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Formula Sheet

PURE MATHEMATICS
Quadratic equations: If ax?+bx+c=0 (a #0)
2
then x = —bix/zb —4ac
a
: o o dy
Differentiation: If y=ax then qe = nax
. ntl
Integration: Iax" dx = % +c (n# —1)
Logarithms: Ifa*=n then x = log n
log (ab) = loga + log b
a
log (5) = loga — logb
log a” = nlog a
Matrices: It A= b
cd
then det A = ad — bc
» 1 d —b
and A = m[_c u (ad —bc #0)
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3 (i) Solve the equation

tanx = 1.5

S b A

g for —180° < x < 180°
ce 1o \ sL.3)
@ “"MX:‘- \-§ «f%oy/ 0
ce - - 2°
;E ‘hm (l'S\-SG 3‘

1 C

. [
Answer  SEMT . — 12344’ 2]

(ii) Hence solve the equation
tan (360 —10°) = 1.5
for —60° < 0 < 60°
(38 ~lo) = S3° 3 -10 = - A64

20 = 663 3b -3
P 2] .(¢ & =-314°

.......

Answer 2.1-‘0 ’."'y)‘qu [3]
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4 The lengths of the sides of a right-angled triangle are 9cm, 4 cm and (2 — x)cm as
shown in the diagram below.

QD8R 8RS

-----

&

9cm E

5
(2—x)cm @

. 2

4cm @

&

(i) Showthat x* — 4x — 61 = 0 2
&

(2 ) 4y s q" 2
&

T _n P

@-xY2-¥) +4" =4 &
b - ke +¥ + 16 - g &
X! ~Ux —bl =0 &

[2]
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(ii) Using the method of completing the square, find the value of x, giving your
answer in surd form.

12399.03 R

xz,u,)c’-kl

= 0

(Y- 2y - (2 ~e=°

(X-ﬂ} B L‘—(o' - O

(x2) = 63
X-2 = ES

X:

2 4 Eg LeAO’rh K-2 neamLi\Jt, }f 2+B~S

Answer X~ )' - {Z{ [4]
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5 Solve the inequality
x(2x-1)-3>0

-----

You must show clearly each stage of your solution.
—6

r _y -y > O B
P -x-3 >0 @~>~,S )
A €2x —3x-3 >0
(x4 1)~ 3(x+)> 0

@x-(x+) 70

ooty Ix-\ =0 X 4t =0

)(‘:3/1 x = |

7 Leaming
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6 Matrices P, Q and R are defined by

x 4 2
| o-|
6 y 0

P:

and R=[

(i) If PQ = R, find the value of x.
2()«) - 4() =
(,(2) e 3(0) 12

M

Answer x =

(ii) Hence, if P has no inverse, find the value of y.

o ivese ~ dd =Zo

-4(4)

Answer y =

12399.03 R
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7 (a) Solve the equation

43x—2 _ 6x—1

-1 _ x— |
loa U( LDO(O
(Sy-))\oju = (X-')LOAL

3)( \Dall - 2(90\( = Kloaé — Loo(,

3x Loa(. -—X[uDL e Q.lealf-— [OJL

X (350(,40(,): ztaote 'LT)L

X <= 3(, Le — (54 €
it i
’SL'!'&L — Lba(a

Answer 04 \

12399.03 R
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(b) If y=log4 and z = log (l), write y in terms of z.

12399.03 R

2

2= Lbajl,_

—_

lbald‘

n

- log)
\

2 loll
)7

= Qo
52

- -2

Answer y = "). 2

2]
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8 Simplify fully the following algebraic expressions.

(@)

12399.03 R

)c2—5x+6+ x — 2
x> — 9x+18  2x%—12x

Answer

[5]
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(i)

12399.03 R

2x x + 1

2 20 +)
—_— - I
2 —\ x(—?’__\x
2
Aa x + !

v
9(,(1"3
-2 x> 5__2)‘
dr” —x —| !

"o
a
o~
|
Ao
N
-‘-
W
\
\
o
¢
L
b
=
r
-
¥
IND,

N
?
*
=
\\g

Answer 2C [5]
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9 A curve is defined by the equation y = —x> + 3x + 4

(i) Find the coordinates of the points where the curve crosses the x-axis.

—_—

R

_ 2% +3%3 +¢ 0O
23 - =o

(7 —4 Y xr)To

Q'8Q 8R 8e ¥R Ne N

U*:O , ©° | =

Answer ("l ) o ) ( U % 03 [2]

(ii) Find the coordinates of the turning point of the curve.

’_{0 = “lx 4y =0 &
dy 2
(C€

M= |2
X ':'5/_L
'/
NI SR
Answer ( 3/L ) é l/"r\ [4]
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(iii) Using calculus, identify the turning point as either a maximum or a minimum
point. You must show working to justify your answer.

]
?v_i\ = -2 2 -ve [/ mhx
ax’

Answer Mma )‘ [1]

(iv) Sketch the curve on the axes below.

A (3/1, L'Q

2]

[Turn over
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(v) Find the area enclosed by the curve and the x-axis.

l
J (fx,tk%l J(tt\ d=z

Y
Answer 2 O—

[4]

12399.03 R

*32GFM1116*

8018

g

Q)8R

.....

1 Leaming

i

......



ORI RUFIORUFORUFORUEY

uuuuuuu

v |

.......

) Lowming

A |

;;;;;

Fewaring |

10 Matrices A, B and C are defined by

2 -3 -2 -1
A = [ l, B = [ and C =
4 -5 7 -2
Find the matrix X such that
AX =B + C

>
W\
N =
| N
o
£ 4
oW
—

)
P »
o

=y (s v w\\
2wy ¢ 26

I

Answer

[5]

12399.03 R
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11 An airline operates two flights each week from Belfast to Lanzarote.
The airline offers three types of fare
* apremium fare of £70, _’0 X
* an economy fare of £55 and 5S y
* astand-by fare of £35 3‘{ Z

Let x, y and z represent the numbers of passengers paying premium, economy and
stand-by fares respectively on the first flight of a particular week.

On this flight all 180 seats were sold.
Hence x, y and z satisfy the equation

x +y+z=180

The total income from fares for this flight was £9325
(i) Show that x, y and z satisfy the equation

14x + 11y + 7z = 1865

Jox + SSY 4%z = q3)s
Zs L )%!

x +UY ¥ Fz = 184S

[1]
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Compared with the first flight, the second flight had

2 2
3 the number of passengers paying the premium fare, 3 x

25 more passengers paying the economy fare and ( Y +2§\
half the number of passengers paying the stand-by fare. 2

Again, all 180 seats were sold. 2

(ii) Show that x, y and z also satisfy the equation

4x + 6y + 3z = 930

2 V4+25) v 2 — |80
L () 2

'):X t \/ ¥ % = |ISS
5 3 ) )
)(3 x) (1 12 X
lfY ¥ é‘/ v 32 = 9%
[2]
12399.03 R [Turn over
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(iii) Solve the equations below to find the numbers of passengers paying each type of
fare on the first flight, showing clearly each stage of your solution.

x+ y+ z= 180 (]
l4x + 11y + 7z = 1865 )
4x + 6y + 3z = 930 <

® -w lex vily + Tz - 1865
Tx + 9 © Tz = 1o

Tx +'—l~3 = ot ®

(- ® ley 4’63*33:43"

¥ + 31 + 3¢ S4o

\

)g-rg\k:s = 340 @

2 vy 60y
[Ty = 2125ﬁ
J N VA
4
Y +34 < 30

12399.03 R /
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Answer Number paying premium ' 5
Number paying economy 125
Number paying stand-by Lf J [8]

(iv) Hence find the total income from fares for the second flight.

12399.03 R

yi
L3
3

y+25

=z -1

- |10 - (o x £7O

9 ISD ——~  so x E3Y

) }.‘_) — 2’ 0 >( Eg{

o

f%So

Answer £

4650 2

[Turn over
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12 A curve is defined by the equation
2
y=3 x2(x —3)

(i) Find the equation of the tangent to the curve at the point (1, — 1%).

2,0~ 2t

J= 37

armlm't ‘l’wiau\’ %\‘3 = J_K?’ ~ by
L X

Sub dy = (Y 40

in X< dx

dy = )
AX

g wx e

Answer (lj - ,ﬂl)‘ + [3]

(IR
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2
(ii) Find the equation of the normal to the curve at the point (—1, — 25).

- Ad = 1".[.
+(V\ dy A

!

2 (—\)1 —Le(-1)
= 6

pomal > M 7 -4 3: MR e
,.)_2/5 Ca ’I/G (-I\ +c

e =%

b
Answer Yy = —J/(’ X - ‘-'2 /!- [2]

Q12 continues on page 25

[Turn over
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(iii) Hence find the exact value of the x-coordinate at the point of intersection of the

12399.03 R

tangent in (i) and the normal in (ii).

b

x4 e = 2% 7B
X = U
X = Zl/”

/i

Answer

2]

[Turn over
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13 The populations of various towns and cities in Northern Ireland were recorded in
2001. They were put in rank order according to their population.

-----

¥ Q8IS

The table below shows the rank, R, and the population, P, of the second to the sixth b7
largest population centres. e
X 4! 5
Rank Population <
R P loa R loq P &
O ¥) %)
2 85000 /1 o-tol  (|]) "t -424 .
7 Y
3 71000 oYM L. 351 b7
4 63000 o lod Lf.7aq ICe
5 57000 o €49 4 756 2
6 52000 (3 6 1R (1) e 114 &
& & =
Martin believes that a relationship of the form Fr m — &
of 3} - 3| @
P = aR" R ICe
X, ~
exists for ranks 2 to 6, where a and » are constants. 27X z
n 25
P ok

loa P > n lﬁ(jk ¢ logas

3 - mY¥X + ¢

12399.03 R
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(i) Verify that a relationship of the form P = aR”" exists by drawing a suitable
straight line graph on the grid below.

Label the axes clearly.

Show clearly the values used, correct to 3 decimal places, in the table opposite.

A
5.0
(™
My
4.9
Ty
My
™
N
4.8
ey
Ty
4.7 —=
0.3 0.4 0.5 0.6 0.7 0.8
[6]
Q13 continues on page 29
[Turn over
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(ii) Hence find the value of n, correct to 2 decimal places, and the value of a, correct
to the nearest integer.

n= G -¢aa _ o ueesy
C-1% —o 10\

P=al’ (2?2 )

o U4bTy P = 35000

85000 = o/

Answer n = ‘O"’U/ ,a = ll§835 [4]

The largest population centre in 2001 was Belfast with a population of 333 000
N~

(iii) Show clearly, using your values for a and n, that the relationship P = aR" does
not hold for Belfast.
Rank = ]_

N
= al
-0

P= s 8s (1)

= 1§ ¥
not appox 333 000
<o dooy st he(d

[1]

[Turn over
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14 A rancher wishes to build a rectangular enclosure ABCD for horses.
He has 100 m of fencing to construct the perimeter of the enclosure.
He plans to use a metal gate PQ, of length 4 m, for the entrance to the enclosure.

He plans to use all the fencing for the rest of the perimeter.

X

A B
y
D—‘/\/\/\/\/\/vi—c
P Q
«— 4 —

Let x and y be the length and width, in metres, of the enclosure.
(i) Derive an expression for y in terms of x.
jf X +y +(x-¢) = wo
) :] + 22 =4 =100
W, J = Jo4- 2z

g=

Answer y =

12399.03 R
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(ii) Hence show that the area of the enclosure is given by

A= 52x — x*

ﬂfca fXj
= x(52-7)

= 621, - ’L?/

[1]

(iii) Find the dimensions of the enclosure which will give the maximum area, proving
that 1t 1s a maximum.

_E‘___A = Sl “ll =0
Ay
2~ =S
~ =26

—_

3:5),—1.

2

Ay 26

Answer Length

Width 26 m [4]

THIS IS THE END OF THE QUESTION PAPER
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