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Malhemalical Fotmulde

I. AI-GEBRA

Quadratic Equation

Forthe equation act +bx+ c = O,

Binomial Etpansion

Identities

Formulae Jor A, ABC

2. TRIGONOMETRY

.yinz A+ cos 2 A =1

sec'A=l + tan t A

cos ec 2 A=l+ cot 2 A

sin (l t ,)= sin,{ cos B t ms lsin B
cos (l t r) = coslcos B T sinlsinS

,^(At B\= t^ A !t*B
I + tan,{ tan B

snZA=2snAmsA
cos2.4 = cos 'A-sm'A=2cos' A-l--l-lsl,[i-'A

ztart A
lan /A = ---------------:-l-tur'A

a b c

sinA sin B sinC
a'=b2+c'-2bc cos A

L=!absinC
2

(a + b). = a..(])"" t.(i)""u, . .[l a'-' b' +..-+b'

where r? is apositive integerand ["] = .r"' ., =n(n 
-t) (n-r+l)

\rJ r!(r-r)! r!

2

-t+ "[o' -q*
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- 3x2 +x+2. Exprcss ---------= in partial fractions-(2x+lXr-l)" H\

t4l

l?)

t3l

t4l

l2l

2 Given that

The funaion f(-r)=y3 +m2 +5x+b,whereaandD are constants, has a fa*or x-2
When f (x) is divided by x + 2, it leaves a remainder that is four times the rcmainder when
f (x) is divided by x + l.

(i) Find t]te value ofa and ofb.

(ii) Hence solve the equation f(r) = 0, giving each rcot correct to 2 decimal places
where appropriate.

A curve has the equation 9r2 + aQl - l)2 = 36 , where a is a constant. This curve passes

5' 2t
2vt (5 

*,), 5(2)6, find the valu e of x and y.

3 (r) Find tlre exact valu 
" 
* sn[tnL -*.1t^1, *rirhour using a calculator.

(- z\(b) Solve tart2x- -,i =0.4 fo. *U"t 03x<22t.

4

5

tfuough the point (0, 4) and intersects the line / = 1Dx - 2, where b is a constant, at the'2
points lr'(-2, I ) and nr'.

(i) Showthata+D=1.

(ii) Find the coordinates ofl{.

Start this question on a brand new Dope,

O Sketch the graph of y =l+3sn2x for the domain 0<x32tr.
(ii) Hence, by sketrhing another gmph on the same diagrarn, show that the equation

3sin2x-x-3 = 0 has no real roots for 0 ( x ( 22.

t3l

t3l

6

7

t3l

t3I

t41(a)

(b)

Solve the equation log, y = I + logo Ly + 3) .

Given that log, d = rn, without using a calculator, express 3"-2 in terms ofa

3

[]l
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8 The equation ofa curve is given by x2 -ry+ y2 =1.

(i) Find the range of values ofp for which th e lirc 2x - y = p will meet the curve.

(ii) Hence, state the positive integer ralue ofp ifthe line becomes a tangent to the

curve.
(iii) D"t".-ine the number ofpoin(s) of intersection of ttre two graphs if p:2J1 ,

(i) Sketch the graph of y=l2x'-llx+51 for 0 < x < 6, stating clearly the x-y

(ii)
intercepts and tuming point.
Using y'our graph, find the range ofva!ue(s) ofl for each ofthe number of
solutions for the equationlzx2 -llx+Sl = t for 0 < x < 6.

(s)

(b)

9

t4l

t1l

l2l

t4l

3 solutions.

2 solutions-

tu

12)

10 Solutions to lhis question by accurate drawing *'ill uot be scc€pted.

v
QQ, a)

P(1,s)
R(7,4\

0 T

s
The diagram (not drawn to scale) shows a trapezium P@rt9 in which PS is parallel to QR

and Pp is perpendicular to On and P,5. The coordinates of P , Q and R arc (4, 5 ), Q, a)

and (7, 4) respectively where a * 0 . PS cuts the .r-axis al L

(, Showthata=9.

(ir) Find the coordirntes of L

Given further that PI: ZS is 2 : 3, find
(iii) the coordinates of$
(iv) the area ofthe trapezium P9IRJ.

11 The roots ofthe equation 3x2 +5x+1=0 are d utd. p u,hile the roots oflhe equation

b2 -4x+k=O arc d+3 md B +3.

x

12)

121

t21

lzl

4
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(D Ca.lculate lhe numerical values of& and,t.

dB
(ii) Form an equation whose roots are 

V 
amd- .

(a) Without using a calculalor, solve the equation xJZd = (x - l)JJ + "6 , t"aring

"-"!tyour answer in the form -17- , where a and b are positive integers.

t5l

t4I

I41

t5l

12

l3

(b) Solve the following simullaneous equations.

2'*2 +5) = 881

l,-l <rJ - )-7

(ii)

(b) (r)

(0 cos(l - B) ,

. (.q\
sml-l

\.2 

'
I + sinx cos.r

Prove the identitv- + 

- 

= 2 sec x' cos J l+sin.r

I + sin(r + 50") ms(r + 50')
Hence. solve ----- 

-+_-#=7 

for0.s,rs360..' oos(r +50') 1+ sin(x + 50')

t 
,a=l wi rtllt A alrd B liein the same quadrant,(r) Given thar sin I = -:, tar 

2
find the exact value of

(ii)

l2l

Lz)

t3I

t4l

14 The diagram shows a qua&llaleral ABCD in wttch IBAD, Z. ED, ZAI{ and,

ZBCD are right angles, /,48C -- x,AD= 4cmatdlB=8 cm.

5
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A

4

8

D

F

(D Sho* tha EF = 8sin.r-4msr.
(ir) Show that the perinreter, P cm" of the quadrilateral IBCD is given by

p=4cosx+ 12 sinx+ 12.

(iii) Express P in the formRsin(x + a) + 12, where R>0urd0"<a<90".
Hence,

(iv) stat€ the maximum value ofP and the conespondiflg v&lue of.x,

(Y) find the value ofx when P = 19.

CD

12)

12)

12)

t3l

tzl

- End of Paper -

x

EF

6

I

I

I

I
I

I

I

I

I

I

I

I

I
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\fl.
I)unearn Secondary School

Additional Mathematics for Secondary 3 Express
End-of-Year Examination 2017 Marking Scheme

Maximum 2 marks will be dedusted from overall paper for 3 s-f. error or missing/wrong units

Qns Marking Scheme Marks Remarks

I

,,ffi.nil E:]

3x2 +t+2 A B C
(2:r+l[.r-1)'z =-+-+-

2x +l (;r - l) (.r - l)'
3x2 +x+2=A(x - 1)'? +.8(2x + l)(r- 1) + C(2r + l)

Lel x:1,
6 =3C

Letx=-!.
2'

2.25 = 2.25A

A=l

Let x=0,
2=A-B+C
2=1-B+2
B=t

3x2 +x+2 1 2

(2x+l)(r-l)'? =-+-+-
2x + I (x -l\ (r -1\'

M1

M2

AI

iil . , rj=;]-

The ability to form $e
correct partial fraction
form.

By sub stituting
appropriate numbers to
solve for unknowns
(any mistake -lm)

I
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M1
MI

A1

AI

1' , 2', 
-=5(2\u2'-t (5*,),

(5'12'+2> )(2re') ) = 5(2)6

(5--2)(21' ') = S(Z)o

2y -3 =6

By comparison,

- x-7=1
x=-3

9
'2

7

A1

a)(

=t'+h-[*lt,'i
\L) \. )

1-G
z

t"G
22

-n 1t ,l ,lsm-t8n--@s-tan-6443

M1

MI

A1

For finding basic angle

For finding all angles

br 2x-1
J

(b)

tarl;2x-L\=o.4'3'
a = 0.380s0

2x -Z = 0.38050, 3 .5ZZog, 6.66168, s.8o527
J

x = 0.7 l4rad, 2.28rad,3.86rud, 5.43rad

O 1x 3 2zr

,. - r llr__<2x_-<-
333

3

?

M1

studykaki.com
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f(x)=x'+m2 +5x+b

f (2) = Q)r + a(2)'1 + 5(2) + b = 0

4a+b+18=0 ----(l)

f (1\ = 4f (-t)
(-2)3 + a(-2)2 + 5(-z) + b = af(l)3 + a(- I )'? + s(- r) + e ]
4a+b-18=4(a+b-6)
4a+b-78=4a+4b-24
3b=6
b=2

sub ina (1) :

4a = -20
a=-5

MI

MI

AI

AI

(D

BI

M1
(ecf)

The ability to factorise
cubic equation,
No Ml rewarded if
students do not show
workings for
fastorization,

B 1 for ail answers

4

(ii) .f (x) = x' -5x2 +5x +2

= (x -2)(n'z -3x -l)

(x -2)(x1 - 3, - I) = 0

x = 2, 3.30, - 0.30

5 (D

sub ( -2.1\ into v = L bx - 2 :'2
t =!tt-z't-z

2
3=-b
b=-3

a+b=4+(1)=1(shown)

9x1 + a(y -1)2 =f$
whenx=0 and y=!,
9a=36 M1

MI

AI

Correct substitution

Corrcct zubstitution

3
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6

(ii)

(i)

Sub y=-1r-2 into 9r2 +4(7-1)2 =36

9xz + 4\-1a-2-112 =36

9x2 +4g1a-31'=36

9x'+4(x' +9x+9) = 35

9x2 +9x2 +36r = 0

l8*z + 36.r = 0

18x(x+2)=0
x=0 or -Z
r=-2

i/(0, - 2)

v

I_T

I

It

I

M1
(ec0

MI

A1

D1
DI
D1

Correct substitution

Conect factorisation

Correct amplitude
Correct period
Correct waveform

(iD 3sin2x-;r-3=0
3sin2x+l=r+4
Y=x+4

MI ecf for below

4

I

I
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I \
.\

i
I

The line does not intersect the curve thus
3 sin2x - -r - 3 = 0 has no real roots.

v

B1

x

D1
(ecD

y:.r + 4 drawn
ecf allowed if students
managed to draw the
Iine shown above.

G) log, ,, = I + logl (y + 3)

los. v = toP", * log'(Y+3)
2

bg, y' =logr2z + logr(y +3)

Yz =4(Y+3\
y'-4y-12=o
(y-6)Ct+2)=o
!=6 or - 2 (rejected )

M1

M1

MI
A1

Change of base

multiply by 2

Factorisation
For both answers

7

o)

3

9

D-2 5

-)
-J

M1

M1

A1

5

I

logra=n
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(D

x'? - x(2x - p)+(2x- p)2 =l
x2 -2xz + px+4xz -4px+ p2 -1=0
3t2 -3px+ p2 -l=o
Disoiminant > 0

(1il'1 -AQXpz -D>-0
9p1 -12p2 +lz> o

-3p2 +1220
p'-4<O
(p +2\p -2) <0

-2< p<?

0)

2x-y= p
y =2x- p

MI

M1

MI
AI

For substituting line
into curve

Solve inequality
(independent ofsign of
discriminant)

Discriminant

(ii) For tangent, d iscriminant {
p'-4=o
(p +2)(p-2) =0
p=2or - 2(rejected) BI

8

Snce p =2Ji v 2, using (a) answer, there is no

(iii) Di:criminant = -3{p2 -4)
= -{2.61,-a]
=-2.4<0

There is no intersection.

Altemative answer

intersection,

AI

MI
AI

MI
(ec0

For showing D<0
Conclusion

for stating p>2

6

I
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9 (i)

I

1

l.:
t-:-:
i-r- ,

i ii

x

D1

D1

D1

DI

Modulus graph ('W'
$ape)

Correct Jr interc€pts

Correct / intercept

Correct maximum point

(iia) -?E:'r:diB B1

(iib) h=0 or k=lO.r25 B'l for each answer

(i) Snce PQ anil QR is perpendicular to each other,
a-4 a-5

-x--:-l
3-7 3+2
a2 -9a+20 I

-20
a2 -9a =0
a(a -9) = 0

a=0 (NA) or a=9 (shown)

MI

A1

for equating tlre product
of both $adient = - I

(iD 5
Gradient of PS = QR = - --

-4
5-0 5

-2-r 4

-5(-2-x)=20
10+5.r=20
-_,)

"oo.O.rru," 
og 7= (2, 0)

M1

A1

equating gradient
(accept ifstudents find
equation ofP$

(iiD Horizontal distance of PS
3

= =x(2-(-2)) = 6'z

x-coordinates of,S is 2 + 6 = 8

Vertical distance ofPS = 1
., x5=7.5

BI
(".0

7

I

1
i
{

I

I

I

l

t0

B2

nE-Blillr:
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lr-coordinates of ,S is 0 - 7.5 : - 7.5

.'.The coordinates ofS are (8, - 7.5). BI

(iu)

= )lor - t .t * o0 - r8) - (63 + 32 +ls + 15)l

3i

,

Area of trapezium Pp,?.S

r13-ils

= Tl l units'
4

78-2
4 -7.5 5

M1

A1

Shoelace method /
trapezium formula
method

e.c-f. based on their
coordinates ofS.

1l (i)

i

From (4):

(d +3)(P +3) =

aB+3a +38 +9 = L
h

1131-li*e=t
33'h
13 k ,..

----(4)3h

3.r'?+5x+1=0
{

d+ B=-1 -- --0))
os =l- -- --0\

J

hx2 -4x+k =O
l(a+3)+(p+3\=-

Aa+F=1-6 ----(3)

Sub (l) into (3):
a<
--0=--h3
.t2

13

MI

MI

MI

AI

Correct sum and
product ofroots for
both

Correcl sum and
product ofroots for
both

For substituting values
fiom (1) and (2)

8
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13k
31?

13

k=4 AI

(ii) d
-+p

p_ a'+F'
d ap

(o + F)' 2oF
ap

l
3

19

J

a0aF
-x-=-=IPa aP

xt -9r+ l: o

M1

MI

M1

AI

for expressing
d2 +p2 ={q+fi)'-2rrB

Correct value for sum
of roots

Correct value for
product ofroots

t2 (a) *Jn =G-\J1* Js

,Jn=rJl-Ji+Ji
z*Ji-*J1=-JT+Ji
<zJ5-JIl=-J5+6

-'.6+,6 zJi +Ji
2Ji - zJs + J33

_-2J5-3+ro+Js
t7

-r:/-Jl)
17

MI

M1

M1

A1

grouping of subject

rationalising

(b) 2'*2 +5! = 881

2'-t _ 5y-3 _27
---(1)
___(2)

Leaa=2randb=S',

from ,): 4(2') + 5, =881
'' 4a+b=881 ---(3)

MI Correct substitution

9

r- !l' - zrll'3 3'
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ftom (2): ;(2') - fi<s'l =zt
l25a -'2.b = 6750 ---(4)

(4) + 2(3):
125a -2b +8a + 7b = 8512

l33a --8512

a=64

Sub (3)' 4(64)+ 
' 

= 881

b=625

2'=64
.r=6

5t =625

r=4

MI

N.{l

A1

AI

correct (3) and (4)

correct simultaneous
method

(ai) cos(l - 8) = so5 ,{ cos B + sin ,{ s in B

=(-,,1 +).( ix +)
E3

5J5 5J5
1l

5.J 

'

MI

A1

l3

(aii)

3

Jto

*rl = I -2rir'(+) M1

AI

Using double angle
form ula

^. A.Srnce ls m second
2

quadrant

10

. A h-r*ism- = -l-212
I;;5=1--

I

I
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(bD I + sin;r cos.r

-+ 

_ = zsecr
cos r 1+ sinr

,,,". (l * sinx)2 + cos' x - 1+ 2sin-r+sin2 x+ cosl x

cos.r(l + sin x) cos.x(1+ sin x)

_ 2(1+ sin r)
cos(l + sin r)

2

cos r
= Tsecx (proven)

MI

MI

AI

combining fiactions and
expansion

Using sin2 -r+ coc2 x =1

(bii) 1+sin(r+50") cos(;r + 50')
=7+

cos(.r+50") l+sin(x+50")
2 sec,(r + 50o) = 7

cos(x+50')=2
7

a = 73.398

(.x + 50) = 73.398, 286.601

x = 23.4", 236.6"

MI

MI

MI

AI

Using identiry in (i)

change to cosine

For finding basic angle

Both answers

l4
i=lilffii
(i) ZEAD = x

EF =AF -AE
=8sinx-4cos: (shorvn)

Ei:,* ,

MI
AI

Working for finding lF
and lE must be seen

for Ml to be awarded.

(ii) Bf'=8cosx
FC = 4sin r

P = 12 + 8sn x - 4cosr + Scos x + 4sin.r

= 4cosr+12sinx +12 (shown)

MI

AI

for both BF and FC

(iiD R= t2' + 42 = Jla_ = a.Jro =12.6

a=tann!=18.43q
t2

p= 4Jio sin(d +18.4.) + l2

MI

M1

AI

accept Ji60 and 12.6

(iu) MaxP= 4i0+12=2a.6

(B+18.4") = 90

0 =71.6'

MI

AI

1l
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MI

AI

(v) 4Jio sin(, + 18.4340) + t2 = l9

sin(d +18.434) = 0.55339

a = 33.600

0 =15.2o

12
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