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Prior knowledge check

Prior knowledge check

Differentiate:

a 3x2-5x b % — %

€ 4x%(1 - x9) « Year 1, Chapter 12

Find the equation of the tangent to the
curve with equation y = 8 — x? at the point
(3, -1). « Year 1, Chapter 12

The curve Cis defined by the parametric
equations

x=3rr-5t y=r+2 I€ER
Find the coordinates of any points where

Cintersects the coordinate axes.
« Section 8.4

Solve 2 cosec x — 3 secx =0 in the interval
0 = x = 2m, giving your answers correct to
3 significant figures. « Section 6.3
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9.1) Differentiating sin x and cos x
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Why does this result only hold in radians?

Explanation 1:
The approximations sinx = x and cosx = 1 — %xz (as x = 0) only holds if x
is in radians (we saw why in the chapter on radians). The proof that

d , . L
— (sinx) = cos x made use of these approximations.

Explanation 2:
We can see by observation if we look at the graph of sin x in radians and in degrees.

y = sinx S _
using radians ' ' 1 ' Y= Simx
T+ - - ! ! —O 2t - - using degrees
—4 o ———
| | 06 04 02 1 0.z 04 06 08
1 p T
However when x is in degrees,
d , . | aal and again using the same
Ifa (sinx) = cosx then _ . ik 1 scale for both axes, we can
the gradient when x = 0 clearly see the gradient is
is cos 0 = 1. This looks ! ' 0.6+ much lower than 1.

right from the graph.



Notes

Page 7




Worked Example

Prove, from first principles, that the derivative of sin x is cos x.

in h
You may assume thatas h - 0,% - 1and

cos h—1

-0
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Worked Example

Find:

d .
I (sin 5x)

d 1
I (cos > X)

d
Tx (6sin 7x — 4 cos 3x)
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Worked Example

A curve has equationy = %x — COS 3Xx.
Find the stationary points on the curveintheinterval 0 < x <7
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Worked Example

A curve has equation y = sin 5x + 3x. Find the stationary

: : : 3
points on the curvein theinterval 0 < x < o7
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Worked Example

A curve has equation y = sin4x — cos 3x. Find the
equation of the tangent to the curve at the point (r, 1)
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Worked Example

A curve has equation y = 3x% — sin x. Show that the equation of the normal to the curve

at the point with x-coordinate m is

x+ (6r+1)y—m(187? =31 —1) =0
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9.2) Differentiating exponentials and logarithms
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Notes
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Proof

Prove that the derivative of a** is a¥*k ln a
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Worked Example

Find:

a 2
— (5e4%)

a4 (4e
dx

1
3

)

i —0.5x
" (3e )
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Worked Example

Find:

d s d o d_ 4
=7 2 = B 7 )
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Worked Example

Find:
d
ax 5@))

d
-~ (439)

d
5(3(4 )
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Worked Example

Find:

@)
dx

= (@)
dx

dx

’ (4°%)

Page 31




Worked Example

Find:
d d d
— (In 2x) — (In3x) — (In 4x)
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Worked Example

Find:

d
E(Z In x)

d
E(B In x)

a 41
dx( nx)

Page 35




Worked Example

Find:

d d d

- 2 - 3 el 4
7 (Inx*) 7 (Inx?) o (In x™)
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Worked Example

Find:

d

3 + 2e°%

dx

(

7e4x

)

d (7 —5e %
dx 3e2X

)
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Worked Example

Find:

i (Bx _ 3)2
dx
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Worked Example

The population P of a species after t days can be modelled using P = 640(273%)

a) Determine how many days have elapsed before there are 20 individuals left
b) Determine the rate of change of the population after 3 days.
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Worked Example

A curve has the equation
y =e* —lnx
Show that the equation of the tangent to the curve at the point with x-coordinate 1 is:
y = (4e* —1)x —3e* + 1
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Worked Example

A curve has the equation

y = 5(23%)

Find the equation of the normal to the curve at the point with x-coordinate 1 in the form y = ax + b, where a and b are

constants to be found in exact form
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9.3) The chain rule

Page 49




Notes
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Worked Example

597a: Apply the chain rule to

597a: Apply the chain rule to
differentiate functions of the form

differentiate functions of the form

f(z) = a(bzx + c)" for rational n f(z) = a(bz + ¢)™ for rational n
Givendthat y=9v9z + 10 Given that ¥ = — 8:+ ;
find 9 d
dz find ¥
Ax
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Worked Example

597c¢: Apply the chain rule to
differentiate functions of the form

In(az + b), e***t, sin(az + b) or
cos(az + b) where the inner function
is linear.

Given that y = 7In (5z + 9)

find ﬂ
dzx
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Worked Example

Differentiate with respect to x:
y = p X tx fx) = pX°—2x+1
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Worked Example

Differentiate with respect to x:

y = In(sin x)

Page 57

.239:Q1,2,P71Q 1-3




Worked Example

597c: Apply the chain rule to
differentiate functions of the form

In(az + b), e?**?, sin(az + b) or
cos(ax + b) where the inner function
is linear.

Given that y = 9sin (7z — 9)

find ﬂ
dx
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Worked Example

Differentiate with respect to x:
y = sin* x f(x) = cos3 x
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Worked Example

Differentiate with respect to x:
y = sin* 3x f(x) = cos® 2x
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Worked Example

Differentiate with respect to x:

—X

y =e°
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Worked Example

Given that y = V2x> — 2, find % at (3,22)
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Worked Example

A curve C has equation
3 2

= X F =
Y= 2 <s50** 75
Find an equation for the normal to C at the point with x-coordinate 1 in the form ax + by + ¢ = 0,
where a, b and c are integers

1.239: Q3-5,P.71 Q 4-8
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Your Turn

A curve C has equation

4
Y =B =225

L3
X753

Find an equation for the normal to C at the point with x-coordinate 2 in the form

ax + by + ¢ = 0, where a, b and c are integers

X + 40y + 158 = 0
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Worked Example

Find the gradient of:
x=(1+2y)>wheny=1 x =By —-2)*at(1,-1)
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Worked Example

Find d—ywhen:
dx
x=2y%+y

x=3y*t—y2—-1
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9.4) The product rule
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Notes
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Worked Example

597f: Use the product rule with simple Given that
functions. y = 9ln (2)e?
Given that d

y = da%e” find Ey
find ﬁ

dz
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Worked Example

597f: Use the product rule with simple
functions.

Given that

y = 82°sin (z)

find ﬂ
dx
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Worked Example

Differentiate with respect to x:
y = e3* sin* 2x f(x) = e** cos3 4x
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Worked Example

Determine the coordinates of the turning point:
y = xe3% f(x) = xe**

Page 82

.242: Q1-3,P72Q 1-5




Worked Example

Differentiate with respect to x:
y = x%V5x — 2
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Worked Example

Find the equation of the tangent to the curve with equation y = x# sin(x?) at the point (g’%\/ﬁ) in the form

ax + by + ¢ = 0 where a, b and c are exact constants.
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Worked Example

Differentiate with respect to x:
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9.5) The quotient rule
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Notes
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Worked Example

597h: Use the quotient rule with
simple functions.

Given that

2sin ()

In (z)

find ﬂ
dx
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Worked Example

Differentiate with respect to x:
x? __In4x

y: y_

In 5x x4
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Worked Example

Differentiate with respect to x:
cos 3x

y = !

X4

fx) =

cos 3x
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Worked Example

5971: Use the quotient rule and the
chain rule within a single expression.

Given that
(42° + 9z7)
Y= 88.1'.'-’ +2z
find ﬂ
dx
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Worked Example

Find the stationary point of

COS X

y = O<x<m

e3x Y
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Worked Example

Find the equation of the tangent to the curve y = 67

2%
4

at the point (4, % e)
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