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Mathematical Formulae
1. ALGEBRA

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

B —b++b* —4dac

X =
2a

Binomial expansion

n __ _n h n-1 n n-27y2 h n-ryr n
(a+b)" =a" + | a" b+ 5 a"bh 4.+ |la"bh" +..+b",
r

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

2. TRIGONOMETRY

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

tan A ttan B
lF¥tan Atan B

sin2A4 =2sin Acos 4
cos2A4=cos’ A—sin* A=2cos* A-1=1-2sin* 4

tan(4+ B) =

tan24 = 2tan ;4
l-tan” 4
Formulae for AABC
a b c

sin A :sinB - sinC
a>=b*>+ c*—2bc cos A

A =labsinC
2
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1 On 1* January 2010, a certain type of bacteria was found at the bottom of a
seabed. It is known to grow with time, such that its population P, after ¢ years is
given by

P =50 000e" , where k is a constant.

(i) Given that the population doubles in two years, show that k = %ln 2. [2]

(ii) Find the size of the population of bacteria on 1% January 2015, giving your

answer correct to the nearest 10 000. [2]

(iii) Find the year in which the population reaches 450 000. [3]
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2
2 (a) Given that y =e" sin x, prove that d—f — ZQ +2y=0. [4]
dx dx
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(b) A particle moves along the curve y = in such a way that both its

x—1
x-coordinate and y-coordinate are positive and vary with time. Find the
x-coordinate of the particle at the instant that the rate of increase of its

y-coordinate is twice the rate of decrease of its x-coordinate. [5]
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3 (a) Solve lgx® —2log 10=3. [5]

AMKSS 4E5N Prelim 4047/02/2019 [Turn Over



7

(b) Given that log,, (xy3 ) =a and log,, (x2 ) =b, express log, (ij in terms of a
Y

and b. [3]
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(¢) Without using a calculator, solve for a and b, the simultaneous equations
8x 4 =22,
343" =81 4]
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. . 5 . .
4 (a) The equation of a curveis y=—;+ 10x , where k is a constant. Given that
kx

its normal at x = 2 will never meet the y-axis, find the value of £. [3]
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(b) The equation of acurveis y =In~/3x+2.

(@) Determine the range of values of x for which the equation of the

curve is defined. [1]

. . dy . . . .
(ii) Find an expression for d—y, giving your answer in the simplest form.  [2]
X
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(iii)  Find the equation of the normal to the curve at the point where

the curve cuts the x-axis. [5]
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5 A curve has the equation y =2x+ .
2x—1
The point A(p, g) is a stationary point on the curve where p >0 and ¢ > 0.

(i) Determine the value of p and of g. [5]
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(ii) Find the coordinates of the other stationary point B on the curve and

determine the nature of this stationary point B. (4]
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6 (i) Write down the first three terms in the expansion, in ascending powers of x, [2]

of (1— px)®, where p is a constant.

(ii) Find, in terms of p, the coefficient of x> in the expansion of

(1-2x)*(1- px)°. 2]
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(iif) Given the coefficient of x* in the expansion of (1— 2x)2 a- px)6 is

twice the coefficient of x, find the values of p.

[4]
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7 The diagram below shows a quadrilateral ABCD where 4 is (6, 1), B is on the x-axis.
and Cis (2, 3). The diagonal BD bisects AC at right angles at M such that
2BD = 5BM.

»
»

C(2,3)
A6, 1)

0 B

@) Find the equation of BD. [4]
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(ii)  Find the x-coordinate of B. [1]
(iii)  Find the coordinates of D. [3]
(iv)  Find the area of quadrilateral ABCD. (2]
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8 The curve y = acosbx + ¢, where a is positive and 0 <x < 4xn has an

amplitude of 3 and period of 4n. The minimum value of y is —2.

(i) State the value of a, of » and of c. [3]

(ii)) On the same axes, sketch the graphs y =acosbx+c and y = —|sin x|

for 0 <x <4m. [3]

v

(iii) Hence deduce the value of k, where £ is an integer, for which the equation

acosbx+c=—sinx|+k has four solutions. [1]
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9 (i) Differentiate x cos2x with respect to x. [3]

T

(ii) Hence, use your result to evaluate J? (3—2xsin2x)dx. [5]
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10 (a) (i) Determine the set of values of p for which the equation p(x—2)=x" -3

has real and distinct roots. [4]

(ii) Hence state what can be deduced about the curve y = x* —3 and the line

y=2x-4. 2]

(b)  Show that the roots of the equation x* +(k —2)x —2k =0 are real for all values
of k. [3]
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11

5m

2m

E B

The diagram shows a rectangular table ABCD measuring 5 m by 2 m placed in a
corridor 3 m wide such that B and D are in contact with the walls and ZABE =0,
where 0°< 8 <90°.
(i) Show that 2cos@ +5sinfd =3. [2]
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(i) Express 2cos@+5sin @ in the form Rcos(6—«), where R > 0 and

a is acute. [4]

(iii) Hence find the value of 6. [2]

END OF PAPER
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