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Mathematical Formulae

I. ALGEBRA

Quadratic Equation

For tle equation axz + bx + c = 0,

-b! b2 4ac
x

2a

Binomial expansion

(a+ b)" =a" a

Identities

(1),-,.(N,'''u'- .(i)"-'b' + +b'.

where n is a posrtrve integer and
nl n(n -1)...(n - r +l)

rl(n - r)t yl.

2. TRIGONOMETRY

sin2,4+cos2 l=1
sec'A=l+tan'A

cosec2l = 1+ cot2 I
sin( I + A) = sin I cos .B t cos ,4 sin B

cos(l I B) = coslcosB 4 sin I sin B

_. ta'aAtlaaBl^r AtBl=-
| + tan Alart B

smlA = Zsm Acos A

cos2l = cos2 A-smz A = 2cos' A-l=l-2sm' A

u,ozA= 
2t^!

l- ta:nz A

Formulae for LABC

z)
,)

a bc
sin .,4 sin.B sin C

a'=b2 +c2 -2,bccosA

a = lbcsin.,q
2
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(i) What conditiors must apply to the constants a and b if (x) = 0 has exactly one real l2l
root?

(ir) Give an example of integer values ofa and D which satisff the conditions found in
part (D tll

1 The polynomial fis given by f(x)=(2x+l)(xz +ax-b).
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2 (a) Divide 2xr - 4 by 2x' - x'z ttl

t4l
(b) n*pr"r, ffi in partial fiactions.
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3

v

x

The diagram shows the cuwe with equation /=f cos(r-30'), 0" <x<360', where*isa

constant. The curve meets the y-axis at (0,.,6) *a p^t"s through the points (p', o) ana

(o', o)

(i) Show that & = 2.

(ii) Calculate the value of p and q.

qpo

12)

t3l
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4 The equation ofa curve is y =3x2 + ax -12, where a is a negative constant.

(i) Given that the coordinates of the minimum point is (l - t S),

show that value of a is - 6 .

(ii) This curve meets another curve y = -x' - 2 at the points P and Q
Calculate the gradient of line segment P0.

12)

tsl
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5
Two variables u and v are related such that when a straight line graph of 1 against n is

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

u

v

(1, 12)

(3,2)

u

(a) Express v in terms of a

(b) is plotted against state the value ofthe gradient and the vertical intercept.

0

rfl
v

t4l

t2)u
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6 The parallelo grarl ABCD is such that I is (Z,a), a is (z,tO), C rs (p, r) and o is (p,q)

where p > 0. The area of parallelogarn ABCD is 30 units'? and I C = 1050 units-

(a) Explain whyp = 7.

(b) Find the possible values ofq.

t3l

t3l
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7 A bungee jumper falls vertically from rest from a point O. Her velocity, v m/s, t seconds, after

leadng O,is such that {=tO. eR", + s, she reaches apointX
dt

Find

(i) her velocity at X,

(iD her distance OX

tzl

12)
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On reaching X, she then slows so that her velociry, y mls, 7 seconds after reaching X, is such

,Yrur 4L =rc-kT. where tis a constant.
dt

(iii) Given that she first comes to rest at a point I when 2n= 3, show that & = I, r2r9 trl
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8 Given the polynomial P(:)=-:3 + axz +b +c, where a, b and c are constants

(a) State the condition in terms ofa and 6 for P(x) to be decreasing.

O) In the case where a--5, b=-2 and c=-2, justi$ with reasoning, the number

ofreal root(s) for P(x) = [-

t3l

t5l
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9
d2v

A curve is such that I = sin (I - 1dx. \2

(i) Express y in terms of .r.

) The gradient of the curve at the point (2, 7) is 5

(ii) Show that the gradient ofthe curve is never less than 5.

tsl

t2l
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g
l0 Given acurve y=a-2 andthe line x+y=k where &is a constant'x

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

(a) Inthe casewhere &=8, find the coordinates of AandB.

O) Find the value of k, in the case where the line is a tangent to the cuwe.

t5l

t4l
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ll In the figure below, the line Plnis a tangent to the circle at P.

Line Qlbisects angle PQR and cuts the circle at point .S.

Show that

(i) ZPSR+LISPT --180" ,

,R

TP

t3l
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(ii) triangle PRS is isosceles,

(iii) PTxPQ'-QTxRS

t2l

t3l
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f2 (i) Write down, in simplest form, the general term in the binomial expansion of

(ii) Explain why the r-1 term does not exist in the expansion.

(;.i)' t3l

t2l
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(iii) Find the term independent ofx in the expansion of (,2 +sx-iX**i)' t4l
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13 Given a cuwe with equation 2ry- x+ y +2=0 cuts the x-axis at point P

(i) Find the gradient ofthe curve at P. tsl
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(ii) Hence, determine the angle that the rangent to the curve at P makes with the

positive x-axis.

(iii) Find the coordinates of p at which the normal at P cuts the y-axis.

I2l

t3l

The End *******+
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Quadratic Equation

For the equation m2 + bx + c -- 0 ,

Binomial *pansion

(a+b)'=a'a ("\,*,u*(')
l.rl \2)

.(;)

Malhematical Formulae

1. AI,GEBRA.

1-

an-2b2 +

nl _n(n-l

a"-'b'+-..+b",

)...(r -r+l)
where n is u po.itiu. iot.s". -a [])

Identilies

Formulae for LABC

rt(n-r)l rl.

2. TRIGONOMETRY

sin2 A+cnsz A=1
s*' A=l+tar A

cose*zA=1+cot'A
sin(Z t f ) = 5n TcosB t coslsinB

cos(,4 + B) = q65l cos B + sin I sin B

t^(,lxs\= tuA!tu8
l+ tan At^n B

sit2A = 2sin Acns A

coszA = cos2 A-sinz A=2cas2 A-l=l-2sit2 A

tuzA= 2t^!
| -taa" A

a b c

sinl sinB sinC

a'=b'+c2 -2bc cos A

I
L.=-bcsinA,

-bxJr? -4ac
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1 (a) Without using a calculator, show that ,i" 75'= *(l . Jt) t3l

l2lO) Hence find the exact value of sin 285" .
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2 Solve the equatio n 3r' =2(3-')+17 t4l
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3 In a town whose population is 95 000, a disease created an epidemic. The total number of

people, tr', infected , days after the disease has begurq is given by

N= 95000 
-

2 + 498e-o'6t

(a) Find the number ofpeople infected 5 days after the disease has begun tll

(b) The authority will issue home quarantine orders when 8% ofthe population is

infected. After how many days will the authority issue the order? t3l

(c) Explain whether the entire town of95 000 people will be infected with the disease

after a long period oftime. tll
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4 The expression 2xt + x2 + ax + b is exactly divisible by (r - 2) and has a remainder of -4

when divided by (.r-l).

(a) Find the value ofa and ofD. t4l

O) Hence, factorise the polynomial completely. 13l
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s (a) a-a i[tffi), t"urincvo*-"werasasinglefi-actioninitssimplest

form.

2(b) Hence, find I 9x2 -1
dr

t4l

t3l
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tanA-cotA6 (a) Prove the identity t4l

+ I = 5sin lcos,4 for 0'< ,4 < 360". [5]

+l=Zsit1 A
taaA+cotA

tanA-cotAO) Hence, solve the equation
tartA+cotA
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7 The diagram shows an inverted smaller cone inside a bigger upright cone ofbase radius

4 cm and height l0 cm. It is given that the vertex ofthe smaller cone touches the centre

ofthe base ofthe bigger cone. The smaller cone has radius r cm and height i cm.

l0 cm

4cm

(a) Express r in terms offt. t2)
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O) Show that the volume, I'cm3, of the smaller cone is

4tth h2 -zoh+tooy= t2)

tsl

t5

(c) If ft varies, find the value of ft for which I/ has a maximum value.
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8 An ant crawls on a flat rectangular piece of cardboard. It starts at point I and moves to

points 8, C , A and D in sequence. It stops at point D and does not move anymore at tlat

point.

D

C

It is given IABC = 20, ZCAD = 90" ar:d AB = BC = 12 cm for 0' < d< 90'.

(a) Show that .S cm, the total distance travelled by the ant, can be expressed as

p+qsrtd+rcos Q where p, q and / are constants to be found.

B

A

t3l

12 cm 12 cm
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O) Express ,S in the form p + R sin (r+ a), where R > 0 and a is an acute angle. [3]

(c) Given that the ant travelled a total distance of50 cm, find the value(s) of d. I3l
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9 (a) Given Y =

O) A particle P moves along this such that the y+oordinate of P decreases at a

constant rate of 0.4 units per second when .r = 3. Find the rate at which the

x-coordinate ofP is changing at that instant.

dy

dr
find

5x

Tqr*t
l4l

t3l
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(c) Use the result from part (a) to evaluate J' dr
(4x+3).

20x + 32
t4l
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l0 The graph shows part ofthe curve y=4sinl .The normal to the curve at ,--! 
"rrt"'32

the t-axis at point P.

x
)

v

/ = 4sin

(a) Find the exact coordinates ofP

7tt
P2 x

0

t6l
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(b) Hence, find the area ofthe shaded region. t4l
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1l The equation of a circle Cis x2 +y'-l\x+6y+25=0.

(e) Find the radius and the coordinates ofthe centre ofthe circle C.

O) Find the values ofk ifthe circle touches the line y=11 .

t3l

I2l
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(c) The line I with equation x + y = 5 inte$ects the circle at the points P and p. Find

the coordinates ofP and Q and hence find the shortest distance of the centre ofthe

circle fromZ. 17)

(d) Find the equation ofthe circle which is a reflection ofcircle C in the.x-axis. l2l

- End of Paper -
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Mathematital Formulaa

1. ALGEBRA

Qaadratic liquation
For the equalion a.x: +hr+c=0.

-b!Jr; --q*
2a

Rirrumial expansiorr

(u +b\" =a'+ (',)o'u.(i)"u . .(':\''b' + +t',

where l is a positive integer and
al ir(n-1)...(rr-r+l)

rl(n - r\l rl

2. TRIGONOMETRY

sin2,4+cos2 l=1
scc'l=l+tan',,{
coscc'l=l+cotl I

sin(,{ t 8) : sin ,( cos I t cos ,4 sin I
cos( I t 8) = cosl cosB + sin ,4 sin B

lanlttan,
lan( At Bl = 

-

l+len A tan B
sin 2A = 2sia A cos A

cos2l = cos: I - sin: A=2cos:l-l=l-2sin:l

anzA= Ztan!
l-tan:l

linmlaajn'LABC

)

ab c

sin r{ srn R sin (l

al = h2 + c2 - 2hc cos A

I
L=-bcsinA,,'
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J

a1 +4b<0

6 < 0 (to highlight to students! No mark awarded

for this)

h=-l.tt=l

Divide 2x' - 4 2.r' -,I

7x'-4 .l -4=l+---t)' -r

- 2.r'-4
Express ft in partial fractions

lx -x'
2x] -4 x= -4--.-= = I *----2x'-x' 2x' - x'

2ri -*r = x'](2x-l)
xt-4 A B ('

Con$def --.:--------..:- = -+---=+-2x' - r" x x' 2x-l
x2 - 4'- Ax(zx -l) + 8(2x - l) + ('r:

@x=O. B=4
1dr=:. C=-15,,

@x=1, A=e
2x3 -4 I 4 l5

= l+-+---2x'-x' x rt 2x-l

Irl

l4l

1 The polynomial f is given by l'(.t) = (2r + I )(.t: + as - b)

(i) What conditions must apply to the constants a and i if t(x) = 0 has exactly one real
root'

t2)

(ii ) Cive an example ofinteger values ofa and D which satisfo the conditions found in
Dart (i). irl

2 (a)

(b)

I

https://freetestpaper.com/
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4

J

The diagram shows the curve with equation .r,=kcos(x-30'),0"S.rS360". wherekisa

constant. The curve meets they-axis at (0,.6) *a passes through the points (p 
' 
o) ana

(r'. u)

v

-{4po

2Show that k=2.

@$,.1i),
rE = /r cos{O - 30' )

n=**

lCalculate the value of and

I = 2codx - 3o')

2cos(.r-30")=0

Basic angle = cos'(0)

= 90'

l- -30" = 90 ,2?0'

r=120,300'

r=120 & q=300

IEI

TT(')
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(

.]t The equation ofa curve is .r' = 3x: + ox -12, where cl is a negative conslant

(i) Given that rhe coordinates of the nrinimum point is (t, - 15),

show that value of a is - 6
12)

Method I : By differentiation

-v=].tr +ar- - I2
dt,
-=6-r+udr

ror$=0.
ux

6(l)+a=0
a =-4

l+9=0 + a=4
6

(ii) This cuwe meets arother curve .r, = -.r: - 2 at the points /) and ()
Calculate the gradient of line segment l?. Isl
lxz -6x-12--x2 -z
4r' - 6.r- lo = o

2r=-3r-5=o
(2r-5Xr+l)=0

,=1. -t
2

JJ
'4 -5

&-1.-3) & ,,1,-i,
t5

-3+
gradient

5
I

2

sadient = - f-2

Method 2 : By compleling the square

-y=3-rr+a.r-12

1, = H;r a3-y-41
3

l, \: . -'l

u=rl l'*11-!--al
L\ 6) 36 l
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6

5
Two variables z and y are related such that when a straight line graph of I against r is

v

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

u

t'

(r. l2)

,\

0

(a) Express r in terms of rr. r4l
12-2
t-3

Y =-5X +C

ci?,z\. c =17
Y =-SX +17

! = -5u +17
v

vl
u -5u +17

u

17 -5u

(b) If I
is plotted against

I
state the value ofthe gradient and the vertical intercept

12)

--=-\u+ll
Divide by z throughout.

t _17
v

l=r
n

,(i)-'
Cradient = 17

Vertical intercept : -5
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,1

6 The parallelogram lfj(7)is such thatA is(2,4), /Jis (2, l0),('is(p,r)and l)isQ,q)
where2>0. The area of parallelogram ,4/I'/) isi0 unitsr and lC=J730units.

(a ) Explain whyp - 7 t3l

x-coordinate of A and B are the same
Hence, AB is a vertical line
LengthoflR=6units
Gven area of ABCD is 30

= !x6x hx2 =JO
2

= ll=5

R

p--.2+5

P =7 or

or P=2-5
p = -3 (re,i)

A

P

(b) Find the possible values of r Il l

(2-7) '+(4-r)'=.,[59
2s+(+-r):=251

(n-,\'=zzs
4-r=+15
r =19 or -ll

7 A bungeejumper falls vertically from rest fiom a point 0 Her velocity, v m,/s, / seconds, after

leaving 0, is such that 9=10. Aner + s, she reaches a point X
dt

Find

(i) her velocity at X, 121

t=ro
dr

,=Jro*
=10/+c

@l =0, r=0.
c=0
v=10/

@t =4,v= {Q

I
I
I
I
I
I
I
I
I
I
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( ii) her distance OX i21
r, = l0r

I lot tlt

=,,(i)."
s=5lr+c

(t)t=0,s=0
.,c=0

@,r=4, s=80m

On reaching /, she ther slows so that her velocity, tr' mis, T seconds after reaching .f, is such

th^r 'lV = l0 - /rl'. where * is a constant
dt

(iii) Given that she firsr comes to rest at a point I when l = 3, sho* rfrat t = S.
9 Il 1

4t-=rc-n'
dt

r =[(ro-r,r')at

=rc,' -krt +,,'

@? =o.t'=40
.. c=40

V =lott'-kTt +40
2

@r'=3.b'=o
. 140.. k=-

9
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9

E Given the polynomial P(.r) = -.1r + a,r: + 6r + c, where a, , and c are constant

(a) Find the equation of the tangert to the curve at (0,3), leaving your answer in
terms of 6

tjl

/'1.x; = -31': +1ox 1'h

Gradient = 6 at (0,3)

Equation .!=hx+3

(b) In the case where a=5, b=-2 and r,:-2, justif'y with reasoning the number

ol real root(s) for P(-r) = {). tsl

/'(x) = -rt +5x! -2x -2
/,(1)=-l+5-2-2=0
(x - l) is a facto of I'(x).

/'(x) = (x - l)(-r: + 4x + 2)

For /'(r) = 0

x-l=0 & -x2 +4x+2=0
x=l & h2 -4ctc=4 -4(-lX2)

=24>O
Hence,- r: + 4x +2=O has2 real and distinct roots

The number of real roots are 3 .

I
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IO

9 A curve is such that fi = r'" (i -, ) The gradient of the curve at the point (2, 7) is 5.

(i) Expressy in terms ofr tsl

tl: v (
--i- = stn I

dt' \
clt

dr

-*-l
7

I +c
2

Qb=2,
dy

d.t

d),=_
dr

}
I +7

2

.,=(-, *'(;-,)-,)*

(;-').,'.ar, = -4sin

@)(2.7).

7=4s'nI
2

I +7(7) + ol
2

d=-7

-r'= 4sin
,f,

I +'1r 7
2

(ii) Show that the ofthe curve rs Iess than 121

Since -r.""'(;-r) <1,

-zs-z,n$-t)<z
Leastvalue=-2+7

=5
Hencq gradient of curre is at least 5.

. . Gadient is nerer less than 5.
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II

l0 o
Given the curve v = !-2 and the line x+ r, = * where t is a constant

-r
The line intersects the curve at the points,4 and /,

(a) ln the case where *=8, find the coordinates ofl andR I-{ I

9

.Y
2'..(r) a "r.=8-.r ".(2)

a-2=8-.r
.t
.r:-10.r+9=0
(r- t)(x -e)= o

-r=1, 9

I=7. -l
A(t,1) & B(e,-1)

(b) Find the value of*, in the case where the line is a tangent to the curve 14l

Method I : By difl'erentiation
o

'=a 2 )
x+y=ft a

I
--T = -l =)x'

tll' 9

dx x-

Y=-x+k

x=13

) Y=1, Y=-5
k =x+y &
h--4 & k---8

Method 2: By discriminant
o:-2=-x+k
x
9-2x=-x1 +kx

{: -*x-2t+g=o
r:+(-*-2)x+9=0
b: -4ac =o = (-r - 2): -4(tX9)= o

{ k-2f --36

-k -2= 6 u' -k-2=-6
*=-E or k=4
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II ln the figure below, the line l'7'is a tangert to the circle at /'
Line Ql'bisects an gle l'Qll and cuts the circle at point 5.

R

P 1-
Show that

(i) /PSR+Z4SPT =18{}e , I3l

/.SPT = ZPQS (alternate segment theorem)

.SQR = LPQS (Q't'bis*t LPQR)

:. LSQR= tSPr

ZPSR+ Z.PQR- l80o (angle in opposite segment)

ZPSR + 2ISPT = l80o (shown)

(ii) tna l'l?.t is isosceles. 121

IPRS = IPQS (angle in same segment)

IRPS = IRQS (angle in same segment)

ZRPS = IPRS

triangle /'/iS is isosceles
( iii) PT x PQ -- QTx RS Ill

L9''l' = Z|'QS (alternate segment theorem)

ll,'l'S = Ze,l,l' (common angle)

A.SP?' is similar to N'QI' (AA)

SI'-_PQ
P1'. Qt'
p7.r1tg=e.l,xSl'

l''l'x l'0 --0'l'xRS
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12 (i) Write down, in simplest ibrm. the general term in the binomial expansion of

(u*i)' i3t

T t:x;i (3
=(:

=(:

=(:

tr#li)
Vz'[-
I3"
Yt'[-
{r-'

16 lrr

-l]

(ii) Explain why the x-1 tem does not exist i n the expansion. I2l

l6-3r =-l
t7
l

7
Bur r =5i which is not an integer,

3

hence the x-1term does not exist in the expans'ion
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t4

(iii)
Find the term independent ofx in the expansion of (xz+t*-)(**i)' r4l
Let16-3r=-2
r=6

,'=[:)[r).'
1792

9.r:
Let 16-3r =l
r=5

"=(:li)'
1792

27

/'br 
Ix:

.r.-:X t79Z 1792

-+-x+ )
Term independent of r :

1792 1192
=ly--5r-927

20

27
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l*i 'r The End r*+

l3 Given acurvewilh equation Lrl-1q.1:+2=Q cuts lhe r-axis at point/

(i) Find the gradient ofthe curve at /' tsl

2-rr,- r+ v.r2 =0
.r-2

' 2.r+1

d:"

dx

(2r+lXl)-(r-2X2)
=.--.rr:-

( 2.r + I)'

5

(2r + l)'
(D y =0,

--t+2=0
.r=2

Qr)x=2,
dy l

dY5

(ii) Hence, determine the angle that the tangent to the curve at P makos lyith the

positive .r-axis.

t2)

Let the angle be c
tlana=-

,,=trtt'l jl
\s/

=l1.3'
(iiD Find the coordinates ofQ at which the normal at.P cuts the;r-axis tJl

m , =-5
Eqnofnormal:y=-5x+c

@(2.o),c --10

Eqn of normal :y = -5x + l0

0(0.l0)
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Mathe nalital Formulaa

I. ALGEBRA

Q{adrahc l'.quakon

For the equation ax2 +bx + c =O,

-b!^lb'-4ac_Y=-

Rirutnial e4ntsiut

(a+o)" =a' a

l.lettliIic.t

l:u nalae .for LIBC

2. TRIGONO]VIETRY

sin!l+cos:l=l
scct,{=l+tan',{

cosec'l=l+cot'I
sin(lt 8) = sin,q cosB +cos,,f sin I
cos(l t 8) = cos lcosE+sin lsin I

tan(./+8)= jqllt.h4
I + ta[r ,{ tan I

sin 2l = 2sit lcosl
cos 2l = cos2 ,4 - sin2 l=2cos:,4-l=l-2srn2 A

- 2taa A
tan I A =.-----..........l- a:an A

abc
sinl sin B sin ('

ar -* h! +c2 -2hc cosA

I
A=-bcsin,4

7

(f," u.(1,"'b" *.. *(',)n -'b'+...+b" 
.

where ir is a posirive inreger.nd ["]= ' "1 , -n(rr-l)"(,-r+l)' 
[r'./ 

- rl(rr-')l rl
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J

I (a) without using r calculrtor, show that ,i,r 75'= +(l *.6) t3l

(b) Hence lind the exact value olsin 285o. tzl

siu 2850 = -sin 75o

J1 (.6*r)
4

sin ?5o = sin (30o + 45o)

= sin 30ocos45o + cos 30osin 45o

=(ij[*).(*)(*)
_J' *6J'44

G
(r+.6) lsrror,lnt

4

https://freetestpaper.com/


BP - 776

.1

2 Solve the equation 3' 2 
= 2(3 ' )+ I 7 t4l

3' ' = 2(3 ')+ rr

lc1 u = 3'
1

9u = 1+ ll
u

qu? -l'1u -2--o
{eu+l)(a-2)=0

l-u=-- of /

3'=-l (n.a.)or3r =29'
.v = 0.631
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-5

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

people, N, infrcted I days efter the disease has begun, is given by

N= 950ffi. 
'2 + 49t e-0 6'

(e) Find the number of people int'ected 5 days atler the disease has beguo. t | ]

3546 people
Accept 3550 people (3sO

(b) The authority will issue home quarantine orders when 8olo ofthe population is

infected After how many days will the authority issue the orderr t3]

uooo = 950@.'
2+ 498e'tt 6t

e-o.6t
7

332
7

t = ln 
5E7 

* -0.6 = 6.43

After 7 days

(c) Explain whether the entire town of 9-5 000 people will be infected with the disease

after a long period of time tll

No As I approaches infinity. r'f approaches 4?500. but
never 95000.
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6

4 The expression 2.t' + -t: + ar + b is exactly divisible by (.r - 2) and has a remainder of -4

*tren divided by (r - l).

(a) Frnd the value ofa and of6. t4l

(b) Hence. factorise the polynomial completely t3l

Long division

/ (x) -- 2r1 .r r: . l3.x : 6

(x-z)(zx'=sr-r)
= (x -:) (zr - r)(.r+:)

Ler .l (.r') - 2-r' r' / -r ar ; D

When r - 2. ./ (2\ - t)

z(z)'+(z)'-a1z;+6-P
2a+h--Ztt----(l)

\Uhcn .t - l. / (1) - -1
z(l)'-(t)'+o(r1-6--4

tt -: b - -7 ----- (2\

,| (zu +h)-(u + h) - -2o - (-7)
a=-ll

subdinlo 2- 13:b= 7

... h=6

I I
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7

s (a) t'" f [,-ffi ), 
t.ruins vor, -swer as a single fraction in its simplest

d

dx = fiftl"Gr+ r) - ln(:r - r))]

lorm

ln
3x+l
3r.-l

t4l

t3l

-3 3.l---l!3r'+1 3x-l'
I
2

(3r+1)(3r- 1)

(b) Hence, find J il-r dr

9xz -l
dx

3 sF -r dx

2

2 I dx(3.r+tX3r-1)
-3

z. [ii
= --ln l-3 { 3r-1

+c
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6 (a)
. lanA-colA

Prove rhe identitv '*"" '-"'+l=2sinr/
'EnA+cotA

tanA * cotA
LHS = ,,onn * ,or4* 1

/ sio A cos,4r
\cos,4 sinA)

[4]

+1

A = 180'(rejectecl) or

rsin.A cos 14r

\cos,r4 ' sin ,d.i

sin2A-coszA

-.!,1

sinz A + coszA' '

sin2 A - cos2A + sinzA + cos2 A

sinz A + cosz A

- (sinzA - cosz A) + (sinzA + cosz A)
= 2sin2r4 = RHS

(b) Hence. solve the eqruq;on 9E:!912+l =5sin,{cosl ior 0'<,4<360" ts]
a8rj A+col A

Zsinz A = 5sin.4cosC

sin .4(2 sin I - 5 cos l) = 0

sinl=0 ol 2sinl = Scosl

5
ranA=2

basic angte,a = tcn-':
= 68.2o

A - 68.2", 248.2
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9

1 The diagram shows an inverted smaller cone inside a bigger upnght cone ofbase radius

4 crn and height l0 cm. h is given that the vertex of the smaller corle touches the cenfi'e

of the base ofthe bigger oone The smaller cone has radius rcm and height & cm.

l0 cm

4cm

(a) Express r in terms ofl l/l

r l0-h
410

z(to - h)

5

(Using simila.r trianglcs)

7
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IO

(b) Show that the volume, I'cmr, of the smallerconeis

*n(n2 -zon+roo)

v =!,
3 i4+e)

t' =
75

h

t?i

rtl

I
=-fih

3

4 100-20h + h2

,(

h2 -2oh +too(4tt hy= (shown)
15

(c) lffi varies. find the value ofi fbr which ['has a maximum value.

er(nt -zon2 +tmn)
I

.11' 4n
75

3h2 -4oh+loo

0,

dh

When

75

dr'
dh

S(zu'-aon*rco)=o
(3r-roxr-ro)=o

,=f * ,=lo (rer)

,l2l' 4n
(th2 75

(6t 40)

wtenr=J9,/'I. =1[Oo-qoI dh'. 75'
< 0 = l' is maximum)
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8

ll

An an, crawls on a flat rectangular piece of cardboard. It starts at point I and moves to

points B, (-,A andl)in sequence. It stops at point il) and does notmove anymore at that

point

I.l

('

It is given Z-AIX' =2e, /CAI) =9e andAB= N'= 12cm for0'< 0<90".

(a) Show that S cm, the total distance travelled by the an! can be expressed as

p + { sin 0+ r cos 0, where p,cl and r are constants to be found. t3l

S=AB+BC+AC+AD

=72+L2+24sin0+L2cos0

= 24 + 24 sin 0+ L2 cos 0

p=24

q=24

r=L2

R

A

12 cm 12 cm
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t2

(b) Express.\'in theformTt+ ilsin 19+ a), where/i >0 and ais an acuteangle t3l

5=24+ 1 + sin (9+ tan-r 0.5)

= 24 + ,llZi sin @ + 26.6")

(c) Given that tie ant rravelled a total distance of 50 cm, find the value(s) of 8. t31

50 = 24 + tl1fr sin (d+ 26.5651")

0 = 49.Lo or 77 .7o
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9 (a) Given .r, =
5.r

r/4-r + 3

(b) A particle 1'moves along this such that the/-coordinat€ of/'decreases at a

constant rate of 0.4 units per second when r = 3. Find the rate at which the

x-coordinate ofP is changing at that instant.

- -dvtncl r
dt tll

t3l

dt,

,I
(J+.+l)tsl-fsrX' X4.r + 3) r(4)

dx 4"t +3

- SJ4.'*3 -(tO.Xa.tr-:) '
4r+-l

5(4.r+3)-10"r
=-1-

(a* +:):
l0r + 15

(a.r + -r):

dy

dx

I0x + l5
--- 3

(lr + 3)-

When x=3,
dl'
dr

dy dx

dx clr
as

-04= I
(' s),

dxx-
dt

d\_ = _0 5 l6 unrts/sec
.lt

I
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(c) Use the resuh tiom part (a) to evaluate Ji
20; + 32

(4.r + 3):
dr t4l

I 2O-r +32
dr

(4,r + 3),

rt 20x + 30 r{ .-=dr+ I
J"'Jt

(4.r'+ 3 ):

i2

(a r+ 3):
d.r

= rl: l0-r + l5
7dr+
(a.r+:):

I"
2

r/.t

(4-r +:):

l

I

=r[ 5.r

r/4.t + 3
+

(a.r + 3) ,
I

2

8.07

I
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10 The graph shows pafi ofrhe curve 
"v = +sin* The normal to the curve a, , = 

7o 
.u1,:2

the x-axis at pornt /).

I

r, = 4 sin

(a) Find the exact coordinates of/'

{
3

'7 tr

2P x
a

t6l

dv4r.-.- = -cos -dr3 3

*1r"n.r=Z{. ,=-22''
dv --2&dr3

J
nr*r-r=TG

equation of normal:

y -(-2)=
., 7ltx--)

2h
ffi
3x

2' 2,,,13 4J3

when 1' = 0,

r=-+ 4\r 3-^
J

,l:
+-

.,

2

,r(+ 0
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(b) Hence, find the area ofthe shaded region [4]

shadcd arca = lr 4sinl
3 ^l -i,,,I

qJl
.t

l(

t_
-rz"n.f'l''l-aJ33r,il l

-l2cos
6tr -(-''""?)-+
3

=t-,, ,Sl
qJi

3

= 20. I unitsr
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t7

The equation of a circle ('is 12 +.r': -10.x+6-t-'+25=0.

(a) Find the radius and the coordinates ofthe centre ofthe circle ('

.r: +.r,t - I0.r + 6-rr + 25 = o

.rr _ [0.r + 2-5 +.v: .r. S.1: + 9 = -25 +25 +9

(.r-5)r + (.v + l)r =sl

centre of the circle is (s, - ;)
Radius - 3 units

(b) Find the values of /< ifthe circle touches the line .l'= I

k=-3+3=0 or k=-1-3=-6

Fl

t71
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(c) The line /, with equation -r +.!,= 5 intersects the circle at the points /'and Q. Find

the coordinates ofl'and Q and hence find the shortest distanc€ of the centre ofthe

circle from /.. 171

(d) Find the equation oflhe circle which is a reflection ofcircle ('in thex-axis. {2)

Centr€ of the circte ;s (S. :)
Equation of the circle:

(x-s)'*(y-:f=e
or lt +,.-t -10-r-6-r,+f,5=0

(5 -.u)' +.'," - I0(5 -.r,) + 6.r'+ 25 =0

2r'r+6.v=0
2.v(.r'+3)=0

-v=0 or .v=-3
Sub -r.=0 ...r=5 + P(5,

Sub -v: -i .'..r:5+3=8
o)

=r 0(& -3)

Mde"",=(T 

")=(f 
;)

Perpendicular distance from C to line

'-T)'.(-r.i)'
= J+S ot 2.1 2 units

- End of Papcr -

I




