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Mathematical Formulae
1. ALGEBRA

Quadratic Equation

For the equation ax” +bx+c=0,

_ —bx+b? -4ac

X =
2a

Binomial expansion

N () o s
,-

. ., . n -
where » is a positive integer and = - =
r r'(n =¥ )'

r!
2. TRIGONOMETRY
Identities R
sin* A+cos” 4 =1
sec’ 4A=1+tan’ 4
cosec’d =1+cot’ 4
sin(4+ B)=sin Acos B + cos Asin B
cos(4+ B) = cos Acos BFsin Asin B
tan A4+
tan (A + B) = ——En tan
|Ftan Atan B
sin24 = 2sin Acos 4
c0s2A4 =cos’ A—sin> A=2cos” A—1=1-2sin" 4
tan 2A e ﬁ]_zfi_
l-tan® 4
Formulae for AABC
a b c

sind sinB N sinC

a’=b"+c¢* —2bccos A

A =labsinC
2



Given that y = l—f‘—z—-, show-that y is decreasing for x>1 and x<-1. [3]
“l+x

The graphs of y=x" and y2 =kx, where n and k are integers, intersect at the point (%, 2).

(i) Find the value of n and of &. 2]

(i) On the same diagram, sketch the graphs of y=x" and 3” = kxand indicate the point

(%, 2) on the graphs. [2]

The diagram shows points 4, B, C and D lying on a circle. The point £ is such that DCFE is a
straight line and £BF is a tangent to the circle at point B. 4B is parallel to DC and
AB=DB.

D
A
c
E
F B
(i) Prove angle CBE = angle 4BD. [2]
(ii) Prove that triangle CBE is similar to triangle ABD. [3]
(a) Given that jo"(sin 0+cos6) do=1and 0 < Hs%, find the value of a. [3]

(b) A curve passes through the point (1, 2) and has gradient (—6—7 Find the equation of
3x—-4)
the curve. (3]

The roots of a quadratic equation are @ and S, where ¢+ =35 and off=7.
(i)  Write down the quadratié equation in the form of x” + px+g=0. [2]

(ii) Find, in the same form, the quadratic equation with roots ¢ and f3°. [4]



®

(i)

(@

(b)

4

Differentiate 3x* Inx with respect to x. [3]

Hence evaluate ? xInxdx. 3]
1

Water is leaking from a plastic bag. After  seconds, the volume of water in the plastic
bag is given by V = (260e"°‘” +20) cm’.

(i) Find the time taken when % of the water in the plastic bag has leaked out. 3]

(ii) Find, in terms of ¢, the rate of decrease of volume of water in the plastic bag.  [3]

The variables x and y are connected by the équation y = 2c052(x —%) . Given thaty is
decreasing at 0.5 radian per second, find the corresponding rate of change of x when

X=§., [3]

A farmer wants to build a greenhouse that stands on a horizontal rectangular base. The vertical
semicircle ends and the curved roof are made from polyethylene film for insulation. The radius
of each semicircle is x m and the length of the greenhouse is / m.

(B

(ii)

(iii)

Given that 120 m® of polyethylene film is used for the greenhouse, show that the volume,
3
¥ m®, of the greenhouse is given by ¥ = 60x—m7. [3]

Given x may vary, find the value of x for which the volume of the greenhouse is
stationary. (4]

Explain why this value of x gives the farmer the largest volume possible. Hence find the
largest possible volume of the greenhouse. 2]



10

11

5

(a) Giventhat p=Ig5, express the following in terms of p,

@ 1g50, (2]
i) Igl6. [3]
(b) Solve log, (x~3)+log, (x—2)=1+log, (x*~4x+4). (5]

The diagram shows a trapezium 4BCD where 4B is parallel to DC. Angle BAD and angle CDA
are right angles. Angle ABC = # radians, where 0 <& <§ and the lengths of 4B and BC are

10 cm and 15 cm respectively.

(i)  Show that L cm, the perimeter of the trapezium, can be expressed in the form

p+gsin@+rcosd where p, g and r are constants. [3]
(ii)) Express L in the form p+ Rsin(&— a) where R > 0 and « is an acute angle. 4]
(iti) Given that the perimeter, L is 45 cm, find the value of &. [3]

A circle, Cy, has equation x2 +y* +4x—6y—36=0.
(i) Find the radius and the coordinates of the centre of C;. [3]

A second circle C», has a diameter PQ. The point P has coordinates (-5, 5) and the equation of
the tangentto C; at O is y=2x-5.

(ii) Find the equation of the diameter PQ and hence the coordinates of Q. [4]

(iii) Find the radius and the coordinates of the centre of C». {3]

(iv) Show, with working, that the point (~6, 2)ties within only one of the circles, C; and Cs.

(2]

~ End of paper ~
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Mathematical Formulae
1. ALGEBRA

Quadratic Equation

e For the equation ax” +bx+c=0,

~b*~b* —4ac

2a

X =

Binomial expansion

2. TRIGONOMETRY

Identities
sin A+cos* 4 =1
sec’4=1+tan" 4
cosec’d =1+cot’ 4
sin(4+ B) =sin 4 cos B+ cos 4sin B
cos(4 + B) = cos Acos BFsin 4sin B
+
tan AiB)= tanA+tan B
I¥tan Atan B
e sin2A4 = 2sin Acos A
S cos2A4 =cos’ A—sin® 4 =2cos” A—1=1-2sin" 4
. 2
tan24 = __tan;t
- » I—tan® 4

Formulae for AABC
2 a b ¢
b sind sinB sinC
' a® =b*>+c? —2bccos 4

A= labsinC
2



3
31

1 (a) Find the range of values of x for which (2x+1)(4-x)> 4.
(b) Find the range of values of m for which 2x— x> <6—m for all values of x. [3]
2 (i) The binomial expansion of (1 + px)", where # > 0, in ascending powers of x is
1-12x+28p°x” +...
Find the value of »# and of p. [4]
(2]

(i) Hence find the coefficient of x in the expansion of (2x+§)(l + px)"
x

3 The diagram shows a right-angled triangle ABC where the height BC is (7—7_5) cm and-the
base 4B is (9—2\/§) cim.
C
I
(”3)
A B
o—2v8)

Express in the form of g+ b\/E , where g and b are rational numbers,

(i) the area of the triangle, ) (3]

(i) AC%. [3]
4 A curve has the equation y=x(x~ 6)2.

FE
Obtain expressions for — and ),) . [3]
& dx”

®
X
{4

(ii) Hence, find coordinates of each of the stationary points and determine the nature of each

point.

[Turn over



4

5  The diagram shows the trapezium ABCD where coordinates of 4, B and D are (1, 2), (3, 8) and
(5, 4) respectively. Given that angle 4BC=90" and 4B is parallel to DC.

YA
B(@3,8
C
D (5,4)
4(1,2)
> X
0
(D), Find the coordinates of C. ) . [4]

The point £ lies on BD such that the area of triangle CDE is % of the area of triangle CDB.

Find
(ii) the coordinates of E, 2]
(iii) the area of triangle CDB. 21

6 A particle, moving in a straight line, passes through a fixed point O with a speed 28 m/s. The

1
-1

acceleration, @ m/s®, of the particle, ¢ s after through O, is given by g=—-24de 3 .
(i)  Find the value of 1 when the particle is at instantaneous rest. [4]

(ii) Find the distance travelled in the first 3 seconds. [5]

7 (a) The diagram shows part of the graph of y=2 —|2x—l|.

AY
B
A C 5 3
0 ”
(i) Find the coordinates of the points 4, B and C. [3]

(i) Solve the equation 2—|2x—l|=3x. [3]



5
(b) A curve has the equation y = (x—1)2 -5.

()  Explain why (1, -5) is the lowest point on the curve. [1]

(i) Sketch the graph of y =|(x~1)2 —5]. 3]

The diagram shows part of the curve y=3cos§. The line x :% meets the curve at B and the

x-axis at A. The tangent to the curve at B meets the x-axis at C.

y

Find
(i) the coordinates of B and C, [6]
(ii) the area of the shaded region. [5]

(@) Find the value of % for which x? +(k—1)x+4k>~16 is exactly divisible by x—3 but not
by x+4. (3]

(b)(i) Express —5—5—:—6—\—_1—)7 in partial fractions. [4]

(x+3)(x-2)

(b)Gii) Hence find |72 =02=13

*(x+3)(x-2)

dx, giving your answer to 4 significant figures. (3]

[Turn over
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An experiment in Physics was conducted to determine the gravitational acceleration, g, using a
pendulum. The period of oscillation of the pendulum, 7, is related to the length of the string, L,
where the bob is attached.

The table below gives the value of the period recorded for the different length of the string of

pendulum.
L/m 0.2 0.4 0.6 0.8 1.0
T/s 0.897 1.27 1.55 1.87 2.01

The variables, 7 and L are related by the following formula, 7 = Zn\/Z, where m and g are

g

constants. It is known that one of the readings for T is incorrect and the air resistance is
negligible in the experiment.

0
(i)

Plot 72 against L and draw a straight line graph for 0< L <1. 3]
Using the graph,
(a) determine which value of T, in the table above, is the incorrect recording, 1]

(b) estimate a value of T to replace the incorrect recording of T found in part (a), [1]

(c) estimate the value of g. C 2
The same experiment is repeated on the planet of Mars, where the gravitational acceleration is
3.71 mss’.
(iii) For this experiment, a straight line is to be drawn on the same graph. Determine the

gradient of this line. [1]
(iv) Draw this straight line on the same graph. n
(v) Using the graph, determine the period for a pendulum of length 0.4 m on Mars. [2]
(vi) Compare and comment, using the graphs, on the period of a pendulum on the Earth and

Mars. (1]



7
11 (a)i) Prove the identity sin‘@—cos*#+cos28=0. [3]

(a)(ii) Hence solve the equation sin® 60— cos’@=1"for 0<f<x. 2]

(b)(i  On the same axes, sketch, for 0° < x <120°, the graphs of

y:%cos6x+l and y=.2—%sin3x. [6]

(b)(ii) Explain how the graphs can be used to solve the equation 3cos6x+sin3x—2=0. [2]

~ End of paper ~

[Turn over



1 Given that y= ]——x—z, show that y is decreasing for x>1and x <-1. [3]
T+x

- X
1+x?
dy (1+x7)(1)—x(2x) Find dy/dx [M1]
dx (1 +x2)2
x> +1

a2 , Explanation [M1]
Forx<—landx>l,(]+x”) >0, —x> +1<0.

Conclude dy/dx <0 hence decreasing fn
[A1]

% < 0. Hence y is decreasing for x>1and x<-1.

2 The graphs of y=x" and y* = kx, where n and k are integers, intersect at the point (% 2).

(i) Find the value of n and of £. [2]

(i)  On the same diagram, sketch the graphs of y=x" and y* = kxand indicate the point

(%, 2) on the graphs. 2]
) . _.n . 2
sub | —, 2}into y=x"  sub|—,2]into y* =kx
Answer for n [B1]
2= (l) 22— k(l) . Answer for k [B1]
2 2
n=-1 k=8
(ii)

Graph of y*=8x [A1]

Graph of y=1/x [A1]




3

2

The diagram shows points 4, B, C and D lying on a circle. The point £ is such that DCE is a
- straight line and EBF is a tangent to the circle at point B.-4B is paralle] to DC and
AB= DB.

0)

D

F

Prove angle CBE = angle ABD.

(i) Prove that triangle CBE is similar to triangle ABD.

3]

(i) | £ZCBE=/BDC (alternate segment theorem) CBE = CBD [B1]
ZLCBE =/ABD (alt Zs, AD//DE) CBD = ABD [B1]
LCBE=/ABD
(i) | Let ZBCE=x

£ZDCB=180°-x (s onastrline)
£DAB=180°~(180°~x) (s inopp seg)
=X
. £DAB=/BCE
From (i), ZCBE = ZABD
ZLCEB=/ZADB (4 sum of A)
.. Triangle CBE is similar to triangle 4BD (AAA similarity)

Show DAB = BCE [M1]

DAB = BCE [B1]

Deduced correctly [B1]




3

4 (a) Giventhat: j: (sin@+cos 6’) dé=1and 0<8< %, find the value of a. 3]

(b) A curve passes through the point (1, 2) and has gradient —6—2 Find the equation of

(3x-4)
the curve. [3]
@) j:(sin6’+ cos#d) dg=1
[—c059+sin 9]: =1 Integrate correctly [A1]
—cosa-+sina+1=1
sina =cosa Solve: Use tan function [M1]
tana=1
T Answer [A1]
a==
4
by |y 6 _
dc (3x—4)’
y= j “—6—2 dx Integrate [M1]
(3x-4)
= [6(3x-4)7 &
-1
-3
2 +c
(3x—4)
sub (1, 2) into y,
2
=— +c
3(1)-4 Sub point to find ¢ [M1]
c=0
cy_ 2 Answer [A1]
YT Bx—a)

[Turn over
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The roots of a quadratic equation are ¢ and S, where a+ =5 and off=7.

(i) Write down the quadratic equation in the form of x*+ px+¢=0. {2]
@ii) Find, in the same form, the-quadratic equation with roots ¢ and /3. [4]
q
(i) Qixadratlc equation: Answer -5x [B1]
x"=5x+7=0 Answer +7 [B1]
(i) | new sum of roots:
¢3+ﬂ3 =(a+ﬂ)(a2 _aﬁ+ﬁz) Find new sum of roots [M1]
= (a + ﬂ)[(o:+ ,8)2 -2af- aﬁ] Use algebraic result [M1]
-5 52 -(3y7]
=20
new product of roots: Find new product of roots [M1]
@(F)=(ap) -
=7
=343 Answer [A1]
The new quadratic equation is x> —20x+343=0
(i) Differentiate 3x° Inx with respect to x. [3]
(i) Hence evaluate L: xinxdx. 3]
i d
® ?‘;33‘2 Inx Use product rule differentiate (3x2) l) correctly [M1]
x
(1 iferent
_ (3 ¥ )(_] +(Inx)(6x) Use product rule differentiate (In x)(6x) correctly [M1]
X Answer [A1]
=3x+6xInx
(i) 2 221y
jl 3x+6xinx dx _[3,\ ln,\:ﬁ Use (i) [M1]
I]23x dx + _[]2 6xInx dx :[3_\'2 lnx]l2
2 . .
[6xinx dx=[3x"Inx] - [ *3x dx simplify [M1]
1 | 1
2 2 [—3 B " .
|22 el P22 integrate 3x [M1]
6}1 xInx dx —[3.\ ln_\Jl [2.\ I

=121n2—2
2

[?xinx d,v=l(l2ln2—2)
1 6 2

=0.636 (3sf)

Answer [A1]




(@

(b)

5
Water is leaking from a plastic bag. After ¢ seconds, the volume of water in the plastic

bag is given by ¥'=(260e™" +20) cm®.
g

(i) Find the time taken when S’: of the water in the plastic bag has leaked out. [3]

(ii) Find, in terms of ¢, the rate of decrease of volume of water in the plastic bag. [3]

The variables x and y are connected by the equation y = 2cosz(x —g) . Given that y is

decreasing at 0.5 radian per second, find the corresponding rate of change of x when

x=I 3]
2
(ai) | Volume of remaining water = 70cm’
(260¢7" +20)=70
260e™*" =50
el = i()_ Simplify: make e the subject [M1]
260 . .
< ) Take In [M1]
0= ‘
260 Answer [A1]
t=16.5s (3sf)
@) | av - _0. 1(260)(e*’-“) Differentiate [M1]
dt
=-26¢""" cm'/s Answer [A1]
o 3 Answer [A1]
.. rate of decrease =26 cm’/s
(b) 2 ( n)
=2¢08"| x——
y 6 _
% - 4cos(x _ 16[.][_ sin(x _ %ﬂ(}) Differentiate [M1]
= —4cos(,\' - E)sin(x - E)
6
at x=—
dy dy dx Use chain rule [M1]
—_ = X —
dt dv dt
-05= —4cos(— - EJsin(E L &
3 6 3 6) dt
dx

o =0.289 rad/s (3sf) Answer [A1]

Rate of change of x = 0.289 rad/s

[Turn over
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8 A farmer wants to build a greenhouse that stands on a horizontal rectangular base. The vertical
semicircle ends and the curved roof are-made from polyethylene film for insulation. The radius
of each semicircle is x m and the length of the greenhouse is / m.

xm
(i) Given that 120 m? of polyethylene film is used for the greenhouse, show that the volume,
. 3
¥ m’, of the greenhouse is given by ¥ = 60x —KXT . (3]
(ii) Given x may vary, find the value of x for which the volume of the greenhouse is
stationary. ) (4]
(iii) Explain why this value of x gives the farmer the largest volume possible. Hence find the
largest possible volume of the greenhouse. ’ [2]
() | surface area= nx’ + mxl
120 = 7rx* + 7x1 _ Make / the subject [M1]
20— 1x° .
/= 120 — 7x
X
V= 1 7x’l
2 Sub into V [M1]
1 5[ 120—7x?
_— ﬂ-,t -
2 X
x(120 - 7x?)
Sl e—
—60x— 7[;: Answer [A1]
(i) | gV 3zx? . .
—=60— Differentiate for dv/dx [M1]
dx 2
For stationary value,
4V _o dv/dx = 0 [M1
o v/dx = 0 [M1]
2
60— ¢
2
37x —60
2
2o 40 Simplify and solve dv/dx = 0 [M1]
7
x=3.5682 or —3.5682 (N.A.) Answer [A1]
. x=3.57 (3sf)




(i)

dv
bl
X

==37<0.

2
Since - < 0, the volume is a maximum.
2

Sub x =3.5682 into V,
V=143 cm® (3sf)

Show d>v/dx? < 0 and conclude
maximum [A1]

log, (x2 —4x+ 4)

logz[(x - 3)(x -~ 2)]= log, 2+ a4

logz(x—Z)2
2
+2log2(x—2)
2
log,2+log,(x—2)
log,2(x-2)
(x=3)(x-2)=2(x-2)
(x-3)(x-2)-2(x-2)=0
(x-2)(x-3-2)=0
(x-2)(x-35)=0
x=5or 2 (NA)

=log,2+

2

2

lo

Il
ga

Answer for V [A1]
-9 (a) Giventhat p=Ig5, express the following in terms of p,
1 1g50, (2]
(i) Igl6. (3]
(b) Solve log, (x~3)+log,(x=2)=1+log, (x* —4x+4). [5]
(ai) | 1g50.=1g(5x10) Product law [M1]
=lg5+1gl0
Answer [A1]
=p+)
(aii) | 1g16 =1g2*
4 lg(ﬁ) Power law [M1]
2 Quotient law [M1]
=4{lgl0—-Ig5
( & & ) Answer [A1]
=4(-p)
() | log, (x-3)+log, (x—2)=1+log, (x2—4x+4)

Product law for LHS [M1]

Change of base for RHS [M1]

Remove log on both sides [M1]

Solve quad eqn [M1]

Answer [A1]

[Turn over



8

10  The diagram shows a trapezium ABCD where AB is parallel to DC. Angle BAD and angle CDA4
are right angles. Angle ABC = @ radians, where 0 < ¢ s% and the lengths of AB and BC are

10 cm and 15 cm respectively.

A, D
n)
10 cm
e C
15¢cm
B

(i)  Show that L cm, the perimeter of the trapezium, can be expressed in the form

p+qsin@+rcos@ where p, g and r are constants. - 3]
(ii) Express L in the form p+ Rsin (H—a) where R > 0 and « is an acute angle. {41
(iii) Given that the perimeter, L is 45 cm, find the value of &. [3]
(i) | Let X be the foot of the perpendicular line from C to AB.
. e
sinf = T— Express TC in terms sin 8 [M1]
TC =15sin@

AD=TC =15sin6

TB - Express DC in terms of cos 8 [M1]
cosf=— .

15 :
TB=15cos@

DC=10—-15co0s8
L= lSsin0+(10—150059)+10+15

=35+15sinf—15cos@
(i) | Let 15s5inf—15cos@ = Rsin(6—-c)

Answer for L [A1]

Find R [M1]}
R=+15>+15° tanax =1
T
=+/450 a= Z Find o[M1]
=1 5\/5 Answer [A2]

- n’ [must include 35, 1m for R, 1m for ]
- L=35+15\2sin| 6-=




P v

35+15+/2 sin

T2

n
8 ) 45 Form equation [M1]

15v2 sin(&—%)= 10

sin(é’— E) = -2—— T

4) 32 Simplify to make sin(&——)the subject [M1]
£ =0.490882 4
6=1.27628 Answer [A1]

11

0=128 rad (3sf)

A circle, C), has equation x>+ +4x—6y—36=0.
(i)  Find the radius and the coordinates of the centre of C;. : {3]

A second circle C», has a diameter PQ. The point P has coordinates (-5, 5) and the equation of
the tangentto Cy at Qis y=2x-5. :

(ii) Find the equation of the diameter PQ and hence the coordinates of Q. {4]

(iii) Find the radius and the coordinates of the centre of Cs. [3]

(iv) Show, with working, that the point (—6, 2)lies within only one of the circles, C; and C:.

[2]
() | xX*+y"+4x-6y-36=0
(x+2) +(y-3)-4-9-36=0 ) Complete sq or use
, 5 X+ v +2g0e+2fy+c =0 [M1]
(x+2) +(y-3)" =49
2 2 72 Answer for centre [A1]
(x+2) +(y=3)" =7 Answer for radius [A1]
centre: (-2, 3), radius = 7 units

AG)

My :—% Use m of tangent to find mpq [M1]
sub mp, =—-% and (-5, 5) into y=mx+c
5= ! =5+c

2

c=—
2
Answer for eqn of PQ [A1]

Equation of PQ: y:—%x+§ or 2y=-x+5--—(1)
y=2x-5--(2)

Solve simuitaneous eqgn [M1]

[Turn over
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1 5
D=(2), 2x—5=—=x+=
M=) 55+
x=3
=1
Y Answer for Q [A1]
o31)
iii -5 1
(i centre, C, =( 32+3,5%) Midpoint of PQ [M1]
— (_L 3) Answer for centre of C, [A1]
dius, C, = J(~1+5)" +(3-5)’
radius, L, = (_ + ) +( - ) Answer for radius of C, [B1}
=+/20 or 4.47 units ‘
(iv) | Dist of (-6, 2) from C;

= J(-6+2)" +(2-3)’
=4.12 units
Dist of (=6, 2) from C;

=\[(—6+ 1)2 +(2 —3)2

=5.10 units

Find dist of (-6, 2) from the centres [M1]

Conclude and show lies only within C; [A1]

~ End of paper ~




. -;L\kif B

(a) Find the range of values of x for which 2x+1)(4-x)>4. [3]
(b) Find the range of values of m for which 2x— x> <6—m for all values of x. [3]
(@ | Cx+1)(4-x)>4
8x—2x*+4—x>4 Expand [M1]
“2x*+7x>0 Factorise [M1]
x(2x—=T7)<0 Answer [A1]
0<x<3l
: 2
() | 2x—x*<6-m
X2 =2x+6-m>0 b’ —4ac <0 (M1
Curve always positive => b —4ac <0
5 . Solve [M1]
(=2)* - 4(1)6~m) <0
4-24+4m <0 . Answer [A1]

m<5

The binomial expansion of (1 +px)", where 7 > 0, in ascending powers of x is

()
1-12x+28p %" +...
Find the value of » and of p. [4]
(i) Hence find the coefficient of x in the expansion of (2x+§J(I + px)". [2]
X
@ (1+ px)" .
Expand using binomial theorem [M1]}
-1 n ion N2 :
=1+ px+ (px) +...
1 2
=l+npx+ n(’;'_l)pzxz +...

i
=1 +npx+5n(n— DpPxt+...
comparing coefficients, Compare coefficients [M1]

x? :%n(n—])pz =28p’

1
—n(n-1)=28
> (n=1)

n-n-56=0
(n+NH(n-8)=0

n=8 or n=-7(N.A) Answer [A1}]
x:np=-12
8p=—12
3 Answer [A1]
p:—._

2




@) _(Zx + 2)(1 + px)"

2
=(2x+E 1—12x+28(—3) x2+...:|
x/| 2

Expand for x term [M1]

=\ 2x+2 |(1-12x+ 632 +..) Answer [AT]
x

=2x+315x

=317x

The coefficient of x=317

3 The diagram shows a right—;clngled triangle 4BC where the height BC is (7 —P\/I—E—}cm‘and the
base 4B is (9 - 2«/§)cm;
C
1
y S
&)
A B
(9-2v8)

Express in the form of g+ b2, where a and b are rational numbers,
(i) the area of the triangle, 3]

(i) AC.




®

Area:%—(9~2x/§,)(7—% Expansion [M1]
Rationalize denominator [M1]
| PRI -]
2 J2 2 Answer [A1]
1 9
=— 63—_—28ﬁ+4)
2( V2
1 9x~/2
=] 67— 282
2( V2 <2 )
%(67—9J_ 28\2 J
:1(67_9%)
2 2
_67 65 5 om?
2
OR
Area
1 I
- Lo_oggf7-L
2( ( V2 )
_ 1(9 _ 2&(7 B [2_} Rationalize denominator [M1]
2 ' 2 Expansion [M1]
2 (63 ——«/— 28\/5 + 4) Answer [A1]
1 ( o7 652 ]
2 2
65
= %7-—'1'\6 sz
i) | AC?
2 ]
= {9-248] +(7———
i)
= 81—36\/§+32+49—%+% Expansion [M1]
= 81-724J2+32+49 _% +% Rationalize denominator [M1]
x
= 81—72\./§+32+49—7\/§+%
325 Answer [A1]
~79J2
2
OR
AC

[Turn over




= (o-4v2) + (7—[—]2

=81—72J§+3z+49—7\5+%

Rationalize denominator [M1]

Expansion {M1]

325 _793 \/— Answer [A1]
4 A curve has the equation y=x(x— 6)2.
. dy d’y
® 5 - [3]
(i) Hence, find coordinates of each of the stationary points and determine the nature of each
point. [4]
i d 2
® ay = x[Z (x = 6)(‘)]‘*‘ (x - 6) 1) Differentiate using product rule [M1]
= 2x(x—6)+(x-6)’
=(x—6)(3x—6) or 3x”—24x+36 Answer dy/dx [A1]
d’y —6x_24 Answer d?/y? [A1]
dx?
(ii) | For stationary points,
Y_o
dx

(x-6)(3x—-6)=0
x=6 or x=2
sub x=6 into y,
y=0
sub x=2 into y,
y=32
~.(6, 0) and (2, 32)
at x=2,

2
d—=—12<0

dx?
at x =6,

2
l{=12>0
(6, 0) is a minimum point

(2, 32) is a maximum point

Answer (6,0) [B1}]

Answer (2,32) [B1]

Answer (6,0) min [B1]

Answer (2,32) max [B1]




S

5 The diagram shows the trapezium 4BCD where coordinates of 4, B and D are (1, 2), (3, 8) and
(5, 4) respectively. Given that angle 4BC'=90" and 4B is parallel to DC.

YA
B(3,8)
C
D(5,4)
A(12)
~> X
o
(i)  Find the coordinates of C. : [4]

The point £ lies on BD such that the area of triangle CDE is i of the area of triangle CDB.

(i) Find the coordinates of E. [2]

(iili) Find the area of triangle CDB. [2]

(® Gradof AB = 8-2 =3 Find equation of BC [M1]
3-1

Grad of BC = —% Find equation of DC [M1]

- 1. Solve simultaneous equations [M1]
sub B(3, 8) and m = -3 into y=mx+c

| Answer [A1}
8§=—=(3)+c
3( )

¢c=9

Egn of BC :y:—%x+9

[Turn over




Gradof DC =3

subD(5, 4y and m=3 into y=mx +c
4=3(5+c

c=-11

Egnof DC:y=3x-11 ———2)

3x—ll=-—lx+9
3

9x-33=—x+27
10x =60

x=6

sub into (2)
y=1

.'.C(6, 7)

(i)

Both triangles have the same height.
~DE= 1 DB
4

Let M be the mid-point of DB.
Hence E is the mid-point of DM.

M_(3+5 8+4)
2 2

=(4,6)
2 2

£

Find M mid-point of DB {M1]

Answer [A1]

(iii)

Area of triangle CDB

6 3 5 6
7 8 4 7

!

2

~ 1 (48+12435-21-40-24
2

1
=2(10)

=5 units’

Find area using formula [M1}

Answer [A1]
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6 A particle, moving in a straight line, passes through a fixed point O with a speed 28 m/s. The
1
acceleration, a m/sz, of the particle, ¢ s after through O, is given by a=-24¢ 3’.

(i) Find the value of # when the particle is at instantaneous rest. [4]
(i) Find the distance travelled in the first 3 seconds. [5]
@ my
a=-24e 3
y= J' 24¢ 3 dt Integrate a to find v [M1]
. B
v=-24(-3)e 3 +c
when 1=0, v=28
28=72¢" +c
c=-44
v 72e_-1;l —44 T Answer for v [M1]
at insltantaneous rest,v=0 V = 0to find t [M1]
72 —44=0
44
72
I 44
——t=In—
3 72
t=14774 Answer [A1]
=1.48s (3s/)
(ii) I,
s= J 72¢ 3 —44 dr Integrate v to find s [M1]

0
s=-216¢ % —4dt+d

when t=0,5=0
d=216
1
s=-216¢ 3 —441+216 Find s (1]
when t =1.4774 _ Find s when t=1.4774 [M1}
5=18.993
when t =3
s=4.53804
dist travelled in 3s
=18.993+(18.993-4.53804) Find the distance [M1]
=33.44796

Answer [A1]

=33.4 m (3sf)

[Turn over
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7  (a) The diagram shows part of the graph of y=2 —]2x-—l].
ANY
B
4/ c .
0]
(i) Find the coordinates of the points 4, B and C. 3
(i) Solve the equation 2—|2x—1‘= 3x. [3]
(b) A curve has the equation y=(x- 1)2 -5.
(i)  Explain why (1, —5) is the lowest point on the curve. m
(i)  Sketch the graph of y= ,(1 - 1)2 - 5‘. : (3]
(ai) | 2—-]2x-1|=0
3 i
X== or x=——
2 2
et 2x—-1=0
1
, xX=—
2
Answer [B3]
A(—i 0] B(l 2] and C(i 0) 1m for each coordinates
2 ? > 2’ 21
@i | 2 2x-1|=3x (2x-1)" =(2-3x)" [MI]
—2x-1j=3x-2 OR .
[x=1]=3x x=2 or x=1(N.A) [Al] [Al] Simplify [M1]
{2x—l|=2—3x 5
2x—1=2-3x or 2x-1=3x-2 Solve modulus equations [M1]
x=% or x=1(N.A)
3 Answer x=3/5 [A1]
SX =§ Need to NA. x =1
(bi) | Since (x—])2 >0, for the smallest y, (x—l)2 =0,y=5when x=1. ) )
Else, use differentiation to show. Answer with explanation [A1]
(bii) { :

Shape [A1]
Correct turning point [A1]

y. N / Correct y-intercept [A1]
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9

The diagram shows part of the curve y= BCosg-. The line x= 1;- meets the curve at B and the

x-axis at 4. The tangent to the curve at B meets the x-axis at C.

y

(ij Find the coordinates of B and C.

(ii) Find the area of the shaded region.

()

X
=3cos=
7 2

@ =-3sin lx(l)
dx 2 \2

=——sin—1-x
2 2

at x=£,
3

differentiate [M1]

Sub x=7 /3 into y [M1]

Answer for B [A1]

Sub x= 71 /3 into dy/dx [M1]

[Turn over




10

C(%n +2\/—3_, 0)

Eqn of BC:
_i‘ﬁz_i(x_ﬁ)
2 4 3
3 3\/5 i
=—Tx+ 4
47 2 4
Let y=0
3 33 =
—Ix+ =
47 2 4
3x+63+m=0
x=—;-'7r+2\/§

Sub x=T /3 into dy/dx [M1]

Find eqn of BC [M1]

Answer for C [A1]

(i)

shaded area

= J.0§3COS—;—X dx+%(2\/§)[3f

1 F o9
={3(2)sin—x| +=
i<+
=6sinl(£j—0+?-

2\3
:6(1]+2
2) 2

i .
=7— sq units
2 ™

2

|

Area under curve 0 fo n/3 [M1]

Add to area of triangle [M1]

Integrate to obtain area under curve

M1}

Correct integration 6sin1/2x [A1]

Answer [A1]

(@)

(bi)

(bii)

Find the value of & for which x* +(k—x+ k> 16 is exactly divisible by x—3 but not
divisible by x+4.

Express

5x*—6x—13 . .
——————37 in partial fractions.

(x+3)(x-2)

Hence find JS

5x1—6x—13

dx, giving your answer to 4 significant figures.

(5]

(4]
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1
3(x+3) {(x- 2) (x—2)

=]

3 (x+3)(x-z)2
2

In(x+3)+3In(x—2)+ ! :]>

[ (-\.—2)5
:{:21n8+31n3+%J—[2]n6+3ln] +1]

~2In8+3In3-2In6—2>

J

=3.205 (4sf)

(@) | Letf(x)=x"+(k=Dx+k" 16
By factor theorem, f(3) = 0 [M1]
f(3)=0
(3) +3(k-)+E -16=0
9+3k—3+k>-16=0
B 43k—10=0 Factorise and solve [M1]
(k + 5)(k - 2) =0 Both answers [A1]
k=-5 or k=2
When k=-5, When k=2, Sub to check or justify [M1]
f(-4)=49 f(-4)=0 Answer [A1]
S k=-5
(bi) L 5x*—6x-13 A B C
et 5 = = + + 2 —6)(— 13
(x+3)(x-2)" (x+3) (x=2) (x-2) Express (__)Z_T in partial
2 o gl 2 D - o X+3)(x-2)
Sx"—6x—13=A(x-2) +B(x+3)}{x-2)+C(x+3) fraction form [M1]
sub x =2,
—=5C Solve for unknowns. Substitution or
C=-1 comparing coefficients [M1]
sub x=-3,
50=254
A=2
sub x=0,
-13=5-6B
B=3 N N Answer [A2]
L 5xT-6x-13 2 L3 1 Minus 1m for each wrong fraction
(x+3)(x—2)2 (x+3) (x—2) (x-2)°
| i) | s 5x*—6x-13

Use bii [M1]

Integrate {M1]

Answer to 4 sf [A1]

[Turn over
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10 Anexperiment in Physics was conducted to determine the gravitational acceleration, g, using a

- pendulum. The period of oscillation of the pendulum, 7, is related to the length of the string, L
where the bob is attached.

>

I~

The table below gives the value of the period recorded for the different length of the string of
pendulum.

L/m 0.2 0.4 0.6 0.8 1.0
T/s 0.897 1.27 1.55 1.87 2.01

The variables, T and L are related by the following formula, T =2xn \]z , Where w and g are

constants. It is known that one of the readings for T is incorrect and the air resistance is
negligible in the experiment.

(i) Plot T against L and draw a straight line graph for 0 < L <1. {31
(ii) Using the graph,
(a) determine which value of 7, in the table above, is the incorrect recording, 1]
(b) estimate a value of 7 to replace the incorrect recording of T found in part (a), [1]
(c) estimate the value of g. 2]

The same experiment is repeated on the planet of Mars, where the gravitational acceleration is
3.71 m/s”.

(ili) For this experiment, a straight line is to be drawn on the same graph. Determine the

gradient of this line. [1]
(iv) Draw this straight line on the same graph. i
(v) Using the graph, determine the period for a pendulum of length 0.4m on Mars. 2]

(vi) Compare and comment, using the graphs, on the period of a pendulum on the Earth and
Mars. (1
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11 (ai) Prove the identity sin® @—cos” @+¢c0s260=0. [3]
(aii) Hence solve the equation sin* @—cos* =1 for 0<f<m. 2]
R Factori M1
=sin*8—cos® 8+cos26 actorise [M1]
_ (sinz O+ cos’ 0)(sin2 0—cos> 49) +c0s20 Double angle formula for cos2 & [M1]
=(1)(-cos26)+cos26 Answer [A1]
=0
| @ii) | sin®H—cos'o=1
- From (ai),
—co0s26=1 , Use (i) [M1]
cos26=-1
20=m
8= T Answer [A1]
2
. (bi) On the same axes, sketch, for 0° < x <120°, the graphs of
y=3c056x+1 and y:2—%sin3x. [6]

(bii) Explain how the graphs can be used to solve the equation 3cos6x+sin3x—2=0. [2]

(bi)
' . Each graph 3m x 2 = 6m
/é}f\/’ ﬂ\ Correct shape/no:of cycles [A1]
7 \
\ / \ Correct y-intercept [A1]
/ \ 3
/ \ / Correct range [A1]
A
A\ /
o \\-py [
i) | 3 i 1 .
(bii) 5cos6x+l = Z—Esml\-

s .y Equate the equations and simplify
3c0s6x+2 =4 ~sin3x to required equation for solving
3cos6x+sin3x—2=0 M1]

. . . . Explanation using x-coord of points
The x-coordinates of the points of intersection P gf intersectior? [A1]
of the graphs are the solutions of the equation
3cosbx+sin3x—2=0.

~ End of naner ~ oo e
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