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INTRODUCTION TO THE
THIRD EDITION

This third edition of Core Maths for Advanced Level has been extensively revised to
cover the pure mathematics for AS and A Levels in Mathematics based on the subject
criteria specified by QCA. The material is dealt with in a progressive and logical way so
that the knowledge and skills acquired for AS stage are used and developed in later
topics for A2. Because this book is not limited to any specific scheme, it also covers
material that some boards may not examine. Specific syllabuses need to be looked at in
order to identify topics that are optional: a syllabus map is included.

As a starting point, the book assumes the minimum level of success on the national
curriculum for access to A-level. Many of you will have reached a higher level,
particularly in algebraic skills and so will find an overlap between some work in this
book and what you already know. For you the early chapters provide useful revision
but they also contain some work that you are unlikely to have covered. We suggest
using the mixed exercises at the ends of these chapters to identify unfamiliar topics, so
that you can, if you wish, restrict your study to these sections.

All too many students regard A-level mathematics as being intrinsically difficult. We
strongly disagree with this opinion. Part of the reason for this myth may be that
students, at an early stage in their course, tackle problems that are too sophisticated.
The exercises in this book are designed to overcome this problem, all starting with
straightforward questions. There are many A-level examination questions at regular
intervals throughout the book. These extensive exercises are intended for use at a later
date, to give practice in examination questions when confidence and sophistication
have been developed. The summary sections also include a brief recap of the work in
preceding chapters and a set of multiple choice questions, which are useful for self-
testing even if they do not form part of the examination to be taken.

There are many computer programs that help with the understanding of mathematics.
In particular, good graph drawing software is invaluable for investigating graphical
aspects of functions. Graphics calculators are also invaluable and some of them are
now available with facilities to link them to computers and printers. However, as their
use is forbidden in certain examination papers, you should not get into the habit of
relying on them too much.

Another very valuable aid, particularly for investigating sequences and analysing data,
is a computer spreadsheet. In a few places we have indicated where such aids can be
used effectively, but this should be regarded as a minimum indication of the possible
use of technology.

We would like to thank Alison Gee for her thorough work in checking the book.

We are grateful to the following examination boards for giving their permission to
reproduce questions from past examination papers.

London Examinations, a division of Edexcel Foundation (Edexcel)
Oxford, Cambridge and RSA Examinations (OCR)

Assessment and Qualifications Alliance (AQA)

Welsh Joint Education Committee (WJEC)

L. Bostock
S. Chandler
2000
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CHAPTER 1

Algebra 1

Skill in manipulating algebraic expressions is essential in any mathematics course
beyond GCSE and needs to be almost as instinctive as the ability to manipulate simple
numbers. This and the next two chapters present the facts and provide practice
necessary for the development of these skills.

478 Multiplication of Algebraic Expressions

488

530

53|

538

The multiplication sign is usually omitted, so that, for example,

2q means 2 x g

and x x y can be simplified to xy

Remember also that if a string of numbers and letters are multiplied, the multiplication

can be done in any order, for example

2px3g =2xpx3xq

= 6pq
Powers can be used to simplify expressions such as x xx,
ie. ERE =3
and xxxt=xxxxx=x3

But remember that a power refers only to the number or letter it is written above, for example

2x? means that x is squared, but 2 is not.

Simplify a (4pg)> x5 b “}iz— =
a (4pg)* x5 = 4pg x 4pg x 5
= 80p2q*
b ang% x1 _ Efi}<523
¥ ay- BN X
= {
Simplify
13 x5x 8 7a x 9b
2xx2x 9 8t x 3st
3 (2x) 10 2a? x 4a
4 5p x 2q 11 25x2 = 15x
5 dx x 2x 12 12m? = 6m
6 2pg x Spr 13 b?% x 4ab
7 (3a)* 14 25x%y + 5x

ay?

15 (7pq)* x (2p)°
16 224b
11b

18ax?
3x

8 36xy
18y

17

9 T2ab?
40a?b
2 1

20 -+ —
5 «x

g1 % .l




summary A

e PSS

5 Expanding (1+\/§)3 gives
p 3+V06
E 1+2V2

A 3+3V2
B 7+5V2
c 1+3V2

g o Tt 1

A x+1
B x+15

4+ 15 hasa factor
¢ 2x—1

Dx-3

7 x3+4+8 hasa factor

A x—2
B x+2

Cc x—8

p x>+ & +4

and p>0, P is

A V88
B 0

9 If x2+4x+P = (x

c V6

D3

values of p and g are

g If x24+px+6= 0 has equal r00fs

E V24

4 q)2 41, the

Ap:S,q:Z Dp:—l,q:S
cp=24~= 5
a3 s
10 p o xXP simplifies tO
T op
Al ¢ p* E p'/?
g g Dp
11 In the expansion of (a— 2y the
coefficient of b*is
K =24* G 12a E —12
B —Ba D —4a
12 If log,y = 2 then
Ax=12y cxX=Y Ey=+V%
Bx=y DYy= %

In questions 20 to 23, writ

20 If x—a 182 factor O
the equation X24pr+d =

root equal to d-

21 3logx+1=

equation.

e T if the statement is true and F if the statemen“i

£ x>+px+ds
0 hasa

log10x? is an

3 2nx S0y = ExAMINATION QUESTIONS A

2

A I C In(5 xx%)
2y

g lnx*+In N In2x + Ity { Determine the value of the rati
tional - - whi
S number p for which
. ¥

14 logy S — 210 9+ 2log 16 18 eqU 2 T =
m%m g102 + 710810 qu /3 3
A logp80 D 2logl2 3 Show that the elimination of x from the simult e
a .
B 10 E 1+logy8 -2 =1 neous equations
c 0 Iy —y* =8
produces the equation 5 2
15 When (3 5% 4 s expanded Solye thi : y*+3y —8 = 0.
( ) P' vzt‘_[hflls celquatlon and hence find the pairs (x, y) f .
A the coefficient of x* is 1. I e ,v) for which the simultaneous equati
. 10ns are
ici is —540, 3 E ay-12
B the coefficient of x is —540. xpress (a*)”/* as an algebraic fraction in simplifi (Edexcel)
C there are four terms after all" 4 Solve the si implified form.
simplification- simultaneous equations [OCR)
x+y =1 *-xy+y? =T
16 y = Inx — In4
) 5 Express o i , (OCR)
Ay= % B x=4¢ CY E | (\/E)% in the form a”, stating the value of 7.
6 Solve the simult (OCR)
aneo 7
17 2242 = ) e B o
i ‘—xy = 10.
A (x-1)7+1 c -1l 7y =53
y = 5%+ 24x% +29%x + 2
B Owhenx =1 a E: factor th . (OCR)
or theorem ;
b He e to find one fact
18 Llog, 16— nee write y in the form A ot 3
A is equal to Zero: giving the(\):aL:)(}(Fx : -i};bx +c¢),
: eac
B is equal 10 1084 7. ¢ Hence find the exact so[ﬁfigrllz :Oﬂitaﬂts gy by andec.
8 Itis given th o the equationy = 0.
" 2W3-2 . at (x+ 2) is a factor of x* — 4x? + 2x _ (AQA]
273 42 , Xpress each of the following i + a. Find the value of the constant a oc
A can be expressed as afr $it g in the form p + g+/7 where p and g are rati 1acN)
with a rational denomindl® +3V7)(5 — 2/7) (54 v7) ational numbers.
I 1 p >~ ¥/
i : bet.
B isan irrational num e G-V
C isequal to ~1. gebraic method to solve th Sk

W= Al e simultaneous e :
x quations
+2andy = 3x—7. S

b Inte
rpret
5 your answer geometrically.
Expresg (—ii:li)&ciﬂ 3(x+1) [AQA]
: —12)(x+3) -
B =° single fraction in its simplest form

se [he law
s of logarith
m (Edexcel
ln4‘1n24+%1n2258 to express )

22 In the expansion of (H’I)
coefficient of x is O

23 As Ji=4 gives X .
equation V¥ = 4 18 Sigle logarithp, ;
k. hm in jtg simplest form. Sh
B . Show all your workin
g.

(OCR)




Examination questions A

13 a Write down the exact value of x given that 4* = 8.
b Use logarithms to find y, correct to 3 decimal places, when 5% = 10.

14 a Expand (1+x?)(1 +x%), arranging your answers in ascending powers of x.
b Find, as a decimal number, the exact value of (1 +x?)(1+x%) forx = 1073

15 Write In x* + In xy — In y? as single term.
Hence obtain an expression for y in terms of x if Inx?® + Inxy — Iny? = 0

16 Express
x*—8x—3
in completed square form.
Hence, or otherwise, find the exact solutions of the equation x> — 8x —3 = 0.

17 Solve the equation 4x3 + 12x2 +5x — 6 = 0.

Hence find the other two roots of the equation, giving your answer in an exact form.

19 Simplity i ¥ g expressing your answer in surd form.
20 Given that p = e* and g = ¢*, express each of
a e’ b e*”

in terms of p and g. Your answers must not involve either logarithms or powers of e.

21 Given thaty = log, 45 4 log, 25 — 21og, 75, express y as a single logarithm in base b.
In the case when b = 5, state the value of y.

22 Express log, (x + 2) — log, x as a single logarithm.
Hence solve the equation log, (x + 2) — log,x = 3

23 Given thaty = 10%, show that

b £ = 10!
10

¢ Using the results from a and b write the equation
100 — 10001(10*~1) + 100 = 0
as an equation in y.

d By first solving the equation in y, find the values of x which satisfy the given
equation in x.

a y? = 100%,

24 It is given that
x+a)(x>+bx+2) =x> -2 —x—6,

where a and b are constants. Find the value of ¢ and the value of b.

18 One root of the equation x* + kx + 11 = 0, where k is a constant, is 1. Find the value of k.

27y = 27 +5x% -8 —15.
S a Show that whenx = -3, y = 0.
b Hence factorise 2x® + 5x% — & — 15.

(£ dex(-? ¢ Find, to 2 decimal places, the two other values of x for which y = 0. (Edexcel)
Igi;zs prove that x? +px + g is a perfect square if, and only if, p? = 4q. (Edexcel)
f
fﬂ@ﬁgg Use the factor theorem to find one of the factors of the cubic
! 2% — 92 4 Tx 4 6.
Hence factorise the cubic into its linear factors. (WJEC)
{ A@hm Given that for all values of x,
i W24 1245 = p(x+q)° +r,
(WJE“]' a find the values of p, ¢ and r.
b Hence, or otherwise, find the minimum value of 3x2 + 12x + 5.
(@ ¢ Solve the equation 3x* +12x +5 = 0, giving your answers to one decimal place. (Edexcel)
(Wi 31 a Given that a and b are positive numbers, show that
In(ab) = Ina + Inb.
b Express In6 —In4 +In8 — In3 as a single logarithm. (AQA)
(O'Cl 32 Express (2x + 1)(x — 2) — 3 as a product of linear factors. [OCR)
33 Solve the simultaneous equations
A x+y =2 x*+2?=11 (OCR)
‘34 Given that & is a real constant such that 0 < k < 1, show that the roots of the equation
(ad kx2+2x+(1—k)=0
are a always real b always negative. (Edexcel)

35 The polynomial x* + ax + b has x — 1 and x — 3 as two of its factors. Use this fact to write down
two equations for @ and b, and solve them. Hence find the third factor. (OCR)

36 Given that (x — 2) and (x + 2) are each factors of x> + ax? + bx — 4, find the values of a and b.
For these values of a and b, find the other linear factor of x® + ax2 + by — 4. (OCR)

37 Show that both (x — v/3) and (x + /3) are factors of x* + x? —x% — 3x — 6.
Hence write down one quadratic factor of x* +x* —x2 — 3x — 6, and find a second quadratic

(EIXE  foctor of this polynomial. (OCR)

38a Assuming that a = e™® where a >0, prove that
In(a") = nlna
(@ b Find, correct to three decimal places, the value of y given that

+1

25 The cubic polynomial x* — 2x? — 2x + 4 has a factor (x — a), where a is an integer. P = Bnd (WJEC)

i Use the factor theorem to find the value of a.

ii. Hence find exactly all three roots of the cubic equation x> — 2x?> — 2x +4 = 0. (of
26 Explaining each step clearly, express

log, (8v/3) — 3 log, 75
in the form p + g log, 3, where p and ¢ are rational numbers to be found. (Edext
e —

E— e




B Examination questions B ::

ExAMINATION QUESTIONS B 4 o circles with centres A and B, cach of radius 13 cm, ;
lie in a plane with their centres 24 cm apart. |
The circles intersect at the points C and D. ‘ ;
= 1 a i Find the gradient of the straight line 2x + 3y = —1L. X ;
'\ ii Find the equation of the line through (9, —1) perpendicular to 2x + 8y = -1l a Determine the length of CD. Harrmels 1
b Calculate the coordinates of the point where these two lines meet. @ b Calculate the size of angle CAD in radians, giving your answer to four significant figures. |

¢ Calculate tljle area of the shaded region common to both circles, giving your answer to the ' |
pearest 0.1 cm”. :

2 [AQA)

. 9 A, B, C are the points (4,3), (2,2) and (5, —4) respectively.

:\ a Show that the lines AB and BC are perpendicular.

] - _

. b A point D is such that AB ; . ;

1‘ : Eation ot s z = HCD is a _rectangl(_:. Fn}d the equatu?n of the line AD and the :

‘: q . Hence, or otherwise, find the coordinates of D. |

' The diagram shows a circle of centre O and of radius 2cm (not drawn to scale). The line AB st ¢ Find the area of rectangle ABCD.

‘ tangent to the circle at A and the line OB cuts the circle at C. The angle AOB = 75°. Calculatet (WJEQ) '

\ area of the shaded region correct to three significant figures. [t 10 The diagram shows the points 7 !

| A(=2,4), B(6,-2) and C(5,5). D |
| | 3 The points A, B and C have coordinates (5, —3), (7,8) and (-3, 4) respectively. The midpoint of

li BC is M. I
i i a Write down the coordinates of M. Not 1o scal I

\l b Find the equation of the straight line which passes through the points A and M. [ a E)lzi ;he_ eg;ajl—ogl 0}1; t]_u: l}ilne passing through the points A and B giving your answer in the

| = where the values of m and ¢ are to be found.

\] 4 P b The point D is the midpoint of AB. Prove that CD is perpendicular to AB.
i ¢ Show that the line through C parallel to AB has equation 3x + 4y = 35.
. J‘ /o (AQA| ‘

| A 0 B 11 The straight line passing through the point P (2,1) and Q (k, 11) has gradient — 3.
i } The diagram shows a semicircle APB on AB as diameter. The midpoint of AB is O. The pointPt  a Find the equation of the line in terms of x and y onl N i

| the semicircle is such that the area of the sector POB is equal to twice the area of the shaded Bt rmine ! gy i
e ‘ segment. Given that angle POB is 0 radians, show that o & value of . i)
i ¢ Calculate th i
W 30 — 2n —sind). ¢ e the length of the line segment PQ. (Edexcel]
i 12

5 The vertices of the triangle ABC are A (-3, 1), B(10,~-8) and C(1, 4). Find an equation of thelt
passing through A and B, giving your answer in the form px +qy +r = 0, where p, g and r aré
integers. Show by calculation that CA and CB are perpendicular. - ¢

6 In triangle ABC, angle A = 42°, AB = 6.0cm and BC = 4.5 cm. Calculate the two possible vali

¢ Thefi ;
of angle C. ! € figure shows the triangle OCD with OC = OD = 17cm and CD = 30cm. The midpoint of

CD i e
P Tadiussl;dj; With centre M, a sen?wlrcular arc A, is drawn on CD as diameter. With centre O and
i 7 The points A (—2,4), B(6,—2) and C(5,5) are the vertices of triangle ABC and D is the midpd* A Acrn, a circular arc A, is drawn from C to D. The shaded region R is bounded by the arcs
Ho of AB. 2. Calculate, giving answers to 2 decimal places, d

|

|

2 the area of the triangle OCD

a Find the equation of the line passing through A and B in the formy = mx+¢, where the
constants m and ¢ are to be found. b the Shtle COD in radians

(23

b Show that CD is perpendicular to AB. € the area of the shaded s

(Edexcel)

s @ 4

.




summary B

ints A(1,0) and B(5,6)-

h passes through the po

quation of the line ! whic
5 meets | at the point C.

13 a Findane

The line 1m with
e the coordinates of C.

sonm and has x-coordin
= PB.

cquation 2x + 3y =1

b Determin
The point P lie ate —3.
¢ Show, by calculation, that PA
gion, shown in the figur

2 radians.

=g

h centre X, where OX

14 The left ed shaped e
O. The angle AOB

of a circle O
ght edge of the shaded region is @ circular arc wit
A

DN

ge of the shaded crescent-

f radius rcm with centre
— ycm.

The i

a Show that angle AXB = Ln radians.
b Show that AX =T

ate, in terms of r, m and

3 cm.

¢ Calcul /3, the area of the shaded region.
and is perpen
dinates of t

through the point (10,1)
(10,1) t0 the line -

ind also the coorl

passes
tance from the point

15 The straight line p
equation n+y =1 Find the equation of p.

of pand 1, and deduce the perpendicular dis
C

16 The figure shows 2 circle with centre O and radius - ,
i AIA\ 5

Points A, B and C lie on the circle such that AB
is a diameter. Angle BAC = f radians.
s of r and 0.
gth of AC in terms 0

n terms of 0.

the size of angle AOC
AC? in term

C to express
ABC, write down the len

a Write down

p Use the cosine rule in triangle AO

g right-ang\ed triangle

¢ By considerin
g = 2cos*0— 1.

Deduce that co8 2

oints A and B have coordinates

6,3) respectively.
and D are cach distant
A and 6 units from B,

e diagram.

17 The p
(3, -1 and (
The points C
4 ynits from
as shown in th

a Calculate the length AB.

ulate the cosine of angle CAB.

p Calc
s 37

¢ Show that the length of CD i

18

|
¥
I
!

(Edexe!

¢ below, consists of an ax

19

{0

dicular to the line r with
he point of intersed

)

frand’

T

Examination questions B |

Railway track

g
g h
I a Stlal ht ath Of Iell ﬂ] ;OI“ fIOI“ t € point A to the Olllt B Ihe oints darc Ollled also

by a railway track i
in the
. form of an arc of the ci
gure. circle whose centre is C
1 and whos .
e radius is 44
g m,

e

a S Q t[l ] ] . .

Calculate
b the length of the railway track
¢ the shortest distan ; |
; ce f ‘
rom C to the path ;‘;E

€ ()[ the region bOLlIldEd 1) the railwa tl‘aCk aIld [he ath E(je e
{ X J

]

X

The diagram, n
, not drawn to sc
ale, shows a trapezium OABC with OA
parallel to CB. Gi
. Given that B

is the point (4,3), C i
" 2 ¥ C 1St 1
coordinates of A. he point (0,2) and the diagonal CA i
is parallel to the x-axi
-axis, calculate the
(OCR) J

.~ 5 -
.37

0]

“Scm

. .
] Of a ClI’CIG lth Ceﬂtrc and I‘adi 1 5 cm. €s
1S an arc W D dl‘ld D ‘

tangents ¢
of the ropi o the circle at A
€gion enclosed b and C respectively. Angle AOC = 2
= £ radians. Calcula
te the area

figures, v AD, DC and the AB \%
arc ivi
: C, giving your answer correct to 2 si
3 significant
Th L passes th dB
& Calculat es through the points A (1,3) an . |
b Find € the distance between A and ,B a e ‘ |
4N equation ) . 5 ‘
of L in the f +by+c = E
4 orm ax + by +c¢ 0 |
1 1 , where a, b and ¢ are i |
: F re imntegers. (Edexcel) |
u ; . :
ght line passing through the points with coordin -
0 of th h ith coordinates (
1,5) and "

>~ 4), glvin
& Your answer in the fo

€ ling
c
- rmax+by+c¢ = 0, wh
, Where a, b and c are integers

b

dxis at the [)“l][ A 1( 1€ y- Sa‘ Jle )0 i ]; anc ()]S 1€ O I
d
dax1 1
5 I'Igl

Fil’ld
the are
a of AOAB
(Edexcel)




Examination questions B

23 ¢
3 2
A‘?s‘t .

A

_ 3¢m, BC = 2cm, (BAC = ¢ and /ABC = 26.
to the nearest tenth of a degree-
t further calculation, explain why the length of

In the triangle ABC, AC
Calculate the value of 0 correct

Hence find the size of t
AB is greater than 2 cm.
gh the points (3,-1) and (—2,2), giving

24 Find the gquation of the straight line that passes throu

your apswer in the form ax + by +
of the line and the x-axis.

¢ = 0. Hence find the coordina

25 The diagram shows the cross-section of a tunnel.
The cross-section has the shape of a major segme

and the point O is the centre of the circle.
The radius of the circle is 4m, and the size of angle AOB is 1.5 radians.

Calculate the perimeter of the cross-section.

nt of a circle,

(00

dinates (2,4), (7, —2) and (6,2) respectively- Find the equali®

26 The points p,Qand R have coOr
endicular to the line PQ and which passes through the midpo

of the straight line ] which is perp
of PR.
and (—2,2) respectively A straight line [ passes

and B have coordinates (8,7)
ts C and D.

27 The points A
d B and meets the coordinate axes at the pom

through A an
a Find, in the formy = mx+6

p Find the length CD, giving you
prime.

the equation of L.

r answer in the form p+/@, Where p and g are integers and '
[

28 The line [ has equation 2x =Y — 1 =0

The line m passes through the point A (0,4) and 18 pcrpendicular to the line [.

ation of m and show that the

int B(3,0) and is parallel to the line m.
nt Q where the lin€

a Find an equ lines [ and m intersect at the point P (2.3): |

The line n passes through the po

ation of and hence find

b Find an equ the coordinates of the poi sland

intersect.
¢ Prove that AP = BQ = PQ. ¢

29 The figure shows a straight line graph of In y against In x.
The line crosses the axes at A (0,3) and B(3.5,0)

a Find an equation relating In y and In x.
. . . ndd
b Hence, OF otherwise, express y the form px?, gIVIng the values of the constants? 4 #

3 significant figures.

he angle ACB and, withou
(AQ

tes of the point of intersectioy
(G

aa)es}a]( V alsyalea]”[sl }l)‘ le Or = X Wlee a re con [n
321]]65!1‘] ] =
sat

a onstants

30 The figure shows
a er .
graph of In y against x fo Examinati - :
r two sets of observations ation questions B -

yand y. The line it |
of best fit is shown and it
it crosses the x-axis at E

=41
X yand the (In y)-axis at Iny = 3 -I
|

3M%X
NX
Find x
a Find an equation for the line of best fit
p Expressy ¢ i o Ol >
Valies g as a function of x in the form -
of a and b to 1 significant figu ) = abrhere aandbare 1 |
o consta i | :\
nts. Write down the ‘ |

(Edexcel)

31 A zoo keeps an offici
: 1al recor
adult animal. Four selectedmd Of the mass, xkg, and the a
pairs of values of x and y are verage daily food intake, y kg, of
given in the table b ’ » Ol cach |
elow, |

Anin’] al heetah
( Deer RhiﬂDCCIOS Hlpp |
Opotamu |

Show, by drawing a sui
i g a suitable lin
approximately consistent with ear gr_aph on a sheet of 2
ith a relationship between x anzjm graph paper, that these val
nd y of the form ’ values are

y = axl?l,
where ¢ and m are constants.
Use your li
near 1
graph to find an estimate of the val f
ue of m.

a. U()k . AS umin t! d 1 S ani I[a] 00C nta € ar (l nass coniorm
k da

to the relationshi
nship menti
e nship mentioned above, indi
B he bear ve, m(_:hcate a point on .
s average daly food intake, | linear graph correspond
e. sponding to the

(AQA)

Measure
ments of y for gi
y lor given values of x gave the followi
owing results

5 6

632 | 7.24 | 7.98

8.60 | 9.12

4 Plot I
Y against |
b Us n x and draw the i -
Cyour line to estimate tne of best fit to the plotted points
|

i the val
ue
i ¢ g Vhen

he va] y = 7.50 givi
u g1vin 0
es of a and g your answer correct to two significant f
ant figures.

b gi\’[n }‘ d y.
] g an
our SWers to n appr()pIia[C degl‘ee ()f acc
urac [AC )A |
J




EXAMINATION Questions C
1 Use calculus to find the values of X for whichy = 3t 4 Bx® + 6x? — 1 has stationary points.

2 4

G A2 D

actiony = £(x) is illustrated above-

The entire graph of a fu
1 of the function £(x).

a Write down the domai
£-1 (x) marking appropriate

averse functiony =

b Sketch the graph of the 1
L(x).

¢ Write down the range of £~

3 Find the equation of the tangent to the curvey = X° ox? 4 3x +6atthe

4 Functions f and g areé defined by
frxe - . xelR, x =0,
x+3
g:xHx-kl, xelR, x20,
Show that pf cx— x‘t_fl’ relR, x=0
| Xk 3
Express fg in similar form. Find (gf) ™ (¥):

it represents 2 function.

d iii, state whether Or not

ach of the graphs i, ii an
ented by the graph b

a Fore
1 b One of the graphs above is such that the function f repres
] inverse, £
| Assuming equal scales on the axes of the graphs drawn, sketch the graph of £
_180° €35 ;

6 Find, in degrees to 1 decimal place, the values of x which lie in the interval
satisfy the equation sin2x = —057.

(AQA

values on the axes 1
o

point where x = -1

[AOL

as an

Examination questions €

7 The diagram show
: s th :
by f:x—=14++/x e graph of the function f defined for x > 0
Copy the sketch, an ;
) , and show on th ;
making clear the relation betweei iiglfw diagram the graph of £ i
0 graphs. ’ 1 |

Give an expression i for f—
i pression in terms of x for 1(1’) and state th
) X), state the domai
- | | main
: .
hBI(‘lIr ne value O.fX for wh‘ ich f(x) = 1 i
, _* Sl tl(x{) E:y ConSIdering 1F
your diagram, explain why this value of x satisfies the equation |

.. x =x

By treating the e i
quation 1 + -
&, or otherwise Yo = 48 8 .
vh , show that quadratic equati ] ’ 3
s S i o e ) 1 |
= X
8 Given that cos?x = 2 |
- 5» Where m < x < 2, find the exact vz o |
X b tanx VR SRSy O
9 [et f(A) - . COS.‘A 14 sinAd (EdE‘XCE‘” |
+sinA4 cosA |
a Prove that f(A4) = 2secA |
b Solve the equation f(4) = 4
giving your answers f o s |
s for A, in degrees, in the i |
. e interval 0° < A4 < 360° |
o credit will be gi . |
4 given for numerical answers wit/ o |
olve the equation tout supporting working. |
1 4cot?0+ 12 cosecl+1 = 0
giving all answe N |
15 of 0 |
to the nearest degree in the interval 0 1
al 0° < 0 < 360°
: (AQA)

11 No i
credit will be o
e -
wrlking, given for a numerical approximati
ipproximation or for a numerical
rical answer wi
r without st ;
ipporting
|

4 Fin ;
d all solutions of the equation
tan2x = 2
in the Tan |
ge 0 < x < 360°. Gi |
b Ei x < 360°. Give yo
ind i your answers cor
all solutions of the — correct to one decimal place . |
2sin’x + 3cosx = 0

A
N the interval 0 < x < 360°
(WJEC) |

lZA :
Plece of wi
eelannle . C Of total le .
B thztotfhsmes s anl:igtgxlzm is cut into two pieces. One pi

€ total area enclo 12 and the other is bent to fo piece of wire is bent into a

sed by the rectangle and the s rm the boundary of a square

square is giver1 b i

” |

[

|

\

3 A =
Fing {pe val ot
Min; ue o 1 ‘

Nimupy,, fx if the total area encl i
closed is a minimum. Verify that
: at your stationa
ry value is a
(WJEC) i

197




Exam

ination questions C
13 The functions fand g are defined by
f(x) = Wr=35, xeRxZ5
g(x) = x24+3, relR

a Find the rangé of f and the range of g.

p Explain briefly why the function fg does not exist.

¢ Find

i an expression for gf (x)

ii the domain and the range of the function gt.
d Explain briefly why the inverse function of g does not exist.

e Tind an expression for £ (x), giving the domain and range of

14 A curve has equationy = 53 457 = O+

a Find E"l
dx
p Find the coordinates of the tWo stationary points on the curve.
¢ Use calculus to determine the nature of each of the stationary points and show these on
cketch of the curve.
d Deduce the range of k for which 43 L2 — 9 +d= k has three real roots.
15 y

(—a, 3a)

The diagram shows the curve y = f(x + a),

minimum points on the curve are (—@
separate diagrams, in cach case stating the coordinates of the maximum and minimum poiy

where a is a positive constant. The maximum and

3a) and (a,0) respectively. Sketch the following Cm"“'ﬂf”ﬁ In you
1 answers, distin

R

17 The functions f and g i
g are defined as follows: semmeenesion €

1
f() =~ (x#0): g(x) = 1 !

P (x #-1)

a Find an expression, i
€8s .
pression, in terms of x, for g~!(x)

p Describe i
; tilé gcr Efl;el(;m;etrlcally the transformation which
i the gragh (C))f ' _ L) into the graph of .VC _mapis
y = f(x) into the graph of y _ gg)( )
= X).

¢ Find an expression, i
, In terms ¢
| of x, for the composite function gf (x). Simpli
s a function h such that gh(x) = f(x) - Simplify your answer
— f(x), find h(x). '

(OCR) '

h or a4 ne I’GCI t
; | ; l . angula]' car Ell’k ! I m more a
a IOI‘ITI a [iHEar ineqllaht}‘ iIl X ) t | |
'Ihe a : i .
y 1 i g y i a i | f l
¢ me i i e va es oL x
B SOOIV our qu ]lt]ES, determ]ne the Set Of pOSqib[ \% l exce
0 e
| [‘Ed XC ”

_—— | 1 1 i
onar

W

. s . s
1}("" .ﬂ]ld det{') [IlIIle, ShOW]Ilg you[ Wolk].ng, Wllether the Sta[IOIldIY pO]Ilt 1§ a maximum ponlt or
d t
“”l ™™ € COOo ates o e St IlOIlaI pOllSOfGaCh “f
1 y = _+ 5
X X ’

2 2
x—1 (I—l)z ‘

iy =

20 Solve th
& equation 4 tan> (OCR)
d : ; an“x + 12 .
tgree, in the interval —180° < ;eixlgoz = 0, giving all solutions in deg
. S rees, to the nearest

1 Find, i
,In degrees the
> values of ¢ in the i (AQA)
interval [0 360°] for .
3 which

. 2 .
4sin” 0 —2sinf = 4cos?f — 1

. 5 o you : .
iy =@ i y= —2f(+a) 2 Astug r choice, which you should state.
ent models the evening lighting-up ti (Fdexc) ;
16 A large tank in the shape of a cuboid is to be made from 54 m? of sheet metal. The tank l;;;c p time by the equation ‘
of the 0P I

horizontal rectangular base and no top. The height of the tank is x metres. Two

vertical faces are squares.
a Show that the volume, V m?, of the tank is given by
v o= 18x — x>
use differentiation to find the maximum value of V-

b Given that x can Vary;

¢ Justify that the value of ¥/ you have found is a maximum.

L = 6.125 — 2.25 cos (g)
6

Where the
€ tim
. time, 7, hours pm, is always

assumes that all months are equally long

2 Calg
ulat
: € the value of 7, for mid-Jan ry
uary and for mid-May. 1

Fing,
: Y solyi
€ will be Sng an appropriate e

quation, .
pm (GMT) the two months in the year when the lighti
lng—up

r-

l‘ite do
WN an ¢
quation fi i
or L if t were to be in months starting i
g in mid-March

[AQA)




Examination questions C

23 i Draw cketch graphs of y = sinx and y = —COSX for

ii Mo needs 10 draw the graph of y = 2sin?x, also
attempts, P and Q shown in the figure below-

Realising that both cannot be right, Mo tests each
x = 270°.
below 1s @ correct conclusion from the test.

A The curve i correctly drawn.
B The curve is incorrectly drawn-

P g Q 7

iii a Solve the equation 2gin’x +3cosx = 0 for 0°

b Given that one of the curves, P and Q, in part
part iii a by drawing two suitable curves.

24 a Given that tan75° = 2+ /3, find in the form M+ /3, wherem and n are integers: the

value of 1 fan15° i fan 105°

p Find, in radians (o two decimal places, the values

| 351n2x+sinxf2 = 0.

25

' )

3 . Sho e B = Aghe-det i
Taking f(x) = ixt— 4x? + 25,
p find the values of x for which £’ (x) = 0.

¢ Hence, OT otherwise, find the minimum distance
| answer is a minimuimn.

Carry out the test for each of P and Q. In each case state which one of the statements A, B/C

C There 18 NO evidence that the curve is incorrectly drawn.

"i The figure shows the part of the curve with equation y = 5—-3x*
The point P(x,y) lies on the curve and O is the origin.

0° < x <360 gur
26 The figure shows a minor sector OMN of
a

for 0° <X < 360°, and makes two circle centre O and radius rem. Tt
. The perimeter

of the sector is 100
N > oy cm and the area of the sector M
of P and Q by finding the yalue of y when
a Show that 4 = 50r — r? -

Given that r varies, find

b the value of r f .
or c .
¢ the val which A4 is a maximum and show that A4 i
a ‘ : :
ue of /MON for this maximum are 1$ a maximum
a

d the maximum area of the sector OMN
9 Given thaty = x3 —x 46
a find 2.
dx
On the curve representing y, P is the point wh
erex = —
b Calculate the y-coordinate of the point P 1

¢ Calculate the value of dy at P
dx ’

d Find the equation of the tangent at P

<x < 360°.

Ihe tﬂnggnt at .
the point Q is
parallel to the ta
ngent at P.

ii is in fact correct, illustrate your answen ! ¢ Fi
. ind the coordi
inates of Q.

oc

t IlI]d the una on o tf e Il()Il“a] to the curv dt Q.
f
€ ¢

2 Find the se
t of values of x fo .
r wh
which 2(x* —5) <x?+6

of x in the interval 0 <X < 2, for which
[der®

Y The ey ;
tve with equati
toordinates ( ion y = 2+ ksinx pa
. o 1, —2), passes through the point wi
e value of k b with
¢ the val . the greatest val
ues of x in the interval 0 < x <m;3f%}<;r hich

30 The g;
diagram X
The coagr?‘ afhow:s the graph of y = x?(3
% (2,4) mates of the points A and ;
b (3,0) nd B on the graph 1

respectively.

X

& Write ¢
own the soluti
b ution set of the i :
2 for which ¥ Z % Ihe equation 3,2 e inequality x*(3 —x) <
32 —x ) <0.

3 o
= k has three real solutions for x

Examination questions €

(Edexcel)

(OCR)

(AQA|

(Edexcel)

the i A%

¢ Fungy
tion;
Sfand g are defined as follows:

15
x‘;xz(3‘x)’ ng-{\z

; ER xz (3 ]
; =x) 0%

that youﬁ; m ::"Plam Why £ hag S p <
R Sl the domgy verse while

s

from O to the curve, ghowing
g does not.

n and r = i
ange of £~!, and sketch the graph of f~!

(OCR)
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Examination questions Cc

11 Find the set of values of x for which

wlox—12> 0.
32 Find, correct O the nearest degree, all the values of 0 betwee
8 cos’ g+2sin@ =7
1ynomial in x of order 4.

33 a Write down an example of 2 po

p Inan exp
the curve on the g

eriment, Ama measures the value of s at differe

raph below

5
g
1
6
5
4
3
n
1

model s as 2 polynomial int.
r of such a polynomial mi

es that it is possible tO

Ama believ
le to think that the orde

Explain why it is reasonab
roposes a model of the form

s —at-p)—a)°
points where the curve

i
Amap

ii Write down the meets the coordinate ax

values for p, 4 and a.
' {ii Compare the es obtained from the model with those on the gr

valu
and comment 01 the quality of the model.

Ama proposes @ refinement to the mode] making it into

o = alt—p)— @A M)

d g have the same values as b
at the model and the gra

where a, p 2D efore and 1 is @ gmall positive
ph are in agreement

chooses the value of h so th

iv Find the yalue of /1.

y = sin where X is
_axis and k on
in terms of o,

1 34 The diagram shows part of the graph of
' measured in radians, and the values of o« on the x
the y-axis are such that sino = k. Write down,

q avalue of x between Jjﬂ and 7 such that sinx = k
|
b two values of x between 37 and 471 such that sinx = —k.

(Edexce)

n 0° and 360° satisfying the equation

(WIEC|

nt times, t. Her results are shown as

constant. Amd
whent = 2

es and use them © find | 37 Use di
¢ differentiati .
tiation to find the coordinates of the stati
‘ ationary points on
the curve

aph when f = 2, 4w’

o

35 A picce of wire of |
. ength 4 metres i i o
| . . xaminat i
circle of radius » metres and angle 0 radniztl o the shape ofa sector ofa B
- n.
a State, in terms of & and r
.

i the length of th
e arc ii the area 4 of the sector

b Hence show that 4 = 2r —r?
4

T

C [ llld the VHIUE Of r W] i W 1T ake h
]Ch il] c arca
a maXiI‘l‘lu . Ded 1ce h C COITC

d The figures labelled
A-F belo
made from the pi DEMIW show, all to the .
e piece of wire. Which of them ha:i&e}zzzzéc,tsm possible sectors which can b
roest area? c

¥ Giy
i SmHhaty = i3 _ 452 4 55— 2, fi
—2, find

C |
t

(OCR)

. & 8

b Find ! -
(x), where f~! denotes the inverse of f.

C culate value o or w C X f X).

y=x+ i
x
and determi
! me whether e i
LA a(Eh stationary point is a maximum poi
i x for which y increases as x incre poimt or & minimum poi
k- 'eases. -
d the values of cos x for which -

6sinZy =
X = 5+4cosx.

b Find a
Il the value
s of x in the interv
al 180° < x < 540°
for which

6sin’x = 5 4 cosx
. Q (Edexcel) [
St i |
€ point on the curve where x = 3 ' !

4 Caley
k" late the y-coordinate of P
Culate the gradient at p |

C Flnd th

M€ equatio
d Flfld e ! n of the tangent at P.
Fi

e
quation of the normal at P

nd the y
alues Of
x for which
the curve has a .
gradient of 5.
(OCR)
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Examination questions (o8

40 A landscape gardener is given the following instructions about laying a re
Jength xm is tO be 2m longer than the width. The width must be greater

is to be less than 63 m?.

By forming an inequality in X, find the set of possible values of x.

41 Solve the equation

9cosix — 6COSX — 021 =0, 0°<x< 360°,

giving cach answer in degrees to 1 decimal place.

42 Express 2¢° 5%+ 4 in the form a(x + b)? +c, statin
Hence, OF otherwise, write down the

y =225+

43 The function { is given by
foxrext— 8, X cIR, x < 4.
a Determine the range of f.
b Find the value of x for which f(x) = 20.

¢ Find £~ (x) in terms of x.

‘ 44 The diagram shows triangle PQR, in which PO
' Express cosR in terms of k.
' P

Q

5

Given that cosR < 1, show that 2k*

inequality.

45 The diagram shows
volume of the box is

a rectangular cake-box, with no top, W

xcm

{ a Show that the arca, Acm?,

" p Given thatx varies, find the value of x for which 5
| X

\ ¢ Find the height of the box when x has this value.

| d Show that when x has this value, the area of the card u

coordinates of the minimum

— 1 unit, QR

R

_ 7k +6 < 0. Find the set of values of K satisfying this
(o0

hich is

of card used to make such an open box is given by

0.

sed is least.

ctangular lawn. The
than 6.4m and the area

made from thin card. The
500 cm®. The base of the box is a square with sides of length x cm.

46 The function f is defined b

y Examination questions €
f:x—+3x+l
(Edexcg Y2

| | 3 e ,» X 2 |
3 ns
a ﬁ‘

b ! i
47 Given that f(x) = x*
(Edexce| ) =x"and g(x) = (Edexc
- o l
fg(x) — gt (x) P =SB Smmmpiey .
g the numerical values of a, b and c. :
oint on the graph of 4§ Given that f(x) = x3 3
p grap () = x3+2¢? — 5¢— 6, find oAy
logg | a f (2)
b the compl
| plete set of values of x for which f(x) <0
{9 Sketch the graph of th . -
‘I values of y when —1 gexcgr;e with equationy = x(1 —x). Determi (Fdexcel
<1 . ine the greatest and
least
(Edexe (3K

_ 72 units and RP = f umits.




EXAMINATION QUESTIONS D

Find by d

lnx, wherex = 0.
her this point is a m

acurveis y = 27—
mine whet

1 The equation of
point on the Curve, and deter

of the stationary

minimum point.
2 a Sketch the graph of y = e* for all real values of x.
b On the same axes sketch the graph ofy = ©
the graph of y = et onto the graph ofy = €™

3 a Sketch the graph of y = e¥,
b Given that £(x) = ef — X —

1, show that f is an increasing

0 and the ninth term is 40. Find

4 The fourth term of an arithmetic series is 2
b the first term ¢ the sum O

a the common difference

B),x €IR, where o and f§ ar€ positive constants. Sketch, on
h case the coordinates of

following equations, giving in eac

e x-axis.
jiii y= f(x + 20)

5 Tt is given that fx) = (x— a)(x —

. separate diagrams, the curves with the

‘ the points at which the curve meets th
iy= f(x), i y= 'lf(x)\!

6 An arithmetic series has first term 82 and common difference —10.

Show that the sum of the first

n(87 — 5n)-

i n terms is
ii Find the value of n for which this sum is equal to 370.

4 6 2
7 Findj (x-’rr—) dx
1 VX

. ; No credit will be given for a nume
| supporting working.

rical approximation oOf for a num

‘. 8 The function fis defined by f: x5+ 8x?
| a Using calculus, determine the stationary v

b Find the range of the function £".

9 Given thata isa positive constant, sketch the graph of y =
the coordinate axes.

terms of a where the graph crosses Of touches
Solve the inequality |3x —al <x.

10 The graph of
y = 2 i
(x+a)? + b is sketched opposite

ifferentiation the x-coordinate
aximum point or a

—x Describe a simple transformation which maps

function for x > 0.

f the first 20 terms,

erical answer without

_ 361nx and has domain x

alue of f, giving your answer to 2 s1gn1flcaﬂt figu"

|3x —al, indicating cleany P

Examination questions D

y=@+al+b

a Write down the values of 7 and b

b Use algebraic i
1 -nf1 .
o ntegration to find the area of the shaded
aded region

(AQA]

11 The functions f
st and g are defined over the set of real
al numbers by

f (X—3x — 5
g:xXx— 6—2.\'_
a State the range of g

b Sketch the
1 the graphs of the i
coordinates of any POllnf inverse buetingrt=! siges '
s at which a graph meets t }z]‘:'I and write on your sketches th
¢ coordinates ax § the
es.

C ;1;1[:6 g]\v‘ulg a IEaSOn, th.e llunlbeI Oi IDOtS Of the eq at on X) =

d Evaluate fg(—1), givi
3 )» giving your answer to 2 decimal pl
aces.
(Edexcel)

12 An arithmetic
progression h
as 241 terms and a common difference of 0
of 0.1. Given tha
t the sum of

2 { }

13 The dia
(diagram shows the c
%-axis at the origi urve y = 3x —x2,
. ogfigln O and at the point A Tl;ihf curve meets the
point B(2,2) intersects the x Aia ?ﬂgent to the
“axis at C.

a Find the e :
quation of the tan
] gent t
b Find the shaded area o the curve at B.

14 Sketch
the g[aph f
f0rdinates of ofy = |x - 2a|, wh ;
i 3 the i 2 €re a 1S a positi
ind, in ter points where the positive constant
i ms of graph m . (You should indj
of a, the two values of x Eatisf;?; Ecle ﬂ;e?-) 1 vid indlicate the
gl —
= 34a.
[OCR)

B The fypcq;
functions f anq g are given by

Bix-3r -1, xeR
g:ix—el ’

t R %, x€lR.
Hind the value of

b fg(4), givi
Express the inver EIVINg your answer to 2 decimal places

se functi -1
on f~!in the form -1 : x—

Sing the
Value of Same axes, sketch th
each function at x — 6‘3 graphs of the functions f and gf. Writ
5 H rite on your SketCh
the

L
nd the v
alue
S of x for which ! (x) = i

f(x)

(Edexcel)




Examination

[AQA)

= Examination questions D
re 12 and 6 respectively, 20 The function f is defined by f :x++e* +k, x €cIR and k is a positive constant.
: . ion a
questions D d second terms of an arithmetic progresst a State the range of f.
irst and S ivel
ven that the firs _ d terms. _ d 6 respectively, . ) .
162 g::;l the sum of the first hundre - of a geometric progression are 12 an o) b Find f(Ink), simplifying your answer.
: d term . ; o .
b Given that the first afﬂi sef(;::; {en terms is 25 ¢ Find 7, the inverse function of f, in the form £~ : x+s .. , Stating its domain.
t the sum of the . ; :
show tha d On the same axes, sketch the curves with equations y = f(x), andy = £~1(x), giving the
coordinates of all points where the graphs cut the axes. (Edexcel)
1 = 1n3 + 1nx' . 3
An equation of a curve C 18 . C crosses the x-axis. 21 A young person decides to save £50 at the start of each month to supplement her pension when
= ordinates of the point where 1 equation y = Inx. she retires. Interest is calculated at the end of each month and is added to her account. The total
a Find the cO Goonart, BORC and the curve with €4 P function of the in her account after » months can be modelled by the expression
’ 'nglﬂ 1agr 3 show that the m
b Sketch, 0 a st . rithm, and hence i |
Express In3 + Inx as a single 108 4 qescribe bricfly the 750 x 1.004',
¢ function (1n3+nx) 53¢ us ofy = F andy = 3¢ and :\:fer to part (b). [Edei =
sofy = an : :
: ingle diagram, the grap hs you sketched in a Find the total amount in her account after 3 months. Give your answer to the nearest 10p.
d Sketch, in a sing these graphs and the grap y D
. : en
relationship betwe b Calculate the total amount in her account if she continues this method of saving without a
break for 35 years. Give your answer to the nearest £100.
¢ Find the annual rate of interest assumed in this model. Give your answer to 1 decimal place.
(AQA)
18
2 Acurve has equation y = e* — kx where k is a constant (k> 0).
a The curve has a single stationary point at M. Calculate the x-coordinate of M and hence show
drawnlld scale); that the y-coordinate of M can be written as k(1 —Ink).
_ x2 —3x+5 (not dr& d
line y = 3 and the curve y = xded by the arc AB and the &1 b Use the result from part (a) to determine the exact value of k for which the curve touches the
The graph shows sketches Oithedlg ")Ehe shaded region is boun raxis,
e ; and b.
2 oints
they intersect at the p ¢ In the case when k = 2,
AB.
. and B. -
a Find the coordinates of A - 1 find the value of d—); at M and hence determine the nature of M.
ded region. . = .
p Find the area of the shade 1t to the curve at Ais Deduce that the curve lies entirely above the x-axis.
. nge it i, . A
Show that the equation of the tang 1l Talculate the area of the finite region bounded by the curve, the coordinate axes and the
C 1 . 4 . .
_4 =0 ot e with equation x = 3, leaving your answer in terms of e. AQA
¥ +Xx 4 ' ent to the curve at B. Oofdinates Of C;d‘ q gy ( J
d find the equation gi:the 15 he point C. Show that the ¢ A0
and Im B meet at the x
rve at A and 3
d The tangents t0 the cu Th: §Ht four terms of three series A, B and C are given below. One series is an arithmetic series,
3, SE) 84 geometric series and one is neither.,
hi ﬁrstnterm-‘i:\ Al 442414,
: sum of the B: 1+448+4+134...
ifference 1.6 and first term 6. The ] E + + 13 +
: tic series has common d ad g spate ! : F B420417+14+ ...
An arithmeti nts p ane @ tat . ; :
P denoted by Si- d in the form pn® +gn for some consta b S the value of the common difference and calculate the 21st term of the arithmetic series,
expressed in Fing oy
a Show that S, may be exp s, the sum o infinity of the geometric series.
value of p and the value 01 4 tior wibiich Sp = 72,
itive integer n 10T
. lue of the post
p Find the va




Examination questions D

24 £(x) =

a Show that f(x
and C.

¢ Findt

Q\/j_i%ﬁ x>0 97 The nth term of a sequence i
¥ , second term i juence is ar"-1, )

1 B rmis — % Find the values Ofwhele a and r are constants. T .
) can be expressed as A +BxT+ Cx 1, giving the values of the constants A,B Hence find the val . a and r. . The first term i 3 and th

e value of Zm.n_l e
j n=1 '
p Find | f(x dx. 8
1 v vA [OCR)
he area of the finite region bounded by the curve with equationy = f(x) and the lines
with equationsx =4, x = 9 and y = 0, giving your apswer in terms of natural logarithms, ﬂ
(Edexce| =
2 i .,
the curve with \/ \-" =+ 2% - 34

25 The diagram
> _ 9y + 2 intersecting at points
by the line and the curve.

equationy = x*
The shaded reglon

a Show that the co0
p Find the coordinate

¢ Prove that the trian

26

onx+y = 4 and

below shows sketches of the line with equatl
P and Q. The minimum point of the curve is M.

The figure shows a
; sketch
b)) - — 52T 340 of part of the curve with equatio
' ny = f(x) where

R is bounded
8 Find Jf(x) i

The lines x = 2
sx=2and x = 4
5 meet th
b Find the area e curve at poi
ofthe Britetep points A and
¢ finite region bounded by the curve and hB as shown.
nd the lines x =
=1 =%

> and y =0

¢ Find the area of
the finite regi
cgion bounded by the curve and the straigh
raight line AB
; (Edexcel)

1) The fi
gure below shows the graph of y = Inx f
= Inx forx > 0.

rdinates of M aré (1,1)
YA

s of the points P and Q.
¢ area of the triangle PMO

gle PMQ is right—angled and hence show that th
(5

f the triangle PMQ.

=V

is 3 square units.

that the area of the re times that O

gion R 18 1%

d Show
y
Use this dj
; S diagram to sketch the graphs of
) = |Inx| for
x>0
N b =
| P 3 y = In |x| for all real x, x # 0.
1, ion |x| = |2x + 1 -
 that tbesi s ebeginning of 1
| of 1990, an inves
| ) | | (OCR
r decided to invest £6000 in a Personal E |
na i
quity Plan (PEP)

For some function f, part of the graph of ¥y = f(x) is {llustrated above- Tt is give x
region has an area equal to 20 square units. le,‘?fng that the value of th
o 1this perc of the investment -
alculate mves_tfllent will Entage rate of increase is ‘Should increase, on average, b
- O about £10745 in fact maintained f ge, by 6% each year. S
1995 : or added a further £60-O or 10 years, the value of tH ho.w.
0 to the PEP at the beginning of "ot
each year betwe
en 1991 and

a Sketch the graph of y =
Inclusiy
‘ﬂlalvalue, €. Assuming that the 6% annual
rate of increase conti
ntinues to ap
Ply, ShOW [hat th
e

i]l L of th c W,
3 PEP at i i y
the begmnmg of the ear 2000 may b
e written as

f(x)+3 and ¢

7
S (£(x) +3)dx
2
p Find the value of the constant k for which N
eVaIUate thi r=5
18, correct to the nearest £
(OCR)

r (f(x) +k)dx =0

Examination questions D




Examination questions D

32 The sequence Ui, 4 s, i i 1B defined by un = 2n?

i Write down the value of u3.

ii Express Up+l ™ u, in terms of n, simplifying your answer.

iii The differences between guccessive terms of the sequence form an arithmetic progression_ For e

this arithmetic progression, state its first term and its common difference, and find the sum of
its first 1000 terms. (ocy

33

The diagram shows a sketch of the graph of the curve ¥ = v —x together with the tangentto

the curve at the point A(1,0).

i Use differentiation to find the equation of the tangent tO the curve at A, and verify that the
point B where the tangent cuts the curve again has coordinates (=2, —6).

ii Use integration to find the area of the region bounded by the eurve and the tangent (shaded y.r
in the diagram), giving your answer as a fraction in its lowest terms. oG
C

34 At the start of a particular year, Mrs Brown made a single investment of £2000. At the end of
that year and at the end of each subsequent year the value of her investment was 10% greatet

than its value at the start of the year.
Find, to the nearest £, the value of Mrs Brown'’s investment at the end of

a the fifth year b the tenth year.

Mrs Chan decided to invest £2000 at the start of each year with the same broker and at a fired
rate of interest of 10% per annumnl.

. ! . . 30 qol
¢ Write down the first three terms of a series whose sum 18 the total value of Mrs Chan’s 22
investment at the end of the 12 years.

d Hence determine the value, to the nearest £, of Mrs Chan’s investment at the end Ofnzdni‘-'

12 years.

. Find
35 All the integers which are exactly divisible by 3 and lie between 1 and 100 form & series fin

36 It is given thaty = x? 48 !
O R Examination questions D

a Find the val : -
ue of x and the value of y when L 0 l

b Show that the
value of y which you found in part (a) is
a minimum.

g n
(S Ith qua 1 y ‘
1(: €o10 IQ ]H) 1 (le,(l l’ he curve w c tl(} X 3 the IIHESX

and the x-axis.
X =1x=4 |

¢ Find, by inte i
) gration, the ar R oivi
TS et ]:)eeafglfl ndglvmg your answer in the form
. P +qlnr, where
’ the
(Edexcel)

17 A pump is used
§ to extract air f
rom 4
22tdr;cutbs3e quentqcxtractions follow aa thle' The first operation of the
B cts 31.5 cm? of air, geometric progression. The third (? Ry SReamSSn Bl |
peration of the |
pump iy

a Determine the
: common ratio
air that could be extracted frol(;f S:f‘—‘ geometric progression and '
e bottle, if the pump were to Caltcmﬂte the total amount of |
extract air indefini
nitely.

b After hOW ma
i ny operati
first exceed 220 cmp3‘7 ions of the pump does the total amount of
. nt of air extracted f
rom the bottle

() (AQA|

A
of /

Ao
-V

lhe fUHCtll() fi i V \% XD
SO
f(:{‘) - 12111)(—}(.—. y

The fi
gure sh
ows a sketch of the curve with equati
ony = f(

Points A 4
nd B. The ;
: gradient o . X
f the curve is zero at the pOint)éThe curve crosses the x-axis at th !
4 e |

BYCHlCulaI S (IWI]IH 1€ value orx a 1€ poiInt A le ])e CeC1 l 2
lt A’z p

ThE V.
at the point B lies i
ies : |
b Determ in the interval (1, n + 1), wh : : |
ne the value of n » Where 715 an integer.

* Show that , — 3

p C p A y
at the 0 ]l[ a“d ]IBII [S] fl]ld “ c eateSt [0] t“r‘e vdlll(’, i [ X), vin our

a the number of terms in the series

b the sum of the terms in the series.

) VIl the SEO! va eSUI X 1() WI ( X S a mcreaslt I 1
g Cction o1 x |

e n_in
By eth.term of s aifly
lISt ternl ﬂnd th

—

(Edexcel) !

metic progression i

sion is 52 an

e common difference d the sum of the first twelve terms is 414
) 18

(AQA| l




Examination questions D

40

41 An employer offers the following schemes of salary payments over a five-year period:

42 An athlete plans 2 training schedule which involves running 20 km in the first W
each subsequent week the distance is to be increased by 10% over the previous
an expression for the distance tO be covered in the th week according O the sch

43 i The tenth term of an arithmetic progression is 36, and the sum of the first ten

The diagram shows the graph of y = |f(x)|, for & certain function £ with domain IR.
Sketch, on separate diagrams, two possibilities for the graph ofy = £(x).

Scheme X: 60 monthly payments, starting with £1000 and increasing by £0 gach month

[£1000, £1006, £1012, .. 1

Scheme Y: 5 annual payments, starting with £12 000 and increasing by £d each year

(£12.000, £(12 000 + ), -- Al

a Over the complete five-year period, find the total salary payable under Scheme X.

p Find the value of d which gives the same total salary for both schemes OVET the complet

year period.

in which week the athlete would first cover more than 100 km.

Find the first term and the common difference.
1000

ii Evaluate Z (3r—1).

r=1

44 The functions fand g are defined by

fox—3x—L x €IR,
g:x—x>+1, x eIR,

a Find the range of g.
b Calculate the value of gf(2).
¢ Determine the values of x for which gf (x) = g (%),

d Determine the values of x for which |f(x)| = 8.

| 45 The functions and g are defined DY

fox—ox?—10, X IR,
g:xn—+|x-2|, xelR

a Show that f° fixmxt— 10x2 + 90, x €IR.
Find all the values of x for which f° f(x) = 26.

b Show that g° £ = et — 12|. Sketch a graph of g°f.
Hence, 0O otherwise, solve the equation g ° f(x) = x

eek of trainingin
week. Write doi
edule, and find

terms is 180.

{1
locy |
A
Th ﬁ B X
¢ figure shows a sketch of the graphy = |3
i State t i ot Aot
k" he coordinates of the points labelled A |
- . and
E e a copy of the figure, and shade in th .
e n the area represented by

2
f |3x —2|dx.

]
iii. Evaluate this area

.| 8 Sol i i
00 ve the inequality flx + 1| < |x — 2|

[oc

46 A small ball is d
. ropped from : :
the floor it rebounds to oft Eeh}i’égig}tl toff 1m onto a horizontal floor. E Examination questions D
rom which it has i r. Each time the b :
just fallen. e ball strikes

a Show that, wh
, When the ball strike
s th
b Show that the total di ¢ floor for the third time, it ha |
Istance travelled by the ball ¢ g s travelled a distance 2.92m ‘
annot exceed 4 m . .

(Edexcel)

(OCR) | |

(OCR)

Ty




summary E

1 L

A 7‘2' b x+1 2x
2x : ’l
x+1 e

1

E Cx(x+1)

E—ax 18

dx ;

A xa*™! B @

C xlna b gHine

5 If x = cos® and y = cos 8 +sin 6,

dy. is

dx

A i-cotd B 1-mad
C cotf—1 D cotl+1

6 The greatest value of 5cost — 4sin0
is

A3 B ¢ 4L D =

7 3C085r45iﬂ9 =

=3

A 5cos(f+a) where tano = 3
3

B Ssin(x—0) where tano = g
=4

C Scos(f+2) where tano = 3

4
D —5cos(f—a) where tana = 3

8§ If y = In (Inx) and x> 1 then

dy 1

d 1 ==

;1—)’); = Tng dx xlnx
2

B ¢ = Inx D y = Inx

9 Given that x = cos? @ and
y = sin? 6,

<yl
Axttyr=1 €Oy

B gl;tanﬂ

D y:xg']?__ﬂ
dx

10 2cos (20 — 60°) =
A cos20 —V/3sin20
B sin20 — v3cos20
C cos20 + 24/3 cos B sin 0
D cos20+ V3sin26

11 tanQ = 08 = tan20 =
A 04 C 16
B 40/9 D 44

In Questions 12 t0 19 a single statemmeit
. nade. Write T if it is true and FEI
: )

false.

d _du dv
12 ) =g "

) 2
13 )C}((lez) = 20 Y
dx

14 Given that ¥y = Inx? andx
increases by &

1
then 0y =~ (;5>(6x)'

15 When y = cos2f and X = sind),

QX - )4x\/1/—75—2-
dx

16 If y = £() and x = () then

dax  dt Code
' dy :3331(
17}1:53'\ =

18 y = Ssin0+ 120080 <=

2=
y = 13 sin ( + o) whete tan

3

sinfl = 0.

| EXAMINATION QUESTIONS E

1 A student is asked to express 3sin 8 + 4 cos 0

3sinf +4cosfl = 55in(9+£>
3

Determine, with a reason, whether she is correct.

) Find the equation of the tangent to the curve y = (40 +3)°
answer in the form y = mx +c.

j Differentiate each of the following functions with respect to x.
1 .
a 7 b e ¢ x?cos(2x)

4 The parametric equations of a curve are x — In t, Yy =442
dy
Express —)

, wWheret > (),
. in terms of ¢, simplifying your answer.

3 The function f is defined by f : x+— 5 4 352

—361In(x — 1) and has domain x > 2.
4 Determine the value of x for which f is stationary.

b The second derivative of f (x) is £” (x). Find the range of f”,

lhese solutions correct to the nearest degree,

sin 4

TEXpress sin40 in terms of sin 26 and cos 20, and hence express

$ Find - ;
the x-coordinates of the stationary points of y = x3¢ %

WEind o v, 0 of 6, for 0 < 6

< 1807, which satisfy the equation cos20 = cosg.
aGiVen that

. 3cosx — 4sinx = Rcos (x + ),
RERS (,1 o-

. < 2 < 90% find the values of R and «, giving
€ Solve the equation
30820 — 45in20 = 2,

( H < Q LI
360, gIVing your answers correct to one decimal place.

in the form Rsin (0 + ). She writes

i¥ind the four solutions of the equation sin20 = cos? @ in the interval 0° < § < 360°

(AQA)

at the point (-1, 1), giving your

(OCR)

(OCR)

(OCR)

(AQA)

. Give each of

(AQA)

: in terms of cos 0 only.
sinf

(OCR)

where k is a positive constant.

(OCR)

(OCR)

the value of « correct to two

(OCR)




Xamination question E
- s

15 Given that

etric equations
- o 2 T T  COS B .
x = 4cost, — 3sint, —— <t <5 +bsinf = r
¥ 2 2 show that rcos (0 — o) wherer> 0
) 22
F=+al+p2 B
and find an ;
expression for tan ¢ in terms of d -
a and b,
|
E

summary E_
11 The curve C has param

and Lies on C.

A is the point (2, 13)
a Find the value of t at the point A
Hence find all v
alues of # between 0° and 360° .
2cosf+3sinf = 1 istying the equation
Give your answers . |
correct to the near |
est degree. ’
(AQA|

p Find dy in terms of 7.
dx

n equation of the normal to C at A is 6y —1l6x+ 23 = 0.

lfa Write down the exact value for cos 30°

S ow that a . b l f - I o . A/ h
( riat d a t() write CO + wWhnere a a b a
l an a o € double ar € Iormu das a \/E
3 d Ie

" The normal at A cuts C again at the point B.
d Tind the y-coordinate of the point B. (Ederce
rational.
12 {7 Write do .
wn the derivative of tan 2x with respect t (OCR)
: cttox
1§ Differentiate th ‘
¢ following functi
nc ;
B2 cin 2 ° tons with respect to x, simplifying y o
sin 2x our answ
b % ers as far i
52— 1 I as possible. |
19 The parametri
TIC equati Al ‘
Fi quations of a curve are x = e¥ — 5 oA I
Find the exact value of ¢ at th . 5, y = e _ 2¢ Find dy . !
, . ; . . . e point on the curve wh 4y [ terms of £
The curve shown above is called an astroid and is defined by the parametric equations . ere the gradient is 2
3 - el it = sin v, er-te dOWn EE {OCRJ ]
x = 8cos?0, y = 8si g for 0 <0 <2m g, 2 a function of '
v . ‘
b Hence
. A , Or oth i ;
radient of the curve s given b erwise, obtain S—V in terms of
U .

(OCR)

|

Ell, show clearly that the g

T dx and
do - do .
a
Xpress the functio i
n 2sinx® °i
T cosx” in the form Rsin (x + «)°, stati
> Stating the values of R
and «
3 I

a By obtaining expressions fo
USfIlg th

ese values, wri

, write dow .

n the coordinates of the maximu
m turning point

on the gra
ph of

Ccos o

9 _ _tané.
dx
The astroid above can also be defined by the Cartesian equation
. 2 b Expre
} iyl =k 88 3 cos 2x + sinx i .
1 _ 0 360 which satisfy the eqlllllaf[?rms of sinx. Hence calculate all
b Find the value of the constant k by first finding values of x and y for a particular value 01 3 cos 2 10N of the values of x between 0
j ‘ 08 2x° + sinx°® = 1 and
' T M L = s
| ¢ Use implicit differentiation to find an expression for &y in terms of x and y- : Eipregs 20056 - 2 gin ) ;
‘ dx and o : 2sin# in the form R (AQ ' |
Henge Oroc OThan exact form cos (6 — o), where R > 0 and 0 " | |
e e erwi ) <g<l .. .
satistying 0 2sing :lsf;g hi:w sthat one of the acute angles 6 2™ glving the values !
wEL L 7, and fi 8 0 satisfying th .
Dﬂe’ﬂntiate L ind the other acute angle. g the equation |
(OCR)

s of f in the range 0° to 360°
Inx with respect to .
(OCR) ;

= 13 Find all value
b 3sec?f+ 5tanf

~§ =1

" 2511128 = Sing
Givep
that 0 Jjeg
_ 0 lies in the interval 0° < 9 < 45°
|

14 Differentiate the following with respect to X, simplifying your answers where pOSSible- oy,
5 £ that cotfd + ta 0 2
g 3x2 =35 3 10 b L = ==
a x-lnx b T T ¢ (x +5) ﬁndthe ol sin 26
U€s of ¢ for which cot 0 + tan 0 |
nf >4, |
(AQA] |




Examination questions E

25 A curve C is defined by the

x=¢e+tL y= e 41

Express 9y in terms of £.
dx

26 The curve C has
X = 1‘3, y =
a Find an equation of t

Given that the line [ with

b find the coordinates of B,
| only cuts C at the point B.

¢ prove that the line

27
Find
a the value of R and,

p the maximum value of

this occurs,

¢ the two smy

28 A curve C 18 defined by
-2y +Hr =9

i
ii Show that at P

dy _ _
dx

iii The point Q(3 + h,
write down an approxi

Given that y = X%

¢ show that QX =
: dx

30 Give
a find, in

b Find, to 2

(AQy
parametric equations
2, t>0.
he tangent to C at A(L,1).
equation 3y — 9% + 4 = 0 cuts the curve C at point B,
(Edexce|

Qcosx” — 15 sinx”

to one decimal place, the valu

allest values of x for which 8¢

Show that the point P(3,2

29 Differentiate with respect to X,

o that y = cos2x 4 sinx, 0<x
terms of 7, the values of x for

decimal places, the values of x

parametric equations

= Reos(x+A)5 0 <A<90, R>0

e of A,

8 cosx® — 15sinx", and the smallest positive value of x for which

osx® — 15sinx’ = 6. |Edexce

the equation

) lies on the curve.

1

sult of part i
|08

on the curve C and is close to P. Using the 1€
ion for k in terms of h.

L e b 1n(7] )
x249

0, by taking logarithms

2 + k) also lies
mate express

sinx

a

x>0, y>

31 Starting from the identity for cos (4 + B ), P
- B), prove that
cos2y = 1 — 2sin’yx.
Find, in radians t i
i 0 2 de :
cimal places, the values of x in the interval 0
al 0 < x < 2x for whi
ich

a 2cos2x +1 = sinx
b 2cosx+1 = sinly

2
(Edexcel)

2a

b l e Ce, 01 ()tl erwise d Ih nimu Vaiue (o)

m ( ) ?
>
< <

£(x)

if: also tl € values o 1 t 1C range (} X 36” , al W]l]ch thﬁ occur O ?

Ba

b The tangent at P
. meets the x- and
area of tr Jie orivin:
f triangle OQR, where O is the origctitmlh'e
, 18

A=1(+1)%"

2

Find the i
equation of the tangent to the curve
= —& 1
Yy = ¢ at the point P(#, e ).

points Q and R .
s respectively. Show that A, the

lnd S]l()WlIl yOLI WO kl t e statio IY va]LleS ()I A d de 1€ [ d I
( I 3 g TKI1

HA i i = =
curve is defined parametrically by x = (2 1)
- » ¥ = t3

where ¢ = 2. o
and P is the point on the curve

a Obtain an expression for gy in t i
e erms of £ and calculate the gradient of t}
e curve at P.

b Determine
a cartesian e :
e e < quation of the curve, expressing your answer in th
, showi : !
owing clearly the values of the intercept S S = G
epts on the axes

1 Write dow
n the equation of
. th cinf 4
atQ, with parameter g. Show ti;?n%cff to the curve at P. This tangent int
q° = 12g — 16. Hence determine the C‘ZTCS,BSFS the curve again
rdinates of the poi
point Q.

& Prove that
the normal t
o th
e curve at P does not intersect the curve at
at any other poin
t.

5i Diff
erentiate with r h
e with respect tox a eV, b L |
A curve is g | |
] nx
given by the parametric equations
X=
cos2t, y = 4sin’s, 0<r< =
rh
4 Show that dy = . A
d sint.
b
ind an 1
Cquation of the normal to the cu
rve at the point where t =
(Edexcel)

iy
“Volume
_ ,» V, of a sph 14
: " .
phere of radius r is given by V' = 473
5,

x* (1 +Inx).

< 2n, andx is in radians,

whichy = 0.

for which QX = 0.

dx

dV

dr

1 Obty;
tain
an expression for

b A
ballo
0n whe
allo ; n almost fully infls
i '?élals ISem, it is obscrlsf(elcli1 ftll;ited can be modelled by a sphere. Wh
Nt figures, the rate of i at the rate of increase of the radius s . thi sarinis of s
of increase of the volume at thi tc*: radius is 0.1 cms~'. Find, to tw
s time. ' ’ o
(AQA)
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Examination questions E

37 The volume of liquid, I em?, in a container when the depth is xcm (x > 0) is given by

_ 30
C(x+9)

The container has height hcm.

Given that x = h when ildl/— — 0, find the value of h, and hence determine the maximum
X

capacity of the container.

Calculate the rate of change of volume when the depth is 1cm and increasing at a rate of
1

0.02cms ', giving your answer in cm?s™.

b
38 In a simple model of the tides in a harbour, the depth, ym, is given by
y = 20+ 5cost,

| where ¢ is the time measured in suitable units. For 0 <t < 4n, write down the maximum and
minimum values of y and the values of t when they occur.

In a more refined model, y is given by
y = 20 + {5 +cos (1)} cost.
Using this model, show that the values of £ when y is stationary satisfy the equation

sin(%t){(icosz(%t)+20cos(%t)—1} =0 [0le}

39 A packaging designer places a right circular cone
inside a hollow sphere of fixed radius R

and centre O, as shown in the figure,
where the vertical angle of the cone is 6.

a Prove that the volume " of the cone is given by V = %R3(1 + cos8)sin” 6.

The designer needs to find the maximum volume of the cone when R is fixed and @ varies.

b Show, by differentiation, that arccos L s the value of @ for which ¥ is a maximuim.
3
[Fdex

¢ TFind the maximum value of V/, in terms of R.

40 A population P is growing at the rate of 9% each year and at time ¢ years may be Elppl'm‘imaled
by the formula

P = Py(1.09), t =0, :
- G
‘ where P is regarded as a continuous function of ¢ and Py is the starting population at time'

(AQA

41 Find all the values
Of 0, such that 0 < 0 < 180°, which sat; fy th
, 151y the equation 2 sj
n2f =

| tan @,
4 gﬁii CIIHVC Wlth equation ky = g% pa
» 1o 2 significant figures, t i orougl the

h
¢ values of the constants k and ¢

Using your values of
y k and a, find t
- he value of £

ower . ry her w
p output, P watts, is given by t ords to members of the audience
X

he formula P = 0.00042, metres away. The

: , L
te expression for 57 ip he output must pe incre

erms of x and §y. ased by

oP

ii Show that

iii If the power output of the am

the distance her voice wil] o plifier is increased by 2%

ry increased? by what percentage approximately i
is

4 The equation
of a closed curve is (x+y)? (QCR)

i Show, by using differentiati h 2
lon, that the gradi
expressed in the form o | e
,¥) on th
e € curve may be
ii Finc_i the coordinates
1-ax1s or the y-axis,

iii Fi
ind the exact coordinates of al] th

gradient € poi .
of the curve at each of thesepp(l)rr'];isat Which the curve cro

t CDHSta = - .
b Im
I BP Wha I Ia(‘“] 1S € Dbu (0] e ! t() tlme t +

dh

i Hene
€ show that
—_—t = Kr
a7 15e™,

i J

Find an expression for ¢ in terms of P and Py.

g voUl
Find the time T years when the population has doubled from its value atf = 0, givite

answer to 3 significant figures.

‘EZ_.:-I.

t:T.

Find, as a multiple of Py, the rate of change of population %{’— at time

Exumrndtibn'_'ql_'.;esﬁons E

| | [OCR)
pomts with coordinates (7,12) and (12, 7)

at x = 2 ivi
0, giving your answer to 1 decimal

(Edexcel)
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summary F

2
15 j xetdx
1

14 Which of the following differential
A s a definite integral

equations can be solved by

separating the variables?

A x—(j—)]—:y+x B isequal to xe' —¢
dx |

C is equal to {E szrl

dy
= =x+1
oY dx D can be integrated by parts.

: dy
b A
Ce ¥ dx
d
D x+‘y = Iny
dx
In Questions 16 to 21 a single stat

x=b 4
16 Y ydx = I i

17 x*+2y? = 1 is the equation of a

y=a
19 rf(y)dy = %}mﬁZf()’)fiy
0 T y=0

20 [f(X)]Z = Ha)—1

circle. |
21 x2 py2—2x—4y+6 =0 isthe
equation of a circle.

18 |tanxdx = sec’x +K

ement is made. Write T if it is true, F if it is false.

EXAMINATION QuEsTIONS F

1 The polynomial x3 + 2x2 1 4 +b
i Is divisible by (x - 1) ii leaves a remainder 12 when divided by (x —2)

Find the values of 4 and b.
3 Find J(2 +e™)dx.

3 Sketch the curve defined by the equations
X = 3acost,y = 24 sint,
where a is a positive constant, for 0 < ¢ < 27

4

4 Use integration by parts to show that f xInxdx = 7In4 —3
2

; 1 Sx—1 = Axt8 C
( +2) (1 +x + 3x2) 1+x+3x3+1+x

Find the values of the constants 4, B and C.

f f) =— *—8
x+2)(2x 1)
4 Express f(x) in partial fractions, b Find f'(0)

IUsing t ituti i
g the substitution 2y — s, or otherwise, find the exact value of F ! d
Jo V1 — 4x2 *

§
¥

Th? 8laph of y = 3giny is sketched above.
ii J(Zx +1)7dx

th i
€ coordinates of A and show that the €quation of C is
X2 4y? —2x—4y_20 = .

The
1C L. with :
Showy 41 equation y = 3x — 16 me .
at . ets C at the
the A-coordinates of P and Q satisfy the equa?i(())?ts A

X~ 11x+30 = 0

flence
find the Coordinates of P and Q.

(AQA|

(OCR)

(AQA|

(Edexcel)

(Edexcel)

(Edexcel)

(AQA)

(OCR)

| [he ;
Points (S, 5)a d(—3 — § i W
) n ( 3, 1) are the ends of a dlameter of the circle C with centre A rite

(WJIEC)




Examination questions F -

11 The polynomial ‘
19 Find fx cos 2xdx.,

p(x) = x> +cx* +7x+d

0 eprESS J

a Determine the value of each of the constants ¢ and d. i
ence, or otherwise, fi
) = 0. (’A\OA} 2 fll’ld

x(3x—1)4 i
(3x —1)*dx as an Integral in terms of y

X(3x— 1)? ivi
( 1)"dx, giving your answer in terms of u

b Find the exact values of the three roots of the equation p(x
11 A circle C has equation

ihay | ¥ 4y?—2x—8y -8 =0

in partial fractions.
a Find the coordinates of the centre of C

x
12 Express ———— =15

PIES G+ D (x+2)?
13 a Show that 2x — 1 is a factor of 8x% — 4x3 + 14x? — 3x — 2. b Find the radius of C.

3 2 . . e 2 -
4x? 4 14x% = 3x — 2 is divided by x 41 ocg | ¢ Find the equation of the tangent to € af the point (5, 1)

7

b Find the remainder when 8x4 —

14 a Find the radius and the coordinates of the centre of the circle with equation

x2+y2r—2x—8y = 0.
n, whether the point (2.9, 1.7) lies inside or outside the circle.

b Determine, by calculatio ,
(Edexce] §

1
15 Evaluate, in terms of e, j (ezx — 1)2 dx (Fdexee) '
. i
quadrant is bounded by the curve y=

{he line Yy =1, assh i i
. ; shown 1n the diagram. Show that the volume

16 f(n) = n*+n+1, wheren is a positive integer.
Classify the following statements about f(n) as true or
false, provide a counter-example.

"a,cl SS 1 S
g ’ f

a f(n) is always a prime number. S
n = 1+3+5++ (ZH‘I), thBIlS” = il

b f(n)is always an odd number. [Edercel |88 .'The . .
| ollowing is a student’s attempt at a proof
17 The curve shown has parametric equations jl =1 — 12 '
x:tzs)/':t3, 52:1+3:4 = 22
3:1+3+5:9:32
etc.

where ¢ = 0 is a parameter.
Also shown is part of the normal to the curve at

. 50 th .
the point where t = 1. E € formula is true for all positive integers 7

W
hy is thi
: 18 student’ .
e U's argument incorrect?

F. 1 1 e(]”a .()II Of th.is I]OII[lal. k
n

b Find the area of the finite region bounded by the
curve, the x-axis and this normal. S, =1 L3 + & g way.
Also, §, = +...+2n—
n = (21 =1)+@2n-3)+ (20 —5) 1 +(12” 1.

29 = L (S c0s20)- Adding each term, we have

) = cosA4 cos B — sin sin B to prove that sin
-‘.3-_',;5 plete Ih]
b s student’s
proof correctly to show that S, = n? for al]
B all positive inte
QErs o,

18 Use the identity cos (A4 + B
27y, thelines ¥ =%’

The finite region R is bounded by the curve with equation y = sin

€ the COOrdI]lateS (0] t € ce tle (:aI]d € adl O t]]e C]IC]C W[tl [+

2
T4y +4x— 10y 413 = 0, quation

n
x=—and y = 0.
g A
© ;
¢ form p + gm, where p and g are numberso " istance from the point p
ind th (2,3) to the centre of the circle

Find the area of R giving your answer in th
ele
ngth of the tangents from P to the circle

found.

(OCR)

(WIEC)

otated completel : » e x-axis, the y-axi
pletely about the y-axis is %ﬂ;(ez ~1). of the solid formed):whe:l ;nids

(AQA]

(AQA)




Examination questions F
Vi

25
Q

The diagram shows the circle with equation x> 4 y* = 25. Find the length of the minor arc
between the points P(3, 4) and Q(4, 3), giving your answer correct to 3 significant figures. (ocy

in partial fractions.

3
26 Express ——————
IS x D - 1)
3 3 )
dx giving your answer as a single logarithm,

Hence find the exact value of J -
ne L2+ D -1) o

2 _
27f(x)55x 8x+1
2x(x — 1)

a Find the values of the constants 4, B and C.

4. B, C_
x x—1 (@x—1)72%

q 1

b Hence find Jf(x) dx.
—= — 2
% Py

(Edercel 1B Give
Wenalso that y < 1 4 ¥ =1 show that
a

¢ Hence show that

9
J,foar=mE) -2
4
28 \y
CUtve C hgg Cquation y — 2
e down Ssz,x?é—‘/ix#\/i
. : the gradient of C at the point (1, 1)

(Edexcel)

ol 1 ! ‘
€ coordj
: : ; e 3, i Inates of ,
The figure shows the finite shaded region bounded by the curve with equation ) = ;ms i [ the point where the liney — S
,#;,. lines ¥ — 1, x = 0 and the x-axis. This region is rotated through 360° about the = the same axes g 8ain meets the curve .
: Find the volume generated. _ ection, <"V With equations ) _ 1, dexcel)
K i Jegl'on bounded by th ** and Yy =90_42 and detﬂ]‘m'
i e ; in
! 292 i Find |[——dx,x>0. €ImS of 7, the Volumtwo S oS IS rotated through 7 rag; )
xG+ 1) ; € of the solid of revolution radians about the Y-axis
Of deca
e y of the m .
Substance 4y that time Atass of a radioactjve substance j
me ¢ = () the mgagg of the sy ; It)ropl)rtmnaj to the
stance is 4 kg

B U

—

Using the substitution # = e and the answer to i, or otherwise,
thaty _ |
~ 34 attimes < 19

- dx.
tue of ¢ wh
B0 == L g s
2% 8VINg your answer
to 2 decima]
places.

ii fmdj 1
Ite

b Use integration by parts to find [x*sinxdx.

414

g and lnte i A% = ke W,
C gratmg a dlff i
€rential equﬂtioﬂ, ShO thatx A
€ 3 hel'e k is
a CODStant.

(Edexcel)




Examination questions

35 The curve C is given by the equations

x =2ty = t3

differential equation for x, involving a constant of pmportionality k.

Solve the differential equation and hence show that the thickness of i¢
square root of the time elapsed from the start of freezing.

: J thick:
Determine the time at which the second model predicts that the ice will be 4mm

h models?

iii What assumption about the weather underlies bot

391 Express sin2y ;
P SINX in terms of cog 2y

ii The regioﬂR 3
is bounded b
y thE: part of th
€ curve

where t is a parameter. and the x-axis. Sh
the ragicicl 2 that the vol . = sinx
a Find an equation of the normal to C at the point P on C where ¢ = 3. X-axis is L2, ume of the solid forme whegii'tw‘een il s (-
18 rotated B
The normal meets the y-axis at the point B. The finite region R is bounded by the part of the completely aboyt
curve C between the origin O and P, and the lines OB and BP. Bl Find f re—rg fOCR)
X
b Show the region R, together with its boundaries, in a sketch. =
The region R is rotated through 27 about the y-axis to form a solid . - i Acurve is such that at every poj
; oint (x,
¢ Using integration, and explaining each step in your method, find the volume of S, giving your equation (%) on it the gradient, - satisfi
answer in terms of 7. (Edexce] g es the differentia]
Ly
. . | & S He
36 Showing your method clearly in each case, find
Show that
a j sin”x cosxdx
eJ' = fxC%\'dX-
b jxlnxdx Gi " '
1ven that the curve ; .
N o o 3 : : Is def
¢ Use the substitution t* = x+ 1, where x> ~1, t>0, tofind J X dx. - that it also passes through ilﬁed er all values of x ang that i
3 va+1 &1 the point (1, Ip 2) atit passes through the orje;
: ’ rigin,
d Hence evaluate [ & —iw (Edexce Show
0 vVE+1 (AQA)
37 The rate, in cm>s ', at which oil is leaking from an engine sump at any time ¢ seconds is
proportional to the volume of oil, ¥ cm?, in the sump at that instant. Attime ¢t =0, V =4.
a By forming and integrating a differential equation, show that
V = Ae™,
where k is a positive constant.
b Sketch a graph to show the relation between V' and 1.
Given further that V =14 at t =T,
¢ show that kT = In2. [Edexcel the coordinates of the points A and B
. . : 5 value
38 During a spell of freezing weather, the ice on a pond has thickness x mm at time tl}quIS Zﬂ'fris‘h ; j of the shaded areg shown.
start of freezing. At 3.00 pm, after one hour of freezing weather, the ice is 2mm thick anc ! aig the exact volume of th :
desired to predict when it will be 4 mm thick. leaving Your answer inetSOhd formed by rotating the shaq
T s erms of Shaded
i In asimple model, the rate of increase of x is assumed to be constant. For this model, &P fe area through 360° about
x in terms of ¢ and hence determine when the ice will be 4 mm thick. G (AQA)
. . . . B o 1 getupd ~Eration by pars g ¢
ii In a more refined model, the rate of increase of x is taken to be proportion 5 _ md | xcos 2xdy.

e pro.porﬁonﬂl fou




Examination questions F
3x+4

43 A curve has equation y = ——————
. = Y S G- @x+ D)

|
i
3x 4+ 4

———— —— in partial fractions.
(x—2)(2x+1)

a Express

b Show that dy = g — 2 and hence, or otherwise, show that the curve has a
dx (2x+1)2 (x—2)?

turning point whenx = —3.
Determine the value of x at the other stationary point of the curve.

0 o : . :
¢ Find 22 and hence determine the nature of the turning point when x = —3.

d Find Jﬂ(
(x—2)(2x+1)

Hence show that the area of the region bounded by the curve, the x-axis and the lines x = 4
(ACH)

|

|

1

}‘ and x = 12 is equal to In 15.
|

44 The circle C has equation x? +y? —2x — 4y —20 = 0.
a Find the radius and the coordinates of the centre of C.
b Find the equation of the tangent to C at the point (4, 6), giving your answer in the form

ax+by+c = 0.

xdx

I 2
E 45 a Use the substitution v = vx?2 + 5 to evaluate: [ —
Jovx24+5

=2
xe “dx.

l b Use integration by parts to find J
1

46 At time ¢ hours, the rate of decay of the mass of a radioactive substance is proportional to the

mass x kg at that time.
a Write down a differential equation satisfied by x.
b Given thatx = C when r = 0, show that x = Ce ™ where a is a positive constant.

¢ Find the value of a if the mass halves every 2.5 hrs.

47 The rate of destruction of a drug by the kidneys is proportional to the amount of th )
in the body. The constant of proportionality is denoted by k. At time  the quantity of drugIn

body is x. Write down a differential equation relating x and ¢, and s

is x = Ae ™, where A is an arbitrary constant.

administered. When ¢ = 1 the amount of drug in the body is Q«, where o is a cons
that 0 <o < 1. Show that x = Qu'.

Sketch the graph of x against f for 0 <7< 1.

When ¢ = 1 and again when ¢ = 2 another dose Q is administered. Show that t
drug in the body immediately after ¢ = 2 is Q(1+a+a?).

_/

418

[AQA) i

Ao

e drug present

how that the general solution

Before ¢ = 0 there is no drug in the body, but at ¢ = 0 a quantity Q of the drug s b
tant Su

he amOu”t[

2c080 +sinfh = 1,

v Solve the equation in j
. ‘uation m iv to find the tw
corresponding to the two tangents o relues of

rate which is proportional tg 1 Jre

ii Using the initial condit; '
: nditions, find the
radius of the oj] patch after 2 hours, alte of

3
(OCR)
1

0i i i
Use integration by parts to evaluate

f 4x cos 2xdy.

]

8xcos’rdx = 252 i
J XCcos“xdx = 2x7+2xsm2x+cos2x+c

iii Fj i
nd the solution of the differentia] equation
dy _ 8xcos’y
dx y
Which gatisf;
i I : satisfies y = /3 when x = 0,
ok how that an i

y

—



;o ith equati *ar ", show that the equation
ExAamiNATION QUESTIONS G

b Use the iteration formula Xy

= (=™t with y, -

—2 to find in turn x;, , X3 and
th and hence write down an approximation to the nhegative root of the €quation, giving you;
ions in ascending powers of x, as far as the answer to 4 decimal places
. 1 expressions 1n a. Bon igvalil. .
- ons of the following ch the expan g i . X
1 Write doW‘_1 ic Eﬁp?nséach case state the values of x for whi An attempt to ev§luate the positive root of the Cquation is made using the iteration formulg
term containing x”. In iii _—1—2? (OCR) Turr = (4—em)t with % =13
-2 X
e 2x 1—x)(1+ )
i (1—x)" i (132 ( ) k and ¢ Describe the result of such an attempt, (Edexce
i ctors of the points A and B are —t3l ;;1213 ;elirr?zrlll place %
i ition ve : es to ! ; : s
2 Referred to an ongin (1) %1; ngllgla scalar product, calculate, in degre (Edexcel) 11 a Rearrange the cubic Cquation x3 — gy 5 _ 0 into the form
) . tively. :
Si+ 3j + Sk respec
size of /AOB. X =+ /a -;—E.
X
The sequence given by the iteration formula
3 The s

Xn+1 = 100+lnx”’

i tion of

. rite down an equa 1

Find o correct to 2 decimal places, and w (OCR) ]

. _ verges to «. 1 - ;
with x; = 100, con

State the values of the constants ¢ and p.

b Use the iterative formula Xy = ’ la +—§’— with x, = 2 and your valyeg of a and b to find
x.'l

the approximate positive solution Xy of t

which z is a root.

ici fx% in the binomial expansion of
4 Determine the coefficient o

he equation to an appropriate degree of accuracy.
{OcK| Show all your intermediate answers, (Edexcel)
2115
15 i (1-x7)".
i —X ; itive 1 T. L . : . ; . : o
i (1-x) . 1+ 2x)" is 8n, where n is a positive intege (OCR Fl2a Expand (1 — 22 %' in ascending powers of y Up to and including the term in x3, simplifying
The coefficient of x* in the expansion of ( each coefficient jn the expansion.
5 The ¢
Find the value of n. (Edexce]l ®b Use YOUI expansion to find zp approximation to (0.98)!, stating clearly the substitution which
5 - you have used for y, [Edexcei)
1y simplifying the coefficients.
6 Expand (x i L
ition vectors, p, q and r respectively, where 4 Expand (3+2x)%in ascending powers of 5 giving each coefficient g5 an integer
i and R have position » B
7 Three points P, Q 34125 r = —i+4j. b Hence, or otherwise, write down the €Xpansion of (3 — 2x)*in ascending powers of y.
= 7l+ 10.]: q=4 + ’ P— C€r endiCUIar- . i .
. he vectors PQ and RQ, and show that they are perp ¢ Hence by choosing a suitabe value for x show that (B3+2v2)* 4 (3-2v2)* is an integer and
i Write down the v o PRQ. State its valye, (Edexcei)
i ' scalar product, or otherwise, find the angle
e n a .
ii Using N - of S, the midpoint of PR. ] nele PSQ. A . i 1 i y P .
iii Find the position vector of S, sults, or otherwise, find the ang (ORI 28 Use the iteration Y1 = (3x, +3)3, with Yo = 2, tofind, to 3 Significant figures, Xy.
= ; revious re ) -
tv Shiow that |6§| = |RS|. Using your p The only req) root of the equation x3 _ 3, _ 3=0 isaItis given that, to 3 significant
in ascending powers of x of Bures, o« = x,.
: ; ansion in a o
in the first 4 non-zero terms of the binomial exp Y Use the substitution Y = 3" to express
8 a Obtain the :
(1 —x2)~%, given that x| < 1, ZPE34 g
| )1 =32 your
b Show that, when x = 3, (1 —x 1 :

' ving | |
in an approximation to v2iE fdexcel E. ... cuaton
L into your expansion and hence obtair
i ¢ = = info y
bstitute x = 3 in
) illllSWBr to 5 decimal places.

iHEnCe, or otherwise, find ap approximate solution to the equation
' 27 _ 3r+1 i 0’
cell
9 Given that (Edexce
(2-x)3 = A+Bx+Cx2+...,

g y C. B
e va the 1 Egers B a g (8]

[Edexcel)

—/
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Examination questions G

480

15

16 i Write down the expansion of (2 —x)*.

17 A golden rectangle has one side of length 1 unit and a shorter side of length 1 units, where i

P Jr

A B
[§] \—/

€ }

"

The figure shows the curve with equationy = x — Inx — 2. The curve crosses the x-axis at A ang
B, and C is the minimum point on the curve.

a Find the coordinates of point C,

b Given the iteration u, ; = Inu, +2, and uy = 3, find, to three significant figures, u,.
(You are advised to show all stages of your working.)

¢ Given the iteration v,,; = e" 2, and v, = 0.5, find, to three significant figures, v,. ' Three points haye coordinat
ates A(9, 2

i —4
I Fe B3, T, ~4) a1 C(2,7,6)

d Given that u, —u as n — oo, show that u satisfies the equation x —Inx —2 = (), Write down the — Kﬁ
r

e Given that v, —v as n — oo, show that v satisfies the equation x —Inx —2 = (, i Write dowp the vector B&
ctor BC,

f Hence estimate the coordinates of points A and B, giving your answers to 3 significant figures,
(Edexcel|

d vector e

through the point ( 54quan‘0n for the fine 7 which jg

Ll 6, 6)

A Pparalle] to BC .
ii . and wh
Show thay 7 Intersects the Jine AB SR

ii Find the first four terms in the expansion of (1 + 2x) ~ in ascending powers of x.
For what range of values of x is this expansion valid?

iii When the expansion is valid,

(2-x)*
(1+20)3

Y = In (5 10
= 16+ax+bx*+... )a”dy=;—,x>o

Find the values of ¢ and b. (OCRI

& Newton’s 1,

called the golden section. BRroXimatjop, i .
sually g

. s [-

1 Ven by

to this root then g better

1]

yr can be found using the iterative formula

Xne1 = vx(1—x,).

. , - , i iterative formuld €&
Choosing a suitable value for x; and showing intermediate values, use this iterat! .

obtain the value of i to 2 decimal places.

(WJEC)

(AQA)




Examination questions G

22 A pipe runs from the point A(2, 1, 5) to the point B(6, 0, 6). At B the pipe bends and then runs
to the point C(7, 0, 3).
a Find a vector equation of the line AB.

b Find the angle between the vectors

4 1
—1 ] and 0
1 -3
¢ Find the angle ABC formed by the pipe. IAQA|

23 Given that |x| < 1, expand /1 +x as a series of ascending powers of x, up to and including the
term in x°.
Show that, if x is small, then

(2 —x)W1+x=a-+bx?

where the values of @ and b are to be stated. (OCR)
24 A curve C has equation y = ilﬁ, where x > 0.
X

i Find %, and hence show that the x-coordinate of any stationary point of C satisfies the

equation x = tanx.
jii Use the iteration x,., = 7+ tan 'x, to find, correct to 2 decimal places, the root of the
equation x = 7+ tan~'x which lies between 4 and 5.

iii Show that every root of x = n+tan~'x is also a root of x = tanx. (OCR)
25 Find, in their simplest form, the first three terms in the expansion of
(1+436)3
(AQA|

in ascending powers of ¢, where || < 1.

. . G i s i+ 9k
26 Referred to a fixed origin O, the points A and B have position vectors 3i —J -+ 2k and —1+]J

respectively.
a Show that OA is perpendicular to AB.
b Find, in vector form, an equation of the line L, through A and B.

The line L, has equation r = (8i +j — 6k) + A(i — 2j — 2k), where Zis 2 scalar parameter:

¢ Show that the lines L, and L, intersect and find the position vector of their point 0 (Edexcel

intersection.
.3 terfik
. : ; . . . : ing the X l"_r
27 Write down and simplify the binomial expansion of (1 — 2¢)3 up to and mcmglotg(ﬂ' 10, giving =88
By putting x = {5 use your expansion to find an approximation to the cube T A

your answer as the ratio of two integers.

28

The functiop, f is defined by
fx) = I8Inx — 42

of A lieg between 1.0 and 1.1

iii Using X =10 .
methord iy -to afs(a first approxj .

three decimal pfacegx) = 0 to obtaj . "CO{?rd.

na Sin e Iﬂgrdm, Ske Ch hft glﬂph? O I‘

an ai
- d explain how you can

Taki may b ' i
B () 16 be xIn( 1(()3;11%36“ o0 By FIn(lox) —¢ —

the oot of i

flx) — find 7y

() = 0 may pe simplified ¢, (Sqi ?;d show that the Newton
‘m

AR *n +6 ~Raphson iteration for

1+in (1OIH)

o hOW th
a .
\. U ‘ tthe equatlon _,\‘3 ‘xz 2 0 fOCR}
LR Sﬂ]g 1l 5 a . - - has a root .
: ' dS g ﬁrSt _ a which Ii
Secon approximatjon f, es between |
‘ 4pproximat; 1on for a, yse th and 2,
| ) - ;s g e
® Shoy, B i 1 for g, 8iving your answer tI:f?vc;()n.—Raphson method once tg of
() ; Cquation 3 _ .2 ccimal pJ O obtain
i n x3 _ .2 places. a
: )is aquadrati{:f : Y"=2 =0 capn be ar )
S ap i1 unetion, € arranged in the fory
ratj form v — 3
E ation 01? the form _ = \/m where
*3, giving your mil = g ) based ¢

n this reg
IrTan em 5
aces, gement and, with Xj = 15
ey

(AQA)

answers to 3 decima] pl

dtbe
term ;
nde : .
Pendent of y i, the EXpansion of ( 2 2)6
XH ==
7/

[OCR)
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Examination questions G

G F

32 o
s

] P

0__A

— OC = = 2 Iﬂkl.l'lg O as OTigj.[l
The f rure shows a cuboid in which ( JA = Im =3m and OD ' g i
| ! i , . 1 Cl CXpI‘CSS m tCl’[l’lS Ot lj J, k the VECLO:;
ey ol directions OA, O( 5 (01D IESPCCth Y,
i i j k ]-.11 t e' e
and unit vectors L)

i AG iagonals OF
! d B een the diagona
Poor N i calar product, find the acute angle betw (WIEC)
| . ropriate s ?
! de n appropr
By considering a
|
and AG. i . "
33 ;
D : E
S - 5
k4 i .
-

h edge is 2 units.
3 ich the length of eac . dFC e
is a cube in which t ; idpoints of AB an
ot voran ) Tt parallel 0 O, 32, OB respectively. The midpo
; i, j, k are paralle ’ ’
Unit vectors i, j,

|
; .
i e ON MG in terms of i, jand k.
| E ss each of the vectors ON and
i XPress

/ and MG i °_ correct to the
. i ON MG is 63.6°, correc .
te angle between the direction of ON and f
c
ii Show that Ehe acu
nearest 0.1°. 7 |
dy that dl——% when x = 0.
hat y = In (4 + 3x), find o and show ”
34 Given tha =

38 a  Given thyt x|

< 3 write down
including the

the expansioq of (1-3x)-2
term x3,

b Write down the series €Xpansions of
i et i sin2y

in ascending powers of x up to ang inc]uding the term ip 43

sjmpliﬁ/ing the Coefficients 5
much gas possible,

¢ Given that Is smal] €nough for x4 apq higher powers
(T3 e SIN2x = gy2 + by3

)

X

1
IV Give the first two terms of the S€Ties expansion for e =+* i imation f; '
Y =xe™ when y is smal],

B Use Your answer tq Partiv to find ap approximation for
& part jij.

(OCR)

including the term . lll
in series for In (4 + 3x), up to and inclu - - I‘I
btain the Maclaurin series for In r
. !
| Hence, or otherwise, J
| in x2. 5 Aplane IT hag €quation gx + by+z =g |
e " including the term in o B ,Wflte down, i terms of 4 a4 b, a vector Which js Perpendicular to 17, ,,
e o B A2, 2). B(4, -4, 2), C(5, =6, 3) lie on 1 i

. laurin series 3 | . \l‘!
S ESH A Write down the vectors AR and AC. 2

i : in series fo :.
S L Use Scalar Products to obtain twq Cquations for 4 and b, ' __;.

3 -1 = —Int. o |
e & Fing the €qQuation of the plane 17, &

s ined by ! . - I

s o f the form | 4 Fing the angle which the plane IT makeg Wwith the plane y — 0. F
& igin, O ; . : |

- g - . near the origin (AOA i oIt [ ;. the Midpoint of AC. Point E 1S on the [ine between D and B such thay ]

a F d imation to the curve G » - | &I

- x P B~ 12 Fing the coordingtes of E. [OCR) i

) aclaurin
: b Use the Mac

y :a+bx+cx2'
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Examination questions G

42 The figure shows an arrow embedded in a target. The line of the arrow passes through the point
A(2, 3, 5) and has direction vector 3i + j — 2k. The arrow intersects the target at the point B. The

plane of the target has equation x + 2y — 3z = 4. The units are metres.

i Write down the vector equation of the line of the arrow in the form
r=p+.q
ii Find the value of / which corresponds to B. Hence write down the coordinates of B.

iii The point C is where the line of the arrow meets the ground, which is the plane z = (.
Find the coordinates of C.

iv The tip, T, of the arrow is one-third of the way from B to C.
Find the coordinates of T and the length of BT.

v Write down a normal vector to the plane of the target.
Find the acute angle between the arrow and this normal.

43 The position vectors of three points A, B C on a plane ski-slope are
a=4i+2j—k b= -2i+26j+ 11k, ¢ = 16i+17j + 2k

where the units are metres.

= J o=
i Show that the vector 2i —3j+ 7k is perpendicular to AB and also perpendicular to AC.
Hence find the equation of the plane of the ski-slope.
The track for an overhead railway lies along the straight line DEF, where D and E have position
vectors d = 130i — 40j + 20k and e = 90i — 20j + 15k, and F is a point on the ski-slope.
ii Find the equation of the straight line DE.
iii Find the position vector of the point F.

iv Show that FD = 15(8i —4j + k) and hence find the length of the track.

44 In a crystal structure one of the planes of the crystal has equation
2x—3y+z =03
An X-ray beam passes through the crystal along the line having equation

HRHRH|

Find the angle between the X-ray beam and the given plane.

486

45

A rectangular.f
Cartesian coorg;
of A, B and (-

b Calculate the length of e line AG

- ¢ Find, in an appropriate form
d The plane with e

o » the equationg of the line AG
: uation 24y — -
coordinat S
istes o o 0, i’ Z = 244 meets the line AG ip 4 point P, p
- Frove that the

,’I‘h ( a[‘tes]a[‘ (_‘()(][’[l[nales (][ h[’ee “H"S 1T hI
: £ p
II }

A = (1,0,2) ce-

1 —_ T —

m




