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The Derived Function

Learning Infention “ . A B
By the end of this lesson, you should be able to understand where we Can you spot the link between A and B? 5
use differentiation and differentiate basic functions. X 3x?
Does it work in every case? L..? \{
Differentiation belongs to an area of Mathematics called Calculus.
Calculus helps us to solve problems involving motion. ( b 6x°
-2 ;ZJC
g ¥ 7 xio | 10w
g 20 5 20 g
20 £ 0 )C X 1
0f 10 20 30 of 0 20 30 1z > f\
time (s) time (s) )C 3)8 O

Instantaneous speed is the speed of an object at an exact moment p ﬂ._.l f&

in time. It is also known as the rate of change of distance with
respect to time.

The derivative of X"
Chapter 6 - Differentiation Today's Learning:

By the end of this lesson, you should be able to differentiate any
basic function using the correct notation.

f '(x) is called the derived function or the derivative off(x).
The derivative of a function represents:

Y% the rate of change of a function

¢ the gradient of the tangent to the graph of the function.

| I fIX) =X thenf '(X) = HX"- Wwhere 7 is a rational number-

b powd (AL povdes by |

Examples Starter
For each of the following findf (x).

When 2x” +8x—3 is wrilten in the form a(x+ b)’ + ¢ the values of @, b and c are

1) Ax)=x7 . 2 flx)=x3 l( Y Y ’3/22
ﬁ‘(f)i?’c (‘: (¥) ‘—‘—’5 x 2
5
(ﬁ,l_ ) 6'6).2 u 2111,11'6
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=11
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https://www.desmos.com/calculator/yadtjhmryv
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Other Notation

Today's Learning:
By the end of this lesson, you should able to recognise other notation
involved with differentiation.

For an expression in the form ) = ..., the derivative with respect to

X is expressed as

ay
dx’

To find the derivative of an expression in X with respect to X, the

notation used is ﬁ
dx

3
2) Find the derivative of X* with respect to X.

& r%%i V2
/(I{,(X /ll

5)
S =vx |
/1

=X
Pk "
/
= —Q_Jl
N
= Qﬁ
. The first rule:

. The second rule:

. The third rule:

[ I ST )

. The fourth rule:

o

. The fifth rule:
7. The sixth rule

8. Afinal result: 7

= |
7 0

Examples
-1
) y=x°?

dy g
Ax

X

Cgsj/i“/
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Ex 6D

am X an = gt
(@)t =
A" g = gnn
=1
ol = % and a™" = % 3
at = Vaand a¥ = ya 7
"/52: (up)%/: Var,
3 5y ]
X2=2% §x 6
0
- /5 )61/3 \C’l/ﬂ O
2
= 33‘(;
L 3= f‘ﬂ’s
| e

Rate
Today's Learning:

By the end of this lesson, you should be able to calculate rate of

change.

The rate of change of a func‘rion,f '(x), can be evaluated for any

value of X,
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Examples
1) Given f(x) =X forX €R, find the rate of change
off whenX = 3.
fx)=x5
£ = 5w
S3)=5x3¢
=5 X &1
=405

3) The value of an investment is calculated using V(t) =p
V'is value and s time.

Calculate the growth rate (rate of change) after 9 years
V(E)- £
Vi) =0t
()= 239 1%

Differentiating more than one term and ax"

Today's Learning:

By the end of this lesson, you should be able to differentiate
expressions with more than one term.

To differentiate more than one term, just differentiate each term
separately.

October 02, 2018

D1 fX)=x4 forxeR findf (2).
fo) =4
f=des 7D 4
|(\{.) N
[1@)=-4x20 L=
_ 4 4
=-4x— |( -
25 Z - — <
I A
= . x i : _//‘\-\
1 31
) =
K

4) Smoke from a factory chimney travels VT KM in? hours.
Calculate the speed (rate of change) of the smoke after 4

A(©)

Examples

1) A function is defined for X € Rby Sx) = 3x4

Find f (X).
)

1 x°
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2) A function is defined for X € Rby Ax) = 3x3 - 2x2 + 5x 3) Differentiate ¥V =2x%-4x3+3x2+6x+2 yith

respect to X.

Find /" '(x)- & .
(ﬁMt‘M/hi e M g3 1256 16
Ay
1
4) Differentiate V= 2_x3 with respect to X. Starter
L Werite the following in the form a (x +b)* +¢
VA: px 1) 242 - 8x +20
ax 2 3)3x2-6x+1
— — 4)2x2-6x+7

l !

ifferentiating more complex expressions

Today's Learning: ) . x4 -3x2
By the end of this lesson, you should be able to differentiate more 2) Differentiate
complex expressions.

with respect to X.

Before differentiating a function we have to express it as a Kt — 3x2 K 3x2 f?’ 3 X
sum of individual terms. 5x - 5% 5% = S 5
_1,3_3
Examples =35x¥ 75X
ody _
1 Flnch when V= (x-3)(x +2) a’i:ixz_%
2 - * 5
= X ‘\")- "‘3 X 6
I
':) = r"' £= 6

%’Qx-l
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Starter
o
2
When 7 is differentiated with respect to x, the result is
X
\
X e 2300
< A, 3% —_—- 1
— 31 di-
tn Q 3 x2
q C. %x%
1
x
D. g x?

4) Find the derivative of ¥ =X (2 + \[x3) wrt X,
\
W= £ (L4 5)
y=Jx (e + )

L)
Zx% x2+x% 173

g ( ) -3 . x
sy

50 g
=x? +x° ._-\2---5-%4-5
v =1F T F

5

e
o
®
+
|

) |
W
>k
%
A
3
=l

Applications of Derivatives
(More complex Rate of Change)

Today's Learning:
By the end of this lesson, you should be able to apply differentiation
to solve real life problems.

October 02, 2018

X 3% - 6x L% Ly

3) Differentiate

X435t —6x B x 3xT 6w
- T _
2

= t—T T
X x x? x?

1 1 I
E:x3 T43x77 —lea

5 3 1
=x2 +3x2 —06x7
=

3 1 1 —i
R
I el NN
2 2 J;
Starter

Differentiate the following with respect to X:
1 \
— 24
) fo=3x +x=3f4, e
f L3
() =¢x-x

= I-“ :1
1
2) y:2x4—5x3+5x2+3x—12

M. §o- IS8+ X4
ds

3 1
x?  5x3

1
3) f(x)=x+;+

-
e+ a2k -3

Examples

1) Aballis thrown so that its displacement s after 7 scconds is given by
s(2)=12¢-5¢".
Find the rate of change after 2 seconds.

$1(6)= 11— @t (—raked.
S‘(7-)= (- 10+
- 110
. §



Chapter 6 - Differentiation NOTES.notebook

Ayf y=—7, calculate the ratc of change of y when x =8.
x

3

3

rmagmt for xe¥:
_ 2=
T 2T ® 3

L)

Given the graph f(x), draw the graph
Lhpny ¥

WY
Y;y a) -3f0) syeken 12

)f(x 1)'\'“’5"’ ‘

b -
\é)f(-Zx) (28
)

Examples

1) Find the equation of the tangent to the curve with equation
Y=X2-3qt the point (2,1)

_&lx

..Z'l lf
At (z,l), t bﬁﬂ(("")
L 1=u(x-2)
~\= l{f"%
|o«l|t+?"‘"o

October 02, 2018

3) The pulse rate, in beats per minute of a runner + minutes after
starting to run is given by

p(t)=60+% 2 - t, for 1 < 10.

Find the rate of change of the pulse rate of the runner 6 minutes

after starting. k - '
()~ = : e-l

()= 6|

p'le)= &2

page 96 Ex 6H Ql,2,6,8,12

Today's Learning:
By the end of this lesson, you should be able to determine the
equation of a tangent.

Gradients of Tangents

We can determine the equation of a curve, at a given point by
considering the straight line which touches the curve at this point

(the tangent). Z‘T
o

IThe equation of the tangentis )V - b=m(x - a)

To find the equation of the tangent we need

% the co-ordinates (‘l,b)

Y% the gradient, 771, at that point.

2) Find the equation of the tangent to the curve with equation
Y=x3-2X qf the point X = -1

% 3x*-2

where x=-1, m= 3(") T
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3) A function fis defined for X > 0 by fix) = %
Find the equation of the tangent to the curve ¥ = f{X) at P.
pef, <% &
() x
pA) =2
(%)

-bzmt-a) @

b—z=—k(x-‘%) * T
Y- 22=- L2 ==&

-4=0
Jrlx-le= Exercise 6J

4)  The gradient of a tangent to the curve Y = X* + 1is32

Find the point of contact of the tangent.

%: “)C‘; =32

xR

x=2

=9+ |
‘3--7\‘6:' (,Ll‘?)

=7

Continue Ex 6J

Increasing and Decreasing Functions

By the end of this lesson, you should be able to determine whether a
function is increasing or decreasing.

When a curve is increasing, the tangents will slope upwards, the

)
radients are positive, so — > ()
[°] p dx

When a curve is decreasing, the tangents will slope downwards, the

dy

gradients are negative, so — < ()
dx

decreasing

Ja
increasing
L2

increasing
il
Z >0 e
/ ’ x

October 02, 2018

A designer of an artificial ski slope describes the shape of
the slope by the function h(d)

4d - 2d PN

d - Ju’ '
is the horizontal distance '.| J
h(d) is the height in metres - - -—W
. > __F
d d

Calculate the gradient of the slope 4 m horizontally from the
start of the ﬁ)’pw W
2
IO a

i S =

<=

Starter

A curve has equation y = 3 = Tw— 2
‘What is the gradient of the tangent at the point where x= 37
A 3

b 9‘_5 61—1—

c 9

Examples

1) Find the intervals for which the function ¥ = 3x2+2x -5
is increasing and decreasing.

Function is increasing when Function is decreasing when

dy dy
0 <0
dy _
%—6)(?"‘2
6x+2>0
6x>-2 F"%
x>-l x<-l
3 3
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2) Find the intervals for which the function f(x) =x3-3x2+8 s

increasing and decreasing. 3) Show that the function ix) =x3-3x2+3x- 10 s

never decreasing.

Function is not decreasing iff I(x) >0
fl)=3e-6x+3 =

Function is increasing when

f')>0

Function is decreasing when

<0 € 2% ‘)

fl(x) =322 - 6x f'(x) =3x2-6x =302-2x+1) 7.3 (I-\)(ﬁ-\)
332 - 61> 0 332-6x<0 =30c-1p = 3(x- )"
_ 3x(x-2)<0
3x(x 2) >0 X(x ) 3(x - 1)2 > 0 for all values of X, so the function is never decreasing.
increasing decreasing
x<0 or x>2 0<x<2

Today's Learning:
By the end of this lesson, you should be able to find stationary points
and determine their nature.

Ja

Ty

Rising point of inflexion

(0,0

i turning point]
2 (1.2)

decreasing I [ \/ 1 ! I :
o &, o :
|nc{;easmg b increasing W
Do >0 (2
dx

Stationary points occur whenf"'(x) = 0.

The nature of a stationary point depends on the gradient on either
side of it.

fx) fx)
+ . o
X E x

Example

1) Find the stationary points and determine the nature of
y=4x3-x*

Ly
SPs occur when — = ()
dx

d
d_i =120 - 4p
Maximum turning point Minimum furning point
12x2-4x3=0
| I

423 -x)=0
ﬂx) f(x) Either 42=0 or 3-x=0
+ x=0 x=3

* X Whenx =0,  y=4,05-04 ©00)
y=0
Rising point of inflection Falling point of inflection

y=27
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y = 4x3- x4 é} =12x2-4x3 (0,0) (3.27)

dx

0,0,0, =t
; ‘%:nxh-k%—%
i+ 0|t & g3
) ) P BT -\zw«?l—tzf'%
x 1313 % . |
dy — = 2 /O,H%
o + |10 0\%‘ - rZ/fg;O 50
Slope S| N\

so, (0,0) is arising point of inflection.

(3,27) is a max turning point.

Curve Sketching

Today's Learning:
By the end of this lesson, you should be able to sketch and fully

annotate a curve.

To sketch a curve we need:
Y% the) intercept

¥ the X intercept

% the stationary points and their nature.

Step 3 - Find the stationary points

d y=x3-3x2
y_
SPs occur when T 0

d

33—:: 3x2 - 6x

3x2-6x=0

3x(x-2)=0
Either 3X=0 o x-2=0

x=0 x=2
Whenx =0, y=03-3,02
y=0 0.0)

When X = 2, y=2-3,22

October 02, 2018

Ex 6M

@ Differentiate \

Step 2 Set equal to O and solve

Step 3 Sub in the x coordinate into original equation (y = .....)
and find the y coordinate.

Step 4 Find the nature

Step 5 State coordinates and their nature

S

Examples
1) Sketch the curve V = X3 - 3x2

Step 1 - Find where the graph cuts the ) axis.

Whenx =0, y=0-3x02
y=0 0.0)
Step 2 - Find where the graph cuts the X axis.
Wheny =0, x3-3x2=0
X(x-3)=0
Either X2 =0 or x-3=0
x=0 x=3
(0,0) and (3,0)
Step 4 - Determine the nature of the SPSd 0,0 (2.-4)
Hi_c} =3x2- 6x
X X
dy dy
dx dx
Slope Slope

so0, (0,0) is a max turning point
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Step 5 - Sketch the graph.
(0,0) is @ max turning point

? (2,-4) is a min turning point 2) Sketch the curve ¥ = 2% - 3x2 - 12x +5
(0,0)and (3,0)
Step 1 - Find where the graph cuts the ) axis.
/ Whenx =0, y=03-3,02-12,0+5
y=>5 0.5)
3 »r
(1 "lq\ \01- Step 2 - Find where the graph cuts the X axis.
% Wheny =0, 26 -3x2- 12x+5=0
We can't factorise this until Unit 2, so we can't find the X
intercept just yet.
Ex 6N
Step 3 - Find the stationary points.
dy
SPs occur when a}—c= 0
d Step 4 - Determine the nature of the SPs.
31}: 6x2 - 6x-12
X X
6x2-6x-12=0 dy
6(x2-x -2)=0 dx
6(x+1)(x-2)=0 Slope
Either x+1=0 or x-2=0
x=-1 x=2 s0, (-1,12) is a max turning point
Whenx = -1, y=(2x (17) - G x (1) - (12-1) +5 (871518 aminurning point
y=12

When¥ =2, y=(2x2)-(3x2)-(12x2)+5
y=-15

(-1,12) and (2,-15)

Step 5 - Sketch the graph.

so, (-1,12) is a max turning point 5‘|’0r‘1’er‘ 03/10/17
(2,-15) is a min turning point
(0,5 1. Given f(x) = 3x%(2x = 1), find f'(-1). ®3)
3 2
=0bx -3

PN Rx- b
F )R IGER-6(1)
NAL: —(-6) =24

Ex 6N page 107



Chapter 6 - Differentiation NOTES.notebook

03/10/17 Closed Intervals

Learning Intention
By the end of this lesson, you should be able to find the maximum and

miniumum values of a function within a closed interval.

We can restrict the part of a graph we are looking at using a closed
interval. The maximum and minimum values can be at stationary points
or at end points of the closed interval.

Below is a sketch of a curve, with the closed interval -2 <x< 6
shaded. Yy

maximum

|
|
|
|
1
Ly
1 X
)
\mlnlmum
)

-2 6

Whenx:-l, y:2x3_5x2_4x+1
3 2 5,4
Tramm—t+—
57 9+3 1
_46
27
When X = 2, y=2x3-5x2-4x+1

=(2x2)-(5x22)-(4x2)+1
=11

1 46
-= —)and (2,-11
(3/27)an (2-11)

Step 3: Find the extremities by substituting in x coordinates
fx)=2x3-5x2-4x + 1 -l<x <4
Points at extremities of closed interval
D=2 xC1)P)-GCx (1)) - (@ x(-1)+1=-2
(-1-2)
f(4) = (2 X43)_ (5 X42) - (4 X 4) +1=33 (4.33)

October 02, 2018

Example

1)
A function fis defined for X € R byf(x) =2x3-5x2-4x+1,

Find the maximum and minimum value of f(x) where -1 <X 4.

Step 11 Find the stationary points

SPs occur whenfl(x) =0 f '(x) =6x2-10x-4
6x2-10x-4=0
2(3x2-5x-2)=0

2@x+ 1)(x-2)=0

Either 3x+1=0 o x-2=0

= x=2

T

x=-

w|—

L2 and @11y 1) =6x2-10x - 4

327
Step 2: Find the nature of the stationary points
1 - T - .
X =12 2 2

~ IS
e e
|\ N
2oy .
%gbgz\hlgbg\g E\zq\ é(:i) ~ lo(g)%#:eo

-3
f)| +
/

Slope

1 46, . . .
so, (- —,—)is a max turning point
( 3 27) g p

(2,-11)is a min turning point

Step 4: Sketch the graph
p 4 (c ?)'1 grap
(4,33)

RN

(2,-11) -

O
The max value is 33 whenX =4, (-1, -2)

The min value is =11 when X = 2.

Ex 60 Q2
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2) This is the graph of fooy=x3-12x+3

(2.1 pitx) =322
AR

2,-13)

W

Findfl (%) and sketch the graph offl(x).

2) Sketch the graph offl(x)

2,7
N { _
#-2)

Sx)

(

N

19)

Steps

1. Plot the x coordinate of
the stationary point onto
the new graph.

2. Identify if first part of
the graph is +ve or -ve

3. Identify if second part of
the graph is +ve or -ve

Differentiation of SN X and COS X

Learning Intention

By the end of this lesson, you should be able to differentiate sin x

and COS X,

Thﬁ‘[’C are two new [’lllCS \’VlliCll are USCd to Cliﬂsﬁfﬁ‘[ltii"€ ﬁ‘X[,W[CSSiOlIS

involving trigonometric functions:

I %(sinx):cosx

%(cosx):—siux

October 02, 2018

03/10/17 Graph of the Derived Function

Learning Intention

By the end of this lesson, given the graph off(x), you should be able
to draw the graph of.f I(x),

Examples
Sketch the graph offI (x)

1 \ Sx)
Negative gradient - below x axis
o \ / + Positive gradient - above x axis
4
(3:-2)

Steps

1. Plot the x coordinate of
the stationary point onto
the new graph.

2. Identify if first part of
/(3/03 the graph is +ve or -ve
3. Identify if second part of
the graph is +ve or -ve

Quadratic Cubic Quartic
J. J
B +
O E x
y i
P
O ; X
Linear Quadratic
Examples
1) Differentiate V = 3SINX with respect to X,
y = 3sinx
dy
—— =3cosx
dx
%(sinx)zcosx %(cos,\‘):—sinx
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2) A function [ is defined by f{) = SINX - 2COSX for X  R.

Find /().
f(x)=sinx-2cos x
f'(x) = cos x - (-2sin x)
=cos x + 2sin x
f'(_73t_) = cos—g— + 2sin-73t-

Using Exact Values

_1 .33
=5 + 27
1
== +J3
4) Find the derivative of f{X) = L ;;OSX
_ 1 xcosx
Jx) = 2 2x
_ 1 _cosx
2x 2
1

=5 x! -7 cosx
I _ 1. i 1
fx= -7x2+ A SInx

1 .
= 3y T S

October 02, 2018

3) Find %\e equation of the tangent to the curve V = SINX when

Y% Remember we need a point and the gradient.
T i T
AtX = y=sing o, 1
° 1 (6 2
T2
d
%=cosx y-b=m(x-a)
_ 1 _J3
—cos% __ZT(X_%)
i X2 x
> 2p-1=y30c- )
2y-1 :ﬁx-ﬂ—g

0= 3x-2y-‘/3-_g+1

5) Find T2he gradient of the tangent to the curve ¥V = 2¢08 X ot
T

7 = -2sinx
dy 2 S A
=2n — = 2sin
At X T dx 3 T c
2.3
S
Afx=2T7T y=2cos2TTt
-2 L
2 2n
=-1 (T,'l)
y-b=m(x-a)

pr1=-3e- 2
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Outcome 2









Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

Functions and graphs

y

x







Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

y

x

PC Index

PC(a) Related functions and graphs

PC(b) Exponential and logarithmic graphs

PC(c) Composite functions 

Click on the one you want







Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

Related 

functions and graphs









Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

Index               Click on the one you want

1  y = f (x)   a    Slide up/down

2  y = f (x  a)     Slide left/right 

3  y = -f (x)          Reflect in x-axis

5 y = kf (x)          Stretch/compress vertically                 

6  y = f (kx)         Stretch/compress horizontally                 

4  y = f (-x)          Reflect in y-axis









Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

Section 1

y = f (x)   a    Slide up/down









Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

x

y

0

-2

+5

y = f (x) + 5

y = f (x)

y = f (x) - 2

In this graph every point on y = f(x) has moved up 5 units.

In this graph every point on y = f(x) has moved down 2 units.









5

+5

+5











-2

-2

-2







Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

x

y

y = f (x) + a

y = f (x)

y = f (x) - b

In this graph every point on y = f(x) has moved up a units.

In this graph every point on y = f(x) has moved down b units.

-b

+a







Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

x

y

a

y = x2

b

3

-1

Here are the answers

a

b

y = x2 + 3

y = x2 - 1

0

1 Write down an equation for each graph.
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Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

x

y

a

y = x3 - 5x

b

Here are the answers

a

b

y = x3 - 5x + 9

y = x3 - 5x - 8

9

-8

0

2 Write down an equation for each graph.









Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

x

y

a

y = f (x)

b

Here are the answers

a

b

y = f (x) + 4

y = f (x) - 6

8

-6

0

6

4

2

-4

-2

3 Write down an equation for each graph.









Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

Continue with Section 2

End of Section 1







Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

Section 2

y = f (x   a)    Slide left/right









Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

x

y

3

-5

0

In this graph every point on y = f(x) has moved 5 units to the left.

In this graph every point on y = f(x) has moved 3 units to the right.

y = f (x + 5)

y = f (x)

y = f (x - 3)



















+3

+3

+3

-5

-5

-5

Note

f (x - 3) moves the graph +3.

Note

f (x + 5) moves the graph -5.







Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

x

y

0

In this graph every point on y = f(x) has moved a units to the left.

In this graph every point on y = f(x) has moved b units to the right.

y = f (x + a)

y = f (x)

y = f (x - b)

Note

f (x - b) moves the graph +b.

Note

f (x + a) moves the graph -a.

+b

-a







Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

1 Write down an equation for each graph.

x

y

y = (x + 5)2

y = x2

y = (x - 3)2

a

b

3

-5

0

Click the mouse to see the answers.









2 Write down an equation for each graph.

Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

x

y

a

b

4

-3

-5

y = f (x + 3)

y = f (x)

y = f (x - 4)

0

Click the mouse to see the answers.









3 Write down an equation for each graph.

Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

x

y

a

b

8

-3

-5

y = 9 - (x + 8)2 

y = 9 - x2

y = 9 - (x - 5)2 

0

3

2

-11

Click the mouse to see the answers.









Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

Continue with Section 3

End of Section 2







Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

Section 3

y = -f (x ) 

Reflect in x-axis









Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

y = f (x)

y = - f (x)

x

y

In this graph every point on y = f(x) has been reflected in the x - axis.

















Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

1 Write down an equation for each graph.

x

y

a

b

y = x2

y = -x2

y = (x - 5)2

5

Click the mouse to see the answers.









Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

2 Write down an equation for each graph.

x

y

a

b

y = f (x)

-6

-2

Click the mouse to see the answers.

y = -f (x)

y = f (x + 6)









Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

3 Write down an equation for each graph.

x

y

a

b

y = sin x

y = -sin x

y = sin(x - 30)

Click the mouse to see the answers.

0.5

1

0

-0.5

-1

90

180

270

360









Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

Continue with Section 4

End of Section 3







Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

Section 4

y = f (-x ) 

Reflect in y-axis









Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

y = f (x)

y = f (-x)

x

y

In this graph every point on y = f(x) has been reflected in the y - axis.

















Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

1 Write down an equation for each graph.

x

y

a

b

y = f (x)

y = -f(x)

y = f (-x)

Click the mouse to see the answers.









Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

2 Write down an equation for each graph.

x

y

a

b

y = f (x)

Click the mouse to see the answers.

y = f (-x)

y = f (x) - 5

5

0









Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

3 Write down an equation for each graph.

x

y

a

b

y = f (x)

Click the mouse to see the answers.

y = f (-x)

y = - f (x) 

0









Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

Continue with Section 5

End of Section 4







Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

Section 5

y = kf (x) 

Stretch/compress vertically









Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

x

y

0.5

1

0

-0.5

-1

-1.5

-2

2

1.5

y = sin x

y = 2 sin x

y = ½ sin x















In this graph every

y - value of  y = sinx has been doubled.

In this graph every

y - value of y = sinx has been halved.

90

270

180

360







Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

x

y

y = f (x)

y = k f (x) , k  1

y = k f (x) , k  1

0







1 Write down an equation for each graph.

Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

x

y

1

2

0

-1

-2

-3

-4

4

3

y = sin x

y = 2 sin x

a

b

y = 4 sin x

Click the mouse to see the answers.









2 Write down an equation for each graph.

Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

x

y

1

2

0

-1

-2

-3

3

y = cos x

y = ½ cos x

a

b

y = 4 cos x

Click the mouse to see the answers.









3 Write down an equation for each graph.

Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

x

y

1

0

-1

y = sin x

y = 0.5 sin x

a

b

y = 1.5 sin x

Click the mouse to see the answers.









Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

Continue with Section 6

End of Section 5 







Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

Section 6

y = f (kx) 

Stretch/compress horizontally









Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

x

y

y = sin x

y =  sin 2x

In this graph every

y - value = sin (double x)

90

270

180

360

-1

1

-0.5

0.5

0













 y = sin 2x° runs

through 2 cycles in the time y = sinx°

runs through 1 cycle







Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

x

y

y = sin x

y =  sin ½x

In this graph every

y - value = sin (half x)

90

270

180

360

-1

1

-0.5

0.5

0













 y = sin ½x° runs

through ½ of a cycle in the time y = sinx°

runs through 1 cycle







Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

x

y

-1

1

0

y = f (x)

y = f (½x)

y = f (2x)

How many

cycles?

How many

cycles?

How many

cycles?

2 cycles

4 cycles

1 cycle







1 Write down an equation for this graph.

Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

Click the mouse to see the answer.

1

0

-1

x

y

y = sin x

90

270

180

360

y = sin 3x









2 Write down an equation for this graph.

Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

Click the mouse to see the answer.

1

0

-1

x

y

y = sin x

540

720

180

360

y = sin 1/3x

900

1080









3 Write down an equation for this graph.

Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

Click the mouse to see the answer.

1

0

-1

x

y

y = sin x

540

720

180

360

y = sin ½x









4 Write down an equation for this graph.

Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

Click the mouse to see the answer.

1

0

-1

x

y

y = sin x

90

270

180

360

y = sin 2x









5 Write down an equation for this graph.

Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

Click the mouse to see the answer.

1

0

-1

x

y

y = cos x

90

270

180

360

y = cos 2x









6 Write down an equation for this graph.

Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

Click the mouse to see the answer.

1

0

-1

x

y

y = cos x

90

270

180

630

y = cos ½x

540

720

360

450









7 Write down an equation for each graph.

Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

Click the mouse to see the answers.

1

0

-1

x

y

90

270

180

630

540

720

360

450

3

-2

-3

2

y = sin x

b

a

c

y = - sin x

y = 3 sin x

y = sin x - 3









Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(a)             Sketch and identify related functions and graphs

Now do Sections A1 and A2 on pages

15 - 17 of the Basic Skills booklet  

End of Section 6 and PC(a)







Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(b)            Identify exponential and logarithmic graphs







Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(b)            Identify exponential and logarithmic graphs

21 = 2     31 = 3     41 = 4       51 = 5       101 = 10       n1 = n 

22 = 4     32 = 9     42 = 16     52 = 25     102 = 100     n2 = n2 

20 = 1     30 = 1     40 = 1       50 = 1       100 = 1         n0 = 1 

2-2 =

3-2 =

4-2 =

5-2 =

10-2 =

n-2 =

2-1 =

3-1 =

4-1 =

5-1 =

10-1 =

n-1 =

Revision of powers































Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(b)            Identify exponential and logarithmic graphs

y = 2x

x     -2     -1      0      1      2      3      4

y                       1      2      4      8     16

y = log2x

y     -2     -1      0      1      2      3      4

x                      1      2      4      8     16















Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(b)            Identify exponential and logarithmic graphs

y = 2x

0

8

10

12

14

16

-4

2

4

6

-2

-4

-2

16

12

14

8

10

4

6

2





























y = log2x

Now we will draw the graphs of the 2 functions

on the previous page.

This is called the exponential

function with base 2

This is called the 

logarithmic function

with base 2

Each of these functions

is the inverse of the other.

i.e. you could get each

by reflecting the other

in the line y = x.

y = x

y

x







Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(b)            Identify exponential and logarithmic graphs

y = 3x

0

8

10

12

14

16

-4

2

4

6

-2

-4

-2

16

12

14

8

10

4

6

2





















y = log3x

y

x

1 Write down an equation for each graph.

Click the mouse to see the answers.









Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(b)            Identify exponential and logarithmic graphs

y = 5x

0

16

20

24

28

32

-8

4

8

12

-4

-8

-4

32

24

28

16

20

8

12

4





















y = log5x

y

x

2 Write down an equation for each graph.

Click the mouse to see the answers.

Read the scale!









Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(b)            Identify exponential and logarithmic graphs

y = 10x

10

6

4

8

2

-2

-2

10

8

4

















y = log10x

y

x

3 Write down an equation for each graph.

Click the mouse to see the answers.

2

6

Read the scale!

0









Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(b)            Identify exponential and logarithmic graphs

Now do Sections B1 and B2 on pages

23-24 of the Basic Skills booklet  

End of PC(b)







Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(c)             Find composite functions of the form f (g(x)), given f (x) and g(x)

Composite functions

g (x)

x

g (x)

f (g (x))

f (x)







Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(c)             Find composite functions of the form f (g(x)), given f (x) and g(x)

f(x) = x3 and g(x) = 2x -3.

Find expressions for  a  f(g(x))

                                   b  g(f(x))

a

g(x) = 2x -3



g(x)



f(x) = x3

f(g(x))

f(2x - 3)



x

2x - 3

(2x - 3)3

f(g(x)) = f(2x -3)

            = (2x - 3)3

Example 1







Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(c)             Find composite functions of the form f (g(x)), given f (x) and g(x)

b

g(x) = 2x -3



f(x)



f(x) = x3

g(f(x))

g(x3)



x

x3

2x3 - 3

g(f(x)) = g(x3)

             = 2x3 - 3

f(x) = x3 and g(x) = 2x -3.

Find expressions for  a  f(g(x))

                                   b  g(f(x))

Example 1







Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(c)             Find composite functions of the form f (g(x)), given f (x) and g(x)

h(x) = 5x and k(x) = sin x.

Find expressions for  a  h(k(x))

                                   b  k(h(x))

a

h(x) = 5x



k(x)



k(x) = sin x°

h(k(x))

h(sin x°)



x

sin x°

5 sin x°

h(k(x)) = h(sin x°)

          = 5 sin x°

Example 2







Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(c)             Find composite functions of the form f (g(x)), given f (x) and g(x)

b

h(x) = 5x



h(x)



k(x) = sin x°

k(h(x))

k(5x)



x

5x

sin 5x°

k(h(x)) = k(5x)

              = sin 5x°

h(x) = 5x and k(x) = sin x.

Find expressions for  a  h(k(x))

                                   b  k(h(x))

Example 2









    g(x) = 



Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(c)             Find composite functions of the form f (g(x)), given f (x) and g(x)

a



h(x) = x2 -1





h(x)



g(h(x))

g(x2 -1)



x

g(h(x)) = g(x2 -1) = 

g(x) =      and h(x) = x2 -1.



Find expressions for  a  g(h(x))

                                   b  h(g(x))

Example 3

x2 -1

















    g(x) = 



Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(c)             Find composite functions of the form f (g(x)), given f (x) and g(x)

b



h(x) = x2 -1





g(x)



h(g(x))



x

h(g(x)) =         = 

g(x) =      and h(x) = x2 -1.



Find expressions for  a  g(h(x))

                                   b  h(g(x))

Example 3





















Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(c)             Find composite functions of the form f (g(x)), given f (x) and g(x)

1 Functions f and g are defined by

f(x) = x2 and g(x) = 3x.

Find expressions for a  f(g(x))

                                  b  g(f(x))

Here are the answers

a  f(g(x)) = f(3x)

               = (3x)2

                   = 9x2

b  g(f(x)) = g(x2)

             = 3x2









Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(c)             Find composite functions of the form f (g(x)), given f (x) and g(x)

2 Functions h and k are defined by

h(x) = 3x and k(x) = cos x.

Find expressions for a  h(k(x))

                                  b  k(h(x))

Here are the answers

a  h(k(x)) = h(cos x) 

              = 3 cos x 

b  k(h(x)) = k(3x)

                    = cos 3x









Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(c)             Find composite functions of the form f (g(x)), given f (x) and g(x)

3 Functions g and h are defined by

g(x) = 2x - 1 and h(x) = x3.

Find expressions for a  g(h(x))

                                  b  h(g(x))

Here are the answers

a  g(h(x)) = g(x3) 

                   = 2 x3 - 1 

b  h(g(x)) = h(2x - 1)

               = (2x - 1)3









Mathematics 1(Higher) 

Outcome 2    Associate functions and graphs 

PC(c)             Find composite functions of the form f (g(x)), given f (x) and g(x)

Now do Section C1 on page

29 of the Basic Skills booklet  

End of PC(c)
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Mathematics 1(Higher) 

Outcome 2    Use basic differentiation

Differentiation

 f (x)

dy

dx







Mathematics 1(Higher) 

Outcome 2    Use basic differentiation

PC Index

 f (x)

dy

dx

PC(a) Basic differentiation

PC(b) Gradient of a tangent

PC(c) Stationary points 

Click on the PC you want







Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

dy

dx

 f (x)

PC(a) - Basic

differentiation







Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

PC(a) - Basic differentiation



1    Simple functions   

2    Simple functions multiplied by a constant   

3    Negative indices   

4    Fractional indices   

6    Sums of functions (simple cases)   

7    Sums of functions (negative indices)   

Click on the section you want

8    Sums of functions ( algebraic fractions)   

5    Negative and fractional indices with constant   







Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

 f (x)



dy

dx

PC(a) - Basic differentiation

1   Simple

     functions   







Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

Every function f(x) has a related function called the derived function.

The derived function is written 

               f (x)      “f dash x”

The derived function is also called 

the derivative.

To find the derivative of a function

you differentiate the function.

Some examples

       f(x)

        x3

         x6

x

3

3x2

6x5

1

0

f (x)

x10

10x9

(= x1)



(= 3x0)







Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

Rule No. 1 for differentiation

If f(x) = xn , 

then f (x) = nxn -1







Mathematics 1(Higher)

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

Differentiate each of these functions.

1   f(x) = x4

2   f(x) = x5

3   g(x) = x8

4   h(x) = x2

5   f(x) = x12

6   f(x) = x

Here are the answers

1   f (x) = 4x3

2   f (x) = 5x4

3   g(x) = 8x7

4   h(x) = 2x

5   f (x) = 12x11

6   f (x) = 1

7   f(x) = 5

7   f (x) = 0









Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

Continue with Section 2  

End of Section 1







Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

 f (x)



dy

dx

PC(a) - Basic differentiation

2   Simple functions

          multiplied by a

          constant 

 







Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

More examples

       f(x)

        2x3

         3x6

        2x10

    5x

2  3x2

2  10x9

3  6x5

5  1

6x2

18x5

20x9

5

f (x)







Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

Rule No. 2 for differentiation

If f(x) = axn , 

then f (x) = anxn -1







Mathematics 1(Higher)

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

Differentiate each of these functions.

1   f(x) = 3x4

2   f(x) = 2x5

3   g(x) = ½ x8

4   h(x) = 5x2

5   f(x) = ¼ x12

6   f(x) = 8x

Here are the answers

1   f (x) = 12x3

2   f (x) = 10x4

3   g(x) = 4x7

4   h(x) = 10x

5   f (x) = 3x11

6   f (x) = 8

7   f(x) = 10

6   f (x) = 0









Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

Continue with Section 3  

End of Section 2







Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

 f (x)



dy

dx

PC(a) - Basic differentiation

3   Negative

     indices   







Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

Rule No. 1 for differentiation

If f(x) = xn , 

then f (x) = nxn -1







Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

More examples

1   f(x) = 

= x -3

f  (x) = -3

-4

-3

-2

-1

0

-5

-1

-3

-4

Note:

This is an example of using Rule No.1

with a negative index.

= 

x -4

x ?











Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

More examples

2   f(x) = 

= x -1

f  (x) = -1

-2

-1

0

-1

-1

-2

Note:

This is an example of using Rule No.1

with a negative index.

= 

x -2

x ?











Mathematics 1(Higher)

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

Differentiate each of these functions.

1   f(x) = x -2

2   f(x) = x -4

3   g(x) =

4   h(x) =

5   f(x) =

Here are the answers

1   f (x) = -2x -3

2   f (x) = -4x -5

3   g(x) = -5x -6 =

4   h(x) = -1x -2 =

5   f (x) = -10x -11 =



























Mathematics 1(Higher)

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

Continue with Section 4  

End of Section 3













Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

 f (x)



dy

dx

PC(a) - Basic differentiation

4   Fractional

     indices 







Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

Rule No. 1 for differentiation

If f(x) = xn , 

then f (x) = nxn -1







Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

More examples

3   f(x) = 

f  (x) =

-1

 0

1

-1

Note:

This is an example of using Rule No.1

with a fractional index.

= 

x ?



















Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

More examples

4   f(x) = 

f  (x) =

-1

 0

1

-1

Note:

This is an example of using Rule No.1

with a fractional index.

= 

x ?



















Mathematics 1(Higher)

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

Differentiate each of these functions.

1   f(x) =

2   f(x) =

3   g(x) =

4   h(x) =

Here are the answers

1   f (x) =

2   f (x) =

3   g(x) = 

4   h(x) =































Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

Continue with Section 5  

End of Section 4







Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

 f (x)



dy

dx

PC(a) - Basic differentiation

5   Negative and

        fractional indices

        with constant

   







Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

Rule No. 2 for differentiation

If f(x) = axn , 

then f (x) = anxn -1







Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

More examples

5   f(x) = 

= 2x -3

f  (x) = -6

-4

-3

-2

-1

0

-5

-1

-3

-4

Note:

This is an example of using Rule No.2

with a negative index.

= 

x -4

x ?











Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

More examples

6   f(x) = 

= 5x -1

f  (x) =

-2

-1

0

-1

-1

-2

Note:

This is an example of using Rule No.2

with a negative index.

= 

x -2

x ?

-5











Mathematics 1(Higher)

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

Differentiate each of these functions.

1   f(x) = 3x -2

2   f(x) = 5x -4

3   g(x) =

4   h(x) =

5   f(x) =

Here are the answers

1   f (x) = -6x -3

2   f (x) = -20x -5

3   g(x) = -10x -6 =

4   h(x) = -2x -2 =

5   f (x) = -30x -11 =



























Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

More examples

7   f(x) = 

f  (x) =

-1

 0

1

-1

Note:

This is an example of using Rule No.2

with a fractional index.

= 

x ?

6  ½ = 3

3

















Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

More examples

8   f(x) = 

f  (x) =

-1

 0

1

-1

Note:

This is an example of using Rule No.2

with a fractional index.

= 

x ?

9  2/3 = 6



















Mathematics 1(Higher)

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

Differentiate each of these functions.

1   f(x) =

2   f(x) =

3   g(x) =

4   h(x) =

Here are the answers

1   f (x) =

2   f (x) =

3   g(x) = 

4   h(x) =































Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

When a function is given in the form of an equation, the derivative

is written in the form

      



  1  f(x)   = 3x2

      f (x) = 6x 

y = 3x2    

         = f (x) 



 2  f(x)   = 4x -3

     f (x) = -12x -4 

y = 4x -3

= 6x

= -12x -4 

Examples















Mathematics 1(Higher)

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

Continue with Section 6  

End of Section 5













Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

 f (x)



dy

dx

PC(a) - Basic differentiation

6   Sums of

      functions

      (simple cases)

   







Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

More examples

f(x)    =  5x2   -   3x   +   1 

f  (x) =

g(x)

h(x)

k(x)

-   3

+   0

10x

= 10x  -    3

g(x) = (x + 3)(x - 2) 

=  x2  +  x  -  6 

g  (x) =

2x

+ 1

1

2







Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

Rule No. 3 for differentiation

If f(x) = g(x) + h(x) + k(x) +……... , 

then f (x) = g (x) + h (x) +k (x) +..







Mathematics 1(Higher)

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

Differentiate each of these functions.

1   f(x) = x2 + 7x - 3 

2   f(x) = 3x2 - 4x + 10

3   g(x) = x(x2 + x - 5) 

4   h(x) = 4x3 - 10x2

5   f(x) = x5(7 - 5x2)

6   f(x) = x3 + x2 + x + 1 

Here are the answers

1   f (x) = 2x + 7

2   f (x) = 6x - 4

3   g(x) = 3x2 + 2x - 5

4   h(x) = 12x2 - 20x 

5   f (x) = 35x4 - 35x6

6   f (x) = 3x2 + 2x + 1 

7   f(x) = ¼ x4 +½ x2

7   f (x) = x3 + x 









Mathematics 1(Higher)

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

Now do Section A2 on page 33

 of the Basic Skills booklet  

End of Section 6













Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

 f (x)



dy

dx

PC(a) - Basic differentiation

7   Sums of

       functions

       (negative indices)

   







Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

More examples

f(x)    =

f  (x) =

=

-

-  3x

=  2x -2

-

5x -1

- 3x

-4x -3

+ 5x -2

- 3

-  3

-

+

y  =

+  

-

1

=  x -2

-

x -1

+  

1

=

-2x -3

+

x -2

+   0

=

-

+

1

2

























Mathematics 1(Higher)

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

Differentiate each of these functions.

1   f(x) =

2   y =

3   y =  

4   g(x) =

Here are the answers

1   f (x) =

2

3

4   g(x) =

- 2x

+ x2  - x

-

+ 3x2 

+

-

-

- 2

= -

+ 2x - 1

=

-

+

+ 6x

-

-

+









































Mathematics 1(Higher)

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

Continue with Section 8  

End of Section 7













Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

 f (x)



dy

dx

PC(a) - Basic differentiation

8   Sums of functions

        (algebraic fractions)

   







Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

More examples

f(x)  =

1

=

+

-

= x

f  (x) =

1

3x -2      

= 1 +

2

y =

=

+

-

=  1

=

0

- 3x -2

+ 4x -3

=

-

+

+  0

+ 5

- 3x -1

+

+ 3x -1

- 2x -2































Mathematics 1(Higher)

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

Differentiate each of these functions.

1   f(x) =

2   y =

3   g(x) =

4   y =

Here are the answers

1   f (x) = 2x - 2

2

3   g(x) = 1 + 

4

=

1

=

-

+ 



























Mathematics 1(Higher)

Outcome 3    Use basic differentiation 

PC(a)             Differentiate a function reducible to a sum of powers of x

Now do Section A3 on page 33

 of the Basic Skills booklet  

End of Section PC(a)













Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(b)             Determine the gradient of a tangent to a curve by differentiation

dy

dx

 f (x)

PC(b) -Gradient

of a tangent







Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(b)             Determine the gradient of a tangent to a curve by differentiation

Rule No. 4 for differentiation

The gradient of a tangent to the

curve y = f (x) is f (x) or

   









Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(b)             Determine the gradient of a tangent to a curve by differentiation

Find the gradient of the tangent

to the curve y = x2 - 5x at each of the points A and B.

Gradient of tangent = 

= 2x

When x = 3 , 

=

2(3)

= 1

When x = -1, 

=

2(-1)

= -7

y

x

A (3, -6)

       B

 (-1, 6)

y = x2 - 5x

So  gradient of tangent at A is 1

and gradient of tangent at B is -7





m = 1

m = -7

A

B

Example 1

- 5

- 5

- 5













Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(b)             Determine the gradient of a tangent to a curve by differentiation

Example 1 (continued)

y

x

A (3, -6)

       B

 (-1, 6)

y = x2 - 5x





m = 1

m = -7

m = 1

Point on line is (3, -6)

Equation of tan is  y - b = m(x - a)

y

y



y  =

Find the equation of the tangent

to the curve y = x2 - 5x at each of the points A and B.

Tangent at A

- (-6)

=

1

(x - 3)

 +  6

=

x - 3

x

- 9

y = x - 9







Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(b)             Determine the gradient of a tangent to a curve by differentiation

Find the equation of the tangent

to the curve y = x2 - 5x at each of the points A and B.

y

x

A (3, -6)

       B

 (-1, 6)

y = x2 - 5x





m = 1

m = -7

Tangent at B

m = -7

Point on line is (-1, 6)

Example 1 (continued)

Equation of tan is  y - b = m(x - a)

y -

y - 6 =

y  =

NB  3 

negatives

6

-7

(x - (-1))

=

-7x

- 7

-7x

- 1

y = x - 9

y = -7x - 1







Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(b)             Determine the gradient of a tangent to a curve by differentiation

Find the gradient of the tangent

to the curve y = x3 - 5x + 3

at each of the points P and Q.

Gradient of tangent = 

= 3x2 - 5

When x = 1 , 

=

3(1)2 - 5

= -2

When x = -2, 

=

3(-2)2 - 5

= 7

y

x

P (1, -1)

       Q

 (-2, 5)

So gradient of tangent at P is -2

and gradient of tangent at Q is 7

m = -2

m = 7

P

Q

Example 2





y = x3 - 5x + 3













Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(b)             Determine the gradient of a tangent to a curve by differentiation

Example 2 (continued)

y

x

m = -2

Point on line is (1, -1)

Equation of tan is  y - b = m(x - a)

y -

y



y  =

y = x3 - 5x + 3

P (1, -1)

       Q

 (-2, 5)

m = -2

m = 7





Tangent at P

Find the equation of the tangent

to the curve y = x3 - 5x + 3

at each of the points P and Q.

(-1)

=

-2

(x - 1)

+ 1

=

-2x

+ 2

-2x

+ 1

y = -2x + 1







Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(b)             Determine the gradient of a tangent to a curve by differentiation

Example 2 (continued)

y

x

Tangent at Q

m = 7

Point on line is (-2, 5)

Equation of tan is  y - b = m(x - a)

y -

y - 5 =



y =

Find the equation of the tangent

to the curve y = x3 - 5x + 3

at each of the points P and Q.

y = x3 - 5x + 3

P (1, -1)

       Q

 (-2, 5)

m = -2

m = 7





5

=

7

(x - (-2))

7x

+ 14

7x

+ 19

y = -2x + 1

y = 7x + 19







Mathematics 1(Higher)

Outcome 3    Use basic differentiation 

PC(b)             Determine the gradient of a tangent to a curve by differentiation

1  Find the gradient of the tangent to the curve y = x2 + 5 

at each of the points A and B.



Find the equation of each tangent.

y

x

A (2, 9)



      B

(-4, 21)

Tangent at A

m = 4

Equation is y = 4x + 1 

Tangent at B

m = -8

Equation is y = -8x - 11 

Answers

y = x2 + 5



= 2x











Mathematics 1(Higher)

Outcome 3    Use basic differentiation 

PC(b)             Determine the gradient of a tangent to a curve by differentiation

2  Find the gradient of the tangent to the curve y = (3 + x)(3 - x) 

at each of the points E and F.



Find the equation of each tangent.

y

x



  F

Tangent at E

m = -4

Equation is y = -4x + 13 

Tangent at F (-3, 0)

m = 6

Equation is y = 6x + 18 

Answers

y = (3 + x)(3 - x)



E 

(2, 5)

= -2x











Mathematics 1(Higher)

Outcome 3    Use basic differentiation 

PC(b)             Determine the gradient of a tangent to a curve by differentiation

3  Find the gradient of the tangent to the curve y = x4 - 5x2 + 4 at each of the points A , B and C.



Find the equation of each tangent.

y

x

A (0, 4)

      B

(-2, 0)

Tangent at A

m = 0

Equation is y = 4 

Tangent at B

m = -12

Equation is y = -12x - 24 

Answers







C

(1, 0)

Tangent at C

m = -6

Equation is y = -6x + 6 

y = x4 - 5x2 + 4

= 4x3 - 10x











Mathematics 1(Higher)

Outcome 3    Use basic differentiation 

PC(b)             Determine the gradient of a tangent to a curve by differentiation

Now do Sections B1and B2 on page 37 of the Basic Skills booklet  

End of Section PC(b)













Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(c)             Determine the coordinates of the stationary points on a curve…….

dy

dx

 f (x)

PC(c) -Stationary points







Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(c)             Determine the coordinates of the stationary points on a curve…….

Rule No. 5 for differentiation

Stationary points occur when

 f (x) = 0 or      = 0

                              









Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(c)             Determine the coordinates of the stationary points on a curve…….

To determine the nature of a stationary point, find out the gradient of the tangent before and after the stationary point.







before

after

y

x

 + ve

 - ve

 = 0

x

before

after

+

0

-

slope

This is a maximum 

turning point















Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(c)             Determine the coordinates of the stationary points on a curve…….

To determine the nature of a stationary point, find out the gradient of the tangent before and after the stationary point.







before

after

y

x

 - ve

 + ve

 = 0

x

before

after

-

0

+

slope

This is a minimum

turning point















Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(c)             Determine the coordinates of the stationary points on a curve…….

To determine the nature of a stationary point, find out the gradient of the tangent before and after the stationary point.

x

before

after

-

0

slope

This is a minimum

turning point

x

before

after

+

0

-

slope

This is a maximum 

turning point

+











Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

y = x2 - 6x + 5

=

2x

For stationary values,

= 0

ie 2x - 6 = 0 

x = 3

When x = 3,

(3)2

=  9

= -4

So a stationary point 

occurs at (3, -4).

y =

Find the stationary point on the curve with equation y = x2 - 6x + 5. 

Example 1

Using differentiation determine its nature. 

PC(c)             Determine the coordinates of the stationary points on a curve…….

-6(3)

+ 5

-18

+ 5

 - 6











Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

Find the stationary point on the curve with equation y = x2 - 6x + 5. 

Example 1 (continued)

A stationary point 

occurs at (3, -4).

x

3 -

-

0

slope

(3, -4) is a minimum turning point.

Using differentiation determine its nature. 

3

3 +

= 2x - 6

+

PC(c)             Determine the coordinates of the stationary points on a curve…….











Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

=

x2

For stationary values,

= 0

ie x2 - 2x - 3 = 0 

(       )(        ) = 0

When x = 3,

1/3(3)3

So stationary points 

occur at (3, 1) and

(-1,      )

y =

Find the stationary points on the curve with equation 

    y = 1/3x3 - x2 - 3x + 10. 

Example 2

Using differentiation determine their nature. 

- 2x

- 3

x =

When x = -1,

y =

1/3(-1)3 

PC(c)             Determine the coordinates of the stationary points on a curve…….

x =

x - 3

x + 1

-32

-3(3)

+10

=

-(-1)2

-3(-1)

+10

=

3,

-1

















Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

Find the stationary points on the curve with equation 

    y = 1/3x3 - x2 - 3x + 10. 

Example 2

Using differentiation determine their nature. 

x

3 -

-

0

slope

(3, 1) is a minimum 

turning point.

3

3 +

+

A stationary point 

occurs at (3, 1).

x2

- 2x

- 3

=

PC(c)             Determine the coordinates of the stationary points on a curve…….











Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

Find the stationary points on the curve with equation 

    y = 1/3x3 - x2 - 3x + 10. 

Example 2

Using differentiation determine their nature. 

x

-1 -

+

0

slope

(-1,       ) is a maximum

turning point.

-1

-1 +

-

A stationary point 

occurs at (-1,       ).

x2

- 2x

- 3

=

PC(c)             Determine the coordinates of the stationary points on a curve…….















Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

The graph of the curve 

y = 1/3x3 - x2 - 3x + 10

looks something like this: 

Example 2







y

x

2

4

6

0

1

2

3

4

8

10

12

-4

-3

-2

-1

5

(3, 1)

(-1,     )

Maximum

turning point.

Minimum 

turning point.

-5

y = 1/3x3 - x2 - 3x + 10

PC(c)             Determine the coordinates of the stationary points on a curve…….









Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(c)             Determine the coordinates of the stationary points on a curve…….

1  Find the stationary point on 

the curve y = x2 + 3 .

Using differentiation

determine its nature.

Solution

=

2x

For stationary values,

= 0

ie  2x = 0

      x = 0

When x = 0,

(0)2 + 3

y =

  =   0   + 3  

So a stationary point 

occurs at (0, 3).

=   3













Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(c)             Determine the coordinates of the stationary points on a curve…….

1  Find the stationary point on 

the curve y = x2 + 3 .

Using differentiation

determine its nature.

Solution (continued)

=

2x

A stationary point 

occurs at (0, 3).

x

0 -

-

0

slope

0

0 +

+

(0, 3) is a minimum 

turning point.













Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(c)             Determine the coordinates of the stationary points on a curve…….

2  Find the stationary point on 

the curve y = 16 - x2 .

Using differentiation

determine its nature.

Solution

=

-2x

For stationary values,

= 0

ie  -2x = 0

      x = 0

When x = 0,

16 - (0)2 

y =

  = 16  - 0

So a stationary point 

occurs at (0, 16).

= 16













Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(c)             Determine the coordinates of the stationary points on a curve…….

Solution (continued)

=

-2x

A stationary point 

occurs at (0, 16).

x

0 -

+

0

slope

0

0 +

-

(0, 16) is a maximum

turning point.

2  Find the stationary point on 

the curve y = 16 - x2.

Using differentiation

determine its nature.













Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(c)             Determine the coordinates of the stationary points on a curve…….

3  Find the stationary point on 

the curve y = (x + 5)(x - 3) .

Using differentiation

determine its nature.

Solution

=

2x

For stationary values,

= 0

ie  2x + 2 = 0

      x = -1

When x = -1,

(-1)2

y =

  =  1

So a stationary point 

occurs at (-1, -16).

= -16

y = x2

+ 2x

- 15

+ 2

- 15

+2(-1)

- 2

- 15













Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(c)             Determine the coordinates of the stationary points on a curve…….

3  Find the stationary point on 

the curve y = (x + 5)( x - 3) .

Using differentiation

determine its nature.

Solution (continued)

=

2x + 2

A stationary point 

occurs at (-1, -16).

x

-1 -

-

0

slope

-1

-1 +

+

(-1, -16) is a minimum 

turning point.













Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(c)             Determine the coordinates of the stationary points on a curve…….

4  Find the stationary points on 

the curve y = 1/3 x3 - x2 - 15x.

Using differentiation

determine their nature.

Solution

For stationary values,

= 0

=

x2

- 2x

- 15

ie

(         )(         ) = 0

x - 5

x + 3

x =

x =

When x = 5,

y =

1/3(5)3

- (5)2 

- 15(5)

=

When x = -3,

y = 

1/3(-3)3

-(-3)2

-15(-3)

=

27

So stationary points 

occur at (-3, 27) and

(5,         )

5,

-3

















Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(c)             Determine the coordinates of the stationary points on a curve…….

4  Find the stationary points on 

the curve y = 1/3 x3 - x2 - 15x.

Using differentiation

determine their nature.

Solution (continued)

=

A stationary point 

occurs at (-3, 27).

x2

- 2x

- 15

x

-3 -

+

0

slope

-3

-3 +

-

(-3, 27) is a maximum 

turning point.













Mathematics 1(Higher) 

Outcome 3    Use basic differentiation 

PC(c)             Determine the coordinates of the stationary points on a curve…….

4  Find the stationary points on 

the curve y = 1/3 x3 - x2 - 15x.

Using differentiation

determine their nature.

Solution (continued)

=

A stationary point 

occurs at (5,          ).

x2

- 2x

- 15

x

5 -

slope

5

5 +

(-3,         ) is a minimum 

turning point.

-

0

+

















Mathematics 1(Higher)

Outcome 3    Use basic differentiation 

PC(b)             Determine the gradient of a tangent to a curve by differentiation

Now do Sections C1and C2 on page 43 of the Basic Skills booklet  

End of Section PC(c)
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