
PURE 1 · WMA11 · TOPIC 12

Differentiation
Rewrite as powers of 𝑥, bring the power down,
subtract one. Then the gradient answers every-
thing: tangents, normals, stationary points.

DR ESLAM AHMED
eliteigcse.com

THE TOPIC ON ONE MAP

Differentiation

01 Rewrite first
√𝑥, 1𝑥2 𝐴𝑥𝑝 + 𝐵𝑥𝑞

02 Using the gradient
gradient at 𝑥 = 2 stationary point

03 Tangents and normals
tangent normal 𝑎𝑥 + 𝑏𝑦 + 𝑐 = 0

04 How many stationary points?
𝑓′(𝑥) = 0 𝑏2 − 4𝑎𝑐

05 First principles
chord 𝑃𝑄 2 + ℎ



NOTES·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

THE ONE RULE

𝑦 = 𝑎𝑥𝑛 ⟹ 𝑑𝑦
𝑑𝑥 = 𝑎𝑛𝑥

𝑛−1

numbers alone disappear ·
𝑑𝑦
𝑑𝑥 = the gradient of the curve = the gradient of the tangent

01 Rewrite First, Then Differentiate

You can only differentiate a sum of powers of 𝑥. Brackets, fractions and
roots must be rewritten first.

WHEN YOU SEE → YOU DO

√𝑥, 3√𝑥, 1𝑥2 ⟶ 𝑥 1
2 , 𝑥

1
3 , 𝑥−2

brackets (2𝑥 − 1)2(𝑥 + 1) ⟶ expand first

a fraction 4𝑥
2 + 9
2√𝑥

⟶ split: each term ÷ the bottom

“in the form 𝐴𝑥𝑝 + 𝐵𝑥𝑞” ⟶ rewrite, then read 𝐴, 𝑝, 𝐵, 𝑞
𝑑2𝑦
𝑑𝑥2 / 𝑓

″(𝑥) ⟶ differentiate twice

WORKED MODEL · A FRACTION WITH A ROOT

𝑦 = 4𝑥
2 + 9
2√𝑥

1 𝑦 = 2𝑥 3
2 + 9

2𝑥
− 12 split and rewrite

2 𝑑𝑦
𝑑𝑥 = 3𝑥

1
2 − 9

4𝑥
− 32 power down, minus one

ANSWER 3𝑥 1
2 − 9

4𝑥
− 32

× TRAP 1
2√𝑥

is 1
2𝑥

− 12 , not 2𝑥− 12 . The number stays on the bottom.
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PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

IDEA 01
Practise: Rewrite First, Then Differentiate
My questions first, then selected practice, then real past papers.

Q1 DR ESLAM Roots become powers P1 · TOPIC 12 3 marks

Differentiate (a) √𝑥 (b) 4𝑥3 (c) 6
3√𝑥

Q2 DR ESLAM Split the fraction P1 · TOPIC 12 3 marks

Find
𝑑𝑦
𝑑𝑥 when 𝑦 =

𝑥3 − 4𝑥
√𝑥

.

Divide each term by 𝑥 1
2 first.

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



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

SELECTED PRACTICE
Q3 PRACTICE Practice · Easy P1 · TOPIC 12 3 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 4



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

Q4 PRACTICE Practice · Medium P1 · TOPIC 12 4 marks

Q5 PRACTICE Practice · Very Hard P1 · TOPIC 12 3 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 5



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

PAST PAPERS
Q6 PAST PAPER Pearson IAL WMA11 · January 2023 · Q1 P1 · TOPIC 12 5 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 6



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

Q7 PAST PAPER Pearson IAL WMA11 · June 2023 · Q4 P1 · TOPIC 12 7 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 7



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

Q8 PAST PAPER Pearson IAL WMA11 · October 2023 · Q1 P1 · TOPIC 12 5 marks

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



NOTES·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

02 Using the Gradient

𝑑𝑦
𝑑𝑥 is a gradient machine: put 𝑥 in, get the gradient out — or set it equal to
a number and solve for 𝑥.

WHEN YOU SEE → YOU DO

“find the gradient at 𝑥 = 2” ⟶ substitute into
𝑑𝑦
𝑑𝑥

“the gradient is 4” / “at 𝑃 and 𝑄 the
gradient is 2” ⟶ 𝑑𝑦

𝑑𝑥 = 4→ solve for 𝑥

“stationary point”, “𝑑𝑦𝑑𝑥 = 0”, “turning
point”

⟶ solve
𝑑𝑦
𝑑𝑥 = 0, then find 𝑦

“the gradient is less than −18” ⟶ solve the inequality
𝑑𝑦
𝑑𝑥 < −18

“𝑎, 𝑏, 𝑐” with gradients at two points ⟶ one equation per point → simultane-
ous

WORKED MODEL · STATIONARY POINT

𝑦 = 2𝑥3 − 9𝑥2 + 12𝑥 — where is the gradient zero?

1 𝑑𝑦
𝑑𝑥 = 6𝑥

2 − 18𝑥 + 12 = 0 differentiate, = 0

2 𝑥2 − 3𝑥 + 2 = 0 ⇒ 𝑥 = 1, 2 solve (calculator first)

ANSWER (1, 5) and (2, 4)

DISGUISED QUADRATIC 12𝑥4 + 5𝑥2 − 2 = 0 or 4𝑥 − 5√𝑥 − 44 = 0: let 𝑢 = 𝑥2 or 𝑢 = √𝑥, solve,
then go back.
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PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

IDEA 02
Practise: Using the Gradient
My questions first, then selected practice, then real past papers.

Q9 DR ESLAM Gradient given P1 · TOPIC 12 3 marks

Find the point on 𝑦 = 𝑥2 − 6𝑥 + 1 where the gradient is 4.

Q10 DR ESLAM Stationary points P1 · TOPIC 12 4 marks

Find the coordinates of the stationary points of 𝑦 = 𝑥3 − 3𝑥 + 2.

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 10



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

SELECTED PRACTICE
Q11 PRACTICE Practice · Easy P1 · TOPIC 12 4 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 11



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

Q12 PRACTICE Practice · Medium P1 · TOPIC 12 4 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 12



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

Q13 PRACTICE Practice · Very Hard P1 · TOPIC 12 5 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 13



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

PAST PAPERS
Q14 PAST PAPER Pearson IAL WMA11 · January 2020 · Q9 P1 · TOPIC 12 6 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 14



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

Q15 PAST PAPER Pearson IAL WMA11 · January 2021 · Q7 P1 · TOPIC 12 9 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 15



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

Q16 PAST PAPER Pearson IAL WMA11 · October 2021 · Q2 P1 · TOPIC 12 5 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 16



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

Q17 PAST PAPER Pearson IAL WMA11 · January 2022 · Q7 P1 · TOPIC 12 11 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 17



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

Q18 PAST PAPER Pearson IAL WMA11 · June 2024 · Q7 P1 · TOPIC 12 8 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 18



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

Q19 PAST PAPER Pearson IAL WMA11 · October 2024 · Q3 P1 · TOPIC 12 9 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 19



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

Q20 PAST PAPER Pearson IAL WMA11 · October 2024 · Q9 P1 · TOPIC 12 10 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 20



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

Q21 PAST PAPER Pearson IAL WMA11 · June 2025 · Q2 P1 · TOPIC 12 5 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 21



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

Q22 PAST PAPER Pearson IAL WMA11 · June 2026 · Q4 P1 · TOPIC 12 10 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 22



NOTES·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

03 Tangents and Normals

The tangent has the gradient of the curve. The normal is perpendicular: flip
and change sign.

WHEN YOU SEE → YOU DO

“tangent to 𝐶 at 𝑃” ⟶ 𝑚 = 𝑑𝑦𝑑𝑥 at 𝑃, then 𝑦 − 𝑦1 = 𝑚(𝑥 − 𝑥1)

“normal to 𝐶 at 𝑃” ⟶ 𝑚 = − 1
𝑑𝑦/𝑑𝑥

“in the form 𝑎𝑥 + 𝑏𝑦 + 𝑐 = 0 where 𝑎, 𝑏, 𝑐
are integers” ⟶ clear fractions, all on one side

“the tangent/normal meets 𝐶 again” ⟶ curve = line, solve (you already know
one root)

“parallel to the tangent at 𝑅” ⟶ same gradient:
𝑑𝑦
𝑑𝑥 = that number

WORKED MODEL · JUNE 2021

Normal to 𝑦 = 𝑥2
3 +

4
√𝑥 +

8
3𝑥 − 5 at 𝑃(4, 3).

1 𝑑𝑦
𝑑𝑥 =

2
3𝑥 − 2𝑥

− 32 − 8
3𝑥

−2 rewrite, differentiate

2 at 𝑥 = 4: 8
3 −

1
4 −

1
6 =

9
4 gradient of tangent

3 𝑚𝑁 = −
4
9 : 𝑦 − 3 = −

4
9(𝑥 − 4) normal

ANSWER 4𝑥 + 9𝑦 − 43 = 0

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 23



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

IDEA 03
Practise: Tangents and Normals
My questions first, then selected practice, then real past papers.

Q23 DR ESLAM Tangent P1 · TOPIC 12 3 marks

Find the equation of the tangent to 𝑦 = 𝑥3 − 2𝑥 at 𝑥 = 2.

Q24 DR ESLAM Normal, integer form P1 · TOPIC 12 4 marks

Find the normal to 𝑦 = 8𝑥 at (2, 4) in the form 𝑎𝑥 + 𝑏𝑦 + 𝑐 = 0.

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 24



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

SELECTED PRACTICE
Q25 PRACTICE Practice · Easy P1 · TOPIC 12 5 marks

Q26 PRACTICE Practice · Hard P1 · TOPIC 12 5 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 25



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

Q27 PRACTICE Practice · Very Hard P1 · TOPIC 12 11 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 26



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

PAST PAPERS
Q28 PAST PAPER Pearson IAL WMA11 · October 2019 · Q5 P1 · TOPIC 12 7 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 27



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

Q29 PAST PAPER Pearson IAL WMA11 · January 2021 · Q1 P1 · TOPIC 12 8 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 28



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

Q30 PAST PAPER Pearson IAL WMA11 · June 2021 · Q1 P1 · TOPIC 12 8 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 29



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

Q31 PAST PAPER Pearson IAL WMA11 · June 2022 · Q10 P1 · TOPIC 12 12 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 30



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

Q32 PAST PAPER Pearson IAL WMA11 · October 2022 · Q1 P1 · TOPIC 12 6 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 31



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

Q33 PAST PAPER Pearson IAL WMA11 · October 2022 · Q9 P1 · TOPIC 12 14 marks

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



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

Q34 PAST PAPER Pearson IAL WMA11 · January 2023 · Q10 P1 · TOPIC 12 10 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 33



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

Q35 PAST PAPER Pearson IAL WMA11 · January 2024 · Q3 P1 · TOPIC 12 7 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 34



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

Q36 PAST PAPER Pearson IAL WMA11 · January 2025 · Q5 P1 · TOPIC 12 8 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 35



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

Q37 PAST PAPER Pearson IAL WMA11 · October 2025 · Q1 P1 · TOPIC 12 6 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 36



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

Q38 PAST PAPER Pearson IAL WMA11 · October 2025 · Q10 P1 · TOPIC 12 10 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 37



NOTES·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

04 How Many Stationary Points? The Discriminant

𝑓 ′(𝑥) of a cubic is a quadratic. Its discriminant tells you how many points
have zero gradient.

WHEN YOU SEE → YOU DO

“exactly one point where the gradient
is zero”

⟶ 𝑏2 − 4𝑎𝑐 = 0 for 𝑓′(𝑥)

“no solutions to 𝑓′(𝑥) = 0” ⟶ 𝑏2 − 4𝑎𝑐 < 0

“at least one real solution” ⟶ 𝑏2 − 4𝑎𝑐 ≥ 0

“𝑑𝑦𝑑𝑥 in the form 𝑝(𝑥 + 𝑞)2 + 𝑟” ⟶ complete the square: min gradient = 𝑟
at 𝑥 = −𝑞

WORKED MODEL · NO STATIONARY POINTS

𝑓(𝑥) = 𝑥3 − 4𝑥2 + 6𝑥 − 9
1 𝑓 ′(𝑥) = 3𝑥2 − 8𝑥 + 6 differentiate

2 𝑏2 − 4𝑎𝑐 = 64 − 72 = −8 < 0 discriminant

ANSWER 𝑓 ′(𝑥) = 0 has no real solutions

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 38



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

IDEA 04
Practise: How Many Stationary Points?
My questions first, then selected practice, then real past papers.

Q39 DR ESLAM Discriminant of 𝑓′(𝑥) P1 · TOPIC 12 3 marks

𝑓(𝑥) = 𝑥3 + 𝑘𝑥2 + 3𝑥. Find the values of 𝑘 for which 𝑓 ′(𝑥) = 0 has exactly one
solution.

SELECTED PRACTICE
Q40 PRACTICE Practice · Medium P1 · TOPIC 12 4 marks
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PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

Q41 PRACTICE Practice · Hard P1 · TOPIC 12 4 marks

Q42 PRACTICE Practice · Very Hard P1 · TOPIC 12 4 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 40



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

PAST PAPERS
Q43 PAST PAPER Pearson IAL WMA11 · January 2026 · Q7 P1 · TOPIC 12 10 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 41



NOTES·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

05 From First Principles: the Chord 𝑃𝑄

The gradient of a chord from 𝑃 to a point ℎ away tends to the gradient of
the tangent as ℎ → 0.

WHEN YOU SEE → YOU DO

“𝑄 with 𝑥 coordinate 2 + ℎ” ⟶ gradient 𝑃𝑄 =
𝑦𝑄 − 𝑦𝑃
ℎ

“explain the relationship” ⟶ as ℎ → 0, the chord gradient → the
tangent gradient

WORKED MODEL · JANUARY 2020

𝑦 = 𝑥2 + 3𝑥 − 2, 𝑃(3, 16), 𝑄 at 𝑥 = 3 + ℎ.
1 𝑦𝑄 = (3 + ℎ)2 + 3(3 + ℎ) − 2 = 16 + 9ℎ + ℎ2 substitute

2 gradient = 9ℎ + ℎ
2

ℎ
change in 𝑦 over ℎ

ANSWER 9 + ℎ → 9 as ℎ → 0

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 42



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

IDEA 05
Practise: From First Principles
My questions first, then real past papers.

Q44 DR ESLAM Chord to tangent P1 · TOPIC 12 3 marks

𝑦 = 𝑥2. 𝑃 is (1, 1) and 𝑄 has 𝑥 coordinate 1 + ℎ. Find the gradient of 𝑃𝑄 and
its limit as ℎ → 0.

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 43



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

PAST PAPERS
Q45 PAST PAPER Pearson IAL WMA11 · October 2019 · Q7 P1 · TOPIC 12 6 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 44



PRACTISE·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

Q46 PAST PAPER Pearson IAL WMA11 · January 2020 · Q3 P1 · TOPIC 12 6 marks

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 45



SUMMARY·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

ALL The Whole Topic on One Page

Tear this page out before the exam.

01 Rewrite Roots → fractional powers, “over” → negative
powers, brackets → expand.

02 Use it Gradient at 𝑥: substitute. Given gradient: 𝑑𝑦𝑑𝑥 = 𝑘,
solve.

03 Tangent / normal 𝑚𝑇 =
𝑑𝑦
𝑑𝑥 , 𝑚𝑁 = −

1
𝑚𝑇

, 𝑦 − 𝑦1 = 𝑚(𝑥 − 𝑥1).

04 How many? Discriminant of 𝑓 ′(𝑥). Min gradient: complete the
square.

05 First principles 𝑓(𝑥 + ℎ) − 𝑓(𝑥)
ℎ → 𝑓 ′(𝑥).

BOTTOM LINE Rewrite → differentiate → substitute or solve → “tan-
gent” means the derivative, “normal” means − 1

derivative .

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 46



ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

Answers
Differentiation · for the teacher. Every answer checked with a computer al-
gebra system.

IDEA 01 · REWRITE FIRST, THEN DIFFERENTIATE

Q1 Dr Eslam · Roots become pow-
ers

(a) 12𝑥
− 12 (b) −12𝑥−4 (c) −2𝑥− 43

Q2 Dr Eslam · Split the fraction

5
2𝑥

3
2 − 2𝑥− 12

Q3 Practice · Easy
(i) 5 (ii) 6𝑥2 (iii) 12𝑥

− 12

Q4 Practice · Medium
(a) 6𝑥2 − 4𝑥− 12 (b) 12𝑥 + 2𝑥− 32

Q5 Practice · Very Hard
−𝑥−2 + 3𝑥− 52 − 2𝑥−3

Q6 Pearson IAL WMA11 · January
2023 · Q1

(a) 5𝑥− 12 − 3𝑥 1
2 (b) −√22

Q7 Pearson IAL WMA11 · June 2023
· Q4

(a) 52𝑥
5
3 + 1

2𝑥
7
6 (b) 256 𝑥

2
3 + 7

12𝑥
1
6

Q8 Pearson IAL WMA11 · October
2023 · Q1

(a) 15𝑥2 − 6𝑥−3 − 7 (b) 30𝑥 + 18𝑥−4

IDEA 02 · USING THE GRADIENT

Dr Eslam Ahmed · eliteigcse.com · WhatsApp 011 2000 9622 1



ANSWERS·P1.12

ELITE IGCSE / PURE 1 P1 · TOPIC 12 · DIFFERENTIATION

Q9 Dr Eslam · Gradient given
2𝑥 − 6 = 4 ⇒ (5, −4)

Q10 Dr Eslam · Stationary points
(1, 0) and (−1, 4)

Q11 Practice · Easy
(a) 0 (b) 48, 766, 14

Q12 Practice · Medium
(a) 𝑦 = 𝑥3 −3𝑥2 +𝑥 −3 (b) 3𝑥2 −6𝑥 +1 (c) (1, −4)

Q13 Practice · Very Hard
𝑎 = 2, 𝑏 = −1, 𝑐 = 1

Q14 Pearson IAL WMA11 · January
2020 · Q9

𝑥 = √3
2

Q15 Pearson IAL WMA11 · January
2021 · Q7

(a) 𝑥 = 49
4 (b) 𝑥 =

1
4

Q16 Pearson IAL WMA11 · October
2021 · Q2

𝑥 = ± 1
√5

Q17 Pearson IAL WMA11 · January
2022 · Q7

(a) 𝑝 = 22 (b) 𝑞 = −4, 2, 4.5 (c) 6𝑥2 − 10𝑥 − 34
(d) −1 < 𝑥 < 8

3

Q18 Pearson IAL WMA11 · June 2024
· Q7

(a) 6𝑥2 − 2𝑘𝑥 + 14, 12𝑥 − 2𝑘 (b) 𝑘 = 13 (c)
𝐵(43 , −10)

Q19 Pearson IAL WMA11 · October
2024 · Q3

(a) 25𝑥
5
2 + 20

3 𝑥
3
2 + 50𝑥 1

2 + 𝑐 (b)(ii) 𝑥 = 5
3

Q20 Pearson IAL WMA11 · October
2024 · Q9

(a) 𝑥 ≥ −5 (b) 9𝑥2 + 22𝑥 (c) 𝑥 = 14
9 (d) (−1, 84),

(−4, 336)

Q21 Pearson IAL WMA11 · June 2025
· Q2

(a) 5𝑥 3
2 − 4 (b) 𝑘 = 4

3

Q22 Pearson IAL WMA11 · June 2026
· Q4

(a) 𝑥 = 25
9 (b)(ii) √𝑥 = 4 (√𝑥 = −

11
4 rejected)

IDEA 03 · TANGENTS AND NORMALS
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Q23 Dr Eslam · Tangent
𝑦 = 10𝑥 − 16

Q24 Dr Eslam · Normal, integer
form

gradient −2, normal gradient 12 : 𝑥 − 2𝑦 + 6 = 0

Q25 Practice · Easy
(i) 12 (ii) 𝑦 = 12𝑥 − 21

Q26 Practice · Hard
𝑦 = 13

2 𝑥 − 11

Q27 Practice · Very Hard
(a) 𝑃(2− 13 , 2 1

6 ) (b) 𝑦 = √2 𝑥

Q28 Pearson IAL WMA11 · October
2019 · Q5

(a) 12𝑥
2 + 2𝑥− 12 (b) 𝑥 + 9𝑦 − 37 = 0

Q29 Pearson IAL WMA11 · January
2021 · Q1

(a) 6𝑥2 − 10𝑥 + 3
2𝑥

−2 (b) 2𝑥 + 5𝑦 − 16 = 0

Q30 Pearson IAL WMA11 · June 2021
· Q1

(a) 23𝑥 − 2𝑥
− 32 − 8

3𝑥
−2 (b) 4𝑥 + 9𝑦 − 43 = 0

Q31 Pearson IAL WMA11 · June 2022
· Q10

(a) 67𝑥
2 + 2

7𝑥 −
5
2 (c) 𝑥 =

3
2 (d) 𝑘 =

5
4

Q32 Pearson IAL WMA11 · October
2022 · Q1

(a) 34𝑥
2 − 2𝑥 − 17𝑥−2 (b) 21𝑥 + 4𝑦 − 68 = 0

Q33 Pearson IAL WMA11 · October
2022 · Q9

(a) 12(𝑥 − 10)
2 − 28 (b) 𝑀(10, −28) (c) 𝑃(18, 4),

𝑘 = 25
4 (d) 10 ≤ 𝑥 ≤ 18, curve ≤ 𝑦 ≤ line

Q34 Pearson IAL WMA11 · January
2023 · Q10

(a) −203 < 𝑥 < −6 or 𝑥 >
3
2 (b) 6𝑥

3+67𝑥2+126𝑥−
360 (c) 𝑥 = −676

Q35 Pearson IAL WMA11 · January
2024 · Q3

(a) 52 + 8𝑥
−3 (b) 7𝑥 − 2𝑦 − 6 = 0

Q36 Pearson IAL WMA11 · January
2025 · Q5

(a) 12𝑥2 − 2𝑥−2 (c) 𝑥 = 1
2 , 𝑘 = 16

Q37 Pearson IAL WMA11 · October
2025 · Q1

(a) 12𝑥 + 3
2𝑥

− 12 (b) 𝑦 = 6𝑥 + 1

Q38 Pearson IAL WMA11 · October
2025 · Q10

(a) 𝑥 = −54 (b) 𝑥 =
−1 + √61
12
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IDEA 04 · HOW MANY STATIONARY POINTS?

Q39 Dr Eslam · Discriminant of
𝑓′(𝑥)

4𝑘2 − 36 = 0 ⇒ 𝑘 = ±3

Q40 Practice · Medium
(a) 3𝑥2 − 12𝑥 − 𝑐 (b) 𝑐 = −12

Q41 Practice · Hard
𝑏 = ±6

Q42 Practice · Very Hard
𝑛 even: one solution · 𝑛 odd: two solutions

Q43 Pearson IAL WMA11 · January
2026 · Q7

(a) 2(𝑥 −4)2 +11 (b) 11 at 𝑥 = 4 (c) 𝑦 = 11𝑥 +36

IDEA 05 · FROM FIRST PRINCIPLES

Q44 Dr Eslam · Chord to tangent
2 + ℎ → 2

Q45 Pearson IAL WMA11 · October
2019 · Q7

(a) 8 (b) 8+2ℎ (c) as ℎ → 0 the chord gradient
→ 8

Q46 Pearson IAL WMA11 · January
2020 · Q3

(a) 9 (b) 9 + ℎ (c) as ℎ → 0, 9 + ℎ → 9
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