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Mathematical Formulae

1. ALGEBRA

Quadratic Equation

For the equation ax® +bx+c=0

_ —b++/b?—4ac

2a

X

Binomial Expansion

n n n
(a+b)"=a" +(1J a™* b+(2] a"? b2+...+( Ja"‘r b +..+b",

r

nt _n(n-1)..(n-r+1)
ri(n—r)! rl

n
where n is a positive integer and (rj =

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 AcosBFsin Asin B

tan A+ tan B
1¥tan Atan B
sin2A=2sin Acos A

cos2A=cos*A—sin>A=2cos* A—1=1-2sin 2A

tan(A+B)=

tan2A = Zta—nf‘
1-tan “A
Formulae for A ABC
a b c

sinA:sinB :sinC
a’=b’+c?-2bccosA

AzlbcsinA
2
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1  Triangle ABC is such that the length of side AB is (1+ 3\5) cm, angle ABC is 45° and its

area is (7 + 4\5) cm?. Find, without using a calculator, the exact length of BC, in cm.

Leave your answer in the form of (a +bv/2 ) ,Where a and b are integers. [4]
A
(1+ 32 ) cm
)45°
B C

7+4x/_=%(1+3\/§)(BC)sin45° M1

T+42 = 1(1+ 3&)(Bc)(ij M 1(for sin45°)

2 2

242(7+42) 1_342

BC = x M1

1432 1-3/2

(1442 +16)x (1-32)

- 17

1442 -84+16— 482

B 17

~34/2 -68

- ==

:(4+2ﬁ)cm Al
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Given that 4* x 62 = 24%* | find the value of 6* without using a calculator. [4]

4)( > 62X+3 — 242+X
22X % 22X+3 % 32X+3 — 82+X % 32+X

24x+3 % 32x+3 _ 26+3x % 32+x
32x+3 26+3X

32+x - 24x+3
3x+1 — 2—x+3
Fx3F=2"*x2°
3 2
27 3
8

3

M1

M1

M1
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When a polynomial f(x) is divided by (x+1) and (x+2), the remainders are 3 and 5
respectively. Find the remainder when f(x) is divided by (x+1)(x+2). [4]

f(x) =(x+1)(x+2)Q(x) +ax+b
f(-1) =3

3=—a+biiii, @ M1
f(-2)=5

5=-2a+b..cccviiinnn. (2) M1
D-(2): M1
-2=a

b=1

- remainder = —2x+1. Al
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. 2 4 .
Given that Lf(x) dx = L f(x) dx =6, find

(@ [ 2f(x)dx+ [ (0 dx,

[ 2 (x) de+ [ £(x) o

_ 2“_21f(x) dx+ ['F(0) dx}—'[:f(x) dx

=2(6+6)—6
~18

M1

(b) the value of k for which [ [£(x)+kx]dx=9.

[C[F(0+ke]dx =9

[Cf0 dx+ [ kxdx=9

M1

[2]

[3]
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10
5 (a) Findthe 1term in the expansion of (xz +§j : [3]
X
10 10-r _1\F
THl:[r](XZ) (ZX 1) M1
— 10 2r X20—3r
r

20-3r=-1 M1
r=7

10
T :( j 57,1 _ 15360 A

7 X

2 10

(b) Hence, find the constant term in the expansion of (1+ 3x)(x2 +;j : [2]

(1+ 3x)(x2 + %)m = (1)(0)+(3x)(15360J M1

X
= 46080 Al
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6

8

A spherical balloon expands at a constant rate of 8 cm3/s. The balloon is initially empty.

(a) Find the rate of increase of its radius when the radius is 2.5 cm, leaving your answer in
terms of .

[The volume of a sphere of radius r is gnr3 ]

[3]
d_V =4nr? M1
dr
dr_dr dv o dv_dv dr
dt dv dt dt dr dt
1 , dr
=———x8 Ml 8=4n(2.5)"x— M1
4n(2.5) dt
= icm/s Al
25m
(b) When the radius is beyond 5 cm, besides the expansion, air begins to leak out from the
balloon at a rate of 2 cm®/s. Find the rate of change of the radius when it is 8 cm. [2]
dr_dr dv or AV _dv dr
dt dv dt dt dr dt
1 6 wmagor Yop) 6=dn(8) x
= 3 cm/s Al
128n

Accept 0.00746 m (3 s.f)
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7 Given that sinx =% and x is obtuse, find the exact value of the following.

(a) sec(-x) [3]

1 A
M1
cos(—x)

sec(—x) =

- M1 13

-12

[3]
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10

The number of ants, N, in a colony after t days can be modelled by N =1200e*, where a

is a constant. There are 10 000 ants after 6 days.

(@) Find the initial number of ants in the colony.

N =1200e*® =1200 B1

[1]

(b) How many ants are there after 15 days? Give your answer correct to 2 significant

figures.
10000 =1200e% M1
ea 10000
e —_
1200
6a=1In @ M1
1200
a=0.353377
N =1200 e(0.353377)(15)
= 240000 Al

(c) Sketch the graph of N =1200e* for the first 15 days.

1200 4

[3]

[2]

15, 240000)

B1 — for the shape of the graph

B1 — for the y-intercept at 1200 and the point at t = 15 days.
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(a) Find the range of values of m for which the function y = x* —4mx+3—m is always

[3]

positive for all real values of x.
b? —4ac =(-4m)’ —4(1)(3-m) M1
=16m’ +4m-12
16m° +4m-12<0 M1
Am*+m-3<0
(4m-3)(m+1)<0

—1<m<§ Al
4

(b) Show that the line y = 4x+ p intersects the curve y = px* —2p —6 for all real values of

[4]

X, where p is positive.

px>—2p—6=4x+p M1
px* —4x-3p-6=0
b —4ac =(-4)" —4(p)(-3p-6) M1
~12p®+24p+16
Method 1
For 12p* +24p+16, Method 2
b* —4ac=12(p*+2p)+16
b? ~dac =(24)’ -4(12)(16) —12(p+1)° —12(1) +16
gtprisse (e o
- will intersect. M min_va_lue =4>0, ..b°-4ac>0
- will intersect. Al
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10 (a) State the principal value of tan‘l(—\@) in degrees. [1]

—60° Bl

(b) The diagram shows a sketch of the graph y = acos§+c, where a, b and c are

integers. Find the values of a, b and c. [3]

A\
5

X
y=acosB+c

a=4b=2c=1 B3
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(c) Given that y=8cos” x—2sin® x, express y in the form of pcos2x+ g, stating the
value of each of the integers p and g. Explain why y will never reach 10. [4]

y =8c0s® X — 2sin® X

=8c0s’ x—2(1-cos” x) M1
=10c0s® x—2

=5(2c0s” x—1+1) -2
=5(cos2x+1)-2 M1
=5c0s2x+3

p=50q=3 Al

Max value of y =5+ 3 =8<10 Bl
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14

The diagram below shows a circle with points A, B, Cand D at its ¢

ircumference where XY

is a tangent to the circle at point A. P and Q are the midpoints of BC and AC respectively.

BQD is a straight line and #QCD = ZQCP.

C
P
\ 5
D Q
X A Y

() Prove that ZBAY = ZQCD. [2]
ZBAY = ZQCP (angles in alternate segments or tangent chord thm) M1
ZQCP = ZQCD (given)
.. ZBAY = ZQCD (shown) Al
(b) (i) Show that AQCP is similar to ADCQ. [4]

In AQCP and ADCQ,

ZQCP=«DCQ (given)

QP //AB (Midpoint Thm) M1

Z/CQP = ZCAB (corresponding angles) M1
ZCAB = ZCDQ (angles in same segment) M1
- ZCQP=«CDQ

.. AQCP and ADCQ and similar.(AA test) Al
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15

(b) (ii) Show that 2QC xDQ = ABx DC.
From (bi),

QC _@P M1
DC DQ
QCxDQ=QPxDC

QCxDQ :%ABX DC (Midpt Thm)

+.20CxDQ = ABxDC Al
2x%+3
Itis giventhat y = < , Xx=0.
d’y  _dy
a) Prove that x> —2 + x—==y.
@ dx>  dx y
2
y:2x Jr?’:2x+3x’1
X
d—y:2—3x’2 M1
dx
2
&Y _ex M1
dx
2
xzd—¥+xd—y:x2(%j+x(2—%j M1
dx dx X X
:§+2x—§
X X
:§+2x
X
2
=2x +3= Al
X

Accept e.c.f

[2]

[4]
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(b) Find, in exact values, the x-coordinates of the turning points of y. [2]
dy _
dx
2— % =0 M1
X
X2 = 3
2
X=4 3 OR i—6 Al
2 2
(c) Determine the nature of each of the turning points. [2]
2
For x = ﬁ d—g >0,.. min. Bl Accept e.c.f (full marks awarded if x
2 dx values were wrong in previous parts.
2
Forx:——6, OI—2/<O,.'.max. Bl
2 dx
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13  Solutions to this question by accurate drawing will not be accepted.

The parallelogram ABCD is such that the points Aand C are (3,-2)and (1, 8)
respectively. The line BD is parallel to the line 2x +3y =4and is perpendicular to AB.

A
C(1,8)
D
B
0 > x
A(3,-2)
() Show that the equation of BD is 2x+3y =13. [4]
2
Mg, =—— Bl
BD 3
Midpoint of BD=(2,3) M1
y=—2x+c M1 or Y=3__2
X—2 3
2
3=——(2)+c
~(2)
13
c=—
3
2,13
3 3

2x+3y =13 (shown) Al
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(b) Calculate the coordinates of B.

Find the equation of AB,

3
My =

2

2 13 3

+
3 3 2

Bl

—4Xx+26=9x-39

13x =65
X=5
B(5,1)

OR

OR

(c) Calculate the coordinates of D.

Let D be (X, ).

M1

18

[4]
y+2_3
Xx-3 2
2y =3x-13
Accept e.c.f (if previous eqn of AB is wrong.
[2]
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A particle starts from rest at a fixed point O and moves in a straight line such that its
velocity vms™ is given by v = 4t —gtz , Where t is the time in seconds after leaving O.
Calculate
(a) the velocity of the particle when its acceleration is zero, [3]
a= dv =4-3t M1
dt
4-3t=0
t= ﬂ S M1
3
2
V= [EJ—E 4 =§m/s Al
3) 2\3 3
(b) the time when the particle is instantaneously at rest again, [2]
-3¢ -0 M1
2
. 3
t=0s(rej) or 4_§t =0
t= §s Al Must rej t = 0 or show evidence like #
3 symbol to show this is the final answer.
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(c) the total distance travelled by the particle when it returns to O.

s:jvdt
:j4t—§t2 dt M1
2
2 1 3
=" -=t’+c M1
2
t=0,5=0,c=0
s=2t2—1t3 AL OR
2
-2
) , Accept e.c.f
S:Z § _1 § :@ Ml
3 2\ 3 27
128 OR QEm Al

Total distance= —x2=——m
27 7

27

8 3,
s=2j34t——t dt
o 2

M1(for 2)

M1(for integrating)

= Z{th —ltﬂ M1
2 0
= 2(@—Oj M1
27
_26
27
Total distance = %m Al

Accept 9.48 m (3 s.f)

END OF PAPER
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