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Mathematical Formulae
1. ALGEBRA

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

- —b++b* —4ac

2a

Binomial expansion

(a+b)" =a" +(Tja"‘lb+(;}z”*2b2 + ...+[nJa'”b’ +..+b",
¥

n nn=-1).(n-r+l)
An—r) r!

I

- P n
where n is a positive integer and [ ]
»

2. TRIGONOMETRY

Identities
sin? A+cos’A=1
sec’ A=1+tan’ 4
cosec’4 =1+cot’ 4
sin(4+ B) =sm Acos B+ cos Asin B
cos(4= B)=cos Acos B Fsin Asin B

tan(4+ B) = ;ﬂt:f;:ni

sn24=2sm Acos 4
cos2A=cos’ A—sin’> A=2cos’ A-1=1-2sin* 4
tan24 =204
1—tan® 4

Formulae for ABABC
a b c

sin 4 - sin B - sinC
a® =b*+c* —2bccos A

A=lbcsinA
2
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The polynomial fis given by f(x)=(2x+1)(x* +ax—b).

(i)  What conditions must apply to the constants a and b if f(x) = 0 has exactly one real [2]
root?

(i)  Give an example of integer values of @ and b which satisfy the conditions found in
part (i). (1]
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2 (a) Divide 2x’ -4 by 2x’ —x*. [1]

3

2x -4 . . .
(b) Express o T in partial fractions. [4]
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The diagram shows the curve with equation y = kcos(x—307), 0" <x <360°, where kis a
constant. The curve meets the y-axis at (0, V3 ) and passes through the points (p 0) and

(4°.0).

(i) Show that k=2. [2]

(ii)  Calculate the value of p and g. [3]
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4 The equation of a curve is y = 3x” + ax —12, where a is a negative constant.

(i)  Given that the coordinates of the minimum point is (I, —15), [2]
show that value of ais —6.

(i)  This curve meets another curve y =—x"—2 at the points P and Q.
Calculate the gradient of line segment PQ. (5]
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Two variables u and v are related such that when a straight line graph of “ against u is
v

plotted, the line passes through (1, 12) and (3, 2) as shown in the diagram.

L.
v
1a,12
(3.2)
5 > U
(a) Express vin terms of u. (4]

(b) If 2 is plotted against ! , state the value of the gradient and the vertical intercept. 2]
v u
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6  The parallelogram ABCD is such that 4 is (2,4), Bis (2,10), Cis (p,r) and D is (p,q)
where p > 0. The area of parallelogram ABCD is 30 units’ and 4C =+/250 units.

(a) Explamwhyp=7. (3]

(b) Find the possible values of g. [3]
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A bungee jumper falls vertically from rest from a point O. Her velocity, v m/s, ¢ seconds, after

leaving O, is such that ? =10. After 4 s, she reaches a point X.
i
Find

(i) her velocity at X, [2]

(ii)  her distance OX. [2]
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On reaching X, she then slows so that her velocity, V' m/s, T seconds after reaching X, is such
that ‘Z—I: =10—- kT, where £ is a constant.

(iii)  Given that she first comes to rest at a point ¥ when T'= 3, show that &k = % 3]
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8  Given the polynomial P(x)=—-x’ +ax’ +bx +c, where a, b and c are constants.

(a) State the condition in terms of @ and b for P(x) to be decreasing. [3]

(b) Inthe case where a=5, b=-2and c=-2, justify with reasoning, the number
of real root(s) for P(x)=0. (5]
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d%y
9 A curve is such that oo sin G - 1). The gradient of the curve at the point (2, 7) is 5.

(i)  Express y in terms of x. [5]

(ii) Show that the gradient of the curve is never less than 5. [2]



BP~731

10 Givenacurve y= . 2 and the line x+ y =k where k is a constant.
X

The line intersects the curve at the points 4 and B.

(a) Inthe case where k=8, find the coordinates of 4 and B. [5]

(b)  Find the value of k, in the case where the line is a tangent to the curve. [4]
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11 In the figure below, the line PT is a tangent to the circle at P.
Line QT bisects angle POR and cuts the circle at point S.

0 T

=

I

()  £PSR+2ZSPT=180°, 3]

Show that
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(ii)  triangle PRS is isosceles, [2]

(iliy PTxPQ=QTxRS. 3]
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12 (i) Write down, in simplest form, the general term in the binomial expansion of

5+

(ii) Explain why the x~! term does not exist in the expansion. [2]
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2
(iii)  Find the term independent of x in the expansion of (xz + 3x — z) (x + 3) ! [4]
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13 Given a curve with equation 2xy —x+ y+2 =0 cuts the x-axis at point P.

(i)  Find the gradient of the curve at P. [5]
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(ii) Hence, determine the angle that the tangent to the curve at P makes with the [2]

positive x-axis.

(iii) Find the coordinates of Q at which the normal at P cuts the y-axis. [3]

o ok ok ok k ok The End o ok ok ok ok ok ok ok
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the equation ax’ +bx+c=0,
_=bxE+ b’ —4ac

2a

X

Binomial expansion

(a+b) =a” +(’;) a”“‘b+(;]a"2b2 +.._+(n]a"“’b’ B,
¥

n! _n(n—l)_..(n—r+1)

r!(nur)!_ r!

: fo n
where 7 is a positive integer and ( ) =
¥

2. TRIGONOMETRY
Identities
sin” A+cos’ A=1
sec’ A=1+tan’ 4
cosec’4 =1+cot* 4
sin(A4+ B)=sin Acos B+cos Asin B

cos( A+ B)=cos Acos BFsin Asin B

tan A+tan B

lFtan Atan B
sin24=2sin Acos A

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

tan(A+B)=

umzA:_zﬁﬂg_
1-tan® 4

Formulae for AABC
a b &

sin A - sin B - sinC
a’=b*+c*—2bccos A

A= lbc sin A
2 .

BP-740
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(a)  Without using a calculator, show that sin75°= -\{1—5(1 +3 ) : [3]

(b)  Hence find the exact value of sin285°. [2]
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Solve the equation 3"** = 2(3” )+ 17. (4]



3

In a town whose population is 95 000, a disease created an epidemic. The total number of

people, N, infected 7 days after the disease has begun, is given by

_ 95000
2+ 498700
(a) Find the number of people infected 5 days after the disease has begun. [1]
(b) The authority will issue home quarantine orders when 8% of the population is
infected. After how many days will the authority issue the order? [3]
(c) Explain whether the entire town of 95 000 people will be infected with the disease

after a long period of time. 1]

BP-743
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The expression 2x’ +x” +ax + b is exactly divisible by (x—2)and has a remainder of —4

when divided by (x—1).
(a) Find the value of a and of 5. 4]

(b)  Hence, factorise the polynomial completely. 3]
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(a) Find E‘i—[ln §x+ i J , leaving your answer as a single fraction in its simplest
x—

form. (4]

2
b H find dx. 3
(b) ence, fin Iszul (3]
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(a)  Prove the identity fand—cotd L —sint A, [4]
tan 4 +cot 4

(b)  Hence, solve the equation sauA—vard +1=5sin Acos 4 for 0°< A<360°. [5]

tan 4 +cot 4
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y The diagram shows an inverted smaller cone inside a bigger upright cone of base radius
4 cm and height 10 cm. It is given that the vertex of the smaller cone touches the centre

of the base of the bigger cone. The smaller cone has radius » cm and height 2 cm.

10 cm

4 cm

(a)  Express r in terms of A. (2]
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(b)  Show that the volume, ¥ cm®, of the smaller cone is

4::1:(112 —20h+100)
Ve = ‘ (2]

(c¢)  If hvaries, find the value of & for which ¥ has a maximum value. [5]



An ant crawls on a flat rectangular piece of cardboard. It starts at point 4 and moves to

points B, C, A and D in sequence. It stops at point D and does not move anymore at that

point.
D B
26
& 12 cm 12 cm
A < C

It is given ZABC =26, ZCAD =90° and AB = BC =12 cm for 0° < #<90°.
(a)  Show that S cm, the total distance travelled by the ant, can be expressed as

p +q sin 8+ r cos 6, where p, g and r are constants to be found. [3]

BP-749
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(b)  Express S in the form p + R sin (6+ a), where R > 0 and « is an acute angle. [3]

(c)  Given that the ant travelled a total distance of 50 cm, find the value(s) of 8  [3]



(a)

(b)

Given y = X
Vax+3 '’ dr

A particle P moves along this such that the y-coordinate of P decreases at a
constant rate of 0.4 units per second when x = 3. Find the rate at which the

x-coordinate of P is changing at that instant. [3]

BP-751
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(c) Use the result from part (a) to evaluate I: 20x+ 323 dx. [4]

(4x+3)2
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10 The graph shows part of the curve y = 4sin§ . The normal to the curve at x = 77” cuts

the x-axis at point P.

(a) Find the exact coordinates of P. [6]
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(b)  Hence, find the area of the shaded region. [4]
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11 The equation of acircle Cis x* + y* —10x+6y+25=0.

(a)  Find the radius and the coordinates of the centre of the circle C. [3]

(b)  Find the values of k if the circle touches the line y =k . [2]
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(c)  Theline L with equation x + y =5 intersects the circle at the points P and Q. Find

the coordinates of P and Q and hence find the shortest distance of the centre of the
circle from L. [7]

(d)  Find the equation of the circle which is a reflection of circle C in the x-axis.  [2]

- End of Paper -
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Mathematical Formulae
1. ALGEBRA

Ouadratic F.quation
For the equation ax’ +hx +¢ =0,

—b+Vb —dac

2a

X =

Binomial expansion

(a+b)" =a” 4{’:}{:" ‘h+[;}:” b+ {"}z" kb,
r

”J m _ in—=1)...(n ~pr 4+ 1)

Min—r)! 13!

where » is a positive integer and [
e

2. TRIGONOMETRY

Ideniities
sin® A+cos’ A=1
secc’A=1+tan’ 4
coscc’ A =1+cot’ 4
sin{ 4+ B)=sin AcosB tcos Asin B
cos{4+ By=cos AcosBFsin Asin B
tan4Attan B

IFtan 4tan B
sin 24 =2sin Acos 4

cos24=cos A—sin- A=2cos" A-1=1-2sin" A
2tan A4
1-tan- A

tan(A+ B) =

tan24 =

Formulae for AABC
a b ¢

sind snB sinC
a*=b*+c*—2bccos A

A:lbcsinA
.

BP~759
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The polynomial fis given by [(x)=(2x+1)}(x" + ax—b)

(i) | What conditions must apply to the constants a and b if f{x) = 0 has exactly one real | [2]
root”?
I
a +4b <0
b <0 (to highlight to students! No mark awarded
for this)
(i) | Give an example of integer values of @ and b which satisfy the conditions found in
part (i). il
b= =1 ,a= i
(a) | Divide 2x' -4 by 2x' —x". [ 1] |
2x* —4 x -4
1 T = l + 3 ]
25 —x" 2x’ —x"
(b) 2x’ -4 . e e
Express Py in partial fractions. 14]
|

2x' -4 x -4
—— =] — ;
2x" —-x" 2% = x-

Ix* —x* = 27 (2x-1)
x' -4 A B -
=—+—+

Consider — =

3 +—
X' —-x * ¥ 2x-1
x? =4 = Ax(2x-1)+B2x-1)+(x*
@x=0, B=4

@x=1 A=8
2x’ —4 8 4 15
—=l4+—t—-
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The diagram shows the curve with equation v =kcos(x~30"), 0" < x < 360", where kisa

constant. The curve meets the y-axis at (0, V3 ) and passes through the points (p:, 0} and

{g.0)

(1)

Show that k =2.

[ (2]

@(0,43),
J3 = kcos(0 - 30°)

J§=£k
2

k=2

(1)

Calculate the value of p and ¢.

].13]

¥y =2cos(x-30")
2cos(x —30°)=0
Basic angle = cos ' (0)
=90’
x—30"=90,270
x=120",300
p=120 & ¢q=300
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The equation of a curve is v =3x" +ax — 12, where « is a negative constant

(1) | Given that the coordinates of the mintmum point is (1, -15),
show that value of ais =6

Method 1 ' By differentiation

y=3x"+ax—-12

dy

Eobx+a
i

For d—" =,
dx

6(li+a=0
a=-"H

Method 2 - By completing the square
v=3x"+ax-12

=30  +2x -4
v=3x 3 )

v=3 (:H--EJ— —£—4
’ 6 36

1+£=0 = a=-6
6

(i) | This curve meets another curve ¥ =—x° -2 at the points /> and (.
Calculate the gradient of line segment PQ.

[5]

3 -bx-12=-x -2
4x° —-6x-10=0
2x° -3x-5=0
2x=5Kx+1)=0
x=2, =1
B,
4
L5 33
P-1.-3) & Of=,-—
( 3) ~(2 4)
_3+33
gradient = 4
_1_5
.
gadient——i
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y . . 144 . .
Two variables « and v are related such that when a straight line graph of — against # is
Vv

plotted, the line passes through (1, 12) and (3, 2) as shown in the diagram

U

;
.12

3, 2)
5 al
(a) | Express vin terms of u. [ 14)
12~2
HL =
i-3
==5
Y=-5X+C
@(3.2), C=17
Y=-5X+17
2 esu+17
vV
Vo 1
u  =Su+17
_ u
17 -5u
(b) 1. .o _ ; o
If — is plotted against —, state the value of the gradient and the vertical intercept. 2]
v "

e =Su+17
v

Divide by # throughout,

1 - .._S+E

¥V H
l:w(l}s
¥ ]
Gradient =17

Vertical intercept = -5
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The paralielogram ABC1) 1s such that 4 is (2, 4), Bis(2,10), Cis{p, ryand Dis{p, q).
where pp > 0. The area of parallelogram ABCD is 30 units® and AC = /250 units.

(a) | Explainwhy p=7

3]

Hence, AB is a vertical line.
Length of AB = 6 units.
Given area of ABCD is 30

= %xﬁxhx2=30

= h=5

p=2+4+5 or p=2-5
p=7 or p=-3(e)

x-coordinate of A and B are the same.

{‘B

=

(b) | Find the possible values of 1

{3]

J(2-7) +(4-r) =250

25+(4-r) =250

(4-r) =225
4-r=%15
r=19 or -1]

A bungee jumper falls verticaily from rest from a point . Her velocity, v m/s, 7 seconds, after

leaving O, is such that %‘i =10. After 4 s, she reaches a point X.

H

Find
(i) | her velocity at X, | 12]
%:10
v=j-1om
=101+¢
@i1=0,v=0,
c=0
v =101
@t=4,v=40
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(it)

her distance OX.

1 12]

v =10t
§ =J10!dr

=§Q{£—}+(;
L2

s=5t0 +¢
@t=0,5=0
Ce=0
@we=4, s=80m

On reaching X, she then slows so that her velocity, ¥ m/s, 7 seconds after reaching X is such

V=107 == +40
@71=3V=0
j 140
9

that %/- =10 - kT, where k is a constant
dt
: - o 140
(iit) | Given that she first comes to rest at a point ¥ when /"= 3, show that & = 5 ;3]
LA
dt
V= [(o-kr)dr
= IGT*EL-%-(:
2
@1 =0,1=40
¢ =40
kT’
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Given the polynomial P(x)=-x"+av’ +bx +¢, whereq, b and ¢ are constants

(a) | Find the equation of the tangent to the curve at (0, 3), leaving your answer in
terms of &

P(x)==3x" +2ax+h
Gradient = b at (0.3)
Equation : y = hx +3

(b) | Inthe case where a =5, h=-2 and ¢=-2,justify with reasoning, the number
of real root(s) for P(x)=0.

{5]

Plxy=—x"+5x"-2x-2

PO ==145=~2 =00

{x - 1)is a factor of P(x).

P(x) = (x = D)(=x" + 4x +2)

For P(x)=0

x-1=0 & -x +4x+2=0

x=1 & b —dac=4—4=1)2)
=24>0

Hence,— x* + 4x + 2 =0 has 2 real and distinct roots.
The number of real roots are 3.




10

7 -
A curve is such that % =sin (% - 1). The gradient of the curve at the point (2, 7)is 5.

(i) Express y in terms of x

[5]

(ii)

="

L -2cos(£— l)+7
dx 2

¥ =J‘(- zco{i-1J+ 7)c£x.
2
¥ :—45Eﬂ[%-t)+7.r+d

@ Q.7

7 =—45in[%—]]+7(2)+d
od=-T7

y =—4sin[§_ i)+ 7x-7

Show that the gradient of the curve is never less than 5

Since —1< cos[% - 1) <1,

-2<-2c¢co 5—1}52‘
2

Least value=-2+7

=5

Hence, gradient of curve is at least 5.
Gradient is never less than 5.

[12]

BP-~767
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10

; 9 ; ;
Given the curve v=—-2 and theline x+ v =% where k is a constant.

X
The line tntersects the curve at the points 4 and B

{a) | inthe case where k=38, find the coordinates of 4 and 5.

151

y=222 oo (1) & y=8-x - (2)

X

2—2=8—x
X

¥ =10x+9=0
(x»l)(x—9)=0
x=1 9

r=7, -l

A(lL7T) & B(9,-D

(b) | Find the value of £, in the case where the line is a tangent to the curve.

(4]

Method 1. By differentiation
9 N dy 9

g .

4 X dx X

x+y=k = y=-x+&

-"i=—113 x==43
-

= y=1 y=-5

k=x+y &

k=4 & k=-8
Method 2: By discriminant
2—2: -x+k
x
9-2x=-x"+kx

 —kx—2x+9=0

X +(—k-2)x+9=0

b’ -4ac=0 = (~k-2) -4(1)9=0
(-k-2)" =36
~k-2=6 or —-k-2=-6
k=-8 or k=4




12

i

In the figure below, the line 7is a tangent to the circle at /.

Line (1 bisects angle QR and cuts the circle at point §.

Show that

(i)

ZPSR+2/SPT =180°,

3]

LSPT = ZPQS (alternate segment theorem)
ZSOR = ZPQS (71 bisect LPOR)
ZSQR = /SPT

ZPSR + ZPQR =180° (angle in opposite segment)

/PSR +2/SPT =180° (shown)

triangle PRY is isosceles,

| (2]

ZPRS = ZPQS (angle in same segment)
ZRPS = ZRQS (angle in same segment)
ZRPS = ZPRS

triangle PRYS is isosceles

(iii)

PTxPQ=QTxRS.

Z8PT = ZP(QS (alternate segment theorem)
ZPTS = ZO0TP (common angle)

ASPT is similar to APQT (AA)

SP_PQ

Pr Q1
PTxPQ =01 x 8P
PTxPQ=QTxRS

BP-769
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12

U]

Write down, in simplest form, the general term in the binomial expansicn of

r.,=

8Y <Y 'f2Y

R ry r o\

X _2_
EAR J

_.3';2{‘_: }xif) e

Explain why the x ! term does not exist in the expansion.

16 -3r=—1
17

3
. .
But 1= 55- which is not an integer,

hence the x~1 term does not exist in the expansion.
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2
Find the term independent of x in the expansion of (xz +3x% — 3) (% +

8

{4]

Let 16-3r=-2

Ox”

1792
=—x
27

. [: . 5)(1792
For| x +3x—— -

9x°
Term independent of x
1792 1792

= | X e——3 X

9 27
20

= I3

gr

X

1792
e———X
27

.
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IS
13 | Given a curve with equation 2xy - x+ v+ 2 =0 cuts the x-axis at point /*.
(i) | Find the gradient of the curve at (5]
2xv—x+y+2=0
x-2
v=
o 2x+1
dy _ (2x+1)(1) -{x-2)2)
dx (2x+1)
3
(2x+1)
@:’ e 0,
—x+2=0
x=2
. dv 1
Cy=2, —=-—
@ de S
(ii) | Hence, determine the angle that the tangent to the curve at P makes with the [2]
positive x-axis.
Let the angle be a
tan & = -
5
a =tan '[-I—)
5
=J1.3
(iii) | Find the coordinates of () at which the normal at P cuts the y-axis. [31
m -5

naoraal

Eqgn of normal: y =-5x+c¢
@(2,0),¢=10

Eqn of normal - y = —5x+10
(0,10

FREEFR

The End
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Mathematical Formulae

1. ALGEBRA
Quadranc I .quation

For the equation ax’ +bx+c=0,

—-b++b - 4dac

2u

Binontial expansion

vid i 7" n I a 242 " A—rgr ”
(a+b) =a"+ e b+ 59 O B P S
r

where # is a positive integer and [

’TJ= n nt_n(n=1)..{n-r+1)

' n—r)! - 3!

2. TRIGONOMETRY
Tdentities
sin® A+cos’ A=1
sec” A=1+tan” A4
cosec’ A =1+col’ 4
sin{ A4+ B)=sin Acos B+cos Asin B
cos( A4+ B)=cos Acos BT sin Asin B
tan Axtan B
IFtan Atan B
sin2A4 = 2sin Acos A
cos2A=cos’ A-sin* A=2cos’ A-1=1-2sin’ 4

tan(AxB)=

p 24 =2ond
I—tan” 4

Formmidae for AMABC
a b &

sind sinB  sin(’
a’=bh'+e’=2hccos A

A =-l—bc sin A4
2
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(¥8 )

{a) Without using a calculator, show that sin75° = g(l +J§) [3]

sin 75° = sin(30°+45°)
=sin 30°cos45° + cos 30°sin 45°
fartata
g2 2 2
2,32

4
2(]+J§) (shown)

i
P
P —

SEAE

(b)  Hence find the exact value of sin 285°. (21

5in 285° = —sin 75°

2 ()

_T
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Solve the equation 3' % =2(3 ' }+17

372 =2(3 " }+17
fctie=3"

2
Qu=—+17
i

9u” —17u-2=0
(9u+1)(u—2):0

1
=—— or2
14 9

) i i
3' = —— .a. 3‘:2
5 {n.a.) or
y=10.63]

(4]
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In a town whose population is 95 000, a disease created an epidemic. The total number of

peopie, N, infected 7 days after the disease has begun, is given by

(a)

(b)

(c)

95000
N= ——————
2 + 49870
Find the number of people infected 5 days after the disease has begun. (n

3546 people
Accept 3550 people (3sf)

The authority will issue home quarantine orders when 8% of the population is

infected After how many days will the authority issue the order? [3]

95000

2 4 498¢ 06
7

332

7
L = ln-?’?)—z%- —0.6 =643

After 7 days

-0.6¢ —

Explain whether the entire town of 95 000 peopte will be infected with the disease

after a long period of time [11

No. As 7 approaches infinity, N approaches 47500, but
never 95000.
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The expression 2x" +x” +ax + b is exactly divisible by (x—2}and has a remainder of —4
when divided by (x-1).

(a) Find the value of @ and of b. (4]

Let f(x)— 2% " b ax s b

When v =2, F(2)=0

2(2) +(2) =a(2)+b=0
St 4 = =M e (1)

When x—1.  f()——4

20 + (1Y +a(1)=6— -4
a+bhH — =T —emememe (2)

| — 2, (2u+b)-(a+h)-—20-(-7)

a=-13
subainto 2. 13+h=-7
h=6
(b)  Hence, factorise the polynomial completely. [3]

Long division

Jx)=2x"1x" -13x: 6
(r=2)(2x" = 5x-3)

=(xr-2)(2x-1)(x+3)




s (a)

Find di(ln 2" i : } feaving your answer as a single fraction in its simplest
X JX —

form [4]

:—X(!n 3"“) = dix[%(ln(h 41) = li(3z— 1))]

3x=1

1. 3 3
e

= 5 [3x+1 3x=~1

_ -3
T (Bx+1)(3x-1)

(b)

Hence, find _[9 ,2 id:uc. [3]
x° =

z____ 2[ 3 __
j‘)x?—lx_ §f9x2—1 *

= f__L
3¢ (3x+1)3x-1)

2, {3x+1
=—=In

3 3x-1
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(a)

tan 4 —cot 4

Prove the identity
tan A+cot A

+1=2sin" 4.

tanA — cotA

Al = tanA + cotA

%1

B -

(G=a+ )

sin’A — cos’A
T sind + cos?A
sin?A — cos?A + sin?A + cos?A
sin?A + cos?A

(sin%4 — cos?A) + (sin%4 + cos?A)
2sin®A = RHS

(b)

Hence, solve the equation
tan A +cot A

tan 4 —cot A

+1=5sin Acos 4 for 0°< 4 <360°

2sin®A = SsinAcos A
sin A(2sinA—5cosAd) =0

sind=10 or

A = 180°(rejected)  or

basic angle, a = tan™!

A = 68.2° 248.2°

2sinA = 5cos 4

.
=5

[SA Y]

= 68.2°

[4]

(3]
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7 The diagram shows an inverted smaller cone inside a bigger upright cone of base radius
4 cm and height 10 cm. It is given that the vertex of the smaller cone touches the centre

of the base of the bigger cone. The smaller cone has radius » cm and height #cm.

10 em

Ap————————
4 cm
(a) Express 7 in terms of /7 [2]
i 1W0-#4 ;
—=—— (Using similar triangles
= 1 (Using gles)
2(!0—1:)
= ——

5




(b)

10

Show that the volume, I’ cm”, of the smaller cone is

4xh(h? - 20+ 100)
R

J

(2]

V=—r

V=

!

2(!0-1:)\]2 1

3
=_ﬁh(4(100—20h i)
3 L 25

4;:1:(1:3 —20h+ mo)
75

{shown)

(<)

If / varies, find the value of & for which " has a maximum value.

[3]

4::(#‘ — 204 + IOOh)
75

AV ax

= —(3h* — 40h + 100
( )

dh 75
When d—l =0,

dh

14—”-(3112 —40h +mo) =0
75
(32-10)(h-10)=0

p=22 o h=10 (rej)
% )

dV an
=-—{(6h-40
di? 75( )
A
When 4 = E% = 4l—ﬁ(l’l(}—f-&(’)) <0 =1} is maximum.
3 dh 75
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An ant crawls on a flat rectangular piece of cardboard. It starts at point A and moves to

points B, (", 4 and /) in sequence. [t stops at point /) and does not move anymore at that

point,
D B
26
A iZem 12 cm
A + (

It is given ZABC =26, ZCAID =90° and AB = B( = 12 cm for 0° < < 90°.
(a)  Show that § cm, the total distance travelled by the ant, can be expressed as

p +qsin 8+ r cos 6, where p, ¢ and r are constants to be found. [3}

S=AB+BC+AC+AD i 1 |
=12+12+24sin 8+ 12cos &

=24+ 24sin@+12cos @
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i2

(b)  Express Sinthe form p + Rsin (€ + ), where R >0 and « is an acute angle.  [3]

S=24++V12% + 242 sin(f+tan1 0.5)

=24 +v720 sin (6 + 26.6°)

(c) Given that the ant travelied a total distance of 50 cm, find the value(s)of 8. [3]

- I 1 ]
50 =24 + V720 sin {£+ 26.5651°)

6 =49.1°0r77.7°




g

find L4 ‘ (4]

(a) Given v = o=
’ T J4x+3 dx

1

e (NEEE3)E -0+ 3) 2 4)

dy 4v+3

_ 544x+3-(10x)(4x +3) °
4x+3
_ 5(4x +3)-10x

(4.r+3)5
_10x+1i5
= 71
(4x+3)

(b) A particle /” moves along this such that the y-coordinate of /> decreases at a

constant rate of 0 4 units per second when x = 3. Find the rate at which the

x~coordinate of P is changing at that instant. (3]

dy  10x+15

pre. R 3

- (4x+3)2

When x =3,

&y & &

di  dx dt

-04= 45 T X ?
(15

£ =-0.516 units/sec

di

BP-~785



14
(<) Use the result from part (a) to evaluate j b = dx [4]
(4r+’+)
I: 20x+32 i
(4r+3)
3 20x +3U 2
j. = dx
4\-'—3) (4x+3)2
—2_[ 10r+|5d+_{: 2  dx
{4x+3) (4x+3):
. 1 I
Sx i (4)(-#-3) 2
=2 42—
[J4.r+31, 1

- x4
2

4]
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ts

o X Tz
The graph shows part of the curve y =4sin = The normal to the curve at x = —- cuts

the x-axis at point /.

{a) Find the exact coordinates of

4

(6]

dv 4 x
— =—C0S$—
dx 3 3

when x = z;, y=-2
dv_ 23

dx 3

norrml 2\/‘

equation of normal:

x _2ir
YN
when y =0,
77: 4\6
)

oz kY 1
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(b)

i6

Hence, find the area of the shaded region

(4]

ax ; 44/3
shaded arca =||,, 4sin-§-cix‘ —1(2){~£]

¥

i

= (—lZcos—”-

4

3 /

¥ —‘i-}"

= —iZcos—}
30

3

a
ki

g )-(—IZCOSE
3 6

43

=|-12-643]- =

=20.1 units’

3

|

3
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The equation of a circle ("is X+ —10x+6v+25=0.
Find the radius and the coordinates of the centre of the circle (3]

(a)

+ v -10x+6v+25=0
= 10x+254 0 +6r+9=-25+25+9

3

{(x-5F +{v+3) =3

Centre of the circle is (5, - 3)
Radius = 3 units

Find the values of & if the circle touches the line y =4 . [2]

(b)

k=-3+3=0 or k=-3-3=-6




I8

(c)  Thelinel with equation x + v =35 intersects the circle at the points /” and (. Find

the coordinates of /” and ( and hence find the shortest distance of the centre of the

circle from /..

(7]

(5-1) + ¥ =10(5-v)+61+25=0
27 +6v=0

2y{v+3)=0

v=0 or y=-3

Sub y=0 ..x=5 = P(50)

Sub v=-3 x=5+3=8 =08 -3)

Midpoint =[5—+8-, 0—-:1) =(E,_—3}
2 2 22

Perpendicular distance from C to line

=+/45 or 2.12 units

(d)  Find the equation of the circle which is a reflection of circle (" in the x-axis.

2]

Centre of the circle is (5. 3)
Equation of the circle:

(x=5) +(y-3)" =9

or x +) —10x-6¥+25=0

- End of Paper -
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