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This book st?wtmj off as homework%heets to encourage my students to do work at home straight after the lesson we had just
done. It ended‘u‘p turning into this, a book one intended to help guide you through the A Level Maths course with questions of
all difficulties. |

o
| H

The questions . aren’t C/D or A/A* queﬁions as such, just the type of skill level who is working at that grade.

A

The questlop‘shh%ve evolved as the efa‘mﬁ have appeared on the ‘new spec’ rather than being ill fitting old questions from
) .,\]grevmujs iterations of t!le course.( | DY

ol
“{} \’rv’ ‘x

I ha;we been a qualified m‘aﬂls teachehteachmg A Level and Further A Level Maths for 15 years and hope this book makes me
mlllions so I can retire to a fishing Vlll;ﬁge in Scotland with my family and dogs. I also hope this book helps you or a loved one

bgei)me just a little more cﬁnfident /

o v 5

| I\}
Tﬁmﬁ‘s to my parents ﬁékbé‘mg amazing for the last 45 years.

Thanks to my partner for helping me to live the life I want to.

Thanks to my students who have (hopefully) proofread my questions and answers. That said, some minor errors may have
slipped through!

Thank you to the Whippets and Iz for forcing me to get out every day and not being a socially awkward hermit.
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I can’t write a book without showcasing my brother’s artwork. He works out of his studio and gallery (The Point in
Cromer). His work is beautiful and can be found at www. richardkbladesartist.co.uk
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(1) Simplify —— 1 Write [ -2 4 lified ¢
| (1) Write To/s) 2sasimplified power of x.

R .
(1){§i1§,ﬁlify 6p7 X 12p2
b

A

A

)
\ (2) Solve the equation 2537% = 125%*1
1
" o 1,2 2
’y £ (2) Write ((3x2) X (4x2)2> in the form Ax?
)N %

4Py 4 b where A is an integer and B is a rational fraction.

.
.
T (‘:‘3

S

7
:
A
A
-

(2) Expand and simplify x2(2x — %)

. o 9\ 0>
(3) Without a calculator, simplify (1 1—6)

(3) The first and third terms of a geometric
2 16
sequence are 2x3 and 8x1s. What is the 2™ term?

-1
(3) Simplify 83 without a calculator
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% 1) Expand and simplify —2x(3 — x)? 2 2
A LEV E L MATHS 3 (1) Expand and simplify —2x(3 — x) (1) Expand and simplify (x5 + x05)

(2) Expandmg Brackets

WORKING AT D/E

,,..:i A ({

‘ (lmpgﬁd and simplify (A + B‘)Z“ "*{}W \

(2) Find the terms independent of x in the expansion
3
of: (x +y)(4x — y) (y - ;)

(2) Expand and simplify (3x + 1)2(3x — 1)

(2) Without further expansion, use your answer to

question (1) to find (A — B)? (3) The two shorter sides of a right-angled triangle

are (x + 1)% and (x — 4). Find a simplified
expression for the length of the remaining side in the
form (Ax? + Bx + C)N where A, B and C are
integers and N is a simplified rational fraction.

(3) Find the values of A, B and C such that

(2x +v)3 = Ax3 + Bx?y + Cxy? + y3

(3) Expand and simplify (x + y)(2x —y + 3)
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A LEVEL MATHS \'w (1) Factorise —4x2 + 5x + 6
l B
(3) Factorjsing Expressions
P rah

WORKING AT D/E P

al
d
N

"Q’é (2) Fully factorise 20x3 — 7x2? — 3x
/

o

(2) Factorise 121x2 — 36 by considering the

difference of two squares.

(3) Show that 64x* — 25y? can be written in the
form (Ax™ + By)(Ax™ — By) where A, B and n are
integers to be found.

(3) Show that 9x2 + 6x + 1 and be written in the
form (Ax + B)?

WORKING AT A*/A

(1) Fully Factorise (3x + 1)31 — (3x + 1)3°

(2) Fully factorise 169x — x3y?

(3) Using the trigonometric identity (which you may
know or will learn soon!)

sin®x 4+ cos’x =1

show that cos*x — sin*x = cos?x — sin’x
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WORKING AT B/C
A LEU‘EL MATHS

%
[
=\
v
P

: (1) Without a calculator, simplify (; x‘°-25>0'75
M
(4) More Indlces (Negatlv
and Fragﬂ%l) /

/«é

WORKING AT A*/A
(1) Write x+/x in the form x™

(2) Fully simplify /32236"28

(2) Show that the fraction AXFBIAX—5)

22 can be
) B \2
written as 1 — (—)

Ax

(2) Write V/x in the form x

3) erte (x°)°

O in the form x™ where n is an integer
to be found.

-1
(3) Given that P = erte P’s in terms of M
Give your answer as a 51mp11ﬁed fraction

2

(3) Without a calculator, show that (1)_5 is an
integer.
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A LEVEL MATHS
(5) Surds f;
,5\%\

WORKING AT D/E P

el \;
(ls‘{Wlfﬁout a calculator, show thht C'if[+ V8 )‘}\fs"‘\

an 1nteger The common error is stugients writing lﬁf

-L f’

\\{?’"‘Q’(r‘ﬁz

2
(2) Without a calculator, show that —= can be
3V6

. vaa . .
written as Za where a is an integer to be found.

22
(3) Without a calculator, show that can be
5-V3

simplified to 5 + /3 . Be rational here!

WORKING AT B/C

(1) Without a calculator, show that:

( +\/_———\/_)

V6+2 :
(2) Show that N can be written as

where n is an 1nteger

(3) Expand and simplify (VA + VB)’

(Ve+2)"

WORKING AT A*/A

(1) Show that:

3 1 1 3
(VA+VEB)’ = Az + 3AB2 + 3BA: + B:

20
(2) Without a calculator, show that —(2+ \/E) ( o \/E)

can be written as A(B — Cv/C) where A4 is a rational
fraction in its simplest form and B and C are
integers.

(3) A rectangle has an area of 21 + 9v/3 and one

side length of v/3 + 3. Without a calculator, show
that the perimeter of the rectangle can be written in

the form AVB + C.
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(6) Solvmg Quadratic
Equatm{gg Vol

BWORKING AT D/E’ \m
Vo

(1) I-iow many solutions are there to the equation &

i;

(2) Solve the quadratic equation 8x% + 2x — 3 = 0
by factorisation. Think double brackets.

(3) Solve the equation x? — 4x — 8 = 0 in the form

x = p £ q+/r. You know this won’t factor so you
have two other choices.

WORKING AT B/C

(1) Without expanding the brackets, find the
solutions to the equation (4x — 1)% = 25

(2) Solve the equation x — 4 — 172 = 0 by first

forming a quadratic equation.

(3) Solve the quadratic equation 4.9t%2 — t = 36
giving each answer to 3SF

WORKING AT A*/A

(1) Find the only real solution to the equation:
3
VX — ﬁ = 2, x>0

(2) The diagram below shows a parallelogram with a
square removed. The base of the parallelogram is

(x + 6)cm and the perpendicular height is (13 —
x)cm. The side length of the square is (x + 1)cm.
Given that the area of shaded part of the shape is
74cm, find the least area of the white square.

1
(3) Show that the equation 4x = (8x — 1)2, x > %

has one solution.
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(7) Completlng the Squar

for Quach;aﬁcs Express%

BWORKING AT D/Eg «w \V

(1 C%omplete the square on the expression f?

\\{?’"‘Q’(r‘ﬁz

(2) By first factorlng out the HCF, complete the
square for 4x? — 8x.

(3) Solve the quadratic equation x> — 10x + 8 = 0
giving your answer in the form x =5 + \/‘3 where q
is a prime number. You must complete the square.

WORKING AT B/C

(1) Write the expression x2 — 5x + 1 in the form
(x+p)+r

(2) Write the expression —5x2 + 10x + 7 in the
formp(x + )% + q

(3) Show, by completing the square, that there are no
real solutions to the equation x* —9x + 30 = 0

WORKING AT A*/A

(1) By completing the square, solve the equation
2x% — 4px + 1 = 0 giving your solutions in terms
of p.

(2) By completing the square, find the maximum
value of the function f(x) = —x2 — 3x + 8 giving
your answer as a rational fraction in its simplest
form.

(3) Alan completes the square for a quadratic
equation. He writes that (2x — 3)?> + 8 — k = 0. He
says there are two real roots to the equation. Explain
why k > 8 for this to be true.
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(8) Function Notation

P

WORKINGA D/E

(TW(V— —x2, x €R.

Find }“(1 5)

Given that a < 0 and that g(a) = 4, find the value
of a.

(3) m(x) = x> — 7 and n(x) = 3x + 3.

Find the positive solution to m(x) = n(x) by setting
them equal to each other.

WORKING AT B/C

(1) f(x) =x3—4x, x €R,
Find the roots of f(x)

(2) g(x) = x?>+12x, x €R,

g(x) has a minimum value of ¢ when x = p. Find
the values of p and q.

B)f(x)=x3—7and g(x) = x(x + 1)(x — 2)

Find the solutions to f(x) = g(x) giving your
answers as simplified surds.

WORKING AT A*/A

M fO =t +1

Given that f(a) = 28, find the value of a
Q)ym(x) =x® +7x3—8,x €ER,

Show that the roots of m(x) are integers.

B)h(x) = (x+1)?(x?-3) x €ER,

Write down the roots of h(x) in ascending order.
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(9) Sketching Quadratic [
Graphs /4 ), ﬁ/&«j

QWORKING AT D/E g o

) §ketch the graph of y = x2 — Lﬁx — 12 showin fg
whgge the graph crosses the coordinate axes.

Q\
\\{?’"‘Q’(r‘ﬁz

(2) Sketch the graph of y = —x? + 12 showing the
roots of the equation in the form x = ip\/a

(3) By completing the square, sketch the graph of
y = x? — 2x + 4, showing the coordinates of the
minimum point.

WORKING AT B/C

(1) Sketch the graph of y = x2 — 4x — 12 showing
the roots, the y intercept and the minimum point.

(2) Sketch the graph of y = —x2 + 6x + 12
showing the equation of the axes of symmetry and
the coordinates of the turning point. State whether
the turning point is a maximum or minimum.

(3) Sketch the graph of y = 5x2 — 10x + 1
showing the coordinates of the minimum point and
the roots of the equation.

WORKING AT A*/A

(1) The graph of y = 2x2 + bx + c is shown below.
The points (0,1) and (—2, —7) lie on the curve.

/(0.1)

(_2:_‘)

Find the roots of the equation in the form:

x=pxtr/q

(2) Sketch the graph of y = —7x? + 10x + 1,
showing the coordinates of the turning point and any
points where the graph crosses the coordinate axes.

(3) Given that the graph of y = x2 + px A qdoest t
touch or cross the x axis, show that pr< 4q

/
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(10) The Dlscrlmlnant for [
Quadratgg E‘guatlons /&\f

‘1

EWORKING AT D/ @
(1) Gémplete the sentence: f, Yo

“If b; — 4ac < 0 then there are..

%

B

=Y
Y
&
=4
M

9\
9’ “‘w;;ffz
ol

(2) State the number of real roots to the equation
x% + 6x + 5 = 0 by considering the discriminant.

(3) Sketch the graph of a quadratic equation that has
a discriminant of 0.

WORKING AT B/C

(1) The equation x2 + kx + 16 = 0 has a repeated
real root. Find the two possible values of k.

(2) The quadratic equation 6x2 + 4kx + 5 = 0,

k < 0 has a discriminant of -56. Find the value of k.

(3) The quadratic equation kx? + 5kx = 3 has no
real roots. Find the set of values that satisfy k.

WORKING AT A*/A

(1) The graphs of y = 3 and y = x? + kx + 10 do
not intersect. Show that —2v7 < k < 2/7

(2) The equation 4kx? + 4kx + 4 =0,k # Ohas a
repeated root. Find the numeric value of this root.

(3) The diagram below shows part of the graph of
y = x% + px + q. The points (0,—1) and (3, —10)
lie on the curve. Find the value of the discriminant
forx?+px+q=0.

\ /

(0,-1)
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l £
(11) Appliggtions of Jo

Quadratics Equations <

b |

JWORKING AT D/ Qe

4 4 t’€
(1) "[%he velocity (V) of a toy car after (t) seconds j8
give by V = —t* + 8¢ + 3 for 0 <if <3 /

A . ) |@-N
(a) lfind the initial velocity of the t0§? car‘?’"‘ﬂ;f}
R | A A ol
\‘(ql:)gjh*fci\the velocity of the toy capafter 2 seconds.
o) b,

4 04
) AL Jas
q )3 . Ry
(©) Sﬁ‘gw@qvtrthe car 1s nexigrﬁmt%nary.
L, oS g

WORKING AT B/C

(1) The height in metres (h) of a wave produced by
a wave machine in a swimming pool over time (t)
seconds is modelled by the equation h = —t? + 10t
fort =0

(a) State the initial height of the wave.
(b) Find to 3SF when the wave is first 18m high.
(c) Find the maximum height of a wave,

(d) State, with a reason, the values of t for which the
model would be valid.

WORKING AT A*/A

(1) A driver stands on a 5-metre platform and
performs a dive into a swimming pool below. The
height the diver above the water is modelled by the
equation h = —2t? + 2t + k where h is the height
in metres above the water and ¢ is the number of
seconds from when the dive is performed.

(a) State the value of k
(b) Find to 3SF the time the diver hits the water.

(c) How long does it take the diver to reach their
maximum height and what maximum height did
they reach?

(d) Explain why the model may no longer be valid
after the diver hits the water.

(e) Sketch the graph for the model.
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A LEYV E L MATHS \ (1) Solve the simultaneous equations:

0.1x+4y =9

(12) Solvmg Linear
Slmultag@gﬂg Equatlon§/>’~ 4

BWORKING AT D/Egneal \,ﬁ
M Me

(1 §olve the simultaneous equatloms

03x—y=1

(2) Solve the simultaneous equations:
3y=6-—3x
2y =5x—3

(2) Solve the simultaneous equations:
y=2x+4
y=7x—-11

(3) The line simultaneous equations below have no
solutions:

3x+py =14

2x—7y+9=0
(3) Show there are no solutions to the simultaneous

. Given that p is a constant, find the value of p.
equations

y=3x+6
y=3x-1

WORKING AT A*/A

(1) A square has side lengths x + y and a perimeter
of 24cm. A rectangle has side lengths of y and x +
2y. Its perimeter is 2/3rds that of the square. How
much larger is the area of the square than the area of
the rectangle?

(2) The linear simultaneous equations:
qx +py = 26
4x—y+q=0

have the solutions x = 0.5p and y = 7. Find the
integer values of the constants p and q.

(3) Write a pair of linear simultaneous equations that
have no solutions.
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A LEV E L MATHS (1) Solve the simultaneous equations (1) A circle with centre (0,0) and radius 5v2 and a

line with gradient -1 passing through (0,0) meet at
the points (a, b) and (¢, d) where a < c. Find the

(13) Llnear & Non-Linear L3

Slmultag@gﬂg Equatlon§/>’~ S

xy =8 values of a, b, c and d.
EWORKING AT D/ gueae
Aol Yof

(1 §olve the simultaneous equatloms

2y +x =10

y =x%+5x—13 Q\
(2) Solve the simultaneous equations

3y+5x =7 (2) Solve the simultaneous equations
x2+y?2=5 xy = 2y%?—30
2x+ 3y =13

Giving any non-integer answers as exact fractions in

2) Solve the simultaneous equations using the .o
@) 4 g their simplest form.

method of substitution
y=x—1
xy =6

(3) Show that there are no solutions to the
simultaneous equations

y=3 (3) A square has side length p and area of q. Given

. - 29
that the perimeter of the square is —, show that the

: . (x—8)2+(y+7* =4 3’
(3) Solve the simultaneous equations length of the diagonal of the square can be written in

y=x the form av/b where a and b are 1ntegers to be-
determined. i

x2+y2=72

A Level Maths Year 1 Pure - Steve Blades 2023-2024 © - Full worked solutions are available at www.m4ths.com




A% '\ [P
( l\-‘i}”’ oy A ;&b"' ) A»..,{j\k_ ({"}\

WWW.MATHS.COM

& LEVEL MATHS

(14) Graphlng
Slmultag@gﬂ§ Equatlong/ o\ é

BWORKING AT D/Egneal \,ﬁ
M Me

(HT ”[the diagram below shows the graphs of

P -

f
ﬁZ—xandy—x—éL
=44

Use the graphs to solve the simultaneous equations

y=2-—x
y=x-—4

(2) By sketching the graphs of y = x2 + 2 and y =
1 — x? on the same set of axes, show that there are
no solutions to the simultaneous equations

y=x%+2
y=1-—x?

WORKING AT B/C

(1) Sketch the graphs of y =4 —x% and x + y = 3
on the same set of axes to find the number of
solutions to the simultaneous equations:

y =4 — x?

x+y=3

(2) (a) Sketch the graphs of x? + y? = 50 and
y = —Xx on the same set of axes.

(b) Use algebra to shows the points of intersection
of the two graphs have integer solutions.

(3) By considering the discriminant, state the
number of times the graphs of x> —y =3 and y =
5 — x meet or intersect.

WORKING AT A*/A

(1) The graph of x? + y2 = 30 has a tangent with
equation y = 2x + k where k is a constant. Show
that k = £5v6

(2) The graphs of y = 3x2 + k and the line with
equation y = mx where k and m are constants do
not intersect. Explain clear why:

—2V3k <m < 23k

(3) The height (h) metres of a rocket above the
launch pad after (t) seconds can be modelled by the
equation h = —2t2 + kt where k is a constant and
t = 0. Find the value of k such that the maximum
height of the rocket is 30 metres above the launch
pad. Given your answer in exact form. . =
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A LEVEL MATHS % (1) Solve the inequality: (1) Given that there are no values that satisfy BOTH

. l . 3_4_x>_3 2kx <land3(4x —8)=>«x
(15) Linear, Inequalities [ 2
P yah

WORKING AT D/E

. "
(Bolye the inequality:
Y

Find the set of values for the positive constant k

(2) Solve the inequation x(x — 1) < x? — 8

(2) (a) On a number line draw represent the
following two inequalities individually:

2x <10and x < -1

(b) Hence, write down the integers that satisfy both

(2) Given that k is a negative constant, find the set
2x <10andx < —1

of values of x such that 6 < kx + 1 < 10 giving
your answer in terms of k.

(3) Find the set of values of x that satisfy both

3—6x<0and —-8<2x+14 <24

(3) Solve the inequality:
—-0.1x <5
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A LEVEL MATHS

l &
(16) Quadratic Inequalities

WORKING AT D/E P

N
__,,..:fi_ A

\'v"
Nl
‘\

S S
(B Fifid'the set of values that satisfy;,”
ko4 \ej
4 x*=x—-6<0%

(2) Find the set of values that satisfy

x>+8x+12>0

(3) Find the set of values that satisfy

x* >4

WORKING AT B/C

(1) Find the set of values that satisfy —x2 < x — 12

(2) Find the set of values that satisfy both

6x2 < 17x + 3 and 4 > 2x

(3) Find the set of values that satisfy both
x2<12and x%? > x

Give your answer as an inequality in exact form.

WORKING AT A*/A

(1) Given that there are no common values of x that
satisfy both 6x2 + x — 1 < 0 and 2x > k where k
is a constant, find the set of values of k.

(2) Find the set of values of x such that% > 2

(3) Find the set of values such that % <1
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A LEVEL MATHS \} (1) f(x) = 32 — x2 and g(x) = x2

(a) Sketch the graphs of y = f(x) and y = g(x) on

(17) Graphlng Inequalltle the same set of axes.
‘ £ é (b) Find the coordinates where the graphs of f(x)
R LY ORKING AT D/ P By

. ,,.ci.am_{{
F ( ) (ir“}r’y 4 and g(x) = x* qy V}}W \'v"v (c) Hence, find the values of x for which f(x) <

\, J
(a) Sl%etch the graphs of y = f(x) a;nd y = g(x) om’ 9(x)
the sgme set of axes. L_ /

\Q:Q:_?- o ’6‘;‘ E;nd the coordinates where the g&apﬁs:,?f £ ﬁ%

-4l and g;(x) meet. A ,b;/

erﬁei ﬁnd the values of x j@'i: wh&é’h OB

g (x ) rzm,,m_ e A“” >

WORKING AT A*/A

() f(x)=28—xand g(x) =x?+k,0<k <28

(a) Sketch the graphs of y = f(x) and y = g(x) on
the same set of axes.

(b) Given that the set of values for which f(x) >
g(x) is =5 < x < 4, find the value of k.
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A LEV E L MATHS (1) (a) Sketch the graphs of x + y = 6 and (1) The diagram below shows the graph of

y = 10 — x? on the same set of coordinate axes. y = x% + a and the graph of y = b — x.

%

2\
B
Y
&
:»:

(18) Shadmg Inequalities [ {2
e

L — ‘ni{j
(fm@ewh the lines x = 2 aﬁq y ﬁ}x on the\v,«

same; gét of coordinate axes. {j’ Mo

(b) Hence, shade the region where 6 — x < 10 — x?

(b) Hence, shade the region where x;< 2and x >y

Q\
}’}A‘\\{?‘Q’ (:f,

(2) Shade the region on a graph where x + 5 < x2

32 4 0 1 2 3 4 5 N7

i he value of th .
(2) () Sketch the graphs of y = 3 and y = 2x2 on (a) Write down the value of the constants a and b

the same set of coordinate axes.

(b) Hence, shade the region where 2x? < 3 (b) Using your answer to part (a), on the graph

above, shade the region that satisfies:
(3) By sketching two different graphs, show that

2
. . . 1 x“+x-2<0
there is no region that satisfies x2 + 5 < X 3 + -

You must show full workings.
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(19) Cubicf‘i.Graphs
WURKING AT D/E

(T%‘Ske};é’h the graph of y = (x "_;mj.m 2)(x\5)\“§
shoxﬁgﬁfg where the curve crosses ﬂ@ coordinate axesf

.,

(2) (a) Show that x3 + 2x2 — 8x can be written as
x(x — a)(x — b) where a and b are integers.

(b) Hence, sketch the graph of y = x3 + 2x2 — 8x

(3) Sketch the graph of y = x(2 + x)(3 — x)

WORKING AT B/C

(1) (a) Write x3 + 4x2 + 4x in the form x(x + a)?
where a is an integer to be found.

(b) Hence, sketch the graph of y = x3 + 4x? + 4x
showing and points where the curve meets or
crosses the coordinate axes.

(2) Sketch the graph of y = —x3 + x showing
where the curve crosses the coordinate axes.

(3) Sketch the graph of y = (2x — 1)3

WORKING AT A*/A

(1) The diagram below shows part of the curve with
equationy = 2x3 + bx? + cx + d

(1,0) J(3.,0)

Find the values of the constants b, ¢ and d.

(2) Sketch the graph of y = x3 + ax where a is a
constant and a > 0.

(3) Sketch the curve of y = —ax3 + bx where a and““
b are positive constants. bt .

Va
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A LEVEL MATHS % (1) Sketch the graph of
o y = —x(x + 2)(x — 3)(x — 5) showing where the

(20) Q ual"glC G I’ap hS @) curve crosses the coordinate axes.
A -

WORKING AT D/E P

N
o ‘r,.-q*:f‘”’ ‘QZ'-,\- . ) _‘.cii_{{ |
(B Bk8gch the graph of h% ‘“‘;&"” \:},,45
. 5, /

-

(o4 Xy . Y-of
y=fx—1(x+2)(x—3)(x — 5{) showing whetg

(2) (a) Show that x* — x2 can be written as
2(x+Dx—-1)

(b) Hence, draw the graph of y = x* — x2 showing
where the curve meets or crosses the coordinate

(2) Sketch the graph of axes.

y=(x+3)(x—2)(x+ 6)(3 — x) showing where
the curve crosses the coordinate axes.

(3) Sketch the graph of
y=0Bx+1)(x—- 13 —x)?

(3) Sketch the graph of

y = (x + 2)* showing where the curve crosses the
coordinate axes.

WORKING AT A*/A

(1) The diagram below shows part of the graph with
equationsy = x* + bx3 + cx? +dx + e

(L) N (00) ~_ (10)

Find the values of the constants b, ¢, d and e.

(2) The diagram below shows part of a graph of a
quartic equation. All the roots to the equation are
shown.

N\

Write a possible equation for the graph.
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(21) Recipkocal Graphs
WORKING AT D/E

) _,,..:ff:: A

,YJ
Aol

o ~ _
Z{f‘gﬁré,xg the graph of y = % in\é‘hidfﬁéﬁe equs}fQﬂs&f
A ( \‘? i

of an&{ asymptotes.

(2) Draw the graph of y = % including the

equations of any asymptotes.

(3) Draw the graph of y = — % including the

equations of any asymptotes.

WORKING AT B/C

(1) (a) On the same set of axes, sketch the graphs of
y= JZ—C andx+y =6

(b) Hence, state the number of solutions to the
simultaneous equations:

(2) By draw two different graphs, show that there
are 2 real solutions to the simultaneous equations

(3) Write down the equations of the asymptotes of
the curve y = 8x72

WORKING AT A*/A

(1) The diagram below shows part of the curves of
a b ..
y=: andy = o where a and b are positive

constants and b > a.

\

Label each graph with its equation.

(2) The graph of y = x% passes the point (—2,—16)
(a) Find the value of a

(b) Sketch the graph of y = ~ showing an
graph oty g any

x2
asymptotes on the graph.
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(22) The I}ﬁtersectlon of
Graphs /4

‘wonxls AT D/Eq —«w“

(1) (a) On the same set of axes, drawv the graphs of"”
x?4y?2=1landy=x+5 /

(b) erte down how many points of| %terﬁﬁb’[‘fu{
ol

h L there hre of the two graphs.

W‘I‘f; 4 .

(2) By drawing the graphs of y = x2 and y = 2x,
state the number of solutions to the simultaneous
equations:

WORKING AT B/C

(1) The diagram below shows the cubic function
g(x) and the linear function f(x)

Beryl is a maths student and she says there are 4 real
solutions to the equations f(x) = g(x). Explain
why she is wrong.

(2) By drawing two graphs, state the number of
real solutions to the simultaneous equations

y=8-—x3
y = 2x

(3) By drawing two graphs, state the number of
real solutions to the simultaneous equations

y=x+2)(x-3)x-5x—-7)

y=0

WORKING AT A*/A

(1) (a) On the same set of axes, draw the graphs of
y=x3—-3x?andy = 8 — 3x?

(b) Explain why there are no points of intersection
when x < 0.

(2) (a) On the same set of axes, draw the graphs of

a . ..
y=ax*andy = S where a is a positive constant.

(b) Find the coordinates of any points where the
graphs meet. Give your answer(s) in terms of a

(3) What is the maximum number of real solutions
to the equation f(x) = g(x) if f(x) is a cubic
function and g(x) is a quartic function? You must
explain your answer fully.
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(23) Transformlng Graphsj;
(Translq&oa@ / <

BWORKING AT "“{}"’" \v«

(1) (&) Sketch the graph of y = x3\b{f {f

(b) Hence sketch the graph of y = Cgc +5)3 7

(c) ﬁence sketch the graph of y = x%xgl- 3

@ I ‘di ;}’)A‘\\{? "‘Q’ (:f,
‘\nﬁ( =(x-2)2+1 ,ﬁx_,y

(a‘S«Ske y=f@ e
(b) Sketch = f (x + 2) s>
(c) Sketchy = f(x) — 4

(3) The diagram shows the graph of y = f(x)
4

\/ 2 3
-1

Draw the graphof y =1+ f(x — 2)

WORKING AT B/C

(1) The diagram shows the graph of y = h(x) with
the minimum point at (—1,1)
5

YA

=1

The graph of y = h(x) is translated to the graph of
y = g(x). The minimum point of g(x) has

coordinates (2,1). State fully the transformation that
maps h(x) to g(x)

(2) (a) State the single transformation that maps the
graph of y = l to the graph of y = %
(b) Hence sketch the graph of y = L showing

where the curve crosses the axes and ny asymptotes
on the curve,

(3) The graph of y = x? to translated by the
vector (z) Write the equation of the newly
translated graph in the form y = ax? + bx + ¢

WORKING AT A*/A

1. -2
() fx) = —; is translated by the vector (_ 1) to

give g(x). Sketch the graph of y = g(x) showing
any points where the graph crosses the coordinate
axes and label any asymptotes.

(2) Given that f(x) = x(x — 1)(x + 2) and that
g(x) = (x —3)(x — 4)(x — 1) state the single
transformation that maps the graph of y = f(x) to
y=9Xx)

B) f(x) =x%2—4x—-10

The graph of y = f(x) is transformed to the graph
of y = f(x) + a. Given that there are no real
solutions to the equation f(x) +a =0 ﬁnd the set

of values of a. -
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(24) Transformlng Graphsj;
(StretchmgéReflectmg) /”

BWORKING AT D/Egusas \,ﬁ
M Me

(1) Tile graph of y = f(x) is shown below.

\ (0.8)

(2.0)\/(4.0)

(3-1)

Sketch the graphs of the following showing the
coordinates on each graph:

@y=3f(x) ®by=f2x) ©y=—f(x)
dy=7fx) (@©y=f(05x) By=-4f(x)
(@y=—f(=x) )y =05f(x) Hy=1-f(x)

WORKING AT B/C

(1) The graph of y = f(x) is transformed to the
graph of y = 5f(x — 1). State fully the
transformations that map the graphs of y = f(x) to
y=5f(x—1).

(2) The graph of y = g(x) is shown below. The
minimum point has coordinates (—2, —1).

5

\_/
A

=1

Sketch the graph of y = —2g (g) stating the

coordinates of the maximum point.

(3) (a) Sketch the graph of
y=x—-4)x+8)(x—-12)(x—-1)

(b) HENCE Sketch the graph of
y=(0“4x—-—4)(4x +8)(4x — 12)(4x — 1)

WORKING AT A*/A

(1) f(x) =x*—6x+9and
g(x) =4x?>—-12x+9

State fully, the transformations that maps the graph
of y = f(x) to the graph of y = g(x).

) h() = (x -2 (x—4)

The graph of y = h(x) is transformed to the graph
of y = kh(x) where k is a constant. Given that the
graph of y = kh(x) crosses the y axis at the point
(0,24) find the value of k.

(3) Sketch y = 3(x — 2)(x + 1)(x — a)? where
a>?2

Show where the graph meets or crosses the
coordinate axes giving your answers in terms of a
where appropriate.
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(25) Stralght Line Graphs
In the f%ﬁmy}_:

(D Ftnd the gradient of the line passmg through the”
p01 s (—1,8) and (4,10) giving your answer as a,

? )A‘\\{';’ "‘Q’ (:fz
’ ‘\»
(ZS%alﬁklte down the equatlonbﬁthéflne shown in

the fornt" Lmx + o i >

5

=1

(b) Draw the line with equation y = 3 — x

(3) What is the gradient of the line with equation
6x +4y =37

B

B
)
o
r
:»:

mx+cﬁ/>’~"f_

‘wonxlus AT D/ gueasun
Aol Me

WORKING AT B/C

(1) A line passing through the points (—6,p) and
(2, —4) has gradient — Z..
(a) Find the value of p

(b) Find where the line crosses the coordinate axes.

e wit adient = passes through the point
(2) A line with gradient = p hrough the poi
(8,2).

(a) Find the equation of the line in the form ax +
by =c

(b) The line passes through the point (0, q). Show
that g is a rational fraction.

(3) The line with equation ax + 10y —2 =0 has a

gradient of ;. Find the value of a.

WORKING AT A*/A

(1) The line ax + by — 40 = 0 where a and b are
integers in their simplest form. Given that passes
through the coordinate axes at (10,0) and (0,20),
find the values of a and b.

(2) The line with equation ax + by + ¢ = 0, passes
through the positive x axis. Given that a is negative
and b and c are positive:

Write an inequality in x in terms of a and ¢

(3) L, has equation ax + by + ¢ = 0 and L, has
equation y = px + q. Given that the lines do not
intersect, and they are NOT the same stral ght line,

show that a + bp = 0 Y
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(26) I\/Iore}g§tra|ght Line [

Graphs & 2, (/f*««\;f

BWORKING AT [l/E «w \,ﬁ
?ff

@8 Tfle lines with equation y = 2x ?—i— 1 and 4
4x —3 y — 8 = 0 meet at the point (a& b) Find the /

vaiug:s of a and b.

\"‘*:(:;;
]

(2) The equation of a straight line is given as
5x + 10y = 20. Write the equation of the line in the
formy =mx + ¢

(3) L4 has equation 6x — 8y + 8 = 0. Find where
the line cuts the coordinate axes.

WORKING AT B/C

(1) L1 has equation y = px — 8 and L, has equation
y = 5x — 12. L; and L, intersect at the point
(—4,9).

Find the values of the constants p and q.

(2) Find the equation of line shown below in the
formax + by +c =0

)

B)fx)=2x+1

Find where the graph of y = f(x — 3) crosses the x
axis.

WORKING AT A*/A

(1) The line with equation ax + by = c crosses the
coordinate axes at A and B. Show that the area of
the triangle AOB where O is the origin can be

2

. C
written as —
2ab

(2) The line with equation px + qy = r and the line
with equation y = mx + c intersect on the y axis.
Show that r = cq

(3) A line with gradient _?2 passes through the points

(p,0) and (0, q) where p and q integers. Find the
least possible positives values of p and q.
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(27) Stralght Line Graphs

(Parallel»f&&PerpendlcuI{grl) é

BWORKING AT D/Egneal ‘\, 4
M <;

(D V\Erlte down gradient of the line (a) parallel and }; ~:
(b) Berpendlcular to the line with eqt-gglon y =3x/

. M”fi

(2) Show that the lines 5x + 2y =8 and y —x =4

Are neither parallel nor perpendicular.

(3) Find the equation of the line perpendicular to the
line with equation y = %x — 8 that passes through

the point (2,3). Give your answer in the form y =
mx + ¢

WORKING AT B/C

(1) Given that the line with equation y = 4x + 7 is
perpendicular to the line with equation

ax —2y +8 =0, Showthata:%1

(2) A (—1,5) and B (5,1) create the line segment
AB. Show, using algebra, that the perpendicular
bisector of AB can be written in the form y = mx
where m is a constant to be found.

(3) The line y = px + c is parallel to a line passing
through the points (a, 0) and (0, b). Write an
expression for p in terms of a and b.

WORKING AT A*/A

(1) The perpendicular bisector of the line x +y = a
where a is a positive constant has equation py =
qx + r where p, g and r are also constants.

Show, with full workings, that p = g and thatr = 0

(2) Lines L, and L, are two different lines.

The equation of L; isy = mx + ¢
The equation of L, isx +py +q =0
Where m, p and g are non-zero constants.

Find the set of values for p in terms of m for which
the lines intersect.

(3) The diagram below shows two parallel lines. The
points H, 1,] (0,4) and K lie on one of the two lines.

L~
I
/ -~

/H K

/ J(0,—4)

Given O is the origin, 0] = 20! and OH = 2.501,
find the equation of the line passing thr@IIgh T
points I and K in the formy = mx, ¢
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(28) The g%gometry of

Straight L.ines

‘ wonxlus AT D/EQ 'W“"" \, é

@8 F1=nd the length of the line segment from (-1, 8

(2) The line with equation x + y = 6 crosses the x
axis at A and the y axis at B. Find the area of the
triangle AOB where O is the origin.

WORKING AT B/C

(1) The diagram below shows the graphs of y = x
and x + y = 8. The lines meet at the point B. Points
A and O are where the two lines meet the y axis.

N\

O

Find the area of AAOB

(2) The length of the line segment AB is 42 .
Given that the coordinates of A and B are (4, —1)
and (8, p) respectively, find the possible values of p

(3) The line y = gx — 10 crosses the coordinate

axes at A and B. Find the length of the line AB as a
simplified surd.

WORKING AT A*/A

(1) The perpendicular bisector of the line through
the points (—11,8) and (6,4) crosses the coordinate
axes at A and B. Find the area of triangle AOB
where O is the origin. Give your answer in exact
form.

(2) A line of gradient 1 passes through the points

A (3,4) and B (p, q). Given that the length AB = 6,
find the possible values of p and q giving your
answers in surd form.

(3) The lines with equations x = 6 and y = 2x + ¢
enclose a trapezium of area 48 between thetwo
lines, the positive x axis and the posmve Y. aX1s
Find the value of c. / -
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(29) The @.f‘pplication of

Linear Qmﬁ@s

AWORKING AT D/E vf‘“‘i‘”\v-‘ﬁ

(D Tfle diagram below shows a Ver?y basic model 6f

the }galue of the painting from when it a\was first so‘lé.
£ i <

g

| value injg

Value in/€

150 200 20
Number of Years

(a) Interpret the value of 100 on the vertical axis.
(b) Find the gradient of the line.

(c) Explain what the gradient represents in context
of the model.

(d) Hence write an equation for the model in the
form V = aN + b where V is the value of the
painting in £ and N is the number of years after the
painting was first sold.

WORKING AT B/C

(1) The table below shows the length (L) of a
genetically modified leaf in cm over a number of
weeks (W).

w 0 1 2 3 4 5 6

L 0 1.8 136154172 9 |108

(a) Plot the points on a graph like that below and
connect them.

T
10

9

1

0 1 2 3 4 5

(b) Is the data suitable for a linear model?

(c) Explain why the model is an example of direct
proportion.

(d) Write an equation for the length of the leaf in the
form L = alWW + b

(e) Interpret, in context, the constant a and explain,
in context, why b = 0.

(f) Explain the long-term possible limitations of the
model.

(g) Find how many weeks it will take for the leaf to
have a length of 37cm

WORKING AT A*/A

(1) The diagram below shows a scatter graph. The
data shows the number of months 5 students have
had maths tutoring and the % they get in a test at the
end of their tutoring.

70

1 2 3 a 5 6

(a) Draw a line of best fit on a graph similar to the
one shown above.

(b) Find an equation for this line in the form

P = aM + b where P is their test % and M is the
number of months they have been tutored for.

(¢) Interpret, in context the constants a and b

(d) A student had had 2 months of tutoring. Use the
model to predict the % they would get in their test.
(e) Explain 2 limitations of the model.

(f) Explain why the model doesn’t show direct
proportion.

30 more students enrolled in the tutoring. A model
was found for all 30 students. The new model was
P=12M + (b —-5) N
(g) What assumptions can you make about the new’,””
students who joined in comparlson to-the- orlgmal 5.0
students
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(30) Clrcle Geometry
Mldpomg,,&rEerpendlcu/{ar—g

WURK|NG Y VAY -
(1) ThE line AB is a diameter of a &1}016 The Yy

coorc{mates of A and B are (6,3) and (12,5). f
(a) Emd the centre of the circle. B
- 'B)"Ff;nd the exact length of the d1an1bt‘“er ugvthae ircle

<]l (c) Hence, write down the exact length of thﬁ“ radius.

) \“"("};‘/A r‘\}_

A ,
}\ «4 % }

Point A (2, 6) and B(p,q) both lie on the c1rcle such
that AB is a diameter of the circle. Show that the
p =4 and q = 16.

(3) The diagram below shows a circle with centre C
and diameter AB. Find the equation of the line
shown perpendicular to the diameter. Give your
answer in the form ax + by = ¢

B (6.6)

WORKING AT B/C

(1) A circle has centre C and diameter AB where the
coordinates of A and B are (—1,4) and (9,4).

(a) Find the centre of the circle
(b) Hence, show that the perpendicular bisector of
AB is a vertical line stating its equation.

(2) A circle with diameter 10 has centre (—3,6). The
points A (=9, 2) and B (3, p) lie on the circle. Given
that AB is the diameter of the circle, find the value
of p.

(3) A circle has diameter PQ where the coordinates
of P and Q are (3, —4) and (6,5) respectively.

Show that the diameter of the circle perpendicular to
PQ has the equation x + 3y —6 =0

WORKING AT A*/A

(1) A circle lies in the xy plane and has centre

(p, @). The coordinate axes are tangents to the circle.
The points ABD and E lie on the circle. AB is a
horizontal line and a diameter of the circle. DE is a
vertical line and is also a diameter of the circle.
Show that the area of the quadrilateral AEBD =

p*+q?

(2) The centre of the circle C, which lies in the xy
plane, has coordinates (m, n). One diameter of the
circle lies on the line with equation x +y = 6.
Given that the coordinate axes are tangents to the
circle, show thatm = n

(3) A circle has centre (0,0). The point A(x, ) lies
on the circle.

(a) Write down any other point that lines on the
circle on the circle in terms of x and y.

(b) Find the exact length of the dlameter of the c1rcle“__
in terms of x and y.
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A LEV E L MATHS % (1) A circle has equation (1) A circle in the xy plane has centre (4,6) and
: (x—49*+ @ +p)?=97 radius 2v/5. Given that the point P with coordinates

(3 1) The Eq uation of a [ ‘ Given that the point (0,2) lies on the circle, find the (7,p) lies inside the circle, find the set of possible

two possible values of p. values of p.
Circle /g A

EWORKING AT [l/E 'W“"" \, é

(D V&Erlte down the equation of a cmcle with centre ¥

‘L

\\{?’"‘Q’(r‘ﬁz

(2) A circle with equation x? + (y + 8)? = 12
crosses the x axis at two points.
(2) Show that the length of the radius of the circle (a) Find the set of values for with r is valid

with equation x% + y2 + 3x — 5y — 2 = 0 is Va2 (b) Write down the equations of the horizontal
2 tangents to the circle when 2 = 100.

(2) Find the equation of a circle with centre (—3,6)
and diameter 14.

(3) A circle has equation
x2+y? —6x+2py+12=0wherepisa
constant. Find the set of possible values of p.

(3) Find the centre and radius of the circle with

equation x2 + y?2 +2x —4y —20=0 (3) Explain why the circle with equation
(x —8)% + (y + 10)2 = 60 doesn’t cross any of the
coordinate axes.
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(32) Clrcles and Straight [

Lines (Inf;g Sectlons) / <

BWORKING AT D/Egueasu \,ﬁ
M Me

(1) Sflow using simultaneous equatlons the line

Wltﬁfquatlon y = 3 intersects the ¢

cle with cent{z
_(0) and radius 5 in two places glvgg :the - (f’
coordinates of the points of i intersection. \“

/“’\

w;(-xf

(2) (a) Find where the circle with equation
(x —3)% + (v + 2)? = 45 crosses the y axis.

(b) Sketch the graph of (x — 3)2 + (y + 2)? = 45

showing that the circle crosses the x axis at the

points (3 + V41, 0) and (3 — V41, 0)

(3) By drawing two graphs, show that the line
y = —x is not a tangent or a chord to the circle with
equation (x +5)2 + (y +6)2 =1

é

WORKING AT B/C

(1) Show, using algebra, that the line y = x is a
chord to the circle with equation (x — 4)% +

(y — 3)? = 1 finding the points where the two
graphs meet.

(2) A circle has equation
(x+3)2+ (y—5)2=25

(a) Write down the centre of the circle and the radius
length.

(b) Show that the line with equation 3x — 4y +

29 = 0 passes through the circle at two points,
finding the points of intersection.

(c) Hence, show that the line creates the diameter of
the circle.

(3) Prove, using the discriminant, that The line with
equation y = 231isa tangent to the circle with

equation (x —3)2+ (y —2)? =25

WORKING AT A*/A

(1) The line with equation y = mx is a tangent to
the circle with equation (x + 2)% + (y + 1)2 = 1.

Show, using algebra, that either m = 0 orm = %

(2) Given that the line with equation y = %x +cisa

chord to the circle with equation x2 + (y — 8)% =
20, find the range of possible values of c.
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(33) Clrcles (Tangents an \Q
Cho rds),& 2 /eﬁl««\;ﬁ

‘ wonxlus AT D/E o
M Me

(D F1=nd the equatlon of the tangentato the circle wifh
equgtlon x% + y? = 100 at the point,(6,8). Give /

_yetrianswer in the form y = mx + g;;, gf m@ﬁd c
are sqnphﬁed fractions.

6«2;)«:ﬁ1e}d1agram below shows paﬁfk %}G‘II’CIC The
line A‘ﬂB}t&,a chord to the mrgté aﬁd C is the centre
of the circle; f’fi‘%n thaHH‘é”hne segment CD is part
of the radius, find the coordinate of D.

(3) A circle has centre C. A tangent is drawn to the
circle at the point P. The gradient of the tangent at
P is m. Write down the gradient of the radius CP
giving your answer in terms of m.

WORKING AT B/C

(1) The diagram shows a circle centre C and chord
ADB. The line CD lies on the radius of the circle.

4(3,-1)

(a) Find the equation of the circle.
(b) Show that the coordinates of D are (5,3)
(¢) Hence, find the exact length of the line CD.

(2) Find the equation of the tangent to the circle with
equation (x — 2)% + (y + 7)? = 20 at the point
(4, —3). Give your answer in the form ax + by = c.

(3) A circle has equation x? + y? = 16. Find the
equation of any vertical or horizontal tangents to the
circle.

WORKING AT A*/A

(1) Circle C has points 4 (1,15), B (6,14) and
C (—4,—10). By considering 2 different chords,
prove that the centre of the circle C has coordinates

(1,2)

(2) The diagram below shows a circle with equation
(x — a)? + (y — 8)% = r2. The tangent to the circle
at the point (12,13) has gradient —1.4

N

u

Find the value of the constant a.

(3) A circle has centre (0,0) and radius 5\/_ 5.The.
tangents at the points A and B have a gradlent of 2
Show that the coordinates of A and‘B have'i mteger
values.
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(34) Clrcles and Trlangles

WURKING AT D/E
. _,,u:h\;

I‘j@he‘ﬁfagram below shows tPfe«’mM with \V‘\
equa‘gﬁnx +y% =100 “Q" Yot

¥ o '

B (6,8)

ﬁ/ané

4 (-6,-8)

(a) Verify that the point C (10,0) lies on the circle.
(b) Write down the length of the radius of the circle.
(c) Prove that AB is a diameter of the circle.

(d) Find the size of the angle ACB in degrees.

(e) Given that O is the origin of the circle, find the
area of the triangle OBC.

() The point D also lies on the circle. Given that the
gradient of the chord AD is 0, find the coordinates
of the point D.

WORKING AT B/C

(1) A circle when centre C has equation
(x—3)2+(y—-3)2=10

(a) Sketch the circle showing the coordinates of C.
The line with equation y = 4 cuts the circle at the
points A and B.

(b) Find the coordinates of the points A and B.

(¢) Find the area of the triangle ABC.

(2) A circle has equation (x — 6)? + (y + 1) = 29
(a) Verify that the points P (1,1) and Q (4,4) both
lie on the circle.

(b) Explain why PQ is not a diameter of the circle.
(¢) The circle has centre C. Write down the
coordinates of C.

(d) Hence, show that the perimeter of the triangle
PCQ can be written in the form avb + cvd where
a, b, c and d are integers.

(e) Show that the point (7,5) lies outside the circle.

WORKING AT A*/A

(1) Points P (4,1), Q (9,6) and R (6,7) lie on the
circle C. Prove that PQ is a diameter of the circle.

(2) The line x = 0 is a tangent to the circle with
equation (x —4)2 + (y — 3)?2 =r?

(a) Write down the value of 12

The circle crosses the line y = 0 at A and B, where
B>A

(b) Show that the chord AB has length 2v/7

Given that the centre of the circle is C find the area
of the triangle ACB in the form p\/a
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WORKING AT B/C
A LEVEL MATHS

WORKING AT A*/A

Y
2\
B
Y
&
-4

! £ (1) Fully simplify 2x+4 (1) Fully simplify Ax%+By?
(35) Algebraic Fractions [
Ay e

SN
f N
_,,..:i.tm_({ J

12x*+4x +§x’ "*{}W \,VA\
(1) § simplify ————— \/

(
A ¢

WORKINGA D/E

6x2-6 A '

(2) Show that ——— simplified to — where A is an
x3-x x

integer to be found.

. 144x?%-25x*
(2) Fully simplify Tor—2axZ
+4 .
(2) Show that ——— can be written as ax + b
where a and b are integers to be found

2 —_—
(3) Alan simplifies the fraction —a—a—

2x2-13x+20
(a) Is he correct? You give a reason

x+3

x—4

2

(b) Beryl then suggests that he can simplify further
(3) Show that i

simplifies to x + 3

by cancelling the x terms to give _i Is Beryl right?

(A+1)30-(4+1)?°
(3) Show that
2A+2

You must give a reason for your answer.
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(36) Polyn,t“amial Division

WORKING AT D/E

a

P

) ,,..:i .am_({

) IY@’hoWusmg long division tﬁ‘ag tth no \V«
rernavgﬁ’der when x3 + 4x2 — 15x = "18 is d1V1ded'b

(2) (a) Show, using long division that there is no
remainder when x3 + 13x2 + 52x + 60 is divided
by (x + 2)

(b) Hence, show that x3 + 13x2 + 52x + 60 can be
factorised to give (x + 2)(x + a)(x + b) where a
and b are integers.

(3) Using polynomial division, find the remainder
when x3 + 3x2 — 16x + 7 is divided by (x — 3)

WORKING AT B/C

(1) (a) Show, using polynomial division that when
x3 — 7x — 6 is divided by (x + 1) there is no
remainder.

(b) Hence write x3 — 7x — 6 in the form
(x+D(x+a)(x+b)

(2) (a) Show, using polynomial division that when
2x3 4+ 13x% — 8x — 7 is divided by (2x + 1) there
is no remainder.

gx) =2x3+13x2—-8x—7

(b) Using your answer to part (a) show that the
solutions to g(x) = 0 are x = —%, x =1and

x=-17.

(3) (a) Show, using polynomial division that
x3 — 4x? — 2x — 15 has no remainder when
divided by (x — 5)

(b) Using your answer to part (a) show that x = 5 is
the only real solution to the equation

x3 —4x%?—-2x—-15=0

WORKING AT A*/A

(1) When x3 + 1 is divided by (x + 1) there is no
remainder. Use polynomial division to express
x3 + 1 as a product of three linear factors.

(2) (a) The volume of a cuboid can be written as

V = x3 + 2x? — 11x — 12. One side length has an
express of x + 4. Find an expression for the lengths
of the remaining two sides in the form (x + a) and
(x + b) where a and b are integers.

(b) State, with a reason why x > 3

(3) Show, using polynomial division that x? + 1 is a
factor of x* — 1 and find the remaining factors of
x*—1.
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(37) The Ij{@ctor and

EWORKING AT D/ g
(l)f () = x3 — 2x? —13x—10* c;

\Q:Q.“‘;»- 5
Kk

WORKING AT B/C

() fx) =x3—2x2—-5x+6

(a) Use the factor theorem to find a linear factor of
f (x) in the form (x + a). You must show full
workings.

(b) Use polynomial division to express f(x) in the
form f(x) = (x + a)(x + b)(x + ¢)

(c) Hence, solve the equation f(x) = 0

(d) Draw the graph of y = f(x) showing where the
curve crosses the coordinate axes.

A LEVEL
Remainder Theorem /am,,qé

(a) Usmg the factor theorem, show ‘Ehat (x+1)is ﬁ’(

facth of f(x).
5) @smg the factor theorem, show Lﬁ’é‘t”(x;w@Zﬁs
r/

. | nota factor of f(x).

egm‘i‘v’gp that £(5) = 0 and f(—zj‘éug,f fully
factbm&e j{gc)

“r e

(2) g(x) = 2x3 +x% + px + 12

(a) Given that (x — 3) is a factor of g(x), show that
p=-—25

(b) Using long division, fully factorise g(x)

(c) Using your answer to part (b), solve g(x) = 0

(2) g(x) = 4x3 + px? + qx — 12

Given that (x + 2) and (4x + 1) are factors of
g (x), show, using the factor theorem, that:
(a)p =—15and q = —52

(b) Hence, fully factorise g(x) showing full
workings. Calculator methods are not accepted.

(3) h(x) = 3x3 + bx? + cx + d where b, c and d
are constants.

Given that h(3) =11 and h (— g) =—4

(a) What statement can be made about the
expression (x — 3) ?

(b) What statement can be made about the
expression (3x + 1) ?

WORKING AT A*/A

(1) f(x) = ax® + bx? + cx — 2 where a, b and ¢
are constants.

Use the following 3 facts to solve the equation

fx)=0

When f(x) is divided by (x — 2) the remainder is
40

You must show full workings.

Q) gx) =x*+x3—6x%2+6x—72

(a) Show that g(3) =0

(b) Using your answer from part (a), express g(x) in
the form g(x) = (Ax3 + Bx? + Cx + D)(x + E)
(¢) Given further that (x + 4) is the only other
factor of g(x) , sketch the graph of y = g(x)
showing any points where the curve crosses the
coordinate axes.
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(38) An Introductlon to ;i
Mathemayg@I Proof / <

‘ wonxlus AT D/E w" \,ﬁ
kel ?ff

(1) PIFOVG that 1 .

»i(‘x -3)2x +1)% = 4x3 — 8x2=3~; 11x

-3/

Q) f(x)=x2+2x+6

Prove that f(x) is always positive for all real values
of x

X —
(3) Prove that m = X(Z - \/3_’)

WORKING AT B/C

(1) The triangle ABC has coordinates A (6,8),
B (2,4) and C (3,3)

Prove that < ABC is a right angle.

(2) f(x) = x% + 4x + ¢ where c is a constant.

Prove that the minimum point on the graph of y =
f (x) has coordinates (—2,c — 4)

WORKING AT A*/A

(1) Prove that, if y = 3x + ¢ where c is a constant,
is a chord to the circle with x? + y2 = 36 then ¢

must satisfy the inequality —6v10 < ¢ < 6v10.

(2) In the triangle ABC, < ABC = x°

The coordinates of A, B and C are (a, b), (c,d) and
(e, d) respectively.

Prove that if x = 90 then a = c.
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A LEVEL MATHS % (1) (a) Given that 2n is always even, show that the (1) Prove, that if a and b are both positive numbers,

sum of the squares of two consecutive even numbers a?+b?

l 9, can be written as then >1
(39) I\/Ieth@ds of Proof o 2ab

WORKING AT D/E P

L ) ‘.cii_ A ‘{f
(I @ro\g@’tha‘c the difference beﬁ%efﬁﬁg’ two ﬁhm&\ (b) Hence, prove that the sum of the squares of two

numﬁ%gfs is not always an even nufnlﬁer ; consecutive even numbers is always divisible by 4.

8n%+8n+4

(2) Prove, that if x and y are both positive integers,

(2) If n is a single digit odd number, prove that then % + % > 2

n + 1 is not always a single digit even number.

(2) Prove that the difference between the cubes of
any consecutive integers is always one more than a
multiple of 3.

(3) Prove, by counter example, that 2n? + 1 for all
positive integers n is not always a prime number.
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A LEV E L MATHS A (1) Using Pascal’s Triangle, show that the (1) In the expansion of (1 + x~1)(1 + x)*, show
B coefficient of the term in x? in the expansion of that the coefficient of the term in x2 is 10.
(3 — 2x)%is 1080

(40) Blnormal Expansion ;:g
(Using P@gg@!’s Trlanglg)f

BWORKING AT D/Egneal \,ﬁ
M ?f__;

(1) U%e Pascal’s Triangle to expand%(Z +x)*in ¥

\\{?’"‘Q’(r‘ﬁz

(2) In the expansion of (p + gx)* where p and q are
(2) Use Pascal’s Triangle to show that there is no positive constants, the term independent of x is 81
term in x? in the expansion of (1 + x)(1 — x)3 and the term in x3 is 2.
9

Find the values of p and q.

(2) Using Pascal’s Triangle, find the term in x3 in
the expansion of (1 — 2x)°

(3) In the expansion of (a + 2x)* where a is a

: 4
constant, the term in x2 is 216. (3) (a) Show that the expansion of (1 + v/2)* can be

written in the form a + bv2
Show, using the binomial expansion, find the

possible values of a. (b) Without any further expansions, explain why

(3) Show that the term in x in the expansion of , ) o
(14 x)(2 + x)*is 48x (1+V2)*+ (1 —-V2)* =2a <
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4

(41) Blnormal Expansion [

(FactorlaMQtatlon) (/‘ <

‘1

BWORKING AT D/Egueasu \,ﬁ
M ?f__;

(D V&Elthout a calculator, find the Value of 5!

(2) Without a calculator, show that (g) =10

(3) Given that (‘;) = 4, find the possible values of r.

WORKING AT B/C

(1) Given that (18) == wrlte down the possible

values of m.

(2) Simplify n(n — 1)!

(3) Given that (156) = 4368, write down the value of
n such that (1;') = 4368, n # 5.

WORKING AT A*/A

(1) Show, with full workings, that () = n

(2) Show, with full workings, that

()=

—3n +2n
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(42) Blnomlal Expansion

Y { AV EREAY
(The £ Wod)
e T iog vy"
WURKING AT []/E

(1 Use the binomial expansion to ﬁnd the full
exp%smn of (2+ 3x)*in ascendln;gibawers og;%

g
(4\ »

(2) Use the binomial expansion to show that the first

8
4 terms in the expansion of (1 + ix) are

142 +7 2+7 3
X 4x 8x

You must show full workings.

(3) Find the full expansion of (1 — x)° simplifying
each term.

WORKING AT B/C

(1) (a) Find the full expansion of (a + b)°

(b) Hence, write down the expansion of (a — b)°>

4
(2) Find the full expansion of (2 + g) in ascending

powers of x. Write each coefficient in their simplest
form.

(3) Show that the term in x” in the expansion of

11 68750 -
(5 — —) s — X
729

WORKING AT A*/A

(1) Show that

4

(o+2) +(

(2) (a) What is the maximum possible number of
terms in the expansion of (a + b)™ where n is a
positive integer? Give your answer in terms of n.

(b) Write an expression for the seventh term in the
expansion (a + b)" in terms of a, b and n.

(3) Alan claims that when n is an even positive
integer in the expansion of (x + x~1)™ there will
always be a term independent of x. Is he correct?
You must justify your answer.
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(43) Blnom:lal Expansion [
(Problewﬁgﬂmg) A

i e _
AWORKING AT D/ E gt
(D (&) Show that the expansion of @l + 2ax)* can*"f

be wrltten as ,v
;Q 1+ 8ax + 24a2x2 + 32a3x3a§16a x*

% X (c) Hance find the coefficient of thﬁ: term 1§?5c2

W‘I‘f; 4 .

(2) (a) Show that the first 3 terms of the expansion
of (1+x)” are 1 + 7x + 21x2

(b) Hence, show that the first 3 terms in the
expansion of (1 — x)(1 + x)7 are 1 + 6x + 14x?

(3) In the expansion of (2 + px)® the coefficient of
the term in x is 960.
Show, using the binomial expansion, that p = 5

WORKING AT B/C

(1) (a) Find the first 3 terms of the expansion

(p + 3x)8, where p is a positive constant. Give your
answer in ascending powers of x fully simplifying
each term.

(b) Given that the coefficient of the term in x is
twice that of the term in x2, show that
p*(p—15)=0

(c) Hence, write down the value of p.

(d) Find the coefficient of the term in x.

(2) (a) Use the binomial expansion to find the full
expansion of (1 + x)® in ascending powers of x.

(b) Using your answer to part (a), write down the
first 3 terms in the expansion of (1 — 2y)°

WORKING AT A*/A

(1) (a) Find the terms up to an including the term in
x3 in the expansion of (3 + x)(1 + px)” where p is
a negative constant. Give each term in its simplest
form.

(b) Given that the coefficient of the term in x? is
238, find the coeffieint of the term in x3

(2) In the expansion of (p — x)(1 + 2x)® where p is
a constant. The first 2 terms in ascending powers of
x are A + Bx? where A and B are constants.

Find the values of 4, B and p.

(3) In the expansion of (p + x)(q + x3)™ where n, p
and q are positive constants, the highest power of x
is x1°. How many terms are there in the expansion
of (p+x)(q+x3"?
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(44) Binorﬁlal Expansion /%
(Estimagian;S and (/fxw\g
‘ App};mmmatlonggw N 45

WORKING AT D/ER

@J ) Find the terms up to an and 1If%hgglmg t 85’
“term’in x? in the expansion of (1 + )7 \\f’ 3

N (J;)%,B%/ hoosmg a suitable value g’f Nse your
answex to}part (a) show that a g{uad;saﬂc

approximatiofte-1.01 7 is150721

(2) (a) Find the first 4 terms in the expansion of
(1 — 2x)? is ascending powers of x.

(b) Use your answer to part (a) to find an
approximation to the expansion of 0.96?

WORKING AT B/C

(1) (a) Find the first 3 terms in the expansion of
(2- ;—5)8 in ascending powers of x, simplifying each
term.

(b) Using your answer to part (a), find a quadratic
approximation for 1.998

(c) Show that the percentage error for the
approximation is less than 1%.

(2) (a) Find the first 3 terms in the expansion of

9
(5 - g) in ascending powers of x. Simplify each

coefficient fully.
(b) If x is small and terms in x? and higher can be
ignored, show that

G+x)(s- g)g ~ 390625 + 1718750x

WORKING AT A*/A

(1) If x is small and terms in x2 and higher can be
ignored, show that (a + x)™(a — x)™ ~ a®™ when a
and n are positive integers.

(2) Use the binomial expansion of (5 — 4x)8 to find
a cubic approximation for 4.928 giving your answer
to 1 decimal place.
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(45) The Cosine Rule
WORKING AT D/E

(1) {EA) t];La@;gIe has side lengths"4(§m, %Eg;u aﬁ‘é

%M Y.
f N
(a) Proye that the triangle is not a'right-angled ""“‘
trlangie

(b) Use the cosine rule to find the 51ze of the

| sﬂ;a%est angle in the triangle to 3 S. ?*V (f’

k )4

w
=4
4

B

I 4 »&A\}
W(:’Z/A } ’- »‘"«

45/’

30.0cm correct to 3 s1gn1ﬁcant figures.

(3) In a right-angled triangle AB = 2, BC = 3 and
AC = +/13. One angle in the triangle has size x.
Find the smallest possible value for of cos (x). Give
your answer in exact form.

WORKING AT B/C

(1) Beryl walks from home on a bearing of 070° for
6km before stopping. She then walks on a bearing
of 1129 for 11km before stopping.

(a) Find how far from home Beryl now is giving
your answer to 3 S.F.

(b) Find the bearing she is now on from home giving
your answer to 3 S.F.

(2) The diagram below shows a triangle with side
lengths 3,7 and x and an angle with size y.

X

The diagram is not drawn to scale.

(a) Show that cos(y) = 584_;2

(b) Given further than y = 30° show, without a
calculator, that x = /58 — 21v/3

(3) A triangle has side lengths in the ratio 2:3:4.
Show that the value of the cosine of the largest angle

in the triangle will be —71‘

WORKING AT A*/A

(1) The diagram below shows a triangle with side
lengths x, (x + 1) and (x + 2) and an angle with
size y.

The diagram is not to scale.

x2+2x+3
2x(x+2)

(a) Show that cos(y) =

2
x%+x+1
. Show
2x+3

that the angle w cannot be a right angle.

(b) In a different triangle cos(w) =

(2) Prove, using the cosine rule, that if an isosceles
triangle has one side length 1 unit longer than the

other two, the angle between the shorter si_gl:eg,;wil];__‘; .
only be obtuse if the longest side is less””

2 + /2 units.
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(46) The §£ne Rule

(), Find the size of v in the dlagram b w“éﬁ&'
yofff an§wer to 3 significant figures. / ""“‘

PN 4
\;?'"“?w
@

(2) Find the size of angle y in the diagram below.
Give your answer to 3 significant figures.

>

16em

ldem

(3) In the diagram below AB = 13cm and CB =
12cm. Find the size of < CBD to 1 decimal place.

'

WORKING AT B/C

(1) In triangle PQR, PQ = 12,QR = 11 and
< QPR = 50°. Find the minimum possible length of
PR giving your answer to 3SF.

(2) The diagram below shows the trapezium ABCD.
B C

A D
BC = 11cm,CD = 15c¢cm and < BCD = 98°. Find
the size of < BDA giving your answer to 3SF.

(3) The diagram below shows AABC and the
horizontal line ABD.

C

A
Given that AB = 4.2, < CAB = 40° and < CBD =
559, find the perpendicular height of the AABC
relative to the line ABD.

WORKING AT A*/A

(1) In triangle PQR, PQ = 2p, QR = q and

< QPR = 30°. Show that if < QRP is obtuse, then
_ _ (P

< QRP = 180 — arcsin (q)

(2) Alan walks from home on a bearing of 136 for
7 miles before stopping for a rest. He then walks x
miles on a bearing of 040 before stopping.

(a) Given that he is now on a bearing of 098 from
his home, find the value of x to 2 decimal places.
Alan now walks home.

(b) Find the shortest possible length from his current
position to his home.

(3) In the isosceles triangle PQR, sin(PQR) = 0.25,
PQ = p and PR = r. Given that p > r, without a
calculator show that the perimeter of the triangle can
be written as

At +m)
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(47) Area}g a Triangles Jo

WORKING AT D/E P

af
@)

b ..4745"” \QQ?',\- ) |
(ij%me area of the triangle\tgil "‘f}végifmal plg\cetf(f

T v
o

/)

(2) A triangle has side lengths of 6¢cm, 7cm and 8cm.
(a) Find the size of any angle in the triangle
(b) Hence find the area of the triangle to 3SF.

(3) An isosceles triangle has two side lengths of 7cm
and two angles of 40°. Show that the area of the
triangle is 24.1cm? to one decimal place.

WORKING AT B/C

(1) In AABC, AB = 4,BC = 3 and sin(< ABC) = %

Without a calculator, show that the area of

AABC =2
4

(2) Find the area of the triangle shown giving your
answer to 3 significant figures.

(3) Beryl is fencing off a piece of land from her
home. She walks 280m from her home on a bearing
of 0589 and fences a straight line off. She then
stops. She walks directly north for 132m fencing
along a straight line. To complete the fenced off
piece of land she walks directly home on a straight
line and fences along the straight line.

Find the total area of the fenced off piece of land
giving your answer to 1 decimal place.

WORKING AT A*/A

(1) In the triangle ABC,AB = 2x,BC = (3x — 1)
and sin(ABC) = 0.4 where < ABC is acute.

(a) Given that the area of the triangle is 0.8 units,
show, without a calculator that (3x + 2)(x —1) =0

(b) Explain why the triangle is isosceles.

(2) An equilateral triangle has area 3v/3. Without a
calculator show that the perimeter can be written in

the form av/b where a and b are integers to be
found.

(3) In AABC,AB = (1 ++2),BC = (1 + 2v2) and
< ABC = 6. Given that the area of the triangle is % ,
show without a calculator, that sin (8) can be

. 5-32
written as .
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(48) Triangles
(Proble S¢ ving)

(D T.e diagram below shows the rlght angled
triangle ACD where < ACD = 90°. EABC and BD /

AC =&7cm, BD =+/29 and CD =

I w\

A B

(a) Find the size of < ADB.

(b) Find the area of AADB.

(c) Find the perimeter of AADB to 3 SF.

WORKING AT B/C

(1) The diagram below shows the triangle ABD.

BCD and AC are both straight lines.

AB = 10cm, BD = 17cm, < DAC = 28° and
< ABD =93°

A B

D

(a) Find AC to 1 decimal place.

(b) Find what proportion of AABD is shaded darker

grey?
(c) Find the perimeter of AABC

WORKING AT A*/A

(1) A parallelogram has side lengths x and 2x and
one interior angle 6. Given that the area of the
parallelogram is 6 units, find the possible set of
values of x.

(2) The diagram below shows a square ABCD of
area 36. AEC is a straight line and CE = /2.

B C

A D

Find the proportion of the square that is shacfédv-.w_';f'
giving your answer as a simplified fraction. v
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(49) Sine,;&gosine &

Tangent,Graphs

1) G@ separate sets of axes, sketclﬁhe graphs of? v"f
(1) y = cos(x),0 < x <360
(n),gg = sin(x),0 < x < 360
\b:?r“‘;» 5 111")‘§1 =tan(x),0 < x < 360 o4 ”\ < ‘?’K
4| For egch graph, show where the cugve meei’s?the
te axes, any maximum of %g@um points
anf%bﬂ eQuatlons of any asympxto"tﬁs

4y e f‘f’ -

(2) Complete the following sentences:
The graph of y = sin (x) cycles every
The graph of y = tan(x) cycles every
The graph of y = cos (x) cycles every

(3) Beryl draws what she thinks is the graph of
y =sin(x),0 < x <360

(0,2) \

(0.-2)

Write down two errors with she has made.

RREWORKING AT D/ E e \Wﬂ
(

WORKING AT B/C

(1) On separate sets of axes, sketch the graphs of:
(i) y = cos(x),—360 < x < 360

(ii) y = sin(x),—360 < x < 360

(iii) y = tan(x), —360 < x < 360

For each graph, show where the curve meets the
coordinate axes, any maximum or minimum points
and the equations of any asymptotes.

(2) (a) On the graph of y = sin(x),0 < x < 360,

y = ? when x = 60°. Where else on the graph will

2
(b) On the graph of y = cos (x),0 < x < 360,
y = 0 when x = 90°. Where else on the graph will
y=07?
(c) On the graph of y = tan(x),0 < x < 540,
y = 1 when x = 45°. Where else on the graph will
y=17?

B

(3) Write down any lines of symmetry for each
graph

(i) y = cos(x),—360 < x < 360

(if) y = sin(x),—180 < x < 180

(iii) y = tan(x),—360 < x < 360

WORKING AT A*/A

(1) By considering the graphs of sin, cos and tan,
tick any of the following statements that are true:

1. sin (x) = sin (180 — x)
2. sin (x) = sin (180 + x)
3. cos(x) = cos (360 + x)
4. sin (x) = sin (360 + x)
5. tan(x) = tan (360 + x)
6. cos(360 —x) = cos (x)
7. tan(x) = tan (180 + x)
8. sin(—x) = —sin (x)

9. cos(x) = sin(90 — x)
10. tan(—x) = —tan (x)
11. cos (x) = cos (180 + x)
12. cos(x) = cos (—x)

(2) Find all of values of x given 0 < x < 360 for

(a) tan(x) = —1

(b) sin(x) = —\/;
1

(c) cos(x) = N

(d) cos(x) = —0.1

(e) tan (x) is undefined.

(B sin(x) = -2

(3) How many points of intersection are there
between each pair of graphs for 0 < x < 360?
(a) y = cos(x) and y = sin (x)

(b) y = cos(x) and y = tan (x)

(¢) y = tan (x) and y = sin (x)
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(50) Transformlng Graph;
(Trlgoggﬁnﬂeﬂt{y)

BWORKING AT D/ gueas \,ﬁ
(

1) G@ separate sets of axes, draw @ch graph for v"f
0< x < 360 showing where the graph meets or f‘v'
crosges the coordinate axes. On youp;g‘raph in Eftlg

nts

ARG oordinates of any maximum or si?runlwrm

5 X and the equations of any asymptote,§

;;7’&3 2 sin(x)

(b) y= cgas(x) +1
() y= —tﬁﬁ(@a)_
(d) y = sin(x — 30)
(e) y = 3cos (x)

(f) y = cos (x + 60)
(8)y = —cos (x)
(h) y = sin(2x)

(1) y = cos(0.5x)
(G)y =2 +sin (x)
(k) y = tan (—x)
Oy =1-cos (x)

(2) The graph of y = cos(x) + k , where k is a
positive constant, doesn’t meet the x axis. Explain
why k > 1.

ﬁ/ané

WORKING AT B/C

(1) The graph of y = kcos(x) has a maximum point
with coordinates (360, \/i)

(a) Find the value of k

(b) Find the coordinates of the first minimum point
on the graph for x > 0

(2) The graph of y = tan (x — a) where a is a
positive constant has an asymptote when x = 120°
(a) Explain why a could be 30°

(b) Give any other possible value of a

(3) Sketch the graph of y = sin(x) + a, fora > 1 in
the interval 0 < x < 360.

Show the coordinates of the minimum and
maximum point and where the graph crosses the y
axis giving your answers in terms of a

WORKING AT A*/A

(1) (a) The graph of y = sin(ax) , where a is a
positive constant, meets the x axis in 7 places in the
interval 0 < x < 360. Find the value of a.

(b) The graph of y = sin(bx) , where b is a positive
constant, doesn’t meet the x axis in the interval 0 <
x < 360. Find the possible set of values for the
constant b.

(2) The diagram below shows the part of the graph
of y = acos(x + b) where a and b are constants.

(225,2)

\

Find possible values for a and b:

(45,-2)

(a) If a is positive and b is negative
(b) If a is negative and b is negative
(c) If a is positive and b is positive

(d) If a is negative and b is positive

(3) Alan says that the graph of y = tan(kigj' ':V’vhere':”;m
k is a positive constant has a smgle asymptote in the
interval 0 < x < 90°. Find the set of values of k
that would satisfy this statement =
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for Trlg R@hos /f N

JWORKING AT D/ Qe
(1) ThE diagram below shows the ‘unadrants frogf

0to §60 degrees moving antlclockwlse from 0. Th,as

is sggetlmes called the CAST dlagr@m
) ,Am_‘dil 90 \\{? qﬁ(;fz

The diagrams below show the graphs of
y =sin(x),y = cos (x) and y = tan (x) on the
same set of axes.

y= tan(x)

y=sin(x)

-~

(a) Label each graph above.

(b) Using the graphs, or otherwise, write where
each trigonometric function is positive on the
diagram above with the 4 quadrants.

(2) The value of cos(a) = —0.1. Which two
quadrants could it be in?

WORKING AT B/C

(1) For the following statements, write down the 2
quadrants the value will lie in. DO NOT
CALCULATE THE ANGLE. The first one is done
for you.

(a) sin(x) = —0.25. This is the 3 and 4™ quadrant.

(b) cos(x) = 0.4
(¢)tan(x) =3

(d) cos(x) = —%
(e) sin(x) = 0.63

(2) You can also use the 4 quadrants for negative
values by reading clockwise from 0.

-270

-90

Using the diagram above or otherwise, write down
whether the following values will be positive or
negative. DO NOT USE A CALCULATOR TO
WORK OUT THEIR VALUE.

(a) sin (—80°)

(b) cos (—289)

(c) tan(—1009)

(d) sin (—320°)

(3) Given that both sin (a) and cos (b) are negative,

write down which quadrant they will be in.

WORKING AT A*/A

(1) Express each of the following in terms of either
sin(x), cos(x) or tan (x).

(a) sin(—x)

(b) cos (—x)

(c) tan (—x)

(d) sin(—180 + x)

(e) cos (—360 + x)
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, (1) Without a calculator, find the exact vale of each: . .
A LEVEL MATHS (a) tan(—30°) (1) In the interval 0 < x < 360, how many times

(b) sin(225°) will the sin(2x) = a where a is a constant and

|
(52) Trigonometry 03 Ed; cqs((—:ooo)) O<a<-1?
A ' sin(—60°
(Exact Values) S (o) cos (1359)
N el = e () tan(210°)
WORKING AT D/ E guuiia—s; (g) sin(=90°)
(1) W{t thout a calculator, find the ei}’tct vale of eachjj (h) cos (210°)
(a) tan(60°) _‘ (i) tan(3309)
(b) £in(45°) B (j) cos (300°)
@ cos (30%) ‘
1 @ sin(60°)
eeg&s 90°)
(f) tan{30°)
() sm(?:%ﬁ&?mn
(h) cos (180°)
(1) tan(90?) (2) sin(b) = cos (b) where b is a positive obtuse
(j) cos (459) angle. Write down the value of b.

(2) Given that sin(x) = 0.4 show that the y = 3.2

(3) Without a calculator, show that

tan (60) + 3tan(—30) =0

(3) sin(a) = cos (a) where a is a positive acute
angle. Write down the value of a.
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(53) Provmg

>
Trlgonomeyflc Identltle/’k

QWORKING AT D/ g
(1) W{ ite down the two trlgonomeﬁgc identities tha{f

you w111 need to use in this unit. i'.k ’p

4 s’

"‘r/
/ '5?

Ny

<0 “Lrry,

(b) YT cos(x)

() Y1 =sin2(3x)

() 1 — sin?(x)

(e) sin?(8x) + cos?(8x)
(f) 6s5in?(6) + 6c0s?(0)

sin?(x)

() cos?(x)

(h) J1—cos2(46)
J1-sin?(40)

(1) tan(x) cos (x)

(3) Show that

(sin(x) + cos (x))? = 2sin(x) cos(x) + 1

WORKING AT B/C

(1) Using the identity
a* — b* = (a? — b?)(a? — b?)
Show that

cos*x — sin*x = cos?x — sin’x

(2) Prove each identity:

sin@ cosf __ 1

(a)

cosf = sinf ~ sinfcosh

3sin(4) _

an () = 3cos (4)

(3) (a) Given that 9sinx = 14cosx, write down the
value of tanx

(b) Given that 0 < A4 < 90 and sin(4) = g
(i) Show that cos(A) = %
(i1) Find the value of tan (A)

WORKING AT A*/A

(1) (a) Given that 180 < A < 270 and
sin(4) = —0.8

(1) Find the exact value of cos (A4)

(i1) Find the exact value of tan (4)

(b) How would your answer(s) change if
270 < A < 3607

(2) (a) Given that x = 4cos6 and y = 2 + 4sin0,
show that x? + (y — 2)% = k where k is a constant
to be found.

(b) Given that p = 1 — 2cosx and q = 3sinx + 1
show that 9p? + 4q®> — 18p —8q — 23 =0

(3) Prove each identity
(a) sin(90 — x) tan (x) = sin (x)

(sin(x)+cos(x))? _ 1
sin(x)cos (x)

(b)

sin(x)cos (x)

SinA(1+cosA)
coSA

(c) tand + sind =

(d) cos*x—sin*x 1

cos2x—sin2x

(e) sinxV1 + tan?x = tanx
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(54) Solvmg Basic |
Trlgonomeyflc Equatlon A é

- m-j‘ i
AWORKING AT D/E “W’ _—
(D) Fi d the 2 solutions to the equ gons in the v"f

1nterval 0 < x < 360 for each of the followmg f
equ@tlons

< X (b) cqg(x) = o 5

“rtos) = 2
(d) cos(x@@ﬁ

(e) sin(x) = 7

(2) Find the 2 solutions to the equations in the
interval 0 < x < 360 for each of the following
equations. Round answers to 1 decimal place where
appropriate.

(a) sin(x) = 0.2

(b) cos(x) = %E

(¢) cos(x) = 0.65
(d) sin(x) = —0.5
(e) tan(x) = —/3
() tan(x) = -2

(3) Solve the equation 2 sin(x) —1 = 0 for 0 <
x <720

WORKING AT B/C

(1) Solve each equation for —180 < x < 180 giving
answers to 1 decimal place where appropriate. For
the equations with no solutions, explain why there
are no solutions.

(a) 4sin(x) = 2

(b) cos(x) +1=10.5
(c) 5cos(x) =1
(d)3+cos(x)=0
(e) 2sin(x) = —/3
(Htan(x) +2=1
(g) 3tan(x) = —/3

(2) (a) Write down an identity for tan (x) involving
sin (x) and cos (x).

(b) Hence, solve the equation 5 sin(x) = 4cos (x)
for 0 < x < 360 giving your answers to 1 decimal
place.

(3) (a) Write down the number of solutions to the
equation x? = 3

(b) Using your answer to part (a) or otherwise, show
that there are 4 solutions to the equation tan®x = 3
for 0 < x < 360 giving the value of each.

WORKING AT A*/A

(1) (a) The equation sin(x) = a has 3 solutions in
the interval —180 < x < 180. Write down the value
ofa

(b) The equation sin(x) = b has no solutions in the
interval —180 < x < 180. Find the value sets of
values of b.

(¢) The equation cos(x) = ¢ has 2 solutions in the
interval 90 < x < 270. Find the set of values of c.

(2) Solve the equation % =0.1for-180<x <

180 giving your answers to 1 decimal place.

(3) (a) Write down the number of solutions to the
equation ksin(x) = k where k is a positive constant
for 90 < x < 360

(b) The equation cos(x) = p where p is a
constant has no solutions for —90 < x < 90. Find
the set of values of p

(¢) Find the maximum number of solutions to the
equation cos?x = n where n is a positive content
for0 <x <360

(d) How many solutions are there to the equation
tan(x) = r where r is a negative constant in the
interval 0 < x <3607
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' * y (1) Find the solutions to each equation in the (1) (a) Solve the equation
A L LEVEL MATHS interval 0 < x < 360. Give each answer to 1 V3sin(2x + 30) = cos(2x 4+ 30), =180 < x <0
| . o decimal place where appropriate.
(55) More*g:hal Ieng | ng ?}_{2 (a) cos(2x + 30) = ? (b) Solve the equation 4sin?(30 — 45) = 1 in the
. AN . {7 interval —180 < 6 < 180
~_ | Trigonometric Equations®~;  (®) V3tan(-25)=1
Yo g _,,&m LQ}-EK q ¢ ¥ (c) sin(3x — 30) = —0.5

e .-“ﬂi‘.} { — —
SV ORKING AT D/ E bt
(1) F‘i% the 4 solutions to the equigion vy (f) sin(4x — 60) = 0.85

i.
}{f" sin(2x) = ﬁ (g) 5cos(0.5x) = 0.4

2
% ,Ad .
\b:Q(:}*' in ﬁfe interval 0 < x < 360

N N N |
I A 4 are positive constants has the solutions x = 22.5°

it ¥,

AL S0 = and x = 37.5° for =90 < x < 90.
o Find possible values of a and b.

(2) The equation sin(ax — b) = \/75 where a and b

(2) Find the solutions to each equation in the
interval 0 < x < 360. Give each answer to 1

decimal place where appropriate. (2) (a) Write tan (3x) in terms of sin and cos.

(a) cos(x +30) = 0.5

(b)tan(3x) =1 (b) Hence solve the equation sin(3x) = cos (3x),
(c) sin(x — 60) = 0.1 —180 < x < 180.

(d) tan(x + 45) = 0.85

(e) cos(4x) = 0.4

(f) sin(0.5x) = 1

(g) 4cos(x —10) = 0.4 (3) Solve the equation (tan 3x)(2 cosx + 5) = 0,
—180 < x < 180.

(3) Show that there are 4 solutions to the equation

. 2 — . .
(3) Show that the solutions to the equation 4sin“x = 1in the interval 0 < x < 360

cos(2x — 60) = 0.5 in the interval 0 < x < 360
are x = 60,180,240 and 360°
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(56) U5|nggldent|t|es to [

e
Solve Tug Eguatlons (/fk««;f

‘1

BWORKING AT 'ﬁ»}"” \a\
(1) Show that the only solutions tg&};e equation ¥
¥

?
bt
=4
/

sin(x) = cos(x), 0<x 5\360
?‘\A\\;’ “Q’ (r‘f}

(2) (a) Using the identity sin? A + cos?A =1,
show that cos? x + sinx = 1 can be written as
sinx (sinx —1) =0

(b) Hence, find the 4 solutions to the equation
cos?x +sinx =1, 0<x<360

(3) (a) Show that 2sin?x — 5sinx — 3 = 0 can be
written as (Asinx + B)(sinx + C) = 0 where A4, B
and C are integers to be found.

(b) Hence, find the 2 solutions to the equation
2sin?x —5sinx —3 =0, for 0 < x <360

WORKING AT B/C

(1) (a) Show that equation
8sin?x —10cosx —1=10

can be written as
(4cosx+7)(2cosx—1) =0

(a) Hence, find the solutions to the equation
8sin?x —10cosx —1 =0, 0<x <360

(2) Solve the equation 3tan? A — 2tan A = 1 in the
interval —180 < A < 180 giving your answers to 1
decimal place where appropriate.

(3) Find the 5 solutions to the equation
tanx = 2sinx

in the interval 0 < x < 360

WORKING AT A*/A

(1) (a) Solve the equation sin(6 — 20) = sin(6) ,
0<6<360

(b) Solve the equation
—180 < 6 <180

1+sin? 46

= 2, in the interval
sin46

(2) Show that there are no solutions to the equation
8sin?x — 22 cosx — 23 = 0 whenx € R

(3) (a) Prove cos? A + (1 +sin 4)? = 2(1 + sin 4)
(b) Hence, solve the equation

cos?2x +(1+sin2x)2 =0, —-180<x <180
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(57) Vectg{f{s (Introduction)

WORKING AT D/E A

"H(\L)g,llg,dﬁa’grém shows the Vebi\grg,aﬁpyan&@lgglow. ) ‘{f‘:

e
\
o

On squared paper draw the vectors:
(i)a+b (i)ec—b (i) 2b - a

(2) The diagram below shows the parallelogram

0ABC. 04 = aand OC = c.

X is the midpoint of OA and Y is the midpoint of OC
A B

0 C
(a) Find an expression in terms or a and c for:
(i) OB (i) AX (iii) AY
(b) Show that the lines BC and OA are parallel.

WORKING AT B/C

(1) Given that the vectors 9a + pb and 2a + 6b are
parallel, find the value of p.

(2) Which of the following vectors are parallel to the
vectora+b ?

(1) 9(a+b)

(i1) -3a+3b

(iii)b—a

(iv) 0.5a+ 0.5b

(v) -(a+b)

(3) OABC is a rectangle. 04 = p and 0C = 2q
The point X lies on OC such that 0X: XC = 1:3
The point Y lies on CB such that CY:YB = 3:1

Prove, using vectors, that the line OB and the line
XY are parallel.

WORKING AT A*/A

(1) The diagram below shows triangle OAB.

OBC is a straight line, 0A = AB and OB = BC
OA=aand OB = b

The point X lies on OA is such that 0X: XA = 2: 1
The point Y lies on AB such that BY: YA = 1: 2

A

O B C

(a) Show that the line XY C is not a straight line.
You must show full workings.

(b) Find a vector OD such that XYD is a straight
line. You must show full workings.
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(1) Given that the resultant of the vectors a =1 —2j

A LEV E L MATHS :3 (1)a= (Z), b= (4) and ¢ = (_42) and b = pi +2pj is parallel to the vector ¢ = 4i +5j .
o 1 (a) Find, the value of p as a simplified fraction.
Given that 3a + 2b = 5S¢, find the values of p and q. (b) Which has the greatest magnitude, the resultant
of a and b or the vector ¢? You must show workings.
2N
?/ ‘rf ¥
(1) Ggen thata=i-2jand b= 4@*%5], find, in {f
terms of a and b: ’5’
(1) a;+ b (ii)a-b (111) a+3b
\b:(}“v 5 1V”)~43 (v)-2b (V1);>3‘(a a\?b)q ‘f}

(2) In the triangle OAB, 04 = 9p +2q and
‘ ) _ AB =5p-3q (2) a = 4i + 6j and b = -4i +10j
(2) Given that a = (4, > Find an expression in terms of a and b for O—B) Given that a + ub is parallel to the vector i + j, find
column vectors for: the exact value of u.
(i)a+2b (i) 3a-b (iii) 2a
(iv) 4b (v) -3¢ (vi) 5(a—Dh)

(3) In the triangle OAB, 04 = 2p-3qand ' P, 5
0B = p+7q (3) Given that a = (_4) is parallel to b = (_12)

Find an expression in terms of a and b for AB. find the value of p.
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(59) Vectggs (Magnitude
and Direction)

(1) Ggen thata=2i+3jand b =

(2) Show that [a] = V13

(b) ﬁmd the resultant of a and b in tl@\form i+
(c) ﬁind the modulus of the resultanf>’ n tlﬁf(ﬁrgb

@%ﬁleﬁlagram below shows a y%cz\iiwnh length 5
g

]

-1 0 1 2 3

The vector makes an angle of 30° with the vector j.

. 5. 5vV3,
Show that the vector can be written as Sl +T\/_‘]

(3) Find the angle the vector 2i +7j makes with the
vector i.

WORKING AT B/C

(1) A vector has magnitude 8 units and makes an
angle of 30° with the vector i. Find the vector in the
form ai + bj, giving a as an exact value.

(2) a=-3i +4j
(a) Find a unit vector in the direction of a.
(b) Find the angle the vector makes with the vector j

(3) Given that | i +pj| = 5v2, find the possible
values of p.

WORKING AT A*/A

(1) Vector a has magnitude 4 and makes an angle of
@ with the vector i

Given that sin @ = ﬁnd the horizontal

component of the Vector in the form bi.

(2) In triangle OAB, 04 = 2i +8j and OB = 6i + 3j
(a) Find the vector AB in the form pi +qj

(b) Show that the perimeter of triangle OAB is 21.4
units to one decimal place.

(c) Find the area of the triangle to 3 significant
figures.

(3) Given that the vector a = 3i +pj makes an angle
of 30° with the vector j, find the value of the
constant p.
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(60) Vectors (Position and

Direction/\ectors)

) ,,..:i .am_({

I-H(NIYPE)A and B have coordna{eswﬁgy) and \»vé‘\

J

(4 —@’} respectively.
(a) \Vrlte down the position Vectors OA and OB.

(b),»Emd the direction vector AB. “ rf} |
44 ence, write down the vector ﬁv \‘\?’ <
| M) W the modulus of 4B in ex ¢t form I

(eﬁmﬁf\ ‘the angle the vector OA;mak@s; with the
positive % a axes, ¥ reO =l

1 2 3 4 5 6 T 8

(a) Given that |m| = 5+/2, find the coordinates of
the vector B.

(b) Explain why BA can be written as (}})
(c) Find |AB| =

(3) Given that OC = (_84) and CD = (

find OD in the form (Z)

{
®
4

WORKING AT B/C

. — (=4 -z _ (-3
(1) Given that 0A = ( 8 ) and AB = (_2) ,
(a) Find |OB| in the form \/5
(b) Find the angle OB makes with the vector -i .

(c) OBAC is a parallelogram. Find the coordinates of
C.

(2) OABC is akite.

[04] = [0€| ana [ 48] = |C|
04 = -2i—6j and AB = 2i — 4j
(a) Find 0C

(b) Find the area of the kite OABC

(3)0C = (i) and 0D = (Z)

Given that DC = (_83), find |0—D)|

WORKING AT A*/A

(1) A circle has equation x2 + y2 = 25. The point P
lines on the circle and has position vector

o - (3

possible coordinates of the point P.

) where m is a constant. Find the

(2) 04 = -10i and OB = -6i — 10j

(a) Find |OA4| and |0B|

(b) Prove that AOAB is not an isosceles triangle.
(c) Find the area of AOAB

3) 04 = 5i- 6j and AB is parallel to the vector j.
Given that 0B = pi where p is a constant, find AB.
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(61) Vector Geometry

WORKING AT D/E /ﬁ’“‘x‘?

) Th@,dy},ﬂ’gram below shows%@eglaqgleﬂAB\
<<{ v"\z

*f
{

(a) Write dowirOA and-OB in terms of a and b
(b) Hence, find AB in terms of a and b.

The point X lies on AB such that AX: XB is 1:2
(c) Mark the point X on the diagram below.

A B
a
\/
0

(d) Show that 0X = §a+§b
The point Y lies on OB such that OY:YB is 1:2

(e) Prove, using vectors, that 04 and YX are
parallel.

The point Z lies on OA such that YZ and 4B are
parallel.

(f) Find OZ.

WORKING AT B/C

(1) The diagram below shows the parallelogram

P

R

(a) Write down WQ) in terms of p and r.

Point X is the midpoint of the line OP of and point Y
is the midpoint of the line RQ.

(b) Prove, using vectors that Wj and YX are the
same.

(c) Z is the midpoint of the line 0Q. Use vectors to
show that Z is also the midpoint of the line PR.

Given further, that p=2i+ 6j , r=qi, where q is a
constant, and that the area of the parallelogram is 45
units,

(d) Find the exact value of q.

WORKING AT A*/A

(1) The diagram below shows the square OPQR.
P 0

AN
7

0] r R

The point X lies on OR such that OX: XR is 1:3
The point Y lies on RQ such that RY:YQ is 3:1
The point Z is the midpoint of the line OP

(a) Using vectors, find the ratio ZQ: XY

Given further that 0Z = 4j,
(b) Find |0_R)| as a simplified surd.
(c) Write down the angle OR makes with 0Z
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(62) Appllﬁatlon of Vectorgﬁ 3

WURKING AT D/Ef /*‘f

n(frﬁffels 6m due west f"@m»,a fixed p01f1f to_ 4
the gfit A. Alan then moves dlre\;;],y’ south from }(
8m t(S the point B. 5 ;:’
(a) E@nd the position vectors 04 and‘AB using i ané

jamotation. < (f’
(b) Hence find OB. \1

" (¢) show that [0B| = 10m, ,?x
{ Y»
(d)ﬁ?m};‘: bearlng of B fron;G -

1‘1{1
The pomt Cis 22m due east of B.
(e) Find oc using i and j notation.

Alan walks the perimeter of the triangle OBC.
(f) Find the distance he walks in total in exact form.

Beryl is standing 14m due north of the point C.
(g) Find the bearing of C from O.

Beryl now walks back to O from C at a constant
speed of 2.4ms~1L.

(h) Show that it will take approximately 7
seconds for Beryl to reach O from C.

WORKING AT B/C

(1) Alan walks from the fixed point O to the point A
where 04 = (S\SE) m

(a) Show that the bearing of A from O is 060°.

(b) Find the distance Alan walks.

Alan now walks directly south to the point B.

(c) Given that B is directly east of O, write down
OB in the form ai .

From B, Alan walks to the point C.

(d) Given that BC = (_112()\5) m, find the bearing
of C from O.

(e) Alan now walks back to 0. Find the distance OC
to 3 significant figures.

WORKING AT A*/A

(1) Beryl walks 20m on a bearing of 045° from a
fixed point O to the point A.

(a) Find 04 in the form (Z) where p and g are exact

values.

Beryl now walks from the point 4 to the point B.
(b) Given that B is 10m from A and on a bearing

of 135° from A, find OB in column form.
(c) Find |OB|.
(d) Find the bearing of B from O.

Point D is 1m from O.
(e) Given that OD is in the direction to the vector -3i

—4j, find 0D in the form (ai + bj)m where a and b
are simplified fractions.

The point E is due east of D and south of O.
(f) Write down OF using i and j notation.

A Level Maths Year 1 Pure - Steve Blades 2023-2024 © - Full worked solutions are available at www.m4ths.com




Diffterentiation

A Level Maths Year 1 Pure - Steve Blades 2023-2024 © - Full worked solutions are available at www.m4ths.com




www.uﬂs.cou

\

& LEVEL MATHS

4

(63) Dlﬁer@ntlatlon ;: 3

(Gradlerg@@{ Cu rves) /e =

JWORKING AT D/ Qe
(1) ThE diagram below shows part d‘f the curve of alf

equatlon ’p

2 3 4 5 6

(a) Draw a chord from the point with x coordinate 2
to the point with x coordinate 4.

(b) Hence show that the gradient of the chord is %

(c) Draw a tangent to the curve at the point with x
coordinate 4.

(d) Find an estimate for the gradient of the tangent at
the point with x coordinate 4.

WORKING AT B/C

(1) The diagram below shows part of the curve of an
equation.

Estimate the gradient of the tangent to the curve at
the point with coordinates (3,3)

(2) Alan draws a straight line to estimate the
gradient of the curve below at the point (4,2).

Explain what he could do to get a better estimate to
the gradient.

WORKING AT A*/A

(1)(a) Plot the graph of y = Vx,0 < x < 16 ona
grid like the one shown below.

0 2 4 6 8 10 12

(b) Explain what happens to the gradient of the
curve as x — 0o,

(2) On the diagram below, find a point where the

curve has a gradlent of 1
-12

L
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(1) Using first principles, find the derivative of x*.

A LEVEL MATHS ; (1) Prove, Prove, from first principles, the derivative

| o) of 4x? — 3x is 8x — 3.
(64) Differentiation from [

. . R 4 !
15 Principles, A

b __,,..:ff::j‘ .‘
WORKING AT D/ gReas
(1) ;_.,Ve, from first principles, th_;alerivative of x%7

is 2x, \
is 22 : 7
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(65) Diﬁeg“@ntiating )
(Basic Powers of x)

€)) Fiﬁd an expression for —= for eaéh of the
foll(xwmg

(b)y =x’
©y=xz
f—}\ 4x7 (h)y = 8x=

(2) Find an expression for f'(x) for each of the
following:

(@) f(x) = x5 () f(x) = 33 (c)f(x) =§

D) =—x5 () f(0) ===

2x2

(3) Find an expression for % given x = 8Vt

WORKING AT B/C

(1) Find a simplified expression for Z—z for each of

the following:

@y=xx ®My=% ©y=4=

(2) Find a simplified expression for f'(x) for each

of the following:
7 4

(a) f(x) = (2x%) (b) () = 15

(3) Find an expression for % given P = 0.5t\/t

WORKING AT A*/A

(1) F1nd a 51mp11ﬁed expression for h'(t) given that

h(t) = V16t8 x

tozs

(2) Find the gradient of the curve with equation
y = 23/t when t = 16.

(3) f(x) = 2x?
Find the value of x for which f'(x) = 64
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(66) leferentlatlon

(Quadrattgﬁegpressmn) /

AWORKING AT D/E “‘{}"” \va\
rl’dy

(D) F%nd a simplified expression fo for each if

quadsratlc equatlon
(b)y Q‘x\ - 2x&54

-3 (d)y

(2) Find an expression for f'(x) for each of the
following quadratic equations:
(@) f(x) =5x%2 —x (b) f(x) = —3x2% +2

(3) Given that f(x) = 4x2+2x —7

(a) Find the gradient of the curve y = f(x) when
x=2

(b) Find the value of x when f'(x) = 34

WORKING AT B/C

(1) Find a simplified expression for Z—z for each

equation:

@y=x(x—4)
C©)y=02x—-1)(Bx+5)

b)y=x-3)(x+4)
(d)y=(x-3)?

(2) Find an expression for g’(x) for each of the
following equations:

(@) g(x) = 6x(x — 4) (b) g(x) = (4x — 3)?

(3) Given that y = (4 — 5x)? find the value x for
which 2 = 5

WORKING AT A*/A

() fe) =x*+px+gq
Given that f(2) = 18 and f(—3) = =27
(a) Find the value of the constants p and q.

The curve with equation y = f(x) has gradient —
at the point (a, b)
(b) Find the value of a and the value of b.

(c) Find the coordinates of the point where the
tangent to the curve is parallel to the line y = 0

(2) The graph of x = 4t? — 8t at the point (p, q)
has gradient —40.
Find the value of p and the value of q.

(3) Find the coordinates of the point on the graph of
y = —(2 — 3x)? where the gradient is 6
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(I\/Iultlplgx,I(e,gms)
RWORKING AT D/Egta

(D) F%nd an expression for —y for ea’gh of the
follogwmg

Oy =X@=D) S
)y = x2(x =3}

(2) Find an expression for f'(x) for each of the
following:

@) =7x: =2 (b) f() = x3i(2x = 3)

©f@) =2(6x+2) (d)fQx)= _3x75 4+ 8x3

(3) Given that x = t\/t + >, show that
dx _ 3 20

at = 2 t3

WORKING AT B/C
dy

(1) A curve has a stationary point when == 0

Find the x coordinate of the two stationary points on

. . 1
the curve with equation y = 8x + -

3
(2) Give that f(x) = 8xz — 2x%5

Show that £(16) = =

wventhaty = -x° +-x° — 6x
(3) Given that y = 2x° +-x% — 6
(a) Show that %=(x+3)(x—2)

(b) Hence, find the 2 values of x for which the curve

1 1 . .
y = §x3 + Exz — 6x has a stationary point.

WORKING AT A*/A

3
(Hhy= —§x5+%x2 —42x, x€ER,x>0
Find the coordinates of the only point on the curve
where % = 0, giving the y coordinate as an exact

fraction.

2) f(x) =12 —x%°
Use differentiation to show that the curve with
equation y = f(x) doesn’t have a stationary point.

(3) The curve with equation y = ax? + bx + c has:

e A stationary point when x = _?3

e Crosses the y axiswheny =1
e Has gradient —5 when x = —1

(a) Find the values of a, b and c.
(b) Sketch the curve of y = ax? + bx + ¢
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(68) leferentlatlon

(Gradmr,gis Iangents arl{dm é

I\{Qr«m'als)

WORKING AT []/E

(D A curve has equation y = 4x3 + x+1

1r<1\(§x;he gradient of the curvgdat%pomt where
X = T f O < ‘»»
the curve at the point (1,7) isy = 14x — 7
(e) Write down the gradient of the normal at the
point (1,7).
(f) Hence, show that an equation of the normal at
(1,7)isx + 14y =99

(2) y=4x3—-5x2+2

(a) Find the equation of the tangent to the curve at
the point with x coordinate 2. Give your answer in
the formy = mx + ¢

(b) Find an equation of the normal to the curve at
the point with x coordinate 3.

3)y =x%+6x
Find the equation of the tangent to the curve when
the gradient is 3 in the form y =mx +c .

WORKING AT B/C

(1) (a) Find the equation of the tangent to the curve
with equation y = % at the point where x = 2 giving

your answer in the form ax + by = c.

(b) Show that the normal to the curve at the point
(4, %) can be written as y = 16x + ¢ where c is an

exact fraction to be found.

(2) The curve with equation y = 2x> + x has a
tangent at the point (p, q) where p and q are
positive constants.

Given that the tangent is parallel to the line with
equation y = 11x — 3, find the values of p and q.

(3) The normal to the curve with equation y = x? at
the point with x coordinate —3 crosses the x axis at
A and y axis at B.

Show that AB =

1937
2

WORKING AT A*/A

(1) The normal to the curve with equation

y = 2x+/x is parallel to the line with equation
36y +2x—-3=0.

Find where the normal crosses the x axis.

(2) The normal to the curve with equation

y = —x(x — 3) at the point P (2, y) intersects the
curve at the point P and the point Q.

Find the coordinates of the point Q.

(3) (a) Find the coordinates of the point P on the
curve with equationy = 2x%° +2x -8, x>0
where the tangent at P is parallel to the line with
equation 12x — 2y =7

(b) The tangent to the curve at P crosses the x axis
at A and y axis at B. Find the area of AAOB where O
is the origin.
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(69) Diffeg"‘gntiation
(1 ncreasmg‘@nd
‘ Q@M&Slng Funﬁﬂ@ﬁs)f"“‘”

WORKING AT D/EN

(l)ghowmg that the interval for which the functiof
x‘)‘\ 3x2—12x + 1is 1ncreasmg;as¢x\,§,

A (Q ((é‘)“%how that the set of Valuesf%wmdﬁ the
funétlcezg f{x) = —x —x?% - 3« 5{;79”15 decreasing a
decreasmg funﬁ’t’l‘on satrsffes the inequality
0>(M4x—-3)(2x+1)

(b) Hence, find the set of values for which the
function is decreasing.

WORKING AT B/C

() fx)=ax®>—x+b, a>0

(a) Given that f(x) is increasing when x > 2, find
the value of a.

(b) Explain why the value of b doesn’t change the
answer to part (a)

) fx) = §x3 —x2—-12x+1
The diagram shows part of the curve with equation

y=f)
|

2.3

y= gx fx2712x+1

|

(a) Show that f'(x) can be written as
f'(x) =2(x+2)(x—-3)

(b) Using your answer to part (a), find the values or

set of values for which f(x) is:
(1) Stationary, (ii) A decreasing function
(ii1) An increasing function

(3)f(x)=x+%, x#0

Show that the set of values for which f(x) is
increasing is —1 < x ,x > 1.

WORKING AT A*/A

(1) f(x) =2x3+5x>+8x+3

(a) Show that f(—0.5) =0

(b) Hence factorise f(x)

(c) Find f'(x)

(d) Show that f(x) is an increasing function for all
values of x

(e) Hence sketch the graph of y = f(x) showing
where the curve crosses the coordinate axes.

2) f(x) = (x+a)(x +b)(x+ c)(x + d) where
a, b, c and d are all different integers.

() Write down the number of intervals for which
the function is increasing.

() Write down the number of intervals for which
the function is decreasing.
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(70) Dlﬁerentlatlon
(StatlonQ{y&Pomts)

RWORKING AT D/Egie
(l)f“’)—Zx + 4x? f,

(a) Flnd f'(x)
(b) ﬁence show that the x coordmat@s\ of the tw g‘»‘g

stat’%nary points are x = 0 and x = 52 = “\f’ <

| N©) Elmce find the coordinates of th two si‘tgfuonary
piﬁilts }\ { s

(e) Find f”(O) and f”( —)
(f) Hence determine the nature of each stationary
point.

@)y = 4x°

(a) Find an expression for Z—z

(b) Hence find the one stationary point on the curve.
(c) By considering the value of 3—1 when x = —0.01

and when x = 0.01, explain why the stationary
point is a point of inflexion.

3
(3)y = §x5 —18x
(a) Use differentiation to show that the stationary

point on the curve has coordinates (81, —486).
(b) Determine the nature of this stationary point.

WORKING AT B/C

(M f)=Ex+Dx-3)(x+2)

(a) Find an expression for f(x)

in the form f(x) = Ax® + Bx? + Cx + D
(b) Use differentiation to show that the x

coordinates of the two stationary points on the curve

with equation y = f(x) are x = g

(¢) Find the y coordinate of each stationary point
giving each answer to 3SF.

(d) Determine the nature of each stationary point.
(e) Hence, sketch the curve of y = f(x) labelling
each stationary point and the points where the curve
crosses the coordinate axes.

(2) A curve has equation

y = (x — 2)(x? + 5x + 10)

(a) Show that the only root of the equation is
x=2

(b) Find any stationary points on the curve.
(c) Find an expression for %

(d) Using your answer to part (c) show that one of
the stationary points is a maximum and one is a
minimum.

(e) Hence, sketch the curve of

y = (x — 2)(x? + 5x + 10) labelling each
stationary point and the points where the curve
crosses the coordinate axes.

WORKING AT A*/A

4—
(1) A curve has equation y = \/_ , x>0
(a) Find an expression for Z—x in the form
Ax™(B + Cx™)
(b) Hence, show that the x coordinate of the

: L 27
stationary point 1s X = 2

(c) Prove that this is a minimum point.

(2) Determine the least value of the function
g(x) = 2x* + 64x

(3) Prove that f(x) = x3 — 3x% + 18x + 12
is an increasing function for all values of x.
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(71) Dlﬁer@ntlatlon

(GradleQiF&antlons)

EWORKING AT D/ @
(1) f) = 8x% +4x +1 e Yy

(a) Fmd an expression for f'(x) '1 f
(b) ﬁence sketch the graph of the gra;d\;ent funct gyn
- ‘Hovémg where the graph crosses th&coomi;na‘t

~fl axes.z

/“’\

T
(4\ 7“4

(2) g(x) =3x3+ %xz —-2x+9

(a) Find an expression for g'(x)

(b) Hence, show that g(x) is stationary when
X = —gandwhenx =§

(c) Sketch the graph of the gradient function of g(x)

(3) Complete the sentence:
“The graph of the gradient function of a quartic
equation will be a function”

/}’“ :

WORKING AT B/C

(1) f(x) =6x*+4x3 —12x?2 —12x + 7

(a) Find an expression for f'(x)

(b) Find the values of x for which f(x) is stationary.
(c) Hence sketch the graph of the gradient function
showing where the graph crosses the coordinate
axes.

2)g(x) = —x3 +1 x +20x —5

(a) Show that g(x) is stationary when x = 5 and
(b) Sketch the graph of the gradient function of
g(x) showing where the graph crosses the
coordinate axes.

(3) Part of the graph of the gradient function of h(x)
is shown below.

e
e

Explain why h(x) could be written in the form
h(x) = Ax?

WORKING AT A*/A

(1) The graph of the gradient function of
f(x) = Ax? + Bx + C, x > 0, is shown below.

(a) Find the set of value of the constant A

(b) Write down where the line crosses the x axis in
terms of A and B.

(c) Explain why the set of values of C cannot be
determined from the graph.

(2) g(x) = Ax3® — Bx, where A and B are positive
constants.

Sketch the graph of the gradient function of g(x)
showing where the graph crosses the coordinate -.
axes giving the coordinates in terms of A and B.

/:\
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(72) The Appllcatlons of

Diffe renmygn

‘ 9]
EWORKING AT D/ E gueai
(1) ThE height of a rocket above thejground () in"f"f '

metrés after time (t) seconds can bé modelled by ,v

the/q:quatlon

4 P
b —t3 4+ 2t% 4 15¢, ,;0<t<1‘;8’8

w{(ﬁ/&*\} “{»&‘\;W )

(a)%ae;t\ogse —t3+2t2 + 1544 "

(b) Hence SHow-that thewrGH(e‘T is only at ground

level at the start of the flight.

(c) Find an expression for h'(t)

(d) Hence show that the particle is station when

t=3

(e) Hence, find the maximum height of the rocket.

(f) Find an expression h"' (t)

(g) Use your answer to (e) to verify this is a

maximum height.

(h) Draw a sketch of h = —t3 + 2t + 15t¢,

0<t<38

WORKING AT B/C

(1) A piece of wire of length 60cm is bent and made
into a rectangle with side lengths x and 2y.

(a) Show that 2y = 30 — x

(b) Show that the area (A) of the rectangle can be
written as A = x(30 — x)

(c) Use differentiation to find the value of x that
maximises the area of the rectangle.

(d) Find 2 ot

(e) Hence, show that this is a maximum value.

(f) Find the maximum area of the rectangle.

(g) Sketch the gradient function A = x(30 — x)
Beryl believes there could also be a minimum value

for x too.
(h) Explain why she is wrong.

WORKING AT A*/A

(1) The horizontal distance of a car (x) in metres
from a fixed point (0) after time (t) seconds can be
modelled by the equation

x=—t(t—t"—-12), 0<t<12

(a) State the initial distance of the car from O.

(b) Show that when the car is at its furthest distance
from the O, t satisfies the equation:

0=A+Bt* +Ct
Where A, B and C are integers to be found.

(¢) Find the maximum distance from O that the car
reaches. Give your answer to 3 SF.

(d) Show that the car never returns to O.
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(73) Integ E?tlon (Basic

Expressions:( x™))

JWORKING AT D/Egza \, 4
(D F‘i; d a simplified expression fo“f:?y including a *"f

constant of integration for each: | f
Ctx P2 (%= ax

a = vw“g

(2) Find a simplified expression for f(x), including
a constant of integration for each:

@F ) =xz OF =52 ©f @) =vx

ay _ 2
3) = (Bx+2)
(a) Show that Z—z can be written in the form

Ax?> +Bx +C
(b) Hence find a simplified expression for y.

WORKING AT B/C

(1) Find a simplified expression for y, including a
constant of integration for each:

dy _ 2 . 3 4y _ g -025_ .25
(a) dx—x2+\/§ (b)dx—8x X

dy _ dy _ 24 o2
(c)a—xﬁ (d) Tx —x§+3x5

3x+8

2 f'(x) =

(a) Show that f(x) can be written in the form
f'(x) = AxP + Bx9 + Cx"

(b) Hence, find f(x) giving each coefficient as a
simplified fraction.

3_452
(3) Given thatd—y = (x 1) show that
1

y= —x —2x — zTe

WUHKING AT A*/A

_ (Vx+2)?
(1) E - %3
Find a simplified expression for y.

. . 3
(2) g(x) has gradient function o~

Find a general solution for g(x).

1
(3) Given that f'(x) = (x + x3)3
Find a general solution for f(x) giving each
coefficient as a simplified fraction.

A Level Maths Year 1 Pure - Steve Blades 2023-2024 © - Full worked solutions are available at www.m4ths.com




WWW.NATHS.COM

A LEVEL MATHS (I)ShOWthatfy—y_zdy:%yz+§+c
(74) Indeffmlte Integrals

WORKING AT D/E

) Flnﬂ.%ath simplifying anmoe,ﬁ”lmgnts“‘t‘h

fra&;oﬁyg N *:T )
(a) [ ¥x* dx ) Jx—DE+2)dx
(@ J 4x77 dx /

\\{?’"‘Q’(r‘ﬁz

(2) Find f dt simplifying the coefficients

of each term.

(2) Given that

[(4x® +px?* +@)dx =x*+2x3+9x + ¢
where p, q and c are constants, find the values of p
and q.

(3) Given [(Ax + B)?dx = 3x3 + 6x%* +4x + ¢
find the positive constants A and B

2
3) Showthatfildt = Ets +c

2t3

WORKING AT A*/A

() f(x) = (1-3x)°

Given that x is small such that terms in x and
higher can be ignored:

(a) Show that an approximation for f(x) can be
written in the form f(x) = P + Qx + Rx?
(b) Find an approximation for [ f(x) dx

(1) Find J (4 = Y52) de simplifying the

coefficients of each term.
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(75) |ntegr§t|on (Fmdmg ®
and FIQQ@[IQ}EUHC'[IOHS)/* *f

EWORKING AT D/ e
(1) Ar; urve with equation y = f (x§<passes througlﬂf
the polnt 1, 2)

L

=3x%+4x—7, sho%{hat (f}

(2) (a) Find [ Gx%) dx

A curve with equation y = f(x) and passes through
the point (9,12).

(b) Given that f(x) = §x3 find £ (x).

. . 2
(3) The gradient function of g(x) = —

Given that the point (—0.25, 8) lies on the graph
with equation y = g(x), find an expression for g(x)

WORKING AT B/C

(1) A curve has equation y = f(x)

Given that % = 5x+/x and that (1,3) is a point the

curve, find an expression for f(x).

(2) A curve has equation y = f(x). The point (1,0)
lies on the curve.

. , 8 .
Given that f'(x) =1 — —» find f(x) in the form

Ax™ 4+ Bx + C where A, B and C are integers and n
is a rational fraction.

(3) The gradient function of a curve is given as
dy _ 4.2
e 4x

(a) Write down what type of equation the curve has.

(b) Given that the point (3, 35) lies on the curve,
draw a sketch of the curve showing where the curve
crosses the y axis.

WORKING AT A*/A

(1) Beryl has created a logo for her art project using
a computer animation package.

The area (A) of the onscreen logo she designs is
such that the rate of change of the area with respect
to time (t) is given as —3t? + 6t + 4

The animation appears on the screen from a dot and
disappears 4 seconds later.

(a) Find an equation for the model in the form
A=f()

(b) Find the area of the logo after one second.

(¢) Find when the logo is at its largest. Give your
answer to 3 S.F.

Q)x=f(), 0<t<5

(a) Given that f'(t) = St;1

find x whent = 2

(b) Write down the set of values for which f(t) is

decreasing.
(c) Find the greatest value of f(t),
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w wA wl_ -E"V E4LT tl‘ ?_; ESU " y (1) Without using a calculator, show that (1) Given that:

Y

2\
B
Y
&
:»:

4n

(76) Integratlon (Definite [ f (2x+ﬁ)dx—60+2f Qy+4)dy=84 n>0

n

\fz
I nteg ral }) ﬁ/ }’“‘\f Find the value of n. You must show full workings.

AWORKING AT D/ F gueu o
(D W{t thout using a calculator, sho(aéZ that Y

j (2x + 4)dx = 16
\\{'9’ "‘Q’ (:fz
h ”u\*
(2) Evdlgét@ each of the follow‘ﬁgg?“(}'ive your

answers as exaf’é't‘fractloﬂg“{‘)vhere appropriate. You
must show full workings: (2) Showing full workings, evaluate (2) Show, without a calculator, that

@ [t +x) dx ®) f; () ax .
3 (6x> 4+ x3 — 2x f ( >dp K3
[y, G

9 -05 250 1/2
—-1d d d
© [, & ) dx @ J; (x1/7) dx Where k is a constant to be found.

(3) Evaluate f18(4 -3t + %) dt
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(77) Integ[ﬁ;ation (Basic
Areas Under Curves)

- | — ,,.-:i;h {{
(lme diagram below shows p\fngf oT»ﬁle curve%v'iu;h‘{‘f

equatgﬁn y =9 — x? v

. ,_@’
\‘z:;'”

-

o] \
(a) Write dovéﬁ“where thefgfaph cuts the x axis.
The shaded region R is bounded by the curve with
equation y = 9 — x2, the positive x axis and the
positive y axis as shown above.

(b) Use integration to show that the area of the
region R is 18.

(2) (a) Factorise x3 — 5x2 + 6x fully.

Part of the graph of y = x3 — 5x2 + 6x is shown
below. A, B and C are the points where the graph
crosses the x axis.

(b) Write down the coordinates of A, B and C
(c) Use calculus to find the area of the shaded region
R bounded between the curve and the x axis.

WORKING AT B/C

(1) The diagram below shows part of the curve with
equationy = 16 — %, x > 0 and the line with

equation x = 4.

A

1 :
The graph of y = 16 — —; cuts the x axis at A.

(a) Find the coordinates of A.
The region R is bounded by the curve with equation
y=16 — i, the x axis and the line x = 4.

(b) Use calculus to show that the area of R is %5

(2) (a) Sketch the curve of y = x(4 — x)
(b) Use calculus to find the area trapped between
the curve and the positive x axis.

WORKING AT A*/A

(1) (a) Express (x? — 1)(x? — 4) in the form
x+a)(x+b)(x+c)(x+d)

(b) Hence, sketch the graph of

y = (x? — 1)(x? — 4) showing the coordinates of
the points where the graph crosses the coordinate
axes.

(c) Find the area of the region trapped between the
curve, the x axes and the linesx = —land x = 1

(2) The graph below shows part of the curve with
1

equation y = x2 — 2, x = 0 and the line with
equation x = a where a is a constant.

B

The curve crosses the x axis at the point A.

(a) Find the coordinates of A

The line and the curve meet at the point B.

(b) Given that the coordinates of B are (a, 1), find
the value of a.

The region R is trapped between the x ax1s the e

curve with equation y = xz — 2 and: the- hne X = a.
(¢) Find the exact area of the reglon R. el
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(78) Integr‘atlon (‘Negatlve;i"f‘
P g

and Posﬁvﬁéreas’)
‘wonxms AT D/ E gueasuim é

(1) T dlagram below shows part d‘f the curve Wlthjf
equat[ion y = x? — 4x and the line Wlth equation f

x =6 B /
' /

The curve crosses the x axis at the points A and B.
(a) Find the coordinates of A and B.

(b) Find [ (x? — 4x)dx

(c) Hence, using calculus, show that the total shaded
area trapped between the curve, the positive x axis

and the line x = 6 is 63—4 units.

(2) (a) Sketch the curve of
y=&+2)x-1Dx—-4)

(b) Hence, show without a calculator, that the total

area trapped between the curve and the x axis from

. 81 .
X = —2tox=41s7un1ts.

WORKING AT B/C

(1) (a) Sketch the graphof y = x2 —x — 6

(b) Hence, show that the total area trapped between

the curve, and the x axis from x = —2 to the line

67
with equation x = 5 is —

(2) The diagram below shows part of the graph with
equationy = x3 + bx? + cx +d

l (0,—10)

(a) Show that b = —8, c =17 andd = —10
(b) Use integration to find the total shaded area.

WORKING AT A*/A

(1) The diagram below shows the curve of
3

y = xz — 8, x = 0 and the line with equation x = b

/

B

(a) The curve crosses the x axis at the point A. Find
the coordinates of A.

(b) The curve and the line meet at the point B. Given
that the coordinates of B are (b, 19), find the value
of b.

(c) Showing full workings, find the total shaded area
shown trapped between the lines x = 0and x = b
and the positive x axis.

(2) Showing full workings, find the total ared I
trapped between the curve of y = —+-3; the

f e’
positive x axes and the lines x = 3 andx =1.°

Give your answer in exact form.
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(79) Integratlon (Areas
between @ugrves and Llrlﬁg)\f

WURKING AT D/ (g \ 4

(1) T dlagram below shows part d‘f the curve Wlthf
equatlon y = x? and the line with equatlon y = 2x;f
Theziime and curve intersect at the paints 4 and (;{

Am‘d‘
el

»

[ 4

A

(a) Use simultaneous equations to find the
coordinates of A and B.

The shaded area on the diagram is the region
trapped between the line and the curve between the
points A and B.

(b) Show, using calculus and using the area of a

triangle, that the area of the shaded region is %

WORKING AT B/C

(1) The diagram below shows part of the curve with
equation y = —x3 + 8 and part of the line with
equation y = 8 — 4x.

\__

N

The region R is the area trapped between the curve
and the line between where they intersect.

Use calculus to find the area of the shaded region R

(2) The diagram below shows part of the curve with
equation y = (x — 3)(x + 2)(x — 1) and the line
with equation y = 6 — 2x. The line and curve
intersect at the points C and D. The curve crosses
the x axis at the points A, B and C.

. 45
Use calculus to show the shaded area is ”

WORKING AT A*/A

(1) The diagram below shows part of the curve with
equation y = 4+/x, x = 0 and the tangent to the
curve at the point P.

A

The equation of the tangent is y = x + a where a is
a constant.

(a) Find the coordinates of P.

The tangent crosses the x axis at the point A.

(b) Find the coordinates of A

(¢) Use calculus to show that the area of the shaded

. . 32 .
region shown above is ~ square units.
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(80) Basic Exponential
. _}‘ Y
Functions. >,

BWORKING AT D/E

(1) (4)'Using a set of axes like tho?_e_flin the diagranii’r;j
below, plot the graph of y = 2%, -3 <x <4

20
18+
16+
14+

124

1 2 3

(b) Use the graph to estimate the value of 2%

(2) On the same set of axes sketch the graphs of y =
2%, y = 3% and y = 4* showing where the graphs
cross the coordinate axes.

1 X
(3) Sketch the graph of y = (5)

A
;Lz»g,th;-’

. _‘.cii_;{ |
<
% o

WORKING AT B/C

() fx) = 2%

(a) Sketch the graph of y = f(x), showing where
the graph crosses the coordinate axes and writing
down the equation of the horizontal asymptote.

(b) On separate diagrams, sketch the following
graphs:

(i) y = 2f (x) showing where the graph crosses the
y axis and stating the equation of the asymptote.

(ii) y = f(x) + 3 showing where the graph crosses
the y axis and stating the equation of the asymptote.

(iii) y = —f (x) showing where the graph crosses
the y axis and stating the equation of the asymptote.

(iv) y = f(—x) showing where the graph crosses
the y axis and stating the equation of the asymptote.

(v) y = f(x — 1) stating the equation of the
asymptote.

(2) The graph of y = pa® where p and a are
constants passes through points (2,18) and (3,54)

(a) Show that 18 = pa? and 54 = pa®

(b) Use simultaneous equations to find the values of
p and a.

(c) Hence, sketch the graph of y = pa* showing
where the graph crosses the y axis and stating the
equation of the asymptote.

WORKING AT A*/A

1\*1 .
(1) Sketch the graph of y = 3 (E) showing

where the graph crosses the y axis and stating the
equation of the asymptote.

(2) The diagram below shows part of the curve with
equation y = ab* + 2, where a and b are constants

(0.-2)

The curve passes through the point (3, p). Show that
p = —30.

(3) The graph of y = ¢ + ab®, where a, b and ¢ aré
constants, crosses the y axis at the point'P-,
Find the coordinates of P in terms’of a and c. v
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(81) ‘The’ Exponential
. __}‘ ‘4\}
Function’.y/= e*

™~ N __‘.cii_j‘ |
WORKING AT D/ E gyt
(1) the graph of y = e* shéyving where the?}

. . . ®
graph crosses the y axis and stating the equation of/
th;c(;é(symptote. B

N
I3

(2) Find the value of each, giving your answers to 2
decimal places:

(i) e3 (if) e+ (iii) e 2

(3) Find an expression for Z—z for each below:

(@y=e* (by=3e* (c)y=e*

dy=e*+x(ey=—-e* (dy=e™*

A
;Lz»g,th;-’

WORKING AT B/C

(1) (a) Sketch the graph of y = 2e* showing where
the graph crosses the y axis and stating the equation
of the asymptote.

(b) Sketch the graph of y = 2—e* showing where
the graph crosses the y axis and stating the equation
of the asymptote.

(c) Sketch the graph of y = e*~3 showing where
the graph crosses the y axis in exact form and
stating the equation of the asymptote.

(2) (a) Find a simplified expression for f'(x) for
each below:

M) fO) = e (i) f(x) = e¥ +x2
(i) f() = 4e¥  (iv) f(x) = e*(e* — 6)

(b) Given f(x) = 2e°%, find f'(2) giving your
answer to 1 decimal place.

3) Given that y = (e* + 1)?, show that
y

dy_

2e%% 4 2e*
dx e e

WORKING AT A*/A

(1) A curve has equation y = a + be* where a and
b are constants. Given that the point (—1, 5 + g)

(a) Find the values of a and b.

(b) Sketch the graph of y = a + be* showing
where the graph crosses the y axis and stating the
equation of the asymptote.

(c) State the range of values that y can take.

) f(x) =7 —5e*7?

The graph of y = f(x) crosses the y axis at the
point P.

(a) Write down the exact coordinates of P.

(b) The range of f(x) is f(x) < q. Find the value of
q.

(c) Find an expression for f'(x).

(d) Hence, find the gradient of the curve when x =

3 giving your answer in exact form.

(B)y=e?

The normal to the curve at the point with x
coordinate 1, crosses the coordinate axes at the
points A and B.

Find coordinates for A and B giving your answers as
exact values. TR
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(82) Applleatlons of Basic
Exponer:&a}i\/lodels

EWORKING AT D/ e
(1) Alan is growing a new colony Ciﬁmmro rats 1na@f

expeﬁment The number of rats N after time t Weeks
from; the start of the experiment can bq modelled
ARG €quat10n N = 1092t ?“‘\?’ ~

S X (a) Wg@te down the initial number of rats at"the start

e ‘\
(b){Fm;dg\ t}le number of rats af;@f Qﬂvxﬁeeks
(C) Show that ptz: S ZeQ.ztff’z o

(d) Find the Value of E N whent=8.

(e) Interpret this value in the context of the model.
(f) Sketch the graph of N = 10e%2¢ fort > 0
(g) State a limitation of the model.

£
e

WORKING AT B/C

(1) The number of people P after on a newly found

island after n years can be modelled by the equation:

P =40e%" + 160, n>0
(a) Show that there were initially 200 people on the
island.
(b) Find the number of people on the island after 12
years.
(c) Show that Z—Z can be written in the form ke%1"
where k is an integer.
(d) What does Z—Z represent in the context of the
model?
(e) Find the value of Z—Z when n = 20

(f) Sketch the graph of P = 401" + 160

(2) The amount of moss observed on a rock Mkg
after time t years can be modelled by the equation

M=2+3e_é, t=0
(a) Find the amount of moss initially observed.
(b) Does the equation model growth or decay? You
must justify your answer.
(¢) Find the amount of moss on the rock after 12
years. Give your answer to the nearest 100g.

t
(d) Show that = = —0.375¢ @

(e) Find Z—A: whent =9

(f) Interpret this value in context of the model

(g) Beryl believes there will always be at least 1kg
of moss on the rock. Is she correct? You must justify
your answer.

t
(h) Sketch the graphof M =2+ 3e"s, t = 0

WORKING AT A*/A

(1) The value of a boat V £ after t years can be

modelled by the equation V = 8000 + 12020 t=0

e4
(a) Explain why this equation models depreciation.
(b) Find the initial value of the boat.
(c) Find the value of the boat after § years giving
your answer to the nearest £.
(d) Find the rate at which the boat is depreciating
after 10 years.
(e) Sketch the graph of V against t.
(f) Interpret the asymptote on the graph in context of
the model.
(g) Make one criticism of the model.

(2) The population of a newly inhabited island can
be modelled by the equation P = 100 + Ae?*
Where P is the number of people (in thousands) and
n is the number of years after the island was first
inhabited. A and b are constants.

(a) Given that there were initially 120’000 people on
the island, find the value of A.

The rate at which the population is increasing after n
years can be found using the expression 6Pt

(b) Find the value of b.

(¢) Find the population after 10 years.

(d) Sketch the graph of P against t.

(e) Use logarithms to find the rate at which the
population is increasing at a rate of 40000 people a
year.

(3) A model has the equation 4 = b + ce“t
where b, ¢ and d are positive constants and t is
time. Find a general expression for the I‘ate at
which 4 is changing. bt

/
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(83) Logar‘lthms
(Slmpllmng& Evaluat[pg)\f

WURKING AT D/ gl \ 4
(D R’ rite each of the following &é‘ing a logarlthngf
f

(a)ﬁ@ =9  (1)53=125 (c) &\ 64

: P;,M\?,q

4-,:«1 1 L

e | (d)/m\ .

oy (‘é

©9°=1

(2) Without a calculator, find the value of each:

(a)log, 8 (b) log;81 (c)log,16

(d)logs125  (e)log,32 () log,7

(3) Use your calculator to find the value of each to
3SF.

(a) log,27

(b) log,3 (c) logy.10.05

WORKING AT B/C

(1) Without a calculator, find the value of x in each:

(a)log,x =3 (b)logzl=x (c)log,2 =x

(d)logz3 =x (e)logg (i) =x (f)logs0.2 =x

(g)loga(x —1) = 4 (h) logs (2x) = 4

(2) Given that log x is the same as log;, x, without a
calculator, find the value of each.

(a) log 100 (b) log0.1 (c)log1

(3) Explain why log, a? = b for when a is positive

and a # 1.

WORKING AT A*/A

(1) Given that x > 0, without a calculator, find the
value of x in each:

(a)log,9 =2 ®)log,3—x)=1

(c)log;0.04 =x -3 (dlogyl =2x—-1

(e) log, 0.125 = — Hlogg2=x+7

(2) Without using a calculator, estimate the value of
x in each:

(a)logz 25 =x
(c)log,x =3.5

(b)log, 14 =x
(b)log110 = x

(3) Alan is trying to solve the inequality below for x.
(logg0.5) x > 14

He writes:
14

> —_—
(logg0.5)

x> —42

Is he correct? You must justify your-answer.
g Reaneil
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(84) Logar‘ithms (The Log

A

Laws) A b, A

logarlthm
(b) lsbg‘rsx,v%ofé
(g}ffbg}z,— log 5

’a‘f“'}égZ +log 8

I @Qﬁg"%+log8 log 2

(2) (a) Show that log x?y3 = 2logx + 3logy

(b) Show that log\/_ S5logx — %logy

(3) (a) By combining logarithms show that the
equation
log, 3 +log,(x—1) =0

can be writtenas 3(x — 1) = 1.

(b) Hence, solve the equation
log, 3 +log,(x—1)=0

b __,,..:ff::j ‘E
WORKING AT D/Egnse \v«
(1) W{ ite each of the following as 5lélngle {f

WORKING AT B/C

(1) Write each of the following in terms of log, x,
log, ¥ and log, z.

(a) log, ("76) (c) log, 8xz°

(b) log, x” zy?

(2) Solve the equation
log,(5x — 6) +log,(3x +10) =6

Giving your answer as an integer.

(3) (a) Show that the equation
2logz;(2x +1) =5 —logs(x — 1),

Can be written as (2x + 1)?(x — 1) = 243

(b) Hence, verify the solution x = 4 is a solution to
the equation 2logz(2x + 1) =5 —log;(x — 1)

WORKING AT A*/A

(1) (a) Find the solution to the equation
2logs(x —1) =05 +1ogy(x +3), x€R
Showing step by step workings.

(b) Explain why there is only one solution to the
equation.

(2) Beryl is trying to find the real solutions to the
equation

alogy(4x+3)=c, x€R

Find the set of values for which x is valid.
(3) (a) Given that p = logg x and q = logg y, write
each of the following in terms of p and q
1
(i) logg 2x*y3
9
(ii) logg %

(b) Write the following as a single ng‘@"fri%Hzrﬂ. S
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(85) Logar‘lthms (Log and ;»j%
EXpO”efﬁ\m‘Equatlons) ) A

AWORKING AT D/E “‘*’»}"” \v«
(1) Selve each equation giving yoﬂfrl*answer to 3. SF"f

H’

(a)3*—13 (b) 5% = 16 (c)zx—091 )i

\\{?’"‘Q’(r‘ﬁz

\.\?{(};
S

_ N
Ly

(2) Solve each equation giving your answer to 3.SF
(a)4**1 =50 (b)517* =8 (c) 7%**1 =100

(3) (a) By taking logarithms of both sides of the
equation, show that the equation 5% = 23*~1 can be
written as x log5 = 3xlog2 — log 2

(b) Hence, solve the equation 5* = 23*~1 giving
your answer to 3 significant figures.

WORKING AT B/C

olve the equation = ~© glving your
1 Sol h : 4_x+1 32x 1 g : gy
answer to 3 significant figures.

(2) (a) Using the substitute p = 5* show that the
equation 52 + 2(5%) — 8 = 0 can be written as

(p + a)(p + b) = 0 where a and b are constants to
be found.

(b) Hence, find the solutions for p.

(c) Using your answer to part (b) find the only
solution to the equation 52* + 2(5%) — 8 = 0.

(3) Find the coordinates of the point where the
graphs of y = 2% and y = 3%~ intersect giving
your answers to 3 significant figures.

WORKING AT A*/A

(1) Solve the equation 23*~1 = 7 x 5%*~3 giving
your answer to 3 SF.

(2) Solve the equation 62¥ — 6**1 +8 =0

(3) Prove that there are no real solutions to the
equation 5(22**1) + 2¥*2 4+ 1 =0
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