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Algebra and functions 1 .I.

1.1 Simplifying rational expressions

A rational expression is a fraction. We simplify algebraic fractions using the same
rules that we use when simplifying numerical fractions.

Example 1
Simplify
i 1 b 7a . 3x+9
15 5a? 6x
d 2+ 2x . 2+2x—3
x+2 X +5x+6
12 4
1 5 Divide numerator and denominator by 3, we have :lg - -5-
7a 7a 7
b - 5 Dividing numerator and denominator by a, we have 522 - 5
3x+9 - : y : g :
C % A common mistake is often made with fractions like this

Do not cancel the xs.

3x+9 3(x+3) _ (x+3)

6x  6x  2x

¥?+2x  x(x+2)

x+2  x+2

eFactonsmgxz + 2% =3 (x—l)(x+3)=x—l
2+5%+6 @+2x+3) x+2

Instead we write

d Factorising the numerator,

EXERCISE 1
Simplify as far as possible.

24 492 X 8x2
1'% X F Y% 152

2a 6m 5ab 8al?
7y S 5m T R

2 2

9 Y 10 n 3 i 220

2042 12x2 124 3mn’



13 Sort these into four pairs of equivalent expressions.

14

18

22

26

30

31

32

- o B x(x + 1) 2+ x 3x+6
4x x? 15— 3x
g X + 1 F ¥ + 2 x g X +1
X x 4 %=1
In questions 14 to 29 simplify as far as possible.
7a%h (2q)? 7yx 3x
1 —
35ab? > 4a le 8xy u 4x — x?
5x + 22 9x +3 4a + 50 5ab
3 Y =% ? =5 2l 5+ 102
3x—-x* % 12x + 6 i 3(2x% + 5x) 25 xy + x%y
2x 6y 6x x
5x3 + 4x2 oy A% 4q? 28 4 + 8x + 8x2 54mn? — 27m*n
x(3x% — 2x) ab + ab? 4x 18(mn)?
Look at each of the following and decide whether or not the statement is “true’
or ‘false’.
2 2
a4x +8 _ 4x+8 bxi-l-xy —
2x 2 xy
c4ab203=1€2_ gxt6_Sx+1
a@b’c  a? 6y  y
a Factorise the expression x2 — x — 6.
co i X
b Hence simplify the expression x+2)
Simplify as far as possible.
aJt2—3x—4 X+x—6 x2 + 3x — 10
X+ 1 2+2x-3 ¢ TTeg
d x2—3x . X2+ 4x fx2+6x+5
x2—2x—3 2x% — 10x b e
2x2 + x h2x2—5x-3 . 3x2+x—-4
8 &1 22— 3x - 9 97 — 16

33

. . s
Write the expression T
X

1 ina more simple form without fractions on the

3
numerator and denominator.

[Hint: Multiply numerator and denominator by 6].

Write the following in a more simple form without fractions.

1
Jc+l 2):--l
x b x

X

R |-



3Ja:+l 5 _l l—x
d - e 3 f 4
1 1 1
+ b 2
1 4
:4 h i
X % x
1 4 2 3
1-= L= e =
R k — 1% &
2 = T8

Addition and subtraction of algebraic fractions

Example 2

a Write as a single fraction % + 3

b Write as a single fraction % +

X1
The L.C.M. of x and y is xy. The L.CM. of xand (x — 1) is x(x — 1)
.Z+§=31+3_x=2y+3x : 4, & _4x—1)+5x
Tx y xy xy xy x x=1] x(x — 1)
_ . Ox—4
xix=1)
| ExERCISE 2
1 Write as a single fraction.
a E.{.i bg.}.l £+3_X d.1_+.i
5 5 x x CPT Y 7x " 7x
5  x 5 1 2x x 2 1
—_— -— —— — — — s sl
€% "4 f e 8% "6 bt &
2 Sort into four pairs of equivalent fractions.
XX &t o 9x «x 7x
a2t Bt o D3
5 2 3x 3 4
— e s - H_
E 2 x E 4 - x %
3 Simplify.
x, x 53,2 Q3 2
4 5 4x 5x 4 3
S .2 x. x+1 =1  xX+2
_—— -+ f
& Y2" 8 3 4



4 Work out these subtractions.

ax+l_(2x+1) x—3_(x—2) (x+2)_(2x+1)
3 4 3 5 "R 7
5 Write as a single fraction.
2x-1 x+3 1 2 3 4
a + -+ =
5 2 bx x+1 cx—2+x
5 3 7 3 x x+3
d + = =
x—2 x+3 ex+1 x+2 f2+x+2

Multiplication and division

The method is similar to that used when multiplying and dividing ordinary

numerical fractions.

Example 3
axz——=x2xg=2x
X

p 2y 20 _ M ax
3x 52 1504 15
c =D 26-1) (x//l)x(x+3)
x+2) (x+3) @+2° 2041

=(x+3)

2(x 4+ 2)
EXERCISE 3
Simplify the following;:
X 2 Smn 2 3 2
Ll TR P2 %Yy
20l 4 . x x—=1 x+2
253 CF T
x-1 x -4 9
1°T “;m—a V3 ¥rIg

Questions 11 onwards involve addition, subtraction, multiplication and division.

11 Copy and complete.

Ll

a—X==
X

3 2x

X X

12 Sort these into four pairs of equivalent expressions.

x2 x x 12x + 6
A 3 B g5y L =8

2% + x x(x + 1) X—2
b == 3 +3 &5

a,a_[]
3 3 3
s 2
D575
ax?

= o
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13 Write as a single fraction in its simplest form.

3x  2a S5mn _ 2 32 2x
2. o b 3 n i x9y
2 a 4x x x 1P
d—=— — = Zone
7 2 ©3 D LN
85710 R+ x+2
14 Simplify the following.
2
RESE b & B 2
e e . X g x
v,
2+7x x+1 y/ 28
X - X —
ST x e T g z x

15 Copy and complete.

xDx I:I 7x 3 1

x Ll
e — b= +==— s e i v
5 [] 10 2 4 4 2x 8x 8x

16 The perimeter of the rectangle shown is 24 units.
Form an equation and solve it to find x.

|

5
x+1

3
17 A rectangle measuring ps by
Find x.

If A and B are non-empty sets then a mapping from A to B is a rule which associates
an element of B with every element of A.

Here are two types of mappings.
Type 1 A B This is called a one-to-one mapping.
l x=>3x+2 l
Type 2 A B This is called a two-to-one mapping or a

many-to-one mapping.




b f(x)=2x+1,forxeR,x>0

VA
The domain is all values of x greater than 0.

From the graph of f(x) = 2x + 1, we see that the range
is f(x) > 1.

Notice that since x = 0 is not in the domain,

the range 1@
is f(x) > 1 and not f(x) = 1.

HJV

¢ f(x) =sinx, for 0° < x =< 360° Y4

The range of the function is —1 < f(x) < 1. 1

EXERCISE 4

1 Decide which of these functions are one-to-one and which are many-to-one.
a fix»>2x-5 xeR bfx—x+2, x€ER
c f:x»—»%, xER,x#0 d fx—x3 xER

e ix—>x(x—1), xR f ffx—cosx, 0°<x=360°
g fix»>(x—-172+2, x€ER hfix—>x(x-1(x-2), x€R
i fx—»x*+10, xeR j fx>Vx, xER x=0

2 Find the range of each function.

afx)=2x+1, xR, x=1 bfx)=x2+2, xR

c fx)=x+1, xeER,x=0 dfx)=x, xER,x=0
e f(x)=sinx, 0°=x=<180° f f(x)=x(x—-3), 0=x=<3
g f)=5x—22, 0=x=<5 h f()=Vx, 0=x=<25
SR o e )

i f(x)-—;, x=1 j f(x)——1+x2, xER

3 a By completing the square, write f(x) = x* + 6x + 4 in the form (x + a)* + b.
b Sketch the graph of y = f(x) and state its range for x € R.

4 Find the range for each of these functions for x € R.

a x*—6x+12 b x? + 20x + 50
1 d 1
ce+2 +4x+5
Composite functions

The function f: x> 3x + 2 is itself a composite function, consisting of two simpler
functions: ‘multiply by 3’ and ‘add 2'.



We can check the answer by substituting any value for x, say 3.

3+1 4
f = e—— -
(3) 3 3
4 1 1
e | g = rr—— e o=
f (3) e 1 1 3 (as expected)
3 3

N | EXERCISE 5

In this exercise the domain for each function is the set of real numbers unless
otherwise stated.

For questions 1 and 2, the functions f, g and h are as follows:

fix—>4x gixe>x+5 hixe2?

1 Find the following in the form ‘x+> ...’

a fg b gf ¢ hf d fh
e gh f fgh g hig

2 Find
a xifhg(x) = h(x) b xif fh(x) = gh(x)

For questions 3, 4 and 5, the functions f, g and h are as follows:
f:x—>2x g:x>x—3  h:x—x?

3 Find the following in the form ‘x> ...’

a fg b gf c gh
d hf e ghf f hgf
4 Evaluate
a fg(4) b gf(7) ¢ gh(-3)
d fgf(2) e ggg(10) f hfh(-2)
5 Find
a xif f(x) = gx) b x if hg(x) = gh(x)
c xifgf(x) =0 d xif fg(x) =4

For questions 6, 7 and 8, the functions 1, m and n are as follows:

l:x—>2x+1 m:x—3x—1 n:x— x2

6 Find the following in the form ‘x+ ...

a Im b ml ¢ In
d nm e Inm f min
7 Find
a Im(2) b nl(1) ¢ mn(—2)
d mm(2) e nin(2) f 1Im(0)

10
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8 Find
a xifl(x) = m(x)
b two values of x if nl(x) = nm(x)
¢ xif In(x) = mn(x)

In questions 9 to 20, find the inverse of each function in the form ‘x> ...”

9 f:x+—>5x—2 10 f:x—5(x — 2) 11 f:x—>32x +4)
2x+ 1 x -1
12 grxm>— 0 13 f:x'—>3(r4 / 14 g:x—>23x+4)—6
1 . 12 — 5x
15 h:x—34+5x)+10 16 k:x—> —7x+3 17§32 3
2x -1
50
4—x 4 2
181:xv—>——3—-~+2 19 m:x+>———20 n:xv—>7,x¢0

For questions 21 to 24, the functions f, g and h are defined as follows:

f:x+>3x g:x—>x—5 hixm2x+1

21 Find the form ‘x> ...

a f! b g™’ ¢ h!

d fg e (fg)™ f.gor e
22 Find the form ‘x> ...

a hf b hf! ¢ fh!

d hg e (hg)! f gh™?
23 Find

a g7'(2) b fg~'(2) ¢ (gH~1(10)

d £1g71(10) e f1£1ff(2)
24 Find

a xif h(x) = f(x)
b the set of values of x for which
i f(x) > g)
ii fg(x) >0
2x + 5
25 The function f is defined by f: x = T
a Find f~! in the form x =
b Find £7'(3) .
¢ Show that f1(3) is the solution of the equation f(x) = 3.

11



' a

b

Sketch the curvey = (x — 1> + 3 va
We see that f(x) is a one-to-one function for x = 1

p=1

(1,3)

* >
I domain of f(x) ¥
to be one-to-one

y=0@x—-12+3
Rearrange to make x the subject,
x=12=y-3
x—-1==% \/y-—3
x:m]:k \/FL’_;
We require the positive square root, x = 1 + Vy — 3
i) =1+Vx—-3
The domain of f~(x) isx =3
Notice that the range of f(x) is f(x) = 3.

B | Excrase 6

1

2

Find the inverse of the following functions

af(x)=2-x, x€R bf(x)=-l—3-, xER,x#0

2x+ 5
x—7"

R

c fx)=3—-5x, x€R d f(x) =

3x -5 7
i 7 xER,x#—E

The function f(x) is defined by f(x) = x* + 1, x = 0. On the same diagram draw
asketch of y = f(x) and y = £ '(x).

xER,x#7

e f(x) =

a If f(x) = 3x — 1 and g(x) = x + 7, calculate f"'g(x) and gf~'(x).
b Find the values of f"'g(4) and gf~'(2).

A function is defined by f(x) = 3x — 1 for all x.
a Find ff(x) and f~'(x).
b Show that (ff)"'(x) is identically equal to f~! f~(x).

A function is defined by f(x) = £ 10,
a Find f1(2). ¥
b Find f71(5).
¢ Find a positive integer p such that f(p) = p.

d Find also f'(p) for the positive integer found in part c.

x # 8.

13
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6 a Sketch the curve of y = x* — 2x — 3 showing where the curve cuts the x-axis.
b You are given the function f(x) = x2 —2x — 3, x = 1.
i Find the range of f.
ii State the range and domain of f~".

iii Sketch the graph of f~!, showing where the graph meets the coordinate
axes.

7 A function f is defined by f: x— 2 —-%,xséo.

a Find f! and state the value of x for which f~! is not defined.
b Find the value of x for which f(x) = f'(x).

8 The function fis defined by f: x = (x = 2)%, x = 2.
i State the domain and range of the inverse function ™.
ii Find an expression for f~1(x).
iii Find a solution to the equation f(x) = f~(x).

9 The one-to-one functions f and g are defined by f(x) = Vx — 2 for x = a and

glx) = % for x > b.

a Find the smallest possible values of a and b.

b Find f~'(x) and g~'(x) and state the restrictions, if any, on the domains of
these inverse functions.

10 The functions f and g are defined by f(x) = 2x + 1 for all x and g(x) = %3,

x # 3. Find f'(x) and g~'(x) and state the restrictions, if any, on the domains of
these inverse functions.

11 Copy and complete the domains for the following functions so that the
domains are as large as possible for the functions to be one-to-one:

af(x)=3x-1 o .
b f(x) = 2x2 X
¢ f(x) =sinx -90°<x<=...
dfx)=(x—-12+3 o
e fx)=x2+2x-3 X
f f(x) =x?+ 8x+13 x=2...

1.3 The modulus function

The modulus of x is written | x| and means ‘the positive value of x’".
For example, |-2]l =217l =7



Example 7
Sketch the graph of y = |x|2 - |x].
a Sketchy=x>—=xforx=0 b Reflect in the y axis
y yA
y=x'—x

y= |2 — |x]|

|  EXERCISE 7

1 Sketch the graphs of the following, marking where the graphs cross the axes.

ay=|x-4| by=|x+2| ¢ y=[3x-1|

dy= |2 -2 ey=I|x-9| f y=|x®—5x+4|
1

gy=|;| hy=|x-x2-6x|

2 Solve the following equations.

a |lx-2|]=5 b |2x-3|=3 ¢ |l1-2x| =5
d |x2-5| =4 e |x¥-37=12 f 2lx+3| =8
1
2x—1l =9 —| =2
g 3l I h |x

3 Solve the following inequalities.

alx—4|>5 blx+1l<3 ¢ |2x+3|>7
d [3x-1] > -1 e lx+2| <ix+5 f [3x—2]<6-x
g lx|>]2x -1l h lx+4]>]x-2] i2lx-1l<lx-2|

4 Sketch the graphs of y = [3x — 1| and y = |x? — 5x + 4| and hence solve the

equation [3x — 1] = |x2 — 5x + 4].
, 5 Sketch the graphs of the following, marking where the graph crosses the axes.
ay=|xl-2 by=Ilxl+3 c y=2|x| -1
1
dy=|x]2-2]|x| e y=cos |x| fy=m

17




Pk
0]

6 The graphs of y = f(x) and y = g(x) are shown below.
y T y A
y = f(x) y =g

Jl()\i\/s : /\ﬁ
/ A\

Sketch the graphs of
a y=lfwl b y=f(lx]) c y=lgwl dy=gxl)

7 a Sketch the graph of y = sin | x|.
b How many solutions are there to the equation

sin | x| =3, for —180° < x < 180°?

8 a Sketch the graphs of f(x) = |x| — 3 and g(x) = ix.
b Hence solve the inequality | x| — 3 > }x.

9 a On the same diagram, sketch the graphs of
1
y—mandy—9|x—l|.
b Hence find the set of values of x for which

1
_< — 4
— 9|x—1]|

10 a Sketch the graphs of the following,
marking where the
graphs cut the axes.
aiy=2-|x+1]|
iiy=5-|x-1|
b State the range of each function.

11 Given that f(x) = x> — 3x, x € R, sketch in separate diagrams the graphs of
a y=f(x) b y= | c y=f(lx]

1.4 Transformations of the graph of a function

In Pure Mathematics C1 C2’ we discussed the important single transformations of
the graph of a function.
Here is a summary:

y = f(x) + a Translation by a units parallel to the y-axis.

y = f(x —a) Translation by a units parallel to the x-axis
(note the negative sign).

y = af(x) Stretch parallel to the y-axis by a scale factor a.



| EXERCISE 8

1 The graph of y = f(x) is shown. Yt
Sketch the graphs of,
ay=f(x+2) /
by=—fx) 8T %
- l +
2 This is the sketch graph of y = f(x). Y4

a Sketch the graph of y = f(x) + 2
b Sketch the graph of y = f(x — 1)
¢ Sketch the graph of y = —f(x)
d Sketch the graph of y = f(—x).

3 This is the sketch of y = f(x) which passes
through A, B, C.
Sketch the following curves, giving the new
coordinates of A, B, C in each case.

a y = 2f(x)
by=fx-2)
¢ y=1fGx)

In questions 4 to 9 each graph shows a different function f(x). On squared paper

draw a sketch to show the given transformation. The scales are 1 square = 1 unit
on both axes.

4 ‘—\24»_7(3 1 5 q:“jl | ‘ 6 Fws—! ls
i i | | I.__. f(i-.._ 4
NAAR N2 1/ /
D | \ X‘ ; -‘:"l' |,, 2 “ 1 \_/ _1
| | 9 P
Sketch f(x + 2) Sketch f(—x) Sketch f(3x)
i 6 [ B > I
T O |\ | 0 U 7
‘F N 3 (V111 | | N TV
AT NAA A T T T N3 BNVEE
Sketch 2f(x) Sketch f(2x) Sketch —f(x)

21




22

10

11

12

13

14

15

16

17

This is the sketch graph of y = f(x). Y4
a Sketchy = f(x — 3)
b Sketchy = f(x — 3) + 4

Give the new coordinates of the point A on the
two sketches. -2 A

\
oy
=Y

On the same axes, sketch and label:
ay=x?

b y=(x-2)?

cy=(x—-22+4

a Sketch and label y = f(x), where f(x) = x(x — 4).
b On the same axes, sketch and label:

iy=1f(2x) ii y=—f(2x)
This is a sketch of y = f(x). y4
a Sketchy=f(x+1)+5
b Sketchy = f(x —3) — 4 y=1fx)
¢ Sketchy =1 + f(2x). /
Show the new coordinates of the point A on A s
each sketch. 2.0 =

a Find the equation of the curve when y = x* is translated 5 units in the
direction T.

b Find the equation of the curve when y = x* is translated 2 units in the
direction —.

¢ Find the equation of the curve when y = x% is translated by the vector (;)

a Sketch the graph of y = sin x, for 0 < x = 360°.
b Sketch the graph of y = sin3x, for 0 < x < 360°.

a Sketch the graph of y = tanx, for 0 < x < 2.
b Sketch the graph of y = tan(x = g), forO0=x<2m

You are given f(x) = 2x + 1 and g(x) = 6x — 1.
Find a pair of successive transformations which, applied to f(x), will give g(x).

18 You are given f(x) =3x — 2 and g(x) = 2x + 1.

Find a pair of successive transformations which, applied to f(x), will give g(x).



28

30 y4 va

e 4

=y

A4

y=1f(x) y =g

The diagrams show the graphs of y = f(x) and y = g(x), where
f(x)=|x-4| and g(x) = |x| -3, xER

Describe the geometrical transformations by which each of the above graphs
can be obtained from the graph of y = | x|.

EXAMINATION EXERCISE 1
. o %
1 Simplify B —or [OCR]
x x+12 ; S
2 Express Z+DE+I) + 29 2 single fraction in its simplest fo{;:n[.)EXCEL]

3 & x—4
xt2r at—4

4 The function f is defined by

3 Express as a single fraction in its simplest form. [EDEXCEL]

f:x»—-»—}—+2, x> 0.
\'x

i State the range of f.
ii Find an expression for f~(x). [OCR]
5 The functions f and g are defined with their respective domains by
f: x> s X0
3+x
gx—9-2x, xER
a Find fg(x), giving your answer in its simplest form.
b i Sketch the graph of y = g(x).
ii Find the range of g.
¢ i Solve the equation g(x) = 1.
ii Explain why the function g does not have an inverse.
d The inverse of fis f'.
i Find f'(x).
ii Solve the equation f~(x) = f(x). [AQA]




2 6
¢ B,

4
2x+1°
b Find the range of f.
¢ Find f'(x).
d Find the range of f'(x). [EDEXCEL]

a Prove that f(x) =

7 The function f is given by
x 1

-1 x+1"
1
(x—-Dx+1)
b Find the range of f.

f: x> > 3

a Show that f(x) =

The function g is given by

g x> %, x>0.
¢ Solve gf(x) =70 [EDEXCEL)]

8 The functions f and g are defined for all real values of x by

f(x) = 3x — 10,
g = lx-2|.

i State the range of each function.

ii Show that the value of fg(—4) is 8.

iii Determine the value of £ (7).

iv Solve the equation gf(x) = 1. [OCR]

9 The functions f(x) and g(x) are defined by
f(x) = Inx, g(x) = 22

i Write down expressions for fg(x) and gf(x).
ii Show that fg(x) = kf(x), for some constant k, and find k. [MEI]

10 a Sketch, on the same diagram, the graphs of
y=|2x+3|andy=2x2-9,

stating the coordinates of any points where the graphs meet the axes.
b Deduce the number of roots of the equation

|2x + 3| =2x2 -9,
Determine the value of each of these roots. [AQA]
29



11

12

13

14

y

3x

:y 0

Fig. 1 Fig. 2

|
e
|

Each of the functions f and g has domain —3 < x = 3. Fig. 1 shows the curve
y = f(x), which meets the x-axis at (—2, 0) and the y-axis at (0, 4). Fig. 2 shows
the curve y = g(x), which meets the x-axis at (2, 0) and the y-axis at (0, 3).

i Determine the value of gf(—2).

ii State which one of the functions f and g is one-one and sketch the graph of
its inverse. You should indicate on your sketch the coordinates of
intersections with the axes.

iii Given that g(x) = | h(x)|, where g(x) # h(x), sketch the graph of a possible
curve y = h(x). [OCR]

The functions f and g are defined by

fixr—>x2—-2x+3,xER,0=sx=<4,
g: x> Ax* + 1, where A is a constant, x € R.
a Find the range of f.
b Given that gf(2) = 16, find the value of A. [EDEXCEL]

The function f has domain x = 4 and is defined by f(x) = (x — 3)> + 1.
a i Find the value of f(4) and sketch the graph of y = f(x).
ii Hence find the range of f.
b Explain why the equation f(x) = 1 has no solution.
¢ The inverse function of f is f~!. Find f~'(x). [AQA]

Figure 3 shows a sketch of the curve with 4 .

equation y = f(x), —1 = x = 3. The curve B 1)
touches the x-axis at the origin O, crosses the
x-axis at the point A(2, 0) and has a maximum \

at the point BG, 1).

In separate diagrams, show a sketch of the -1 A0

curve with equation
ay=flx+1), by=|f(x)|, cy=f(|x|), | Fig. 3

marking on each sketch the coordinates of points at which the curve
i has a turning point,
ii meets the x-axis. [EDEXCEL]




15

16

17

18

Sketch the graph of the function y = |2x — 1/, and state the coordinates of any
points where the graph meets the axes. [MEI]
Solve the equation |2x + 1| =6. [MEI]
Solve the inequality |3x — 2| > 4. [MEI]
The functions f and g are defined as follows:

f: x+> 5e — 6, xER,

g x> lx-2|,xeR.
i Determine the range of f and the range of g.
ii Find an expression for f~1(x).

iii Find the solutions of the equation gf(x) = 7, giving each in an exact form.
[OCR]

19 The function f is defined for all real values of x by

20

21

22

fo =2x-3] - 1.
a Sketch the graph of y = f(x). Indicate the coordinates of the points where the
graph crosses the x-axis and the coordinates of the point where the graph
crosses the y-axis.

b State the range of f.
¢ Find the values of x for which f(x) = x. [AQA]

Find the exact solution of the equation
|7x—3] = |7x +6l. [OCR]

Describe, in each of the following cases, a single transformation which maps
the graph of y = e onto the graph of the function given.

ay=e™

by=e"3

¢ y=Inx [AQA]

i  Given that f(x) = x?, sketch the graph of y = f(x).

The graph of y = g(x) is obtained by reflecting the graph of y = f(x) in the
x-axis. The graph of ¥ = h(x) is obtained by translating the graph of y = g(x) by
+2 units parallel to the y-axis.

ii Sketch and label the graphs of y = g(x) and y = h(x) on a single diagram.
iii Write down expressions for g(x) and h(x) in terms of x. [OCR]
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23 The diagram shows the graphs of y = x and y4
y = f(x).

a i Describe the geometrical transformation
by which the graph of y = f '(x) can be
obtained from the graph of y = f(x).

ii Copy the diagram and sketch on the
same axes the graph of

y=f1(x).
b The function f is defined for x > 0 by
f(x) =3Inx.

i Describe the geometrical transformation by which the graph of y = f(x)
can be obtained from the graph of y = In x.

ii Find an expression for f~!(x). [AQA]
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