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Arngls-Cfineas Sehool (Warker Hoad)

Mathematical Formulae

1. ALGEBRA
Quadratic Equation
For the equation ax” +bx+c¢ =0,

~b++b* —4dac

2a

X =
Binomial expansion
(a+b) =a" -i—[}:]a"_]b +[g]a"‘zb2 +... +[n]a""b" +ot+d",
¥

-1)...(n—-r+1
where 7 is a positive integer and |~ |= nt__n(n=1).(n-red)
r) ri{n-r) rl

2. TRIGONOMETRY
Identities

sin® A+ cos? 4=1
sec? A=1+tan’ 4
cosec’ 4 =1+cot® A

sin(AiB) =sin Acos B+ cos Asin B

cos(A + B) =cos Acos By sin 4sin B

tan A+ tan B
13 tan Atan B

sin2A4 =2sin Acos A

cos2A=cos? A—sin> A=2cos’ 4-1=1-2sin’* 4

tan(A:tB) =

tan24 = 2104
1-tan” A

Formulae for AABC
a b c

sind sinB sinC
a*=b+c*—2bccos A

A-—:lbcsinA
2
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Angle-Chinese Srhoo! (Farker Hoxd)

3(x+6)
x+4

coordinate of the particle is increasing at a constant rate of — units per second. Find

1 A particle moves along the curve y = , where x # -4  in such a way that the y-

the x-coordinates of the particle at the instant that the x-coordinate of the particle is
decreasing at a rate of 2 units per second. [5]
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Augle-Cirese Srhool (Backer Hout)

2 The number, v, of a certain virus present in a sample collected by a vaccine laboratory

is given by v =me* +n, where m and n are constants and ¢ is measured in days.
Tnitially, the number of virus present was 2000. It increased to 5000 after 1 day.

(a)  Find the value of m and of n. (4]
(b)  Find the number of days in which the number of virus present first reach 2]
1 million.
4
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gl Gpinoss Sepnol (Brker Foxd)

3 (a)  Show that the roots of the equation ax® +(3a+5)x+3b=0 are real for all real
values of 2 and b. [3]

(b) Find the range of values of m for which the line y =mx—3 will never cut the
curve y* =4x~6y—34. [4]
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Arglo iuese Sriant (Burker Hrad)

4 A tangent to a circle at the point (6, 10) passes through the point (9, 6). The centre of
the circle lies on the line 3y =4x+13.
Showing all your working, find the equation of the circle. [7]
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Augle- Chinese Sehoo! (Barker Yot}
5 Do not use a calculator in this question.
(a)  Express sin 22.5° in the form of —M , Where a is an integer. [3]
a
(b)  Show that tan15°=2—+/3 . [5]
7
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Angle Bfture Schaad (Rarke Hou)

6 (1) (i) Using the substitution u = x* or otherwise, express x° —1 as the product
of two factors. : [1]

(i) Hence express x° —1 as the product of four factors with integer
coefficients. [1]
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Angla-Ginsss Sejaol (Bockor Fasd)

6 (b) () Find the remainder when f(x)=3x*—5x" +7x-4 is divided by x — 1. [1]

(i)  Hence show that # =—1 for which g(x)={(x)+his divisible by x—1. [2]

(iii) Explain why the equation g(x) =0 has only one real root. (4]

Preliminary Examination 2024 Secondary 4 Express / 5 Normal (Academic)
Additional Mathematics 4049 Paper 2




Aogln Cfneee Selocd (Baker )

7 (a) Two variables x and y are related by the equation xy* = ax+by . Explain how a
straight line graph can be drawn to represent the given equation. (2]

(b)  The table shows experimental values of two variables x and y. It is known that x
and y are related by the equation y = pe”® where p and g are constants.

x 1 3 5 7 g
y | 982 | 659 | 441 | 296 | 198
() On the grid below plot In y against x and draw a straight line graph. [2]
10
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Angle-Ciinese Srfon (Backer Hrai)
7 (b) (if) Use your graph to estimate
(a) the value of pand of g, (3]
(b} the value of y whenx = 2. [1]
11
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Anglo-Gpinese Schoal (Barker Hoxd)

8 ABCD is a rectangle which fits inside a semicircle of radius 8 cm and centre O. It is
given that 4B =x cm and BC =y cm.

A
D C :
18 cm
y cm i
| v
A B
R, £ >

(a)  Show that that A cm?, the area of the rectangle, is givenby A= %d256-—x2 . [2]

12
Preliminary Examination 2024 Secondary 4 Express / 5 Novmal (dcademic)
Additional Mathematics 4048 Paper 2



BP~39

Angle Bfirese Stfuol (Backer Fosd)

8 (b)  Given that x can vary, find the value of x which gives a stationary value of 4. [4]

() By considering the sign of %{E , determine whether the stationary value of 4 is

maximum or minimum. [2]

13
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Augle inese Srhuol (Barker Hosd)

9 A particle starts from rest from a point O and moves in a straight line such that its

velocity v m/s, is given by v=24¢ —6t*, where ¢ is the time in seconds after the start of

its motion.
(a)  Find the value of ¢ at which the particle is instantaneously at rest. [2]
(b) When will the particle return to its starting point? (3]
14
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gl Gtnese Sl (Burkee Fisd)

9 (c)  Determine if the particle is accelerating after 2 seconds. Explain your answer

with clear workings. [3]
(d) Calculate the total distance travelled during the first 7 seconds. [4]
15
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Anple ieas Bchaol (Marker Hoxd)

10

S

The diagram shows the side view of a 14 cm by 8 cm rectangular block PORS, placed
on a ramp, VS, tilted at an acute angle of 6°

The ramp is placed on a horizontal surface S7 and d s the perpendicular distance from
Qto ST. ZVTS =90°.

(a) Showthat d =8cos@+14sin 8. [2]
(b)  Express d in the form Rcos(6— ), where R>0and 0°<a < 90°. [4]
16
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Aol ress,Schoad (Borke Fiud)
10 (¢) Find the smallest value of @such that J =102 . [4]
17
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Aol Bfinses Sepual (Barkee Hosd)

11  The diagram shows part of the curve y = . The tangent to the curve at the point

2x+3

Y (3’2- %J intersects the y-axis at R.

=y

0l

(a) Find the y-coordinate of R. [4]

18
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Angla-Utarss Sefasl (Backoe Frsd)

11 (b) Find the exact area of the shaded region. Express your answer in the form of

(ln a- 2] units®, where a, b and ¢ are integers. [6]
c

19
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Auglslpicese Scfool (Rarher Hoxd)

BLANK PAGE
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Auglo-Whirese Sefd (Barber Hoad)

Muthemuatical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax® +bx+¢=0,
eq

—b+ B —4ac

X =

2a
Binomial expansion
" n n _ .f’l .
(a+bY =" +| |a"b+|, |@"70 4.4 @+ D
1 2 r
. ! iWn-1)...{n—r+1
where n is a positive integer and 4 [p— = n(n )-r(mzrt)
r) ri{n-r)! r!

2. TRIGONOMETRY
Identities

sin* A+cos’ 4 =1
sec’ A=1+tan’ 4
cosec’d =1+cot’ 4

sm(AiB)=sinAcosB:i:cosAsinB
cos{AxB) =cos Acos BFsinAsin B
tan 4+ tan B
ixtan Atan B
sin2A=2sinAcos 4

cos2A =cos’ A—sin® A=2¢0s’ A-1=1-2sin’ 4

tan (A-ﬂ:B)z

tan 24 = __ZLa_n_?__
i—tan® 4
Formulae for AABC
a ] ¢

sind sinB sinC

a* =0 +¢t - 2bceos 4

A= l-bc:-sinA
2
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Auylo-Lhinese Sefwal (Brcher Howd)

3(x+6)

ik where x #—4, in such a way that the y-
x4+

1 A particle moves along the curve y =

coordinate of the particle is increasing at a constant rate of 5 units per second. Find

the x-coordinates of the particle at the instant that the x-coordinate of the particle is

decreasing at a rate of 2 units per second. (5]
Givey - & oy A
4 oF = 57 i’méf&";“g T = - ounte)¢
. dxtlE
Y7 ==
?@L (£+4)(3) = (32118)]
Bl & e e - -
(14427
. BXAHI2-3xF
(7+4>2
- - b
2

- ' o) ,,,.?
X zﬁf ‘.3>/:,
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Luglo-&hinese Srfool (Backer Kend)

2 The number, v, of a certain virus present in a sample collected by a vaccine laboratory
is given by v=me" +n, where m and n are constants and / is measured in days.
Initially, the number of virus present was 2000. It increased to 5000 affer 1 day.

(a) Find the value of m and of &. [4]
' — 2008 4T O
G+ =0, v = 2000 Loz 2008 —4l fﬁxg
o :
2000 = M€ +D = |5 30 4y
et ff‘/}
4 = 2000 4 \ ~ : o
o A 1530 (w -:ﬁ"éﬁf;)

+ = s ¥ 5000
e 4 {2

sgop = 5
-
(> =(0, 2000 = WE-M
3000 = 0 @10 /
= 3000 /
e* —1
- s & -~ ~
= 4675529 »@—?0{2‘"@ 368)
(b)  Find the number of days in which the number of virus present first reach [2]
1 million.
16 N g 27
IX0° - 467552 f@ + 15 30 H4TFO
o7t X 0% 1530 4470
- #675529
€ I Qi2f. 426

3t Ine = 212 b 424

+ o= fpatsf b2t
| 2

T 3.83 a’a75, &L 35{)

4
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Argle-liiveese Selond (Barker Haeh)
70

o~ show D
Show that the roats of the equation ax? +Ba+b)x+3b=0 are real for all real
(3]

(@)
values ofaand b,
ar- + ;f}-, wER3,ED dek
. o real X diStget
T e S . ’___)"\"%:W%’ﬂ‘f“:
{{:‘f:% fiﬂwﬁfs’?sﬁfﬂ?;?'}“ = {5a7 el LV ”p{,}} D?Q ﬁ?ﬁt@
g s —] . i
= 9a + bop F o~ j20b
T 947 pabt T real roots
Dzo
- 2 by
= (Ba—-4)
Foo ol (8l valpec :} a gnsl A Ba—b) eﬁf’o
G ehist(oinant 20, kente, rochs Of X (3arb dx
+326=0  4gre oot .
(b) Find the range of values of m for which the line y =nmx—3 will ill never cut the
Q:" P (4]

curve 3 =dx—6y—34.

(M% 5> 4x — 4 n - %4\} "”‘"3'?’
T £ A 3§ ;
WAt b7 = 42— by 41824
2 2 _
"4 F 25 =0
b 4gec <0
[~ 4) \"' s (}‘“) <
b — !ﬁﬁm%’a
P 0
j00m " — 16 >
S CLTA)
(5 = 20 Bre 27 50
5 o i .
5
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Anglr Bhinese Sefoal (Barher Hrat]

4 A tangent o a circle at the point (6, 10) passes through the point (9, 6). The centre of
the circle lies on the line 3y =4x+13.

Showing all your working, find the equation of the circle. - [7]
 aradient o tenqéd = A
. gradiest 4, tengtil = 5
iy -
: ot “j—L
3
gf@d]&;f" ﬁg cads = 3
f’};ﬁ ‘o z
=Y | = |
(é /fa,} , Hy T
Y = X +C
19 = Z6) ¢
ro: 26
N 5
Ervat ., W= F Y+ 2w
v % "égf: ) . - |
7o

2
Wﬁ_i - ;_.2;!:.
7= R
= F (22
= 7

centre (2, 7)

radins = J (6-2)" (0-1D)%
= 5 wnlfS

gi%&dim 1? cicele S

(x -2y (y~1D 24
ST 4
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Augle- Einvse Fcfnul (Facher Hiad)
PIReT Sinfy cos/y
5 Do not use a caleulator in this question, T™2Y 2 f Rt T
(a)  Express sin 22.5° in the form of a-Va , where a is an integer. 13}
a &
(05 sz”f‘ = / ~2¢ln .z_/% { -
- . . : ) . - Ed \_aj T . ;:
(OS45° = [~ Dop> 22:8° QI e
. } i o
1/3: -0 T T L
iy = /...- -QLQ;JO 2 ijbm N i R i Tk &,
- : “5__:‘{“% o;?\" M} !j:‘ - \{,3 ,,._q(:g ;
= > . S e AN
._,.g.n _,/ — _(’) z_f/f; e ; o ) B ;if;:\i”‘ {??W;.
Vi-2 3 ( — Jo =S . :
-~ : [§] ¢
— o -2 Sin x;, 28 i ra {pﬂ’(‘c{")
¢
s, {,’} o > ’
Shioris’s 22 g
4 /
(b)

Show that tan15° =2 -3 .

dan (5% - ton (50° 45 %)

[« 2. £ A‘"l{}
— A0 by = “anh

. 3 i S b,

@ i
It tan gy=ands”

&= x _k=l3
F+73 x /=[>

J2~3-1153
fl“"‘"\[g':é
— 4 +2)5

—2

2 “‘,;gf/ [5%0»@)

i

Prefltminary Examination 2024

[5]

not! A2 187 4 tay 452 s

§rv*

tan (45°. 30°) '/

4
Ve

fan| ;’.0: a4’ - m.@}@;
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Auglo-Winese Sekoa (Buckor FHaud)
F L help. Wg%‘i@ 2 fload andwer io 7€

6 (a) () Usingthe substifution.ss or otherwisé, express x° ~1 as the product A
of two factors. {11

g B 2 : <
%.. E/a[ = {g; ” ) /! a iii ;;: | } -~
z-} = ,?5”“?-’? ghzz ft}
_ f- ) - ] . 5
- { fa__%.é V}{‘wh !w_ g:} — £LE ,2' .
! X - - {;{ BN '%_.}

Do not Yeavd ancw
o terns @{ U

(i) Hence express x° 1 as the product of four factors with integer

coefficients. . }_1_ "
= & A4b”
¥ Ei. { = fof e 30N j’,{f o+ éﬂ. T4

R A OIEEND f@f"_‘) (A4 Y 1707 5% vgi )

Seconiary 4 Express / 5 Normal {Acodeniz)

Prelininary Examinatior 2024 ,
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Auglalliinese Sehonl Bucker Foasd)

6 (b) (i) Find the remainder when f(x) =3x* —5x* +7x -4 is divided by x—1. (1]
T = 300> 500% J00y-4

=

Remngin g = |

(i) Hence show that = -1 for which g{x)=f{(x)+ Aisdivisible by x-1. 2]
9 (XD 7S ditigiple by X1 > a()=0

L)
g (> =0 -
][ (y+ h o=
f\ [ - o= O
s ™
5 f0)=1 he =/, é%@wrg
(iii) Explain why the equation g(x) =0 has only one real root. (4]

fg:r(:[ 'f'h—:: -

31 ,5;{ ~;’:a:' 5

6 (X) !S 4:‘:7%‘/55; x\f % ¥ - e ;2_’—-{{ P é@ﬁ?ﬂ/ ’/,} {i"gﬁX}
IXZ"‘" pl TL ! (:{ !> 3 o s ™ ’
. - Xl A s F 0
J’%’I e P A-5
/35234 x-i=0 , - xX=]
wwwwwwww T v 342X #5=0
=247 ,
- ;j X Aisc /s and =(j:2)?’“‘?‘(‘3) Cﬁ‘—)
~{=2x7 4279 L
e = - 50 <0
?wé’# hopu X2 ts =0 et sw el
A= rosys

e s et A e = T . . l W’}'\w 9 {,2;‘) '::(9 . I —— {2 "ps ,}l—ﬁ' 6
~ (=23 3 [T Pt ' y
s = SR e ooly reat (o5t

A= /s « 5*:20%;{7
3xX°-2x46 2 O hac 100t 2 $o foctie = X w'»«“__,,__(_ﬂ
N0 fPal root
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Angle-Ghinvse Fefroul (Barker Hozd)

{a) Two variables x and y are related by the equation x)” = ax +by . Explain how a

straight line graph can be drawn 10 represent the given equation. (2]

Xy~ a?x*éjf
WaR
Y - o[ "3% %mf}
k{ - fo»;i"k}q do £ 1
wj el )T AR po N Y m*‘}“f}f"’}j Toa !
ot u” aralrst 4 ’ ‘ , -
Aoty Yalrst 5y dtiv Hhe Swaght Ll ge P

(b)  The table shows experimental values of two variables x and y. It is known that x
and y are related by the equation y = pe™* where p and g are constants.

X 1 3 5 7 9
y | 982 § 659 | 441 | 29.6 { 198 |
(i) On the grid below plot In y against x and draw a straight line graph. [2]

ESITEYETENER
! | ﬁgw.‘yﬁ ) B 39 _'Qﬁ Ao ae to 3 5f
{%/A !Qj L Hb 7 - éf _ ﬁg‘}@ﬁw e f" b

3". =

X~-as
$ma5?§?&'ﬁ
e A R e T wm O

A B R e ‘%Zﬂfﬁ
ol | 2 34 5 6 1 ¢ 9 7 o ad
10 Y‘*"‘*Wi’j

Preliminary Examinarion 2024 Secondry 4 Express £ 5 Noriwad (Academic)
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Aicglollfivese Sehoal (Bucher Haud)
7 (b)

(i) the value of p and

g’; Fe "’7/2? Valvwes who
{{B? = in [f)@”%’x} ?j/luﬁ‘\’idﬂ
frfy—-: np -+ f{iag:mnf

= ~02 4 Inp

i
— @ = ﬂ;”?%d}?é’"ﬂiv

vging (2, T UY ang B4, 3
ed
~q = t 42

2 - 84
= D0 03105
ﬂ 0203175
oc oz 12
5/ 'Jéé’ A

Inp is -the veRial ;'o*f-afaa?m“

':Ef/ _2! !:fa‘f,! P = ej‘% %
[ g’

(iti) the value of y when x = 2.

. d}] X [1]
Read /Oi = 4.4 :
S

jf' a?h j = € o

< 8. 4cok

11
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Auglo-Lfiness, Srjoal (Ravher Hoxd)

8 ABCD is a rectangle which fits inside a semicircle of radius 8 cm and centre O. Itis
given that 4B =x cm and BC =y cm.
4
D C ;
£ :
3 :8 cm
7 g L ;
4 yem '
3 :
N i
i v
B
a0 J:
¥ cm
(3)  Show that that 4 cm?, the area of the rectangle, is given by A= —;— N256-x° . 2]
08 =5
+ (;a) g
Te aoec, Y
£ x? pras
g ye Mo
Y 2
R N E F (250 -7
>
- | A —————
uﬁhﬂléjﬁﬁéwxx ifj>§
? - a5k 2y
Area éfg fe’;:z‘ﬁwﬁ re, {@L;g?gs’
bl
= A ¥ j
#
XA ¥ 5 [osL-x2
T A U
e Sessnpm “‘{ .;P Wﬂ
WAL (Sf" )
12
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gl Efivrese Felav! (Bacher Hond)

=0
. - =
8 (b) Given thatx can vary,ffind the value of Jwhich gives a stafionary value of 4. [4]
£L
A=2(o56-202
A ! N & i EANEY 1
w3 (256737 0%, L[ 3 (2562707 (-ox)]
] 2 DCA
= 5)(256-X7) - T
NE Ly 2
A ”
ﬁ»f ~ B I‘Z
R R e Sl
.
Jownt - x Jasb-x” = X
I56 = 2>
v=[225 x>0
= /3127
-~ /s 2 7 Y
~ N‘:} £ (o 25 T
() By !considcring the %j determine whether the stationary value of 4 is
i -2 use 5t =
maximum or minimum. se T derivative f&t,

[2]
r—-—-mr\\ . donot use (l.3)
el

'l N I .3;57/[\7(

! | A I >
vellue Ty T

a4 ' a ééjg” 2 JREOR A

A 0.22) © |03

T A pEiyE
- 256 -¥2- x>

%ﬁ% / / \ 2 J255-90a
tangf}

- REL 200

-,

\i

2 Jogb-T *
Tne Stativogry,  vdlog o A =~ 2(128-X%)

Rt Sl A
) 2 s -2
{6

%
I X e A . = ﬁﬁf

Jasbox*

13
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Augle- Thinese Schral (Bacher Hond)

V =0, t 2O (Stasicd slveady af reet)
9 A particle starts from rest from a point O and moves in ¥ a straight line such that its
velocity v m/s, is given by v=24¢—6t*, where ¢ is the time in scconds after the start of

its motion. _
{a) Find the value of f at which the particle is instantaneously at rest. 2]
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(b) When will the particle return to its starting point? 13]
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9 () Determine if the particle is accelerating after 2 seconds. Explain your answer

with clear workings. (3]
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(d) Calculate the total distance travelled during the first 7 seconds. [4]
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10
S il'!..,..
The diagram shows the side view of a 14 cm by 8 cm rectangular block PORS, placed
on a ramp, V5, tilted at an acute angle of 8°.
The ramp is placed on a horizontal surface ST and 4 is the perpendicular distance from
Qto ST. ZVT§S =90°. Chot he %({50 (ﬁ‘ﬁrﬁf
{a) Showthat d =8cosf+14sinf.
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(b)  Express d in the form Rcos(# — o}, where R> 0 and 0° < <90°. {4]
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10 (¢)  Find the spallgst vatue of Gsuch that d =102 [4]
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. The tangent to the curve at the point

11 The diagram shows part of the curve y= 8
2x+3

5 [%, %) intersects the y-axis at R.

*
(a) Find the y-coordinate of R. {4]
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i1 (b} Find the exact area of the shaded region. Express your answer in the form of
(]na - ?—j units?, where a, b and ¢ are integers.
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