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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ®* *fr+e=1,
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where n is a positive integer and -

2. TRIGONOMETRY

Identities
gin’ A+cos” A=1
sec” A =1+tan” 4
cosec A =1+cot” A
sini A + B =sin Acos B+ cos Asin &
cos( A+ 821 =cos Acos B[] sin Asin 8
tan A + tan &

1[0 tan Atan &
5in 2.4 = 2sin deos 4

tfanid+ B)1=

cos 24 =cos’ A—sin” A=2cos” A—1=1-2sin" 4
2tan A

anld = ——
| —tan” A

Formulae for &:480
a b
sind  sinB  sinC
at =8 et = 2becos A

A= l absin
2

10 ghowthat the line * =32 does not meet the curve ¥ = 3 ¥ +(k+3)x+1¢, 4
all real values of x.
(i) ¥ H2e(l-ky+3k-5=0

If the roots of the equation are real, show that k cannot 4
lie between 2 and 3. 4
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Q | Solutions Mark | Remarks
1) 3x-2=3k +(3+k)x+1 S VML incorrect
O 1 sy 2o (3o k)

T+ kes3=0 M1

b —dar

= (k) —4(367)(3) M1

=-354

&% = 0 for all real values of & M1

=35 <0

= b — dae < 0= no real roots

Hence, the line does not meet the curve. Al
() | x"+2x(1-£)+3Kk-5=10 VM1 incorrect

for real roots, b — 4ac =0

(2-2k) =4(1)(3k-5)=0 M1

4-BR+4k7 - 12k +20210

A5 205 +24 20

4{K -5k +6)=0 \ / i1

Ak-2)(k-3)=0 2 2

& =Zork =3 for real roots \/ M1

Al

Hence, k cannot lie between 2 and 3.




2 @ Solve the equation *+/30 = rv/3 = Vo (3]
(b) _ ! [5]
Solve the equation logs x — logs 2 = logg (5x — 1)
Q | Solutions Mark | Remarks
S
2 | wfi0=xJi+46 VM1 incorrect
0] — =
[0 -3)= s
Vo
= M1
NETTREY
\,Ill{: 'u"ﬁ + \-'E
x= = % [l
\'%— E] '»."31+ W3 M1
(o 180+ Jig
(&) -6
L6543 6Y5 432
Co-3 7
- 205442 Al
' a
VM1 incorrect
(i) !
logsx —logs 2 =logg (5x — 1)
X
T log, (Sx—1) M1 | quotientlaw
logs [ 2 |Ug_: 0 M1 change of base law
log, (5x=1)
logs2x= 198 %
log, (3x =1}
logs 2x = 2
1 M1 power law
logs 2x = 2 logs (5x — 1)
1
F q — 1
logs 2x = 198: (3r=1)
1
oy = 1R 11
(2x)2=5x—-1 M1
42 -5x+1=0
Loyang View Secondary School Sec 4E Preliminary Examination Additional Mathematics 4049/2
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(4x-1)(x-1)=0 Al
|
X= 4orx=1
htll ~ 1 2 ]
3 The first four terms, in ascending powers of x, of 24l g 322400+ 80p°5" +gv”
(i)  Find the value of p, of n and of q. [5]
@ o . 1oy [3]
Using your answer in (i), estimate, to 5 decimal places, the value of * """ 7 .
Q | Solutions Mark | Remarks
s
(?) {2+ )" =2+ rJ]I-‘E‘ ',u'r +| :]1 l.-n.j-" + | :2 Wl 4 \/Ml incorrect
—3t el L P lr—1dn—21_. PR
=2 +rl pi+ 5 - ox 4 R L
Equating terms,
2" =32 2" =27
: . B1
cquating indices, n = §
27y = —240 M1
M xSep=-240
.
p=—20__; Al
a0
Jr[.lr—|]|:fr—3]3r1 R,ri';=fj M1
k1
g — -
H5-1u5 2‘.122 (-3)?
b Al
g = — 100
(i) | (2-3x)" = 322405 + 720" —1080x" VMU incorrect
2=3x =197
-
S xXE= 197 0.01 M1
Substitute x = 0.01 into the expansion,
(2-3x0.01) =32 240{0.01)+ 720{0.01) ~1080{0.01)" +... | M1
(.97 =32-2.4+0072 -0.00108 +..,
(197) = 29067002 Al

Loyang View Secondary School Sec 4E Preliminary Examination Additional Mathematics 404 9/2



i bl

4 '{x) = sin 3 — cos > £ 2=t
It is given that 2 Giventhat '+ ,show that
12€"(x) + 3f(x) = 35cos3x+ 2 6]
Q Solutions Mark | Remarks
s

. ¥
4 f 'l-.".-=~=|n3'r—om:
-

fix)= j:—iil‘l lx—cnﬁélbr

0 3 Lx
1'[¥}=—u—1:ﬂ1‘|%+{

cm]|rir]
| 3

= “=lsan—+C
] &
T
n=-""%_2sin -+
3 ]
=4+—=]+
2
==
3
%3 2
fix)= EETE 2knZy
3 2

- I . x
ffizi=3cos3x+—sin
s . I

F-1 F-1

121 w1+ 300x)
o _.ox deosdx
= 3c0s 3x+ 05 .

2

=35cosic+ 2
(shown)

—Osin—+2
S

VM1 \/Ml without “C”

vM1

VAl

vM1

VM1 due to imperfect

&
VM1 answers from above

vAG

Commented [1]:

Loyang View Secondary School
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5 Inthe diagram, O is the centre of the circle ABDE with diameters AD and BE. CD is a tangent
to the circle at D.
C
8
D 77 A
E
M) Show that MCAD is similar o ABED [2]
(i) ADAR is ABED =i
It can be proven that * 15 congruent 10 ABEL Giyen that 40 , show
that CD = AD. (4]
Q | Solutions Mark | Remarks
s
5 SCAD = ZBEIY (angles in the same segment) VM1 incorrect
W) | zBDE =90° (right angle in semicircle) i
SO =90° (tangent L radius)
ACAI 15 similar to ABEY Filari Al
Hence %~ : - == (AAA similarity)
SBAD = ZBED (angles in the same segment)
SIWRA = ZABDE =907 {mght angle in semicircle) for practice after exam
Ay = DE {diameter of circle) given in question
Hence, AM2AR 15 congruent to AFED (ASA)

Loyang View Secondary School
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(i)

AECAT s similar o ABED
AAE = congruent to AFED

» ACAD is similar to A4 B

Co_C4
el — e — L
DE - D4

L‘.J: -3

o4

= Cd” =247

By Pythagoras' Theorem,
CIF 4 ALY =047

CIF + 4D = 2407

CIF = A

= L= ALY (shown)

M1

M1

M1

Al

VM1 incorrect

Loyang View Secondary School

Sec 4E Preliminary Examination Additional Mathematics 4049/2

[Turn Over



10

6 The diagram shows a container in the shape of an inverted pyramid. The top of the pyramid is
a square base with an area of 64 cm?. The height of the container is 6 cm.

6cm

(i)  The container is filled with oil to depth of h cm. Show that the volume, V cm?, of
¥ “_:{2]4"- i) [3]
the empty space in the container is given by 27 .
(ii)  Oil is poured into the container and the depth of the oil increases at a constant
rate of 0.4 cm/s. Find the rate of decrease of the volume of the empty space in the
container when the depth of the oil is 3 cm. [4]
Q | Solutions Mark | Remarks
s
6(i) | Side of square top = 8 cm VM1 incorrect
Volume of Pyramid
Ry . . Alternative:
V=3 (base arca ) height) Similar figures; area
'I ) and volume
V==bh
3
By similar triangles, 4
h b
6 H
= g Jr M1
o 6 A —/
Loyang View Secondary School h | Bec 4EAPreliminary Examination Additional Mathematics 404 9/2
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y=3(4T4
LA
it =£ l_ﬁ a
e
¥ L—iﬁ‘ M1
Volume of empty space
[ J
=E{L‘J —h }
~ 18 216- 1) Al
27"
(i) | dir _ 16, M1 | VM1 incorrect
dfe 9
';—UJ =114 cm/s
di
v _dv dn
dr dh de
16, 2 32,
& 9 5 45 M1
when & =3 cm,
v 32,
dr 43
dif 32 ) = 32
i 45 3 M1
I :
d— =64 cm /s
di
Rate of decrease of volume of the empty space in the Al
container when the height is 3 cm is 6.4 cm®/s.

Loyang View Secondary School
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1
7 (a) ..f. = ) . . [3]
Show that the curve xInx has no stationary point if 1,
b = AL . —
(b) The curve ¥ =5 =k ¢rosses the x-axis at + = 3. Find the value of k and the 5]
equation of the normal to the curve at this point.
7 I
a ) =
@) xlnx
-1 ]
dy —nx—4x v quotient rule applied
;= (xInxi VM1 correctly
g Finx) VM1 for incorrect sign
dv —Inx-1 Inx+1 I+Inx
—_—= — = — O — -
dy  (xlnx) {xInx) {xInx) VM1
[fr=1
T+Inx =0
xlmx =0
v 20 concluding that first
T I - VAL derivative not equal to 0
. . . with explanation that
Hence, there is no stationary point. (shown) Y InX >0,
3
(b) =1y =&Y
atx =3,
0=ln(3- 'R_J Substituting the value of
e’ =(3-kYy vM1 X
I=(3—kY
»3-k=1
k=2 VAl
correct differentiation
vM1

Loyang View Secondary School Sec 4E Preliminary Examination Additional Mathematics 404 9/2
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de  1=3x-27 3

dx (x—-2) x-2

Ay 1 Forming equation for
—=23 ) -— line with correct
atx=3,y=0, dt | gradientof normal= 3 VM1 gradient of
y-0_ -173.
x=3 3 VAl
3_|.'=—'r+_"|rJr_1'=—;—Ir.l."_"i_l.'+_'r—_"|=¢'l {0.e.)

3

8  The table shows experimental values of x and y. It is known that the true values of x and y are

connected by the equation ¥ “**  where a and n are constants.

X 2 3 5 7 8
y 17 47 170 390 540
(i)  Onthe grid below plot Ig y against Ig x and draw a straight line graph. [2]
Ig y r' N
3.5
3.0
Loyang View Secondary Schjol Sec 4E Preliminary Examination Additional Mathematics 4049/2
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14

(i)  Using (i) above, find the value of a and of n. [4]
(iii) By drawing a suitable straight line on the same axes, solve the equation

w2100, [3]

Q | Solutions Mark | Remarks
S
8(i) VM1 incorrect
X 2 3 5 7 8
y 17 47 170 | 390 | 540

Ig x 0.301 | 0.477 | 0.699 | 0.845 | 0.903

lgy 1.230 | 1.672 | 2.230 | 2591 | 2.732

Loyang View Secondary School Sec 4E Preliminary nination Additional Mathematics 404 9/2
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X ¥

all points plotted

sx=10"" =2 187 =219 (3sf)

B1
B1 correct straight line drawn
line cuts Ig y axis
M1
1232 Al
TS 24T

gradient = 0.903 w1 =247 (3sh)
M1

y-intercept = 0.5 (accept 0.45 — 0. 55)

lga=05

a=10" =3.162 Al

a=23.16{3sh)

@il) | ax™ =100 VM1 incorrect
ax"x* =100
ax” II)FI L0~
x°

o= 100x M1

I v =lg 100

lgy=1gl00-2lgx

lgyv=2-2lgx M1 | productlaw

line drawn on graph, Ig x = 0.335 AL | from graph only

_ by
9 (i) r=In(secx) =

Given that * , show that dx

(iD)

Differentiate -T'+121-T with respect to x.

(iii)  Using the results from part (i) and part (ii), show that

—=Tanx

[2]

(1

(6]

Loyang View Secondary School
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J‘E.r!iu:r_"' xdr=2_In2
2
il
Q | Solutions Mark | Remarks
S

9 = In(sec | A VM1 incorrect
(i) | ¥ mlsecx)=n — Alternative:

y=Inl-Incosx

¥=—Incosx M1

dw ..,

- siftx )= tan x (showi

dx -:-:.s.r{ ! Al
(i) | y=xtanx VM1 incorrect

dv ) B1

—=tanx+xsec x

dx

Loyang View Secondary School Sec 4E Preliminary Examination Additional Mathematics 404 9/2
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(iii) z
r X B M1
xsee” x4 lanx de = [x Lun .lL'||4I
S
. :
rsee’ xdy= [.1: lun.t];*; J' tan x dv
I'|| i
A . e ) i
e’ xde= [— tan —— i J —[Iu:sl.:l:.'c]lf
J L4 4
1]
1 ]
. M1
rsee rdx= T I :iul.;?r . |I'I.‘it.'li.'U:|
J 4 L 4
L}
;. _
vsee’ x lir=£— h:;—]n ]
o 4 X cosll
! i n
Lg
r T
i _r_ 5
] veoe’ v dy T |:1I'| J2 U]
i
L ) - _ M1
e rde="—In+y2
o 4
L
1 .
.':'.‘il:l'.‘z.':'l:l.t=%—|:|'|1: M1
-l'l
:l‘
.rscc:.rd.t=1—l|nf M1
4 ]
S
Hence,
1
jl.r!icr_': xde= % —In 2 (shown) Al
il
10

The diagram shows the graph of *' =

@+beoser o0 00 x5 360

Loyang View Secondary School
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y = a +b cos cx

"

(i)  Find the value of a, of b and of c. [3]
(i)

Show that #1an# +1=2(sec ¥ =1} cah po reduced to the form

2
dziny =g+ bo0s oy [ ]
(iii) v =ds5inx -
On the same axes, sketch the graph of - and determine the number of 2]
solutions to the equation & 1#1 ¥ +1=2(secx =1} ¢, 0% < v < 360°
(iv) Solve, algebraically, #14n ¥ +1=2(seex =1} g0 07 < x < 360° [3]
Q | Solutions Mark | Remarks
s
10 |a=2 B1 VM1 incorrect
(i) [ b=-3 B1
c=1 Bl
(ii) dtan x+1=2sccx—1)
4sinx 2 .
= =3 M1 | VMLltheira b, c
[ty [y
dainy+cosr=2—-2cosy Al
dsinx=2—3cosx (shown}
(iii) accept
M1

Loyang View Secondary School Sec 4E Preliminary Examination Additional Mathematics 404 9/2
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> -
-

— 0 s de N

¥ 4 sin ¥ o=
<\
/ N N
s/ //
3

s

/

174/

\(’
=

N

L&

9 _//./

The solutions will be the intersection of the two curves.
Number of solutions = 2

/[ x
WS I8 28 270 kY N T

Al

(v)

dtan x+1=2sccx—1)

dginy =2-3cosx
dsinx+3cosy =172

Let dsinx + 3cosx = Msinx+o)
feosx =4

figiny =3

= HR=5 tane __%::trr =35 87"

Sodsiny+3cos x = 3gin(x +36.9%) {1 dp)
dsinx+3cosy=S5siny+ 3087 =2
sin{x + 36871 =04

basic angle, o = 23587

23.58 23.58°
x+30.87 = 156.42° 3E3.58%

x=11955" 3406717
x=11%65 3467 (1dp)

M1

M1

Al

Loyang View Secondary School
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11 A segment of a competition that you are participating in requires you to cross a river from
point A to point B as shown in the diagram. You are to launch a boat from point A on a bank
of the straight river, 1.5 km wide. The destination is the point B, 3.5 km downstream on the
opposite bank. To reach your destination, you have three options:

Option 1 row the boat horizontally across the river to point C and then run to B
Option 2 row the boat directly to B
Option 3 row to some point D between C and B and then run to B

It is known that you can row at a speed of 6 km/h and run at a speed of 8 km/h.

river
A C
X
D 3.5 km
B
1.5km

(i)  Ifthe distance between CD is x km, show that the total time, T, in hours, taken to
reach the destination by both rowing and running is given by the equation

Yo+ ax? 72y [2]
=
12 3]

r

(i) By stating and substituting an appropriate value of x into the expression T found
in (i) find the time taken if
(a) option 1 is chosen,

(b) option 2 is chosen.

Loyang View Secondary School Sec 4E Preliminary Examination Additional Mathematics 404 9/2
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[2
(iii)  Show that if option 3 is used, to reach the destination, point B, as soon as
I.}‘.'. ¥
possible, 4
Hence, determine the total time taken, T hours, if this option is used.
eT__ 3 [5]
W giaep
Given : ; o
(iv)  Hence, which option would you choose in order to reach point B from A as [1]
quickly as possible? Justify your answer.
(v) State one assumption that you made in the calculations above. [1]
Q | Solutions Mark | Remarks
s
11 (i) | By Pythagoras’ Theorem, VML incorrect
Fant
AD* =| = | +x*
L2
 —
[9+4x°
AD = (72 M1
Vo4
time taken , T = time taken for rowing + time taken for
running
time taken, T, in hours
2 .
|9+dx T
) IIII 4 . -
f=—— 4=
3 3 Al
1 ’ J!l
0 4 = -
T= & L. {shovwn)
12 16
(i) |(a) option1iswhenherowstoC, x=0 VM1 incorrect
37 1 e
= + ik 16875 hours B1
(b) option 2 is when he rows all the way to B, x=3.5
\‘ll:TIR . B1
T = T = 06346 =0.635 hours {3sf)

Loyang View Secondary School
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(iii) 7= \l'.lj+dr! +T—I.1‘
12 16
L 3 -!.
ar 2l\‘-}'l 4x7) 2 (8x) 2
de 12 16
d¥ x I

dr 3 forar) 8
dr
1o reach as soon as possible, — =0
X

x
3,ul{';l+ 41"}

1
8
= 1.'=§."Ir{'?+ 41"‘}|

Gdx’ =81+ 3627

| [P
M =8l=x= |¥ =£
Vs 14 (shown)
di x 1

dy 3(9+45) '8

I{";'+4.»:l ]-I —.1.'[ ; ::{‘f:|+4.rl }I{Rr}

&r_

de 3(9+447)
e {‘J + 4.!."':|--'I [{‘J+-1-.'r"]|—4.r":
di? 3|I‘J+ i‘l_r:}l

d'r 3

e’ {Q + 4.\':];

Ifx= 14 km,
'f_f=;l}n=~ minimum
dx |:'? +4x° ]-‘

M1

M1

Al

B1

Students
need not do
this part, it is
given in
>—  question.
Just need to
state it is
minimum as
second
derivation
greater than
0.

only this part needed
just need to state. No
need to differentiate
again.

Loyang View Secondary School Sec 4E Preliminary Examination Additional Mathematics 404 9/2
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= ‘g7
|1;+4[‘J“’] 7-2| N7
=1.,I 14 ) L 14 )
12 16
a4 ﬂ_’uﬁ}
175 7
) :Ill—+"—
12 16
T = 03780+ 0.2249
T = 06029 Al

T=0603 howrs (3s0)

(iv) | Option 1 takes 0.6875 hours
Option 2 takes 0.635 hours
Option 3 takes 0.603 hours

Therefore option 3 is the best option to from point A to
point B in the shortest possible time. B1

(v) | Assumptions

suggested answers:

- no wind to affect course of rowing

- no detours for any reason any one

- the courses are all in a straight line

- constant rowing / running speeds B1

- the river banks on both sides are parallel (width of
river is consistent)

time in getting on and off boat are negligible

-END-
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