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@) | X=ka+ih

Alternative method for question 5(a)

Coordinates A(ka,O), B(ka+h,h), C(ka,Za)
X =+(ka+ka+h+ka)="1(3ka+h)

y=2(0+h+2a)=1(h+2a)
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5(b) Taking moments about the x-axis:
)_C(Zka2 + ah) =2ka’ xLka + ah(ka + %h)

For equilibrium, X < ka, so
2712 2
k 1
a +ahk+3h <ia
2ak + h

(0<)h<\3ka

5(c) Point of toppling means /1 = \/5 ka [= Cl] :
X = %a(\/g + 1)

[ 4 = a, meaning triangle ABC is isosceles.]
y =a (by symmetry)
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3(a) Vertical distance of COM of sector from OA:
(2a cos(in))sin(%n) 4a
3 (% n) 3n

ka* (%a)+ina2 (a—j—ij:(kaz +%na2))7

| 6ka+3na—4a=3(4k+m)¥ |

6k+3n—4

YT 34k vn)

3(b)

[©=2]  k=2=0816

Alternative method for question 3(b)

(6k2 +3km+ 4)a

—k
k)

On the point of toppling, X =ka:

[6k2+4:12k2] k=\2=0816
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3(a) Area From AD From AB
ABCD 4a2 a a
AED a’ 1a Za
BCF ah 2a—1h Ya
Shape BFDE 342 — ah X y

Taking moments about AD:

(3a2 —ah>)_c=4a2 xa—a’ x%a—ahx(2a—%h)

Vg’ —2a’h+Lah’ B La(h® —6ah+11a*) W —6ah+11a’
3a* —ah N a(3a—h) - 3(3a—h)

X =

Taking moments about 4B:

(3a2 —ah)f=4a2 xa—a’x2a— ahx%a

2a(5a—2h)
3(3a—h)

J_;:
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3(a) Alternative method for question 3(a)

Area From AD From AB
DEF a(2a—h) 1(Ba-h) 4
EBF a’ 1(5a—h) 2a
Shape BFDE 3a® —ah X y

Taking moments about 4D:
(3a2 —ah))_c =a(2a—h)x+(a —h)+a’ x1(5a—h)

la(6a® —5ah+h* +5a* — ah) B La(h® —6ah+11a’) W —6ah+11a’
3a* —ah a(3a—h) 3(3a—h)

X =

Taking moments about 45:

(3a2 —ah)f =a(2a—h)x%a+a’x2a

_ 2a(5a—2h)
YT 3Ga—h)
3(b) X =a meaning h° —3ah+2a> =0

[0<]h<a, h=2a.
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4(a) Volume CoM above base
Cone 187> 37
Hemisphere 16 27
Total object 187> — lo e y

Al

(18nr3 —%mﬁ))_/ =18 (%r)—%mﬁ(

r)

4(b) When on point of toppling:

-3

tana =

theiry

a =58.8°




A-Level Further Mathematics: 9231 Mathematics - Further June 2025 Question Paper 33

Areas 9 a2

8=

2a° + %a(2a)

Distances from D —

w o

X

Alternative method for question 4

Ratio of masses 20>

k(2a2 + %a(Za))




