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Mathematical Formulae

1. ALGEBRA

Quadratic Equation

For the equation ax’ +bx+c=0,

_ —b+b* —4dac

2a

no_ . n n n-l n n-272 n\ n-rgr n
(a+b) =a"+| a"b| @b Ja B +---+b",
¥

X

Binomial expansion

! - -
where n is a positive integer and P nn=1)...0=r+1)
rj (n—-r)rl 7!

2. TRIGONOMETRY

Identities
sin’ A+cos’ A=1

sec’ 4=1+tan> 4
cosec’A=1+cot” 4
sin( A+ B) =sin Acos B+ cos Asin B
cos(A4+ B) =cos Acos B¥sin Asin B

tan A+ tan B

tan(AtB)y=————
l1Ftandtan B

sin2A4 =2sm Acos A

cos2A4 =cos’ A—sin® A=2cos* A—1=1-2sin* 4

n24= 204
I—-tan” 4

Formulae for AABC
a b c

sndA smB snC
a® =b*>+c® —2bccos A

A=labsinC
2
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1. A square pyramid has a base area of (Zx/g + 7)cm2 and a volume of (34\/—5: + 32)cm3 :

[3]
Find the height of the pyramid in the form p+g+/5, where p and g are integers.

2. The gradient function of a curve is 3cos 4x —sec’ 3x . Given that the curve passes through

P

the point (12 —_— —-%J , find the equation of the curve. (4]

4
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A cannon ball fired from a cannon that is mounted on a platform follows a parabolic
trajectory that can be modelled by the function y =-0.01x" +3.5x+1.3.

x m is the horizontal distance travelled by the cannon ball and y m is the height of the
cannon ball above the ground.

(a)  State the height of the platform. (1]
(®) ® Express the function in the form a (x - 11)2 +k , where a, h and k are [3]
constants.

(i)  Hence, determine the highest height that a target can be located above the

ground that is able to be hit by the cannon. (1]
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In(x+3
4. Giventhat y= %ig——)—— for x> -3, find the set of values of x for which y is an
x+

increasing function of x. Give your answer in terms of e. [4]
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3 4.2 _
Sx —4x +15x-21 in partial fractions.

(x—1)(x* +4) [6]

Express
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The polynomial f(x) is such that the coefficient of x*is 2. The roots of the equation
f(x)=0 are -32— and ~1. f(x) has a remainder of -8 when divided by x—1 and a

remainder of 28 when divided by x+2.

(a) Find an expression for f(x).

(b)  Show with clear working the number of real roots for f(x) = 0.
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7.  The diagram shows a wind turbine with blade 25 m in length. The centre of the wind
turbine is 35 m from the ground. The height, # m, of the tip of a particular blade above
the ground ¢ seconds after leaving X can be modelled by ~=acosbt+c, where & is a
constant.
The blades of the wind turbine rotate at a speed of 1 revolution for every 3 seconds.

(a)  Find the values of a, b and c. (3]
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(b)  Hence sketch the graph of A=acosbt+c for 0<t<6rx. [2]

(¢)  Find how long it would take for the blade to first be 42 m above the ground after  [3]
leaving X.
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Engineers need to lay pipes to connect two cities 4 and B that are separated by a river of
width 550 metres as shown in the following diagram. They plan to lay the pipes under the
river from 4 to Q and then under the ground from Q to B. The cost of laying the pipes
under the river is eight times the cost of laying the pipes under the ground.

Angle APQ=90", PQ =x and PB = 1200 m.

< 1200 m
P 0 Ground B

v

]

River 550m

A

(a8)  Given that the cost, in dollars per metre, of laying the pipes under the ground is £,
show that the total cost C, in dollars, of laying the pipes from A4 to B is given by 2]

C = 8k+/302500 + x* + (1200 — x)k .

dcC
(b) () Find Z=.
dx 2]
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(i)  Hence find the value of x for which the total cost is a minimum, justifying  [4]
that this value is a minimum,

(c¢)  Find the minimum total cost in terms of %. (1]
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sin2A4+cos A 3]
— =cot 4
1—-cos2A4+sin 4

(a) Prove the identity
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(b)  Hence, solve, for —z < x < 7, the equation

1-cos4x+sin2x .. )
=5-2sec’ 2x , giving your answers correct to two decimal

sindx+cos2x [5]

places.
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10. Inthe diagram, 4, B, C and D lie on a circle. Q7 is a tangent to the circle at C. AT 1s a
straight line that intersects the circle at B. Chords AC and BD intersect at P and 4B = BC.

Show that 0
(a)  theline BC bisects angle ACT. [2]
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(b) triangle ATC is similar to triangle CTB. [3]
(©)  angle BCT + angle BTC = 180" —2x angle PDC. [2]
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11. (a)  Find the solution of the equation
In3%*" =m9*** +log, 16", 3]
Expressing your answer in terms of In3.

1
(b)  Solve log, (x—3)+log,(2x+1)2 =1. 3]
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A bicycle cylindrical inner tube has a fixed length of 200 cm and radius » cm. The radius
r increases as the inner tube is pumped up. Air is being pumped into the inner tube so that

the volume of air in the tube increases at a constant rate of 30 cm’s™.

(a)  Find the radius of the inner tube after one minute. 2]
(b)  Find the rate at which the radius of the inner tube is increasing when » = 2 cm. [3]
Page 17
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13. " In the diagram, 4B is parallel to DC and the coordinates of 4, C and D are (—4,1),(3,-1)

and (-1,-4) respectively. The gradient of line OB is %

Y A

A(-4,1)

C(3,-1)

D(-1,-4)
Find

(a)  the coordinates of B, [3]
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(b) the area of the quadrilateral ABCD, [2]

(c)  the coordinates of the point P on the line x = 2.5 which is equidistant from Cand  [2]
D,

(d)  the coordinates C’ which is a point on DC extended such that ABC'D is a [2]
parallelogram.
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14

Va
—+1
1
The diagram shows part of the curve y = —3—————; +1. P is the point on the curve where
(i)
4
x = 6. The tangent to the curve at the point P meets the x-axis at 0.
(a)  Find the coordinates of 0. [5]
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(b)  Find the exact area of the shaded region bounded by the curve, the tangent PQ and

the x-coordinate axis. [5]
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Mathematical Formulae

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

_=bvb —dac

2a

X

Binowial expansion

() .
@rby =a | b a2 [T a b e
u L2 ,

) /

. e n 7l o= -y + 1)
where # is a positive integer and =

SRS #

2. TRIGONOMETRY
Identities
sin A+cos’ A =1

sec? A=1+tan’ 4
cosec A =1+cot? A4
sin{ A+ B} =sin Acos B cos Asin B

cos{ A+ B)=cos Acos B Fsin Asin B

tan Attan B
Lxptan dtan B

sin2A4 =2sindcos4

tan(4+ B) =

cos2A=cos’ A—sin* A=2cos* A-1=1-2sin" 4

tanZA:im_x};‘é._
{—tan” A

Formulae for AABC
a b c

sind sinB sinC

a*=b'+c*-2bccos 4

A=LgbsinC
2
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1. Show that the eyuation 9°% ' — 5(3"* ") — 10 has only one solution and find its value correct
to two decimal places. {61

PRELIM 2022 4EXP5NA_AM2 LB Page 3
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2 Solve the equation 2x° — 7x + 2 = 0, leaving non-rational roots in the form a + b\/2—, where
a and b are rational numbers. (5]

PRELIM_2022 4EXPSNA_AM2 LB Page 4
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3 A particle moves from rest at 4 and comes to rest at B. Its speed, in m/s, when travelling

from A to B is given by the equation v = 10/ ~ é %, where ¢ is the time in seconds starting

from A.
Show that the particle has a speed of 5 m/s or more for 6410 . (41
PRELIM_2022_4EXPSNA_AM2_LB Page 5
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4 Ya x=é
ey =lnx

sy ]

NS

N Ty e

Iy : L
r[ Lo
o @+ o) X

The curve y = In x cuts the x-axis at . The area, 4 units?, is enclosed by the curve, the
x-axis and the line x = ¢°.

Explain why & -1< j: ydx<2(e’ ~1) .

Page 6
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g In AMABC, AC =12 cm, £4BC 1s aright angle, L4CE = fg radians and Af is the

mid-point of BC. Without the use of a calculator, find the value of the integer £, such

. N A [5]
that ZCAM =sin™| — | .
14 )
A e

\\:’*-».\\

™~ e,

N
\,\ “‘“~\~m22 cm
%\"\ - T,
H TR
)—‘i \"\l & ( I
& M C
PRELIM_2022 4EXPSNA_AM2_LB Page 7
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2

g
6 (2) (i) Inthe binomial expansion of (x + ——}-—J where a is a positive integer, the
ax

coefficient of % and L are equal. Find the value of a. [4]
X

(ii) With the value of a found in part (i), show that there is no term independent of x

8
in the expansion of (xm——ll-)(x-r-——l——] . [3]

x ax’

PRELIM_2022_4EXP5NA_AM2_LB Page 8
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ig
. . . , 1
6 (b) Calculate the term independent of x in the binomial expansion of (x - —5;:«;} .
\\ -

PRELIM_2022 4EXPSNA_AMZ LB Page 9
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7 (i) Find the values of p for which the line y = x + 1 is a tangent to the curve
y=x+Qp+3x+p+4 4]

(1) With the values of p found in part (i), find the coordinates of the points where the [4]
line meets the curve.

PRELIM_2022_4EXPSNA_AMZ_LB Page 10
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8 D
T
frad ~.20cm
—
|
Scm
n
A R

The figure shows a piece of cardboard in the shape of a trapezium in which £ BAD and
£ ABC are right angles. CD =20 cm, BC =8 cm and £ 4DC = & radians.

(i) Show that the perimeter, P cm, is given by P=20cosf+20sind+36. {2]
(ii) Express P in the form Rcos(¢ —a) + k , where o is acute and £ is a constant. (3]
PRELIM_2022 4EXPSNA_AM2_LB Page 11
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(1) If &, can vary, find the maximum value of P and the corresponding value of 4. 2]
(iv) Find the value of € when the perimeter of the cardboard is 60 cm. [2]
PRELIM_2022 4EXPSNA_AM2 1B Page 12
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il 4 i
9 () Show that E;Ex(fix -2)3 ‘} =(7x-2)(3x~2) {31
!
(ii) Hence evaluate fx(?;x 2P dx. [4]
PRELIM_ 2022 4EXP5NA_AM2 LB Page 13
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2 ]
(iil) Find the value of _{ 3 x(3x—2)*dx and explain what the result implies about the
F)

} s

curve y=x(3x-2)* . 3]

PRELIM_2022 4EXP5SNA_AM2 LB Page 14
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10 A sports car driven along a straight road passes a traffic junction 4 at p m/s. A little
later, it passes a second traffic junction B with a speed of 40 m/s. Between 4 and B, the
speed of the car, v m/s. is given by v= 5% + 10 where ¢ is the time in seconds after

passing 4.

(i)  State the value of p. [1]

(ii} Show that the time taken to travel from 4 to B is 201n 6 seconds. {31

(iii} Calculate the distance 4B5. {3]
PRELIM_2022_4EXPSNA_AM2 LB Page 15

PartnerinL.eaming
121




BP~122

More papers at www.testpapersfree.com

(iv) Find the acceleration of the car when 1 =30 s. 2]

PRELIM_2022_4EXPSNA_AM2_LB Page 16
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11 Points A(8, 1) and B(1, 2) lie on a circle whose centre is C. The line 4y =3x - 20 is
tangent to the circle at 4.

(i} Find the equation of the normal to the circle at 4. [2
(ii) Find the equation of the circle. [6]
PRELIM 2022 4EXPSNA_AM2 LB Page 17
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(iti) Explain why the coordinate axes are tangents to the circle.

12 The table shows experimental values of x and y.

X

2

3

4

5

6

Y

11.8

16.2

23.5

35.5

55.2

It is known that x and y are related by the equation y = 4 + 5, where 4 and k are

constants.

(1) Explain how a straight line graph may be drawn to estimate the values of 4 and of k. [2]

PRELIM”2O22_4EXPSNAMAM2_LB
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(ii) Draw a straight line graph to obtain estimated values of 4 and %. [51
(iii) Use your graph to find the value of x when y = 30. {1}
(iv) By drawing a suitable straight line on the same axes, solve the equation [3]
Ae®=302"%
PRELIM_2022 4EXPSNA_AM2_LB Page 19
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END OF PAPER
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