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Mathematical Formulae

1. ALGEBRA

Quadratic Equation

For the equation ax® +bx+c¢=0,
_ —b+Db* —4ac

2a

X

Binomial expansion

n ! -1 ..(n-r+l
where 7 is a positive integer and I = n(n=1) .. (17 +])
r) ri(n—r) r!

2. TRIGONOMETRY

Identities
sin® A+cos? A=1

sec? A=1+tan* 4

cosec’4 =1+cot? 4
sin(4 + B)=sin 4cos B+ cos Asin B
cos(4+ B)=cos Acos B¥sin 4sin B
tan A +tan B
1F¥tan Atan B

sin24 =2sinAcos 4
cos 24 = cos? A—sin® A=2cos? 4—1=1—2sin" 4
2tan A4

1—tan® 4

tan(4 + B)=

tan24=

Formulae for A ABC
a b c

sind sinB sinC

a* =b*+¢* —2bccos A

A =-1—absinC
2
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1

The liney = —z— +§ , where k is a constant, is tangent to the curve 8y =2x" at the point Q.

Find

)] the value of &,

(ii)  the coordinates of Q.

CH1JSec/2019/Prelim/4E5N/4047/01
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2 The length of one side of an isosceles right-angled triangle is given as 5 3 75 units. Find the

exact length of its height, / units, in the form a+ b2 where a and b are rational numbers.

[4]
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® Differentiate xe** with respect to x. [2]
(ii)  Hence evaluate _[01 xe**dx leaving your answer in terms of e. 4]
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()  Bxpress sin(2x+—72—z—) as acos2x. [2]
(i)  Hence or otherwise, find the value of J.f (23— +sin (Zx + %D dx. [51
X
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The equation of a curve is y:cos?.x-i-z\/gsinx for O<x<—72£.

. . dy d*y '

i Find = and —-. 3
(ii)  Find the coordinates of the stationary point on the curve. [4]
(iii) Determine the nature of the stationary point. 2]
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x+2x7+1

6 Express 5 in partial fractions. [5]
x —
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1
@) On the same axes, sketch the curves y=9x%*and y= 1 for x>0. [2]
x

(i)  Find the x-coordinate of the point of intersection of the two curves. [2]
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Ix

2x—

d

8 Show that ——( fo2x+3)
dx

Jx(2x-5)

and state the value of £.

j can be written in the form

(4]
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9 The diagram shows the graph of y =sinx for —270°< x <270°. The angles a,
b,c,d,e,f and gare marked on the diagram on the x-axis.

YA

(O afes wr ot o o - e

o
Qe e e e

b

Name the angle(s) which represent the following statements.

@) The angles for which lsin x| =0.75. [2]
(i)  The principal value of sin™ (~0.75). [1]
(i)  The angles which satisfy the equation 2sinx= —% . 1]
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10 A straight road running through P to a village Q, is 8 km long. John is camped at a point X which
is 1 km from the nearest point P. A point ¥ is on PQ such that PY is x km.

Qo Ye— xkm ——F
< 8 km >

John walks in a straight line from X 'to Y at a speed of 5 km/h and then from Y to Q at 6 km/h.

Q) Show that the total time taken to reach the village Q is given by T = %\/ X +1+ 8-x .

6

[3]
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(ii)  Find the value of x if John is to make the journey from X to O in as short a time as possible
and hence find this shortest time. [5]
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11
YA

R(5,4)

5(2,3) A(11,3)

4

The diagram shows a parallelogram PORS with points R(5,4) and S(2,3) . The points P, O and
A(11,3) are collinear. Find

@ the equation of the line PQ, [3]

(i)  the y-coordinate of O given that its x-coordinate is 8, [1]

CHIJSec/2019/Prelim/4E5N/4047/01



15

(iii)  the coordinates of P, [2]

(iv)  the area of triangle AQR. [2]
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12 The figure shows a sketch of the derived function curve y=f'(x) for —-1<x<3.

YA

The curve y=£"(x) cuts the x axis at the origin and at (m , 0) where 0 <m < 3. The area of the
shaded region is 7 sq units .

@ With explanation, write down the x coordinate of the maximum and minimum points of
the curve y =f(x) for -1<x<3.

[3]

Given that f(0)=2,

(i)  find the value of f(m) by considering .[Om f'(x) dx. 3]
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®

(@)

17

Express sin2x+8cos’ x in the forma+ Rsin(2x + o) where « and R are constants,
R>0and 0°<x<90°. [6]

Hence find the minimum value of sin2x+8cos” x and the value of x between
0° and 180° at which this minimum value occurs. ' [3]
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10 @ | x=1.5075
Shortest time = 1.44h
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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" J{’l’] a”'b +(;j a7+ ... +[n} a"h 4.+ b,

¥

n n! =D ..(n—r+l
where 7 is a positive integer and = = nn-) .. (a=r+l)
r) rin-r) r!

2. TRIGONOMETRY

Identities
sin? A+cos® 4=1

sec’ A=1+tan’ 4
cosec’d =1+cot” 4
sin(4 + B)=sin 4 cos Btcos Asin B
cos(4+ B)=cos Acos BF sin Asin B
tand + tanB
1F tand tanB
sin2.4 =2sin.dcos 4

cos2Ad=cos? A—sin® A=2cos®> A—1=1—2sin* 4

tanzAz_g_tEn__;i
1—tan” A4

tan(4+ B) =

Formulae for A ABC
a b c

sind sinB sinC

a? =b* +c* ~2bccos A

A =-1-absinC
2
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1 (i) Write down and simplify the first three terms of the expansion (1—/x)® in ascending powers of
. , [2]

(i) Given that the coefficient of x”in the expansion of (2—3x)*(1—kx)®is 393, find the possible
values of k. (4]
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2 (a) The variables x and y are related in such a way that when In y is plotted against x, a straight
line is obtained which passes through the points (3, 4) and (5, 6).

() Express y in terms of x. [3]

(i) Hence, sketch the graph of y against x, indicating the coordinates at which the graph cuts the
vertical axis. [2]

CHIJSec/2019/0LevelPrelim/4047/02



, where ¢ and b are constants.

(b) Variables x and y are related by the equation y =— 3

When the graph of 1 against x° is plotted, a straight line with a gradient of —-—i is obtained.
Y

Given that the intercept on the vertical axis is 3, calculate the value of @ and of b. [3]
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(a) Using sin3x =sin(x+2x), show that sin3xmay be expressed as 3sinx—4 sin® x. [4]

(b) By differentiating both sides of the identity sin3x=3sinx— 4sin® x, show that
cos3x =4cos’ x—3cosx. [4]

CHIJSec/2019/0LevelPrelim/4047/02
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The roots of the quadratic equation x* —4x+7=0 are ¢z and S .

() Find the numerical value of

(@ o’ +p° [2]

(b) o’ + [2]

(ii) Find a quadratic equation, with integer coefficients, whose roots are 2 and i . [5]
B +1 a’+1

CHIJSec/2019/0OLevelPrelim/4047/02



The radius, 7 cm, of a spherical ball at time ¢ seconds is given by the equation r =6 +——L , t>0.

1+t
Find, when =2,
§) the radius of the ball when ¢ =2 seconds, [1]
(i)  therate of change of the radius, [2]
(iii)  therate of change of the volume of the ball. [4]

(iv)  Explain why the surface area of the ball can never excced 1447z cm? when it is left for a few
days.
[2]
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(a)  Solve the equation ¢* —1-12¢™ =0. [5]

) Explain why the equation 5°* —5™*' = 5% + & has no real solutions if k£ <~9. 3
p q
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TA and TB are the tangénts to the circle at 4 and B. A line through T cuts the circle at A and D.
AC cuts the line TD at X and angle 74B = angle AKT , prove that

6y} BC is parallel to 7D, [4]
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(ii) a circle can be drawn to pass through 4, K, B and T. [3]
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12

The diagram shows part of the graph of y =tanx.

®

(D)

YA
y=tanx
)
3
"0 “x
. . . 3
Find the gradient of the curve at the point P(—g_’ﬁ ). [2]
Find the equation of the normal to the curve at P. [2]

CHIJSec/2019/0LevelPrelim/4047/02
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(iii) (a) Show that (—?x-(ln cosx)=—tanx. (1]

(b) The nommal at P cuts the x-axis at the point Q. Find the coordinates of O and hence find

the area enclosed by the curve y =tanx, the x- axis and the normal to the curve at P.

Give your answer correct to two decimal places. [6]
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A particle P moves in a straight line so that, ¢ seconds after passing a fixed point O, its velocity,
v m/s,is given by v=12¢" ~18¢%.

Find
(1) the velocity and the acceleration of the particle at O, [3]
(i) the acceleration of the particle when it is at rest, [4]
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(iii) the total distance travelled by the particle from ¢=0to = 3. [5]

CHIJSec/2019/0OLevelPrelim/4047/02



16

10  The equation of a circle C1is x* +y* =4x+6y+12.

@ Find the coordinates of the centre and the radius of the circle. 3]
(i) P(t,1) is a point on the circle C1 , where ¢ is a positive integer. Find the value of # and hence
find the equation of the tangent to the circle at P. [4]

CHIJSec/2019/0OLevelPrelim/4047/02
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(iii)  The tangent to the circle at P cuts the circle Cz, with equation (x~5)*+(y—7)’ =16 at the
points A and K. Find the x-coordinates of A and X, give the answers correct to 2 decimal

places. (3]

@iv) Determine whether the point Q(7,4) lies inside C; or C2 or both Cy and G, . [2]

CHIJSec/2019/0LevelPrelim/4047/02
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11 (a) Itis given that f(x)=2x’ —x*—19x+12. Solve the equation f(x) =0, expressing non-integer

ek
4

roots in the form , Where % and k are integers. [5]

CHIJSec/2019/0LevelPrelim/4047/02
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(b)  The expression f(x)=3x"+ax’ +bx+c leaves the same remainder when it is divided by x—1
and by x+2.

® Express « in terms of b. [3]

(i)  Given that f(x) leaves a remainder of 8 when divided by (x+1), find the value of c.
[2]
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1. () 1-6kx+15k"x (i) k=-—5— or k=2
2. @@  y=e™ ® a=-2 b=4
%(sm3x)=§x—(3sinx—4sm3x)
sin 3x =lsin(x +22x) =sin xcos 2x+cos xsin 2x 30835 = 308 £ 125in” 108
=gin x(1—2si +cos x(2si
3. (@ et 31311 x)2 * );( szx cos) (b) 3cos3x=3cosx—12cosx(1-cos x)
sy —2sin® x4 2 sin (] —si
sinx - 2sin x + 2sinx(l -sin” 2) 3cos3x=3cosx—12cosx+12cos’ x
=3sinx—4sin’ x ,
cos3x=4cos” x—-3cosx
» . 2 16 7 . 2
4. @H@) 2 (b)-20 (i) x -x(-—5—2~)+§=0 Le. 52x" +16x+7=0
' NS R S 67 ) ‘ :
5. (1)6—3- (zz)——§ (iii) —17—8-17r or —56.0 (iv)  After a few days ¢ becomes large and the value

of I—l-; will tend to 0 and the radius of the ball will tend to 6. Therefore the surface area of the
+

ball will approximate to 47(6)* i.e. 144z cm?

6. (2) x=In4=139 (b (5°)—6(5")—k=0 For no real roots, (—6)> —4(1)(~k) < 0
36+dk < 0=k <-9
7. () Let /TAB = LAKT =6
ZACB =6 (£ in alt. seg.)
- LKCB = ZAKB and they form corr.Z,
~. BC//TD. ‘ .
(ii) £TAB = £TBA (tan from external pt are equal)

S LAKT = ZABT (and théy form £ in the same segment)
a circle can be drawn to pass through 4,K,B and T,

8. () 4 G) dy+x=4B+% )@ L(ncosx)=—2%_ iy (b) 6.69
3 dx cosx
9. (i) -6, 24 (i) Sm/s® (i) 4.42m
- A _
10. (i) Centre (2, 3), radius= Sunits (i) =6, y= 14-—§x (iif) 2.76 or 7.56 (iv) Q is outside Cy, and
inside Cz ‘

11. (a) x=3 orx=— (b)) a=b+9 (i)c=2

5+./57
4
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