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Question 
Number Scheme Marks    

1(a) 
Use of 

x

v
va

d

d=  or 






= 2

2

1

d

d
v

x
a  

M1 

 xx eea −− −= 2.2 or  xev 22 4 −=  A1 
 xea 24 −−=  A1 
  (3) 
(b) Separate the variables and attempt to integrate: 

∫∫ = xet xdd2  

M1 

 Cet x +=2  A1A1 
 t=0, x=0 ⇒�C=-1, 12 −= xet  M1A1 
 ( )12ln += tx  A1 

  (6) 
  9 
2(a) 

  
2

4T
π ω

ω
= ⇒ =  

B1 

 Use of ( )2 2 2 2xν ω ν= − , or aν ω=  M1 

 a = 1.5 (m) A1 
  (3) 
(b) Use of max. accn. = 2aω  M1 
 24 ms-2 A1 
  (2) 
(c) sinx a tω=  with their values for a & ω B1 
 1 1.5sin 4t=  (with their 1.5 & 4) and attempt to solve for t M1 
 t = 0.18 (or awrt) A1 
  (3) 
  8 
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Question 
Number Scheme Marks    

3 

mg

θ

T B

T A

0.4 m

0.6 m

0.6 m

Q

B

A

 
 

 

 







==
3

1

6.0

2.0
cosθ  

B1 

 Resolve vertically: 
mgTT BA += θθ coscos      ( )mgTT BA 3+=  

M1 
A2,1,0 

 Acceleration towards the centre: 

2sin6.0sinsin ωθθθ ××=+ mTT BA   






 =××=+ 300100
5

3
5BA TT  

M1 
A2,1,0 

 Substitute values for ω and trig functions and solve to find TA or TB M1 
 ,300147 =++ BB TT    1531473002 =−=BT  

)N(5.223=AT    ,    )N(5.76=BT  

A1,A1 

 224  or  220

76.5  or  77
A

B

T

T

=
=

   
76

223
B

A

T

T

=
=

 
 
 

  (10) 
  10 
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Question 
Number Scheme Marks    

4 
(a) 

 volume Mass ratio  C of M from V 
Large 
cone 

32

3

2
2.

3

1
aaa ππ =  

2 
aa

2

3
2

4

3 =×  

Small 
cone 

32

3

1
.

3

1
aaa ππ =  

1 
aaa

4

7

4

3 =+  

S 32

3

1
.

3

1
aaa ππ =  

1 D 

 

 
 
B1, B1 

 
aaD

4

7
1

2

3
21 ×−×=×  

M1A1 

 
          aa

4

5

4

712 =−=   ** 
A1 

  (5) 
(b) 

k Mg

Mg

81.87°

26.6°

45°

5a

V

B

C

A

 

 

 ( )°=°+° 6.716.2645 , ( ) °= 9.81......8698.81   

 Take moments about V: M1 
 

                  
5

cos 71.6 5 cos81.9
4

Mg a kMg a× × = × ×  
A2 

 
                   25.1

9.81cos54

6.71cos5 ==k    
M1A1 

  (5) 
  10 
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Question 
Number 

Scheme 
Marks    

5(a) 

a

P

O

θ

α

R

mg

 

 

 Conservation of energy : Loss in GPE = gain in KE M1 
 ( ) 2

2

1
coscos mvmga =− θα  

A2,1,0 

 Substitute for αcos  and rearrange to given answer: 

( )θθ cos53
5

2
cos

5

322 −=






 −= ga

m

mga
v    * 

A1 

  (4) 
(b) Considering the acceleration towards the centre of the hemisphere: M1 
 

a

mv
Rmg

2

cos =−θ  
A2,1,0 

 Substitute for v2 to form expression for R: DM1 
 ( ) 















 −=−=−=
5

6
cos3cos2cos3cos

2

θαθθ mgmg
a

mv
mgR  

A1 

 Loses contact with the surface when R = 0 M1 
 

5

2
cos =θ  

A1 

 

5

22 ga
v = ,   

5

2ga
v =  

A1 

  (8) 
  12 
Alt: 

R = 0 
2

cos
m

mg
a

νθ⇒ =  
DM1 

 
                          

2

cos
ga

νθ =  
A1 

 
Substitute in given (a)  

2
2 2

3 5
5

ga

ga

νν  
= − 

 
 

M1 

 2 26
2

5

gaν ν= − ,     2 6
3

5

gaν =  
A1 

 

5

2ga
v =  

A1 

   

A 



�
�

 

Question 
Number Scheme Marks    

6(a) 

j

δx

3 a

y=
x

3

y

x

 

 

 
Mass of lamina = 2332

2

1
aaa ρρ =××  

B1 

 
x

x
x

x
x

a

d
3

2

3

2 3

0

2

∫∑ =×× ρδρ  
M1 

 

                         

a
x

3

0

3

33

2








= ρ  

A1 

 
                         3

3

2
33

332
a

a ρρ =×=  
A1 

 
Distance from vertex = 3

3

2

3

2
2

3

a
a

a =
ρ

ρ
  ** 

M1A1 
 
                   (6) 

(b) 

 

 

 
Area of each sector = 2

6

1
aπ  

B1 

 
Using sector formula, 

ππα
α

αα aaa
hd =×===

2

1

6
3

sin
3

sin2
sin  

B2,1,0 

 
Taking moments:

π
ππ aaa

aD
a

a ××−×=







×−

6
2

3

3
3

6
23

2
2

2
2  

M1A1 

d
α

h 

U

Q S

T

R 

P

a

a a

a 

a

a 
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Question 
Number Scheme Marks    

 

( )
3

2

2
3 2

3 33
3

a
aD

aπ π
= =

−−
  ** 

A1 
                   (6) 
 
                    12 
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Question 
Number Scheme Marks    

7(a) 
Use of mg

a

x
T == λ

 
M1 

 
            g

x
T 5.0

75.0

5.24 ==  
A1 

 
               x = 15.0

5.24

5.075.0 =× g
,  9.015.075.0 =+=AE (m)  (**) 

A1 

  (3) 
  (b) Using                     gain in EPE = loss in GPE M1 
 

                         .....
5.1

5.24

2

22

== x

a

xλ  
A1 

                                  ….. = 0.5g(0.75 + x) A1 
 Form quadratic in x and attempt to solve for x : 

xx 35.75125.55.24 2 += ,  05125.535.75.24 2 =−− xx ,    

49

5125.55.24435.735.7 2 ××+±=x  

             (or 091240 2 =−− xx ,    
80

360014412 +±=x   ) 

DM1 

                               ...647.0=x (m)                   4.1≈AC (m) A1 
  (5) 
(c) Using F = ma and displacement x from E: M1 
 

x
x

g &&5.0
75.0

)15.0(5.24
5.0 =+−  

A2,1,0 

 
xx

3

196−=&& , so SHM 
A1 

(d) Max speed = their a x their ω� M1 
  (4) 
 

                  
3

196
)15.0647.0( ×−=  

 

                    0.4≈  ms-1   (4.02) A1 
  (2) 
  14 
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