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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation o’ +bx+c=0,

_ ~b+b? -4ac

2a

X

Binomial Theorem

(a+by'=d+ (T]a” ‘b+[;) a""2b2+...+[nJa""b’+...+b"_.
r

P A r=De..(n-r+])

where # is a positive integer and | |
r) (m—=r)ir! r!

2. TRIGONOMETRY

Identities
sin> 4 +coscA=1
sec’A=1+tan’ 4
cosec’ A=1+cot? 4
Formulae for AABC

a b e
sind sinB sinC

@ =b+c*-2bccosA

A= -1-bc sin A
2
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€)

(b)

®

(i)
(iii)

3

Find the exact value of tan(ggi] + sin[%) i

If tan@ = —% and 0° <@ <180°, find the exact value of cos(360°-8).

Sketch the graph of y = Lz .
X

On the same diagram sketch the graph of x =37,

Calculate the coordinates of the point of intersection of your graphs.

The quadratic equation 2x* —5x+6 =0 has roots @ and 2.

@

(i)

(@

(i)

Write down the value of o+ f and af.

A second equation 4x” + px+¢g =0 has roots 1 anal,

[2]

[2]

(1]

a
Find the value of p and of gq. [3]
3 2 2
Express e 4;6x b in the form 2 + _a.x+_b3§+i where a, b and ¢ are
(x+D(x"+1) (x+D(x* +1)

unknown integers.

2x*+5x% +6x+1 | ; ;
- in partial fractions.
(x+D{x"+1)

Hence, express

(2]

[5]
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4

Larry is given an injection which contains the drug Flugo. The concentration of Flugo, C, in

the bloodstream is 4e~>°* units/cm at time ¢ hours after an injection.
(i) Determine the time when C = | unit/cm. 21
(ii) Sketch the graph of concentration against time for Flugo. [2]

(iii) 15 hours later, Larry is given a second dose of the same injection. Calculate the
concentration of Flugo in Larry’s bloodstream another 5 hours later. (2]

A drug becomes ineffective when the concentration of the drug falls below 1 unit/cm.

(iv) Another injection contains the drug SneezeFree and the concentration of this drug at

o 2 .
007 L _Z_ \nits/cm.

t+1
Given that the concentration of the drug only decreases, show that Sneezefree

becomes ineffective between 12 to 13 hours. [2]

time ¢ hours after the injection is 2e

(@ () Express 3p) p*+ 7(,02‘” )1 in the form 16 p™*, where a and b are unknown

integers to be found. 2]
(i) Hence, show that (3p)’ p** +7(p> }' is a perfect square. 2]
(b) Solve 5" + 5™ =10. [5]
x 1Y
(a) Find the coefficient of x~? in the expansion of [ = +— | . [3]
2 x

(b) Given that (1+x)? +(1+3x) =a+23x+bx” +..., where p and g are integers,

and p+gq=11,

(i) state the value of a, [1]

(ii) find the value of p, g and b. [5]
(¢) (i) Expand the first three terms of (1 — m)’, in ascending powers of m. [2]

(ii) Hence, expand (1 -x=x’ )? up to the term in x°. [2]

4047/1/Sec3EndYear1?
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5
8 (a) Find the range of values of m for which the equation 2x? +mx+2 =0 has no real
roots for all real values of x. [4]

(b) (i) Express y=4x-2x"inthe form y=a(x +m)2 +n, where @, m and n are

constants. (2]
(ii) Hence, explain why the highest value of the graph is 2. [1]
(iif) Find the range of values of x for which the graph of y =4x—2x" is below the
line y=3-x. [3]
End of Paper
la 2
—f3 +—
1b
5426
26-
2i, i
ol
x? 3
\ X=y
2iii (LI
3i 5
@+ ﬁ = 5
aff=3
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3ii

4i

4ii

5i
5iii
6ai

6b
Ta
7bi

7bii

7ci
7eil

8bi
8biii

__lo
P="73
=4
3
3x2 -
24 3x° +4x-1

(x+1D(x* +1)

2 —
54 3x° +4x-1 _9 1 4x

=2- +
(x+D(x* +1) x+1 x? 41

46.2hours
5.64umnits [ cm

l6p2+41'
Fp=0
7.875
a=2

p=5

g=6

b=145

(1-m) =1=-Tm+21m* +...

1-7x+14x7 +...

—4<m<4
2(x-1)% +2

3
x<lor x>—
2
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2
Mathematical Formulae
1. ALGEBRA

Quadratic Equation

For the equation ax” + bx + ¢ =0,

_ —-b+b? —4ac

2a

X

Binomial Theorem

3
(a+b)'=d"+ {?}a""lb-r(g a”'2b2+...+[n

(n n!

where 7 is a positive integer and | ] =

\r

(n—r)ir!

2. TRIGONOMETRY

Identities
sin 4 +cos’ 4 =1
sec’4=1+tan* 4
cosec> A=1+cot’ 4
Formulae for AABC

a b _ ¢
sind sinB sinC

a@=b"+c*-2bccos A

A= lbcsinA
2
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A cylinder has a volume of 90n cm’ and radius (2 + 3 ) cm.

Find the height of the cylinder in the form (a + b 3 ) cm.

(@)

(b)

(c)

(@)
(b)
(©

(a)

(b)

(©)

M
(i)

Find the range of values of ¢ for which the line y = 2x + ¢ does not intersect the

2
curve y=——o-.
1-x

Show that, for all real values of p, the equation x* —2(p+1)x +2p = Oalways
has two real and distinct roots.

A cubic equation f(x) = 0 has roots 0, -1 and 2k.
Given the coefficient of the highest power is 2 and has a remainder of -72
when divided by x — 3. Find the value of £.

Solve the equation 1g5x—6)+Ig3x+1)=1+2lgx. [4]
Given that 4° = 12°, prove that log, 4 = —-é—g

a —
Given that p =log, xand g = log, y, express the following in terms of p

and/ or g.

i) log, =, 3]
¥

(i) logx.

.y .. sinx sin x
Prove the identity =2cot x.

+
secx—1 secx+1

Solve the equation 2cos[ y+g—) =1for0<y<2m

Leave your answers in terms of .
Solve the equation 5sin.4 cos A +2sin 4 =0 for 0° < 4 <360°.

Sketch the graph of y = 1g (x + 2).
In order to solve the equation 10°™ =(x+2)*, a graph of a suitable straight line

is drawn on the same set of axes as the graph of y = 1g (x + 2).

Find the equation of this straight line.

[3]

[5]

2]

(3]

(4]

(2]

(4]

[4]

(4]

(2]

(3]
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8

(i) Find the coordinates of the centre, C and the radius of the circle which has the

points A(1, 4) and B(7, 12) at the ends of a diameter.

Hence write down the equation of the circle.

(i) Find the equation of the tangent to the circle at P(8, 5).

(a) The diagram shows part of the straight line graph when xy is plotted against
(x+1).

Xy A

(—1,6)\

-

é
o @ 0)\ x+1

Find
(i) the value of @ in degrees,
(ii) yinterms ofx.

(b) The table shows experimental values of 2 variables x and y.
It is known that x and y are connected by the equation y = ax® + bx.

¥y 22 117 28.0 49.0 76.8

(i)  On graph paper, plot a2 against x and draw a straight [ine graph.
X

(i) Use your graph to estimate the value of a and of .
(iii) The same equation y = ax® +bx can also be represented by using a

different vertical and horizontal axis.

Explain how the values of a and of b may be obtained.

Given that y = p + ¢ cos 2x, where p and g are integers.

[4]
(3]

[2]
(2]

(2]
(3]

(2]
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(i)  state the period of y.

Given that the maximum and minimum values of y are 2 and — 4 respectively, find
(i)  the amplitude of y,

(iii) the value of p and of q.

Using the values of p and g found in part (iii),

(iv) sketch the graphof y for0<x < =

9  The diagram drawn below is not to scale.

0 ’4

> P2, 3)
/
\/O %

R(-4,-5)

v

The diagram shows a triangle POR in which the coordinates of points P and R are
(2, 3) and (-4, —5) respectively and O is the origin.

The equation of PQ is |2y = —5x + 46 and OR is parallel to the line 6y + 13x = 0.
(i) Find the coordinates of X which lies on RP such that 3RX = RP.

(i) Find the equation of OR and hence show that Q is (-10, 8).

(iii) Find the area of triangle POR.

(iv) Explain whether it is possible to draw a circle passing through the points P, 0
and R with QR as the diameter.

End of Paper

Answers

(1]

(1]
(2]

13]

(3]
[3]
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2(a)
3(a)

4(b)

3(1)

6(i)
7(a)(1)
7(b)(1)

7(b)(iii)

8(1)
(iv)

9(i)

(630-360V3 Jem
—6<c¢<2
3

® 3
6 2

(x-47+(@ -80°=25

116.6°

(b)(ii) b = —4.7[-4.8 to -4 6]
= 2.9[2.86-2.98]

_ 9.8-(47)
5-0

a

X X

<

Plot l against L , from the
&

straight line obtained,
the gradient = b and the
vertical intercept = a

"
N
2\
o Tz
1§
45
X(-2, ~23)

2(c) 3
3e)i)p-3g

3(c)(ii) %

4(c) 0°, 1807, 360°, 113.6°, 246.4°

. 1 1
——J—— +_
(i) y 4x >

(i) 3y =4x—17

(a)ii) y=-2+2
X

(11)3

9(iii) 63 units *

(i)p =-1,4=3
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2017 Sec 3 Additional Mathematics Paper 1 Marking Scheme

la 27 . (=
tan| — j+sm| —
3 4 Bl, Bl
=3 +£ isw
2
b o 5 B1 - negative
cos(360° - 8) = - 726 B1 —ratio o.e.
_ 5J26
26
2 M (i) G1 — graph ofy:i2
X
3 (ii) 1 mark for 1* quadrant, 1
xX=y mark for 3" quadrant
] >
2iii _ 1 M1 - equate both graphs
o*)
y' =
y=1
x=
(LD Al
3i 5 B1 for both
a+pf=—
2
affi=3
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2017 Sec 3 Additional Mathematics Paper 1 Marking Scheme

3ii 1.1 p M1 — find sum or product of
E+E T new roots
a+ﬂ__£
af 4
%
Vi (- )
3 4
i dD Al
3
1.1_4
a p 4
1_4
3 4
4
=3 Al
4 2x°+5x% +6x+1 _,  3x +4x-1 M1 -~ long division or
D2 +D) T (D) +D) v
4ii 3x? +4x-1 _ 4 +Bx+C Bl
(x+Dx2+D)  x+1 x2 41
3x2 +4x—1=A(x> + 1)+ (Bx+C)(x +1) (~1 mark if no brackets for
Be+i)
x=-~]
M1 — substitution or
A==l comparing coefficient
B=4
C=0 A2 — (minus 1 mark for each
mistake)
3x? +4x-1 1 4x
2+ =2- + . .
(x+D(x2+1) x+1 x4 VBI (follow through if split
into correct cases)
Si 48—0,0&‘ =1
1 MI - In/lg both sides
lne-OOSJ‘ - ]Il—
4 Alisw
t = 46.2hours
Sii A G1 - shape (decreasing
graph)
If £ <0, ~1 mark for shape
4 Gl — intercept and asymptote
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2017 Sec 3 Additional Mathematics Paper 1 Marking Scheme

511 | Concentration

M1 — find concentration at

= 484].03(20) +4e—0.03(5) = 5 ort= 20
= 5.64units /
64units / cm Al
S5iv | Atr=12, M1 - attempt to show that
-00712) 2 concentration at one point is

C=2e +—— o
1241 above | and at one point is

=1.02 less than 1.

C = 2700709 4 2
13+1

=0.948
Hence, between ¢ = 12 or ¢t = 13, concentration must
have been 1. So it becomes ineffective between ¢t = 12

ort=13. Al - conclusion
6ai 2 4x 2541 B1 —expand ()" (either
3 +7
Gp)p 4 (p=} bracket)
=9p1px+7p4x+2
2+4x
= (16)
g Sk B1 — factorise common term
=16p (in the given form)
6aii | p***(16) B1- (p"*)* is a perfect
= (Pl+2:c)2 42 Squarc

B1 - 16 is a perfect square

6b | 57 457 =10
(5")'(5)+(5")(5)-10=0
let5* =a

54 +5a-10=0
(a-Na+2)=0

a=1 or a=-2(rej)

5% =1

x=10

M1 — split power 2x+1

M1 — form quadratic
equation

M1 — factorise

Al (-2 rejected, either here
or at final ans)

Al

Ta r 9-r
Generallerm = [9)(5] (lJ
rh2)\x

Powerof x =2r-9
2r-9=-1

r=4

Coefficient = 7.875

M1 Any method (general
term, expansion)

Bl—-»=4

Al
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2017 Sec 3 Additional Mathematics Paper 1 Marking Scheme

Tbi ja=2 Bl
Toil | (14+x)? =1+ px+...
(1+3x)" =1+3gx+...
p+3g=23 M1 — compare coeff of x
prg=11 M1 — solve simult.
p=3 Al
q="6 Al
5 6
b=| |+ 9
=145 Al
Tei | (1~-m) =1=Tm+21m" +... B21-7m, 2lm’
7cii | Replace m with x + x°
1-7(x+ x2)+ 21(x + x%)? +... M1 - substitute m with x + x°
=1-7x-7x> +21x* +...
=1-Tx+14x* +... Al
82 | m2-4(2)(2)<0 B1 — b*4ac with substituitn
3 B1 - Discriminant < 0
m-—-16<0
(m+4)(m-4)<0 M1 - factorise (no
—4d<m<d factorisation, MOA0)
Al
8bi | 4x-2x?
—— 2 —
= —ak) M1 +1-1
=(x? —2x+1-1)
D=1y %2 Al
8bii | 0 is the lowest value of (x-1)*
0 is the highest value of —2(x—1)* -
2 is the highest value of —2(x—1)* +2
8biii | 4x-2x% «3—x B1 - form inequality/equate

-2x*+5x-3<0
2x-3)¥x-1)>0

3
x<lor x>—
2

Bl roots 1, 1.5 seen

Bl
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No. Solution Remarks
1 907 Bl Formeqgn
2
mik Jﬁ) B1 Evaluate (rad)’
9 7-43
7443 x T =43 M1 Correct conjugate surd
M M1 Evaluate deno
49-16(3)
(630-36043 Jem Al
TOTAL | §
2® | oxies= li
G
x+c)(1-x)=2 M1 Equate line & curve
R O L R, and get quad eqn
£F p=STiEmesy Bl Inequality D <0
(c 2)-4(2)2 - ©) <0 M1 Correct sub of D
F+dc-12<0
(c+6)c—-2)<0 M1 Factoring must be seen | 5
s Al [-1m poor presentation]
2(b) X =2(p+Dx+2p=0
D=[-2(p+ DI -4 ) B1 Correct sub of D
=4p*+8p+4-8p
=4+ 1)>0 Bl >0 seen &
Real and distinct roots (shown) HECIL-e StRtEment 2
2(c) fx) = 2x(x + 1)(x - 2k) Bl Formeqn
f(3)=-72 Ml subx=3,R=-72
2003 -2k =-72
48k =144
k=3 Al 3
TOTAL | 10
lg(5x—6)+1g(3x+1)=1+21
3@ | EFTOIEGrHD £ M1 Combine Ig terms
I (5x—-6)(3x+1) 1
> x M1 Change to index form/
1552 —13x - 6 = 10 Remove Ig
55 -13x-6=0
(x—3)5x+2)=0 M1 Solve quad eqn seen
2.
x=3 X=- 3 (rejected) Al Mustreject —ve ans 4
3(b) 4° =12¢ M1 Bring down index
alog,4=>hlog,(4x3) Ml log; both sides
alog,4=>blog,4+blog,3
(a-b)log, 4 =b(1) M1 Split log; 12
Iog, 4 =a_*-"_£ BI Group logs4 term & ans |

Page |
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BP-230

No. Solution Remarks
3D log, i3 =log, x—3log, y M1 Use lg% =]lga - 1gb
Yy
Ml Use lIga”"=mlga
=P =3 q Al 3
ii B!l Ch b
3(c)(ii) Soiins 55 ll(z)ggzl;vc6 ange base
2
Bl
Y 4 2
4
TOTAL | 13

Page 2



2017 Sec 3 End of Year Add Maths P2

No. Solution

Remarks

4(a) sin x 4 sinx
secx—1 secx+1
_sin x(secx +1) +sin x(sec x —1)

M1 Combine fractions

2
sec” x—1 M1 Use identity
ZSinx[ ! J sec’x—1=tan’x o.e.
= $ M1 Use secx=
tan” x cosx
2 v 1
= M1l Usecotx= ——
tan x tanx 4
= 2 cot x(Proved) Prove LHS = RHS
1) | 20085+ 5y=1 .
6 B1 for —
T _7 rr_ 3
FrETe g Bl for 27 — (their Basic £)
3
Y= %,?ﬁ B2 do not accept deg equiv
ornotinm 4
Accept if whole gn work in
deg, then convert to ans in
4(c) S5sin Acos A +2sinA =0
sin A(5cos A +2)=0 M1 Factorise
sin4=0 A=10°, 180°, 360° Al All 3 ans
orcos A=-04  A=113.6°,2464° A2 4
TOTAL | 12
5(i) 5 YA G1 Shape & y-int (Ig 2 0.e.) |
y=lels+2) G1 asymptote & x-int
2 /=1 9 x
2
5(ii) 1072= (x+2)"
lg(x+2)t=—x+2 Bl Take Ig on both sides
4lg(x+2) = —x +2 Bl Bring down index
1 1
lglx+2) = —=x+~
gtd)y =¥ty
= = —l-x + —l- Bl o.e 3
Ay ©
TOTAL | 5

Page 3
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No. Solution Remarks
6(i) c4, 8) B1
—J-1F +(12—4) B1 Pythagoras’ Theorem /
28 B} ;/{E . ) +( ) Length formula with
- A LS substitution
Radius = 5 units Bl
Eqn of circle: (x - 4) + (y - 8)* =25 Bl | isw 4
Or x* + y* -8x-16y+55=0
6(ii) _8-5_ 3
Mep = -8 4 (must be from m_,)
Equation of tangent: M1 Perp gradient seen
4
y-5= 3 (x-8) M1 Finding Equation
y=ix——l-?- or 3y=4x-17 Al oe 3
3 3
TOTAL | 7
7(a)(i) tan 0= 6-0 M1 Relate tan fto grad
-1-2 Ortana=2
tan 6=-2 0=180"-a
6=116.6° Al toldp 2
T(@)(i) | xp=-2[(x+1)-2] M1 Find eqn of line &
xy=-2x+2 correct axes seen
y=-2+ T Al o.e [y mustbe subject] | 2
7(b)(i)
x 2 3 4 5 6 Tl
y 1.1 39 7.0 9.8 12.8
x
Y —ax+b anda straight line drawn L1 with vert int seen 2
X
7(b)(ii) | b=-4.7 Bl —4.8 to —4.6(fr graph)
' _98-(47) _ 29 Bl Calculate grad
a= s_o0 Bl  2.86 to2.96(fr graph) | 3
T(b)(iii) | y = ax® +bx
—y?=a+— B1 Egn of str line
: 4 X
Plot % against L3 , from the straight line obtained, B1 Explanation
x x
the gradient = b and the vertical intercept =a 2
{ TOTAL 11

Page 4
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No. Solution Remarks
8(i) n Bl Accept 180° 1
8(ii) 3 B1i 1
8(iii) p=-1,g=3 B2 2
8(iv) |
A G1 Shape
G1 Max pts, Min pt
’ \ G1 The other 2 pts
o ;
N S
4
3
TOTAL | 7

Page 5
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No. Solution Remarks
9(1) X(—4+2, =5+ ;x8) B1 forx
| Bl fory
M2, -2%)
‘ 2
R(-4-5) 6
9(ii) 13
Eqn of QR: y+5=—g(x+4) B e seen
6y =-13x - 82
Eqnof PO: 12y =-5x+ 46 (given)
2(~13x — 82) = —5x + 46 Bl Eqnseen
2lx i 2110 0 Bl Manipulation seen to
o get ans
y={(130-82)+6 3
y=8
-0 (-10,8) (shown)
O(iii) 2 -10 -4 2 Bl
Area = —
23 8 ~5 3
= % {(1 6+50-12)-(-30-32- 50)} M1 Correct manipulation
= 63 units Al 3
9(iv) 5 ]
m,, ==——
- 12 P
_3-(-5) _4 [l
B 2-(-4)y B )
4
Since mpp X mpg = —l—xg #—1
ZQPR #90°, QR is not the diameter | Bl Cgrrect conclusion
Not possible as it does not obey theorem- angle in with reason 2
semicircle
TOTAL | 10
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