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Mathematical Formulae

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

_ ~b++b* ~4ac

X

2a
Binomial Expansion
n n —1 n n-212 n n-ri.r
(a+b) =a"+|  |a"b+| la b*+...+| l|a"b +...+b",
1 2 r
n! _n(n—l)...(n—r+1)

. e n
where 7 is a positive integer and = =
r r!(n - r)! r!

2. TRIGNOMETRY

Identities
sin? A+cos* A=1
sec’ A=1+tan’ 4
cosec® 4 =1+cot® 4
sin(A+ B)=sin 4 cos B+ cos Asin B

cos(A+ B)=cos Acos BFsin 4sin B
tan At tan B
1Ftan Atan B
sin24 =2sin Acos A
cos 24 = cos® A—sin®> A=2cos? A-1=1-2sin’ 4

tan2A=__2_tia£2{4—
1—tan” 4

tan(A4+B)=

Formulae for AABC
a b c

sind sinB sinC
a® =b*+c*—2bccos A

A=-1-bcsinA
2
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A
\6 [ 41]
= C
B Ji +\/§ cm

The diagram above shows a right-angled triangle ABC, where 4B= J2em, and
BC =2 +3 em.
(a) Find the exact value of tan ZACB in the form of a+/b , where a and b are integers. [2]

(b) Hence, find the exact value of sec’ ZACB in the form m+nJk , where m and n are
integers. (2]
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4

A container has a capacity of 840 cm® and is initially filied completely with water. The volume,
¥ cm?, of waler in the container is givenby ¥ =4® + 2k, where A cm is the height of the water
fevel in the container. Due to leakage at the bottom of the container, the height of the water

mammmmmmmm&%mwmmmm&m
(8) Find the initial height of the water fevel in the container.

2

. e
(b) Show that the height of the water level A can be expressed as h=~-§~—~t2s. 2}
(c) Find the rate of decrease of volume when ( =3. (51
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3 () Find fx—(xe%"}. 2]

H
4 e .
(b} Hence evaluate fo xe? dx, leaving your answer in the form k(c? +1), where k is a
constant to be found. (51
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4 In triangle ABC below, AB=xom, BC = y cm, AC =14 cmand angle ABC =120°.
C

A«

xem
(#) Using cosine rule, form an equation iavolving xand y. i

)] Given that the perimeter of wiangle ABC is 30 cm, find the exact area of triangle ,wci
| @
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Yy
5 (a3} By considering the general term in the expansion of (x’ + ;} ; explain why there are no

even powers of x in its expansion, (2]

¥
(b)  Given that the coefficient of ¥® in the expansion of (x’ +-‘-) +{ke+ 3)7 is 1344, where &
x

is & positive constant, find the coefficient of x* in the expansion. {4]
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In the diagram below, TAX and TCY bre urngen's 1 the circi at 4 and C respectively.
AC meets TD at E, D is on BC such that TD is parallel to 48.

() Prove that angle ACB is equsl to angle ATD. )




BP~197

9

Q : dC. {1
(b)  Explain why a circle can be drawn passing through the points 7, 4. Dn

(¢} Hence prove that CEx AE = DExTE . {3}
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The diagram shows a solid cylinder of radius r cm and height A om inscribed in a hollow cone

of height 45 ¢m and base radius 20 cm. The cylinder rests on the base of the cone and the
circumference of the top surface of the cylinder touches the curved surface of the cone.

45cm <

(@) Show thatthe volume, ¥ of the cylinder is givenby ¥ =4sar’-2a. )
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11
(b} Given that r can vary, find the maximum volume of the cylinder, leaving your answer in
terms of x. 15]
()  Hence show that the cylinder occupies at most -g of the volume of the cone. (21

2025 Prelim Mathematics 7 4048/01 { Sec 4E5N {Tum over




12

{a) Find the value of a and of b for which {x:x<~3.3 or x> 2} is the solution set of
bex® vax. {3]

@) Find the range of values of p for which y = 2" ~ pa~3x- p is slways posiiive. 13

© Explain \ whether the line = ~5x -2 intersccts the curve y= ke +3 where k<1, B3]

BP-~200
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{a) Express Ssin® x-cos’ x—1 inthe form I-kcos2x.

(b}  State the amplitude and period, in radians, of Ssin! x ~cos® x-1. {21
(¢) Sketch the graph of y = Ssin® x-cos® x~{ for «-5;- $xS f—;— (3}

(d) By drawing the line y =1 —-%‘;:- ot the same axes, stale the number of solutions to the

3

> 2]

equation 27 —3x = 2 ($sin’ x - cos? x~1} in the range —-’25 <x<
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10

A
The diagram shows a quadrilateral field ABCD, where AB =21 m and BC =3 m.
Angle ABC = angle ADC = 90°. Angle BAD =0, for 0° <0 <90°, and can vary.
The perimeter of the fencing around the quadrilateral field ABCD is P,

(a) Showthat P=24+18cos6+24sind. (3}

ress P in the form Rsin(6+@)+24, where R>0 and 0° <o <90°. i3]
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{€)  Given that the total perimeter of the fencing is 53 m, find the value(s) of 6. {2]

(d) Explain why the total length of the fencing will never exceed a certain value and state this
value. (21
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Hx+12

1 () E in partial fractions. s
(8) Express P d) in partial fractions

® Hencetind Ueri2 g 2
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12 The diagram shows part of the curve y = x* « 7x+12, cutting the x-axis at g.
The normal to the curve at P(2, 2) meets the x-axis at R,

Ry
4

yEr o Tx 412

Show that the area of the shaded region bounded by the x-axis, the line PR and the curve is

6-5— units®.
6

2025 Prefim

(81
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Mathematical Formulae
1. ALGEBRA

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

:—bi\/b2—4ac

X

2a
Binomial Expansion
(a+b) =a’ +Lnja""b +(n) a" b’ +...+[n)a""b’ +..+b",
1 2 r
! -1)...(n-
where n is a positive integer and ) P n(n ) (n-r+ 1)
r r!(n - r)! r!

2. TRIGNOMETRY

Identities
sin? A+cos’ A=1
sec? A=1+tan* 4
cosec® A=1+cot’> 4
sin( 4+ B)=sin 4cos B+ cos 4sin B

cos(AiB) =cos Acos B¥sin 4sin B
tan(AiB)=——————
lFtan Atan B
sin24=2sin Acos A
cos2A4 =cos? A—sin®> A=2cos* 4—1=1-2sin* 4
tan24 =204
1—-tan® 4

Formulae for A4BC
a b c

sind _sinB sinC
a>=b*+c*>—2bccos A

A=lbcsinA
2
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In 2020, there were an estimated 7 million insects of a particular species in a cerfain courtry.
in 2021, the numbers were estimated to have fallen to § million. Scientists believe that the

number of these insects, N million, can be modelled by the formula N =3+ac™, where £ is the
time in years after 2020,

(a) Find the exact values of 2 and of k. (4]

(b} What is the approximate size of the population for large values of 12 (]
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The equation of acurve is  y = px* ~(p+2)x+1, where p is a constant.
(a) Giventhat p > 0, by completing the square, find the minimum value of y.
.3

a4

Express your answer in the form —=&-, where a and b are integers. 3

(b) Given instead that p <0, find m@oogrq{inates»oftyg maximum pomtix\tetmsgf;a 2]
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2
3 {a) Show that %(cotx):-cosec*x. &

(b} A curve has equation y=¢ ™ ¢otx, where a is a positive constant. There is exactly one

Lo . | . . .
point in the interval w-zox <x<0 at which the tangent is parallel to the x-axis.

Find the value of @ and state the exact x-coordinate of this point. I5]
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6

4 Itisgiventhat f(x)=3x +ax’ ~7x+3, where a is a constant, has a factor of x+1.
(a) Find the value of a and factorise f{x) completely. 4

®) samm@wm f{cot? @) =0 for ~90° <8 <90°. 131
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5 (a) Prove the identity sin2x(acotx+btanx}=a+b+{a-b)cos2x, wherc a and b are

constants. [4]
(b) Hence solve the equation sin%0(3c0t~3~9+ 5 tan:;-()) =7 for 0s9<4xn. [3}
Mathematics } 4049702 / Sec 4E5N [furn over
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6 (a) Solvethe equation log, (3y+1)- tegi 3 +log,8=4. 18]

k4
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9

(b) By expressing the equation In{6e* +1)+x =0 as a quadratic equation in ¢', solve the

equation In(6c” +1)+ x =0, giving values of x in logarithmic form. {4]
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7 The diagram shows the curve y:%(wslx*lmxﬂ) for 0< x < » radians.

d!

yz%(emlx%‘éwsx%l)

7 A

The point M is the minimum point of the curve, whert the z-coordinate of A lies in the intcrval
%( X<K,
(a) Find the exact coondinates of M. ]|
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(b) Find the exact total area of the shaded regions bounded by the curve and the axes.  [4]

Mathematics
2025 relim £ 4049102 F Sec AESN ffurn over




The table shows Andy’s marks for his Mathematics practice papers each week.

12

Week x 1

2

4

5

6

Marksy | 45

3 3
59 68

74

71

82

He believed that these figures can be modetled by the formula y =91 Ae®, where A and kare

constants, by excluding one datapoint that does not follow the trend,

(a) On the grid below, by ignoring the datapoint that does not follow the trend, plot
n(91~ ») against x and draw a straight line graph.

n(91-y),

e
e
1
g
¥

50}

21
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(b}  Use the graph to estimate the value of each of the constants 4 and k. (5}

(c)  Suggest a possible reason why one of the marks does not seem to follow the rend.  {1]

(d) From your straight line graph, estimate the expected marks for the datapoint that was
excluded. {2
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9 The equation ofacircle s * +y* ~Br~4y+15=0.
{a) Find the radius and coordinates of the centre of the circle.

Two points are given by A(S,-2) sad B(9, 2). The perp

circle at point C and D,
(b) Find the coordinates of C and of D.

&)

ficular bisector of A5 cuts the

6l
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(¢}  Find the shortest distance from the origin O to the line segment CD, giving your answer
in the form kv2, where £ is a constant to be determined. (31
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10 A particle travels in a straight line so that its displacement, s m, from O at time  seconds, where
(20, is modelled by s=l’~.-92—:’+6¢+i.
(a) Find the values of t for which the particle is instantancously at rest. (31

seeleration is 15 m/s® at 7 seconds. Find the total distance travelled by
erval 10 16 1=T. 41

carly why the snswer found in part (b) showld mot be obtaincd by finding the

{€)  Explain ¢k vhen (=T ”
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11 (1) Acurve y=1f(x)issuch that {'(x}=ax’ - 6x+b, where a and b are constants.
(i) Given that the curve is always increasing, what conditions must apply to @ and 57

(3

Risnowgiventhat a=§.
(i) The curve intersects the y-axis at (0, 4) and passes through the points (-3.-80)
and (3, k). Find the value of &, (s}
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This question is not related to part (a).
» * . 2
(b) Itis given that y=g(x) is a solution of the equation ¢ (%—x,z-- %*r} =

kis a constant. The point (1, 0) is a stationary point on the curve y= g{x).
Find the nature of this stationary point.

~e*, where

B3]
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