
PURE 1 · WMA11 · TOPIC 6

Graphs of Functions
Know the shapes, mark the crossings, and count
intersections with a discriminant. Sketch first —
the picture tells you the algebra.

DR ESLAM AHMED
eliteigcse.com

THE TOPIC ON ONE MAP

Graphs of Functions

01 Cubic sketches
(2𝑥 + 5)(𝑥 − 3)2 𝑓(𝑥) ≤ 0

02 Reciprocal graphs

𝑦 = 𝑘𝑥 𝑦 = 𝑘
𝑥2 asymptote

03 Intersections and roots
coordinates of 𝑃, 𝑄 number of roots

04 Tangent / cross / miss
𝑏2 − 4𝑎𝑐 at least one point



NOTES·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

01 Cubic Sketches from Factorised Form

Roots from the brackets, 𝑦-intercept from 𝑥 = 0, shape from the sign of 𝑥3.
A squared bracket touches.

WHEN YOU SEE → YOU DO

“sketch 𝑦 = (2𝑥 + 5)(𝑥 − 3)2” ⟶ cuts at −52 , touches at 3, 𝑦-int 𝑓(0)
“deduce the values of 𝑥 for which
𝑓(𝑥) ≤ 0” ⟶ read below the axis from the sketch

“expand to 𝑎𝑥3 + 𝑏𝑥2 + 𝑐𝑥 + 𝑑” then
“gradient at 𝑃” ⟶ differentiate the expansion

“translated two units in the positive 𝑥
direction”

⟶ 𝑔(𝑥) = 𝑓(𝑥 − 2)

WORKED MODEL · OCTOBER 2019

𝑓(𝑥) = (2𝑥 + 5)(𝑥 − 3)2

1 cuts at 𝑥 = −52 , touches at 𝑥 = 3 brackets

2 𝑓(𝑥) = 2𝑥3 − 7𝑥2 − 12𝑥 + 45, 𝑃(0, 45) expand, 𝑥 = 0

ANSWER 𝑓(𝑥) ≤ 0 ⟺ 𝑥 ≤ −52 or 𝑥 = 3
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PRACTISE·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

IDEA 01
Practise: Cubic Sketches
My questions first, then selected practice, then real past papers.

Q1 DR ESLAM Squared bracket touches P1 · TOPIC 6 3 marks

Sketch 𝑦 = (𝑥 + 1)(𝑥 − 2)2, showing where it meets the axes.

SELECTED PRACTICE
Q2 PRACTICE Practice · Easy P1 · TOPIC 6 5 marks
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PRACTISE·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

Q3 PRACTICE Practice · Medium P1 · TOPIC 6 3 marks

Q4 PRACTICE Practice · Medium P1 · TOPIC 6 3 marks
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PRACTISE·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

PAST PAPERS
Q5 PAST PAPER Pearson IAL WMA11 · October 2019 · Q10 P1 · TOPIC 6 10 marks
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PRACTISE·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

Q6 PAST PAPER Pearson IAL WMA11 · January 2020 · Q10 P1 · TOPIC 6 8 marks
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PRACTISE·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

Q7 PAST PAPER Pearson IAL WMA11 · January 2021 · Q8 P1 · TOPIC 6 9 marks
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PRACTISE·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

Q8 PAST PAPER Pearson IAL WMA11 · October 2021 · Q6 P1 · TOPIC 6 10 marks
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PRACTISE·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

Q9 PAST PAPER Pearson IAL WMA11 · June 2025 · Q7 P1 · TOPIC 6 10 marks
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NOTES·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

02 Reciprocal Graphs 𝑦 = 𝑘𝑥 , 𝑦 =
𝑘
𝑥2

Two branches. Asymptotes: where the bottom is zero, and the number
added on.

WHEN YOU SEE → YOU DO

𝑦 = 4
𝑥 − 𝑘 ⟶ vertical asymptote 𝑥 = 𝑘; 𝑦-int −4𝑘

𝑦 = 4𝑥 + 𝑘 ⟶ horizontal asymptote 𝑦 = 𝑘; 𝑥-int −4𝑘

𝑦 = 𝑘
𝑥2 ⟶ both branches above the axis

“state the equation of the asymptote” ⟶ write 𝑥 = … or 𝑦 = …

𝑦 = 𝑘
𝑥 𝑦 = 𝑘

𝑥2
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PRACTISE·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

IDEA 02
Practise: Reciprocal Graphs
My questions first, then selected practice, then real past papers.

Q10 DR ESLAM Asymptotes P1 · TOPIC 6 2 marks

State the asymptotes of (a) 𝑦 = 3
𝑥 − 2 (b) 𝑦 = 1𝑥 + 4

SELECTED PRACTICE
Q11 PRACTICE Practice · Easy P1 · TOPIC 6 3 marks
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PRACTISE·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

Q12 PRACTICE Practice · Medium P1 · TOPIC 6 2 marks

Q13 PRACTICE Practice · Medium P1 · TOPIC 6 3 marks
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PRACTISE·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

PAST PAPERS
Q14 PAST PAPER Pearson IAL WMA11 · January 2021 · Q6 P1 · TOPIC 6 10 marks
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PRACTISE·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

Q15 PAST PAPER Pearson IAL WMA11 · October 2022 · Q6 P1 · TOPIC 6 6 marks
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PRACTISE·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

Q16 PAST PAPER Pearson IAL WMA11 · October 2023 · Q4 P1 · TOPIC 6 7 marks
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NOTES·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

03 Intersections and How Many Roots

Where two graphs meet: set them equal. How many solutions: count the
crossings on a sketch.

WHEN YOU SEE → YOU DO

“find the coordinates of 𝑃 and 𝑄” ⟶ curve = line → solve → pair
“state the number of roots, with a
reason”

⟶ sketch both sides, count crossings

“use inequalities to define 𝑅” ⟶ one inequality per edge
“the line passes through the
𝑦-intercept, parallel to the 𝑥-axis” ⟶ 𝑦 = 𝑓(0)

WORKED MODEL · JANUARY 2022

𝑥 + 𝑦 = 6 and 𝑦 = 6𝑥 − 2𝑥2 + 1
1 6 − 𝑥 = 6𝑥 − 2𝑥2 + 1 ⇒ 2𝑥2 − 7𝑥 + 5 = 0 equal

2 𝑥 = 1, 52 solve

ANSWER 𝑃(1, 5), 𝑄 (52 ,
7
2)

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



PRACTISE·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

IDEA 03
Practise: Intersections
My questions first, then selected practice, then real past papers.

SELECTED PRACTICE
Q17 PRACTICE Practice · Easy P1 · TOPIC 6 3 marks
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PRACTISE·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

Q18 PRACTICE Practice · Medium P1 · TOPIC 6 4 marks

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



PRACTISE·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

PAST PAPERS
Q19 PAST PAPER Pearson IAL WMA11 · October 2019 · Q3 P1 · TOPIC 6 10 marks
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PRACTISE·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

Q20 PAST PAPER Pearson IAL WMA11 · June 2021 · Q5 P1 · TOPIC 6 8 marks
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PRACTISE·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

Q21 PAST PAPER Pearson IAL WMA11 · January 2022 · Q4 P1 · TOPIC 6 7 marks
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NOTES·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

04 Tangent / Cross / Miss: the Discriminant

Line meets a reciprocal or quadratic: multiply out, rearrange to a quadratic,
then use 𝑏2 − 4𝑎𝑐.

WHEN YOU SEE → YOU DO

“the line is a tangent to 𝐶” ⟶ 𝑏2 − 4𝑎𝑐 = 0

“does not touch or intersect” ⟶ 𝑏2 − 4𝑎𝑐 < 0

“intersects at two distinct points” ⟶ 𝑏2 − 4𝑎𝑐 > 0

“at least one point of intersection” ⟶ 𝑏2 − 4𝑎𝑐 ≥ 0

“𝑘 is a positive constant” ⟶ keep only 𝑘 > 0 in the final range

“meets at 4 distinct points” (𝑥4) ⟶ 𝑢 = 𝑥2: two positive roots in 𝑢

WORKED MODEL · OCTOBER 2019

𝑦 = 4𝑥 + 𝑘 and the tangent 𝑦 = 10 − 2𝑥.

1 4 + 𝑘𝑥 = 10𝑥 − 2𝑥2 ⇒ 2𝑥2 + (𝑘 − 10)𝑥 + 4 = 0 × 𝑥, rearrange

2 (𝑘 − 10)2 − 32 = 0 tangent

ANSWER 𝑘 = 10 ± 4√2
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PRACTISE·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

IDEA 04
Practise: Tangent, Cross or Miss
My questions first, then real past papers.

Q22 DR ESLAM Tangent P1 · TOPIC 6 3 marks

Find 𝑘 so that the line 𝑦 = 3𝑥 − 𝑘 is a tangent to 𝑦 = 𝑥2.

𝑘 =
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PRACTISE·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

PAST PAPERS
Q23 PAST PAPER Pearson IAL WMA11 · October 2019 · Q6 P1 · TOPIC 6 8 marks

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



PRACTISE·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

Q24 PAST PAPER Pearson IAL WMA11 · January 2022 · Q10 P1 · TOPIC 6 9 marks
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PRACTISE·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

Q25 PAST PAPER Pearson IAL WMA11 · January 2024 · Q7 P1 · TOPIC 6 9 marks
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PRACTISE·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

Q26 PAST PAPER Pearson IAL WMA11 · June 2024 · Q8 P1 · TOPIC 6 7 marks
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PRACTISE·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

Q27 PAST PAPER Pearson IAL WMA11 · October 2024 · Q6 P1 · TOPIC 6 9 marks
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PRACTISE·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

Q28 PAST PAPER Pearson IAL WMA11 · January 2025 · Q7 P1 · TOPIC 6 8 marks
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PRACTISE·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

Q29 PAST PAPER Pearson IAL WMA11 · October 2025 · Q6 P1 · TOPIC 6 9 marks
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PRACTISE·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

Q30 PAST PAPER Pearson IAL WMA11 · June 2026 · Q10 P1 · TOPIC 6 11 marks
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SUMMARY·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

ALL The Whole Topic on One Page

Tear this page out before the exam.

01 Cubics Roots from brackets, squared bracket touches, 𝑦-
int at 𝑥 = 0.

02 Reciprocals Asymptotes: bottom = 0, and the added number.

03 Intersections Set equal → solve → pair. Count crossings for
“how many”.

04 Discriminant Tangent = 0 · miss < 0 · two points > 0. Keep 𝑘 > 0.

BOTTOM LINE Sketch → set equal → quadratic → discriminant decides
tangent, cross or miss.
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ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

Answers
Graphs of Functions · for the teacher. Every answer checked with a computer
algebra system.

IDEA 01 · CUBIC SKETCHES

Q1 Dr Eslam · Squared bracket
touches

cuts at (−1, 0), touches at (2, 0), 𝑦-int (0, 4)

Q2 Practice · Easy
(a) 2𝑥(𝑥 + 3)(𝑥 − 2) (b) cuts at −3, 0, 2

Q3 Practice · Medium
touches/crosses at (−3, 0) (point of inflec-
tion), 𝑦-int (0, 27)

Q4 Practice · Medium
touches at (0, 0), cuts at (−3, 0)

Q5 Pearson IAL WMA11 · October
2019 · Q10

(a) 𝑥 ≤ −52 or 𝑥 = 3 (b) 2𝑥
3 − 7𝑥2 − 12𝑥 + 45 (c)

𝑃(0, 45), gradient −12 (d) 𝑔(𝑥) = (2𝑥+1)(𝑥−5)2;
𝑦-int 25

Q6 Pearson IAL WMA11 · January
2020 · Q10

(a) touches (5, 0), cuts (34 , 0), (0, −75) (b) 𝑥 =
3, 20; 𝑝 = 75 (c) 𝑔(𝑥) = (4𝑥 + 1)(𝑥 − 4)2; 16

Q7 Pearson IAL WMA11 · January
2021 · Q8

(a) 𝑥 > 4 (b) 9𝑥3 −48𝑥2 +52𝑥 −16 (c) 𝑃𝑄 = 4
3√3

Q8 Pearson IAL WMA11 · October
2021 · Q6

(a) (−1, 0), touches (3, 0), (0, 18) (b) 2𝑥3−10𝑥2+
6𝑥 + 18 (c) 𝑦 = 512

27 (gradient 0)

Q9 Pearson IAL WMA11 · June 2025
· Q7

(a) 𝑓(𝑥) = 1
5𝑥

2(𝑥 − 4) (c) (0, 0), (6, 14.4),
(−8, −153.6)

IDEA 02 · RECIPROCAL GRAPHS
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ANSWERS·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

Q10 Dr Eslam · Asymptotes
(a) 𝑥 = 2, 𝑦 = 0 (b) 𝑥 = 0, 𝑦 = 4

Q11 Practice · Easy
no intercepts; asymptotes 𝑥 = 0, 𝑦 = 0

Q12 Practice · Medium
asymptotes 𝑥 = 0, 𝑦 = 0; both branches
above the 𝑥-axis

Q13 Practice · Medium
𝑘 = 36: 𝑦 = 36

𝑥

Q14 Pearson IAL WMA11 · January
2021 · Q6

(b) 𝑥-int (1, 0), asymptote 𝑦 = 𝑘 (c) 10−2√21 <
𝑘 < 10 + 2√21

Q15 Pearson IAL WMA11 · October
2022 · Q6

(b) 2 roots: the curves cross twice

Q16 Pearson IAL WMA11 · October
2023 · Q4

(a) 𝑥 = −2 (b) 𝑥(𝑥 + 2)2 (d) 2 solutions

IDEA 03 · INTERSECTIONS

Q17 Practice · Easy
the curves cross twice (once in each of quad-
rants 1 and 3)

Q18 Practice · Medium
(b) 2 solutions

Q19 Pearson IAL WMA11 · October
2019 · Q3

(a) 𝑀 (52 ,
27
4 ) (b) 𝑁 (

26
5 ,

351
25 )

Q20 Pearson IAL WMA11 · June 2021
· Q5

(a) 16.8 million (b) 53 million (c) 10 − √58 <
𝑡 < 10 + √58, i.e. 2.38 < 𝑡 < 15

Q21 Pearson IAL WMA11 · January
2022 · Q4

(a) 𝑃(1, 5), 𝑄 (52 ,
7
2)

IDEA 04 · TANGENT, CROSS OR MISS
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ANSWERS·P1.6

ELITE IGCSE / PURE 1 P1 · TOPIC 6 · GRAPHS OF FUNCTIONS

Q22 Dr Eslam · Tangent
𝑥2 − 3𝑥 + 𝑘 = 0: 9 − 4𝑘 = 0 ⇒ 𝑘 = 9

4

Q23 Pearson IAL WMA11 · October
2019 · Q6

(a) 𝑦 = 𝑘, 𝑥-int (−4𝑘 , 0) (b) 𝑘 = 10 ± 4√2

Q24 Pearson IAL WMA11 · January
2022 · Q10

(a) 𝑥-int ±13 , asymptotes 𝑥 = 0, 𝑦 = −9 (b) −
81
4 <

𝑘 < 0

Q25 Pearson IAL WMA11 · January
2024 · Q7

(a) 𝑦-int −4𝑘 , asymptote 𝑥 = 𝑘 (b) 5 < 𝑘 < 13

Q26 Pearson IAL WMA11 · June 2024
· Q8

(a) (−2, 0), (0, 0), (2, 0) (c) 0 < 𝐴 < 4

Q27 Pearson IAL WMA11 · October
2024 · Q6

(a) 𝑥 = 2, (0, 12) (b)(ii) 𝑘 ≤ 1 or 𝑘 ≥ 4

Q28 Pearson IAL WMA11 · January
2025 · Q7

(a) 𝑥-int 2𝑘 , asymptote 𝑦 = −𝑘 (b) 0 < 𝑘 < 2 or
𝑘 > 18

Q29 Pearson IAL WMA11 · October
2025 · Q6

(a) asymptote 𝑥 = 2𝑘, 𝑦-int −2 (b) 0 < 𝑘 ≤ 1
2 or

𝑘 ≥ 9
2

Q30 Pearson IAL WMA11 · June 2026
· Q10

(a) 𝑦-int −32 (c) 𝑘 = 12: 𝑃(18, −6)
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