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2
Mathematical Formulae
1. ALGEBRA

Quadratic Equation
For the equation ax® +bx+c=0,

_ —bx+/b*-4ac

X =
2a
Binomial Theorem

n n n n-1 n n-2, 2 n N=ryr n
(a+b)"=a"+| ""b+|_ [@" "0 +...+| [@""b" +...+b",

1 2 r

n ! _ _
where n is a positive integer and - =n(n D...(n-r+Y)
r) ri(n—r)! r!

2. TRIGONOMETRY

Identities
sin® A+cos* A=1
sec’ A=1+tan” A
cosec’A =1+cot® A
sin(A+ B) =sin Acos B +cos Asin B
cos(A+B)=cos AcosB xsin Asin B
tan Attan B
lxtan Atan B
sin2A =2sin Acos A

cos 2A=cos’> A—sin® A=2cos* A—1=1-2sin* A

tan(A+B) =

tan2A= ﬂ
1-tan° A
Formulae for AABC
a b C

sinA:sinB :sinC
a®=b*>+c®—2bccos A

A:Ebcsin A
2
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1. The equation of a curve is y =—x*—kx+k —8, where k is a constant.

(a) Find the range of values of k for which the curve intersects the x-axis. [3]
(b) Inthe case where k = 2, show that the line y =4x+3 is a tangent to the curve. [2]

(a) x> —kx+k-8=0
(k) —4(-1)(k-8) >0
k?+4k-32>0
(k+8)(k—4)>0
k<-8 or k>4

(b) | _x?_2x-6=4x+3

X +6x+9=0

Discriminant = (-6)" —4(~1)(-9)
=0

.. line is a tangent to the curve

OR

x> +6x+9=0

(x+ 3)2 =0

line touches the x-axis at only one point where x = -3
.. line is a tangent to the curve
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[The volume of a cone of height h and base radius r is %nrzh ]

An empty, inverted cone has a height of 60 cm and base radius 20 cm. The circular base
is held horizontal and uppermost. Water is poured into the cone at a constant rate.

(@ When the depth of the water in the cone is h cm, show that the volume of the water
3

in the cone is Ll . [2]
27

The water level is rising at a rate of 3 cm per minute when the depth of the water is 12 cm.

(b) Find the rate at which water is being poured into the cone, leaving your answer
in terms of . [3]

(a)

(b)

dv _ zh?
dh 9
dv_dv_dn
dt dh dt
dv_m(12)°
dt 9

=48n cm’/min

3.

Solve the equation Iny+1=2log, e, giving your answers in terms of e. [4]

Iny+1=2log, e
In y+1:i

Iny
(In y)2+ln y—2=0
(Iny-1)(Iny+2)=0
Iny=1 or Iny=-2

1
y=e or =




5

It is given that y = cos px+sin gx , where p and q are constants.

2

d7y

Giventhat p+q=6 and —
dx

+0°y =12 when x = 0. Calculate the values of pand q.  [8]

dy .
—2 = —psin px+Qcosgx
dx
d?y 2 2
—2 =_p*“cos pXx—qg-singx
2 = PTcospx—qTsing
ZY 2
Whenx=0, —=—
dx? P
y=1
—p*+q*=12
(a-p)(a+p)=12
q-p=2--(1)
p+q=6 - (2)
(1) +(2) q=4,p=2

o
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(@) By considering the general term of the binomial expansion G—%) , Where nis a

positive integer, show that n is a multiple of 3 when the binomial expansion has a

constant term. [3]
. . 2625 _
(b) Given that n =9 and the constant term is —— find the value of k. [2]
. . . ES x kY
(c) Hence, find the term independent of x in the expansion | —+4 || ——— | . [3]
5 2 X

(a)

(b)

(c)

General Term

e

n=3r
. nisamultiple of 3

r=3

9-3

3)\2 2
k=10
9-3r=-3
r=4
9 9-4

Coefficient of x°= ( J(%) (—10)4

= 39375
Term independent of x

- 1(39375)+4[-@)
5 2

=2625




d’y

A curve is such that e =kx -2, where k is a constant.

X2
- . 1
The curve has a minimum gradient at x = 3

(@ Show that k = 6.
The normal to the curve at (1, 4) is 2y+x-9=0.

(b) Find the equation of the curve.

[1]

[6]

(a)

(b)

2
d_z/: kx —2
dx
lo-0
3
k=6
d—y=3x2—2x+c
dx
3(1)° -2(1)+c=2
c=1
y=x>—x*+x+d
4=1-1+1+d
d=3
Equation of the curve: y=x>—x*+x+3

[Turn over
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8

Given that f(x) =2—24sinxcosx and g(x) =10(1+cos’ X).

()
(b)

Show that f (x) + g(x) = 5cos2x—12sin2x +17 . [3]

By expressing f (x) + g(x) in the form R cos (2x + &) + g where R >0, g >0 and

O<a <% , find the minimum value of

for O<x<r.

and the corresponding values of x

[6]

f(x)+9(x)

(a)

(b)

2 24sin xcosx+10(1+ cos? x)

= 10c0s? X — 24sin Xxcos x +12
= 5(cost+1)—125in 2X+12

= 5c0s2x—-12sin2x+17

f()+9(x)

= /5% +12? cos[2x+tan‘l (%ﬂ +17

= 13cos(2x+1.18)+17

2 2 1

Min = =—
f(x)+g(x) 13+17 15

cos(2x+1.1760) =1

2X+1.1760 =27
X=2.55




Given that y = xIn+/2x for x > 0.

()
(b)
(©)

Find d_y
dx

Show that the y-coordinate of the turning point is —%.

dy

By considering the sign of e determine the nature of the turning point.
X

[3]
[3]
[2]

(a)

(b)

(c)

1 1 1
==In2x+= or Iny2x+=
2 2 2

%(In2x+1):0

In2x=-1
2X :l
e
1
X=—
2e
y — i In (lj
4e e
__1
4e
X 0.18394- | 0.18394 | 0.18394"
dy
- - 0 +
dx
slope N\ — /

The stationary point is a minimum point.
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: x—1 dy X—2
9. a Giventhat y = , show that — = : 3
@ " xs T <
(b)  Hence find J' X [4]
J(2x=3)’
11 1
dy (2x—3)2 —E(Zx—3) 2(2)(x-1)
@ 2x—3
_(2x-8) [2x 3—(x-1)]
2X—3
__X=2 — (shown)
(2x-3)
x-1
dx =
(b) (2x-3
J‘ X dX—J- 2 1
2x—3 (2x _33 (2x-3)
[—= +j2 2x-3) % dx+c
(2x—3 (2x-3)
~ox-12(2x- 3)2+C
(2x-3)  _L(y
2
X—3
= +cC
(2x-3)
J’ 3X dx = 3x—9 +d
(2x-3)’ (2x-3)
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10. Acircle, centre C, has a chord AB where A is the point (7, 27) and B is the point (-11, 15).

The normal at A passes through the point D (-3, 3).

(@ Showing all your working, find the equation of the circle. [7]
(b) Show that D lies on the circle. [2]
(a) Mo = 27-3
7-(=3)
12
5
Equation of AD, y—3= %(x+3)
1251
575
M = 27-15
7—(-11)
2
"3
3

(b)

Gradient of L bisector of AB = -

Midpoint of AB = (-2, 21)
Equation of perpendicular bisector of AB,

y—le—g(x+2)

3
=——x+18
Y 2
Ex+5—1=—§x+18
5 5 2

Ex+§x=18—5—1
5 2 5

AtC,

10 5
X=2
y=15

39 39

Radius =BC
= 13 units

Equation of circle,  (x—2)*+(y—15)* =169

CD = .(2+3)+(15-3)
= 13 units = radius of circle
Hence, D lies on the circle.

[Turn over




12

11. The fitness index, F, of a person is related to the total number of hours, t, of exercise this person
does per week. The variables F and t are related by the formula, F = 100 — ae™, where a and b
are constants. Measured values of F and t are given in the following table.

t 4 6 8 10
F 714 78.4 83.7 87.7
(@ On graph paper, plot In (100 — F) against t. the vertical In (100 — F) axis should start at
2.4 and have a scale of 2 cm to 0.2. [3]
Use the graph to estimate
(b) the value of a and of b. [4]
(c) the number of hours of exercise a person needs to do each week to reach a fitness index
of 80. [2]
(a)
t 4 6 8 10
In(100-F) | 3.35 3.07 2.79 2.51
Line
(b) F =100 — ae™
100 — F = ae™
In(100—F)=Ina+ bt
In a = vertical-intercept = 3.90
q = 390:0.1
=44.71054.6
b = gradient
_39-24
0-10.8
=-0.139 (accept —0.135 to — 0.150)
(c) When F =80, In(100-F) =1In20

=3.00
t=6.5
He must complete 6.5 h of exercise.
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In(100-F)

yd

yd

v
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9. A particle is moving in a straight line passes through a fixed point O with velocity of
— 15 m/s. The acceleration, a m/s?, of the particle, t s after passing through O, is given by

a=2e% — et
(@  Find the initiation acceleration of the particle. [1]
(b)  Explain what the sign of the acceleration indicates. [1]

(©) Find the value of t when the particle is at instantaneous rest, leaving your answer in
exact form. [4]

(d)  Find the displacement of the particle from the fixed point O when it is at instantaneous

rest. [4]
(e) Explain what the sign of displacement indicates with reference to the fixed point O.
[1]
(a) Whent=0, a=2e’—4e°
=-2ms>
(b) The negative/minus sign in the answer for

acceleration means that the insect is slowing down.

() v =[(2e* —4e")dt

=e” —4e' +c

Whent=0, v=-15, -15=1-4+c
c=-12
sv=eX_4e' 12

Whenv=0, e?' —4e' -12=0
Let y=¢"

y2—4y—12:0
(y+2)(y-6)=0
e'=-2(NA) or ¢e'=6

(d) s = j (e —4e! —12)dt

eZt

== —4e' 12t +d
2
Whent=0,s =0, 0=%—4+d
d:Z or 3.5
2

eZt

527—4& ~12t+35
Whent =1In 6,
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(e)

5= %(36) —4(6)-12In6+3.5

=-24.0011
The displacement of the insect from O at instantaneous
rest is —24.0 cm

The negative / minus sign in the answer for
displacement means that the insect is at a position to
the left of O.

End of Paper 2
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