii) 
2

1 (2 1) 1 ,  from 
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+ ∫
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2( 1)
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2
2 1

0
2

12

1

1 2 2 ,  from part (ii), making
2 12

sin  the subject, then changing  to 1.

1 2 2
2 1 42

.
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(b) (i) 
1 1
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n
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n
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−
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+

= + +

= + + +

=
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( )
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1
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(ii) RHS 4

2

2

2

3

b c c d

b c d

LP MQ NR

b c d b c d b c d

b c d b c b d c d

b c d b c b d c d

b c d b c b d c d

b c
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= + +

= − + + + − + + + −

= + + + − ⋅ − ⋅ + ⋅
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2

2 2 2 2 2

2 2 2 2

2 2 2 2 2 2

2 2 2 2 2 2

2

2

2 2

LHS.

d b c b d c d

b c d b c b c

b d b d c d c d
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− ⋅ + ⋅ + ⋅

= + + + + − ⋅
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(c) Students should know that when a particle rotates round
a cylinder of radius , from one end to the other, then its 
parametric equations could be

sin
cos  

Thus, the parametric equatio

r

x r nt
y r nt

z t

=
 =
 =

( )
( )

2

2

ns for the curve  could be

( ) 9 sin

( ) 9 cos
( ) , 3 3

as they satisfy the points (0,0, 3) and (0,0,3).

x t t t

y t t t
z t t t

π

π

 = −
 = −
 = − ≤ ≤

−



 

Note:
The diagram below is drawn by Mathematica, showing in red
the above parametric equations
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Question 16 
3 2 3

3 2

2

2
3

2 2 2

2

(a) (i) 1, 1 0.
But 1 ( 1)(1 )

1 0,  since 1.

(ii)  rot. 120

( )
( )
(1 ) 0

0,  since 1 , 1
0

(ii) If the direction

i

i

w e w
w w w w
w w w

BC CA

c b e a c
c b w a c

c w bw a
cw bw a w w w w
a bw cw

π

π

= = ∴ − =

− = − + +

∴ + + = ≠

° =

− = −
− = −
+ − − =

− − − = + + ∴ + = −

∴ + + =

 

( )
( )
( )

2 2

22 2 2 2 2 4 3

22 2 2 2 2

22 2 2 2 2

2 2 2 2

 is not important, the result above
can be written as 0 and 0.

2 ,noting .

2

2

Adding the above 3 lines

b cw aw c aw bw

a bw cw b w c w bc w w w w

b cw aw c w a w ac

c aw bw a w b w ab

a b c a

+ + = + + =

= + = + + = =

= + = + +

= + = + +

+ + = ( )( ) ( )
( ) ( )

( ) ( )

2 2 2

2 2 2 2 2 2

2 2 2

2 2 2

2

2

2

2 2

.
(b) (i) Let ( ) ln ,  for 0

1( ) 1 0 when 1, 1

1( ) 0, (1,1) is a minimum point.

( ) 1.
( ) 0

l

b c w w ab ac bc

a b c a b c ab ac bc

a b c ab ac bc

a b c ab ac bc
f x x x x

f x x y
x

f x
x

f x
f x
x

+ + + + + +

+ + = − + + + + +

+ + = + +

∴ + + = + +
= − >

′ = − = = =

′′ = > ∴

∴ ≥
∴ >
∴ > n .x

 

( )

(ii) 1 ln1
2 ln 2
3 ln 3
...

ln
1 2 3 ... ln 1 2 3 ...

n n
n n

>
>
>

>

∴ + + + + > × × × ×

 

2

2

2

( 1) ln( !)
2

( 1) 2 ln( !) ln( !)

( !) .n n

n n n

n n n n
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+
>

+ > =

∴ >
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( )

(c) 1, 1.

Let 

cis( ),  as ,  letting Arg
2

cos sin .
Since  lies in the 2nd quadrant,sin 0,cos 0.

For  to lie in the 2nd quadrant, sin 0, cos 0
0 (since 

zw z
w

xz yw wu x y
z z

zx y
w

x y iy

u y x y
y

πθ θ π θ

θ θ
θ θ θ

θ θ

= = ∴ =

+
= = +

= + − < < =

= + −

∴ > <
− > + <

∴ < sin 0) (1)
and because cos 0,  in order for cos 0,  
we must have cos ,  where cos 0

(2)
cos

The region is the area below the line  and above
1the line ,  but due to cos 0,  this l

cos

y x y
x y

xy

y x

y x

θ
θ θ

θ θ

θ

θ
θ

>
> + <

< − <
−

∴ >

∴ =

= − < ine has

positive gradient.

 
 
 
 
 
 x 

y 1
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θ

−
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