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Mathematical Formulae
i. ALGEBRA
Quadratic Equation
For the equation ax? + bx+ ¢ =0,
_— —bxVt - dac
2a

Binomial expansion

@+ "=a"+('{)af>‘ b+(;)a"‘2 b+ ...+(:)a”"b’+ e 87,

where n is a positive integﬂand(’:)a'r“ nl 3 = n(n—ll..;t(n—r+g

2. TRIGONOMETRY
Identities
sin? A+cos?A=1
sec?A=14+tan’ 4
cosec? 4 = | +cor? 4
sin{4 + B)=sin4 cos B + cos4 sinB
cos(A & B) = cosA cos B ¥ sind sinB

; _ _tendxtanB
A& B) = T andwnB

sin 24 = 2sin4 cosd

cos 24 =cos2 A4 —sinf A=2c0824~1=1-2sin%4

tan 24 = -.-gLa.nL
1—tan?4

Formulae for AABC

a b

¢
End snB sinC

a’=p+c%~2bccos A

A=—;-ab sinC

|
o2
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Show that the equation x2 + (2 — k)x + k= 3 has real roots for ali real values

of k.

()  Sketch the graph of y = [4 - .

(ii) Determine the number of intersections of the line y= % x with

y=|4- x|, justifying your answer.

2 —
Express M in partial fractions.
xX° ~3x+6

A rectangular block has a square base. The length of each side of the base
is (24/2 —f3) m and the volume of the block is (22 - 13v3) m?.
Find, without using a calculator, the height of the block in the form
(@V2 + b4/3) m, wherea and b are integers.

Find the range of values of x which satisfy both of the inequalities
3~2x<5,
2x2+3x<2.

Given that log, (x’ y) = pand log, (-ZZ-J =g, express log, (xy) in terms
X

of p and q.

Solve the equation ¢*>* =¢* +12.

Given that the expansion of (a+ x}{I - 3x)" in ascending powers of x is
2-47x+bx*+ ... find the values of the constants #, 7 and b.

{Turn over
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9 A collector bought a painting in the beginning of 1950. The value V dollars
of the painting is given by the formula V= 2800 ¢*, where ¢ is the time in
years since the beginning of 1990 and % is a constant.
(i) Find the value of the painting when the collector bought it. (1
The value of the painting in the beginning of 2010 was 10000 doltars.
(i) Find the expected value of the painting in the beginning of 2020. i3]

(i) Find the year in which the expected value of the painting first crosses 4
40000 doltars. 12]

1
10 Solve log (3x-1) =log,(3x) - 3 5]

11  The expression ax® + 2ax? — 15x+ b is exactly divisible by x + 3 but leaves
a remainder of — 12 when divided by x - 1.

(i) Find the value of @ and of b. 4}

(ii) Using the values of a and b found in part (i), factorise the expression
completely and hence solve the equation ax® +2gx® ~15x+6=0 [4]

12 The roots of the equation2x* — 3x+ 4=0are @ and §.

(i) Form a quadmatic equation whosetootsare ¢ —2 8 and g —2a. - [6]

(i) Show that4a’ = o - 12. {3}

(i) Find the value of & + °. 13
-
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Ak, 2k)

[) Ty

The diagram shows the quadrilateral O4BC.
The coordinates of 4 are (k, 2k), where k> 0, and the length of O4 is

J20 units,
(i) Show that k=4,

AB is perpendicular to OA and B lies on the y-axis.

@Gi) Find the equation of 42 and the coordinates of B.

The point C lies on the line through O parallel to y + 3x = § and also on the
perpendicular bisector of 4B.

(iii) Calculate the coordinates of C.

(iv) Calculate the area of the quadrilateral OABC.
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A curve is such that L — . Given that the curve passes through the
dx  (2x+3)

point {1,—2), find the coordinates of the point where the curve crosses the x —axis.  [4]

The radius, r cm, of a sphere is increasing at a constant rate of 0.5 cmys.

Find, in terms of 7, the rate at which the volume is increasing at the instant

when the volume is 972z cm®. 4]

[Volume of sphere , ¥ = -g-m" !

An experiment on the topic of Optics in Physics was carried out to find the focal length,
f cm, of a certain type of lens. The experiment requires the student to place an object at a
distance, # cm, from the lens and to record the distance, v cm, at which the image can be

seen on the other side of the lens. The data below shows some of the tabulated experimental
results.

u 15 20 30 40 50 55
v 52.5 2738 18.9

18.3 152

147

It is known that %, v and f are related by the equation l+~l— =l.
u v

It is believed that an error was made in recording one of the values of v».

@ Plot L against ] and draw a straight line graph which
v u

represends the experimental values in the tabie above. 2}

(i) Determine which value of v is the incorrect reading.

Use the straight line graph obtained in part (i) to estimate

(i)

(iv)

the correct value that should replace the incorrect value of v.

Estimate the focal length of the lens, f ecm, from the graph.

Verify the accuracy of the straight line graph drawn by evaluating the gradient.

A polynomia !=l2x+4, f'(-1)=1 and £(2)=19.

(2]
2}

(1]

(i) Using integration, show that f{x)=2x*+2x%-x-3. 141
(il Showthat x =1 is the only.solutionta. f/x)=0. 13t
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Variables x and y are connected by the equation y =q®* where a and &
are constants. Using experimental values of x and y, a graph was drawn in which
lg y was plotted on the vertical axis against x on the horizontal axis. The straight line

which was obtained passed through the points (0.48,0.7) and (0.6 ,0.82). Find

(i) thevaluesof g and b, [4]
(if) the coordinates of the point on the line at which y = 0.1*. 13§

A curve has the equation y =(x~1)v2x+1.

(i) Show that 4 =-—£]-L-x--1—, where & isa constant and state the value of &. [4]
: X+
(i) Hence, evaluate sz 23 dx 4]
T o Sax+1

The point 4(~1,2) lies ona circle with centre (3, —1).

(i) Giventhat 4B is the diameter of the circle, find the cocrdinates of B. [2)
(i) Find the radius of the circle and hence, state its equation. (2]

Another point C(3,4) lies on the circle.
A line which passes through the point 4, cuts the circle at point D and is parallel to 8C.
(ili) Find the equation of the straight line 8D. {4}

The equation of a curve is y = x*(x - 2)’.

i) Show that % =4x(x-1}{x~2) and hence state the nunber of stationary poinis

of the curve. (3]
(ii) Find the coordinates of the stationary points of the curve. (31
(iii) Find anexp die ce determine the nature of these stationary

points. {41
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2x+6

9  Thecurve y=f(x} issuchthat f x)= 3
£

where x#a.

(1) Statethe value of a. (1)

Gi) Find '(x) and explain why the curve y=1 (x) is a decreasing function. [4]

The curve intersects the x—axis at the point 4.

(iti) Find the equation of the tangent at 4. 13}
(iv) If the normal to the curve at 4 meets the y —axis at B,

show that the area of A4OB, where O is the origin, is 4.5 square units. (3}

1¢  The diagram shows the curves y=4cos2x and y=-2sinx+3 for —7r<x<x radians.
A, B and C are the axes intercepts of the curve y=4cos2x.
O and £ are the turning points of the curve y = -2sinx+3.
The curves intersect at the points ¥, X, Y and Z.

¥
D
/4
y=-2sinx+3
A 4
(i) State the coordinatesof 4, 8, C, D and L. I5)

(ii) Show that the equation 4cos2x=-2sinx+3 can be expressed as

;tsinx—-!--O. 2]

(iii) Hence, find in radians, the x —coordinate of W, X, ¥ and Z. 14]

|
i
I
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11  The diagram shows a rectangular single bed with wheels, 4AB8CD, which is hinged to the
wall at 4. It is given that the dimensions of the bedis 1.9 m by 0.9m and L m is the
perpendicular distance from the wall to C. The bed can be rolled such that the angic between
the wall and the side, 4D, of thebedis € and that 0° <& <90°.

Wall

(i)  Show that the length, L m, can be expressed as L=1.9sin@+ 0.9cos 8. (3|

(i) Express L intheform Rsin (9+a) where R>0 and « isanacuteangle. (3|

(iif) Hence, find the maximum value of L and the corresponding value of &. {3}
(iv) Find the value of & when L=1.3m. 12}
12 (i) Provetheidentity cos®x—sin* x+2cos’x—1=2cos2x. 13

i) Solve the equation 2cos® x—2sin*x=+/2,for 0<x<x,

giving your answers in terms of 7. (4}

(iii) Giventhat 3cos®x-3sin’ x= V3sin2x , and without using a calculator,

(a) deducethat tan2x=+/3, 12)
{b) find the possible values of tanx. {31

FREE TEST PAPERS - FREETESTPAPER.COM


https://freetestpaper.com

ADDITIONAL MATHEMATICS Paper 1 (4047/01) — Marking Scheme

1 #+(2~kx+k-3=0 T
b% —4ac = (2—-k)* —4(1)(k - 3) M1
=4-4k+k>—-4k+12
= k* -8k +16
= (k~4)* MIAl
>0 Al >0 is not
~ The equation has real roows for all real vatues acceptable
of k. (4]
2(1)
14
A
(04 )
B210
10 (4,0) o
(ii) | No. of sotutions =2 Al ’
Justification: Correct sketch/ Explanation/ Solving Al (4]
3
3 11
x2-5x+6{3xZ+2x—29 | Bl ‘
3x% - 15x +18
17x ~ 46
x2-5Sx+6={(x—-3)(x+2) Bl
ot —X7X46_ A B
€ (x~3)(x-2) x-2 x-3 Ml
17x ~46=A(x—3) + B(x - 2)
34 -46=~A {Taking x = 2)
A=12
oy {Taking x = 3)
e 12 LS v (5)
XP5x+6 O x-2 " x=3
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oy = 21V2713V3 o ’
(Zﬂ-wf??): A
_ 21/2-13V3
8—4v6+3
_21¥2-13V3
11-4v6 bl
- (21V2-13V3) " (11+4v6) M1
(11~4v6) (11+4V8)
_ 231V2+84V12-143V3-52/18
121-96 Mi
_ 75V2+425V3
25
=@VZ+V3) m Al (5]
3-2x<S5
~2x<2
x>-1 B!
2x2+3x-2<0
2x~1)(x+2)<0
1
-2<x< 3 MI1A1l
1
=1 <x<-i Al (4}
logy(x*y) =p
3logbx+logb}'=p .......... ($)) Mi
LA
log,, (;g) =q
log,y — 2logpx =¢q ......... 2)
Ml
(1)-(2) = Slogyx=p—q
logy x =2
log, ¥y =¢q+ 253-_::1)-
logy, xy = log, x + log, ¥
e PR q+2 (p-a)
| M1AL1 | [4]
i
|
_— -

=
|
!
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e ~e*—12=0

lety = e*
y2-y-12=0 M1
y=-4)(y+3)=0
y=0 or y=-3 (NA) MIAi
e*=4
x=In4
=139 (3s.f) MI1AI | [5]
(a+ 20 <327 -
~ @t i~ (3) o)+ (ot + ]
— n
—(a+x)[1—3nx+(2)9x2+---l MiAl
= a—3anx + (g)%::z +x — 3nx? + -
=a+(1~3en)x + [G) %a - 3n]x2 e M1
By comparison,
a=2 Al
1=-3x2n=-47
~6n = —48 Al
n=8
- - = Al 6
b_@)x9xz 3x8 =480 (6]
(i) whent =0
V = $2800 81
ii) t =20
10000 = 2800e2%
220k _ 10000
l (10000
= 0.063648 MI1Al
In the beginning of 2020, t = 30
V = 2800¢30%0.063648
=$18898.06 (Accept) Al
= $18900
{iti} 40000 = 28000063648t
(40000)
= —0063648 Mt
Ciew g oo w31 Al [6]

|
{
|
|
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log6(3x — 1) = log,(3x) -%

log,(3x — 1) log 3% — logs 2
s & J0g, 3x ~ lO
) lo(gs.; o Bs - o B1 BI for correct
B4 =lo (_) application of
2 23x Ml change of
logy(3x — 1) = 2log, (—i-) base
2
log,(3x~1) = log.,(gzz)
i
4 MI1Al
9x2 - 12x+4 =0
BGx-22 =9
=3x—-2=0
2
X =
Al {5]
1 W letfG)=ax’+2ax®~15x + b .
f(-3}=0
~27a+18a+45+b =10
~%a+b = —45 ——— (1) M1
(1) =~12
a+2a-15+b=-12
3a+b=3 ——{2) M1
(1)-{2)=> ~12a = —48
a=4
12+b=3
bh=-9
a=4, b=-9 A2
{in)
4x% —4x -3
x+3{4x> +8x%—15x—9
4x3 + 12x2
—4x% —15x
—4x% — 12x
~3x -9
-3x-9
0
(x+3)(4x*-4x-3) =0 M1
(x+3)2x~3)(2x+1) =0 MIAI
pwm et et & Al [8]
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12 @) atf=3, af=2 B1B1
a-ZB+B—Za=-(a+B)=—% Al
(2 - 2B)(8 — 2a)
= aff - 2a% ~ 28% + 4af
= Saff — 2(a® + f2)
= 5af - 2[(a + B -
2af)
= 9af — 2(e + B)?
g
=9xX2-2%{=
27 (2) MiAl
=%
» The eguationis x2 + -Z-x A 35’- =0
le, 2x*+3x+27=0 Al
(i) Since  is a root,
20 -3a+4=0 B1
2a2 =3a—4
4a® = 6a® - 8a
= 3(2a?) ~ 8«
=3(3a ~4) - 8a MiAl
=a—12 (shown)
i) a®+p3 = (x+B)a?+ p ~af) Bl
=2{(a +B)? - 3ap]
2
=2[@) -3x7] MIAI | [12)
s
T8
13. 1. () (2k)2+k2=80
Sk2 =80
k=16
k=4
MIAIl
(i) A(4,8)
Mos =2
1
Mag = —3 -
Equation of A8 is
y=8=—3(x—4)
St MIl1Al
~B(0.10) Al
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(i) Equation of OCisy = -3% —u—- (1) !Bl
Midpoint of ABis (2,9)
Equation of the perpendicuiar of A8 is

y—9=2x-2) Ml
y=2x45——(2)
Solving(1)and (2),C is{-1, 3} MIAl

| =10 4 ¢ -1 ©
{iv) Area .210 8 10 3 0
=5[40+ 10} 123

= 25 units? MIAl
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ADDITIONAL MATHENMATICS
Paper 2

Answer all the questions.
Write your answers on the Wnlmg P

Give non-exact numsarical s
angles in degress, unless
Tha use of a scentificy
You are reminded Q

This doéh tﬁent consists of 18 printed pages including the caver pége and 17 blank page.

1 [Tumn over
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Mathematical Formulae

1. ALGEBRA

Quadratic Equation

For the equation ox’ +bx+c =0,
=

-bidaé-aaé
2n

Binomial expausion
{a+d) =a" +(';Ja“"b+ (;]a”"b’ + .. +(”)a""b’ 4o +b,
r

) - -
where n i 2 positive integer and my__a aln=1}... (n-r+1)
r) Ma-r) 7!

2. TRIGONOMETRY

Identities
sin® Ad+cos® 4=1
sec’ A=F+ran A
cosec’A=t+oot’ A
sm(A % 8)= sin Acos B £ cos 4sin 8
cos{4 + B)= cos 4cos BF sin Asin B

tandttané
ol B e s

sin24 =2sin Acos A
c032A4 =cos’ A-sin® A=2¢os* A-1=1-2sin® 4

tan2d= __2.2:4;
1~tan” 4
Formuiae for 4 ABC
Q b <

snd snB sinC
a’=b"+1 =~ 2Wecos A

A= %absinC
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; dy 4 .
A cuve is such that —~= . Given that the curve passes fhrough the
dr in + 3; P o

poiat (i ,—2), find the coordinates of the point where the curve crosses the x-axis.  [4]

———.. .

S

< dy 4
4 —ta 2 d 3= 2
Given ™ 2x+3)’ an (1 )

y = '(3;%3? d = [ 42x+3)? dx =4f (2x+3)° ar

(25 +3)°" (2x+3)"
[(—2+ 0(2)J 4[ (=12 J
) :
d =”2[21-(-3 ]+c iR

At (1.-2).{x=1,y=-2)
- =

t
2 [(5(5;3"5]* ¢

-2=-2 [—;—]-&c

-2+—=¢

2 8
(2x+3) 5

= yE—

Crosses the x — axis = y=0
2 8 X PFT

='sz «3} 5 P
2 [

5
(2)(5)=-8(2x+3)

10=-16x~-24
16x=-24-10
16x =34

34 17 _ 1
e e — = - 2—==2.125
T 8 8

Coondinates: (--'g—.O) : (—2;—.0) i £2125,0) %

3 {Turn over

FREE TEST PAPERS - FREETESTPAPER.COM


https://freetestpaper.com

GMS(S)AMathiP2MYE20'1 TAEISN(A/RBSERS SRFRTG

ol

Theradius, r cm, of a sphere Is increasing at a constanit rate of 0.5 cwv's.
Find, interms of 7, the rate at which the volume is increasing at the instant
when the volome is 9727 cm’, 14]

[Volime of sphere, V = %m»’}

0.5ems’

il

QGiven: I/=::-m-’ LV =92z cm’

B |g

4_,
Ve—mr
3

4_,
92 =—2
=3
msi;-r’
4
972 5 — = ¢!
3 r
' 972x>
4
r’ =729

r=%cm @

av
~—=3247%0.3
d‘ %

;,izadéh ) ’ ‘
ds

[
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3 Ancxperiment on the topic of Optics in Phiysics was carried out to find the focal length,
| ¢m, of a certain type of Jens. The cxpenimeat requires the student o piace an object at a
distance, 1 ¢m, from the lens and 16 record the distance. v cm, at which the image can be
seen on the other side of the lens. The databelow shows some of the 1abulated experbnental

results.
e 15 20 30 " ap 50 55
[ . 52.5 218 18.9 18.3 152 | 147
ftisknownthat u. v and  arerelated by the equation -l-+—|-=—}-.

w v

Itis be]ieved that an ervor was made in recording one of the values of v.
(I} Plot - against -l and draw a straight line graph which
v

represents the expemnemal values in the table above. 73]
{ii} Determine which value of v is the incorrect reading.
Use the straight line graph obtained in part (1) to estimate

the comrect vahie that should replace the incomrectvalue of v. 12
(it) Estimate the focal length of the lens, f cm, from the graph. 12
(iv) Verify the accuracy of the straight line graph drawn by evaluating the gradient. (1]
i () Given: -!-+l=—1~ = —x—~—-—+~£ = -!--—-(—l)!-&'}-
v f Y oou v u
Y= m X+¢

; Yo X = L v L] ; Gradient, m=-1 : y—intercept, c=—

Correct Plot ! X, ¥ -~ axes / Labet (graph, coondmam £tc) ~ FALL)
Suitsble Scale / Best Straight Line /Cuts y—axis (need not cut xaxis) — FAYT

(i} Incorrect value: %=o.oss =~ v=183

Correct value (from Straight-Line Graph); L=0.061 = v=164 (3sf)
*5

(Accept: -:;=0.061 + 000t ; v=164 * 0.3}
i) From glaph ' e | ®¥) Comparing gm’giem,‘ m=—1 (from equation)
. —rrr From graph:  {0.067,0.019) : (0.0.086)
—intercept, ¢ = - = 0.086 'ff
i ahan e 2o Yi=% _0086-0019 _ 0067
(Acwpt: c=0086 + 0.001)(3sf) x,~x  0-0067  -0.067
R m=~] (=-1) (Graph ¥ accurate) @
F= ry 086 = f=11.6273 cm i (Gtaph gentler/steeper than whatisrequh'ed]
(quep(. depending on student's answer
s [Yurn over
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i ) . , . .
(i} Graphof 3 = - -’- — Scale: Horizontz] & Vertical axis, 2 om 1o 0.0% units
t ¢

|
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4  Apolynomia) f(r) issuchthat f7{x)=12x+4, f(~1)=1 and (2)=19.

(I}  Using integration, show that f{x}=2x’ +2x? ~x-3. i4]
() Show that x=1 is the only solutionto §{x)=0. i3

(D Givem: f(x)=12x+4, {'(-1)=t
f'{x)= ;f'(x) dx
£(x)= f(12x+4) dr

xl*l xo-l
= By FUY. § [P
12[1+l]+ [0+1]+C

f'(x)=12[£21]+4 [i:l]u

f'(x)=6x*+4x+¢
f{-1)=1,
F{-1)=6(-1F +4(-1)+¢
1 =6-44c¢

c =-6+4

¢ =~
= f{x)=6x +4dx-1

(ii) Show: x=1 isthe only solution
(xr~1) isafactorof £{x)

Since:  f'{x)=6x* +4x-1. £(2)=19
() =[£(s) &
f{x) —*—!I{Gx’ +4x—!) drx

- 6 bel +4 de ~'l Iou N .
2+1 141 0+1
% o

2| —|+4] —|-1
Sk

f{x) =22 426" —x4c

f(2) =19,
£(2) =202 +2Qf -(2)+c

19 =164+8-24+¢
¢ =19-16-8+2
=3

~£(x)=2x" + 257 - x = 3 (Shown)

o f(x)=0
=20 +2x° - x-1.

Try: Q) =20) +20)~()-3
=242~1-3
=0

= f{) =0 =x=lisa

f(x) =20 +2x° ~x~13=0
- 2 +2x*-x-3=0
= (x-1fa* +bx+c)=0

solution to f(x)=2x* +2x* - x-3=0

_Zx’+4x+3
x-zjzx’ +2x} —x-3

-(Zx’ —-2x‘) $

(x-1)(2x* +4x +3)=0 ac-x
: r-1)=0 : (x +4x+3)=0 ~{ax* -ax) 4
! Lx=1 5 (a=2,b=4,c=3) T 3x-3
| b —dac =47 -42)03) ~(3x-3)
: =16-24 ) @
t bz -4 =-8 <0 ';“ S 33:
.' “ < ) OR By Synthetic Division:
! No solution for: ST VR s I L MU TOEY
: AL et T A o o GO TSN
| (2X’+4X+3)=0 L;‘ 92 -3
; Hen(- N B S Y v s no f(x)=0 } 1 3 . 3
i | 2 | 4 0
7 " , T [Turn over
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Dex

G AT eh ERRRBRERIRY NS SPU8 00 5 % g TEs Bl i€ which
Ig v wasplotted on the vertical axis against x on the horizontal axis, The straicht line
which was obtained passed through the points (0.48,0.7) and (0.6, 0.82). Find

()
(i)

thevaluesof a and b,

14

the coordinates of the point on the line atwhich y=0.1". i3}

PTG et e oo e,

S ————

wn

H

Given: y=a®"

Igy=1ga™*

gy=(6+x)iga

ley=blga+xlga

ey ={ga)x+blga
Y= mX+ ¢

Yvs X =>lgpvsx

Gradient, n =1ga

y-interceprt, c =4lga

(LT

(048, 0.7} and (0.6,0.82)

n _-J’z")ﬂ

X=X,
g0 _.:0.82~0.7
0.6-0.48
_o2
Tl
ga =1 @
logoa =l
a =10
va =10 [T

(x.1py) = (0.48.0.7)} , 1ga =1
sy ={iga) x +b1ga

0.7 = (1) (0.8) «b (1)
b = 0.7-048
Lb o= 022

Hence, Straight-Line equation;
gy=(1)x + 0.22
Y=mX+ ¢

(B y=a"" (a=10,5=022)

p= loQ.!!—x - {])
y=0.14 -{2)
(=(2): 10*> =pi* ity

. LY
lo&..-: N
(%)

loﬂ.’!-l 2(104)'
107252 =10~
= 0.224x =-x
X+ =-022

2x =-0.22
x =-0.13

Sub x=-0.1] in Stvaight-Line equation:
= Igy=(1) * +o022
lgy=[)(-0.11) + 022 1N
lgy=-011 + .22 B
L lgy=0.1

Hence, point on the steaight line
= gv=x+022

(v.Jgp)-(-0n,011) ZAH
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A curve has the equation v={x-1}3/2x +1

iy Show that L. %{ ,whare & is 8 constant and siate the value of 4. 143
X+

dv
{ity Hence, evaluate [: ;72;‘—':?” dx . i4)
} 0 Given: y =(r—1)2x+1 Yo Gy
i 92 =udyv + vdn _di‘,.__;
{ dr \ dr
i \
={x-1 J2e+ 1)
(x )(32.t+]J * )() veqf2x4l
‘-z(z.x“,l)i
AN e dv 1 7
sz-{-l o -&;=-2—(Zt+l}: (’)
o x-1 ' (JZJ.'H)(JZ:H) E dv B
2x+1 v2x+1 'y dx =(2x41)7
L HY —(—2-5.:12 dv ]
J2x+l  Px+l dx (2x+1)i:
_x-t+(2x+]) dv y
J2x+1 - o

dy 3« kx

== s k=31
dx 72x+1 (32“1 ]
(it} From (3):
f 2ear = @WEelec o ()
J2e+41
2) 3

fa=es = [

g(;

3x
e S dx
*y

N

SN AN 30—
ARl
! 'c= 5 26: +l e - (%) [(x—i)‘[m]‘? s
; . (%) [((124),/22:27“)~(w-n,/z(o‘)’+1)]@
' - @) [(::JE)~(—J!')]=(§){mm>-<~n]
- @) {s541] = 2’;56
".j:—-——;.:a;tng*dx = %;22%;22-4
:t 9 ifru}nrovar

|
|
|
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7  Thepoim 4( i.2) lies on a eircle with centre (3,- 1}
(i) Giventhat AB is the diamneter of the circle, find the cacrdinates of 8. 12}
(1t} Find the radius of the circle and hence, state its equation. i2]

Another point € {3, 4) Fes on the circle.
A line which passcs through: the point A, cuts the circle a2 point D and is paralielio 8C.
(iii} Find the equation of the siaight line 8D, 141

7 (i) Gwven: Cente (2 -1); 4{-1.2) _
Let: B (:r . y) '
Midpoint of 4B is centre (3, -1} { AB is dizmeler}

(_.f,g‘ y,+v) (3.~1)

2
(J.ziﬁ _‘?IX) G.~1) Mi]
Camparicg x— ¢omponent. Cét;padng y - companent,
~t+x 2+y v
=2 5 =3 = —-?j—~=-l s 5(7.-4)
-l1+x=6 2+ y==2
x=7 ¥= -4

() Cemre (3.-1); 4{-1,2)
Radivs = {6, - x.F + (v~ 3]
= B-0F +-1-2F =G+ +E 3 =laf + (3
=JI&7 J2s

Radins = 5 undts
Equaticn of ¢itcle: Centre {3, -l} : Radins = 5 vnits

Standard form: {x—a) +{y~&) =r* General form: x* + ¥’ +2gr+ 2y +¢c =0

{x-3Y +{v-(~-1)*=5° (x=3F +{y+1¥ =25
{x-3) +{y+1) =5 X —6x49+ ¥ +2y+1-25=0
(x-3P+(v+1) =25 24y’ —6x42y~15=0
& V=% _md-A . 1
(iﬁ,“” ‘ P =-?:—.:;—:- —_-’47?5- EquanonofBD: 3(7."4) v Nty 2-2-

- m“——--—Z @ y-= }',=m(.r-—x-)

[ B R
Zriaa i -8 =—{1-7
M o = Ny, = ~2 (AD/!BC) y-(-4) z(’ ) @

= AD is diameter, ZACB= £ ADB = 90° ped=d (x-7)
{£ in semicircte) ' 2
(BD.LBC), (mno)(”‘:c)" ~1 y-“-l .t-l-4
()=l T
- £ ol - 2 e 7- E é :i
20 =:—;-=;‘ @ y=2x 2 RS
0 k
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8 Theequationofacurveis y=x’{(x-2Y.

() Show that gl =4x(x~1){x~2) and hence state the number of stationary points
\g

of the curve. 131
(i) Find the coordinates of the stationary points of the cinve. i3]
> |
(i) Find an expression for %ﬁ- and hence determine the nature of these stationary
poIS. [41
» . ot 1
s 8 (b Given: z = x¥(x~2) fet: w=x’
' 2 ocadv + vdu du_,.
: dz _ . dr
- =(c)0)e-2) + (x-2P0x) ™I
; ={2x){x~2)[(x)+ (x-2)) v=(x~2)
’ ) =Qx)(x - 2)ox -2} = Q@x)(x-2) @)(x -.-,Qm dv _ 2e-20)
| 2 Y ax(x-1)(x-2) (Shown) A & |
| " q o =2x-2)
Stationary points: —é =0 d

4x(x~i){r-2)=0
3 solutions for x for -3!-= 0
x

.. Nunber of stationary points: 3 (Shown) @

(N From{):
ax(x-1}{x-2)=0

| 2 4x=0 - (x-1}=0 - (¥-2)=0
: =x=0 = x=] = g=2
Substitutein y=x*(x-2),
—)y:()'(()mZ}a - y= |2(l—'2): ~» y=22(2—2y
= y=0 = y=I = =0
.. Coordinates of stationary poinls:
(0,0) @1 (2.0)
. 2
L -‘;-x% =ax(x—1){z-2)=4x{r ~ 31+ 2)=4x' - 120 +8x

! a
;‘ %‘__{_ =400 - 122" +8 =120 ~ 24x 48 ]
i &) 2 ‘;‘
; day =12(0) -24(0)+8 =3 (d_{iﬂ)] ~ (0. 0) (pin. pt)
: &- - dx' ‘A ..;'f
. - g
| IH S 12(F -240)+8 =12-2448 =-4 [i&o] ~» (1, 1) (Max. pt.)
ar’| ad* i
= Y _iaia¥ e =s5. _s (&2 Min. pt) B33
; £ s 4848 =8 [TX>0] 2.0 mp)@fﬂ

i [Tum over
!
|
[
|
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The curve v =1{x) is such that f‘(x)-:g'-:s;tié where 224,

{i) Statethevalueof a. 11
() Find f(x) and explain why thecurve y=f(r) isa decreasing function {4
The curve intersects the x ~ axis at the point 4.
ilf) Find the equation of the rangent a1 4. 13}
(v} If the normal to the curve at 4 meetsthe y~axis at 3,

show that the area of AAGF . where O is the origin, is 4.5 square units, 131

e

L T Y

() f(x) isnot defined when x+1<0

Hence, x+1#0 —» x2-! 93 x#g
Valeof a &5 ~1

. 2r+6
G F(x) e ‘ Let: n=2x+6
LY du —-u dy du
' —_—=3
i) p B de
_G+1)@)-0x+6)(1) _2x+2-2x-6 i
Geely G+ i

. 4 —=}
£4x) “E @ &

{z+1} >0 (vz-1)

-4 '537 E
ey <° e
- f{x) <0
.. Hence y=£(x) is 2 decreasing funclion
{iif) Curve intersects the x - axis = y=0
y=£(x)=0 My, 82 T=-3 Equation of tangent:
)= 2526 ) =% A(-3.0): m_ =-1
x4l ( l). y=M T My (—t'--‘\)
2x+6 - ~0 = -1{x—(~3)
i 6= f( ) = < ¥
: x4 (-3+1y (—2)‘ y = =1{x+3)
2x+6=0 £(-3) =-i Ly = -x-3
2r=-6 m,, =-latx=-3 @
x=-3
A("3|0) 2
(v) {m ), )=~1 Meets the y —axis: .. Areaof ALOB
j (1) m, )= -1 x=0 ={0.5) (base) (4 height)
. )= =043 =(05)(3)(3)
= Equation of normal- y=13 = 4,5 squere units @
Al-3.0)sm, <t 3{0,3)[E] (Shown) R
y=s=m,{x-x) | wds Ak
-0 | G
y=x i TR
2 .
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I0  Thediagram shows the curves y=4¢os2x and y=-2sinx+3 for —m<x<sr radians.
A, 8 and C sre the axes intercep!s of thecurve v =4cos2x.
D and £ ar¢ the tuming points of the corve vy = -2sinx+ 3
The curves intersect at the points 3¢, X, Y and Z.

y

s
Yy

]
D
4 ~. 14 y=4c082x
e 250 r+3‘,@>¥< //
£ Z .
S e ‘. >
~ / N/

v

\

() State the cocrdinatesof 4, 8, C, D and K. 151
() Show that the equation 4cos2x = ~2siixr+3 can be expressed as

Bsin® x~2sin x~[=0. 73]
(i) Hence, find in radians, the x - coordinate of W, X, Y and 2. 14}

10 () A4 - v-inerceptof y=4c0s2x — x=0
y=4c0s2(0) = dcos 0 = 4(t) =4 . Af0,4) [BR

B, C—» x-imterceptsof y=4cos2x — y=0
0=4cos2x
cos2x =0

D, E— tuming pointsof y =-2sinx+3

x—coordinake of D = ~-;5 . y—-coordinate of D = 2+3=5

x-coordinate of £ = % s y—ooordinateof E = -2+43=1 . E|=

[ dcos2r=-2sinx+3 (cost:l—Zsin’ x)
41-2sin’ x}=-2sinx+3
4-8sin* x=-2sinx+3
0=-2sinx+3-4+8sin’x

$sin” - " jwn)

i3 {Tum over

B i S

—
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e - ———

(ei)

r=4¢0s2x = {1
v=-2sinc+3 > (2
(Intersection points) Asinee o +] +2sinx
)= . 2sin ;>< -1 -4siax ;
-‘Ic.os‘2.t = —.2:nn.r+ 3 8sin’ x -1--2sinx
8sin x-2sinx~l=0 {From (it)] o ’
(ssinx+D{2sinx=1)=0
(4sinx+))=0 (2sinx=-1)=0
dsiny=-| 2siny =}
i ] .
S‘ln.!'=—z Sm.t”—'%
[sin x is negative — Quadrants 3 and 4] {sin v is positive — Quadrants | and 2}
Basic angle, « =sin™! G] =a=025268  Bssicangle. o =sin"(~;) =a :%
a a
s

rd
\\4__4

v

=  x=-025268 , ~(7-0.25268) = g=Z (r%}

3
=  x= -0253 , -289 (3sf) - r= i:. E(;'_

L x~cooidinate of W =

.~ x=-coordinateof ¥ =

> x—coordinateaf Z =

~2.89
. x-coordinateof X = -0.253 §Bl§
I

ra

P
S

Y

IS ]

14
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11  The diagram shows a rectangular single bed with wheels, 48CD, which is hinged to the
wall at A. It is given that the dimensions of thebed is 1.9 m by 09 m and L m isthe
perpendicuiar distance from the walt to C. The bed can be rolled such that the anple between
the wall and the side, 4D, of thebedis 6 and that 0° S8 <90°.

4 o Wall

(i}  Show that the length, L m, canbe expressedas L=1.9sinf+0.9cosé. 3]
(1)) Espress L inthe form RAsin(9+a) where R>0 and a isanacuteangle. (3]
(lli} Hence, find the maximum value of L and the comresponding vatue of 6. 13
(iv) Pindthe valueof 6 when Z=13m. 21
‘r o - S
AL Wl o MACADLGAD =8
| + LODA <1800 -%° . §
] ZODA ~90°*- 6
[ ¢ ZADC 2P
o ZCDM* 180P - ZADC ~ 2004
~ §80° -90° - (50°- G
LCDMw=O
W AODA, In ACDM L= OD + DM
oD DM . e
| o= c0sf = 2% L =19sin8 +09cosd @
oD DM
f=— = —_— h
) sin S cos @ 09 {Shown)
0D =1.9sin8 DM =090c0s6 [hElE

@) The R-Formula:
(osind + bcos8) = Rsin(f+a), R= Vol +57 and tana = 4

)
! (1.95in6+09¢038) = 2=19,6=09
] S .
R=va! +b° = J(1.9F +(0.9) =442 ]
| tana:% =-?——:— = a:.-tan"(-:-)—'g-] = a =25.34618° E:B:ﬂﬁ

%!4.42 sin {6 + 25.346°)

15 ‘ [Tdm over
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- —

o - :

{iii) Fom(ii): Z=(1.9sin8+09c0s8)=/4.42sin (8 +25.346°)

(v)

Maximurn value of L occurs when:
sin (6 +25.346°)= 1
Hence, Maximumvalue of L =+2.42 (f)
L L =2.10m §ast
This occurs when sin (§+25.3d6°) =}
(6+25.346°) =sin"‘t
(6+25346°) =90°

8 =90°—25.346°
= g = 64,654° .
- 9  =647°(1dp) §AY
When L=13m,
L =(1.9sin@ + 0.9 cos )= V4.42 sin (6 + 25.346°)
1.3 = J4.42 sin (6 + 25.346°)
13
= @ .346°
m Sll'l( +25 46)
o e 13 SR
8+ 25.346° ==sm"(7—-) @
( ) 4.42 g:: :&;"‘:
g =sin"’( 3 ]-25.345°
Ja@2
& =38.19551968° - 25,346 18°
8= 12.84933968°
L6=128 (idp)
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€i)

(i)

(i)

Prove the identity cos® x-sin® ¥+ 2cos’ x - 1= 2cos2x 13

Solve the equation 2cos®x~2sin“ x= J2 ,for O<x<x,

giving your answers in tetms of z. 14

Given that 3cos® x—3sin® x= +/3sin2x, and without using z calculator,

(a) deduce that fag2x = \/5. 12}
(b) find the possible values of tanx. 13

(i)

Given: cos’ x—sin® x4 2cos’ x ~1 = 2cos2x.

LHS =cos® x-sin’ x+2co0s’ x-1 a
=(COS’.t}z~(sin’xf+(2cos’ x-—l) @ {4 b
= {oos? x+sin? x){eos® x—sin? x)+ (cos2x) 4 3
= {1)(cos 2x)+ {cos2x) :

=2cos2x TNT

= RHS

Solve: 2¢os' x~2sin’x=+2, for D<x<x
2 {cos* x - sin® x)= ¥2
2 {{cos® x)? ~(sin* x)?)= 2

{cos® x)* ~(sin? x)* =1§"~ | @
{cos? x +sin® *x—sin? ._..ﬁ_.

x)(cos x—sin®x) N
(l)(oos2x)=-—’-2-

23300 e,
7 TN

1 ”
082X =—= {cos 2x is positive ~+ Quadrants 1 and 4}

Basicangle, &« =oos"[ . ) i
N1 3

&
®
i

=

/_:"\

)

X

1
el b
—
FNE]

+

N

)
S
/T~

~

L

t
ta

+

)

<2
—

=% 2x

i

N |y &k &y

-

4
it

=
]

E

(Turn over
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(i) (@ Giver: 3cos' x-3sin’x = fIsin2x
3{cos* x-sin‘x) = V3sin2x

3{jcos” 0 -isin* 1) = VBsinzx

3 ((cos’ x+sin® x)cos’ r~sin’ x)) = JIsin2x

3{{I)(cos2x)) = J3sin2x

. GMS(S}IAMalhIP2IMYE2D1T/4EI$MA)/§5&§'erSéhémg

_.‘
i

3cosdx = f3sin2x
3 _ sin2x ey
7§ " cos2x
: an2x = -_JEJS
| /3
! tan2r =43  (Deduced)
i
(b} From(iXa): 1an2x=+3 - )
And, tan2r = 'm“;‘r -+ {2)
I-tan”x
2tanx
. i)=(2): Jz—z.——p._,_‘_..
= 0-0 1~-tan- @
V3 tan® x)=2tan x
V3 -V3tan’ 5 =21anx — .
0=Btan® x4+ 2tanx -3 1 V3tanx -1 | -@nx :
V3 ian® x4 21anx o3 =0 I[...ia“" +J3 | +3tany |
is [thanx—-l){!anx+ﬁ)=o : 3nan’x "\fii 2tanx _:r
- (\Ei&!\.\’vl):O -3 (131‘_‘4, ‘/5)=°
Vianr=t ) L tanx=-3
, AT
Snx= ALE
%
i
s
- Bod Of Paper -

I
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Sex f-"v":u-::;‘A ~:, 5‘ X "‘ " " .. :r.'\
17 1
e Qi =2= 0 4-2.125.0
(80](%0](2125}

1 :
& %-1623:::1 s =1627 cm’ /s
&) Ongraoh _ o E

(i) Incowectvalue: -’ =0.055 = v=18.3 Correct value-a‘ =0.061 = v=164(3sf) 1
(Acoept Y0061 + 0001 ; v=164 ¢ 03] 3
" li
3l p-intercept, c-—f-ooss (Accept: ¢=0.086 + 0.001)(3s0)
f =55§— = f=11.6279¢m  (Accept: f=11.6 £ 0.2)(3sD) !
(iv) Comparing gradient, m = -1 (from equation) -
(Graph geniler/stoeper than what is required depending onstudent's answer)
4 () Useintegration (i) Show: &’ ~dac<0 _
‘ () a=10, 6=022 (@ (x,lgy) = (~0.11,0.11)
d x kx 12 2
p Ze P b =3) i P 2% 24
¢ | dr  J2x+} [w/2x+l @ 5
(ii) Radius = S units ; {
4 @ B(.,-49) (x~3f +[v+1f =5° OR o y=-2-x—7'-;
X+ -6x+2y~15=0 "_
@y L - 12xt-24r48
i)  Use differentiation drt .. . .8
1 | O 2 @ ©0,0.0.3),@2.0 | (.9 (Mimum poin) §
(Prieduct ruie) i .
(1,1) (Maximum point) #
(2.0) (Minimum point) |8
) flix)= : 2 i
§ M a=-! i I ( ')2 () y=-x-3 (W)Ar;h:\z:S units?
3 1 Show: flx)<0
WA40,4) D)
a g x - coordinate of :
1 8(- :-1-.0) i C (-;0) (i) Use:‘ X Xp=-289 ; x,=-0253
. x (cos?.x=1-2$m‘x) feX 5z
e H ——" YT L v 2 T
A o[ 2,5) s( : ) | | . ;
. (i) (i) (iv)
v | O Jhow | Jadisin(pr25345%)| Max L =210m L =13m
Bl 6 =64.7° (ldp) §=12.8° (1dp)
3 W »=2 17 (@i)(b) tanx= J- tanx =3
B .;4-‘ et A-Trey -:‘.-:"«5-.- 7 'i‘t'=- g e % ,!.". g L
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