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TOPIC

Algebraic Fractions

Every past-paper question on this topic, 2020 to 2026.



4WM2/01 SPECIMEN

Question 21 m Algebraic Fractions

! /
21 a= =
3x-7 4y -3
. . . py+q .
Express a in the form = where p, g, r and s are integers.
ry +s

Give your answer in its simplest form.

a =

(Total for Question 21 is 3 marks)



WORKED SOLUTION

Question 21 - 4WM2/01 Specimen

o Simplify fraction

° Simplify fraction

Substitute for z:

° Simplify the denominator

Simplify the denominator:

o Simplify fraction
So

@ FiNAL ANSWER
_ 4y-3

3—2y

14 7

= — xr =

3z -7’ 4y —3

7 21
3(4y—3>_7_ 4y —3 -7

_21-T7(4y—3) 4228y

4y —3 - 4y-—3

14 14(4y - 3)

CT ey T 4228y
4y-3
o 4y — 3
 3-2



TOPIC

Graphs of Functions

Every past-paper question on this topic, 2020 to 2026.



4WM2/01R MAY 2025

Qu estion 2 3 m Graphs of Functions

23 The graph of y = asin(x + b)" + ¢ for 0 < x <360 is drawn on the grid below.

YA

T >
90 80 27 360

Find a suitable value for a, for b and for ¢

D = e

B e

(Total for Question 23 is 3 marks)

WORKED SOLUTION Question 23 - 4WM2/01R May 2025

o Required

The graph of *y* = *a*sin (*x*+*b*)<sup>o</sup> + *c* for 0 < *x* < 360 is shown. Find suitable

values for *a*, *b*, and *c*.

o Read the maximum and minimum
Read the maximum and minimum values from the graph to find the amplitude *a* and vertical shift

*C*:

a = fractextmaz — textmin2 = fracd — (—2)2 = 3qquadc = fractextmaz + textmin2 = fracd + (—2)2 =1



o Find the phase shiftb
Find the phase shift *b*. The standard sin has its peak at *x* = 90°. From the graph, the maximum
occurs at *x* = 45°:
*X* + *p* = 90° = 45° + *b* = 90° = *b* = 45°

o Verify at x 0 consistent
Verify at *x* = 0: y = 4sin(0 + 45)° = 4times fracsqrt22approzr2.83 — consistent with graph

° Note

The period of the graph is still 360° (unchanged), so no horizontal stretch is applied.

@ FiNAL ANSWER
*g* = 34b* = 45,4 = 1



4WM2/01 NOVEMBER 2025

Qu estion 2 5 m Graphs of Functions

25 A curve has equation y =f(x)
There is one minimum point on this curve.
The coordinates of this minimum point are (8, 1)

(a) Write down the coordinates of the minimum point on the curve with
equation y = f(4x)

( )
The diagram shows the graph of y = cos(ax) + & for 0< x <360
4 -
3
2
l —
1 1 I I -'i
0 90 180 270 360 %
_l -
(b) (i) Find the value of ¢
a =
(ii) Find the value of b

(Total for Question 25 is 3 marks)



WORKED SOLUTION Question 25 - 4WM2/01 November 2025

o The transformation y f (4
The transformation *y* = *f*(4*x*) represents a horizontal stretch by a scale factor of fracl4. The x-

coordinate is multiplied by fracl4 while the y-coordinate stays the same.

text Newminimum = left(8times fracl4, 1right) = (2,1)

o Answer

@21

Step 1: Find the vertical shift *b*. The standard *y* = cos (*x*) graph fluctuates between - 1and 1,
centered at *y* = 0. The given graph fluctuates between a minimum of *y* = 1 and a maximum of
*y* = 3. The center line is frac3 + 12 = 2. Therefore, *b* = 2.

Step 2: Find the frequency multiplier *a*. The period of the given graph completes one full cycle
between *x* = 0 and *x* = 90<sup>o</sup> (it starts at 3, dips to 1, and returns to 3 at

90<sup>o</sup>). The standard cosine period is 360<sup>o</sup>.

Missing open brace for superscript

Missing open brace for superscript

@ rinaL ANsWER
*gq* = 4 *ph* = 2



TOPIC

Forming & Solving Equations

Every past-paper question on this topic, 2020 to 2026.



4MA1/2H NOVEMBER 2025

Qu estion 20 m Forming & Solving Equations

20 Here is a quadratic equation.

ax +4x+c¢=0

—4 +
The solutions of this equation are given by x = 4'—2\/5

10
Find the value of ¢ and the value of ¢
Show your working clearly.
L
S e
(Total for Question 20 is 3 marks)
WORKED SOLUTION Question 20 - 4MA1/2H November 2025

0 Calculate value
For

az’+4z+c=0

the quadratic formula gives

the quadratic formula gives

B —4 4 1/42 — 4ac

v 2a
The given solutions are
The given solutions are
—4 +2/39
T=——
10
o Compare denominators
Compare denominators:
2a =10



o Compare the square root parts

Compare the square root parts:

v16 — 4ac = 2v 39

° Square both sides
Square both sides:

16 — 4ac = 156
a Use
Usea = 5:
16 — 20c = 156
—20c = 140
c=-T7

@ FiNAL ANSWER

a=05 c=-T




Simultaneous Equations

Every past-paper question on this topic, 2020 to 2026.



4WM2/01 SPECIMEN

Qu estion 20 m Simultaneous Equations

20 Solve the simultaneous equations

x—2y=3

)

7
xf =y +2x =10

Show clear algebraic working.

(Total for Question 20 is 5 marks)



WORKED SOLUTION

Question 20 - 4WM2/01 Specimen

o Solve simultaneous equations

From

T—2y=3

z=2y+3

Solve simultaneous equations
Substitute into 2 — y? + 2z = 10:

(2y+3)*—y® +2(2y+3) =10

4 + 12y +9— 32 +4y+6 =10

32 +16y+5=0

By+1)(y+5)=0

° Solve simultaneous equations
So

° Solve simultaneous equations
__1
Ify=—3,

° Solve simultaneous equations
Ify = -5,
z=2(-5)+3=-T7

@ FiNAL ANSWER
(%, —%) and (—7,—5).



4MA1/2HR JUNE 2022

Qu estion 2 1 m Simultaneous Equations

21 Solve the simultaneous equations

x=2y= 3
-y +2x=10

Show clear algebraic working.

(Total for Question 21 is 5 marks)

WORKED SOLUTION Question 21 - 4MA1/2HR June 2022

o Calculate value
z—2y=3

o Calculate value
So

z=2y+3
° Calculate value
Substitute into

x? —y? + 22 =10

(2y+3)* —y® +2(2y+3) =10

4y +12y+9— > +4y+6=10
32 +16y+5=0
By+1)(y+5)=0

o Evaluate fraction
So



o Find

Find z:

@ riNAL ANSWER
7

(z,y) = <§,—%) or (—7,—5)

y=-5=zx=-7



4MA1/2H JUNE 2023

Qu estion 2 1 m Simultaneous Equations

21 Solve the simultaneous equations

2x2+3y*=11
x=3y-1
Show clear algebraic working.
(Total for Question 21 is 5 marks)
WORKED SOLUTION Question 21 - 4MA1/2H June 2023
o Calculate value
222 + 3y2 = 11
z=3y—1
Substitute
Substitute:

2(3y —1)> 4+ 3y* =11
18y — 12y +2+ 3% =11
21y — 12y —9 =0
Ty2 —4y—3=0

(Ty+3)(y—1)=0

° Evaluate fraction
So



o Find

Find z:

@ FiNAL ANSWER

16 3
(w,y) - (_Ta _7

) or (2,1)



4MA1/2HR JUNE 2024

Qu estion 22 m Simultaneous Equations

22 Solve the simultaneous equations

X2 +3y2=y+11
3x -1

Il

Show clear algebraic working.

(Total for Question 22 is 5 marks)

WORKED SOLUTION Question 22 - 4AMA1/2HR June 2024

o Calculate value
w2 +yt=y+11

y=3z -1

Substitute

Substitute:
2?2+ 3z —-1)>2=3z—-1+11
22 +92%2 —6x+1=3z+10

1022 —92—-9=0

5z +3)(2z—3)=0

° Evaluate fraction
So



o Find

Find y:

@ rinAL ANsWER

(z,y) = (——

3
B

14
5

_) (



4MA1/2H NOVEMBER 2024

Qu estion 22 m Simultaneous Equations

22 Solve the simultaneous equations

XX4+yP+y=3

x+2=y
Show clear algebraic working.
(Total for Question 22 is 5 marks)
WORKED SOLUTION Question 22 - 4MA1/2H November 2024
0 Calculate value
2+ +y=3
y=x+2

° Substitute
Substitute:
2+ (z+2)24+(x+2)=3
22+l +4e+4+2+2=3
202 +52+3=0
(2z+3)(z+1)=0

e Evaluate fraction
So



o Find

Find y:

@ rinaL ANswER

(z,y) = (—;, %) or (—1,1)



4MA1/1H JUNE 2025

Qu estion 22 m Simultaneous Equations

22 Solve the simultaneous equations

EA3ytyi=7

y=x+2

Show clear algebraic working.

(Total for Question 22 is 5 marks)

WORKED SOLUTION

Question 22 - 4MA1/1H June 2025

o Calculate value
2+ +3y="7

y=z+2

Substitute
Substitute:

2+ (x+2)2+3+2)=7
2+’ +4z+4+32+6="7

222+ 72 +3=0

2z +1)(z +3) =0

° Evaluate fraction
So

r=—— or x=-3



° Find

Find y:

° FINAL ANSWER

(z,9) = (

) or-3-1



4MA1/1HR JUNE 2025

Qu estion 22 m Simultaneous Equations

22 Solve the simultaneous equations

x2 + y? =41
2x+y = 3
Show clear algebraic working.

(Total for Question 22 is 5 marks)

WORKED SOLUTION

Question 22 - 4MA1/1HR June 2025

o Calculate value

z? + y2 =41
2z4+y=3
o Calculate value
So
y=3 -2z

° Substitute
Substitute:
2+ (3-22)2 =41
2 2 __
4 +9— 122 +4z° =41
522 — 12z — 32 =0

(52 +8)(z —4) = 0

o Evaluate fraction
So



o Find

Find y:

@ FiNAL ANSWER

8 31
(w,y) - (_ga ?

) or 4,9



4WM2/01R MAY 2025

Qu estion 22 m Simultaneous Equations

22 Solve the simultaneous equations
Y +5y+xP =12
xX=y+5
Show clear algebraic working.

(Total for Question 22 is 5 marks)

WORKED SOLUTION Question 22 - 4WM2/01R May 2025

0 Required

Solve *y*<SUp>2</Sup> + S*y* + *x*<sup>2</sup> = 12 and *x* = *y* +5

0 Substitute xy + 5
Substitute *x* = *y* + 5 into the first equation:
*y*<sup>2</sup> + 5*y* + (*y*+5)<sup>2</sup> = 12

° Expand (y +5) 2
Expand (*y*+5)<sup>2</sup> = *y*<sup>2</sup> + 10*y* + 25:
y*<sup>2</sup> + 5*y* + *y*<sup>2</sup> + 10*y* + 25 = 12 = 2*y*<sup>2</sup> + 15*y* +
13=0

° Factorise

Factorise:

(2y + 13)(y + 1) = Oimpliesy = —tfracl32;textor;y = —1

o Find corresponding x values using

Find corresponding *x* values using *x* = *y* + 5:

@ FiNAL ANSWER
(*x**y*) = (4, -Nandleft(—dfrac32, , —dfracl32right)



4WM2/01 NOVEMBER 2025

Qu estion 20 m Simultaneous Equations

20 Solve the simultaneous equations

x2 4 p? =3xpy -11
y=x+2

Show clear algebraic working.

(Total for Question 20 is 5 marks)

WORKED SOLUTION Question 20 - 4WM2/01 November 2025

0 Substitute into equation
Step 1: Substitute *y* = (*x*+2) into the quadratic equation.

XE<sup>2</sup> + (*x*+2)<sup>2</sup> = 3*x*(*x*+2) - 11

° Expand brackets
XE<sup>2</sup> + (*x*<sup>2</sup>+4*x*+4) = 3*x*<sup>2</sup> + 6*x* - 11

2*x*<sup>2</sup> + 4*x* + 4 = 3**<sup>2</sup> + 6*x* - 11

° Solve equation
0 = 3*x*<sup>2</sup> — 2*x*<sup>2</sup> + 6*x* — 4*x* - 11 - 4
X*<sup>2</sup> + 2*x* - 15 =0

° Solve quadratic equation
(*x*+5)(*x*-3) = 0
So, *x* = - 5or** = 3.
Step 5: Find corresponding *y* values using *y* = *x* + 2.
f*x* = -5 =**= -5+2= -3
f*x* =3 =**=3+2=5

@ rinaL ANsWER
(-5,-3) and (3,5)



4WM2/01R JUNE 2026

Qu estion 2 1 m Simultaneous Equations

21 Solve the simultaneous equations

R

Il

s =
b n

Il
b

|
tn

Show clear algebraic working.

(Total for Question 21 is 5§ marks)



WORKED SOLUTION Question 21 - 4AWM2/01R June 2026

o Substitutey = 3x - 5
(3z—5)2=2>4+7=92>-30z+25 =2+ 7

° Simplify and factorise
822 —30z+18=0=42>-152+9=0= (z —3)(4z—-3) =0

° Find y for each x
:1:=3=>y:4;\quada:=%=>y

@ rinaL ANswER

w=3,y:4andw=%,y=—7

TOPIC

Inequalities (Solving & Graphing)

Every past-paper question on this topic, 2020 to 2026.






4MA1/2H JANUARY 2022

Qu estion 22 m Inequalities (Solving & Graphing)

22 Here is a rectangle.

(2x + 3)cm

Given that the area of the rectangle is less than 75 cm?

find the range of possible values of x

Diagram NOT
accurately drawn

(x—1)cm

(Total for Question 22 is 5 marks)

WORKED SOLUTION

Question 22 - 4MA1/2H January 2022

0 The rectangle has side lengths

The rectangle has side lengths

2z + 3
o Use Functions Solving Inequalities
and
z—1
° Solve inequality
For the side lengths to be possible,
z>1

° The area is less than

The area is less than 75:

2z+3)(z—-1)< 75
202 +2—-3< 75

2¢2 4+ - 78 <0



o Factorise

Factorise:

° Evaluate fraction
So

° Solve inequality

Combining with > 1:

@ riNAL ANSWER
1<z<6

222 + ¢ — 78 = (2z + 13)(z — 6)

l<xz<6



4MA1/2HR JUNE 2024

Qu estion 20 m Inequalities (Solving & Graphing)

20 Solve 6x> -7x-20>0

Show clear algebraic working.

(Total for Question 20 is 4 marks)

WORKED SOLUTION Question 20 - 4MA1/2HR June 2024

Solve quadratic equation
622 — 7z — 20 > 0

Factorise

Factorise:

62> — Tz — 20 = (3z + 4)(2z — 5)

The critical values are

The critical values are

| ot

4
T=-3 and z =

Solve quadratic equation

Since the coefficient of 22 is positive, the quadratic is greater than 0 outside the roots.

@ rinAL ANsWER

< 4 >
i) L = @l g 2 =
3

5
2



4MA1/2H NOVEMBER 2024

Qu estion 20 m Inequalities (Solving & Graphing)

20 Solve the inequality 10x? +11x =21 <0
Show clear algebraic working.

(Total for Question 20 is 3 marks)

WORKED SOLUTION Question 20 - 4AMA1/2H November 2024

o Solve inequality
10z? + 11z —21 < 0

° Factorise

Factorise:

10z* 4+ 11z — 21 = (10z + 21)(z — 1)

° The critical values are

The critical values are

o The quadratic is less than

The quadratic is less than 0 between the roots.

@ FiNAL ANSWER

21 <zl
10



4WM2/01R MAY 2025

Qu estion 20 m Inequalities (Solving & Graphing)

20 Solve the inequality 2x? = 7x-15> 0

Show clear algebraic working.

(Total for Question 20 is 3 marks)

WORKED SOLUTION Question 20 - 4WM2/01R May 2025

o Required

Solve 2*x*<sup>2</sup> - 7*x* = 15 \> 0. Show clear algebraic working.

° Factorise the quadratic 2 x
Factorise the quadratic:
2*x*<sup>2</sup> = 7*x* = 15 = (2*x*+3)(*x*-5)
*Check:* (2*x*+3)(*x*=5) = 2*x*<sup>2</sup> — 10*x* + 3*x* — 15 = 2*x*<sup>2</sup> — 7*x* -
15

° Set each factor zero
Roots: set eaCh factor to zero:

2z + 3 = Oimpliesx = —t frac32; gqquadx — 5 = Oimpliesz = 5

o Solve inequality

Since the coefficient of *x*<sup>2</sup>is + 2 \> 0, the parabola opens upward. The expression is
\> 0 *outside* the roots:

@ FiNAL ANSWER
z\< — dfrac32or*x*\> 5



4MA1/2HR JUNE 2025

Qu estion 2 1 m Inequalities (Solving & Graphing)

21 Solve the inequality 2x> —=7x =15 > 0

Show clear algebraic working.

(Total for Question 21 is 3 marks)

WORKED SOLUTION Question 21 - 4MA1/2HR June 2025

0 Solve inequality
2z — Tz — 15> 0

a Factorise

Factorise:

222 — Tz — 15 = (22 + 3)(z — 5)

e The critical values are

The critical values are

° The quadratic is greater than

The quaderatic is greater than 0 outside the roots.

@ FiNAL ANSWER

3
a:<—§orw>5



4MA1/1H NOVEMBER 2025

Qu estion 2 5 m Inequalities (Solving & Graphing)

25 Solve the inequality 2x*+x—28 >0
Show clear algebraic working.

(Total for Question 25 is 3 marks)

WORKED SOLUTION Question 25 - 4MA1/1H November 2025

o Solve inequality
222 +2—28>0

° Factorise

Factorise:

22+ —28= 2z —T)(z +4)

° The critical values are

The critical values are

o The quadratic is greater than

The quadratic is greater than 0 outside the roots.

@ FiNAL ANSWER

7
m<—4orm>§



TOPIC

Algebraic Proof

Every past-paper question on this topic, 2020 to 2026.



4MA1/2HR JANUARY 2020

Question 25 m Algebraic Proof

25 Nis a multiple of 5

A=N+1
B=N-1

Prove, using algebra, that 4> — B? is always a multiple of 20

(Total for Question 25 is 3 marks)

WORKED SOLUTION Question 25 - 4MA1/2HR January 2020

o Use trigonometry
Since N is a multiple of 5, let

o where is an integer

where k is an integer.

o Given

Given

° Use trigonometry
So

A? B = (N+1) - (N -1)2

° Expand

Expand:
(N+1)2=N24+2N+1

(N-1)2=N?2-2N+1



o Use trigonometry
Therefore

A2 —B*=(N?+2N+1)— (N*-2N+1)
= 4N

a Substitute
Substitute N = 5k:

AN = 4(5k) = 20k

° Use trigonometry
Since k is an integer, 20k is a multiple of 20.

@ FiNAL ANSWER

A? — B? is always a multiple of 20.



4MA1/2H NOVEMBER 2024

Question 23 m Algebraic Proof

16x? — 36 N 2x*+7x+6

23 Show that :
x-7 x2=5x-14

—(7+8x)=n

where # is an integer to be found.
Show clear algebraic working.

(Total for Question 23 is 4 marks)

WORKED SOLUTION Question 23 - 4MA1/2H November 2024

o Evaluate fraction
1622 — 36 . 222+ Tz + 6
x—7 = x2—-5xr—14

—(7+ 8z)

° Factorise

Factorise:

1622 — 36 = 4(2z — 3)(2z + 3)
222 + T2+ 6= 2z +3)(z+2)

z? -5z —14 = (z—7)(z+2)



o Evaluate fraction
So
4(2z —3)(2z +3) | (2z+3)(z+2)
z—T7 T (-7 (z+2)

— (7 + 8z)

_ 42z -3)(2z +3) y (z—T)(x+2)
B x—1T (2z + 3)(z + 2)

— (7 +8x)

=42z — 3) — (7+ 8z)
=8x—12—-7— 8z

=19

° Calculate value

Son = —19, which is an integer.

0 FINAL ANSWER
n=-19



4WM2/01 MAY 2025

Question 20

m Algebraic Proof

20 q, b and c are three consecutive even numbers where a <b <c

Prove algebraically that b*= ac + 4

WORKED SOLUTION

(Total for Question 20 is 3 marks)

Question 20 - 4WM2/01 May 2025

o Let

Let

° Calculate value
Then

Calculate value
So b% = ac + 4.

@ riNAL ANSWER
Sob? = ac+ 4.

a=2n, b=2n+2, c=2n+4

ac+4=(2n)(2n+4) + 4

=4n? + 8n+ 4

= (2n+2)% = b’



TOPIC

Sequences

Every past-paper question on this topic, 2020 to 2026.



4WM2/01 SPECIMEN

i Sequen
Question 24 @D  seovences

24 The sum of the first 10 terms of an arithmetic series is 4 times the sum of the first
5 terms of the same series.
The 8th term of this series is 45

Find the first term of this series.
Show clear algebraic working.

(Total for Question 24 is 5 marks)



WORKED SOLUTION

Question 24 - 4WM2/01 Specimen

o Let the first term be

Let the first term be @ and the common difference be d.

Find the nth term
So

Find the nth term

and

Given
Given S19 = 4S5;:

The 8th term is
The 8th term is 45:

Substitute
Substitute d = 2a:

S, = %(2(1 + (n—1)d)
S0 = 5(2(1 + gd)

Sy = ;(20, + 4d)

5(2a + 9d) — 4 (g(m + 4d))

10a + 45d = 20a + 40d
5d = 10a

d=2a
a+7d =45

a+ 14a = 45
15a = 45

a=3



@ rinaL ANsWER

the first term is 3.

Dr Eslam Ahmed - eliteigcse.com



4MA1/2HR JANUARY 2020

i Sequen
Question 22 @D seovences

22 The first term of an arithmetic series S is -6
The sum of the first 30 terms of S is 2865

Find the 9th term of S.

(Total for Question 22 is 4 marks)

WORKED SOLUTION Question 22 - 4MA1/2HR January 2020

Find the nth term

First term:

a=—6

S30 = 2865

Sy = 5(2a + (n—1)d)

2865 — 32—0(2(—6) +29d)
2865 = 15(—12 + 29d)
191 = —12 + 29d
29d = 203

d=717



The 9th term is
The 9th term is

ug = a+ 8d

ug = —6 + 8(7) = 50

@ rinaL ANswER
50



4MA1/2H JANUARY 2020

Question 25

25 Mario is going to save $50 in the year 2021

He is going to continue to save, up to and including the year 2070, by increasing the

amount he saves each year by $k
Mario will save a total of $33 125 from 2021 to 2070

Work out the value of £.

(Total for Question 25 is 3 marks)

WORKED SOLUTION

Question 25 - 4MA1/2H January 2020

Mario saves from 2021 up
Mario saves from 2021 up to and including 2070.

Number of years

Number of years:

2070 — 2021 4+ 1 =50

This is an arithmetic sequence

This is an arithmetic sequence.

Use trigonometry

First term:

50
Common difference
Common difference:

k
Last term
Last term:

50 + 49k



Use the arithmetic series formula

Use the arithmetic series formula:

Snzg(a—l—l)

33125 = %(50 + (50 + 49k))

33125 = 25(100 + 49k)
1325 = 100 + 49k
49k = 1225

k=25

@ FiNAL ANSWER
k=25



4MA1/1H MAY/NOVEMBER 2020

Question 24

24 Here are the first five terms of an arithmetic sequence.

8

15 22 29 36

Work out the sum of all the terms from the 50th term to the 100th term inclusive.

WORKED SOLUTION

(Total for Question 24 is 4 marks)

Question 24 - 4MA1/1H May/November 2020

o The arithmetic sequence is

The arithmetic sequence is

0 Calculate value
So

° The th term is
The nth term is

There are

There are

8, 15, 22, 29, 36,...

a=8, d=17

U, =8+T7n—-1)="Tm+1

Us0 = 7(50) + 1 =351

U100 = 7(100) +1="701

100 -50+1 =51



° Find the nth term
terms from the 50th to the 100th inclusive.

1
sum = 57(351 +701)

= 26826

@ rinaL ANswER
26826



4MA1/1HR JANUARY 2021

i Sequen
Question 21 @D  seavences

21 The nth term of an arithmetic series is #_where u > 0 for all »
The sum to n terms of the series 1s S,

Given that u, =6 and that S = (u,)*+ 18

find the value of u,,

(Total for Question 21 is 6 marks)

WORKED SOLUTION Question 21 - 4MA1/1HR January 2021
o Let
Let ug = v

o Use series formula

For an arithmetic series,

11
Su = 7(“1 + u11)

e The average of and is

The average of u1 and u11 is ug, so

Sll = 11u6 =11lv



S11 = (u6)2 + 18
11lv = v® + 18
¥ —11v+18=0

(v—2)(v—9)=0

o Calculate value
So

ug =2 or ug=29

° Find the nth term

But ug = 6. If ug = 2, then the common difference is negative and later terms would not all be
positive. Therefore,

u6=9
Ug — Uy 9—-6

3
d_z_z_E

Ugg = Ug + 14d

U20=9+14<;> =30

@ FiNAL ANSWER
U0 = 30



4MA1/1H JANUARY 2021

i Sequen
Question 24 @D seovences

24 An arithmetic series has first term ¢ and common difference d.

The sum of the first 2n terms of the series is four times the sum of the first n terms of
the series.

Find an expression for ¢ in terms of d.
Show your working clearly.

(Total for Question 24 is 4 marks)

WORKED SOLUTION Question 24 - 4MA1/1H January 2021

0 Evaluate fraction
S, = %(2(1 +(n—1)d)

Son = n(2a + (2n — 1)d)

0 Given

Given

Son =4S,

n(2a+ (2n —1)d) =4 - %(2(1 + (n—1)d)

° Divide by

Divide by n:
2a+ (2n — 1)d = 2(2a + (n — 1)d)

2a + 2nd — d = 4a + 2nd — 2d



@ rinaL ANswWER
d

G;ZE

Dr Eslam Ahmed - eliteigcse.com



4MA1/1H MAY 2021

i Sequen
QueStlon 23 m equences

23 The sum of the first N terms of an arithmetic series, S, is 292
The 2nd term of S 1s 8.5
The 5th term of S'is 13

Find the value of N.
Show clear algebraic working.

(Total for Question 23 is 5 marks)

WORKED SOLUTION Question 23 - 4AMA1/1H May 2021

0 The 2nd term is
The 2nd term is

a+d=28.5
o The 5th term is
The 5th term is
a-+4d =13
° Subtract
Subtract:
3d =4.5
d=1.5



@ FiNAL ANSWER
N =16

Sy = %(za + (N —1)d)
292 — %(14 +15(N —1))

292 — %(1.5N +12.5)

3N2+ 25N — 1168 =0

N— —25;—121 _ 16



4MA1/2H NOVEMBER 2021

i Sequen
QueStlon 20 m equences

20 Here are the first four terms of an arithmetic series.

4

|

Given that the 15th term of the series is (90 + 2k),

calculate the sum of the first 30 terms of the series.

(Total for Question 20 is 5 marks)

WORKED SOLUTION Question 20 - 4MA1/2H November 2021

o The first four terms are

The first four terms are

3k k k
BT 1
° The common difference is
The common difference is
k
d=——
4

° The 15th term is
The 15th term is



Given
—ﬁ =90 + 2k
2
—bk =180 + 4k
k=-20

o Evaluate fraction
So

a=-20, d=5

30

Ss0 = 7(2(—20) +29(5))

Sso = 15(105) = 1575

@ rinaL ANswER
1575



4MA1/2H JANUARY 2022

i Sequen
QueStlon 26 m equences

26 An arithmetic series has first term ¢ and common difference d, where d is a
prime number.

The sum of the first n terms of the series is S and
S =39
S, =320

Find the value of & and the value of m
Show clear algebraic working.

(Total for Question 26 is 5 marks)

WORKED SOLUTION Question 26 - 4MA1/2H January 2022

0 Calculate value

Som = 320

Use

o Calculate value
Then

28, =m(2a+ (m —1)d) =78

° Calculate value

and

Som = m(2a + (2m — 1)d) = 320



Subtract
Subtract:

Som — 28, = m[(2m — 1)d — (m — 1)d]
320 — 78 = m(md)
242 = m2d
242 = 2 x 112

o Square factor

Since d is prime and m? is a square factor,

d=2, m?=121

m=11

@ FiNAL ANSWER
d=2, m=11



4MA1/1HR JUNE 2022

i Sequen
QueStlon 25 m equences

25 The sum of the first 10 terms of an arithmetic series is 4 times the sum of the first 5 terms
of the same series.

The 8th term of this series is 45

Find the first term of this series.
Show clear algebraic working.

(Total for Question 25 is 5 marks)

WORKED SOLUTION Question 25 - 4AMA1/1HR June 2022

o Calculate value

0 Use
Use
n
Sy = 5(2a + (n—1)d)
S10 = 5(20, + gd)
5
Ss = 5(20, + 4d) = 5(a + 2d)

e Calculate value
So

5(2a + 9d) = 4 - 5(a + 2d)
2a + 9d = 4a + 8d

d=2a



The 8th term is 45
The 8th term is 45:

ug =a+7d =45

a+ 7(2a) = 45

15a = 45

a=3

@ FiNAL ANSWER
The first term is 3



4MA1/1H MAY 2023

i Sequen
QueStlon 20 m equences

20 The sum of the first 80 terms of an arithmetic series, S, is 470
The 75th term of S'i1s 14.5
The sum of the first X terms of S'is 171

Work out the value of X
Show your working clearly.

(Total for Question 20 is 6 marks)

WORKED SOLUTION Question 20 - 4MA1/1H May 2023

0 Evaluate fraction
Sgo = 470

40(2a + 79d) = 470

2a+79d=%

0 The 75th term is
The 75th term is

a+74d =14.5 = %

Q Double it

Double it:
2a + 148d = 29



Subtract

Subtract:
47 69
69d =29 — — = —
4 4
1
d=—
4
1 29
41 — | = —
a+7 (4) 5
a=—4
° Evaluate fraction
Now
Sx =171

171 = % (2(—4) (X 1)%)

X? 33X —-1368 =0

_ 33+81
=== -

X 57

@ rinAL ANsWER
X =57



4MA1/2HR JUNE 2023

i Sequen
QueStlon 23 m equences

23 Here are the first three terms of an arithmetic sequence.
8p Tp—3 4p + 2

The sum of the first n terms of the sequence is —1914

Work out the value of n
Show your working clearly.

U

(Total for Question 23 is 5 marks)

WORKED SOLUTION Question 23 - 4MA1/2HR June 2023

0 The first three terms are

The first three terms are

8, Tp—3, 4p+2

o Find the nth term

For an arithmetic sequence, consecutive differences are equal:

(7p—3)—8p=(4p+2)— (Tp—3)
—p—3=-3p+5
2p =8
p=4

Find the nth term

So the first term is

8p = 32



Find common difference

and the common difference is

(Tp—3)—8p=25—32=—T7

The sum of the first

The sum of the first n terms is

S, = %(m +(n—1)d)
n
—1914 = (64— 7(n — 1))
~1914 = %(71 — 7n)

—3828 = n(71 — Tn)

™2 —Tln — 3828 = 0

n— 71 + 335
14
Only the positive value is
Only the positive value is possible:
n =29

0 FINAL ANSWER
n =29



4MA1/1HR MAY 2024

i Sequen
QueStlon 23 m equences

23 Here are the first three terms of an arithmetic sequence.
4x-14) , (x+2) , (7x-9)

Find, as an integer, the sum of the first 40 terms of the sequence.
Show clear algebraic working.

(Total for Question 23 is 4 marks)

WORKED SOLUTION Question 23 - 4MA1/1HR May 2024

The first three terms are
The first three terms are

Az —14, z+2, Tz—9

Equal differences give

Equal differences give

(x+2)— 4z —14) = (T —9) — (z + 2)
-3z +16 = 6z — 11

9z = 27

° Find the nth term
So the sequence is

—2,5,12,...



° with common difference

with common difference 7.

Si = 5 (2(~2) +39(7)

Sy = 20(—4 +273) = 5380

@ FiNAL ANSWER
5380



4MA1/1H MAY 2024

i Sequen
Question 24 @D seovences

24 A polygon has n sides, where n > 5
The interior angles of the polygon form an arithmetic sequence.

The smallest angle of the polygon is 84°
The common difference of the sequence is 4°

Work out the sum of the interior angles of the polygon.
Show clear algebraic working.

(Total for Question 24 is 6 marks)

WORKED SOLUTION Question 24 - 4AMA1/1H May 2024

0 The interior angles form an

The interior angles form an arithmetic sequence with first term 84 and common difference 4.

° Use trigonometry

So the sum of the angles is

%(2(84) +(n—1)4)
= - (168 + 4n — 4)

= 2n% + 82n

The sum of the interior

The sum of the interior angles of an n-sided polygon is

180(n — 2)



o Calculate value
So

2n? + 82n = 180(n — 2)
2n* — 98n + 360 = 0
n® —49n 4 180 = 0
(n—45)(n—4)=0

o Solve inequality
Sincen > 5,

n =45

° Use trigonometry
Therefore the sum of the interior angles is

180(45 — 2) = 7740

@ rinaL ANswER
7740 degrees



4MA1/1H JUNE 2025

i Sequen
Question 24 @D  seovences

24 An arithmetic series has 30 terms.

The first term is a
The common difference is d

The 20th term is 123
The sum of the 30 terms is 2880

Work out the value of ¢ and the value of ¢
Show clear algebraic working.

(Total for Question 24 is 5 marks)

WORKED SOLUTION Question 24 - 4AMA1/1H June 2025

0 Evaluate fraction
ug0 = a + 19d = 123

30
S3 = (20 + 29d) = 2880

2a + 29d = 192
o Double the first equation

Double the first equation:

2a + 38d = 246



Subtract
Subtract:

a+19(6) = 123

a=9

@ FiNAL ANSWER
a=9,d=6



4MA1/1HR JUNE 2025

i Sequen
Question 24 @D  seovences

24 The first 3 terms of an arithmetic series are
(2x + 5) By —4) (4x — 2)
where x and y are constants.
The sum of the first 9 terms of the series is 216

Find the value of x and the value of y
Show clear algebraic working.

(Total for Question 24 is 6 marks)

WORKED SOLUTION Question 24 - 4AMA1/1HR June 2025

0 The first 3 terms are
The first 3 terms are

2¢ +5, 3y—4, 4x—2

a Equal differences give

Equal differences give

(By—4) — (22 +5) = (42 — 2) — (3y — 4)
6y — 6z =11

° Use series formula

For an arithmetic series,

S = 9(0, + 4d)



o Here

Here

a=2z+5
d=3y—4)—(2x+5)=3y—2z—9

° Given

Given Sg = 216:
9[(2z + 5) + 4(3y — 2z — 9)] = 216

12y — 6z = 55
o Solve
Now solve
6y — 6z =11
12y — 6z = 55
0 Subtracting gives
Subtracting gives
6y = 44
22
V=3

° Evaluate fraction
Then

@ FiNAL ANSWER
11 22

T=—>H Y= -

2 3



4WM2/01 MAY 2025

i Sequen
Question 24 @D  seovences

24  The 21st term of an arithmetic series is 109
The sum of the first 52 terms of the series is 4381

Work out the 5th term of the series.
Show clear algebraic working.

(Total for Question 24 is 4 marks)

WORKED SOLUTION Question 24 - 4AWM2/01 May 2025

0 Use series formula

For an arithmetic series,

a+20d =109

° Evaluate fraction

and

2
57(2(1 +51d) = 4381

26(2a + 51d) = 4381

c Solving gives

Solving gives

d=—-45, a=199

° The fifth term is
The fifth term is

a+4d = 199 + 4(—4.5) = 181

@ FiNAL ANSWER
181.



4WM2/01R MAY 2025

i Sequen
Question 24 @D seovences

24 An arithmetic series P has first term ¢ and common difference ¢

The sum of the first 40 terms of P is 2070
An arithmetic series Q has first term 2a and common difference 3d
The 25th term of Q is 186

Work out the sum of the first 40 terms of Q
Show clear algebraic working.

(Total for Question 24 is 6 marks)

WORKED SOLUTION Question 24 - AWM2/01R May 2025

Required
Series P: first term *a*, c.d. *d*; *S*<sub>40</sub>(*P*) = 2070. Series Q: first term 2*a*, c.d. 3*d*;
25th term of Q = 186. Find *S*<sub>40</sub>(*Q*).

Form equation from S 40
Form equation from *S*<sub>40</sub>(*P*) = 2070:

S_40 = fracd02\[2a + 39d\| = 20(2a + 39d) = 2070implies2a + 39d = 103.5tagl

Form equation from 25th term

Form equation from 25th term of Q = 186:
*T*<sub>25</sub>(*Q*) = 2*a* + 24(3*d*) = 2*a* + 72*d* = 186

Solve simultaneous equations
Solve simultaneously — subtract (1) from (2):
33*d* = 82.5 = *d* = 2.5

Substituted 2 5 (1)
Substitute *d* = 2.5 into (1):
2*a* + 39(2.5) = 103.5 = 2*a* = 6 = *a* = 3

Compute S 40 (Q
Compute *S*<sub>40</sub>(*Q*), with first term = 2*a* = 6 and c.d. = 3*d* = 7.5:

S_40(Q) = frac402bigl\[2(6) + 39(7.5)bigr\] = 20bigl\[12 + 292.5bigr\| = 20times304.5 = 6090



@ rinaL ANswER
*S*<sub>40</sub>(*Q*) = 6090

Dr Eslam Ahmed - eliteigcse.com



4MA1/2H NOVEMBER 2025

i Sequen
QueStlon 25 m equences

25 The first term of an arithmetic series is 10
The 20th term of the series is 86

The sum of the first N terms of the series 1s 5194

Work out the value of N
Show your working clearly.

(Total for Question 25 is 5 marks)

WORKED SOLUTION Question 25 - 4MA1/2H November 2025

0 Calculate value

a=10
U20 = 86
10 + 19d = 86

d=14



@ FiNAL ANSWER
N =49

Sy = %(za + (N —1)d)
5194 — %(20 +4(N —1))

N
5104 = Z-(4N + 16)

5194 = 2N(N + 4)

N2 4+ 4N —2597=0

_ —4+102

N 2

49



4WM2/01 NOVEMBER 2025

i Sequen
QueStlon 26 m equences

26 The first term of an arithmetic series is 10
The 20th term of the series is 86

The sum of the first N terms of the series is 5194

Work out the value of N
Show your working clearly.

(Total for Question 26 is 5 marks)

WORKED SOLUTION Question 26 - 4WM2/01 November 2025

o Find common difference
Step 1: Find the common difference *d*. The *n*<sup>th</sup> term is given by *u*<sub>*n*
</sub> = *a* + (*n*-1)*d*.
*u*<sub>20</sub> = 10 + 19*d* = 86
19*d* = 76

d = frac7619 =4

o Use sum formula

Step 2: Use the sum formula to form an equation in terms of *N*.

Sy = fracN2left\[2a + (N — 1)dright\]

Substitute the known values *S*<sub>*N*</sub> = 5194, *a* = 10, and *d* = 4:

5194 = fracN2left\[2(10) + (N — 1)(4)right)\|

6 Solve quadratic equation

Step 3: Simplify and solve the quadratic equation. Multiply by 2 to clear the fraction:
10388 = *N*

204+4xNx—4

10388 = *N*(4*N*+16)
4*N*<sup>2</sup> + 16*N* - 10388 = 0



Divide the entire equation by
Divide the entire equation by 4 to make it simpler:
*N*<sup>2</sup> + 4*N* - 2597 = 0

Use quadratic formula
Step 4: Use the quadratic formula to find *N*.

N = frac—bpmsgrtb? — 4ac2a
N = frac—4pmsqrt16 — 4(1)(—2597)2
N = frac—4pmsqrt16 + 103882

N = frac—4pmsqrt104042

N = frac—4pm1022

° Evaluate fraction

Since *N* must be a positive integer, we discard the negative root:

N = frac—4 + 1022 = frac982 = 49

@ FiNAL ANSWER

*N* = 49 Always double-check that your *N* (number of terms) evaluates to a positive whole
integer. If it ends up as a decimal or fraction, recheck your arithmetic progression formulas.



4WM2/01R JUNE 2026

i Sequen
QueStlon 25 m equences

25 Here are the first four terms of an arithmetic series
(k+2) (k+3) (k+8) (k+11)

The sum of the first 2n terms of the series 1s 4 times the sum of the first » terms of
the series.

Work out the numerical value of the 100th term of the series.
Show your working clearly

(Total for Question 25 is 6 marks)



WORKED SOLUTION Question 25 - 4WM2/01R June 2026

0 First term and difference
a=k+2d=3.

° Use the sum formula

27"[2a+(2n—1)3] =4x %[2a+(n—1)3]

° Simplify (divide by n)
2a+6n—3=4a+6n—-6=2e=3=a=15k=—1

° 100th term
a+99d = 1.5 4+ 99(3) = 298.5

@ FiNAL ANSWER
298.5




Direct & Inverse Proportion

Every past-paper question on this topic, 2020 to 2026.



4MA1/2HR JANUARY 2022

Question 20

20 y is inversely proportional to Jx

x is directly proportional to 7~
Given that y = 8 when 7= 25

find the exact value of 7 when y = 27

m Direct & Inverse Proportion

(Total for Question 20 is 4 marks)

WORKED SOLUTION

Question 20 - 4MA1/2HR January 2022

Find inverse function

al-

Use Direct Inverse Proportion correct

and
zoc T3

Find inverse function
So

VT o< T3?
Find inverse function
Therefore

1
yx T3/2

Use Direct Inverse Proportion correct
So yT'3/? is constant.

Find inverse function
When y =8 and T' = 25,

8(25)%% = 8(125) = 1000



Find inverse function
When y = 27,

27T3/2 = 1000

pop_ 1000 _ (101
27 U3

@ FiNAL ANSWER
100

9

TOPIC

Functions

Every past-paper question on this topic, 2020 to 2026.







4MA1/1H JANUARY 2020

. Function
Question 21 @D ( roncions

21 The functions f and g are such that
flx) = x> — 2x gx)=x+3
The function h is such that h(x) = fg(x) for x = -2

Express the inverse function h™'(x) in the form h™'(x) = ...

(Total for Question 21 is 5 marks)

WORKED SOLUTION Question 21 - 4MA1/1H January 2020

0 Calculate value
f(z) =z® — 2z

g(z) =z +3
h(z) = fe(z) = f(g())
h(z) = (z +3)* — 2(z + 3)
h(z) =z*+ 4z +3

h(z) =(z+2)2 -1

y=(z+2)*-1



o Find inverse function

Since the domain is £ > —2, take the positive square root:

z+2=4+y+1
z=4y+1-2

@ rinaL ANswER

hi(z)=vVz+1-2



4MA1/1H JANUARY 2021

. Function
Question 22 @D ( rncions

22 The function f is such that f(x) = x> — 8x + 5 where x < 4

Express the inverse function f ' in the form f'(x) = ...

(Total for Question 22 is 3 marks)

WORKED SOLUTION Question 22 - 4MA1/1H January 2021

0 Calculate value
f()=22—8z+5

flz) = (z—4)* - 11

o Let

Let
y=(z—4)*-11

y+11 = (z — 4)*

e Find inverse function

Since the domain is z < 4, take the negative square root:

z—4=—4/y+11
r=4—+y+11

@ FiNAL ANSWER

file) =4—-Vz+11



4MA1/1H MAY 2021

Question 24

24 The functions f and g are defined as

(a) Find fg(2)

10x + 7 where x > 1

(b) Express the inverse function f ' in the form f ' (x) = ...

WORKED SOLUTION

(Total for Question 24 is 6 marks)

Question 24 - 4MA1/1H May 2021

0 ()
(a)

Q (b)

(b)

fa(2) = £(8)
f(8) =5(8)2 —10(8) + 7

F(8) = 247

f(z) = 5z® — 10z + 7

f(@) = 5(z —1)? +2



o Let

Let
y=5(x—1)%+2

° Find inverse function
Since the domain is £ > 1, take the positive square root:
y—2

=1 g _“
T + 5

@ FINAL ANSWER
xr— 2

(@) 247, (b) fY(z) =1+ =




4MA1/2HR JANUARY 2022

. Function
Question 23 @D ( rncons

23 The functions f and g are such that
flx)=x+25 g(x) = x> — 12x

The function h is such that h(x) = fg(x)
The domain of his {x:x < 6}

Express the inverse function h™' in the form h'(x) = ...

(Total for Question 23 is 4 marks)

WORKED SOLUTION Question 23 - 4MA1/2HR January 2022

o Calculate value
f(z) =z +25

g(z) = 2® — 122
h(z) = fg(x) = f(g9(=))
h(z) = z* — 12z + 25

h(z) = (z — 6)> — 11

y=(x—6)%—11

y+ 11 = (z — 6)*



Find inverse function

Since the domain of h is z < 6, take the negative square root:

z—6=—4y+11
z=6—+y+11

@ rinaL ANswER

h~l(z) =6—+vz+11



4MA1/2H JANUARY 2022

. Function
Question 25 @D ( rncions

25 The function g is defined as
g:x—>5+6x—x> withdomain {x:x = 3}

(a) Express the inverse function g™' in the form g':x— ...

(b) State the domain of g

(Total for Question 25 is 5 marks)

WORKED SOLUTION Question 25 - 4MA1/2H January 2022

0 Calculate value
g(z) = 5+ 6z — «?

o Complete the square
Complete the square:

g(z) =14 — (z — 3)?

c Let

Let
y=14— (z — 3)*

(x—3)2=14—y

o Find inverse function

The domain of gis > 3, so take the positive square root:

z—3=+14—-y

z=3++y/14—y



o Simplify surd

Therefore

g_lz:cl—>3+\/14—:c

° Calculate statistic
The range of gis z < 14, so this is the domain of g~*.

@ FINAL ANSWER
@gl:z— 34+ /14— z, (b) domain z < 14



4MA1/1H NOVEMBER 2024

. Function
Question 25 @D ( rncons

25 The function f is such that f(;c) =2x?-24x+7 where x=>6

Find the inverse function f~'(x)

(Total for Question 25 is 4 marks)

WORKED SOLUTION Question 25 - 4MA1/1H November 2024

o Calculate value
f(z) =2z® — 242+ 7

° Complete the square

Complete the square:

f(z) =2(2% — 122) + 7
f(z) =2[(x —6)% —36] +7

f(z) = 2(z — 6)* — 65

° Let

Lety = f(=).




° Simplify surd

Since ¢ > 6, take the positive square root:

_ [y+65
z—6= 2
65
z=6+ y—;

e Replace by
Replace y by @.

@ FiNAL ANSWER




4WM2/01 MAY 2025

QUeStion 21 Functions

21  The function g is defined as

L 7Tx+20
g(x) =
2x xz0
(a) Solve gg(x)=6
Show clear algebraic working.
. P SN
(3)
P81641A
AINTICE Thanmm e T Aunvmntimm T+
The function h is defined as
h(x)=5x*+30x - 7 x=-3

(b) Express the inverse function h™in the form h™'(x) = ...

RTX) = oo sr s
(4)
(Total for Question 21 is 7 marks)
WORKED SOLUTION Question 21 - 4AWM2/01 May 2025
Evaluate fraction
(a) If g(g(x)) = 6, then
7g9(z) +20 6
2g()

Tg(x) + 20 = 12g(x)

9(z) = 4



0 Evaluate fraction

So
Tz + 20 _4
2z
Tr + 20 = 8z
=20

Q (b)

(b)
h(z) = 5z + 30z — 7 = 5(z + 3)? — 52

° Simplify surd

Lety = 5(3: + 3)2 — B2. Since £ > —3, use the positive square root:

/ 2
z+3= y—|;)5

@ rinaL ANswER

2
z=20,h7'(z) =4/ :1:—;5 - 3.




4WM2/01 NOVEMBER 2025

QUeStion 21 Functions

21 The functions f and g are defined as
f(x)=5x-3
g(x) = 4x* +16x -9 where x>=-2

(a) Find g( -1)

(b) Find fg(x)

Give your answer in its simplest form.

g(x) = 4x* +16x -9 where x> -2

-1

(c) Express the inverse function g™ in the form g™'(x) = ...

(Total for Question 21 is 7 marks)

WORKED SOLUTION Question 21 - 4WM2/01 November 2025

(a) Find g (1)
(a) Find *g*(-1):
*g*(=1) = 4(-1)<sup>2</sup> + 16(-1) -9 =4-16-9 = - 21



(b) Find *fg*(*x*):**
*FrgE(*xF) = *FE(gF(*x*)) = 5(4*x*<sup>2</sup>+16*x*-9) - 3
= 20*x*<sup>2</sup> + 80*x* — 45 - 3 = 20*x*<sup>2</sup> + 80*x* — 48

° Answer

b 20*x*<sup>2</sup> + 80*x* — 48

Let *y* = 4*x*<sup>2</sup> + 16*x* — 9. We must rearrange to make *x* the subject.
Step 1: Complete the square for the *x* terms.

*y* = 4(*x*<sup>2</sup>+4*x*) - 9

*y* = 4((*x*+2)<sup>2</sup>-4) - 9

*y* = 4(*x*+2)<sup>2</sup> - 16 - 9

*y* = 4(*x*+2)<sup>2</sup> - 25

Step 2: Rearrange for *x*.

*y* 4+ 25 = 4(*x*+2)<sup>2</sup>

fracy + 254 = (z + 2)?

x + 2 = pmsqrifracy + 254

Since *x* > -2, *x* + 2 is positive, so we take the positive root.

x + 2 = fracsqrty + 252

x = fracsqrty + 252 — 2

Step 3: Swap *y* for *x* to write the inverse function.

0 FINAL ANSWER

g 1(z) = fracsqrtz + 252 — 2 When finding the inverse of a quadratic, always complete the
square. The restricted domain (*x* > - 2) tells you whether to take the positive or negative square
root!



TOPIC

Differentiation & Turning Points

Every past-paper question on this topic, 2020 to 2026.



4MA1/1HR JANUARY 2020

Qu estio n 2 3 m Differentiation & Turning Points

23 A particle moves along a straight line.
The fixed point O lies on this line.
The displacement of the particle from O at time ¢ seconds, ¢ = 0, is s metres where

s='+4-5t+17

At time T seconds the velocity of P is V' m/s where V = —5

Find an expression for 7" in terms of V.

4+ Nk +mV

Give your expression in the form — s where k and m are integers to be found.

(Total for Question 23 is 6 marks)

WORKED SOLUTION Question 23 - 4AMA1/1HR January 2020

0 Calculate value
s=t34+ 42 —5t+7

° Evaluate fraction
Velocity is the derivative of displacement:

ds 9
v o 3t 48t —5

0 Calculate value
At time T, the velocity is V, so

V=3T>4+8T -5

3T2+8T— (V+5)=0



Use the quadratic formula

Use the quadratic formula:

=84 /82—4(3)(—(V +5))

r= 23)

_ —8++/64+ 12V + 60

T
6

_ —8++124+12V
o 6

T

4443143V

T
3

Simplify surd
Since T' > 0, take the positive root:

_ —4++/31+3V

T
3

@ FiNAL ANSWER

T —4++/31+3V
B 3




4MA1/1H MAY/NOVEMBER 2020

Qu estio n 2 3 m Differentiation & Turning Points

23 Curve C has equation y = px® — mx where p and m are positive integers.

Find the range of values of x, in terms of p and m, for which the gradient of C is negative.

(Total for Question 23 is 4 marks)

WORKED SOLUTION Question 23 - 4MA1/1H May/November 2020

o Differentiate

y = pzd — mz

° Differentiate

Differentiate:
dy 2
— =3pz“ —m
dx P
° The gradient is negative when
The gradient is negative when
3pz —m <0
3pa:2 <m
s . m
< —
3p

° Simplify surd
So

@ FiNAL ANSWER

m<:13< m
3p 3p



4MA1/1HR JANUARY 2021

Qu estio n 2 0 m Differentiation & Turning Points

20 A particle P is moving along a straight line.
The fixed point O lies on the line.

At time ¢ seconds (¢ = 0), the displacement of P from O is s metres where

s=0 -9 +33t-6

Find the minimum speed of P.

(Total for Question 20 is 5 marks)

WORKED SOLUTION Question 20 - 4MA1/1HR January 2021

0 Read the graph
s=t3—9t2 +33t—6

° Read the graph

Velocity is the rate of change of displacement:
ds
V= —
dt

v=3t2 — 18t + 33

Q Complete the square

Complete the square:
v =3(t? — 6t + 11)
v=3[(t—3)%+2|
v=3(t—3)2+6

Read the graph

Since (t — 3)2 > 0, the minimum value of v is



Read the graph

The velocity is always positive, so the minimum speed is also 6.

@ rinaL ANswER
6 m/s



4MA1/2H MAY 2021

Qu estio n 2 1 m Differentiation & Turning Points

. . ) . : : , 16
21 The point A4 is the only stationary point on the curve with equation y = kx™ + —

where £ is a constant. =
) : . 2
Given that the coordinates of 4 are (E a]

find the value of a.
Show your working clearly.

(Total for Question 21 is 5 marks)

WORKED SOLUTION Question 21 - 4MA1/2H May 2021

0 Evaluate fraction

° Differentiate

Differentiate:



Find the gradient

At the stationary point, £ = % so the gradient is O:
2 16

2k (g) - 2 2 == 0
(3)

4k
3

16
7z =0
9

4k
= _36=0
3

4k
3 = 36

k=27

Find the -coordinate

Now find @, the y-coordinate when & = %:

2\% 1
a=27(—) —I——6
3) "3

4
=27-—+24
a g—i-
a=12+4+24 =36

@ FiNAL ANSWER
a = 36



4MA1/1HR JANUARY 2022

Qu estio n 2 3 m Differentiation & Turning Points

23 Two particles, P and Q, move along a straight line.
The fixed point O lies on this line.

The displacement of P from O at time 7 seconds is s metres, where
s=1"—41>+5¢t fort>1

The displacement of Q from O at time ¢ seconds is x metres, where
x=t"—4t+4 fort>1

Find the range of values of r where 1 > 1 for which both particles are moving in the
same direction along the straight line.

(Total for Question 23 is 6 marks)

WORKED SOLUTION Question 23 - 4MA1/1HR January 2022

Particle
Particle P:

ds 9
— =3t° — 8t
7 3 8t+5
ds
20 _ -1
7 (3t —5)(¢ )
Particle
Particle Q:
z=1t>—4t+4
dx

==t —4=2t—2



o Differentiate
Fort > 1:

° moves in the negative direction
- P moves in the negative direction when 1 < t < %
- P moves in the positive direction when ¢t > %
- Q moves in the negative direction when 1 < t < 2.
- @ moves in the positive direction when ¢ > 2.

° Differentiate

So both particles move in the same direction when both velocities have the same sign.

@ rinaL ANswER

1<t<§ort>2



4MA1/1H JANUARY 2022

Qu estion 24 m Differentiation & Turning Points

24 The curve C has equation y = ax’ + bx” — 12x + 6 where a and b are constants.

The point A with coordinates (2, —6) lies on C
The gradient of the curve at A is 16

Find the y coordinate of the point on the curve whose x coordinate is 3
Show clear algebraic working.

(Total for Question 24 is 6 marks)

WORKED SOLUTION Question 24 - 4MA1/1H January 2022

0 Calculate value
y=az®+bzx? 12z +6

Point lies on the curve
Point A = (2, —6) lies on the curve:

—6=8a+4b—2446
8a+4b =12

20 +b=3
Differentiate
Differentiate:

dy _ 3az? + 2bz — 12
dx



The gradient at is 16
The gradient atx = 2 is 16:

16 = 12a + 4b — 12

12a + 4b = 28
3a+b="7
e Solve
Now solve
2a+b=3
3a+b="17
° Subtracting gives
Subtracting gives
a=14
° Calculate value
Then
24)+b=3
b=-5

e Calculate value

Forz =3,

y=4(3)%-5(3)2—12(3) +6
y =108 —45—36 46

y=33

@ rinaL ANswER
y=33



4MA1/2H JANUARY 2022

Qu estion 24 m Differentiation & Turning Points

24 A particle P moves along a straight line that passes through the fixed point O

The displacement, x metres, of P from O at time ¢ seconds, where ¢ > 0, is given by
x=4t'=27t+8

The direction of motion of P reverses when P is at the point 4 on the line.
The acceleration of P at the instant when P is at 4 is a m/s’

Find the value of ¢

(8 == i casisanissaiseaississisintinisinisesninnsises

(Total for Question 24 is 5 marks)

WORKED SOLUTION Question 24 - 4MA1/2H January 2022

0 Split the ratio
T =4t> — 27t + 8

° Velocity is

Velocity is
dx

— =12t — 27
dt

Q The direction of motion reverses
The direction of motion reverses when velocity is zero:

122 —27=0
12¢% = 27
9
t?=—
4

° Split the ratio
Sincet>0,t= %



o Acceleration is

Acceleration is

e Split the ratio

_ 3
At =3,

@ FINAL ANSWER
a= 36

— = 241



4MA1/1HR JUNE 2022

~ Differentiation & Turning Points
Question 22

22 The diagram shows a sketch of part of the curve with equation y = x” — 2 where pisa

x
positive constant.

VA

Diagram NOT
accurately drawn

=~V

For all values of p, the curve has exactly one turning point and this turning point is a
minimum shown as the point 7 in the sketch.

For the curve where the x coordinate of 7 is -3

(a) find the value of p

‘ : . . . . > 16
The line with equation v = k is a tangent to the curve with equation y =x" — —
x

(b) Find the value of k

(Total for Question 22 is 7 marks)




WORKED SOLUTION Question 22 - 4MA1/1HR June 2022

Find the gradient
For part (a),
y=22-2
x
dy p
—Z _9 £
dz Tt x?
° Find the gradient
At the minimum point, x = —3 and the gradient is 0.
p
2(-3)+ —==0
p
—64+=—=0
+ 9
p=>54
° Find the gradient
For part (b),
16
y=a’— —
T
dy 16
—Z _9 kel
dx T x2
0 Find the gradient
At a horizontal tangent,
1
2z + —S =0
z
2z +16 =0
3= -8



Find the gradient

Now substitute £ = —2 into the curve:

@ FiNAL ANSWER
p=>54, k=12

16
—(—9)2 _
= (-2 - —
k=4+8=12



4MA1/1HR MAY 2023

Qu estio n 2 1 m Differentiation & Turning Points

21 The curve T has equation y =x* —2x>—9x + 15

(a) Find %

X

(b) Find the range of values of x for which T has a positive gradient.
Give your values correct to 3 significant figures.
Show your working clearly.

(Total for Question 21 is 6 marks)

WORKED SOLUTION Question 21 - 4MA1/1HR May 2023

Q (a)
(a)

y=2x%—222 -9z +15

d
%:3332—4:1:—9

(b) The curve has a

(b) The curve has a positive gradient when

322 —42—-9>0



Solve

Solve

322 —4x—-9=0

4+ +/16 + 108

° Differentiate

To 3 significant figures, the roots are

z=-1.19, z =252

° Solve quadratic equation

Since the quadratic opens upwards, it is positive outside the roots.

@ FiNAL ANSWER

(@) Z—Z =322 -4z -9 (b)z < —1.190orz > 2.52



4MA1/1H NOVEMBER 2024

Qu estio n 2 0 m Differentiation & Turning Points

20 The curve with equation y = 2x* — 64x has a minimum point.

Find an equation of the tangent to the curve at the minimum point.
Show clear algebraic working.

(Total for Question 20 is 4 marks)

WORKED SOLUTION Question 20 - 4MA1/1H November 2024

0 Find the gradient

y = 2z* — 64z
o Differentiate
Differentiate:
dy 3
— =8z’ — 64
dx :1:
° Find the gradient
At the minimum point, the gradient is 0.
83 —64=0
83 = 64
z2 =8
r=2

Find the coordinate

Find the y-coordinate:

y=2(2)* — 64(2)

y =32 — 128 = —96



The tangent at a minimum

The tangent at a minimum point is horizontal, so its equation is

y=—96

@ FINAL ANSWER
y=—96



4MA1/2HR JUNE 2025

Qu estio n 2 2 m Differentiation & Turning Points

22 The diagram shows a solid cuboid.

Diagram NOT
5 accurately drawn

ol Xcm

(I5—-4x)cm

The volume of the cuboid is V' cm?

Find the maximum value of V'

(Total for Question 22 is 5 marks)

WORKED SOLUTION Question 22 - 4AMA1/2HR June 2025

0 The cuboid has dimensions
The cuboid has dimensions

z, x 1b—A4x

° Calculate value

So
V = z2(15 — 4x)
V = 1522 — 423
c Differentiate
Differentiate:
d
a _ 30z — 1222
dz
° Calculate value
At a maximum,
30z — 1222 =0

6x(5—2z) =0



o The useful value is

The useful value is

o Calculate volume

Now substitute into the volume:

V = (2.5)%(15 — 4(2.5))
V=6.25x5

V =31.25

0 FINAL ANSWER
31.25 cm?



4WM2/01 MAY 2025

Qu estio n 2 2 m Differentiation & Turning Points

22 Work out the range of values of x for which the graph of y =x*+ 2 x? -10x +5
has a positive gradient.
Show clear algebraic working.

(Total for Question 22 is 4 marks)

WORKED SOLUTION Question 22 - 4AWM2/01 May 2025

o Evaluate fraction

@=3m2+2x—10
dx

0 Find the gradient

For a positive gradient,

322 +2x—10>0

Q The roots are
The roots are

—1++31
T= Ty

o Solve quadratic equation
Since the quadratic opens upwards,

—-1-+/31 -1++31

@ FiNAL ANSWER

<—1—\/3_1 —1++/31

orx >

3 3



4WM2/01 NOVEMBER 2025

Qu estio n 2 2 m Differentiation & Turning Points

22 Curve C has equation y=x" — 16x + 7

At two points on C, the gradient 1s 11
The tangents to C at these two points have equations of the form y=ax + b

Work out the two possible values of b
Show clear algebraic working.

(Total for Question 22 is 6 marks)

WORKED SOLUTION Question 22 - 4WM2/01 November 2025

Find the gradient
fracdyde = 3z* — 16

Find the gradient
3*x*<sup>2</sup> - 16 = 11
3*x*<sup>2</sup> = 27

X*<sup>2</sup> = 9 = *x* = 3or*x* = -3

Solve inequality
For *x* = 3: *y* = (3)<sup>3</sup> -16(3)+7 =27-48+7 = - 14

Solve inequality
For *x* = — 3:*y* = (-3)<sup>3</sup> - 16(-3)+7 = - 27 +48 +7 = 28

Use trigonometry

Step 4: Find the y-intercept (*b*) for each tangent (*y* = 11*x* + *b*).
Using (3,-14):

-14 =11(3) + *b* => - 14 = 33 + *b* = *b* = - 47

Using (-3,28):

28 = 11(-3) + *b* = 28 = - 33 + *b* = *b* = 61

0 FINAL ANSWER
*b* = — 47 and 61



4MA1/2H NOVEMBER 2025

Qu estio n 2 2 m Differentiation & Turning Points

22 Curve C has equation y = x’ — 16x + 7

At two points on C, the gradient is 11
The tangents to C at these two points have equations of the form y = ax + b

Work out the two possible values of b
Show clear algebraic working.

(Total for Question 22 is 6 marks)

WORKED SOLUTION Question 22 - 4MA1/2H November 2025

o Differentiate
y=x2%—16c + 7

0 Differentiate

Differentiate:

dy 2

— =3z° - 16

dx v

Q The gradient of the tangent
The gradient of the tangent is 11, so
3z% — 16 = 11
3z =27
z2=9
=3 or z=-3

Differentiate
When £ = 3:

y=3"—-16(3)+7=27—-48+7=-14



° Use trigonometry
The tangent has equation y = 112 + b, so

~14=11(3) +b
b= —47

° Differentiate
When £ = —-3:

y=(-3)%—16(—3)+7=-27+484+7=28
28 = 11(—3) + b

b=61

@ rinaL ANswER
|b=—47 or b = 61|




4WM2/01R JUNE 2026

Qu estio n 2 3 m Differentiation & Turning Points

23 A particle is moving along a straight line that passes through the fixed point O
The displacement, s metres, of the particle from O at time ¢ seconds 1s given by
s =157 —F +12

Find the maximum velocity of the particle where 0 <7 <11
Show clear algebraic working,

m/s

(Total for Question 23 is 5 marks)



WORKED SOLUTION Question 23 - 4AWM2/01R June 2026

0 Velocity

ds 2
v 7 30 3
0 Maximum when dv/dt = 0
D30 _t=0=t=5 (L= _6<0 :
= =306t = =t = (dtz_—<,ama.x1mum)

° Maximum velocity
v=230(5)-3(5)%="175

Q FINAL ANSWER
75 m/s

TOPIC

Transformations of Graphs




Every past-paper question on this topic, 2020 to 2026.



4MA1/2H JANUARY 2020

Qu estion 2 1 m Transformations of Graphs

21 The diagram shows a sketch of part of the curve with equation y = f(x)
VA

(4, 6)

v =f(x)

=V

[0 \

There is one maximum point on this curve.
The coordinates of this maximum point are (4, 6)

(a) Write down the coordinates of the maximum point on the curve with equation

(i) v=1f(x+4)

(i) y=1(2x)

The equation of a curve Cis y=x>+3x + 4
The curve C is transformed to curve S under the translation (6]
(b) Find an equation of curve S.

You do not need to simplify the equation.

(Total for Question 21 is 4 marks)

WORKED SOLUTION Question 21 - 4MA1/2H January 2020

0 The maximum point of is
The maximum point of y = f(z) is (4, 6).



0 Calculate value

For
y=flz+4)
° the graph moves 4 units
the graph moves 4 units left:
(4,6) — (0,6)
° Calculate value
For
y = f(2z)
° the coordinate is divided by
the x-coordinate is divided by 2:
(4,6) — (2,6)
° Calculate value
For part (b),
y=z>+3z+4

a The translation vector is
The translation vector is

o Read the graph
So the graph moves 4 units right and 6 units up.

e Add 6

Replace x by z — 4, then add 6:
y=(z—4)°+3(z—4)+4+6

y=(z—4)?+3(z—4)+10

@ riNAL ANSWER
(0,6), (2,6), andy = (z — 4)%> + 3(z — 4) + 10



4MA1/1HR JANUARY 2020

Qu estion 22 m Transformations of Graphs

22 The graph of y = acos(x + b)° for 0 < x < 360 is drawn on the grid.
VA
3

(@) >
60 120 180 240 300 360 X

-3

(a) Find the value of @ and the value of b.

Another curve C has equation y = f(x)
The coordinates of the minimum point of C are (4, 5)

(b) Write down the coordinates of the minimum point of the curve with equation

(i) y=f(2x)

(1) y=1x)—7

(Total for Question 22 is 4 marks)



WORKED SOLUTION

Question 22 - 4MA1/1HR January 2020

Read the graph

For part (a), the graph has maximum 2.5 and minimum —2.5, so

Use trigonometry

a=25

The maximum occurs at £ = 60°. For y = a cos(x + b)°, a maximum occurs when

Calculate value
So

Calculate value

z+b=360
60 + b = 360
b = 300

For part (b), the minimum point of y = f(z) is (4, 5).

Calculate value

For

the coordinate is divided by
the z-coordinate is divided by 2:

Calculate value

For

the coordinate decreases by 7

the y-coordinate decreases by 7:

@ rinaL ANswER
a = 2.5, b=300; (2,5) and (4, —2)

y = f(2x)

(4,5) = (2,5)

(4,5) — (4,-2)



Dr Eslam Ahmed - eliteigcse.com



4MA1/1HR MAY/NOVEMBER 2020

Qu estion 20 m Transformations of Graphs

20 A curve has equation y = f(x)
There is only one maximum point on the curve.
The coordinates of this maximum point are (-3, 4)

Write down the coordinates of the maximum point on the curve with equation

(i) y=f(x)-6

( _—
(i) y = f(2x)
(o e )
(Total for Question 20 is 2 marks)
WORKED SOLUTION Question 20 - 4MA1/1HR May/November 2020

o The maximum point of is
The maximum point of y = f(z) is (—3,4).

o Calculate value

For

° the graph moves 6 units
the graph moves 6 units down:

(_3a 4) - (_3a _2)

o Calculate value

For

y = f(2x)

° the coordinate is divided by
the @-coordinate is divided by 2:

(—3,4) — (—%,4)



0 FINAL ANSWER
(—3,—2)and (—3,4)

Dr Eslam Ahmed - eliteigcse.com



4MA1/1H MAY/NOVEMBER 2020

Qu estion 2 5 m Transformations of Graphs

25 The curve with equation y = g(x) is transformed to the curve with equation v = —g(x) by
the single transformation T.

(a) Describe fully the transformation T.

The diagram shows the graph of y = f(x)

L

6

b2

-2 0 2 4 6 8 10 x

3

6

(b) On the grid, draw the graph of y = 2f(x — 1)

(Total for Question 25 is 3 marks)



WORKED SOLUTION Question 25 - 4MA1/1H May/November 2020

o Apply transformation
For part (a),

y=g(z) > y=—g(z)

0 The coordinates stay the same

The z-coordinates stay the same and the y-coordinates change sign.

e Apply transformation

So the transformation is a reflection in the x-axis.

0 Calculate value
For part (b),

y=2f(x—1)

° Read the graph
First, £ — 1 moves the graph 1 unit right. Then the factor 2 stretches the graph vertically by scale

factor 2.



e Use points from the original
Use points from the original graph:

(1,3) = (2,6)

(2,0) = (3,0)

(47 _3) — (57 _6)

(6,0) = (7,0)

(7,3) = (8,6)

0 Apply transformation

Draw the transformed parabola through these points.

@ FiNAL ANSWER

reflection in the Z-axis; transformed graph through (2, 6), (3, 0), (5, —6), (7,0), (8, 6)



4MA1/1H JANUARY 2021
m Transformations of Graphs

Question 21

21 A curve has equation y = f(x)
The coordinates of the minimum point on this curve are (-9, 15)

(a) Write down the coordinates of the minimum point on the curve with equation

(i) y=fx+3)

|
(i) y= Ef(,r)

The graph of y=acos(x + 5)° for 0 < x < 360 is drawn on the grid below.

2

0 0 360

Given that ¢ > 0 and that 0 < b < 360

(b) find the value of a and the value of b.

(Total for Question 21 is 4 marks)

WORKED SOLUTION Question 21 - 4MA1/1H January 2021

0 The minimum point of is
The minimum point of y = f(z) is (-9, 15).



o Calculate value

For

y= f(z+3)

° the graph moves 3 units

the graph moves 3 units left:

(—9,15) — (—12,15)

° Evaluate fraction
For

° the coordinate is divided by
the y-coordinate is divided by 3:

(—9, 15) - (_99 5)

° Use trigonometry

For part (b), the cosine graph has maximum 2 and minimum —2, so

a=2

° The graph has a minimum

The graph has a minimum at & = 90°. For a cos(z + b)°, a minimum occurs when

z+b=180
e Calculate value
So
90 +b =180
b=90

@ FiNAL ANSWER
(—12,15), (=9,5), a = 2, b = 90



4MA1/2H NOVEMBER 2021

Question 21

m Transformations of Graphs

21 The curve C has equation y = f(x) where f(x)=9-3(x + 2)’
The point 4 is the maximum point on C.

(a) Write down the coordinates of A.

4
The curve C is transformed to the curve S by a translation of [0]

(b) Find an equation for the curve S.

The curve C is transformed to the curve T.
The curve T has equation y = 3(x + 2)* - 9

(c) Describe fully the transformation that maps curve C onto curve T.

The graph of ¥ = acos (x — 5)° + ¢ for =180 < x < 360 is drawn on the grid below.

Vi
6

W s

v

-

—-180 90 o] 90 180 270 360 x

(d) Find the value of «, the value of b and the value of ¢.

(Total for Question 21 is 6 marks)



WORKED SOLUTION

Question 21 - 4MA1/2H November 2021

Calculate value

This is in completed square

This is in completed square form, so the maximum point is

(_2, 9)

Use matrices

For the translation

the graph moves 4 units
the graph moves 4 units right. Replace z by ¢ — 4:

y=9—3((z —4)+2)?

y=9—3(z —2)2

The curve has equation

The curve T has equation

y=3(z+2)>-9
This is
This is
y=—(9-3(z+2)?

Apply transformation

So C'is reflected in the x-axis.

Use trigonometry

For the cosine graph, the maximum is 5 and the minimum is —1.

=27 g



o Use trigonometry
For

y=acos(x—b)° +c

@ Read the graph

a maximum occurs when £ — b = 0. The graph has a maximum at & = 270°, so

b =270

@ FiNAL ANSWER
A=(-2,9),y=9—3(x — 2)?, reflection in the z-axis, a = 3, b = 270, ¢ = 2



4MA1/1HR JANUARY 2022

Qu estion 20 m Transformations of Graphs

20 The curve with equation y = f(x) has one turning point.
The coordinates of this turning point are (—6, —4)
(a) Write down the coordinates of the turning point on the curve with equation

(i) y=fx)+5

The graph of y = g(x) is shown on the grid below.

"

-4 -2 0 3\/4 6 8

-2

4

(b) On the grid, sketch the graph of y = 2g(x) for -1 < x <7

The graph of y = h(x) intersects the x-axis at two points.
The coordinates of the two points are (-1, 0) and (6, 0)

The graph of y = h(x + @) passes through the point with coordinates (2, 0), where a 1s a
constant.

(c) Find the two possible values of

(Total for Question 20 is 6 marks)



WORKED SOLUTION

Question 20 - 4MA1/1HR January 2022

The turning point of is
The turning point of y = f(z) is (—6, —4).

Calculate value

For

y=f(z)+5

the graph moves 5 units

the graph moves 5 units up:

(_6a _4) - (_6a 1)

Calculate value

For

y = f(3z)

the coordinate is divided by
the x-coordinate is divided by 3:

(_6a _4) - (_21 _4)

Read the graph

For the sketch of y = 2g(x), keep every &-coordinate the same and double every y-coordinate.



Useful points are

Useful points are

(_la 3) — (_la 6)

(2,0) = (2,0)

(37 _1) — (37 _2)

(4,0) = (4,0)

(7,3) = (7,6)

Solve inequality
Draw straight line segments through these points for —1 < z < 7.

Calculate value
For part (c), h(z) has rootsatz = —1 and ¢ = 6.

Calculate value
For h(z + a) to pass through (2,0),

24+a=-1 or 24+a=6

a=-3 or a=4



@ rinaL ANswWER
(—6,1), (—2, —4), sketch through the doubled points, and a = —3 ora =4



4MA1/1H JANUARY 2022

Qu estion 2 3 m Transformations of Graphs

23 The diagram shows a sketch of the curve with equation y = f(x)

YA (5,7)

=V

/ 0
There is only one maximum point on the curve.
The coordinates of this maximum point are (5, 7)

Write down the coordinates of the maximum point on the curve with equation

(i) y=f(x+9)
(i) y=f(x)+3
(Total for Question 23 is 2 marks)

WORKED SOLUTION Question 23 - 4MA1/1H January 2022

The maximum point of is
The maximum point of y = f(z) is (5, 7).

° Calculate value

For

y= f(z+9)

0 the graph moves 9 units

the graph moves 9 units left:

(57 7) — (_4, 7)



° Calculate value

For

° the graph moves 3 units

the graph moves 3 units up:

@ FiNAL ANSWER
(—4,7) and (5, 10)

(5,7) — (5,10)



4MA1/1H JUNE 2022

Qu estion 20 m Transformations of Graphs

20 The diagram shows a sketch of part of the curve with equation y = f(x)
VA

(s, 1)

y=1f(x)

.--"—‘
=Y

/O

There is one maximum point on this curve.
The coordinates of this maximum point are (s, t)

Find, in terms of s and ¢, the coordinates of the maximum point on the curve with equation

W)y=fx—-2)

(ii) y = 3f(x)

(Total for Question 20 is 2 marks)

WORKED SOLUTION Question 20 - 4MA1/1H June 2022

0 The maximum point of is
The maximum point of y = f(z) is (s, t).

° Calculate value

For

y=flz—-2)

° the graph moves 2 units
the graph moves 2 units right:

(s,8) = (s +2,1)



° Calculate value

For

° the coordinate is multiplied by
the y-coordinate is multiplied by 3:

@ FiNAL ANSWER
(s +2,t) and (s, 3t)

y = 3f(x)

(s,2) = (s,3¢)



4MA1/2HR JUNE 2022

Qu estion 22 m Transformations of Graphs

22 The point A with coordinates (-3, 2) lies on the straight line with equation y = f(x)
(a) Find the coordinates of the image of the point A on the straight line with equation

i) y=1f(x)-3

(i) y= t[%]

Here is a sketch of part of the curve with equation y = g(x)

Y A

=V

/ 0
The point B with coordinates ( p, ¢) lies on the curve.
(b) Find the coordinates of the image of the point B on the curve with equation

y=—g(x—c)

where ¢ is a constant,

(Total for Question 22 is 4 marks)



WORKED SOLUTION

Question 22 - 4MA1/2HR June 2022

Point lies on
Point A = (—3,2) lieson y = f(z).

Calculate value

For

y=f(z) -3

the graph moves 3 units

the graph moves 3 units down:

(_3a 2) - (_3, _1)

Evaluate fraction
For

-1

the coordinate is multiplied by

the x-coordinate is multiplied by 2:

(_3a 2) — (_6a 2)

Calculate value
For part (b), point B = (p, q) lies on y = g(z).

Calculate value

For

y=—g(z—c)

Read the graph

x — ¢ moves the graph c units right, and the minus sign reflects the graph in the z-axis.

Apply transformation
So

(p,9) = (P+¢,—q)

0 FINAL ANSWER
(_3a _1)r (_61 2), and (p +c, _Q)



4MA1/1HR MAY 2023

c Transformations of Graphs
Question 20

20 Curve C has equation y = f(x)
The graph of curve C has one maximum point.
The coordinates of this maximum point are (3, 5)

(a) Write down the coordinates of the maximum point on the curve with equation

(i) y=2f(x)

(oo e, )
(i) y=f(x)-7
(oo e )
(i) y = ()
( , )
Curve L has equation y = x* + 7x + 20
- ~ - 2
Curve L 1s transformed to curve S under the translation 0
(b) Find an equation for S
Give your answer in the form y = ax’ + bx + ¢
Y = e

(Total for Question 20 is 7 marks)

WORKED SOLUTION Question 20 - 4MA1/1HR May 2023

0 The maximum point of is
The maximum point of y = f(z) is (3, 5).

o Calculate value

For

y = 2f(x)



the coordinate is multiplied by
the y-coordinate is multiplied by 2:

(3,5) — (3,10)

Calculate value

For
y=f(z) -7

the graph moves 7 units
the graph moves 7 units down:

(3, 5) - (3a _2)
Calculate value
For

y = f(-=)

the graph reflects in the
the graph reflects in the y-axis:

(37 5) — (_3, 5)

Calculate value
For part (b),

y=2>+ 7z +20

The translation vector is

The translation vector is

Read the graph
So the graph moves 2 units right.

Replace by
Replace ¢ by £ — 2:

y=(z—2)+7(z—2)+20

y=2>+3z+10



0 FINAL ANSWER
(3,10), (3,—2), (—3,5), and y = 2 + 3z + 10



4MA1/1H MAY 2023

Qu estion 2 1 m Transformations of Graphs

21 A curve has equation y = f(x)

There is only one turning point on the curve.
The coordinates of this turning point are (6, 5)

Write down the coordinates of the turning point on the curve with equation

(a) y=1fx—4)

(o e )
(b) v=1(3x)
( )
(Total for Question 21 is 2 marks)
WORKED SOLUTION Question 21 - 4MA1/1H May 2023

0 The turning point of is
The turning point of y = f(z) is (6, 5).

° Calculate value

For

y=flz—4)

° the graph moves 4 units
the graph moves 4 units right:

(6,5) — (10,5)

o Calculate value

For

y = f(3z)



o the coordinate is divided by
the z-coordinate is divided by 3:

(6,5) = (2,5)

@ FINAL ANSWER
(10,5) and (2, 5)



4MA1/1H NOVEMBER 2023

Question 24 m Transformations of Graphs

24 The curve with equation f(x) = 5x* +9x+2 is transformed to the curve with equation
g(x) = 5(.::+4)2 +9(x+4)+8 by the translation [ZJ

(a) Write down the value of @ and the value of b

o
I

The graph of y = pcos(x+qr)o for 0< x< 360 is drawn on the grid below.

vV F 3
4 4

I I
90 180 270 360

Given that p > 0 and 0 < g <360

(b) find the value of p and the value of ¢

(Total for Question 24 is 4 marks)



WORKED SOLUTION Question 24 - 4AMA1/1H November 2023

o Read the graph
For part (a),

f(z) = 5z + 9z + 2
g9(@) =5(z +4)* +9(z +4) + 8

o Read the graph

Since

flz+4)=5(x+4)>+9(x+4)+2
gz)=f(x+4)+6

° Read the graph
So the graph has moved 4 units left and 6 units up.

a\ (-4
b) \ 6
° Read the graph
For part (b), the graph has maximum value 3 and minimum value —3, so

p=3

° The minimum occurs when

The minimum occurs when

T+ q=180

° Read the graph

From the graph, the minimum is at £ = 135, so

135+ q =180

q=45

@ riNAL ANSWER
a=—-4,b=6,p=3, q=45



4MA1/1H MAY 2024

Qu estion 2 1 m Transformations of Graphs

21 A curve has equation y = f(x)

There is one minimum point on this curve.
The coordinates of this minimum point are (5, —4)

Write down the coordinates of the minimum point on the curve with equation

1) y=£f(x+7)

(ii) y = f(x) - 6

(Total for Question 21 is 2 marks)

WORKED SOLUTION Question 21 - 4AMA1/1H May 2024

° The minimum point of is
The minimum point of y = f(z) is (5, —4).

o Calculate value

For

y=flz+7)

6 the graph moves 7 units
the graph moves 7 units left:

(5a _4) - (_2a _4)

o Calculate value

For



the graph moves 6 units

the graph moves 6 units down:

(5a _4) - (5a _10)

@ FINAL ANSWER
(—2,—4) and (5, —10)



4MA1/2HR JUNE 2024

Qu estion 2 3 m Transformations of Graphs

23 A curve has equation y = f(x)
The coordinates of the minimum point on this curve are (6, —3)

Write down the coordinates of the minimum point on the curve with equation

(i) ¥ =1fix)+10

(i) ¥ =1(3x)
(oo , )
(Total for Question 23 is 2 marks)
WORKED SOLUTION Question 23 - 4MA1/2HR June 2024

o The minimum point of is
The minimum point of y = f(z) is (6, —3).

° Calculate value

For

y = f(z) +10

° the graph moves 10 units

the graph moves 10 units up:

(67 _3) — (67 7)

0 Calculate value
For

y = f(3z)

° the coordinate is divided by
the z-coordinate is divided by 3:

(67 _3) - (27 _3)



@ rinaL ANswER
(6,7) and (2, —3)

Dr Eslam Ahmed - eliteigcse.com



4MA1/1HR JUNE 2025

Qu estion 2 1 m Transformations of Graphs

21 The curve with equation y = f(x) has one turning point.
The coordinates of this turning point are (=6, 9)

(a) Write down the coordinates of the turning point on the curve
with equation y = f(3x)

The curve C with equation y = g(x) is transformed to give the curve S with
equationy = g(x +a) + b

The point (4, =5) on C is mapped to the point (1, =16) on S

(b) Write down the value of a and the value of b

(Total for Question 21 is 3 marks)

WORKED SOLUTION Question 21 - 4AMA1/1HR June 2025

o The turning point of is
The turning point of y = f(z) is (—6,9).

0 Calculate value

For

y = f(3x)

° the coordinate is divided by
the z-coordinate is divided by 3:

(—6,9) — (—2,9)

° Calculate value
For part (b), a point (4, —5) ony = g(x) maps to (1, —16) on
y=g(z+a)+b



o Calculate value

For the z-coordinate:

o Calculate value

For the y-coordinate:

0 FINAL ANSWER
(—2,9),a=3, b=—11



4WM2/01 MAY 2025

Qu estio n 2 7 m Transformations of Graphs

27 A curve has equation y = f(x)

There is one maximum point on this curve.
The coordinates of this maximum point are (6, -5)

(a) Write down the coordinates of the maximum point on the curve with equation

@O y=f(x-4
( prie e )
(i) y=1(3x)
ssssssssassasansssnssassins s sassssibabat s hasstanis )
P81641A
AAINIC Thm s mom T Ausmmtiomea T ed
Here is the graph of y=g(x)
Ya
54
44
r T T T T T T T T T T T >
5 4 3 2 19 1 2 3 4 5 6 7%
-1
_3 —
_4 -

Ya

5

4_

34

y

14
I T T T T T T T T T T >
=5 -4 -3 2 -19 1 2 3 4 5 6 7F%

_1_

- -

73,

—4

(Total for Question 27 is 4 marks)



WORKED SOLUTION Question 27 - 4WM2/01 May 2025

0 (a)
(a)

° Read the graph
Fory = f(z — 4), move the graph 4 units right:

(6’ _5) - (10, _5)

e Divide the -coordinate
Fory = f(3x), divide the z-coordinate by 3:

(6a _5) — (2a _5)

o Subtract from each -coordinate

(b) For y = g(2z) — 3, halve each z-coordinate and subtract 3 from each y-coordinate.

° Useful transformed points are

Useful transformed points are
(_4a 1) — (_2a _2), (2)4) — (1a 1)a (6a2) — (3a _1)

Ya

y=g(2z) -3

Join these points with straight

Join these points with straight line segments.

e FINAL ANSWER
(10, —5), (2, —5), graph through (-2, —2), (1,1), (3, —1).



4MA1/1H NOVEMBER 2025

Question 24 m Transformations of Graphs

24 A curve has equation y = f(x)

There is only one turning point on the curve.
The coordinates of this turning point are (4, 3)

Write down the coordinates of the turning point on the curve with equation

(i) y=f(x+5)
( — )
(i) y=1f(x)+7
o e )
(1) y = f(2x)
(o . )
(Total for Question 24 is 3 marks)
WORKED SOLUTION Question 24 - 4MA1/1H November 2025

0 The turning point of is
The turning point of y = f(z) is (4, 3).

° Calculate value

For

y= f(z+5)

° the graph moves 5 units

the graph moves 5 units left:

(47 3) - (_1a3)



o Calculate value

For

o the graph moves 7 units

the graph moves 7 units up:

(4,3) — (4,10)

a Calculate value

For
y = f(2x)
° the coordinate is divided by
the x-coordinate is divided by 2:
(4,3) = (2,3)

@ FINAL ANSWER
(—1,3), (4,10), and (2, 3)




Angles in Polygons & Parallel
Lines

Every past-paper question on this topic, 2020 to 2026.



4MA1/1H JUNE 2022

Qu estion 2 3 m Angles in Polygons & Parallel Lines

23 A polygon has n sides, where n > 5

When arranged in order of size, starting with the largest number, the sizes of the interior
angles of the polygon, in degrees, are the terms of an arithmetic sequence.

Here are the first five terms of this sequence.

177 175 173 171 169

Find the value of n
Show clear algebraic working.

Question 23 continued

(Total for Question 23 is 6 marks)

WORKED SOLUTION Question 23 - 4MA1/1H June 2022

0 The interior angles form an

The interior angles form an arithmetic sequence:

177, 175, 173, 171, 169,. ..

0 Calculate value
So

a=177, d= -2

° Use trigonometry
For an n-sided polygon, the sum of the interior angles is

180(n — 2)



The sum of the arithmetic

The sum of the arithmetic sequence is

22077 + (n - 1)(-2)
= 5(354 —2n+2)
= 5 (356 — 2n)

=n(178 — n)

Q Set this equal to the

Set this equal to the polygon angle sum:

n(178 — n) = 180(n — 2)
178n — n? = 180n — 360

n?>+2n—360=0

° Factorise

Factorise:

(n+20)(n—18) =0

0 Solve inequality
Sincen > 5,

@ riNAL ANSWER
n =18
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Volume & Surface Area

Every past-paper question on this topic, 2020 to 2026.



4WM2/01 SPECIMEN

Qu estion 22 m Volume & Surface Area

22 A solid is made from a cone and a hemisphere.

Diagram NOT
accurately drawn

The circular plane face of the hemisphere coincides with the circular base of the cone.
The radius of the hemisphere and the radius of the circular base of the cone are
both 20cm

The curved surface area of the cone is 580xcm’
The volume of the solid is kmrem?®

Work out the exact value of &

K= o

(Total for Question 22 is 5 marks)

WORKED SOLUTION Question 22 - 4WM2/01 Specimen

0 Calculate surface area

The curved surface area of a cone is

7rl

o Calculate area
Here r = 20 and &rl = 580, so

201 = 580

=29



Use Pythagoras to find the
Use Pythagoras to find the height of the cone:

h? =29 — 20
h? = 841 — 400 = 441
h=21

° Volume of the cone
Volume of the cone:

%ﬂ'rzh = %w(20)2(21) = 28007

Q Volume of the hemisphere
Volume of the hemisphere:
2 3 _

2
—re = 571'(20)3 =

16000 -
3

3

o Total volume
Total volume:
16000 24400

28007 + 3 T 3 T
° Calculate area
Since the volume is k,
24400
k= —
3

@ FiNAL ANSWER

24400
k= """
3



4MA1/2H JANUARY 2020

Qu estion pd ) m Volume & Surface Area

26 Here is a sector, AOB, of a circle with centre O and angle 40B = x°

0

>

Diagram NOT
accurately drawn

The sector can form the curved surface of a cone by joining O4 to OB.

0

Diagram NOT
accurately drawn

The height of the cone is 25 cm.
The volume of the cone is 1600cm?

Work out the value of x.
Give your answer correct to the nearest whole number.

(Total for Question 26 is 6 marks)



WORKED SOLUTION Question 26 - 4MA1/2H January 2020

o Let the radius of the
Let the radius of the base of the cone be 7, and let the slant height be [.

° The volume of the cone

The volume of the cone is

—7r?h = 1600

° Calculate area
The height is 25 cm, so

1
§7rr2(25) = 1600

P2 4800
257
r="7.8176...
° The slant height is found
The slant height is found using Pythagoras:
I? =r?+ 25
1 =26.1938...

Q Calculate area
When the sector is joined to form the cone, the arc length of the sector becomes the circumference

of the cone base.

T
%Xzﬂ'l—zﬂ"r



Cancel

Cancel 27

360(7.8176...)
T = e = 107.4433....

@ rinaL ANswER



4MA1/2H NOVEMBER 2021

Qu estion 22 m Volume & Surface Area

22 The diagram shows a sphere of diameter xcm and a pyramid ABCDE with a horizontal
rectangular base BCDE.

Diagram NOT
accurately drawn

2xcm

xcm C

The vertex 4 of the pyramid is vertically above the centre O of the base so that
AB=AC=AD = AE.

BC = xcm, CD = 2xcm and AO = Sxcm.
The volume of the sphere is 288zcm?

Calculate the total surface area of the pyramid.
Give your answer correct to the nearest cm?

(Total for Question 22 is 6 marks)



WORKED SOLUTION Question 22 - 4MA1/2H November 2021

0 Use trigonometry

The sphere has diameter z, so its radius is

N8

° The volume of the sphere

The volume of the sphere is 2887 cm?:

4 xz\3
“xlZ) =288%
3 (2) 88

% — 92887
3 = 1728
r=12

o The rectangular base of the

The rectangular base of the pyramid has dimensions & and 2z, so its area is

z(2z) = 2z°

° Use trigonometry
For the two faces with base z, the slant height is

y/ (6z)% + 22 = /26

° Their total area is
Their total area is

2 (%w : w@) = 22v/26

° Use trigonometry
For the two faces with base 2z, the slant height is

oo (5 =257




° Their total area is

Their total area is

2 (%(2@- z 2101> = z24/101

° Total surface area

Total surface area:

222 + 22v/26 + £2/101

e Substitute
Substitute £ = 12:

144(2 + V26 + V/101) = 2469.440. . .

0 Correct to the nearest

Correct to the nearest cm2:

2469

@ rinaL ANswER



4MA1/1H JUNE 2022

Qu estion 22 m Volume & Surface Area

22 A solid is made from a cone and a hemisphere.

Diagram NOT
accurately drawn

The circular plane face of the hemisphere coincides with the circular base of the cone.
The radius of the hemisphere and the radius of the circular base of the cone are both 20 cm.

The curved surface area of the cone is 580xcm?
The volume of the solid is Arcm’

Work out the exact value of k

(Total for Question 22 is 5 marks)

WORKED SOLUTION Question 22 - 4AMA1/1H June 2022

The cone has radius cm

The cone has radius 20 cm.

° Calculate surface area

The curved surface area of the cone is

7rl

° Calculate value
So

m(20)1 = 5807

=29



Use Pythagoras to find the
Use Pythagoras to find the height of the cone:

h? + 20% = 292
h? = 841 — 400 = 441
h=21

e Volume of the cone
Volume of the cone:

%ﬂ'rzh = %w(20)2(21) = 28007

° Volume of the hemisphere
Volume of the hemisphere:
2 3 _

2
—re = 571'(20)3 =

16000 -
3

3

0 Total volume
Total volume:
16000 24400

28007 + 3 T 3 T
° Calculate volume
The volume is kmr, so
24400
k= ——
3

@ FiNAL ANSWER
24400

3




4MA1/2HR JUNE 2023

Qu estion 24 m Volume & Surface Area

24 The surface area of sphere A is nine times the surface area of sphere B
The difference between the volume of sphere A and the volume of sphere B is 1177 cm?

Find the radius of the smaller sphere.
Show your working clearly.

(Total for Question 24 is 5 marks)

WORKED SOLUTION Question 24 - 4MA1/2HR June 2023

o Let the radius of the

Let the radius of the smaller sphere be 7.

° Let the radius of the
Let the radius of the larger sphere be R.

° Surface area of a sphere

Surface area of a sphere is

4r

o The surface area of sphere

The surface area of sphere A is nine times the surface area of sphere B, so

4wR? = 9(4mr?)
R? = 9r?

R=3r



The difference between the volumes

The difference between the volumes is 1177

Cancel

Cancel

@ rinaL ANswER

4 4
571'(31-)3 - §7r7'3 =117n

4
§7r(271'3 — %) =117x

1—(3)471'7'3 = 1177




4MA1/1H NOVEMBER 2023

Qu estion 2 1 m Volume & Surface Area

21 Here is a triangular prism ABCDEF

Diagram NOT
accurately drawn

AD =53 cm
DF =28 cm
Angle FDE = 30°

Work out the volume of the triangular prism.
Give your answer correct to the nearest whole number.

.cm’

(Total for Question 21 is 5 marks)

WORKED SOLUTION Question 21 - 4AMA1/1H November 2023

0 The triangular cross section is

The triangular cross-section is triangle DEF..

0 It is right angled at
It is right-angled at E, with

DF = 28

° Use trigonometry
and

/ZFDE = 30°

° Use trigonometry
So

FE = 28sin30° = 14



° Use trigonometry
and

DE = 28cos30° = 14v/3

o Area of triangle
Area of triangle DEF".

%(14)(14\/5) =983

° The length of the prism
The length of the prism is

AD =53
° Volume of the prism
Volume of the prism:
98+/3 x 53
— 5194v/3
= 8996.2719...

@ FiNAL ANSWER
8996 cm?




4MA1/1H MAY 2024

Qu estion 23 m Volume & Surface Area

23 A solid shape is made by removing a hemisphere, shown shaded, from a cone as shown
in the diagram.

Diagram NOT
accurately drawn

The radius of the hemisphere is 2xcm
The radius of the base of the cone is Sxcm
The vertical height of the cone is 6xcm

The volume of the solid shape is 69487 cm’

Work out the total surface areca of the solid hemisphere that has been removed from
the cone.
Give your answer correct to the nearest integer.

[

(Total for Question 23 is 5 marks)

WORKED SOLUTION Question 23 - 4AMA1/1H May 2024

° Define cone dimensions

The cone has radius 5z and height 6.



Volume of the cone

Volume of the cone:

1 2
§7r(5a:) (6z)

= 507z®

The removed hemisphere has radius

The removed hemisphere has radius 2.
Volume of the hemisphere
Volume of the hemisphere:
—7(2x)

16
= ——ma’

The remaining solid has volume

The remaining solid has volume 6948, so

16
50z — ?71':1:3 = 69487

ﬁmﬂ — 69487
3
Cancel
Cancel
ﬁm?' = 6948
3
23— 10422
67
r=>5.3781...

The solid hemisphere removed has

The solid hemisphere removed has radius 2.



o Total surface area of a

Total surface area of a solid hemisphere is

3nr

o Calculate value
So

3m(2z)? = 127z®

127(5.3781...)% = 1090.3903. ..

@ FiNAL ANSWER



4MA1/1H NOVEMBER 2024

Qu estion 22 m Volume & Surface Area

22 The diagram shows a bowl in the shape of a hemisphere.
The bowl is made from metal.

Diagram NOT
12¢cm A accurately drawn

The outer radius of the bowl 1s 12¢cm
The inner radius of the bowl is 9cm

The thickness of the bowl is uniform.

Work out the volume of the metal.
Give your answer correct to the nearest whole number.

_cm?

(Total for Question 22 is 3 marks)

WORKED SOLUTION Question 22 - 4MA1/1H November 2024

The bowl is a hemispherical

The bowl is a hemispherical shell.

° The volume of the metal

The volume of the metal is:

outer hemisphere volume — inner hemisphere volume

Volume of a hemisphere

Volume of a hemisphere:



° Calculate volume
So

2 2
metal volume = §71'(12)3 - §71'(9)3

2
= g7r(123 —9%)
2
= 3m(1728 — 729)
= 6667

= 2092.3007 ...

@ rinAL ANSWER



4MA1/2H JUNE 2025

Qu estion 2 1 m Volume & Surface Area

21 The diagram shows a cuboid.

Diagram NOT
accurately drawn

2xcm

3xcm

The cuboid measures 3x cm by 2x cm by y cm

The volume of the cuboid is 1014 cm?
The total surface area of the cuboid is 4 cm?

Show that 4=12x%+ @

X

You must show all the stages of your working.

(Total for Question 21 is 3 marks)

WORKED SOLUTION Question 21 - 4AMA1/2H June 2025

The cuboid has dimensions
The cuboid has dimensions

3z, 2z, Y



Calculate volume

Its volume is 1014 ¢cm3, so

(3z)(2z)(y) = 1014

6z%y = 1014
_ 1014
vy= 62
169
Yy= ?

° The total surface area is

The total surface area is

A=23z-2c+3z-y+2z-y)
A = 2(6z® + 5zy)

A =12z% + 10zy

o Substitute

Substitute y = 162

2

A=122% + 10z (@)

2

1690
z

A=122%2+

@ FiNAL ANSWER

A=12z2+liﬂ




4WM2/01R MAY 2025

Qu estion 2 1 m Volume & Surface Area

21 The diagram shows a solid cuboid.

Diagram NOT
5 accurately drawn

ol Xcm

(I5—-4x)cm

The volume of the cuboid is V' cm?

Find the maximum value of V'

(Total for Question 21 is 5 marks)

WORKED SOLUTION Question 21 - 4AWM2/01R May 2025

Required
Cuboid has a square cross-section of side *x* cm and length (15-4*x*) cm. Find the maximum value
of the volume *V*,

Write V as a function

Write *V* as a function of *x*:
FVE = Ry Ry (15-4%x%) = *x*<sup>2</sup>(15-4*x*) = 15*x*<sup>2</sup> — 4*x*

<sup>3</sup>

Differentiate

Differentiate:

fracdVdz = 30z — 122
Set ( x 0 gives
Set d fracdVdz = 0:

30z — 1222 = Oimplies6z (5 — 2z) = Oimpliese = 0; textor; x = tfracs2 = 2.5

(*x* = 0 gives zero volume, so the meaningful solution is *x* = 2.5.)



° Second derivative test to confirm

Second derivative test to confirm maximum:

fracd®*Vdz? = 30 — 24z; Bigg||_z = 2.5 = 30 — 60 = —30\ <Oquadcheckmarktext(mazimum)

° Calculate V max V max

Calculate *V*<sub>max</sub>:
*V*<sub>max</sub> = (2.5)<sup>2</sup> x (15-4x2.5) = 6.25 x 5 = 31.25 cm<sup>3</sup>

° Note

Calculus optimisation: always verify the nature of the stationary point using dfracd?Vdz?. Also
check *x* \> 0 and 15 — 4*x* \> 0 (i.e. *x* \< 3.75) to ensure a valid cuboid.

@ FiNAL ANSWER

Maximum volume *V* = 31.25 cm<sup>3</sup>



4WM2/01 MAY 2025

Qu estion 23 m Volume & Surface Area

23  The diagram shows a cuboid.
Diagram NOT
accurately drawn

———— e =

3xcm

The cuboid measures 3x cm by 2x cm by y cm

The volume of the cuboid is 1014 cm?3

The total surface area of the cuboid is A cm?
1690

Show that A =12x*+ X

Y ou must show all the stages of your working.

(Total for Question 23 is 3 marks)

WORKED SOLUTION Question 23 - 4AWM2/01 May 2025

0 Evaluate fraction
3z x2x xy=1014

622y = 1014

_ 169

Yy )



0 Surface area

Surface area:

A=28z-2c+3c-y+2z-y)

= 1222 + 10zy

169
= 1222 + 10z (iz)
T

1690
=12a:2—|—6—
M

@ rinaL ANswER

1
A=12z% + 6;90.




4WM2/01R MAY 2025

Qu estion 25 m Volume & Surface Area

25 The diagram shows a solid hemisphere, H

Diagram NOT
accurately drawn

The radius of H is x cim
The volume of H is 61747 cm?

A bowl is made by removing a solid hemisphere from A such that the uniform thickness

of the bowl is 2cm
- Diagram NOT
accurately drawn

Work out the total surface area of the bowl.
Give your answer in terms of 7

(Total for Question 25 is 5 marks)

WORKED SOLUTION Question 25 - 4AWM2/01R May 2025

0 Required

Hemisphere H has radius *x* cm and volume 6174*n* cm<sup>3</sup>. A bowl is made by

removing an inner hemisphere, leaving 2 cm thickness. Find total surface area in terms of *mt*.



Calculate volume

Find outer radius *x*. Volume of hemisphere = dfrac23pir3:

frac23piz® = 6174piimpliesz® = frac6174times32 = 9261impliesz = sqrt\[3\]9261 = 21textcm

Find inner radius r inner

Find inner radius:
*r*<sub>inner</sub> =21 -2 = 19 cm

Add 1

Three surfaces to add:

1. Outer curved surface (half-sphere, radius 21):

*A*<sub>1</sub> = 2*t*(21)<sup>2</sup> = 2*m* x 441 = 882*n*

2. Inner curved surface (half-sphere, radius 19):

*A*<sub>2</sub> = 2*rt*(19)<sup>2</sup> = 2*m* x 361 = 722*n*

3. Flat annular ring at the top rim:

*A*<sub>3</sub> = **(21)<sup>2</sup> — **(19)<sup>2</sup> = **(441-361) = 80*r*

Total surface area A total

Total surface area:
*A*<sub>total</sub> = 882*m* + 722*1t* + 80*11* = 1684*m*

Note
Three separate surfaces! Missing the flat annular ring is the most common error on this type of

question.

@ FiNAL ANSWER

Total surface area = 1684*1* cm<sup>2</sup>



4MA1/2HR JUNE 2025

Question 26

m Volume & Surface Area

26 The diagram shows a solid hemisphere, H

The radius of H is x cim
The volume of H is 61747 cm?

Diagram NOT
accurately drawn

A bowl is made by removing a solid hemisphere from A such that the uniform thickness

- Diagram NOT
accurately drawn

of the bowl i1s 2¢cm

Work out the total surface area of the bowl.

Give your answer in terms of 7

WORKED SOLUTION

(Total for Question 26 is 5 marks)

Question 26 - 4MA1/2HR June 2025

The volume of a hemisphere

The volume of a hemisphere is



Evaluate fraction

For the original hemisphere H,
2

Szl = 6174n
3
Cancel
Cancel 7
2 4
—x’ =6174
3 T
z2 = 9261
z =21
The outer radius of the
The outer radius of the bowl is 21 cm.
Calculate value
The thickness is 2 cm, so the inner radius is
21—-2=19

Total surface area of the

Total surface area of the bowl is:

outer curved hemisphere inner curved
- outer curved hemisphere
- inner curved hemisphere

- flat annular rim

Outer curved surface area

Outer curved surface area:

2m(21)% = 8827

Inner curved surface area

Inner curved surface area:

2m(19)? = 7227



Q Flat rim area

Flat rim area:

° Total

Total:

@ FiNAL ANSWER

7(21% — 19%) = 807

8827 + 7227 + 807w = 16847



4WM2/01R JUNE 2026

Qu estion 20 m Volume & Surface Area

20 The diagram shows a solid shape.

Diagram NOT
accurately drawn

The solid shape is made by removing a cone from a hemisphere.

The radius of the cone is x cm
The height of the cone is x cm

The radius of the hemisphere is 2x cm

o : . 3645
I'he volume of the solid shape is 7 em’

Find the outer curved surface area of the solid shape.
Give your answer correct to the nearest whole number.

em’

(Total for Question 20 is 5 marks)



WORKED SOLUTION Question 20 - 4WM2/01R June 2026

0 Volume of the solid
6,3 1 3

2m(2z)® — Fmz’(z) = Laz® — Iwa® = bma

° Solve for x

5#$32%W$w3=%$$=4.5

° Outer curved surface = curved hemisphere
Radius 2z = 9:

2m(9)? = 1627 = 508.9....

@ FINAL ANSWER
509 cm?

TOPIC

Area & Volume of Similar Shapes




Every past-paper question on this topic, 2020 to 2026.



4MA1/1HR JANUARY 2020

Qu estion 20 m Area & Volume of Similar Shapes

20 The diagram shows a frustum of a cone and a sphere.

The frustum is made by removing a small cone from a large cone.
The cones are similar.

T 4 Diagram NOT
accurately drawn

l 2hem

<4+—rcm—»

The height of the small cone is scm.
The height of the large cone is 24 cm.
The radius of the base of the large cone is rem.

The radius of the sphere is rcm.
Given that the volume of the frustum is equal to the volume of the sphere,

find an expression for » in terms of /.
Give your expression in its simplest form.

(Total for Question 20 is 5 marks)

WORKED SOLUTION Question 20 - 4MA1/1HR January 2020

The two cones are similar

The two cones are similar.

° The large cone has height
The large cone has height 2h and base radius 7.



The small cone has height

The small cone has height h, so its linear scale factor compared with the large cone is

h 1

2n 2

Define cone dimensions

So the small cone has radius

| s

Volume of the large cone

Volume of the large cone:

%wr2(2h) = —7r?h

[SER N \V]

Volume of the small cone

Volume of the small cone:

Calculate volume

So the volume of the frustum is

2 2 2
—7r‘h — —7r‘h = —nr°h
37 T 12 12"
Calculate volume
The sphere has radius r, so its volume is
4 3
—7r
3
The two volumes are equal
The two volumes are equal:
7 4
—ar?h = —7r®



Divide by
Divide by 7r?:

@ rinaL ANswER
Th

’l"=1—6

7 _4T
12
Th = 16r
. Th
16



4MA1/2HR JANUARY 2020

Qu estion 20 m Area & Volume of Similar Shapes

20 The diagram shows two similar vases, A and B.

A
Diagram NOT
accurately drawn
T 13cm
9cm
v
A B

The height of vase A is 9cm and the height of vase B is 13 cm.

Given that

surface area of vase A + surface area of vase B = 1800cm?

calculate the surface area of vase A.

(Total for Question 20 is 4 marks)

WORKED SOLUTION Question 20 - 4MA1/2HR January 2020

0 The two vases are similar

The two vases are similar.

0 Their heights are in the

Their heights are in the ratio

° Split the ratio

So their surface areas are in the ratio

92:132 =81:169



° The total surface area is

The total surface area is 1800 cm?, so there are

81 + 169 = 250
° parts altogether
parts altogether.
o Surface area of vase A
Surface area of vase A:
1800 x 81 _ 583.2
250

@ FinAL ANswER



4MA1/1H MAY/NOVEMBER 2020

Qu estion 20 m Area & Volume of Similar Shapes

20 R and S are two similar solid shapes.

Shape R has surface area 108 cm?* and volume 135 cm’
Shape S has surface area 300 cm?

Work out the volume of shape S.

(Total for Question 20 is 3 marks)

WORKED SOLUTION Question 20 - 4MA1/1H May/November 2020

0 Shape R has surface area

Shape R has surface area 108 cm? and volume 135 cm?.

° Shape S has surface area

Shape S has surface area 300 cm?.

Q Surface area ratio SR

Surface area ratio S:R:

300:108=25:9

° Split the ratio

So the linear ratio S:R is

° Split the ratio

Therefore the volume ratio S:R is

53.3% =125:27

° Volume of S
Volume of S:

125



0 FINAL ANSWER
625 cm?




4MA1/1H JANUARY 2021

Qu estion 20 m Area & Volume of Similar Shapes

20 A and B are two similar solids.
Diagram NOT
accurately drawn

A B

A has a volume of 1836 cm’
B has a volume of 4352 cm’

B has a total surface area of 1120 cm’

Work out the total surface area of A.

(Total for Question 20 is 3 marks)

WORKED SOLUTION Question 20 - 4MA1/1H January 2021

0 The volume ratio of solid

The volume ratio of solid A to solid B is

1836 : 4352
o Simplify
Simplify:
1836 _ 27
4352 64

° Split the ratio

So the linear ratio is

V27:v64=3:4



° Surface area ratio

Surface area ratio:

32:42=9:16

° Solid B has surface area

Solid B has surface area 1120 cm?, so solid A has surface area

9
1120 x — = 630
* 16

@ FinAL ANswER



4MA1/2H MAY 2021

Qu estion 20 m Area & Volume of Similar Shapes

20 Mathematically similar wooden blocks are made in a workshop.
There are small blocks and there are large blocks.
The volume of each small block is 300 cm’
Given that
the surface area of each small block : the surface area of each large block = 25:36

work out the volume of each large block.

(Total for Question 20 is 3 marks)

WORKED SOLUTION Question 20 - 4MA1/2H May 2021

0 Split the ratio

The surface area ratio of the small block to the large block is

25: 36

° Split the ratio

So the linear ratio is

\/%:\/%=5:6

6 Split the ratio

Therefore the volume ratio is

53 .63 =125:216

° The small block has volume

The small block has volume 300 cm?.

° Large block volume
Large block volume:
216



0 FINAL ANSWER
518.4 cm?®




4MA1/1HR JUNE 2022
m Area & Volume of Similar Shapes

Question 20

20 The diagram shows two similar metal statues.

Diagram NOT
accurately drawn

=y
= ‘;3
-‘1\\ y
N

A

":-'3":“'

A \.\\\' X
0\ ‘)

|i';

g\
FA

il

The volume of statue B is 20% less than the volume of statue A
The surface area of statue B is k% less than the surface area of statue A

Work out the value of k
Give your answer correct to 3 significant figures.

(Total for Question 20 is 4 marks)

WORKED SOLUTION Question 20 - 4MA1/1HR June 2022

0 The volume of statue is
The volume of statue B is 20% less than statue A4, so the volume scale factor is 0.8.

° Calculate area
For similar solids, the linear scale factor is the cube root of the volume scale factor:

linear scale factor = /0.8

° Surface area scale factor is
Surface area scale factor is the square of the linear scale factor:

surface area scale factor = (v/0.8)2 = 0.8%/3 = 0.861773...



° Calculate area
So statue B has 86.1773. .. % of the surface area of statue A.
k=100 — 86.1773...=13.8226...

@ FiNAL ANSWER

k = 13.8 to 3 significant figures.



4MA1/2HR JUNE 2022

Qu estion 24 m Area & Volume of Similar Shapes

24 The diagram shows a frustum of a cone, and a sphere.

The frustum, shown shaded in the diagram, is made by removing the small cone from
the large cone.
The small cone and the large cone are similar.

A Diagram NOT
accurately drawn

Small cone
hcm

Large cone

khem v

The height of the small cone is icm and the radius of the base of the small cone is rem.
The height of the large cone is khcm and the radius of the base of the large cone is krem.
The radius of the sphere is »em.

The sphere is divided into two hemispheres, each of radius rcm.

Solid A is formed by joining one of the hemispheres to the frustum.
The plane face of the hemisphere coincides with the upper plane face of the frustum,
as shown in the diagram below.

Solid B is formed by joining the other hemisphere to the small cone that was removed
from the large cone.

The plane face of the hemisphere coincides with the plane face of the base of the small
cone, as shown in the diagram below.

Diagram NOT
accurately drawn
A B

The volume of solid A is 6 times the volume of solid B.
Given that k > ﬁ

find an expression for 4 in terms of k and

h=

(Total for Question 24 is 6 marks)




WORKED SOLUTION Question 24 - 4MA1/2HR June 2022

0 Small cone volume

Small cone volume:

° The larger similar cone has
The larger similar cone has radius kr and height kh, so its volume is

Vi = %w(kr)z(kh) = %wkf’r?h

o Calculate volume

So the frustum volume is

V-V, = %m-zh(k?‘ —1)

° The volume of one hemisphere

The volume of one hemisphere of radius 7 is

° Solid A is the frustum

Solid A is the frustum plus one hemisphere:
1

2
Va= §7r'r'2h(k3 -1)+ §7r7'3

e Solid B is the small
Solid B is the small cone plus one hemisphere:

1 2
Vg = gm'zh + §7rr3

Q Given
Given V4 = 6V3p:

2 1 2
127013 3 _ 2; L 2 3
mreh(k® — 1) + 3 6<37r7' h+ 37rr)



° Divide by

Divide by +r?:

h(k® — 1) +2r = 6h + 12r

h(k® —7) = 107
10r
h= k3 —7

@ FiNAL ANSWER
10r
h=
k3 —17




4MA1/1H MAY 2023

Qu estion 2 3 m Area & Volume of Similar Shapes

23 A frustum is made by removing a small square-based pyramid from a similar large
squared-based pyramid as shown in the diagram.

& Diagram NOT
accurately drawn

A

15cm

45cm

The height of the small pyramid is 15cm.
The height of the large pyramid is 45cm.
The square base of the large pyramid has side length 39 cm.

Work out the total surface area of the frustum.
Give your answer correct to the nearest whole number.

(Total for Question 23 is 5 marks)

WORKED SOLUTION Question 23 - 4MA1/1H May 2023

The small and large square

The small and large square-based pyramids are similar.



Their heights are
Their heights are

15:45=1:3

Square of the frustum

So the side length of the top square of the frustum is

39
— =13
3 cm

The vertical height of the

The vertical height of the frustum is

45 —15 =30 cm

Evaluate fraction
For one trapezium face, the difference between the half-side lengths is
39 —-13
2

=13 cm

Simplify surd

So the slant height of the trapezium face is

4/30% + 132 = v/1069

Area of one trapezium face

Area of one trapezium face:

1
5 (30 +13)v/1069 = 26+/1069

Area of four trapezium faces

Area of four trapezium faces:

4(26v/1069) = 10411069

Add the top and bottom
Add the top and bottom square faces:

132 + 392 = 169 + 1521 = 1690

Total surface area

Total surface area:

1690 + 104v'1069 = 5090.338...



Q Correct to the nearest whole

Correct to the nearest whole number:

5090

@ FINAL ANSWER



4MA1/1H NOVEMBER 2023

Qu estion 2 3 m Area & Volume of Similar Shapes

23 Solid A is similar to solid B

Here 1s some information about solid A and solid B

solid A solid B
Height (cm) 3%
Area (cm?) 7776 486
Volume (cm?) 8" o

Work out the height of solid B
Give your answer as a decimal.

SOOI 5 4 |

(Total for Question 23 is 5 marks)

WORKED SOLUTION Question 23 - 4MA1/1H November 2023

0 The area ratio of solid

The area ratio of solid A to solid B is

7776 :486 =16:1

° Split the ratio

So the linear ratio A:B is

V16:1=4:1

° Split the ratio

Therefore the volume ratio A:B is

43:13=64:1



° Calculate volume
The volumes are 8% and 2%14, so
8$

5ot = 64

° Use index laws

Write 8% as a power of 2:

83: — (23)3: — 23:13

° Evaluate fraction
So

3z
2 6

2w+4

23:1:—(:1:+4) — 96

20 —4=26

° The height of solid A
The height of solid A is

3% = 3% =243

e Split the ratio

Since the linear ratio A:B is 4 : 1, the height of solid B is
243

@ FinAL ANswWER

60.75 cm



4MA1/2H NOVEMBER 2023

Qu estion 2 3 m Area & Volume of Similar Shapes

23 Here is a frustum of a cone.
The frustum is made by removing a small cone from a similar large cone.

A

Diagram NOT
accurately drawn

The height of the large cone is 15 cm.

The radius of the base of the large cone is 6 cm.
The radius of the base of the small cone is x cm.

T cm

Given that the volume of the frustum is
work out the value of x
Show clear algebraic working.
(Total for Question 23 is 5 marks)
WORKED SOLUTION Question 23 - 4MA1/2H November 2023

The large cone has height

The large cone has height 15 cm and radius 6 cm.



The small cone has radius

The small cone has radius x. Since the cones are similar,
radius 6 2

height 15 5

Evaluate fraction

So for the small cone,

Volume of the large cone

Volume of the large cone:

Volume of the small cone

Volume of the small cone:

The frustum volume is

The frustum volume is

4212 -
25
Evaluate fraction
So
5 4212
180 — -z = —— 7



Cancel

Cancel 7
5 4212
180 — — 23 = =2
80— 52 25
5 5 4212
—3 =180 - —/——
6 T 80 o5
5 288
6 25
3 _ 1728
125
12
= -924
=%

@ rinaL ANsWER



4MA1/2HR JUNE 2024

Qu estion 24 m Area & Volume of Similar Shapes

24 The diagram shows a solid, S, made from a cone and a hemisphere.

Diagram NOT
accurately drawn

The centre of the circular face of the cone coincides with the centre of the flat surface of
the hemisphere.

The radius of the circular face of the cone, xcm, is equal to the radius of the hemisphere.
The total height of S is 4 x the radius of the hemisphere.

A separate sphere has radius Axcm.
The volume of this sphere is 12.5 x the volume of S

(a) Work out the value of &

k=
A solid, T, is similar to solid S
The volume of T is 512 x the volume of S
The total surface area of T is d x the total surface area of S
(b) Find the value of d
e B

(Total for Question 24 is 5 marks)



WORKED SOLUTION

Question 24 - 4MA1/2HR June 2024

The hemisphere has radius

The hemisphere has radius &, so its height is .

The total height of solid
The total height of solid S is 4@, so the cone height is

der —x =3z

Volume of the cone

Volume of the cone:

Volume of the hemisphere

Volume of the hemisphere:

Calculate volume

So the volume of solid S is

Calculate volume

The sphere has radius kz, so its volume is

4 4
Eﬂ'(kx)s = gﬂ'k?’w?’

This is times the volume

This is 12.5 times the volume of S:

4 5
gﬂk%?' =125 (Emﬁ)



Cancel

Cancel %m:?’:
43 = 62.5
125
k® =15.625 = ——
8
k=25
o Calculate volume
For solid T, the volume scale factor is 512.
512 = 83

@ Calculate area

So the linear scale factor is 8, and the surface area scale factor is

82 = 64

0 FINAL ANSWER
|k =25, d=64




4WM2/01 MAY 2025

Qu estion 2 5 m Area & Volume of Similar Shapes

25 A and B are two similar solids.

The height of solid A is 31 cm
The height of solid B is 18.6 cm

Given that
volume of solid A - volume of solid B = 735 cm3

find the volume of solid A

(Total for Question 25 is 4 marks)

WORKED SOLUTION Question 25 - 4WM2/01 May 2025

o Linear scale factor from solid

Linear scale factor from solid A to solid B:

18.6
TR 0.6

o Calculate volume

So the volume scale factor is

0.6% = 0.216

° Let the volume of be
Let the volume of A be V. Then

V —0.216V = 735
0.784V =735

V =937.5

0 FINAL ANSWER
937.5 cm?3.



4MA1/1HR JUNE 2025

Qu estion 2 6 m Area & Volume of Similar Shapes

26 R, S and T are three similar vases.

Diagram NOT

é accurately drawn
R S T

The volume of vase S is 72.8% more than the volume of vase R

The height of vase R is 4 cm
The height of vase T is 6/ cm

The surface area of vase S is 4 cm”
~ ~ . 2
The surface area of vase T is k4 cm”™

Work out the value of &

(Total for Question 26 is 4 marks)

WORKED SOLUTION Question 26 - 4AMA1/1HR June 2025

0 The volume of vase is

The volume of vase S is 72.8% more than vase R, so

Vs
— =1.728
Vr

° Calculate area
For similar solids, volume scale factor is the cube of the linear scale factor:
linear scale factor from Rto S = +/1.728 = 1.2



e The height of vase is
The height of vase T is 6h, so the linear scale factor from R to T' is 6.

° Calculate area

Therefore the linear scale factor from Sto T is

6
- — 5
1.2
° Surface area scale factor is

Surface area scale factor is the square of the linear scale factor:
k=52=25

@ rinaL ANswWER
k=25



4MA1/2H JUNE 2025

Question 26

m Area & Volume of Similar Shapes

26 A and B are two similar solids.

The height of solid A is 31 cm
The height of solid B is 18.6cm

Given that
volume of solid A — volume of solid B = 735¢m?

find the volume of solid A

M

(Total for Question 26 is 4 marks)

WORKED SOLUTION

Question 26 - 4MA1/2H June 2025

The heights of solids A
The heights of solids A and B are 31 cm and 18.6 cm.

31:186=5:3

Split the ratio

So the volumes are in the ratio

53.:3% =125:27

The difference in volume is

The difference in volume is

125 — 27 =98
parts
parts.
Evaluate fraction
This difference is 735 cm?, so one part is
735
=17.5

98



Volume of solid A

Volume of solid A:

125 x 7.5 = 937.5

@ FINAL ANSWER



4WM2/01 NOVEMBER 2025

Qu estion 2 3 m Area & Volume of Similar Shapes

23 Shape P is similar to shape Q

The table shows some information about shape P and shape Q

Surface area (cm’) Volume (cm’)
Shape P 200 672
Shape Q 450

Work out the volume of shape Q

(Total for Question 23 is 3 marks)

WORKED SOLUTION Question 23 - 4WM2/01 November 2025

o Calculate area
textASF = fractextAreaofQtextAreaofP = frac450200 = frac94 = 2.25

° Simplify surd
text LSF = sqrttextASF = sqrtfrac94 = frac32 =1.5

c Calculate volume
textVSF = (textLSF)3 = left(frac32right)® = frac278 = 3.375

° Calculate volume
textVolumeofQ@Q = textVolumeof PtimestextV SF = 672times frac278

= 84 x 27 = 2268

@ rinaL ANswER

2268 cm<sup>3</sup>



4MA1/2H NOVEMBER 2025

Qu estion 2 3 m Area & Volume of Similar Shapes

23 Shape P is similar to shape Q

The table shows some information about shape P and shape Q

Surface area (cm’) Volume (cm’)
Shape P 200 672
Shape Q 450

Work out the volume of shape Q

(Total for Question 23 is 3 marks)

WORKED SOLUTION Question 23 - 4MA1/2H November 2025

0 Surface area ratio Q P

Surface area ratio Q:P:

450:200=9:4
o Split the ratio
So the linear ratio Q:P is
3:2
° Split the ratio
Therefore the volume ratio Q:P is
33:23=27:8

° Shape P has volume
Shape P has volume 672 cm3.

o Volume of Q

Volume of Q:

672 x %7 = 2268



0 FINAL ANSWER
2268 cm?®

TOPIC

Circle Theorems

Every past-paper question on this topic, 2020 to 2026.






4MA1/2HR JUNE 2023

Question 20 m Circle Theorems

20 A, B and C are points on a circle.

Diagram NOT
accurately drawn

M

MN is the tangent to the circle at C
AB = CB
Angle BCN = 78°

Find the size of angle ABC

(Total for Question 20 is 2 marks)

WORKED SOLUTION Question 20 - 4MA1/2HR June 2023

0 The angle between the tangent
The angle between the tangent CN and the chord CBis 78°.

0 Use trigonometry
By the alternate segment theorem,

/BAC =T78°



e Calculate value
Also,

AB=CB

o Use trigonometry
so triangle ABC is isosceles and the base angles are equal:

/BAC = LACB = 78°

° Use trigonometry

Using the angle sum of a triangle:

ZABC =180° — 78° — 78°

LABC = 24°

@ FiINAL ANSWER



4MA1/1HR JUNE 2025

Question 23 m Circle Theorems

23

Diagram NOT
accurately drawn

PTR and QTS are chords of a circle.
PT =3y —-5)cm OT = (y+3)cm RT = 4xcm ST =(x+2)cm

Find an expression for y in terms of x

Total for Question 23 is 5 marks)

WORKED SOLUTION Question 23 - 4AMA1/1HR June 2025

0 Use chord theorem

For two intersecting chords in a circle,

PTxTR=QT x TS

° Substitute the given lengths
Substitute the given lengths:

3y —5)(4z) = (y + 3)(z + 2)

o Expand

Expand:
122y — 20z = zy+2y+ 3z + 6



° Collect the terms on one

Collect the y terms on one side:

c Factorise

Factorise:

@ FiNAL ANSWER
23z +6
YT Tz —2

122y — 2y — 2y =20z + 3z + 6

llxy — 2y =23z + 6

y(1lz —2) =232+ 6

. 23z + 6
Y= 11z -2



Bearings

Every past-paper question on this topic, 2020 to 2026.



4MA1/2H NOVEMBER 2024

Qu eStion 24 m Bearings

24 A, B and C are three points on horizontal ground.
AB = 8.4 metres BC = 9.2 metres

B is on a bearing of 067° from A
C is on a bearing of 129° from B

Calculate the bearing of 4 from C
Give your answer correct to the nearest degree.

(Total for Question 24 is 6 marks)

WORKED SOLUTION Question 24 - 4AMA1/2H November 2024

o Resolve each journey into east

Resolve each journey into east and north components.

0 Use trigonometry
From A to B:

east = 8.4sin67° = 7.7322...

north = 8.4cos67° = 3.2821...

° Use trigonometry
From B to C:

east = 9.2sin 129° = 7.1497...

north = 9.2 cos 129° = —5.7897...



Calculate value
So from A to C-

east = 14.8820...

north = —2.5076...

Calculate value
Therefore from C to A:

east = —14.8820..., north = 2.5076. ..

Use trigonometry

This direction is west of north.

14.8820. ..
6 =tan~! (%) = 80.4355...°

Use bearings
Bearing of A from C-

360° — 80.4355...° = 279.5644...°

@ riNAL ANSWER



TOPIC

Vectors

Every past-paper question on this topic, 2020 to 2026.



4WM2/01 SPECIMEN

. Vectors
Question 23 &

23
P
A

Q . -

Diagram NOT
4 accurately drawn
0 N B
6b

OAB is a triangle.
Q is the point on 4B such that OQP is a straight line.

> > >
04 = 4a OB = 6b AP =2a + 8b

Using a vector method, find the ratio AQ : OB

AQ:QOB= .

(Total for Question 23 is 5 marks)



WORKED SOLUTION Question 23 - 4WM2/01 Specimen

o Use vectors

— — —
OA = 4a, OB = 6b, AP =2a+8b

° Use vectors

So

— — —>
OP =0OA+ AP

—
OP = 4a + (2a + 8b) = 6a + 8b

° Use vectors

Since O, @, P are collinear, let

_>
OQ = \(6a + 8b)

o Use vectors

Also @ lies on AB. Let

—s  —
AQ = uAB
° Use vectors
Then
—
AB = 6b —4a

—
0Q = 4a + p(6b — 4a)

—
0Q = (4—4u)a+ 6udb

o Use vectors

Compare coefficients with

A(6a + 8b) = 6Aa + 8Mb

e Use vectors

So
4 —4u =6\, 6u = 8\



Use vectors

From 6u = 8\,
3
A= —
4 B
Substitute
Substitute:

9
4 -4y = —
14 2#
8=17u
_8
F=17
Use vectors
Therefore
8 9
AQ.QB—1—7.1—7—8.9

@ FiNAL ANSWER
AQ :QB=8:9.



4MA1/2H JANUARY 2020

. Vectors
Question 23 &=

23
Diagram NOT
accurately drawn
ABC is a triangle.
The midpoint of BC is M.
P is a point on AM.
_>
AB = 4a
._)
AC =2b
_)
AP = 3 a+ 3 b
2 4
Find the ratio AP: PM
(Total for Question 23 is 3 marks)
WORKED SOLUTION Question 23 - 4MA1/2H January 2020

o Split the ratio
Since M is the midpoint of BC,

—  AB+ AC
AM — + AC
2
—
AM=4a_2'_2b=2a—|-b
o Given
Given
—
APzéa—I—Eb



o Factorise

Factorise:

3

— 3 —

o Split the ratio
So APis % of AM, leaving PM as % of AM.

0 FINAL ANSWER
AP: PM=3:1



4MA1/2HR JANUARY 2020

. Vectors
Question 26 &=

26 The diagram shows trapezium OACB.

A 4b C
> Diagram NOT
accurately drawn
3a
O 6b B
—> —> —
04 =3a OB = 6b AC =4b

N 1s the point on OC such that ANB 1is a straight line.

%
Find ON as a simplified expression in terms of a and b.

(Total for Question 26 is 5 marks)

WORKED SOLUTION Question 26 - 4AMA1/2HR January 2020

0 Read the graph
OA=3a, OB=6b, AC=4b

° Read the graph
So

OC = 3a+4b

° Read the graph
Point N lies on OC, so

ON = t(3a + 4b)



° Read the graph
Point IN also lies on AB, so

ON = 3a + s(6b — 3a)

ON = (3 — 3s)a+ 6sb

e Equate coefficients

Equate coefficients:

3t=3-3s
4t = 6s
° Read the graph
So
t=1-3s
Q Read the graph
and
t= ;s
3
5= 1-3s
58 =2
,_2
5

° Read the graph
Then



Read the graph

Therefore
ON = %(3a—|—4b)
- 9 12
N = — —
(0) 5a—I— 3 b

@ rinAL ANsSWER

- 9 12
N=—-a+—
(0) 5a—|— 5b



4MA1/1H JANUARY 2021

. Vectors
Question 23 ad

23 OAB is a triangle.

Diagram NOT
accurately drawn

O

OA=2a and OB =2b

M is the midpoint of AB.
N is the point on OB such that ON:NB = 2: 1

P is the point on AN such that OPM is a straight line.

Use a vector method to find OP: PM
Show your working clearly.

(Total for Question 23 is 6 marks)

WORKED SOLUTION Question 23 - 4MA1/1H January 2021

0 Use vectors

OA=2a, OB=2b

Find the midpoint
Since M is the midpoint of AB,
- 2a+ 2b

O_M=a+b



Use vectors
SinceON: NB=2:1,

ON = Z0B
— 4
Use vectors
Point P lies on OM, so

OP = t(a+b)

Use vectors
Point P also lies on AN, so

dP:2a+s (%b—Za)
- 4
OP = (2 — 2s)a + ?sb

Use vectors

Equate coefficients of a and b:

t=2-—2s
t_4s
3
Use vectors
So
4s
—=2-2
3 s
4s =6 — 6s
10s =6



° Use vectors

Then

° Use vectors
SoPis % of the way from O to M.

@ rFiINAL ANSWER
OP:PM=14:1

o | i



4MA1/1H MAY 2021

. Vectors
Question 26 &

26 OACB is a trapezium.

A 3b C
Diagram NOT
2a . -
accurately drawn
P
>
o 5h B

> > >
OA=2a OB =5b AC=3b
The diagonals, OC and 4B, of the trapezium intersect at the point P

%
Find and simplify an expression, in terms of a and b, for OP
Show your working clearly.

(Total for Question 26 is 5 marks)

WORKED SOLUTION Question 26 - 4AMA1/1H May 2021

0 Use vectors

— —> —
OA=2a, OB=5b, AC=3b

° Use vectors
So

OC = OA+ AC = 2a +3b



Use vectors
Since P lies on OC, let

Use vectors
Since P also lies on AB, let

Use vectors

Now

Use vectors
So

Use vectors

Compare this with

Equating coefficients

Equating coefficients:

—
OP = t(2a + 3b)

— —  —
OP = OA + sAB

— — —>
AB=0B—-0A=5b—-2a

—
OP = 2a + s(5b — 2a)

—
OP = (2 —2s)a+ 5sb

t(2a+ 3b) = 2ta+ 3tb

2t =2 —12s

3t = bs



e Use vectors

Fromt=1—s,

G Use vectors
So

Use vectors

Therefore

@ FiNAL ANSWER
5 15

Za+ ?b

3(1—8)=5s
3=8s
s= 3
8
3 5
t=1——=—
8 8
—
OP = —(2a+ 3b)
-2 5 15



4MA1/1H JANUARY 2022

. Vectors
Question 22 (ommis)

22 The diagram shows triangle OAB

Diagram NOT
accurately drawn

0

>

—_—
OA =8a B =06b

M is the point on OB such that OM:MB=1:2
N is the midpoint of AB

P is the point of intersection of ON and AM

Using a vector method, find (ﬁ as a simplified expression in terms of a and b
Show your working clearly.

(Total for Question 22 is 5 marks)

WORKED SOLUTION Question 22 - 4MA1/1H January 2022

o Use vectors

OA=8a, OB=6b



Use vectors
SinceOM : MB=1:2,

— 1 —
OM = —-OB
3
OM =2b
Find the midpoint
Since N is the midpoint of AB,
O_N _ 8a + 6b
2
ON =4a+3b

Use vectors
Point P lies on ON, so

OP = A(4a + 3b)

Use vectors
Point P also lies on AM, so

OP = 8a + u(2b — 8a)

—

OP = (8 — 8u)a + 2ub

Equate coefficients

Equate coefficients:

42 =8 —8u
3IA=2u
Use vectors
From 3\ = 2y,
=2



Substitute
Substitute:

Use vectors

Therefore

@ rinaL ANswER

dP:2a+;b

3
n-s-s(D)

4) =8 — 12\
161 =8

1
A=—
2

OP = %(4a + 3b)

JP:2a+;b



4MA1/1HR JANUARY 2022

. Vectors
Question 24 E&D

24 OXYZ is a trapezium.

X Diagram NOT

accurately drawn

0 Z

OX =a
XY =b
0Z = 13b

M is the midpoint of OX
N is the point such that MNZ and ONY are straight lines.

Given that ON: OY=A: 1

use a vector method to find the value of A

(Total for Question 24 is 5 marks)

WORKED SOLUTION Question 24 - 4AMA1/1HR January 2022

Take as the origin
Take O as the origin.



Use vectors

So

dY =a-+b
Find the midpoint
Since M is the midpoint of OX,

— 1

O = Ea
Use vectors
GivenON : OY = ) : 1,

ON = Aa+Db)

Use vectors
Point N also lieson M Z, so

Use vectors
Equate coefficients with Aa + Ab:

Use vectors
So

w| >



Substitute
Substitute:

@ rinaL ANsSWER

3
A==
7

1)
a3



4MA1/2H JUNE 2022

. Vectors
Question 21 (ommis)

21
Diagram NOT
accurately drawn
OAB is a triangle.
Q is the point on AB such that OQP is a straight line.
o o >
OA =4a OB =6b AP =2a+ 8b
Using a vector method, find the ratio AQ: QOB
AQ:OB =
(Total for Question 21 is 5 marks)
WORKED SOLUTION Question 21 - 4MA1/2H June 2022

o Split the ratio
— — —
OA=4a, OB=6b, AP =2a+8b

° Split the ratio
So

— — —>
OP = OA+ AP = 4a + (2a + 8b) = 6a + 8b

a Split the ratio
Since @ lies on OP, let

_>
0Q = \(6a + 8b)



o Split the ratio
Since @ lies on AB, let

— = —
0Q = OA + uAB

—
AB =6b— 4a

° Split the ratio
So

—
OQ = 4a + pu(6b — 4a) = (4 — 4p)a + 6ub

° Equating coefficients
Equating coefficients:

6A=4—4u, 8\=06u

a Split the ratio
From 8\ = 6, = A

6)\=4—E)\

6
4\ =12 = —
34X y A 17

Split the ratio
So AQ : QB = 18—7 : 1%.

@ FiNAL ANSWER
AQ:QB=8:9



4MA1/2HR JUNE 2022

. Vectors
Question 25 &

25 ABCD is a parallelogram and ADM is a straight line.

B C

Diagram NOT
K accurately drawn

A D M

— — — ]

AB=a BC=b DMzEb

K is the point on AB such that AK:AB=/:1
L is the point on CD such that CL:CD = p: 1
KLM is a straight line.

Given that J:pu=1:2

use a vector method to find the value of 4 and the value of u

(Total for Question 25 is 5 marks)

WORKED SOLUTION Question 25 - 4MA1/2HR June 2022

Let be the origin
Let A be the origin.

AB=a, BC=b

o Read the graph
So

B=a, D=b, C=a+b



Read the graph

Also
oM = 1p
2
Read the graph
So
3
M= —b
2
Point is on
Point K is on AB:
K= )a

Read the graph
Point L is on CD, and CD = —a:
L=C+uD-0C)

L=a+b+ pu(—a)

L=(1-ua+b

Given
Given
Aip=1:2
=2\
Read the graph
Since K, L, M are collinear, KMisa multiple of KL.
KM= -)a+ %b

KL=(1-p—Xa+b

—

KL=(1-3)a+b



o Compare coefficients using

Compare coefficients using

K_M:;IfL
3
A= —(1 -
A 2( 3)\)
—22=3-9A
A=3
3
A=—
7
@ Read the graph
Then
6
=2\= -
# 7

@ FiNAL ANSWER

3 6
A:— —_ —
70 KT



4MA1/2H NOVEMBER 2023

. Vectors
Question 22 (ommis)

22

Diagram NOT
accurately drawn

A 2a—2b

OACB is a quadrilateral.

— — —
OA = 3a OB = 4b BC=2a-2b

(a) (i) Find the vectorO?? in terms of a and b
Simplify your answer.

]l
I

s
(ii) Find the vector AB in terms of a and b

!

The point P lies on AB and on OC

(b) Using a vector method, find the ratio 4P : PB
Show your working clearly.

(Total for Question 22 is 5 marks)



WORKED SOLUTION Question 22 - 4MA1/2H November 2023

0 Split the ratio
— — —
OA=3a, OB=14b, BC=2a-2b

° Part (a)

Part (a):

OC = OB+ BC = 4b + (2a — 2b) = 2a + 2b

AB=0B— OA=4b—3a

6 Split the ratio
For part (b), let P divide AB so that

— —
AP = uAB

o Split the ratio
Then

—
OP = 3a + u(4b — 3a) = (3 — 3u)a + 4ubd

o Split the ratio
Since P lies on OC, also let

—
OP = \(2a + 2b)

0 Equating coefficients

Equating coefficients:

3—3u=2)\ 4u=2\

a Split the ratio
From 4y = 2\, A = 2u.

3—3u=4u

e Split the ratio
SOAP:PB=3%: 1.

~



@ rinAL ANsWER

— —
OC =2a+2b AB=4b—3a,and AP: PB=3:4



4MA1/2H JUNE 2024

. Vectors
Question 24 GD

24 2a+b C
B
P
b Diagram NOT
accurately drawn
0 4 A

The diagram shows a quadrilateral QACB in which

Od=4a OB=3b BC=2a+b

- _> 3 ~
(a) Find AC interms of aand b
Give your answer in its simplest form.

—
AC=
The point P lies on AC such that AP:PC = 3:2
The point Q is such that OPQ and BCQ are straight lines.
(b) Using a vector method, find O_é in terms of aand b
Give your answer in its simplest form.
Show your working clearly.
ﬁ
OQ =

(Total for Question 24 is 6 marks)

WORKED SOLUTION Question 24 - 4MA1/2H June 2024

o Read the graph
OA=4a, OB=3b, BC=2a+b



0 Read the graph
So

OC = OB + BC
OC = 2a + 4b
° Read the graph
For part (a),
AC =0C - 04
AC = (2a+ 4b) — 4a

AC =4b —2a

° Read the graph

For part (b), AP : PC =3:2,s0
OP = OA + %A*C

OP = 4a+ %(4b — 2a)

Read the graph

Since O, P, @ are collinear,

0Q = tOP

= 14 12



Read the graph
Since B, C, @ are collinear,
0Q = OB + sBC
0Q = 3b + s(2a + b)

0Q = 2sa + (3+s)b

° Equate coefficients

Equate coefficients:

14
?t = 28
12
?t = 3 4+ s
° Solve equation
From the first equation,
s = Zt
5
o Substitute into the second
Substitute into the second:
12 7
—t=3+ =t
5 + 5
t=3
@ Read the graph
Therefore
0Q = 30P
- 42 36
oQ = — —b
Q 3 a-+ 5

@ FINAL ANSWER

. L 42
AC = 4b —20,0Q = —a+ %b



4MA1/2HR JUNE 2024

. Vectors
Question 25 ad

25 OPQR is a parallelogram,

0

N Diagram NOT

accurately drawn

0 R
— —
OP =2a and OR=3b
i . 1
The point M lies on PQ such that PM = ZPQ
i - 4
The point N lies on RQ such that RN = ERQ

(a) Find, in terms of a and b, giving your answers in simplest form

(i) ON

(ii) MR

MR and ON intersect at the point Y
Given that
OY =k * ON

(b) use a vector method to find the value of £

k=

(Total for Question 25 is 6 marks)



WORKED SOLUTION

Question 25 - 4MA1/2HR June 2024

o Calculate value

— —
OP=2a, OR=3b

° Calculate value

So
—
0Q =2a+3b
o Evaluate fraction
Since PM : PQ =1:4,
— —
PM = —PQ
— 1 3
PM = —(3b) = —b
4( ) 4
H 3
OM = 2a + Zb
Evaluate fraction
Since RN : RQQ =4:5,
—  4—>
RN = —RQ
5
_> 4
RN = g(2a) =—a



o Evaluate fraction
So

o Let be on

Let Y be on ON, so

— — 8
OY =kON =k (ga—|—3b)

a Evaluate fraction
AlsoY ison MR, so

OY = OM +tMR

- 3 9
OY=2G+ Zb+t —2a—|— Zb

° Evaluate fraction
Compare coefficients of @ and b:

8
—k=2-2t
5
3 9
3k=—+—t
4 + 4
° Solve equation
From the first equation,
4
t=1—-—k



@ Substitute into the second equation

Substitute into the second equation:

@ FiNAL ANSWER

— —
ON =3a+3b MR=—2a+ 2b andk =

5

8



4MA1/1H NOVEMBER 2024

Question 24

24 OAB is a triangle.

. Diagram NOT
accurately drawn
P
B
Q
o
— —
04 =10a OB = 10b
ARQ and ORP are straight lines.
AP = Z A alld OQ = g B

Write the following vectors in terms of a and b
Simplify your answers.

(i) A0

(i) OP

(iii) OR

(Total for Question 24 is 6 marks)



WORKED SOLUTION

Question 24 - 4AMA1/1H November 2024

0 Read the graph

° Read the graph
Also,

° Read the graph

and

° Read the graph
For part (i),

° Read the graph
For part (ii),

OA=10a, OB=10b
Ap= 145
~ 4
0Q = ~OB
0Q = 2b
AQ =0Q - 0A
AQ = 2b —10a

AB = 10b — 10a

AP = %(mb — 10a)
AP = %b _ 5.

OP = OA + AP

= 5 5
OP =10a — §a+ Eb

N 15 5



o Read the graph
For part (iii), R lies on OP, so

OR = tOP
° Read the graph
It also lies on AQ, so
OR = OA + sAQ

OR = 10a + s(2b — 10a)

OR = (10 — 10s)a + 2sb

o Read the graph
Equate with

—t=10—-10
5 s
5
Et = 23
° Solve equation
From the second equation,
s = Et
4
Q Substitute
Substitute:
15 25
—t=10— —t¢
2 2
20t =10
1
t=—



Q Read the graph
So

OR = 1op
2
- 15 5
OR = Ta—i— Zb

@ riNAL ANSWER

- > 15 5 = 15 5
AQ = 2b— 10a, OP— 734‘ Eb, OR— Ta—l— Zb



4MA1/1H JUNE 2025

Question 23

23

Diagram NOT
accurately drawn

A

OAB is a triangle.
P 1s the midpoint of OA
Q is a point on OB

ABR and PQOR are straight lines.
— —
04 = 12a OB = 8b

(a) Express Ié in terms of a and b

AB:BR=1:2 00 = nb

(b) Use a vector method to find the value of n

(Total for Question 23 is 5 marks)



WORKED SOLUTION

Question 23 - 4MA1/1H June 2025

Use vectors
For part (a),

OA=12a, OB=28b

AB=0B-0A

AB=8b—12a
Find the midpoint
For part (b), P is the midpoint of OA, so

OP = 6a
o Given

Given

AB:BR=1:2

BR =2AB

BR = 16b — 24a
o Use vectors
Therefore
OR=OB+ BR

OR = 8b + 16b — 24a

OR = —24a + 24b



Use vectors

Since P, @, R are collinear, write Q on PR:
OQ = OP + t(OR — OP)
OQ = 6a + t(—30a + 24b)

0Q = (6 — 30t)a + 24tb

Use vectors

But ) lies on OB, so there is no a component:

6—-30t=0
i1
5
° Use vectors
Then
- 1
- 24
0OQ =—b
@ 5
° Use vectors
Since O_'Q =nb,
s
5

@ FiNAL ANSWER

AB=8b-12a, n=2%



4WM2/01 MAY 2025

. Vectors
Question 26 &

26

Diagram NOT
accurately drawn

The diagram shows a quadrilateral OPQR in which

OP =2a OR =6c PQ=a+3c

(a) Find intermsofaandc

The point T is such that RT = 8¢
The point X lies on QR such that PXT is a straight line.

(b) Using a vector method, find the ratio QX : XR
Give your answer in the form m: n where m and n are integers.
Show your working clearly.

P81641A

ATINICE MNanwean Cdunantinm T +d

(Total for Question 26 is 5 marks)



WORKED SOLUTION

Question 26 - 4WM2/01 May 2025

o (a)
(a)

QR = OR - 0Q
—
OQ =2a+ (a+3c) =3a+3c

—
QR =6c— (3a+3c) =3c—3a

o (b) Let divide so that
(b) Let X divide QR so that

—  —>
QX = )\QR

° Calculate value
Then

—
OX =3a+ 3c+ A(3¢c — 3a)

° Calculate value

—>
Also X lies on PT, where OT = 14¢, so

—
OX = 2a + p(14c — 2a)

° Equating coefficients gives . Therefore

Equating coefficients gives A = %. Therefore

QX:XR=§:§=5:4

@ FINAL ANSWER

—
QR=3c—3a6,QX: XR=5:4



4WM2/01 NOVEMBER 2025

. Vectors
Question 24 GD

24 The diagram shows a quadrilateral OABC

B
2a+4b Diagram NOT
y accurately drawn
S5a A
0
10b C

— — —_—
0A= 5a OC =10b AB = 2a + 4b

(a) Find E in terms of a and b

.
AC=
- — .
(b) Find OB in terms of a and b
Give your answer in its simplest form.
—
OB=
The point P is such that APC and OPB are straight lines.
(c) Using a vector method, find OP in terms of a and b
Give your answer in its simplest form.
Show your working clearly.
s
OP=

(Total for Question 24 is 6 marks)



WORKED SOLUTION Question 24 - 4WM2/01 November 2025

(a) Find overrightarrowAC

overrightarrowAC = overrightarrowAO + overrightarrowOC = —overrightarrowOA + overrightarrowOC = —5mathbfa + 10mathbfb

° Answer

a -5a+ 10b

(b) Find overrightarrowOB

overrightarrowOB = overrightarrowOA + overrightarrowAB = bmathbfa + (2mathbfa + 4mathbfb) = Tmathbfa + 4mathbfb

Answer

b7a + 4b

Step 1: Set up vector equations for overrightarrowQOP. Since *OPB* is a straight line,
overrightarrowOP is a scalar multiple of overrightarrowOB. Let this be *A*.

overrightarrowOP = lambda(Tmathbfa + 4mathbfb) = 7Tlambdamathbfa + 4lambdamathb fb

Since *P* lies on the straight line *A**C*, overrightarrowAP = muoverrightarrowAC for some
scalar *u*.

overrightarrowOP = overrightarrowOA + overrightarrowAP = 5mathbfa + mu(—5mathbfa + 10mathbfb)

overrightarrowOP = (5 — 5mu)mathbfa + 10mumathbfb

Step 2: Equate the coefficients of a and b.
TN = 5 - SR — (1)
4lambda = 10muimpliesmu = frac4l0lambda = 0.4lambdaquadtert— — —(2)

Step 3: Solve for *A*. Substitute (2) into (1):
7*A\* = 5 = 5(0.4*\%)
TAA* = 5 - 29\

9lambda = 5implieslambda = frac59

Evaluate fraction
overrightarrowOP = frac59(7mathbfa + 4mathbfb) = frac359mathbfa + frac209mathbfb

@ rinAL ANSWER
frac359mathbfa + frac209mathbfb
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Diagram NOT
accurately drawn

2a

0

S5b—3a C

OABC is a quadrilateral.
ABP and ODP are straight lines.

> > —>
OA=2a AB=4b-a OC =5b-3a

. . ® ~ = _)1
(a) Find an expression in terms of a and b for the vector BC
Simplify your answer.

The point D lies on BC such that BD:DC =1:3
— —
Given that OP = nOD

(b) use a vector method to find the value of n

(Total for Question 27 is 6 marks)

WORKED SOLUTION Question 27 - 4MA1/1H November 2025

0 Read the graph
OA=2a, AB=4b—a, OC=5b—3a



0 Read the graph
First find OB:

OB=0A+ AB

dB:2a—|—4b—a

OB=a+4b
Q Read the graph
For part (a),
BC = OC — OB
BC = (5b — 3a) — (a + 4b)
BC=b-4a
Read the graph

For part (b), BD : DC' =1:3, so
OD = OB + %570

O*D=a+4b+%(b—4a)

= 17
OD = Tb

Read the graph
Since A, B, P are collinear, let
OP = OA + sAB
OP = 2a + s(4b — a)

OP = (2 — s)a+ 4sb

e Read the graph
But O, D, P are collinear, and OD has only a b component.



° Read the graph

So
2—s5=0
s=2
° Read the graph
Then
OP = 8b
o Given
Given
OP = nOD
17
b = —b
8 n ( 1 )
N B2
17

@ FiNAL ANSWER

§C=b—4a, n= 32

17



