
PURE 2 · WMA12 · TOPIC 11

Applications of Differentiation
Stationary means the first derivative is zero. Its
sign says up or down; the second derivative says
maximum or minimum.

DR ESLAM AHMED
eliteigcse.com

THE TOPIC ON ONE MAP

Applications of Differentiation

01 Increasing, decreasing
𝑓′(𝑥) > 0 𝑓′(𝑥) < 0 for all 𝑥

02 Stationary points
𝑓′(𝑥) = 0 𝑓″: max or min show that 𝑘 = …

03 Optimisation
one variable only max / min value justify with 𝑓″

04 With areas
stationary point first then integrate



NOTES·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

THE TWO DERIVATIVES
𝑑𝑦
𝑑𝑥 = 0 stationary

𝑑2𝑦
𝑑𝑥2 < 0 maximum

𝑑2𝑦
𝑑𝑥2 > 0

minimum
rewrite first: √𝑥 = 𝑥

1
2 , 1𝑥2 = 𝑥

−2 · increasing:
𝑑𝑦
𝑑𝑥 > 0 decreasing:

𝑑𝑦
𝑑𝑥 < 0

01 Increasing and Decreasing Functions

Differentiate, then solve the inequality 𝑓 ′(𝑥) > 0 (increasing) or 𝑓 ′(𝑥) < 0
(decreasing). For a quadratic 𝑓 ′(𝑥), find its roots and sketch it. “Increasing
for all 𝑥”: show 𝑓 ′(𝑥) is always positive — complete the square.

WHEN YOU SEE → YOU DO

“find the values of 𝑥 for which 𝑦 is
increasing” ⟶ 𝑓′(𝑥) > 0: roots, sketch, read

“state the range of values of 𝑥 for
which 𝑦 is decreasing” ⟶ 𝑓′(𝑥) < 0

“show that 𝑓 is increasing for all 𝑥” ⟶ 𝑓′(𝑥) = 𝑎(𝑥 + 𝑝)2 + 𝑞 with 𝑎, 𝑞 > 0

“prove that 𝐶 has no turning points” ⟶ 𝑓′(𝑥) = 0 has no real roots: 𝑏2 −4𝑎𝑐 < 0

WORKED MODEL · OCTOBER 2019

𝑦 = 2𝑥2(𝑥 − 5). Stationary points and where 𝑦 is increasing.
1 𝑦 = 2𝑥3 − 10𝑥2, 𝑑𝑦

𝑑𝑥 = 6𝑥
2 − 20𝑥 = 2𝑥(3𝑥 − 10) expand, differentiate

2 𝑑𝑦
𝑑𝑥 = 0: 𝑥 = 0,

10
3 stationary

ANSWER increasing for 𝑥 < 0 or 𝑥 > 10
3
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PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

IDEA 01
Practise: Increasing and Decreasing Functions
My questions first, then selected practice, then real past papers.

Q1 DR ESLAM Where is it increasing? P2 · TOPIC 11 3 marks

Find the values of 𝑥 for which 𝑓(𝑥) = 𝑥3 − 6𝑥2 + 5 is increasing.
Solve 𝑓 ′(𝑥) > 0: sketch the quadratic.

Q2 DR ESLAM Increasing for all 𝑥 P2 · TOPIC 11 3 marks

Show that 𝑓(𝑥) = 𝑥3 + 3𝑥2 + 6𝑥 is increasing for all 𝑥.

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 3



PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

SELECTED PRACTICE
Q3 PRACTICE Practice · Easy P2 · TOPIC 11 6 marks

Q4 PRACTICE Practice · Hard P2 · TOPIC 11 5 marks
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PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

Q5 PRACTICE Practice · Very Hard P2 · TOPIC 11 4 marks

PAST PAPERS
Q6 PAST PAPER Pearson IAL WMA12 · October 2019 · Q1 P2 · TOPIC 11 6 marks
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PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

Q7 PAST PAPER Pearson IAL WMA12 · October 2019 · Q10 P2 · TOPIC 11 7 marks
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PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

Q8 PAST PAPER Pearson IAL WMA12 · June (R paper) 2024 · Q6 P2 · TOPIC 11 9 marks
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NOTES·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

02 Stationary Points and Their Nature: 𝑑
2𝑦
𝑑𝑥2

Set
𝑑𝑦
𝑑𝑥 = 0 and solve for 𝑥; substitute into 𝑦 for the coordinates. Then put

each 𝑥 into 𝑑
2𝑦
𝑑𝑥2 : negative is a maximum, positive is a minimum.

WHEN YOU SEE → YOU DO

“find the coordinates of the stationary
point(s)” ⟶ 𝑦′ = 0, then 𝑦

“determine the nature”, “justify” ⟶ sign of 𝑦″ at that 𝑥
“𝑃 with 𝑥 = 1

2 is a stationary point:
show 𝑘 = … ”

⟶ 𝑦′(12 ) = 0

“show that the 𝑥 coordinates satisfy
2𝑥3 − 10𝑥2 + ⋯ = 0” ⟶ 𝑦′ = 0, clear the powers

“one turning point is at 𝑥 = 1: find the
others”

⟶ factor (𝑥 − 1) out of the cubic

Rewrite Differentiate Set = 0 and solve Second derivative

WORKED MODEL · JANUARY 2022

𝑦 = 27𝑥 1
2 − 𝑥 3

2 − 20. Stationary point and its nature.
1 𝑑𝑦

𝑑𝑥 =
27
2 𝑥

− 12 − 3
2𝑥

1
2 = 0 ⇒ 27 = 3𝑥 multiply by 2𝑥

1
2

2 𝑥 = 9: 𝑦 = 81 − 27 − 20 = 34 coordinates

ANSWER (9, 34), 𝑑
2𝑦
𝑑𝑥2 < 0 ∶ maximum

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 8



PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

IDEA 02
Practise: Stationary Points and Their Nature:
𝑑2𝑦
𝑑𝑥2
My questions first, then selected practice, then real past papers.

Q9 DR ESLAM Find and classify P2 · TOPIC 11 5 marks

Find the stationary points of 𝑦 = 2𝑥3 − 3𝑥2 − 12𝑥 + 1 and their nature.
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PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

SELECTED PRACTICE
Q10 PRACTICE Practice · Easy P2 · TOPIC 11 7 marks
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PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

Q11 PRACTICE Practice · Medium P2 · TOPIC 11 7 marks
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PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

Q12 PRACTICE Practice · Very Hard P2 · TOPIC 11 7 marks
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PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

PAST PAPERS
Q13 PAST PAPER Pearson IAL WMA12 · January 2020 · Q10 P2 · TOPIC 11 10 marks
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PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

Q14 PAST PAPER Pearson IAL WMA12 · January 2021 · Q2 P2 · TOPIC 11 7 marks
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PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

Q15 PAST PAPER Pearson IAL WMA12 · January 2022 · Q2 P2 · TOPIC 11 8 marks
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PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

Q16 PAST PAPER Pearson IAL WMA12 · June 2022 · Q8 P2 · TOPIC 11 8 marks
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PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

Q17 PAST PAPER Pearson IAL WMA12 · October 2022 · Q7 P2 · TOPIC 11 9 marks
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PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

Q18 PAST PAPER Pearson IAL WMA12 · June 2023 · Q7 P2 · TOPIC 11 8 marks
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PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

Q19 PAST PAPER Pearson IAL WMA12 · October 2024 · Q4 P2 · TOPIC 11 7 marks
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NOTES·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

03 Optimisation: Build the Formula, Then Differen-
tiate

A real object with a fixed volume (or area, or perimeter) and two unknown
lengths. Use the fixed fact to write one length in terms of the other, substi-
tute, and get a formula in one variable. Then 𝑑

𝑑𝑥 = 0, and justify theminimum
with the second derivative.

WHEN YOU SEE → YOU DO

“the volume is 972 cm3” ⟶ height in terms of 𝑥

“show that 𝑆 = 6𝑥2 + 2592
𝑥 ” ⟶ surface area, substitute the height

“open-topped” ⟶ leave out the top face
“use calculus to find the minimum
value”

⟶ 𝑆′ = 0, then 𝑆 at that 𝑥

“justify that this is a minimum” ⟶ 𝑆″ > 0 at that 𝑥

WORKED MODEL · JANUARY 2023

𝑆 = 6𝑥2 + 2592
𝑥 . Find the minimum surface area.

1 𝑆′ = 12𝑥 − 2592
𝑥2 = 0 ⇒ 𝑥3 = 216 stationary

2 𝑥 = 6; 𝑆″ = 12 + 5184
𝑥3 > 0 minimum

ANSWER 𝑆 = 216 + 432 = 648 cm2

× TRAP Differentiating before the formula has only one variable. Eliminate first.
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PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

IDEA 03
Practise: Optimisation: Build the Formula, Then
Differentiate
My questions first, then selected practice, then real past papers.

Q20 DR ESLAM A box P2 · TOPIC 11 5 marks

An open box has a square base of side 𝑥 cm and volume 500 cm3. Show
𝐴 = 𝑥2 + 2000

𝑥 and find the minimum area.
Height from the volume, then the area in 𝑥 only.
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PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

SELECTED PRACTICE
Q21 PRACTICE Practice · Medium P2 · TOPIC 11 6 marks
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PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

Q22 PRACTICE Practice · Very Hard P2 · TOPIC 11 11 marks
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PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

Q23 PRACTICE Practice · Very Hard P2 · TOPIC 11 9 marks
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PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

PAST PAPERS
Q24 PAST PAPER Pearson IAL WMA12 · June 2021 · Q9 P2 · TOPIC 11 10 marks
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PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

Q25 PAST PAPER Pearson IAL WMA12 · January 2023 · Q2 P2 · TOPIC 11 9 marks
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PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

Q26 PAST PAPER Pearson IAL WMA12 · January 2025 · Q3 P2 · TOPIC 11 10 marks
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PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

Q27 PAST PAPER Pearson IAL WMA12 · June 2025 · Q9 P2 · TOPIC 11 11 marks
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PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

Q28 PAST PAPER Pearson IAL WMA12 · June 2026 · Q9 P2 · TOPIC 11 11 marks
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NOTES·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

04 Stationary Points with Areas

These questions join this topic to Integration: find the stationary point first
(it gives a limit or the height of a line), then integrate between the right
limits. Areas below the 𝑥-axis come out negative.

WHEN YOU SEE → YOU DO

“the line 𝑙 passes through 𝑀 and is
parallel to the 𝑥-axis” ⟶ 𝑦 = the 𝑦 of the stationary point

“the region bounded by 𝐶, 𝑙 and the
𝑦-axis” ⟶ line minus curve, or curve minus line

“area of 𝑅1 equals area of 𝑅2” ⟶ ∫𝑘0 𝑦 𝑑𝑥 = 0

“use algebraic integration” ⟶ show the integral and the substitution

WORKED MODEL · JUNE 2024

𝑦 = 2𝑥 3
2 (4−𝑥). 𝑅1 above the axis and 𝑅2 below it, with equal areas. Find

𝑘.
1 ∫𝑘0 (8𝑥

3
2 − 2𝑥 5

2 )𝑑𝑥 = 16
5 𝑘

5
2 − 4

7𝑘
7
2 = 0 equal areas: total 0

ANSWER 𝑘 = 28
5
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PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

IDEA 04
Practise: Stationary Points with Areas
My questions first, then real past papers.

Q29 DR ESLAM Then the area P2 · TOPIC 11 4 marks

𝑦 = 𝑥(4 − 𝑥). Find the stationary point and the area between the curve and
the 𝑥-axis.
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PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

PAST PAPERS
Q30 PAST PAPER Pearson IAL WMA12 · October 2021 · Q8 P2 · TOPIC 11 10 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 32



PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

Q31 PAST PAPER Pearson IAL WMA12 · October 2023 · Q9 P2 · TOPIC 11 12 marks
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PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

Q32 PAST PAPER Pearson IAL WMA12 · January 2024 · Q10 P2 · TOPIC 11 9 marks
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PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

Q33 PAST PAPER Pearson IAL WMA12 · June 2024 · Q9 P2 · TOPIC 11 8 marks
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PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

Q34 PAST PAPER Pearson IAL WMA12 · June (R paper) 2024 · Q10 P2 · TOPIC 11 9 marks
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PRACTISE·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

Q35 PAST PAPER Pearson IAL WMA12 · January 2026 · Q10 P2 · TOPIC 11 8 marks
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SUMMARY·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

ALL The Whole Topic on One Page

Tear this page out before the exam.

01 Increasing 𝑓 ′ > 0; decreasing 𝑓 ′ < 0; “for all 𝑥”: complete
the square.

02 Stationary 𝑓 ′ = 0; 𝑓″ < 0 max, 𝑓″ > 0 min.

03 Optimisation One variable first; 𝑓 ′ = 0; justify with 𝑓″.

04 With areas Stationary point first, then integrate.

BOTTOM LINE Rewrite → differentiate → = 0 → second derivative de-
cides max or min.
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ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

Answers
Applications of Differentiation · for the teacher. Every answer checked with
a computer algebra system.

IDEA 01 · INCREASING AND DECREASING FUNCTIONS

Q1 Dr Eslam · Where is it increas-
ing?

𝑓 ′(𝑥) = 3𝑥(𝑥 − 4) > 0: 𝑥 < 0 or 𝑥 > 4

Q2 Dr Eslam · Increasing for all 𝑥
𝑓 ′(𝑥) = 3(𝑥 + 1)2 + 3 > 0

Q3 Practice · Easy
(i) 3𝑥2 + 2𝑥 − 5 (ii) 𝑥 = −53 , 1 (iii) −53 < 𝑥 < 1

Q4 Practice · Hard
𝑓 ′(𝑥) = 3𝑥2 − 10𝑥 + 3 < 0: 1

3 < 𝑥 < 3

Q5 Practice · Very Hard
𝑓 ′(𝑥) = 1

2𝑥
− 12 + 7

2𝑥
− 32 = 𝑥 + 72𝑥3/2 > 0 for 𝑥 > 0

Q6 Pearson IAL WMA12 · October
2019 · Q1

(𝑎) 𝑥 = 0, 103 . (𝑏) 𝑥 < 0 or 𝑥 > 103

Q7 Pearson IAL WMA12 · October
2019 · Q10

(𝑎) 𝑎 = 43, 𝑏 =
1
3. (𝑏) Proven: 𝐶 has no turn-

ing points

Q8 Pearson IAL WMA12 · June (R
paper) 2024 · Q6

(𝑎)(𝑖) 𝑝 = 10. (𝑎)(𝑖𝑖) 𝑞 = 3. (𝑏) −1 < 𝑥 < −23

IDEA 02 · STATIONARY POINTS AND THEIR NATURE: 𝑑
2𝑦
𝑑𝑥2
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ANSWERS·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

Q9 Dr Eslam · Find and classify
𝑥 = −1: (−1, 8) max (𝑦″ = −18); 𝑥 = 2: (2, −19)
min (𝑦″ = 18)

Q10 Practice · Easy
(a) 9𝑥2 + 12𝑥 − 5, 18𝑥 + 12 (b)(i) 0 and 18 (ii)
a stationary point, a minimum

Q11 Practice · Medium
(a) 𝐴(−5, 0) maximum, 𝐵 (−73 , −

256
27 ) minimum

(b) 𝑦(−1) = 0; the curve crosses the axis only
once more

Q12 Practice · Very Hard
(a) 𝑓 ′(𝑥) = −4𝑥 + 1

2𝑥
− 12 , 𝑓″(𝑥) = −4 − 1

4𝑥
− 32 (b)

𝑃 (14 ,
59
8 ), maximum (𝑓″ < 0)

Q13 Pearson IAL WMA12 · January
2020 · Q10

(𝑎) 𝑘 = −32. (𝑏) local maximum. (𝑐) 𝑥 = 1
√2

Q14 Pearson IAL WMA12 · January
2021 · Q2

(𝑎) 𝑥 = −2, 83. (𝑏) local maximum at 𝑥 = −2

and local minimum at 𝑥 = 83

Q15 Pearson IAL WMA12 · January
2022 · Q2

(𝑎) 𝑑𝑦𝑑𝑥 =
27
2 𝑥

−1/2 − 32𝑥
1/2. (𝑏) (9, 34). (𝑐) lo-

cal maximum

Q16 Pearson IAL WMA12 · June 2022
· Q8

(𝑎) 𝑑𝑦
𝑑𝑥 = 1024𝑥3 − 304 −

54
𝑥3 . (𝑏) (−12, 241) , (

3
4, −134)

Q17 Pearson IAL WMA12 · October
2022 · Q7

(𝑎) 𝑦 = 47𝑥
7/2 − 4𝑥5/2 + 263 𝑥

3/2 − 10𝑥1/2. (𝑏)

Proven. (𝑐) 𝑥 = 2 − √62 and 𝑥 = 2 + √62
Q18 Pearson IAL WMA12 · June 2023

· Q7

(𝑎) Proven. (𝑏) 𝛼 = 4.491. (𝑐) 𝐻 is a max-
imum at this value

Q19 Pearson IAL WMA12 · October
2024 · Q4

(𝑎) 2
√𝑥

− 9
2𝑥3/2 . (𝑏) 𝑥 = 94 . (𝑐)(𝑖) − 1

𝑥3/2 +
27
4𝑥5/2 . (𝑐)(𝑖𝑖) Minimum. (𝑑) 0 < 𝑥 < 94

IDEA 03 · OPTIMISATION: BUILD THE FORMULA, THEN DIFFERENTIATE
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ANSWERS·P2.11

ELITE IGCSE / PURE 2 P2 · TOPIC 11 · APPLICATIONS OF DIFFERENTIATION

Q20 Dr Eslam · A box
𝐴′ = 2𝑥 − 2000

𝑥2 = 0: 𝑥 = 10; 𝐴 = 300 cm2

(𝐴″ = 6 > 0)

Q21 Practice · Medium
(a) ℎ = 150

𝑟2 , 𝑆 = 2𝜋𝑟2 + 2𝜋𝑟ℎ (b) 𝑟 = 3√75:
𝑆min = 335.23 cm2

Q22 Practice · Very Hard
(a)𝑂𝑃2 = 𝑥2+(3− 14𝑥

2)2 (b) 𝑑
𝑑𝑥𝑂𝑃

2 = 0 at 𝑥 = ±2
(second derivative > 0): 𝑂𝑃min = 2√2

Q23 Practice · Very Hard
(a) 𝜃 < 2𝜋 so 𝐴 = 1

2𝑟
2𝜃 < 𝜋𝑟2 (b) 𝑃 = 2𝑟 + 𝑟𝜃 =

2𝑟+ 2𝐴𝑟 (c) 𝑃′ = 0 at 𝑟 = √𝐴: 𝑃 = 4√𝐴; 𝑃″ = 4𝐴
𝑟3 > 0

Q24 Pearson IAL WMA12 · June 2021
· Q9

(𝑎) Proven: 𝑆 = 250000ℎ + 2000√ℎ. (𝑏) ℎ =

2502/3, so 𝑘 = 23 . (𝑐) Minimum

Q25 Pearson IAL WMA12 · January
2023 · Q2

(𝑎) 𝑆 = 6𝑥2 + 2592𝑥 . (𝑏) 𝑑𝑆𝑑𝑥 = 12𝑥 −
2592
𝑥2 . (𝑐) 𝑥 = 6. (𝑑) Minimum shown.

(𝑒) 648 cm2

Q26 Pearson IAL WMA12 · January
2025 · Q3

(𝑎) 𝐴 = 3𝑥2 + 320𝑥 , so 𝑃 = 3 and 𝑄 = 320. (𝑏)

𝑥 = 3.76. (𝑐) 𝑑
2𝐴
𝑑𝑥2 = 6 +

640
𝑥3 , minimum

Q27 Pearson IAL WMA12 · June 2025
· Q9

(𝑎) 𝑆 = 6𝑥2 + 20𝑥 , so 𝑃 = 6 and 𝑄 = 20. (𝑏)
25.3. (𝑐) Minimum justified

Q28 Pearson IAL WMA12 · June 2026
· Q9

(a) 𝑟 = 𝑥−10
2 : 𝑥𝑦 + 𝜋

2𝑟
2 (b) 𝑦 from 𝐴 = 10000

(c) 𝑃′ = 0: 𝑥 = 84.6 (d) 𝑃″ = 2(20000−25𝜋)
𝑥3 > 0:

minimum
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Q29 Dr Eslam · Then the area
(2, 4) max; ∫40 (4𝑥 − 𝑥

2) 𝑑𝑥 = 32
3

Q30 Pearson IAL WMA12 · October
2021 · Q8

(𝑎) Proven: 𝑘 = 28. (𝑏) 𝑥 < 2 or 𝑥 >
7
2. (𝑐) 403

Q31 Pearson IAL WMA12 · October
2023 · Q9

(𝑎) 𝑦 is increasing for 𝑥 > 94 . (𝑏) Area = 85721

Q32 Pearson IAL WMA12 · January
2024 · Q10

(𝑎) Proven. (𝑏) 3733

Q33 Pearson IAL WMA12 · June 2024
· Q9

(𝑎) 𝑥 = 125 . (𝑏) 𝑘 = 285

Q34 Pearson IAL WMA12 · June (R
paper) 2024 · Q10

(𝑎) 𝑥 = 3. (𝑏) 1485

Q35 Pearson IAL WMA12 · January
2026 · Q10

(𝑎) 𝑥 = 2√5. (𝑏) 𝑘 = 10√213
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