IGCSE MATHEMATICS « EXERCISE SHEET

E2.12 Differentiation

Name: Class: Date: Total: 17 marks

o minimum /)M

Objective

Build the skills to answer Extended exam questions on differentiation {4 — finding
the derivative §%§ of a polynomial, using it to find a gradient $}% at a point, and
finding turning points 3 /& and deciding whether each is a maximum #% K{H or a
minimum F%/|MH.

You must be able to:

o differentiate a sum of terms of the form ax™
« find the gradient of a curve at a given point

d
o find the turning points by solving d—y = 0, and determine their nature
x

1 Worked examples

B Multiply by the power, then drop the power by one

y ky

tangent (just touches
the curve at one point)

adient of the curve here
= gradient of the tangent

A\

dy _ :
x= gradient of the tangent

The derivative gives the gradient of the tangent at any point
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. d
« The rule: if y = az™ then d—y = anz" L.
« A constant differentiates to zero, and ax differentiates to a — its graph is a
straight line of gradient a.
« Gradient at a point: differentiate, then substitute the 2-value. For y = 2 — 4z
dy

tx =2 -2 =322 —-4=28.
at x Az xr

d
o Turning points: solve d—y = 0 for z, then put each x back into the ORIGINAL
v

equation for y.
2

d P
« Nature: d—‘z < 0 is a maximum, > 0 is a minimum.
i
Answer shapes (marked by method marks — M1 for a correct method, Al for
the correct answer): the derivative itself is a method mark, and setting it to zero is
another — so write both lines down.

2 Practice

2.1 Differentiate y = 3z* — 522 + 7. 3]

2.2 Find the gradient of the curve y = 2® — 4z at the point where z = 2. 3]

2.3 Find the coordinates of the turning point of y = x> — 6z + 5. 3]
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3 Exam-style questions

3.1 A curve has equation y = 223 — 922 + 122.

dy .
a) Find —=. 2
(a) Fin Ir
(b) Find the coordinates of the two turning points. [4]

(c) Determine, with a reason, which turning point is a maximum and which is a mini-
mum. 2]
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Solutions
Marking: M1 a correct method, A1 the correct answer.

Each answer shows the steps, then the result.

2.1
e 3z' — 1223, —52% — —10z, and the 7 vanishes

dy

=12x* - 10
. X X
2.2
dy 5
o —=322-4
dx v
o substitute x = 2: 3(4) — 4
=8
2.3
d
.Y 2z — 6, and set it to zero
dx
e x=3
« substitute into the original: 9 — 18 45
= (3 _4)
3.1
(a)
« differentiate term by term
dy 2
— =6x" —18x + 12
dx

(b)

e set it to zero: 62 — 18z +12=0,s0 22 — 32 +2=0
e (z—1)(z—2)=0,s0z=1lorax=2
e y(1)=2—-9412=5andy(2) =16 —-36+24 =4

(1, 5) and (2, 4)

d*y
dx?

o at x =1 this is —6, which is negative, so (1, 5) is a maximum; at = 2 it is +6, so
(2, 4) is a minimum

=12z — 18
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