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Mathematical Formulae

1. ALGEBRA

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

—b++/b*—4ac

2a

X =
Binomial expansion

(a+b)y =a" +(?)a""b+(;)a"‘2b2 +...+(n)a""b’ +..+b",

r

n ! -D..(n-
where n is a positive integer and S =D (nort D
r) ri{n-r)! r!

2. TRIGONOMETRY

Identities
sin? A+cos’* A=1
sec? A=1+tan> 4
cosec’d =1+cot> 4

sin(A + B) = sin Acos B £ cos Asin B
cos(A+ B) =cos Acos B Fsin Asin B
tan A+ tan B

tan(4 £ B) = 1Ftan Atan B

sin2A4=2sin Acos A
cos2A =cos? A—sin® 4 =2cos> 4-1 =1-2sin’* 4

in2d= 204
1—-tan” 4

Formulae for AABC
a b c

sind snB _sinC
a? =b? +c* —2bccos A

A= lbcsinA
2
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1 The curve x* +xy -6y +9=0 and line y =x+1 intersect at the points R and S.
y

Find the x-coordinate of the midpoint of RS. [3]

4
2 Integrate — —
& x> 1-5x

+sin5x — 7 with respect to x. [5]
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4

3 A cuboid has base area (4 + 2\/5 ) c¢m? and a volume of (9 + Sx/g ) cm’.
Find, without using a calculator, the height of the cuboid, in cm, giving your

answer in the form %(a +b5 ) , where a and b are integers.
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]
4 (a)  Express —4x’ +12x+2 in the form a(x+5)® +c¢ and state the coordinates of
the turning point of the curve y = —4x* +12x+2. [3]
(b)  Hence explain why the turning point is a maximum point. [1]
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3x2+5x-2

= =~ = inpartial fractions.
G4 [5]

5 Express
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.. X -
6 Itis given that y= for x>g.
s TS 1
(a)  State the value of g. f1]

., dy
b Find —.
(b) n &

[3]
2x—-1 . . . . .
(¢)  State whether y = ) 1s an increasing or decreasing function.
x4+
Explain your answer clearly. [2]
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8
S
’ [ )
y=acosbx+c
—> X
0 Eid
2

The diagram shows the curve y =acosbx+c for 0<x< 37” radians.

A minimum point (—725 ,— 2) and a maximum point (246 , 4) are indicated on the
diagram.

(a) Explainwhy b=4. [2]
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(b)  Explain why ¢ = 1. [2]

(¢)  Hence find the equation of the curve. [2]
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sin@ 0
8 P the identi =tan—.
(a) rove the identity e an 5 [3]
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(b)  Hence solve the equation 1+_COS o -3 for 0° <H<360°. [4]

siné
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9  The diagram shows a container, made of a thin sheet of plastic, in the shape of a
hollow cylinder. The length of the container is y cm and each of the semicircular
ends has radius » cm. The total external area of the plastic used is 8500 cm?.

(a) Show that the volume, ¥ cm?, of the container is given by 4250~ ——%n’r3 . [3]
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Given that 7 can vary, find the stationary value of V and determine its nature. [4]
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10  The solution of the equation 3**' = 4(3") can be expressed as Thrll—g .
q

(a)  Find the value of p and of ¢. [4]
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(b)  Express the solution of log,,(3y-1) +% =log,(3y) as arational number. [4]

Turn over
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11(a) Cement is poured into an empty right circular cone mould at a constant rate of
36m cm?/s. The height of the cone is always twice its radius.

(i) Show that the radius of the cone after 1.5 minutes is approximately
16.94 cm. [2]

[The volume of a cone with radius » and height & is %m’zh N

(ii) Find the rate of change of the radius of the cone after 1.5 minutes. [3]
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(b)  The intensity of light, ] candelas, at a certain distance, x metres, from a light

o k .
source is given by the formula J=—, where k is a constant.
x

Given that the intensity of light is 12 candelas at a distance of 4 metres from
the source, find the rate at which the intensity of light is changing with
respect to the distance when x = 8. [3]
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12 The diagram shows two circles intersecting at D and F.
ABC is a tangent to the bigger circle at B and BFH is a tangent to the smaller circle
at F.
ADF, BDE and GFE are straight lines.
It is given that angle BFG = x°.

(a)  Prove that triangle BGF is an isosceles triangle. [4]
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(b)  Show that CBA is parallel to GFE. [2]

(¢)  Show that triangle 4BD is similar to triangle BEG. [2]
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13 The diagram (not drawn to scale) shows a right-angled triangle POR in which point
Pis (5, 4) and point R is (9, 2).
Point Sis (—1.5, 11) and PR is parallel to SQ.

y
ﬂk
S(—1.5,{11)
0
P(5,4)
RS, 2)
0 T x
“p

(a)  Find the equation of PQ. [2]
(b)  Find the coordinates of Q. [3]
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()  Giventhat Tisa point on QR extended such that QT = 10+/5 units, find the
coordinates of 7. [5]

rn r
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14  The graph shows part of the curve y =——. The point P(—2, 1.5) lies on the
(2x—4)

curve and the normal to the curve at P meets the x-axis at Q.

(a)  Find the coordinates of . [5]
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(b)  Find the area of the shaded region bounded by the curve, the normal PQ and
the coordinate axes.

Give your answer correct to 3 decimal places. [5]
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Answer Key
1 x= -—1E

8
2 ——4~+§1n(1—5x)——1-0055x—7rx+c

x 5 5
3 l(7—\/5 )
2
4(a) (1—1— 11)
2 H
3x* +5x-2 4 19x+6
5 5 =— +——
(x+D(x*+4)  5(x+1) 5(x +4)
d 2x+9
6(2) g=-2 ® T ©
2y/(x+2)
7(¢) y=-3cosdx+1
8(b) 6=323.1°
9(b) V=285100cm®; Maximum
2
10(a) p=12,9=3 (b) y=3
11(Gi) 0.0627 cm/s (b)  —0.75 candelas per metre
13(a) y=2x-6 ® (65,7 (c)
29 . 2

14(a) Q —Tg,O (b)  3.190 units
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1. ALGEBRA

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

=—bi\/b2—4ac

2a

X

Binomial expansion

n__ . n n n—-1 n n-212 n n-rir n
(a+b) =a" + i a”"b+ ) a b’ +..4| |a"b +.+D",
r

n] n n(n-r).(n-r+l)

r —r!(n—r)!— r!

where n is a positive integer and (

2. TRIGONOMETRY

Identities
sin> A+cos?4=1
sec’ A=1+tan* 4
cosec’Ad=1+cot> 4

sin(A + B) = sin Acos B + cos 4sin B
cos(A+ B)=cos Acos BFsin 4sin B
+
tan(A+ B) = tan A+ tan B
1Ftan Atan B
sin24 = 2sin Acos 4
cos2A4 = cos? A—sin®> A=2cos’> A-1=1-2sin’ 4

tan24 = 204
1-tan” 4

Formulae for AABC
a b ¢
sind sinB sinC
a® =b*+c¢* -2bccos A

A= labsinC
2

Crescent Girls’ School 2025 Prelim Sec 4 A Math P2

BP~254



BP~255

3
1 (a)  Show that the equation 3¢’ +7¢* =6 has only one solution and find its value
correct to 2 significant figures. [4]
(b)  Factorise (3x + 1) — 8 completely. [2]
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(a)  Show thatx — 1 is a factor of 3% + 8x% - 5x - 6. 1

(b)  Hence solve the equation 3x3 + 8x2— 5x = 6 completely. 4]
(c) Hence solve the equation 3(y -2)* + 8(y — 2)*-5y+4=0. [2]
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5
d . 3o\ _ . 4 2
3 (a)  Show that Zx—(tan 2x) =6sec” 2x —6sec” 2x . [3]
T
(b)  Hence, find the exact value of .[08 sec 2x dx. [5]
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6

The diagram shows two chords 4B and CD intersect at X such that angle CXB =90°.

A

Given that AC =5 cm, BD = 12 cm and angle BDC = 6.
(a) Prove that AB =5cosf+12sin6 . [3]

(b) Express AB in the form Rcos(@ — ) where R > 0 and a is an acute angle. (4]
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© Find the maximum length of 4B and the corresponding value of 4.

Hence state the radius of the circle. [3]
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(a)  Find the range of values of k for which kx? + 8x + k < 6 for all real values of x. [4]

(b)  Giventhe curvey = 8x* + mx + m — 6, where m is a constant, find
() the possible values of m for which the x-axis is a tangent to the curve.

(i) the range of values of m for which the curve has a positive y-intercept.

(c) Show that the equation 2x? — ¢x + ¢ + 6 = 0 has no real roots for all real
values of c.
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k n
6 It is given that (x + -2—) is a binomial expansion where & and » are positive constants.
x
k 5
(a)  Write down the first 4 terms in the expansion (x + —zj in terms of £. [2]
x

(b)  Hence, find the value of % if the term independent of x in the expansion

[5x+iz)(x+iz) is 5. [3]
X X

(©) By using the formula for the general term, suggest two possible powers

of n such that (x + —]fz—) contains a term independent of x. [3]
x
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10

The equation of a circle with centre C is K +y*—8x-10y+16=0.

A point B (7, 9) lies on the circumference of the circle. P is the lowest point on the circle.

(a)  Find the coordinates of C and the radius of the circle. [3]
(b)  Find the equation of the tangent to the circle at B. [3]
(¢)  Explain why P lies on the x-axis. [1]
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8 A particle moves in a straight line so that ¢ seconds after leaving a fixed point O, its

velocity v m/s, is given by v= 16(2¢* -¢™). Find

(a)  the time when the particle reaches its greatest distance from O, (3]
(b) the value of the greatest distance from O. [3]
(©) the minimum velocity of the particle. [4]
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9 (a)  Forthe equation py =xy +1 wherep is an unknown constant, may be represented
by a straight line, expressed in the form ¥ = mX + ¢, where X and Y are functions of x

and/or y and m and c are constants. Using the following table, insert in it an expression

for ¥ X, mand c. [2]
Y X m c
py=xy+1
(b) The variables x and y are related by the equation x%y = b, where a and b are constants.

The table below shows some corresponding values of x and y.

131 | 1.63 | 1.97 | 2.54 | 4.03
y | 1270 | 398 | 131 | 35.1 | 2.63

(i) Plot lg y against Ig x and draw a straight line graph. [3]

(i)  Use your graph to estimate the value of @ and of b. - [4]
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(sin 6 - cos 6)(1+sinfcos 6) .

-1 . 4
cos’ 6 [4]

10 (a) () Showthat

(i) Hence, for 0<8 <27,find the reflex angle & such that

(sin@ - cos@)(1+sinfcosf) = cos’ 4. [3]
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(b)  Solve the equation sin34cos2A4=cos3A4sin2A4 for 0< A4<180". [2]

(c) Given that sin x = —% and tan x > 0, find, without using a calculator, the

value of cos 4x. _ [2]
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(d)  Without using a calculator, show that
tan— = 2-3. [4]
12
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