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Level of accuracy: If a question specifies how many decimal places or significant 
figures are required, there is a mark for this. Otherwise accept any reasonable level of 
accuracy and alternative form. 
 
Error carried forward: Where numerical errors have been made, students lose a 
mark/marks at that stage but may be awarded marks for using correct methods 
subsequently if the student demonstrates basic understanding. 
 
Section A 
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A3 
 
 
 
 
 
 
 Let the tensions in the strings be S  and T  respectively. 
 Resolving horizontally: °=° 50cos25cos TS . 1 
 Resolving vertically: g450sin25sin =°+° TS  1 

 So g4
50cos

50sin25cos25sin =
°

°°
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A4 The integrating factor is xx 2d2
ee −−

=∫  1 
 Multiplying through by this we get 

 xxx y
x
y ee2

d
de 22 =− −−  

 ( ) xx y
x

ee
d
d 2 =−  1 

 Integrating this: cy xx +=− ee 2  where c  is a constant 1 
 So xx cy 23 ee +=  1 
 From the initial condition 3,14 =+= cc  
 Final solution is xxy 23 e3e +=  1 
 
A5(i) A vector perpendicular to Π  is kji +− 53  
 so the parametric equation of l  is ( )kjijir +−+−= 5377 t  1 
(ii) Substituting in the equation of Π , 
 ( ) ( ) ( ) 014575373 =++−−−+ ttt  
 ( ) 01435211259 =+++++ t  
 07035 =+t  
 2−=t   1 
 The point B  has position vector kji 23 −+  1 

(iii) The vector AB  is ( ) kjijikji 21067723 −+−=−−−+  1 
 So the distance AB  is 8.11140410036 ≈=++  1 
 
A6 Using the usual notation for simple harmonic motion: 
 ( )2222 xav −= ω  and xx 2ω−=&& , 
 the maximum speed occurs when 0=x , so 2227 aω= . 1 
 and the maximum acceleration occurs when ax −= , 
 and so a215 ω= . 1 

 Then the amplitude 27.3
15
49

15
72

2

22

≈===
a
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ω
ω m. 1 

 The frequency 
7
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==
a
a

ω
ωω . 1 

 The period is 93.2
15
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π
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π s. 1 

 
A7 xy x cose2=  so when 0=x , 1=y  1 

 xx
x
y xx sinecose2

d
d 22 −=  so when 0=x , 2

d
d

=
x
y  1 

 xxxx
x
y xxxx cosesine2sine2cose4

d
d 2222

2

2

−−−=  so when 0=x , 3
d
d

2

2

=
x
y  2 

 The Maclaurin series is therefore K+++ 2

2
321 xx  1 
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A8 φcosh3=x  so φ
φ

sinh3
d
d

=
x  and φsinh5=y  so φ

φ
cosh5d

=
d
y  1 

 At the point P  ( )
4
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x
y  1 

 So the equation of the tangent is ⎟
⎠
⎞

⎜
⎝
⎛ −=−

4
15

9
25

4
15 xy  1 

 Alternative equation: 60925 =− yx  
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Section B 
 

B1(i) 
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(ii) maF = , so xa 5sin43 −=  1 
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⎠
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2
1 2  1 

 When 0=x , 3=v , so 
30

133
15
1

2
9

15
1

2
9

=−=+= cc  1 

 ( )
15
1335cos20

15
22 ++= xxv  1 

 When 3=x , ( ) 09.40946.4
15
13315cos60

15
2

≈=++=v ms–1 2 

 
(iii) Before the collision the momentum is v3 . 1 
 After the collision the momentum is ( ) vv ′=′+ 1073  1 
 By conservation of momentum vv ′=103  1 

 So after the collision 23.1
10
3

≈=′ vv ms–1. 1 
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B2(i) Taking the x -axis as lying up the plane and the y -axis perpendicular to the 
plane, and letting the density of the lamina be ρ kgm–2, the mass of the larger 
rectangle is ρ24.0  and that of the smaller rectangle is ρ08.0 . 2 

 Thus the centre of gravity of the lamina is ( )yxG ,= , where 

 3.0
08.024.0

6.008.02.024.0
=

+
×+×

=
ρρ
ρρx m M1A1 

 35.0
08.024.0

5.008.03.024.0
=

+
×+×

=
ρρ
ρρy m M1A1 

 
(ii) The critical position for equilibrium is when G  lies directly above P . 1 

 Then °=⎟
⎠
⎞

⎜
⎝
⎛=⎟
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⎞
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⎝
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⎝

⎛
=∠= −−− 6.40

7
6tan

35.0
3.0tantan 111

y
xGPUθ  M1A1 

 
(iii) Diagram 1 
 
 
 
 
 
 
 
 
 
 
 
 At critical friction: 
 Resolving parallel to the plane: θρμ sin32.0 gFR ==  1 
 Resolving perpendicular to the plane: θρ cos32.0 gR =  1 

 μθ ==
R
Ftan , so ( ) °=== −− 0.429.0tantan 11 μθ  M1A1 

(iv) It will topple first. 1 

θ  

R  

F

gM
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B3(i) The ellipse is 1
510 2

2

2

2

=+
yx  

 Differentiating implicitly, 0
d
d

25
2

100
2

=+
x
yyx  1 

 So 
8
3

4100
625

100
25

d
d

−=
×
×

−=−=
y
x

x
y  1 

 Therefore the equation of the tangent is cxy +−=
8
3  1 

 where, since the tangent must pass through ( )4,6  

 4
166

8
34 =×+=c  

 So the equation is 
4
25

8
3

+−= xy  

 or 5083 =+ yx  1 
(ii) The tangents at the end of the major axes have equations 10±=x . 1 
 On the tangent in part (ii), when 2

12,10 == yx . This is 2M . 2 
 When 10,10 =−= yx . This is 1M . 2 
(iii) The foci are at ( )0,ae±  where ( )222 1 eab −=  

 So 
2
375.0

100
25100

2

22

==
−

=
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a

bae  1 

 So 35=ae , and ( )0,35=F  is a focus of the ellipse. 1 

(iv) The gradient of FM1  is 
3510

010
−−
−  1 

 The gradient of FM 2  is 
3510

02 2
1

−

−
 1 

 The product of these is 1
75100

25
−=

+−
 1 

 So the two lines are perpendicular. 1 
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B4(i) 
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 The argument of this is 
4
π  1 

 

(ii) 
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 ( ) ( )( )( ) ( )( ) ( )( )
( ) ( )22 53

539i593
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yxxyyyxx  1 

 Since the argument of this is 
4
π  the real and imaginary parts must be equal. 1 

 So xxyxyxyyyxx 5279345143 22 +−+−−=+−+−  1 
 This simplifies to 0181122 =+−++ yxyx  1 
 
(iii) Completing the squares, ( ) ( ) 0184

121
4
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112

2
1 =+−−−++ yx  1 

 ( ) ( ) 2
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1 12
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 This is a circle centre ⎟
⎠
⎞

⎜
⎝
⎛−

2
11,

2
1  and radius 

2
2512 2

1 =  2 
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B5(i) ( )( )
( )( )31

512
34
5112

2

2

−−
++

=
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=
xx
xx

xx
xxy  1 

 The horizontal asymptotes correspond to the zeros of the denominator. 1 
 They are therefore 1=x  and 3=x . 2 

 2
341

5112

2

2
→

+−

++
=

xx

xxy  as ±∞→x . 1 

 So 2=y  is the horizontal asymptote. 1 
 
(ii) The curve cannot meet vertical asymptotes, so consider the horizontal one. 1 

 If 2
34
5112

2

2

=
+−
++

xx
xx  then 6825112 22 +−=++ xxxx  1 

 So 
19
1119 == xx  1 

 

(iii) When 0=x , 
3
5

=y  1 

 When 0=y , ( )( ) 0512 =++ xx  

 so 
2
1

−=x  or 5−=x  2 

 
(iv) Sketch of graph showing features found above. Turning points and other 

features are not required. 3 
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B6a 2−=++ γβα  1 
 3−=++ βγαγαβ  1 
 6−=αβγ  1 
 So 3−=++ αβγαβγ  1 
 ( ) ( ) 1226 =−×−=++=++ γβααβγγααββγαββγγα  1 
 ( ) 362 == αβγβγγααβ  1 
 So the required cubic equation is 036123 23 =−++ xxx  1 
 
b(i) ( ) 2561112 22 −+=++ xxx  M1A1 

(ii) 
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 Let 6+= xu . Then 1
d
d

=
x
u . 1 

 When 6,0 == ux  
 When 10,4 == ux  1 

 The integral ∫
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