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5(a) 1
3x ka h= +   M1 May be seen in a table.  

 ( )1
3 3x ka h= +  A1 AG, shown convincingly. 

 ( ) ( )1 1
3 3 2y a h a a h= + − = +   B1 May be seen in a table. 

 Alternative method for question 5(a) 

 Coordinates ( ) ( ) ( ), 0 ,    ,  ,    , 2+A ka B ka h h C ka a  

( ) ( )1 1
3 3 3x ka ka h ka ka h= + + + = +   

M1 Complete method to find x . 

 A1 AG, shown convincingly. 

 ( ) ( )1 1
3 30 2 2y h a h a= + + = +   B1  

  3  

1
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5(b) Taking moments about the x-axis:  
( ) ( )2 2 1 1

2 32  2    x ka ah ka ka ah ka h+ = × + +     
M1 Moments equation with 3 terms. 

 Area From OD 

OACD 22ka  1
2 ka  

ABC  ah  1
3  ka h+  

Shape OABCD 22  +ka ah   x  
 

 A1 Fully correct moments equation. May be seen in part 5(a). 

 For equilibrium, x ka≤ , so 
2 2 21

3

2
a k ahk h

ka
ak h
+ +

+
≤  

M1 Use correct condition with their x  for OABCD.  
Allow strict inequality. 
M1 for simplifying and attempting to solve an inequality. 
May be implied by correct final answer.  

 ( )0 3  h ka≤ ≤  A1 CAO 

  4  

5(c) Point of toppling means [ ]3h ka a= = . 

( )1
3 3 1x a= +   

B1  

 [ h a= , meaning triangle ABC is isosceles.] 
=y a  (by symmetry) 

B1  

  2  

2
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3(a) Vertical distance of COM of sector from OA: 

( )( ) ( )

( )

1 1
4 4

1
4

2 cos π sin π 4

3 π 3π

a a
=  

B1 SOI  

Allow unsimplified. 

 
( ) ( )2 2 2 21 1

4 4
1
2

4
π π

3π

a
ka a a ka a ya

 
+ − = + 

 
 

( )6 3π 4 3 4 πka a a k y + − = +    

M1 3-term dimensionally correct moments 
equation. 

 A1 FT Correct moments equation, allow 

unsimplified.  

FT their vertical distance of COM of sector 
from OA. 

 

( )
6 3π 4

3 4 π

k
y a

k

+ −
=

+
  

A1 AEF, but do not allow fractions within 

numerator and/or denominator. 

  4  

3(b) 
( )2 21 1

2 4

4
π

3π

a
ka ka a

 
=  

 
 

M1 Dimensionally correct moments equation 

about OB using their horizontal distance of 

COM of sector from OB. 

 2 2 2
3 3

          0.816k k = = =    A1  

 Alternative method for question 3(b) 

 

On the point of toppling, =x ka :   
( )

( )

26 3 π 4

3 4 π

k k a
ka

k

+ +
=

+
 

M1 Use of =x ka  with their x , which may be 

seen in part 3(a). 

 2 2 2
3

6 4 12            0.816k k k + = = =    A1  

  2  

3
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3(a)  Area From AD From AB 

ABCD 24a  a  a  

AED 2  a  1
3

 a  2
3

a  

BCF  ah  1
3

2  a h−  4
3

a  

Shape BFDE 23a ah−  x  y  
 

B1 Areas and distances from AD correct. 

Does not need to be presented in a table. 

 Taking moments about AD: 

( ) ( )2 2 2 1 1
3 3

3 4 2  a ah x a a a a ah a h− =  −  −  −  

M1 Dimensionally correct moments equation with at least 
three correct terms. 

 

( )

3 2 2 2 2 2 211 1 1
3 3 3

2

2 ( 6 11 ) 6 11

(3 ) 3 33

a a h ah a h ah a h ah a
x

a a h a ha ah

− + − + − +
= = =

− −−
  

A1 AG, shown convincingly. 

 Taking moments about AB: 

( )2 2 2 2 4
3 3

3 4    a ah y a a a a ah a− =  −  −    

M1 Dimensionally correct moments equation with at least 
three correct terms. 

 ( )

( )

2 5 2

3 3

a a h
y

a h

−
=

−
  

A1  

4
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3(a) Alternative method for question 3(a) 

  Area From AD From AB 

DEF (2 )a a h−  1
3
(3 )a h−  4

3
a  

EBF 2  a  1
3
(5 ) a h−  2

3
a  

Shape BFDE 23a ah−  x  y  
 

B1 Areas and distances from AD correct. 
Does not need to be presented in a table. 

 Taking moments about AD: 

( ) ( )2 21 1
3 3

3   2 (3 ) (5 ) a ah x a a h a h a a h− = −  − +  −  

M1 Dimensionally correct moments equation with at least 

two correct terms. 

 

( )

2 2 2 2 2 2 21 1
3 3

2

(6 5 5 ) ( 6 11 ) 6 11

(3 ) 3 33

a a ah h a ah a h ah a h ah a
x

a a h a ha ah

− + + − − + − +
= = =

− −−
  

A1 AG, shown convincingly. 

 Taking moments about AB: 

( ) ( )2 24 2
3 3

3 2  a ah y a a h a a a− = −  +    

M1 Dimensionally correct moments equation with at least 

two correct terms. 

 ( )

( )

2 5 2

3 3

a a h
y

a h

−
=

−
  

A1  

  5  

3(b) x a≥  meaning 2 23 2 0h ah a− + ≥  M1 Use condition x a≥  and simplify to three-term 

homogeneous quadratic inequality. 

 [0 ] h a ≤ , 2h a= . A1 Accept 0h= . 

  2  

5
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4(a)  Volume CoM above base 

Cone 3π18 r  3
2 r  

Hemisphere 316
3 πr  3

4 r  

Total object 3 316
3π π18 r r−  y  

 

M1 Allow one error for cone or hemisphere. 
SOI, may be seen in moments equation. 

 ( ) ( ) ( )3 3 3 316 3 16 3
3 2 3 4π π π π18 18r r y r r r r− = −  M1 A moments equation with 3 terms, allow sign 

errors, must be dimensionally correct. 

 A1 Fully correct equation, does not need to be 
simplified. 

 69
38y r=  A1  

  4  

4(b) When on point of toppling: 
38
23

3tan        
 

r
their y

α  = =   

M1 
For attempt at tanα  using 3

 
r

their y
 or  

3
their y

r
. 

 A1 FT FT their y .  

 α = 58.8o A1 CAO 

  3  

6
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4 
Areas 22a  ( )1

2
2a a  ( )2 1

2
2 2a a a+  

Distances from D 1
2

a−   2
3

a   x  

 

B1 Allow one error in first two columns. 

Correct distances about any point. 

SOI, may be seen in moments equation. 

 ( ) ( )( ) ( )2 2 21 1 2
2 2 3

2 2 3a a a a a x− + =  *M1 A moments equation with 3 terms, must be 

dimensionally correct. ( )81
9 9

  or  x a x a=  =  

 ( ) ( )1
9

2m a km a=  DM1 Moments equation about toppling point D.  

2 terms only, OE. Must include k. 

 1
18

k =   A1  

 Alternative method for question 4 

 
Ratio of masses 22a  ( )1

2
2a a  ( )( )2 1

2
2 2k a a a+  

 

B1 Correct ratios including k.  

Must simply to 2:1:3k . 

SOI, may be seen in moments equation. 

 ( ) ( ) ( )1 2
2 3

2 1 3 2a a k a= +  *M1 A moments equation about D with 3 terms, must 

be dimensionally correct. Must include k. 

 DM1 Using correct distances. 

 1
18

k =  A1  

  4  

7


