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Mathematical Fornuilae

1. ALGEBRA
Quadratic Equation

For the equation g2+ bx+c=0,
q

B —b+Jp-4dac

B 2a

Binomial Theorem

n T
(a+b)" = a"+( ]a""b +[;)a"'zb’+ ...+[n)a""b’+ ek b7,

1 r

nl a0 D (n—r+l)
(m=-)1rt r

. e n
where # is a positive integer and [ } =
r

2. TRIGONOMETRY

Identities
sin?A+costd=1.
sec’A=1+1tan’ 4.
cosec” A =1+ cot* 4
sin(A & B) = sin 4 cos B cos Asin B
cos{A+ B) = cos Acos BT sin 4sin B
tandxtan B
1FtanAtanB
sin24 = 2sin Acos 4
00524 = cos® A-sin® A=2cos* A-1=1-2sin* 4

tan24= 2104
1-tan® 4

tan(Ax B) =

Formulae for A ABC

sind smB sinC
&=+t~ 2bccos A.

A:labsinC.
2



Answer all questions in the space provided

Find the value of the constant & for which y={1+x)e® is a solution of the equation

dy _ dy
2Y Yy
dr dx b

[6)



@

(if)

Given that y = tan® x, show that % =3sec’ x-3sec? x.

T
Hence, find the exact value of |4 sec x dx.

Bl

(4]



7
3. @ Find the coefficient of x in the expansion of (8- 9x)(l +-;—) . 31

(b} In the expansion of (3+2x)", the coefficient of 3 is twice that of x*. Find the [51

value of n.



(@

It is known that the variables x and y arc related by the equation ay2 +2 =1, wherea
x
and b are constants. When a graph of 2 against 1 is drawn, a straight line is obtained.
x
Given that the line has a gradient of 3 and passes through (0,2), find the value of a
and of b. 4



(b)  The diagram below shows part of a straight line obtained when lg ¥ is plotted
against Igx . The coordinates of P and Q are (0,3) and (4,0) respectively.

lgya
P{0,3)
o g, 0 Igx
(i)  Expressy interms of x. 3]
(if)  Find the value of y when lgx=0. [21



5.

Solve the following equations.

) log, (1-x)* ~log, x = 3+log, 2x

(i) logy x—12log, 3=4

4

151



6.

(@)  Giventhat 4x® +kx+9> 0 for all values of x, find the value(s) of £. {31

{(b) Theline y=4x+k isatangent to the curve y=x*+2x+3 at the point P.

(i}  Find the value of k. 3]

(iiy  Hence find the coordinates of P, 2]

(ili) The straight line L meets the curve at one point only. Given that Z is not a
tangent to the curve, what can be deduced about L9 [1]



(a)

The population P of parrots in a certain region can be modelied by P = Pe" for
0x¢<10, where £, and k are constants, and ¢ is the number of years after the
beginning of 2010. At the beginning of 2010, the population was 600. At the
beginning of 2015, the population was 840,

() Find the value of 7,.

(i)  Find the value of k, correct to 3 decimal places.

(iliy Find the year when the population reaches 1000,

(1

{2]

{3]



(b)

(iv)  Sketch the graph of P against ¢ for 0<7<10.

A basic formula for calculating the magnitude of an earthquake on the Richter scale
M is given by

M= !gi,

10

where { is the intensity of seismic waves and 1, is a reference constant.

The earthquake that occurred in Japan on 11 March 2011 had a magnitude of 9.0 on
the Richter scale. The foreshock on 9 March 2011 had a magnitude of 7.2 on the
Richter scale.

How many times stronger was the intensity of the seismic waves during the earthquake

compared to that of the foreshock? Give your answer correct to the nearest integer.

n

B3]



8. (a)  The variables x and y arc related by the equation y = ——(—-—5——55, where x=1,
2{x-1

Given that x is decreasing at the rate of 0.2 units per second, find the value of x when

y increases at the rate of 8 units per second. 3]



(b)  The equation of a curve is y=—x* —4x3 +16x+10.

(i)  Find the stationary point(s) of the curve. 4]

(i)  Determine whether each stationary point is a maximum point, minimum point

or point of inflexion. 31



9.

The diagram shows a trapezium ABCD, where 4 is (-8,-1), Bis (k,—9) and C is (6,1).

Point [ (0, k) lies on the y-axis such that 4D is parallel to BC and the p-axis bisects angle

ADC.
Ya
D (0.k)
/ (s
> X
A (~8,~1)
B (-9}
(i)  Express the gradients of 4D and CD in terms of £, 2]
(ii)  Hence show that k=7, [2]



(iify  Find the value of A. 2]

(iv) Show that the angle 4BC is not 90°, [2]

(v)  Find the area of the trapezium ABCD. [2]



10. (2)  Itisgiven that tanx:-—% and cos y = ~L wiherex and y are in the same

g

quadrant.

()  State which quadrant x and y are in.

(il 'Without using a calculator, find the value of

(a) cosx cosecy

(b) cotx+tany

(b)  If sin(4+ B)=5sin{4- B), show that tanA:%tanB.

[t

2]

(21

Kl



()

Prove that

1-tan®x

2

o sectx

=CoS2x

Bl



11. The diagram shows a trapezivm ABCDE.

35 em E

12 cm

AB is parallel to DE. AC =35¢m, CE=12cm, ZACE =90° and £Z4CB=0 , where 6§ is

an acute angle in degrees.

(i)  Show that the perimeter P of ABCDE is given by P=37+47sin8+47cosd. 3]

(i)  Express P in the form 37+ Rsin (¢ +a), where R>0 and o is acute. 3]



(iif) Determine the maximum value of P and the corresponding value of 8. 23

(iv)  Explain, with proper working, if it is possible for the perimeter of ABCDE to be
70 ¢m, [31

END OF PAPER
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Answer all questions in the space provided

Find the value of the constant & for which y={1+x)e’* is a solution of the equation

d’y
= 5w t
y=(1+x)e™
%:(1+x)3e3’+e3’ M1, M1

=e™ (3+3x+1)

=" (3x+4) : Al

2
% =3¢™ +3¢% (3x+4)
=3¢ (1+3x+4)
=3¢™ (3x+5) Al

d’y . dy
— e
el
3¢% (3x+5) - 6™ (3x+4) = k(1 +x) ™
3(3x+5)~6(3x+4)=k(1+x) M1 (Simplify equation)
9x+15~18x—24 =k (1+)
~9x=9=k(1+x)
~9(x+1)=k{1+x)
L k=-9 Al
® Given that y = tan® x,, show that % =3sec’ x-3sec%x. 31
y= tan® x
Y _3tan®x sec’x Ml
dx

= 3(5002 x-l) sec® x Ml

=3sec’ x~3sect x (shown) Al




"
(ii) Hence, find the exact value of _[;5 sec® x dx. {4}
x ’ 3 7 .
= 4 2 _
Jo‘* 3sec? x—-3sec’ x) de= [tan x]ox Mi
o E L
L;“' 3sect x dv ~ _[04 3sec’x dx =|:tan3 x]o;
z z 3
3 capd 3
3.{04 sec’ x dx - 3{tanx]} =[tan x]§ M1 (Integrate correctly)
z
3f# sec” x dx ~ 3[1-0]=[1-0] M1 (Substitute values
correctly)
3'[7 sectx dx =4
0
b4
I“; sec x dx = 4 Al
° 3
7
(@  Find the coefficient of x* in the expansion of (8 —9x)[1+§~) . (3]
x 7
8§-9x)[ 1+
( x)( )
7 AT
=(8-9%)| o +| | 2 |+ (-{ E
. 13 203
=(8—-9x)[ ..... +§-x+~-x2 - :] M1
. 7 7
Coefficient of x =8(§)+(—9)(§) M1
=¥ 21
3
7 Al
3




()  Inthe expansion of {3+2x)", the coefficient of x” is twice that of. x Findthe (5]

value of n.

{'3’ )3"“’ (s);z@r‘ (16)

3=n-3
n=

(n=1)(n=2) {n~ _nn=)n-2)(n=3) (s
mpm s 6" (3 3)(8)-—————-—-—” = 2222 {3 (32)

M1, M1

Ml

Mi

Al

(@) It is known that the variables x and y are related by the equation )’ +é- =], where a
x

and b are constants. When a graph of y? against 1 is drawn, a straight line is obtained.
x

Given that the line has a gradient of 3 and passes through (0,2), find the value ofa
4

and of b.

ay2+-ll=1
x

gDl
a\x a

Since the line passes through (0, 2),

1.,
a

a=

N

Since the gradient is 3,

Ml

Al orB2

M1

Al




(b)  The diagram below shows part of a straight line obtained when Ig y is plotted

against lgx . The coordinates of P and @ are (0,3) and (4,0} respectively,

gy 4
P(0,3)
0 2@,0 lgx
(i)  Expressy interms of x. 31
Gradient =3
4
1gy=—zlgx+3 Ml
4
3
=lgx 4 +1gl0® Ml
3
=1g1000x *
2
»=1000x * Al
(i)  Find the value of y when Igx=0. [2]
When igx=0
lgy=3 Mi
y=10* = 1000 Al




Solve the following equations.

6} log, (1-x)* ~log, x =3+log, 2x [4]
1-x)
log, ( ) =3+log, 2x M1 {Apply Quotient
* Law)
=log, 2 +log, 2x
B2 2 +10B2 M1 (Apply Power or
=log; 8(2x) Product Law)
1— 2
(=x) 8(2x) Ml
x
(1—x)2 =16x*
1-2x+x% =16x*
15%% +2x-1=0
Gx+D(Ex-1)=0
3x+1=0 or 5x-1=0
x= —% (reject) or  x =% (accept) Al
(i) log; x~12log, 3=4 [51
logy x—1 o 4 M1 (Apply Change of
base Law)
Let y=logyx
y—l-z- =4
y

¥y -12=4y Mi(Form QE)
Y —4y-12=0
O-6)(y+2)=0
y=6 or y=-2 M1l
logs =6 log; x=—2

¢ —g2.1
x=3" =729 #=3"=3 Al, Al




6. (a) Giventhat 4x*+kc+9>0 for all values of x, find the value(s) of k. 3]

4x 1 kx+9>0

b —dac<0

K2 - 4(4)(19) <0 Mi
k*-144 <0

(-12)(k+12) < 0 M1
-12<k<12 Al

(b) Theline y=4x+#k is atangent to the curve y= x?+2x+3 at the point P.
(i) Find the value of £. 31

y=4x+k e (D)

Y= #2243 (D)

(D=(): dx+k=x"+2x+3 M1
P =2x43-k=0 i, 6))

Since the line is tangent to the curve,

b —dac=0

(=2)* ~40)(3-k)=0 ' Ml

4—-4(3-k)=0

4-12+4k=0

4k =8

k=2 Al

(if) Hence find the coordinates of P. 2]

Substitute k2 into equation (3):
x*=2x+3-2=0 Ml
x*-2x41=0

(Jt:—l)2 =0

x=1

(): y=dx+k=40)+2=6
Coordinates of P =(1, 6) Al

(iii) The straight line L meets the curve at one point only. Given that L is not 2
tangent to the curve, what can be deduced about L? 3

| L is a vertical line. Bl




(3) The population P of parrots in a certain region can be modelled by P= P,,ek' for

0<(<10, where P, and k are constants, and ¢ is the number of years after the

beginning of 2010. At the beginning of 2010, the population was 600. At the

beginning of 2015, the population was 840.
()  Findthe value of 7,.

1

P, =600 Bl
(i)  Find the value of k, correct to 3 decimal places. 2]
840 =600¢° Ml
840 _ s
600
ln—ziﬂ =5kine
600
%=0.067 3dp) Al
(i) Find the year when the population reaches 1000. 3N
1000 = 600>%72 Ml
10_ 0067290
ln—%)— =0.06729%Ine
t=7.59 years Ml
The year is 2017. Al (accept 2018)
. 1
(iv) Sketch the graph of P against ¢ for 0<2<10.
A
117
1 mark
Sketch graph
and indicate
values on
600 vertical axis.
0 ©s 10




(b) A basic formula for calculating the magnitude of an earthquake on the Richter scale

Mis givenby M = lg—IL, where ] is the intensity of seismic waves and /, isa
o

reference constant. The earthquake that occurred in Japan on 11 March 2011 had a
magnitude of 9.0 on the Richter scale. The foreshock on 9 March 2011 hada
magnitude of 7.2 on the Richter scale. How many times stronger was the intensity of
the seismic waves during the earthguake compared to that of the foreshock? Give

your answer correct to the nearest integer. [3}
Let 7, and 1, be the intensity of the carthquake and foreshock
respectively.
. . "
Earthquake: 9.0=Ig 7, $)) Mi
7 Show either (1) or (2)
Foreshock : 7.2= 1g7f>- cremrennd(2)
Ia 9.0
(1) =10 .......03)
10
Iy g2
) ==10" ... )
I,-
[ONAR 16°0
@ 1, 107 Mi
=10"®
= 63.0957
=63 times Al

10




(@)  The variables x and y are related by the equation y= = , where x#1.
2(x-1
Given that x is decreasing at the rate of 0.2 units pex second, find the value of x when
y increases at the rate of 8 units per second. B3]
@ _ 5 (_2) (x- I)"’ - -5 . M1 (correctly done)
de 2 (x-1)
.‘iy- = ﬁfy— b4 éx—-
dr de dt
8= -3 =X (—0,2) M1 (Correct values for
-1)
d dx
1 2 &)
R Y . dt di
(=1’
(Jc - ])3 ==
1
x—1=m
2
3 Al
x==
2

(b) The equation of a curve is y=—x"—4x>+16x+10.

(i)  Find the stationary point(s) of the curve. [4]

dy 3 2
2=t -12x* +16 Ml
dx

Lel£y~=0
dx

45 -12x% +16=0
43t -4=0

(x+2) (x-1)=0 M1 (Factorize)
x=-2 or x=1 Al
When x=-2,
y=—(-2)" ~4(=2)° +16(-2)+10=-6
When x=1,

y=—(1)" —40)’ +16()+10=21
The coordinates of the stationary poinis are
(~2,~6) and (1.21) Al




(i) Determine whether each stationary point is a maximum point, minireum point

or point of inflexion. 3]
For point (-2,~6)
p we ) = M1
5 Show either workings to
I +ve 0 e determine the nature of the
stationary points.
(=2,-6) is a point inflexion. Al
For point (1,21)
x 1 1 1+
L4 +ve 0 —ve
dx
(1,21) is a maximum point. Al

The diagram shows a trapezium ABCD, where 4 is (~8,~1), Bis (,~9) and Cis (6,1).
Point D (0,k) lies on the y-axis such that AD is parallel to BC and the y-axis bisects angle

ADC.
Ya
D (0,%)

\ c(6l)
A(-8-1 , / i

B (h~9)




(i)  Express the gradients of AD and CD in terms of &.

[2]

E=CD ke

Gradient AD =
adien! 0- (%) 3
k-

Gradient CD =——=——— gr —— OF

Bl

Bl

(i) Hence show that k=7.

2

Since the y-axis bisects angle ADC,
Gradient AD = —Gradient CD

kel _(l‘:_l)
g L6

6k +1)=8(k-1)
6k+6=8k-8
2k=14

k=7 (Shown)

Mi

Al

(ili) Find the value of A

2

-9 _ 10
6-h 6-h
Since AD is parallel to BC,
Gradient AD = Gradient BC
k+1_ 10
8 6-h
10
=
6-h
6—h=10
h=—4

Gradient BC =

Ml

Al

(iv)  Show that the angle ABC is not 90°.

2]

Gradient 4B === 8 _
3k 4

. 10 10
Gradient BC =——=>==1
= 6—h 10

Gradient AB x Gradient BC =(-2)()=-2#-1
Therefore, angle ABC is not 90°, (shown)

M1

Al

13




{v)  Find the area of the trapezium ABCD. 2]

A8,~1), B(-4,~-9), C(6,1), D(O0,7)

Area of trapezium ABCD

_1 -8 4 6 0 -8

2041 -9 17 -1
1

=5[(72-4+42+0)—(4~54+0—56)] M1
1

== [110-(~106

- [110-(-106)]

=116

=2 ‘

=108 units? Al

10. (@)  Itis given that tanx=——3— and cosy =-—-\;—§ , where x and y are in the same quadrant.

(i)  State which quadrant x and y are in. m

| x and y are in the second quadrant. Bl ‘

(i) 'Without using a calculator, find the value of
(a) cosx cosecy 2)

(b) cotx+tany 2]

4
(@) | cosx cosecy=——x L

s {2 M1
(%)

W ——— Al

O

V
(2]
(1
g
Y
+

<
It

%(~2) Ml

:.-—3- Al

14



(b) U sin(A+B)=S5sin{4- B), show that tan 4 =—3—tan8. 3
sin( A4+ B)=5sin(A-B)
sin Acos B+ cos Asin B = 5(sin Acos B—cos Asin B) Ml
6cos Asin B=4sin Acos B
6[sm8)=4(smA) Mi
cos B cos A
6tan B=4tan A
3
tanA—EtanB (Shown) Al
1—tan® x
(¢}  Prove that ~—————=cOS2x (3
sec’ x
- 2
1,115:_1_‘3;‘__5
sec” x
1—-{sec? x—1
:_(_2_...__). M1
sec x
_2-sec?x
sec? x
2
= -1
sec’x
=2¢os?x—1 M1
=¢0s2x Al
= RHS
Alternative method
a2
LHs =12t
sec’ x
22
=cos® x(l— szx)
c0s” x Ml
e i
=¢os° x—sin* x Ml
=c0s2x Al
= RHS

15

vl



11

The diagram shows a trapezium ABCDE.
4

B C

D

AB is parallel to DE. AC =35c¢m, CE=12cm, £ACE =90° and LACB =8, where & is

an acute angle in degrees.

(i)  Show that the perimeter P of ABCDE is given by P=37+47sin8+47cos8. 31
AB=35sin8 ]_
BC =35c0s8
M1 (At least 1 out of 3
AE=+352+12% =37 correct)
M2 (Atleast 2 out of 3
CD=12sin8 } correct)
DE=12co0s8
P =35sin8+35¢c080+37+12sin@+12¢058
P =37+4Tsin6+47 cos@ (Shown) Al
(i)  Express P in the form 37+ Rsin(¢+a), where R>0 and s acute. © 13
P=37+47sinG+47cos8
P=37+Rsin(f+a)
R=NAT* +47 =472 or 4418 or 66.468 Mi
=t [51)= 450 M1
a7
P=37+47J2sin(8+45%) or 37+66.5sin(8+45°) Al




(iii) Determine the maximum value of P and the corresponding value of 8. [2]
Maximum value of P=37+47\2 =103.468%104 (3 5.£) Bl
For P to be maximum,
sin(@+45°)=1
8+45°=90°
6=45° Bl
(iv) Explain, with proper woking, ifit is possible for the perimeter of ABCDE to be
70 cm. i3]

P=37+4742sin(0+45°)
70=37+47/2sin (6 +45°)
70-37

472
0 +45°=29.767°, 180°~29.767°
=29.767°, 150.233°

§=-15.233°,105.233°

sin(8+45°)= =0.496479

Since @ is acute, it is not possible for the perimeter of ABCDE to
be 70 cm. ‘

M1

Ml

Al

17



St. Gabriel's Sec Sch 2019 A. Math Prelim P1 2

1 The variables x and y are such that when x%y is plotted against x, a straight line
passing through (3, 9) and (5, 13) is obtained. Express y in terms of x. [3]

2 Given that (JE+J§)(J§6 o+ J€6) = a(b +\/§) , where g and b are integers, find the
value of g and of 5. [4]

SGSS/AMIMAESN/Prelim/2019
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I

';4"

In the diagram, 4BCD is a quadrilateral and 4C bisects angle BCD. Chord CD is
produced to meet the tangent at 4 at E,

(i) Prove that triangle 4BC is similar to triangle EDA. [2]
(i) Show that ABx AE = ACXDE. [21
[Turn over

SGSS/AMIMESN/Pralim/2018



4

4  The equation of a circle is x* —2x+y* —4y =20.

(i) Find the radius and the coordinates of the centre of the circle. (31

(i) Explain why a line that passes through the point (2, 3) cannot be a tangent to
the circle. [2]

SGSS/AMIAESNIPrelim/2019



4

5  Express 93+x in partial fractions. [6]
X +3x

[Turn over
SGSSIAMMESNIProlim/2012



6

6 Given that the roots of the quadratic equation ~5x* +3x+1=0 are ¢—1 and S-1,

find the quadratic equation whose roots are 3 and i [7]

104

SGSS/AM/AESN/Prellm/2019



7

() Show that-

cos@+sinf _ —cos20
sinf—cosf 1-sin26

(i) Hence, find, for —n <8 <m, the values of 8 in radians which satisfy the
equation —2c0s26 =1-sin24.

SGSS/ANIAESNIPrOlim/2019

[3]

(5]

[Turn over



8

8 A particle starts from rest at a fixed point O and moves in a straight line with velocity
vms™! given by v =2 -6z, where ¢ is the time in seconds after leaving O.

(i) Calculate the acceleration of the particle when #=35. 2]
(i) Find the value(s) of ¢ when the particle is at instantaneous rest. [2]
(iii) Calculate the total distance travelled by the particle when it returns to O. [3]

SGSSIAMMESN/Prelimi28



() Sketch the graph of y=2/x. [1]
/\2 .
0 &

(i) Find the coordinates of the point of intersection of the curve y =2x and the
line 2y~x=4. (4]

(iii) Detenni}le, wifh explanation, wheth_er the tangent to the graph of y = 2\/; at the ;
point of intersection is perpendicular to the line 2y -x=4. 4]

[Turn over
SGSSIAMI4ESNIPrlim/2019



10
10 A rectangular box of height 2 cm has a horizontal rectangular base of sides x cm and
3x em, The total surface area is 10750 cm?.

(i) Express A in terms of x. [3]

16125 9 5 2]

(i) Show that the volume, ¥ cm?, of the box is given by ¥ = i

(iii) Given that x can vary, find, to the nearest whole number, the dimensions of the
rectangular box that make V a maximum.
(You are not required to show that V' is a maximum.) [4]

SGSS/AM/4ESNIPrelim/2019
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. d’ . . - g
11 A curve is such that Ex—%)- =6x+a, where a is a constant and it has stationary points at

(=3,32) and (1, 0).

(i) Find the value of a. [5]
(i) Find the equation of the curve. 41
[Turn.over
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12

B

A

The diagram shows the curve y = x* —5x. The tangent to the curve at the point
(3,-6) crosses the x-axis at the point 4.

() Find the coordinates of the point 4. (5]

SGSSIAMIAESNIPrelim/2019
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@) Find the area of the shaded region. 4]

"

End of Paper

, [Turn over
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2019 AM 4E5N Prelim Paper 1 Marking Scheme

=2
Y-l =m(X~X,)
Xy-9=20x-%
£ye9m2xi-6

Hypw2x+d

2x4+3 2.3
=— me—t—
Y=z (or y p x;)

z (J3_5+J§)(\ﬁa+\/6_0.) =a(b++3)

V300 +\I900+JIOD+JJDD=ub+a\/5
103430410+ 103 =ab+ay3
404203 =ab +aV3
Comparing cocfficicnts,

Soa=20

ab=40
20640
Sb=2

3¢} | In triangles ABC and EDA,

ZDAE = £ZACD (Aliemate Segment Theorem)
= LBCA (ACbisects £BCD)

LADE = B0 LADC (ad, £son asir. line)
= 180° - (180° - £CBA)

{£3in the opp. segment)

= LCBA B

o triangle ABC is similar to triongle £D4.

(it}

4B _dC
ED EA

ABxEA= ACxED

ABx AE = ACxDE (shown)

[E)

G}

Method 13
¥ -2r4yt-dy=n20

4 2x+(2) (2)4-;: 4y 2)-(-2-) =20
(x= 4 (y=2) =8

Radius of the circle = 5 units
Coordinates of the centre of the circle = (3, 2)

Method 2:

4y -25-4y~20=0

2g=—2  and  2f=—4

~g =1 -f=2
Coordinates of she contre of the circle =(1,2)
Radius of the circle = 3 +g7~¢

= -2 + (-1 (=20}
=%

=5 units

Distence between point (2, 3) and centre of circle

= Je- 1+ 3-2¢

= +/2 units

Sinee the point {2, 3) lica inside the circle as the
distancé between point (2, 3) and centre of circle is less
than the mdius, thus s line that passes through the point
(2, 3) cannot be a tangent to the circle.

ORr

w JZ#5, the point (2, 3) is not on the circumference

1 2
of the ¢irele, Thus, a ling that passes through the peint a4 =1 )
{2, 3) cannot be a tangent to the circle, -5
13
57 By long division, a+f= <
X, ¢
x’+31ix‘ +9 Proguct of roots » -
x! e3s 1
-3 +9 -a-0==
9:+x! = & aﬂ-a-ﬂﬂ:—-‘-
43 432 H
9u32? aﬁ—(d#-ﬂ):—-g
=X+
u xix’+3i H
. ap3o8
Lot X0 ped 220C 5773
4 3x x x'43 7
Multiplying throughout by the denominator, af = g
L . 3 3
942 = x{x 43c}4 A(x7 +3)+(Br+C)x Now s of oots = 1+%
Letx=0, a
9=34 . 3,0;;;:
A=3 a
Letx=1. - 3_(«:;?_!?)
9+1=4+3(4)+8+C
13
Bow6-C — (I} 3[?)
Letx=ol. - __7_
G4 1 = (= 1){~d)+ A} + (= Y{~B+C) 5
B=eb4C (D) = 21?,
D=2y Bl =G+ C s
C=0 New product of roots = -3-(7’-]
Put C=0 into (I} B=wb~0 R
B=~6 a1
9+x° 3 6x
22 X e e i 9
e TR 1 =5
5 (?)
¢ ‘Sumofmou=—; =B
7
3 4




Quadmtic equation whoss roots arc -i- and % i

,=_2_’2,+“_:=o (or Tx* =392 +45=0)

anf=-3
Basic angle, a = tan™'3
= [,249045772
2o 0=-1249045772, n~1.249045772
=-125,189 (comsetio3s.f)

iy | Method ¢
cosd +sind
[ JPrtvinhatiudadeiy - 732
LRS = o hocost 8ty |vazteo
- wsOHinoxsina—casﬂ g=ﬂ
sinD-cosf sing~cosd dr
=dt-
_ sinfcos §—cos® @ +sin’ 0 ~sinfcasf t-6
sin® 0= 2sin G cosd+cos’ @ When t=5, a=4(8}~6
~(cos* 0-sin’0) = 14 ms?
1-2sinfcosd
_ —ces20 (i) | When the particle is at instantancous rest, v=0.
1-sin 20 23 -61=0
a RHS (shown) we-3)=0
=20 o0r 3
Method 2:
RHS -~ 0320 (i) | Method 12
1-4in20 I("’J’ &)d,
s= -
sin® 0 -cos’g
i el ) 3
sin’ 0~ 25infcos 0 +c08’ 0 ”l_y,“
.. sin0-+cosOXsin 0~ coad) 3
(sin @ ~co30)? When r=0and =0, c=0
_ 030 +sind L
sin0-cos8 =3 ¥
= [.HS (shown) When ¢=3, s=-9
(ii}
~2¢0820 = {~3in 20
~co520 _ 3 Method 21
1-sin20 2
sin20 ;=I’(2l’—6r)dl
cosf+sind | a
sinf-cosf 2 2 &7
2¢050+25in 0 =sind ~cosf REE
Jcosf =wsind
5 6
T2 e, Putx=dinto(l)  p=244
3 2 i
=-9m Coordinates of the point of intersection ars (4, 4),
Total distance travelled by the pantiele when it
retums 10 O dy -
=tem dy %
aad),  Eaqv
(. 4), .
1) v .
“2
y=2J; 2y~-x=d
y:%nz
4] * Since the ient af the
the prphof y = 27 and the gradint ofthe ling
@ =2k =) S
_ 1)L
2pmx=d = (2) 2y-x=4 i ol gqualto ] for, 2 ks = ~1),
Method 11 thus the langen) 1o the gmpbnfy:Z\/; at the
Putlyinto 2 2(2Vx)-x=4 ntef on " .
x=4Jx+4=0 2y-x=d,
2
2] =0
(J; 2) 100) | Total surface arca of the box = 10750 cm?
x=4 eX3x)+ 200 + 232X = 10750
Put x=4 into {1): y=2/d 65 +85h 210750
=4 o 1075062
Method 2t 8x
Pt(yino 2 2{2x)-x=4 L 537832
4x
xrd=4dF
x}+Br+16=16x )1 Volume of the box, ¥'= x(3x)(h)
1 =
xt~8x+16=0 ’[5375_4!:
2 = Jxt| St
(x—a) =0 dx
x=4




(i}

o3 2
= S (915-3x)
Ll 9,
41
{shown)

av _1si2s 27 ,
& 4 4

For stationary value, % =0

I6l2$"3}x, -0

4

538
9

x=24.4381305 or -24.4381308 (rojected)

: - 10756-6(24,4381305)°
Height of the b‘ox' S(33A387308)

. = 36.65719574 em
Dimensions of the rectangular box arc 73 cm by

24 cm by 37 om, {correet o nearest whole number)

(i} |Put a=6into (2): c=—6-3
=9

%:3:{’-&6}:—9
y=](3x*+6x~9}d!
36t

3 +T Ox+d

= xt 430w Oxdd
At(1,0), D=1 430 =9() +d
d=$
Equation of the curve iy p= x*43x7 ~9x 45,

1G)

Ble

a
i

=6x+a

&)

= j‘ (6x+a)ds
6x’

= ek QE
2

=3zt faxtc
At(-3,32), 3-3F +a(-3y+c=0
c=3a=27 ~{l)
At(1,0), 30 +a() +e=0
¢z g3 o (2)
{H=x Ja~2t=eg-3
sa=b

120) | y=xl-52
%nz.v*s

At(3,-6), %:2(3)-5

=]
Equation of 1angent is
yb=(l){x-3)

y=x-9
When y=0, 0=x~9
x=9
Coordinates of point A are (3, 0),

(i) | Areaof shaded rogion

- -lz-x6x6 - 1‘;(x’-5x)dxl

,,gu[z_gﬂ.
3 2

"“Eﬁ“ﬁ}[z'ﬁ]"
3 2 3 2

T

e i_?_z
3

= 102 units?
3

u




