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Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the equation ax? +bx+c =0,
‘o —b++/b®-4ac
2a

Binomial Theorem
n n n
(a+b)" =a" +(Ja”‘lb+[2] a"2p? +....+(r]a”‘rbr +..4b"

o (=D (N—r+1)

n
where n is appositive integer and (J =

2. TRIGONOMETRY
Identities

sin® A+cos® A=1

sec’ A=1+tan® A

cosec’A=1+cot* A

sin(A+B) =sin AcosB + cos Asin B
cos(A+B)=cos AcosB F sin AsinB

tan AttanB
l1xtan AtanB

sin 2A = 2sin Acos A

tan(A£B) =

c0s2A =cos? A—sin A=2cos* A—1=1-2sin* A

2tan A

tan 2A = —
1-tan® A
Formulae for AABC

a b c
sinA sinB sinC

a’ =b? +¢%—2bccos A

A :labsinc
2



(@) Sketch the graph of y=¢"+2. [2]

(b)  Solve the equation 3—e™ = 2¢e*. [4]
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4

The cubic polynomial f(x) is such that the coefficient of x3 is —1 and the roots of f(x) = 0
are 1, k and k. It is given that f(x) has a remainder of —7 when divided by x — 2.

(i)  Show that k®—2k?—2k —3=0.

(i) Hence find a value for k and explain that there are no other real values of k which
satisfy this equation.

[3]

[6]



5

. . dy kx
i Given that y =(x+2)+/x-1, show that = = ——
X Y= beren o 21

where k is constant. [4]

Hence

(i) find the rate of change of x when x = 2, given that y is changing at a constant
rate of 2 units per second, [2]

(iii)  evaluate jj dx. 3]

X
Mx=1

[Turn over
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The diagram above shows the side view of a bus stop shelter BCD such that BC =4 m,
CD =1m, angle BCD =90° and angle CBA=¢@. AB is a concrete pavement under the
shelter such that DA is perpendicular to AB.

(i) Show that AB =4cosé@+siné. [2]

(i)  Express AB in the form Rcos(f — «), where R >0 and 0° < a <90°. [3]
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(iii)  State the maximum value of AB and find the corresponding value of 8 when
AB is maximum. [2]

(iv)  Find the value of 8 when AB =3 m. [2]

[Turn over
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A curve has the equation y = 2x* —6x+ ¢, where c is a constant.
Find the value of ¢ for which the line y+2x =8 is a tangent to the curve. [3]
(b) Represent the solution set of 3(x2 —5) > x—1 on the number line. [3]

(c) Find the greatest value of integer p for which —2x*+x— p has real roots for
all real values of x. [3]
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5
6 Q) Expand and simplify (%— 2xj in ascending powers of X, up to the first 4 terms. [2]

(i) Hence find the value of a if the coefficient of x*in the expansion of

5
(1+ax+3x2)(%—2xj is % [4]

(iii)  Using the answer from part (i), evaluate (0.47)5 correct to 5 decimal places. [3]

[Turn over
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10

The table shows experimental values of two variables, x and y.

X 0.5 1.0 1.5 2.0

y 15.9 19.1 23.4 30.2

It is known that x and y are related by the equation y =10+ Ab*.
Q) On Pg 11, draw the graph of Ig(y —10) against x. [2]

(i) Use your graph in (i) to estimate the value of A and of b. [4]

(i) By drawing a suitable line on your graph, solve the equation Ab* =10?*. [3]
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A particle P moves in a straight line so that, t seconds after passing through a fixed point O,
its velocity v m/s, is given by v = 3t? + kt + 18, where k is a constant. When t = 1, the

acceleration of the particle is -9 m/s?.

()  Show thatk = —15. 2]

(i) Find the values of t for which particle P is instantaneously at rest. [2]
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(iii)  Find the total distance travelled by P in the first 3 seconds after passing
through point O. [4]

[Turn over
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/ o) C

The diagram shows part of the curve y =4—e* which crosses the axes at A and at B.
Q) Find the coordinates of A and of B. [2]

\4
>

The normal to the curve at B meets the x-axis at C.
(i) Find the coordinates of C. [4]
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(iii)  Find the area of the shaded region. [5]
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10 A circle, C, has equation x* +y? —6x+4y-12=0.
Q) Find the radius and the coordinates of the centre of C. [2]

The equation of the normal to the circle at the point A is 3y =m—4x.
(i) Find the value of the constant m. [2]
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The tangent to the circle at A cuts at the positive y-axis.
(ifi)  Use your answer in (ii) to show that A is (0, 2). [4]

(iv)  Bisapoint on the circle. Given that the equation of tangent to the circle
at B is parallel to the equation of the tangent to the circle at A, find the equation
of tangent to the circle at B. [3]

End of Paper



18

Marking Scheme for A Maths Paper 2

Qn | Working Marks Remarks
1(a)
y A
y=ex+2
B1 Shape of the curve
3 B1 y-intercept and
I horizontal asymptote
""""" 2
O 7
(b) | 3—e*=2¢
3—% =2¢*
e
3e* —1=2¢*
20 —3e*+1=0 M1
Lety=¢"
2y? -3y+1=0
(2y-1)(y-1)=0 M1
1
=—ory=1
y > y
1
¥ ==ore*=1
2 M1

x=|nl orx=1Inl
2

X=-0.6930rx=0

Al
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2(i) | Since roots of f(x) = 0 are 1, k and k?
f(x) =—(x=1)(x—k)(x—k?) M1
f(2)=-7
—(2-1)(2-k)(2-k?)=-7 M1
(2-Kk)(2-k?) =7
4-2k2 -2k +k* =7 Al
k®+2k?+2k —3=0 (shown)
(i) | Letg(k)=k®—2k?®-2k-3
"3 2
9(3) =3*-2(3)2-2(3) -3 M1
=0
Since g(3) =0, k — 3 is a factor of g(k).
k®-2k*-2k-3=0
(k-3)(k*+k+1)=0 M1
k?+k+1=0
k=3 or  b?-4ac=12-4(1)(1) M1, M1
=-3<0 (no real roots) M1
Therefore k® —2k? -2k —3=0 has only 1 real root. Bl

[Turn over
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3() | y=(x+2)}x-1
OI—y=(x+2)[1(x—1)‘%]Jm/x—1(1) M1
dx 2
:(x—l)%[%x+1+x—1] M1
3
=(x-1) Z(EX) M1
33X
2Jx-1 Al
(i) | By Chain Rule,
dy _dy o
dt dx dt
03X ><d_x
_2\/x—1 dt M1
&, 32
dt  242-1
=§ units/s Al
(iii) 5 X 25 3X
——dx== dx
I Sx—1 7 3% 2dx-1 M1
2
=§[(X+2)x/><—1]2
= 2pa -4 M1
2
=2(10
510
2
=62 Al

3
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4(i) | Let E be the point on AB such that BE is perpendicular to
CE. Fis the point on CE such that CF is perpendicular
to FD.
cosf = BE
4
BE=4 .
cos 0 - M1 for either one
correct
sing = L)
1
FD=sing —
AB=BE+FD Al
=4cos@+sind (shown)
(i) T 1 M1 for finding R,
=17 cos (6 ~14.036°)
=17 cos(6—-14.0°) Al
(ii)) | Max AB=+17 m Bl
For AB to be maximum, the value of cos(6-14.036°)
must be 1.
cos(6—-14.036°) =1
6 -14.036°=0°
6 =14.036°
=14.0° (1 d.p.) B1
(iv) | 3=17 cos(6-14.036°)

cos(6-14.036°) = 3

N
0-14.036° = 43.313°

0 = 43.313°+14.036°
= 57.349°
=57.3° (1 d.p.)

[Turn over
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5@) | y=2x*—6X+C---m-m- 1)
Y+2X =8 ----ememeeeene- (2)
Equating (1) & (2):
2X% —6X+C=8-2x
2x* —4x+c-8=0 M1
The line is a tangent to the curve,
b®> —4ac=0
(-4)* -4(2)(c-8)=0 M1
16-8c+64=0
c=10 Al
(b) | 3(x*-5)>x-1
3x*-15-x+1>0
3x*-x-14>0
(Bx—7)(x+2)>0 M1
X<-2 or x>21 Al
3
x=>2—
« *<=2 4 o >
< | 51 > Al
-2 2=
3
€ | —2x*+x-p
a=-2,b=1c=-p
For real roots, b® —4ac >0
1-4(-2)(-p)=0 M1
1-8p=>0
1
P=3 M1
Greatest value of integer p=0 Al
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6(i) °
(22
2
5 5 4 5 3 5 2
_ (ij v (1] (<2x)'+ H (<2x)" + (lj (<2x) | ML
2 12 2)\ 2 3)\ 2
) N Al
32 8
(i) °
(1+ ax+3x2)[l—2xJ
2
:(1+ax+3x2)(i—5—x+5x2—20x3+...j M1
32 8
Considering x°,
5 3 13
5X? —Zax’ + —x* = —x°
8" 32 2 M1
5 3 13 M1
5-2at+—>=-"
8 32 2
a=_o1 Al
4
(iii) :
(0.47) = (1 - 2x}
2
1 2x =0.47
2
x=0.015 M1
5(0.015
(0.47) = 3i2—g+s(o.015)2 ~20(0.015)" +... M1
~0.02293 Al
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7(1) | y=10+ Ab”
y—10= Ab*
Take log to the base 10 on both sides,
lg(y—10) =Igb(x)+Ig A
Plot Ig(y—10) against x to obtain a straight line.
X 0.5 1.0 1.5 2.0
y 15.9 19.1 23.4 30.2
y—10 5.9 9.1 13.4 20.2
lg(y—-10) | 0.77 0.96 1.13 1.31 M1, G1 1 mark for
drawing
the straight
line
(i) Ig A= vertical intercept of the graph M1
=0.60 (Accept+0.02)
A=10%
~3.98 Al
Igb = Gradient of the graph
1.31-0.60 M1
2-0
=0.355 (Accept £0.02)
b 2100.355
~2.26 Al
(i) | Ap*=10*
Ig A+ xlgb =2x M1
. draw Ig(y —10) = 2x M1
From the graph, x~0.375 (Accept +0.01) Al
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8(1) | v=3t>+kt+18

dv M1
a=—
dt
=6t+k
Al
When t =1,
6(1) +k =-9
k =—15 (shown)
(i) | 3t?-15t+18=0 M1
t>—5t+6=0
(t-2)(t-3)=0 Al for
t=2 or t=3 both
answers
(iii) s=jv dt
- j(3t2 ~15t+18) dt
=t3—%t2 +18t+C M1
Whent=0,s=0,C=0
s=t3—%t2 +18t M1

whent=2s,s=14m
whent=3s,5s=135m

t=0s, t=3, =2,
s=0m s=135Mm g=14m
o )
i I >t
0
Distance travelled in first 3s = 14 + (14 — 13.5) M1

=145m Al
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9(i) |wheny=0,
4-e =0
e =4
-2x=1In4
X=-1In2
Bl
. A(-In2,0)
when x =0,
y=4-¢°
=3
~.B(0,3) B1
(i) y=4-e%
ay_ —(-2)e ™ M1
dx
=2e
when x = 0,
W _ e
dx
=2 M1
Gradient of BC = —%
Let the coordinates of C be (X, y).
3-0_ 1 M1
0-c 2
c=6
.C(6,0) Al
()1 Area of shaded region = [*_(4—e") dx+ = (6)(3
rea of shade reglon_an( —e ) X+E( )(3) M1, M1
0
={4x+£ezx} +9
2 -In2 Ml
1 1
= 0+= |- —4In2+—e2'“2j+9
( 2) ( 2 M1
=73+4m2
2
~10.3 units? Al

[Turn over
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10(i)

(x=3)+(y+2)°=12+9+4
(x=3)*+(y+2)?°*=25
C(3,-2)
Radius = /25

=5 units

Bl

Bl

(ii)

Normal of a circle passes through centre of a circle.
3(-2)=m-4(3)
m=26

M1
Al

(i)

3y =6-4x

) N (R Y1 G —— 2)
(x—3)2+(—%x+2+2)2 =25

(x—3)2+(4—gx)2:25

16, —gx+16)=25
9 3

=0

X2 —6X+9+(

%, 50,
25x* —150x =0
25x(x-6)=0

X =6 (rejected) or x=0
when x =0,

4
=73
y=2
- A(0,2) (shown)

0)+2

M1

M1

Al

Al

(iv)

(3,—2) is midpoint of AB and the required coordinates B be B(g, f)
O+e 2+ f
_—, =(3,-2
( ) )=3,-2)
B(6,-6)
Equation of tangent at B:

3
+6=—(X-6
y 4( )
3 21

4 2

M1

M1

Al




