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Mathematical Formulae

1. ALGEBRA

Quadratic Equation

For the equation ax® +bx+¢=0,

_ —bt+b* —dac

x=
2a

Binomial expansion

(a+b) =a"+ L g P Py b,
1 2 r

n_ nn ~1)..(n—-r+1)

. e s n
where » is a positive integer and = =
r ri(n—r)! r

2. TRIGONOMETRY

Identities
sin® A+cos®> A=1
sec? A=1+tan’ 4
cosec2 A =1+cot’ 4
sin(A4+ B) =sin Acos B+ cos 4sin B
cos(A+ B)=cos Acos B+ sin Asin B

tan(A:tB)= tan A+tan B
1—tan Atan B

sin2.4=2sin Acos 4

cos2A = cos’ A—sin’ A=2cos’ A-
2tan A

1-tan> 4

1=1-2sin* 4

tan2A4 =

Formulae for AABC
a b _ ¢
sind sinB sinC

a? =b? +c* —2bccos 4

=-1—absinC
2
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Answer all the questions.

1 (i) Express 4x* +8x—5 in the form plx+

g)* +#, where P. q and r are constants to
be found.

[3]

() Hence, state the coordinates of the turning point of the curve y = 4x* + 8x—5. [1]

FMS(S) Sec 4 Express Preliminary Examination 2024 3
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2 Without using a calculator, find the values of @ and b for which the solution of the

a+vb

7

equation x24 = x3+ J6 is

B3]

BP-94
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3 Points 4, B, C and D lie on a circle. T

he tangent to the circle at 4 meets BD produced at
E. AE is parallel to BC.

Prove that
(i) AB=4C, [3]
(ii) ZCDE=2,4BC. [3]

FMS(S) Sec 4 Express Preliminary Examination 2024 5
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4 (a) The diagram shows part of the graph of y=atanbx+c. The graph has vertical
asymptotes at x = —47 and x = 4x and passes through the points Pand Q.
¥

i X

1

i

}

i

i

|

x=—347

i

i

. . 1
(i) Explain why b= 3 [2]
(i) Hence find the equation of the curve. (2]

FMS(S) Sec 4 Express Preliminary Examination 2024
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(b) The function f(x)is defined by (x)=4+3sin2x for 0°<x<360°

Sketch the graph of y=f (x) on the axes below. [2]

v

X
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5  The diagram shows a shape made by cufting an equilateral triangle out of a rectangle of

width x cm.

e & ¥t | Rt

The perimeter of the shape is 20 cm.

6+J§]x2_ ;3]

(i) Show that the area, 4 cm?, of the shape is given by 4=10x —-( 7

BP-98
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(i) Given that x can vary,

find the value of x which produces the maximum area and
calculate this maxim

um area. Give your answers to 2 significant figures. [4]

FMS(S) Sec 4 Express Preliminary Examination 2024 g
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Bx+13 in partial fractions. [5]

(1 +2x)(2+ x)2

6 (a) Express
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(b) Hence, evaluate f 7 jx;(_f 7 o [3]
+2x)(2+x
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7 The polynomial f(x) is such that f (x) = 6x +ax’ —50x +b, where a and b are integers.

1t is given that f(x)1s divisible by 2x—3and that f' (1)=6.

(a) Find the values of aand b. 151
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(b) Using your values of ¢ and b, solve the equation f{x)=0. 3]
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8 (a) Show thatthe solution of the equation 2**** x 51 16" x 5*1is lglsE . (3]

¢ equation in x and explain why there

(b) Express 2log, x—log,(x—4)=3 asa quadrati
B3]

are no real solutions.

14
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9 (a) The variablesx and ¥y increase in such a way that when x = 3, the rate of increase of
¥ with respect to time is three times the rate of increase of x with respect to time.

Given that y =£+3x+7,where kis a constant, find the value of k. [4]

FMS(S) Sec 4 Express Preliminary Examination 2024 15
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(b) The mass, m grams, of a radioactive sample, present at time days after being
observed, is given by m=24e "%

Find
(i) the initial mass of the radioactive sample, 1]
(ii) the time taken for the sample to decrease to half its initial mass, [2]
|
(iii) the rate at which the mass is decreasing after 12 hours. 2]
FMS(S) Sec 4 Express Preliminary Examination 2024 16
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1
10 (i) Show that fan x + +secx= _2 . [5]
I+secx tanx  sinx

FMS(S) Sec 4 Express Preliminary Examination 2024 17
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tan 1+sec .
i ¥ —1+3sinxfor 0° <x<360°. [4]
l+secx tanx

(i) Hence solve the equation

FMS(S) Sec 4 Express Preliminary Examination 2024 18
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11 The diagram shows part of the curve Yy=(O-x)(x-3)and the line y=k—3, where £>3.
The line through the maximum point of the curve, parallel to the y-axis, meets the x-axis
at A. The curve meets the x-axis at B and the line ¥ =k -3 meets the curve at the point

Clk,k-3).
&
=P -xix-3)
y=k-3
° /
(i) Show that the value of k is 8. [4]
FMS(S) Sec 4 Express Preliminary Examination 2024 19
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(i) Find the area of the shaded region. [5]
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12 Solutions to this question by accurate drawing will not be accepted.

The diagram (not drawn to scale) shows a trapezium OPQR in which PQ is parallel to OR
and ZORQ = 90° . The coordinates of P and R are (—4, 3} and (4, 2) respectively and O is

the origin,
ya
Y
T
P({4,3)
£{4,2)
0 T
(D  Find the coordinates of 0. [5]
FMS(S) Sec 4 Express Preliminary Examination 2024 21

Additional Mathematics Paper 1




BP-112

NAME: ( ) CLASS:
(i) PQ meets the y-axis at T. Show that triangle ORT is isosceles. 3]
The point S is such that ORPS forms a parallelogram.
(i) Find the coordinates of §. [1]
(2]

(iv) Find the area of the trapezium OPQR.

~ End of Paper ~
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FMS(S) SEC 4Exp Additional Mathematics Paper 1 Preliminary Exam 2024 Marking Scheme

1i 4x2+8x—5=4(x2+2x)—5 M1 A0!
=4[Cr+1y - 1]-5 M1 complete square
=4(x+1)* -9 Al
i | Tumning point = (-1, -9) B1 A0l
2 w24 =236 o AOT |
actorise x
(3 3) =5
ve 6
(V34 )
M1 Multiply by
= V6 x 2v6 +3 conjugate surd
(2V6 ) "2V +45
= M M1 simplification
4(6)-3
12432
21
_4+J5
7
a=4d4andb=2 Al Al
L
3i | LCAE = ZA4BC (alt segment theorem/tangent chord thm) B1 AO3
ZLACB = £LCAE (alternate /s, BC//AE) Bl
ZABC = ZACRB (base s of isos A)
-~ AB = AC (shown) AGI
3 | /BAC=180°-2/4BC (/ sum of A) M1 AO3
£BDC = ZBAC (/s in same segment) Bl
ZCDE =180 - ZBDC (adj Zson a straight line)
ZCDE =180 -(180° - 2/4BC) (adj Zs on a straight line) AG1
ZCDE =2./4BC (shown)
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4a | Since the period = 87 Bl AQO3
i z
8= —
b
1 AG1
b=—
8
ii c=3 AO1
Fis
7= atan[ZJ+3 M1
a=4
= 4tan(§—)+3 Al
Bl correct sinusoidal | AOI
(225°,7} shape with correct
' : turning points
B1 two cycles
S T (13501 @ (3180,1)
St Length of rectangle = 20 -2_ 3% Bl AO3
Area = (20—3x)x—lx2 sin 60° Ml
2 2
=1()x——3-:rc2 L £
2 2
=10x—(6+ﬁ]x2 AGl
4
5i | g4 6+3 AO1
—~=10-2 B1 - diff
dx ( z ) @
For stationary point,
10—2(6+J§]x=0 M1 — equate to 0
4
(6++3)x=20
20
x= =2 5866 =2.6 (25.f) Al
(6+ ﬁ)
4 =10(2.5866)—[21*/—5]'(2.5866)2 = 12933 N




| 4=13 ;
6a 8x+13 A B C AO1
P = + + 3 Bl
(1+2x)(2+x)" 1+42x 2+4x (2+x)
8x+13= 4(2+x)’ +B(1+2x)(2+x)+C(1+2x) M1 --sub or compare
x==2 =  -3=-3C coefficient
C=1
1 9 Al (anyone of 4, Bor C
=3 = Q:ZA correct)
4=4
x=0 = 13=44+2B+C
13=4(4)+2B+1
B=_2 Al (all 3 values 4, B & ()
_ 8x+13 4 2 1
S 5= - + > Al
(1+2x)(2+x)" (1+2x) (2+x) (21x)
6b Iz 8x+13 AO2
1+ 2x)(2+x)
: 4 2 I
= - dx
L(1+2x) (2+:rc)+(2+x)2
= im(1+2x)—zln(zw)——_l 2 B2
2 2+4x [B1 for 2 correct In term: B1
1 1 for the 3" term)
:[2]n5-—21n4——4—}-[21n3—21n3—§J
202+ L or mZL, L oos30 (to 3 sig fig) | B!
4 12 16 12
2] £ =18x +2ax—50 BI AO2
Since f{1)=6
18+2a-50=6 M1 forming equation

a=19 Al
3
Given f(-i] ={

(3] -o(ge

20.25+42.75-75+b=0

Al

M1 forming equation
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b=12
7b f(x)=(2x—3)(3x2 +14x_4) B1 found using any valid method AO1
When f(x)=0
(2x—3)(3x* +14x-4) =0
(2x—3) =0
L3
"2 B1
(3x° +14x—4)=0
_14+.J(14) - -
1414 -40)()
2(3)
x=02700r x= -4.94 (3 sig fig) B1
8a 23x+4 w 52::‘1 =16 x 53x AO3
23:: w 24 x 52x 0% 5—1 - 24x X53x
19 = 24x +23x x53x +521
16 .. o M1: simplify base 2 and base 5 terms
<=5 correctly
5
E=10‘
5
lgESE =1gl0* M1: introduce log on both sides
x= 15% (shown) AGI1
8b AO3

2log, x—log,(x—4) =3
log, x* —log,(x—~4)=3

x2

log, 4=3

x—

xz

x—-4=

x*=8(x-4)

x*—8x+32=0

y= —(-8) +4/(=8)* —4(1)(32)
2

23

} M1: power/quotient law

M1: change to index form

MI1: form quadratic eqn

M1 solve forx
OR show b* —dac =—64
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_ 8+4/-64 | AGI: explain v—64 does not exist or
= 2 b* —4ac<0 ..no real solution
. No real solution (shown) ]
9 | = kx4, AO2
1
% = %(3 X+ 7)' 2 B1: correct differentiation
Given d =13 dx M1: write the correct ratio
dt dt
dy _dy dx
dt dx dt
3de dy dx
& =d—i:-><d— M1: form chain rule
! correctly and subx = 3
3k _1
3= (3x+7) 2
Subx=3
1=-X(x347y3
1=£xl
2
k=8 Al
9b Subt=0,m=24g Bl AOQ1
i
fi 24e7002 _ 19 M1 AO1
Ine™¥ —I1n0.5
~0.02t=In0.5
In0.5
t=———=347da
—0.02 ¥ Al
iii %}; — _0.48¢-0%% Bl AOl

Sub 1=05, % =-0.48¢°%09 = _0 475 (3 s.1)

Mass is decreasing at 0.475 g/day

B1 (must write statement)
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110 | LHS AO2
! = sinx _:.(1.;_ 1 +l11+ 1 )+smx Ml:tanx=§gl—x& secx=—1——
cosx cosx cosx,/ COSx cosx cosx
sinx ( cos X ] (COSJC%—I) Cos X
= x + X —
cosx \cosx+l1 cosXx sin x
_ sinx N 1+cosx
cosx+1 sinx o
Si[lz X+ (1+ COS x)?. MIl: 51mp11fy both [ 1
=— correctly
sin x(1 + cos x)
_sin’ x+1+2c0sx +cos’ ¥ M1: add the fractions and
- s x(1 + cosx) expand correctly
_ 2+2cosx
sin x(1 + cos x)
__2(i+cosx) M1: factorise numerator
sin x(1 + cos x)
2 AGI1
=—— (shown)
sin x
OR
tan? x + (1 +secx)’
OR LHS = ( ) M1: add fractions correctly
tan x(1 + secx)
_tan®x+1+2secx+sec’ x
tan x(1 + secx)
_ 2sec’ x +2secx M1: expand and add correctly
tanx(1 + secx)
_ 2secx(secx +1) M1: factorise numerator
" tan x(1+secx) )
__2 . sinx MI: seox=—— & tanx ="
COSX  COSX cos ¥ cosx
2
=—— (shown) AGl
sinx
. AO1
.1.0 tan x +1+Secx=1+3smx j
| ]+secx tanx
—_i- =1+43sinx
sin x
3sin® x+sinx-2=0 M1: form quadratic eqn
L (3sinx-2)(sinx+ 1)=0 M1: factorisation or general formula




sinx=§ or snx=-1

x=41.8°138.2° or x=27¢° (reject

(to 1 dp) as tan 270" is undefined)

Al Al

1| y=(9-x)(x-3)

Sub (%, £-3) into y = (9~ x)(x~3)

k=3=(9-k)k-3)*
k—=3=9-27-k*+3k
K —11k+24=0
(5-3)k-8)=0
k=3(N.A) or k=8

*OR  (9~k}k-3)-(%k-3)=0

(F-3)}9-%k-1)=0
k-3)B-k)=0
k=3(NA) or k=8

M1 substitution

M1 form quadratic eqn
M factorisation

AGI must state N.A. forx =3

AO3
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ﬁ1

Lety=0 9—-x)x—3)=0
x=3 or x=9
x-coordinate of B=9

x-coordinate of 4 =~3i29— =6

** OR use iy_ =2x+12
dx

. .. d
At turping point, ?é =0

-2x+12=0
x,=6

Area of APCQ =5x2=10 units®
Area COB =[ (—¢ +12x-27)x

k4

M1 : either x, or x;

B1 (area of rectangle)

M1: Integrate all terms

Eqnof QR: y-2= 2(x—-4)
y=-2x+10
(1=2):

=[—%x’ +6x* —27x} correctly
1
={—%(93)+6(92)—27(9)]—[—%(83)+6(82)—27(8)]
5 Al
=23 its®
Shaded area =10+22 =122 units’ o
ed area = 3—- 3 J
—
1?12 Gradient of PQ = gradient of OR= % A0
Eqn of PQ: y—3=12(x+4)
y==X+5 - (1 Bl
Gradient of QR = — 2 Mi: mm, =~

M1 (Equation of QR)
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lx +5=—2x4+10 Mt1: form simultaneous eqns
2
x=2

~0(2,6) Al
12 | Inegn (1), AQ3
i ' Letx=0, y=5

:.OT = 5 units Bl

RT =(4-0)? +(2-5) BI

RT=25=5

Since OT = RT = 5 units, AORT is isosceles, AGI
12 | LetS=(a, b) AO2
iii | By inspection:

S=(0-8,0+1) =(-8,1) B1

OR

Midpoint of RS = Midpoint of OP

(a *4 5+2) (43

27 2 272

a+4=-4 & b+2=3

a=-8§ b=1

Hence coordinates of § = (-8, .
12 | Area of trapezium OPQR AQ1
iv 10 -4 2 4

20 3 6 2 0

:%[—24+4—24-6| M1

= lfu 50|

2
= 25units” Al J
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