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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 n-1 n n-212 n n—-rir n
(a+b)'=a"+ . a b+ 5 a”bht+...+| |a"b +...+b
r

nj n!  nn=1..(n-r+1)

where 7 is a positive integer and = =
r) rlin-r)! r!

2. TRIGONOMETRY

Identities

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

1Ftan Atan B
sin24 =2sin Acos A

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

tan(4+ B) =

tan24 = ﬂ
I—tan” 4
Formulae for AABC
a b c

sind sinB sinC
a’> =b*+c*—2bccos A

A:lbcsinA
2
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1 A curve has the equation y = _Smex
2—cos2x
. . ) kcos2x—2
(a) Show that the gradient function can be expressed in the form ————,
(2-cos2x)
where k is a constant. [3]

(b)  Find the acute angle between the tangent to the curve at x :% and the line

y=0. [3]
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2 (a) Factorise x” +27k> as a product of a linear and a quadratic factor. [2]

(b) Hence solve x° +27:(x+3)(x+10) , expressing non-integer roots in surd
form. [3]

(¢) Find the value of k given that x’ + 27k’ leaves a remainder of 351 when divided
by x—-2. [2]
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3 The diagram shows a L-shaped rod ABC where AB and BC have length 18 m and 8§ m
respectively and angle ABC is 90°. The rod is hinged to a wall at 4 so as to rotate in a
vertical plane. The rod 4B makes an acute angle 8 with the vertical wall surface OA.

(@)  Given that G is a point directly below C, show that OG = pcos@+¢gsin@,
where p and ¢ are constants to be found. [2]

(b)  Express OG in the form Rcos(@—ca) where R >0 and 0°<a <90°. [3]

(c) Find the length of OG and the corresponding value of @ if G is at maximum
displacement from O. [3]
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4 Acircle C; has equation x* +)° —6x+4y=12.

(@)

(b)

(©)

Find the radius and the coordinates of the centre of C;. [3]

Find the equation of the tangent to the circle at the point P(7,-5). [3]

Another circle C, has centre (=8, 4) and radius 7 cm. Find the shortest distance
between the 2 circles. [2]
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(sin 4 —cos 4)(1+sin Acos A)

=tan’ A—1. 4
cos’ 4 4l

5 (a) Prove the identity

(b)  Hence solve (sin4—cosA)(1+sin Acos A)+2cos’ A=0 exactly, for

- < A< 7 radians. (4]
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6 The diagram shows the graph of y=x"+ax+4 and y = x” +bx+c. The graph of
y=x"+ax+4 touches the x-axis at P. Points M and O are the x-intercepts of the
graph of y =x” +bx +c. The origin O is the mid-point of MP.

y
y=x+ax+4
yv=x+bx+tc
N
M 0 P T
(a) Find the values of a, b and c. [4]
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(b)  The graph of y=x"+ax+4 and y=x"+bx+c intersects at N. Find the
coordinates of V. [2]

(c) The graph y = px’ +¢gx+r has its turning point at N and passes through point
P. Find the values of p, g and r, where r > 0. [3]
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10

7 A particle P, travels in a straight line, so that its displacement, s m, from O at time ¢
1
seconds, is modelled by s = 513 —5¢ 3.

(a) Find the value of # when particle P returns to its initial position. [2]

(b) Find the minimum velocity of particle P. [3]

(¢) Another particle, O, travels in a straight line from O such that its velocity, v m/s,

t
at time ¢ seconds after passing O is given by v= 24(e 6 — e_lj .

Find the value of ¢ at which the particle Q is instantaneously at rest. [2]
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(d) Find the total distance travelled by particle Q for the first 9 seconds. [4]
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8 The height, 4 cm, of a plant is modelled by /4 = 11?)—004[ , where ¢ is the number of
+10e™
months after the first observation.
(a) Show that 4 is an increasing function. [3]

(b) Find the value of # when the height of the plant first exceeds four times its initial
observation. [3]
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(c)

13

The height, y cm, of another species of plant,  months after the first observation

is given by y = —, where a and b are constants. Explain clearly how a

a+be
straight line graph can be drawn to represent this relationship. You should state
which variables should be plotted on each axis and explain how the values of a
and b can be calculated. [4]
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9 (a) Without using a calculator, solve the equation x\/ﬁ +4/5 :x\/i +\/g . Leave

your answer in the form p\/ﬁ + q\/§ , where p and ¢ are fractions. [4]
(b) Without using a calculator, solve the equation log, x—log 16=0. [4]
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() Solve the equation 3% —2(37)=17. (4]
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10 (a) The diagram shows part of a straight line graph which passes through (2,1)
and (4,3).

< IR

»

(4.3)

2,1

0 >Vx

Find the equation of the straight line in the form y = al , where a and b
a+bx

are constants. [3]
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(b)

18

The table below shows the experimental values of two variables x and y.

X 1 2 3 4 5 6
63 127 258 510 1000 | 2100

X

It is known that x and y are related by an equation of the form y = where

a b

a and b are constants.

(i) On the grid next page, plot lg y against x and draw a straight line graph.
[3]

(ii)  Use your graph to estimate the value of @ and of b. [3]

(iii) Explain how would you use the graph to find the value of x for which

(106)" =10"". [2]
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END OF PAPER
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