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Fluency Practice
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Fluency Practice
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Fluency Practice

For each of the following, find the gradient function For the curve y = x> +x—2,

d—y, and hence find the gradient of the tangent to the determine:
dx .
curve when x = 2 (a) The gradient of the tangent to

the curve at the point (1,0)

?

(b) The point on the curve where
the gradient is 5.

=
<
Il

w
=

+
NN
l

Find the points on the curve

—1.3 2
The tangent to the curve y = x3 + 2x% — x has y =3x>+x% — 4x where the
gradient 6. Determine the possible values of x. gradient is 11.
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Fluency Practice
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Fluency Practice

4| [IGCSEFM Set Paper 1 Q11] Show that the
tangents to the curve y = x3 + 3x2 +
3x +1atx =1andx = —3 are parallel.

[IGCSEFM June 2012 Paper 1 Q8] A curve
has equation y = x3 + 5x2 + 1

(a) When x = —1, show that the value of Z—Z
is -7.

(b) Work out the equation of the tangent to
the curve y = x3 + 5x2 + 1 at the point
where x = —1.

[IGCSEFM Set 1 Paper 2 Q17] Work out the
equation of the normal to the curve y =
2x3 — x? + 1 at the point (1, 2). Give your
answer in the formy = mx + c.

[IGCSEFM June 2013 Paper Q8] A curve has
equationy = x* —5x2+9

dy dy _
(a) Work out — I
(b) Work out the equation of the tangent to
the curve at the point where x = 2

Give your answer in the formy =mx + ¢
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Fluency Practice

[IGCSEFM Set 2 Paper 1 Q15] The graph shows

asketch of y = (x — 2)(x — 3). The curve

intersects the x-axis at P and Q.

¥y
3

NS

o

Show that the tangents at P and Q are
perpendicular.

[IGCSEFM Set 4 Paper 2 Q20] A sketch of
the curve y = (x + 1)(2 — x) is shown.
A(0,2),P(2,0) and Q are points on the

curve.

7

—

(a) Write down the coordinates of point Q.
(b) Show that the normal to the curve at A
intersects the curve again at P.
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Fluency Practice

(5.8)

[IGCSEFM Specimen Paper 2 Q22] The diagram

shows the graphof y = x? — 4x + 3

The curve cuts the x-axis at the points A and B.
The tangent to the curve at the point (5,8) cuts
the x-axis at the point C.

Show that AB = 3BC.

=Y
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FIuency Practice

= x3 — 7x?
Determine the values of x for whlch y is increasing.

y——x +3x2+10x + 1
w
b) By completmg the square, hence show
that this function is increasing for all x.
P, Show that f(x) = x> — 9x% + 39x — 4 is an
increasing function for all values of x.
fx)=x*+3x+5 P
) way) (R -
b) Hence or otherwise, determine the

values of x for which f(x) is increasing. ﬂ [AQA IGCSEFM June 2012 Paper 2 Q20] For what

values of x is y = 150x — 2x> an increasing function?
?
y=x>—x+2
Determine the values of x for which y is
decreasing. [Set 4 Paper 1 Q10] y = 10 — 8x — x3 for all values of
x. Show that y is a decreasing function for all values x.
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Fluency Practice
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Fluency Practice
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Fluency Practice

[June 2013 Paper 2 Q8] A sketch of y = f(x) is shown.
There are stationary points at A and B.

[Set 4 Paper 2 Q22] A sketch of y = f(x), where
f (x) is a cubic function, is shown.

¥
A

A(2,10)

.

\ B(1, 6)

\".
\ a

- \

/O

There is a maximum point at A(2,10).

(a) Write down the equation of the tangent to
the curve at A.
(b) Write down the equation of the normal to the

curve at A.

(c) Circle the word that describes the cubic

(a) Write down the equation of the tangent to the
curve at A.

(b) Write down the equation of the normal to the

function when x < 2.
positive negative

curve at B.
(c) Circle the range of values of x for which f(x) is an
increasing function.
x <=2, -2<x<1, -3<x<6
x>1

increasing decreasing
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Fluency Practice

[Set 2 Paper 2 Q12] A curve has equation [Specimen Paper 1 Q13] (a) Work out the coordinates
y=x3—9x% +24x — 16 of the stationary point for the curve y = x? + 3x + 4.

4 B (b) Explain why x? + 3x + 4 = 0 has no real solutions.
(a) Work out d—i H

(b) Work out the coordinates of the two
stationary points on the curve.

3

[Set 1 Paper 2 Q14] (a) Work out the
stationary points on the curve y = x3 —12x.
(b) Sketch the curve y = x3 — 12x
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Fluency Practice
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Fluency Practice
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2 Matrices (L2FM Only)
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Fluency Practice
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Fluency Practice
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Fluency Practice
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Fluency Practice
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Fluency Practice

n (@) (2 —1)(0 3) 3 (b) (-3 -2)(-2 4 p) &
1 31 -4 J (—1 5](3 4) . 7

(d) (10 —7](2 4] 3 © (1 -2\(2 3 ®m 2

9 8)i-2 3 . (3—](1 4] . (1

Work out, giving your answers as simply as possible.
@ («ff 1](«@ 0 ] (b) [ 1

-1 32)1-3 -22 2

3
\ 2

(d) (3&7 -4 3 J e o
E 3 2
=B

\3 4

H Work out, giving your answers as simply as possible.

(a)
o —1 p+1
(d) —a 0 4: o

)
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Fluency Practice

Work out, giving your answers as simply as possible.
(@ [2x -3)( x 3x) b (a4 37 8 p (©)
-5 4x)\-3 0 ? -2 1)(—10 11) :

d [y y](Z 3y‘J e (a+1 a a+1 -a (f)
—3 xJ10 1 a~+2 a+1)(—a—2 a+1)
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Fluency Practice

(‘2 a) (3) _ (22) ﬂ | Set 4 Paper 1 Q17
Work out the value of a. (1 ‘3)@ ) ( 2]

Work out all possible pairs of values of @ and b.
B3| June 2013 Paper 2 Q11

o e Gl -
'3

Give your answer in terms of ¢, b and c.

(b)  You are given that [i ‘01][2 ': ] —1  wherel is the identity matrix.

Work out the values of a, b and c. ?

| Set 2 Paper 2 Q16 |

Matrix P=[2 3 Matrix Q=[1 !
a b 01

You are given that PQ= QP

Work out the values of @ and b. ?
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Problem Solving

(ae+bg af +bh
cet+dg cf +dh

(ae+cf be+df
ag +ch bg+dh

2x2 matrix multiplication is not necessarily commutative

BUT, can you find 2x2 matrices A and B such that AB = BA? (it is possible!)
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Fluency Practice

Rotations Using Matrices

(a) (b) (c)

By considering the unit 3 Describe fully the single 3 By considering the unit 3

square, determine the 5 transformation : square, determine the 4

matrix which describes i represented by the . matrix which describes .

a rotation 90° clockwise matrix (0 —1) a rotation 180° about

about the origin. 3 2 1 10 1 2 3 1 0 3 21 10 1 2 3 the origin. 3 2 1 10 1 2 3

2 2 2
3 3 3

(d)

(e)

(f)

The point (1, —6) is mapped onto the
point (a, b) when rotated 90° anti-
clockwise about the origin. Using matrix
algebra, find the values of a and b.

The point (¢, d) is mapped onto the point
(2,4) when rotated 270° anti-clockwise
about the origin. Using matrix algebra, find
the values of ¢ and d.

A triangle with vertices at (1, 1), (5,2)
and (4,—1) is rotated 180° about the
origin. Use matrix algebra to find the
coordinates of the vertices of the rotated
triangle.

(9)

(h)

()

Use matrix algebra to show that a rotation
of 90° clockwise about the origin, followed
by a rotation of 180° is equivalent to a

rotation of 90° anti-clockwise about the
origin.

The point (a, 6) is mapped onto the point
(b, —4) following a rotation of 90° anti-
clockwise about the origin. Use matrix
algebra to find the values of a and b.

The point (x, 2y + 6) is mapped onto the
point (2x,y — 7) following a rotation of
90° clockwise about (0,0) . Use matrix

algebra to find the values of x and y.
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Fluency Practice

Reflections Using Matrices

(b)

(o)

(a)
By considering the unit :
square, determine the )
matrix which describes .
a reflection in the x- .

aXiS. 3 2 1 N 1 2 3

2
3

Describe fully the 3

single transformation )

represented by the .
matrix (0 1) 3 2 10 1 2 3

1 0 .

2

3

By considering the unit
square, determine the
matrix which describes
a reflection in the line

i

y:—x_ 3 2 1

W N B g

(d)

(e)

(f)

The point (—4, 2) is mapped onto the
point (a, b) when reflected in the x-axis.
Using matrix algebra, find the coordinates

(a,b).

The point (c, d) is mapped onto the point

(7,—5) when reflected in the line y = —x.

Using matrix algebra, find the coordinates

(c,d).

A triangle with vertices at (0,5), (4, 3)
and (1, —1) is reflected in the line y = x.

Use matrix algebra to find the coordinates
of the vertices of the reflected triangle.

(9)

(h)

()

A triangle with vertices at (0,1), (1,0)

and (3, 2) is reflected so its vertices map

to (0,—1), (—1,0) and (—2,—3). Find

the transformation matrix and the line of
reflection.

The point (—2, a) is mapped onto the
point (b, 3) following a reflection in the
line x = 0. Use matrix algebra to find the
values of a and b.

The point (x,3x — 7) is mapped onto the
point (¥ + 3,y) following a reflection in
the line y-axis. Use matrix algebra to find
the values of x and y.
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Fluency Practice
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Fluency Practice

Enlargements Using Matrices

(a) (b) (c)
By considering the unit 3 Describe fully the single transformation Use matrix algebra to show that an
square, determine the . 5 0 enlargement of scale factor 2 about (0, 0),
matrix which describes | 2 followed by an enlargement of scale factor
an enlargement about ] represented by the matrix 0o 2 1.5 about (0, 0) is equivalent to an
the origin with scale 3219 1 2 3 2
1 enlargement of scale factor 3 about (0, 0).
factor 3. ’
3
(d) (e)

(f)

The point (=5, 3) is mapped onto the

point (a, b) when enlarged by a scale

factor 2 about the origin. Using matrix
algebra, find the values of a and b.

The unit square OABC with coordinates
0O(0, 0), A(0, 1), B(1, 1) and C(1, 0) is

mapped to OA’B’C’ under matrix (_5 0 )

Use matrix algebra to find the coordinates
of A, B’ and C".

0 -5/

The point (¢, d) is mapped onto the point

(—1,—4) when enlarged by a scale factor

0.5 about the origin. Using matrix algebra,
find the values of ¢ and d.

(9)

(h)

(i)

Use matrix algebra to show that an
enlargement of scale factor 2 about (0, 0),
followed by an enlargement of scale factor

—0.5 about (0, 0) is the same as a

rotation of 180° about the origin.

The point (a, 3) is mapped to the point

(6,2a) when enlarged with scale factor

b about the origin. Use matrix algebra to
find the possible values of a and b.

The point (x — 4, y) is mapped to the
point (2y, 2x — 18.5) when transformed
-5 0

0 -5
values of x and y.

under the matrix ( ) Find the
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Fluency Practice

[Jan 2013 Paper 2 Q15] Describe fully the [Worksheet 2 Q6] The point A(m, n) is

single transformation represented by the transformed to the point A’ (2, 0) by
0 . (2 3
t
matrix ( the matrix (1 1)

- [Set 2 Paper 1 Q4] The transformation matrix

( a 2) maps the point (3,4) onto the point n [Worksheet 2 Q8] Describe fully the

(2_}7) \1Nork out the values of g and b. transformation given by the matrix

0 -1
[ (1 o)
- [Set 3 Paper 1 Q6] The matrix ( _a Zb) maps

the point (5,4) onto the point (1,17). Work _
out the values of a and b. [Worksheet 2 Q9] The unit square

OABC is transformed by the matrix
o

0 h) to the square OA'B'C'.
[Worksheet 2 Q5] Work out the image of the The area of OA’B'C is 27. Work out
point D (—1, 2) after transformation by the the exact value of h.

SSbe
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Fluency Practice

Harder Transformations Using Matrices

(a)

(b)

(c)

Find the single matrix that represents an
enlargement about the origin with scale
factor 3, followed by a rotation of 90°
clockwise about the origin.

Find the single matrix that represents a
reflection in the y-axis, followed by a

rotation of 180° about the origin.

3 1 0 2
P=(p -1 e=( 5)
0 -1 ¢ 1 -1
Matrices P and Q represent different
transformations. Find the single matrix

that represents transformation P followed
by transformation Q.

(d)

(e)

(f)

The point P (4, —2) is mapped to the point
Q following a reflection in the line y = x,
then an enlargement with scale factor 2

about the origin. Use matrix algebra to find

the coordinates of point Q.

The point (a, b) is mapped to the point
(=5, 1) following a rotation of 180° about

the origin, then a reflection in the x-axis.
Using matrix algebra, find the coordinates

(ab).

The matrix (_02 Z) maps the point

(a, —3) onto the point (—9,5). Use matrix
algebra to find the values of a and b.

(9)

(h)

(i)

a Zb)

—-a 3

maps the point (2, —1) to the point (6,7).
Find the values of a and b.

The transformation matrix (

2a

—b) maps

the point (6, 3) to the point (24, b). Find
the values of a and b.

The transformation matrix (Z

Point (¢, 4) is mapped to the point (—2,d)
by the transformation matrix (; :i)

Use matrix algebra to find the two possible
values of ¢ and d.
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Fluency Practice

Point (3, —2) is transformed by the matrix The unit square is reflected in the x-axis

1 -1 foll d bv a furth ¢ _ followed by a rotation through 180° centre
(0 1 ) offowed by a further transtormation the origin. Work out the matrix for the

by the matrix ((1) g) combined transformation.

(i) Work out the matrix for the combined

(i) Work out the co-ordinates of the image point _ _
of P. 3 n The unit square is enlarged, centre the
origin, scale factor 2 followed by a
Point (—1,4) is transformed by the matrix reflection in the line y = x. Work out the
3 -1 matrix for the combined transformation.

( ) followed by a further
-2 2 3
transformation by the matrix (1 0 ) .
3 =2

(i) Work out the matrix for the combined

(ii) Work out the co-ordinates of the image point
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Fluency Practice

[Jan 2013 Paper 2 Q17] (_01 (1)) represents a [Set 1 Paper Q14b] The unit square
OABC is transformed by reflection in
the line y = x followed by
enlargement about the origin with

Work out the matrix that represents a le f hat is th o of
reflection in the y-axis followed by a reflection scale factor 2. What is the matrix o
the combined transformation?

in the liney = x.
—

n [June 2012 Paper Q22] The transformation 4= (3 ()) and B = (—1 0).

reflection in the y-axis. ((1) (1)) represents a

reflection in the liney = x.

(0 -1 .
matr (_1 0 ) maps a point 1o Q. The The p(?int 31’9(2,7) is trans?ormled by
transformation matrix ((1) _01) maps point @ matrix BA to P’. Show that P’ lies on
to point R. the line
Point R is (—4,3). Work out the coordinates of 7x + 2y = 0.
point P.
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