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2
Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax? + bx + ¢ = 0,

_ —b++/b%*—4ac

2a

X

Binomial Theorem

(a+b)"=a"+ Gja”—lb+ {2} a”—2b2+...+[:ja”—’b’+ R

n ] _ _
where n is a positive integer and = n = n=D...... (h—r+)
r (n=n)'r! rl

2. TRIGONOMETRY
ldentities

sin A+cos?A=1
sec? A=1+tan’A
cosec’? A =1+ cot? A
sin(AxB)=sinAcosB xcosAsinB
cos (AxB)=cosAcosB FsinAsinB

tan Axtan B
1Fxtan Atan B
sin 2A =2sin Acos A
cos 2A = Cos? A —sin? A=2cos? A-1=1-2sin’ A

tan (AxB) =

tan 2A = 2'[8._[1?
1-tan“ A

Formulae for AABC
a b C

sinA:sinB:sinC
a?=b%+c?—2bc cos A

= ibcsinA
2

4049/1/Sec4Prelim2022



1 x? —3x(2m-x)+(2m-x)*+1=0 M1 Remove /
X2 —6mx +3x2 +4m? —4mx+ X2 +1=0 substitute to
1 variable
5x* —10mx +4m®+1=0
D>0
(~10m)? — 4(5)(4m? +1) > 0 B1
20(m*-1)>0
20(m+1)(m-1)>0 M1 factorisation
m<-1 orm>1 Al
Bl
«—0 o—>
| | »
1 ! »
-1 1
Total:5m
2(i) y=x*+ax? +bx+c
a_ 3x* +2ax+b B1
dx
(i) For decreasing function,
ﬂ <0
o Bl Their (i) <0
3x* +2ax+b<0 eir (i)
From-1<x<3,
3(x+1)(x-3)<0 M1 Form egn with
5 Bl factors
3 —-6x-9<0 (x+1)(x-9) ignore
. 3
By comparison, AG Both correct
a=—-3andb=-9
Total: 4m
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3a -2 M1 Attempt to
100 5
K?j X\/5_3:|+§ reduce to base 2,
3,5
(/02 z2\2 3
= 2 x5 x 52 ><g
2x3 5
- -
S[ERpEl:
2°x5 5
35
=2"x3 x52
7
=2'xFx52 3 correct B1, B1
a=-1,b=2,¢=-35 B1, B1 2 correct B1
3b 5 2 M1 Form
50000(“@} exponential
Al function
=$89792.82 2 dp
Total: 5m
4 2% +x+1
2
X'=x-2 M1 Long division
o, 3X+5 seen
(x=2)(x+1)
3x+5 A N B Bl
2 1) (x—2 1 Correct partial
x=2)(x+D) (x=2)  (x+D) fractions
3x+5=A(x+1)+B(x-2)
M1
AZE‘, B =__2 Al
3 3 Use comparing
coefficient or
252 1 1 ) substitution of x
); + X+ _oy _ B1
X" —X-2 3(x-2) 3(x+1)
v Erom correct
PF
Total: 5m
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5(i) 1= psin3(7)+q
1= B1 Substitution seen
=q
Sincey max=3,p=3-1=2 Bl 2—1seem
(i) Correct shape, 1.5
Gl cycles seen
P1 Max point at y =3,
minaty =-1
(iii) | L1 Straight line passing
| ' ' through (0, -1) and ( =,
| 1) o.e.
|
’ ols 15 2 2ls 3
Between 0 < x < 27, there will be 3 cycles of the
graph y = psin3x+g. Bl Accept sketch
For line y:gx—l, when x =27,y =3
T
For graph y= psin3x+q, when x=27,y=1
The line will intersect the graph at 5 points within
the domain.
(iv) 0 Bl
Total: 7m
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y=(x+2)(x-1)°

%z(l)(x—l)2+(x+2)2(x—l) M1 Product rule seen
X
=(X=D[(x-1) +2x+4]
=(x-1)(3x+3)
= 3(x—1)(x+1) Al 0e.
dy
&z 0 M1 Solve their derivative
3(x-Y(x+1) =0 =0
x=1-1
y=0,4

2
‘; Y _ @)(x+1)+ (x-1)(1) = 2x M1 Use of 1%t/ 2"

X derivative
At (1,0)
d?y

=210)>0

dx? @ 81
(1,0) is @ minimum point
At (-1, 4)
d?y

=2(-D)<0

dx? D a1

(-1, 4) is a maximum point
Total: 6m
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7(i)

LHS
_ cotx—tanx
cot X + tan x

1
————tanx
_ tanx

1
——+tanx
tan x

_1-tan’x
1+tan’® x
1 sin? x
__ cos’x
sec? x
1 sin’ x
__ cos’x
1
cos? x
2 =2
=c0s% x—sin’ x

=C0S2X
= RHS

LHS
_ cotx—tanx
~ cotx+tanx

COS X  COS X
sinx sinx
7_1_7
COSX COSX
_cos’ x—sin® x
cos’® X +sin? x
=c0s% x—sin? x
= C0S 2X
= RHS

Bl

Bl

Bl

1 sin X
CotX =———or——
tanx cosx

Rewrite in terms of sin x or

cos x / simplify fraction

Double angle formula to

arrive at AG

(ii)

COS2X =CO0S X
2c0s? x—1—cosx =0
(2cosx+1)(cosx—-1)=0

1
cosx:—z, cosx=1

x =0°,120°, 240°,360°

Bl
M1

Al Al

Use identity

For both answers in each pair
0, 360 and 120, 240

Total: 4m
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8(i) X +4x—5= (x—1)(x+5)
If(x—1)isa factor, M1 Substitute the
2(1°-9(1)° +3(1)+m=0 value of 1 or 5to
m =4 form eqn =0
if (x+5) is a factor, Bl
2(-5)° -9(-5)* +3(-5)+m=0
m =490 Bl
(i) When m = 4, (x-1) as a factor
(x —1) is a factor (By Factor Theorem) Bl Soi
2x° —9x? +3x+ 4 = (x—-1)(2x* +ax—4) _ _
compare coeff x M1 Find quadratic
factor
3=—4-a
a=—7
2x° —9x* +3x+4=0
(x=1)(2x* ~7x~4) =0 Factorise
(x—1)(2x+1)(x—4)=0 M1 completely =0
x=14,-0.5 Bl
(iii) 2-9y*+3y*+4y* =0
X = iz M1 SOi
y
y=11 +1 Al v
2
Total: 9m
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9(i) AtAy=-2
x=1
A=(1-2) B1
Period = 2 =8
z
)
By symmetry B = (4,0) B1
OR
AtB,y=0
3sin 22 =0
4
Xx=4
(i) Area X
_ J‘“ 3sin 7% dx Correct integral
1 4 A Bl Seen (ignore
= 3[_&;057%} limits)
T
' M1 Substitution of
12 Vid
= cow—cosz limits
1 _1_£ B1 Evaluate special
T 2 angles leading
12 1+£ to answer
T 2 AG
=E(2+ﬁ)(shown)
T
(i) AreaY
- _.[14_ng B1 Negative
X4 Bl integral
=2[Inx];
=2[In4—-In1]
=2In4 Bl o.e.
=2.773
6
AreaX ;(Z“L\/E) 935 B1
AreaY 2In4 '
Total: 9m
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10

10(i) 0=3(7)*+k(7)-7 M1 substitution
K = —20 Al
(ii) v=3t>+kt-7
a=6t-20 M1 a:ﬂseen
whent=4 Al dt
a=4
(iii) v=3t2-20t—7
s=17-10t* -7t +c B1 Correct
integral with
At A,t=0,S =0, +C
c=0 . .
-Imifc=0is
not seen
When S =0,
t* 10t -7t =0
t(t* -10t-7)=0 DM awarded
t=0, only when
M1 uadratic
—(— + /(=10)? — _ q
t= (-10)* \/( 10)” ~ 407 =10.66s formula or
2 Al, A0 completed
square is seen
Minus 1 mark
ift=0not
shown / tis
divided
(iv) whenv =0,
Bt+D)(t-7)=0 .
t=7 M1 Soi
AtB,t=7
=17 —10(7)" = 7(7)] Eiltmc(jerst:'[? or
=—196m M1 t=8
Att =8,
(8°-10(8)* - 7(8)
=184
Total distance travelled
=196 + (196-184)
= 208m Al
Total: 10m
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11

11(a) 16 —6x—x°
= —(x*+6x-16
(x*+6x-16) Add / subtract 3
=—(X+6X+32—16—32) M1 square
=—(x+3)°+25 Al
(x+3)°>0 Accept any
acceptable
~(x+3)"<0 M1 meth%d
—(x+3)*+25<25
y <25
Since graph has a maximum value of y = 25, the
Al

graph will never meet the line y = 30.

OR

—(x+3)*+25=30
(x+3)>=-5

Since there is no solution, there is no intersection
of the line and graph

OR
—(x+3)*+25=30
(x+3)>=-5
X*+6x+14=0

D = (6)? — 4(1)(14)
D<0

Since there are no real roots, the line and graph do
not intersect.
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11b(i) (A+B) is an acute angle Bl Reject: lies in
quadrant 1
Accept: lies
between 0 to 90
i B1
(i) sin(A+B) =2
13
iii .
(i) sin(A+B) = 12
13
- - 12 Bl
sin AcosB+cosAsmB=E cosAzg seen
4 3) . 12 Bl
—|cosB+| = [sinB=—
5 5 13 Egn 1
cos(A+B) = >
13
. . 5
cos AcosB—sin AsinB=—
13
Bl Eqn 2
Gj cos B —(ﬂjsin B= i
5 5 13 M1 Solve
Eqns 4x (1) +3x(2): simultaneous eqns
63
5c0sB=—
13 Al
cosB = @
63
Total: 7m
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13

12(i) X2 +y? —14x+2y+ 46=0
centre = (7,~1) M1A1 Method SOI
radius = /72 + (~1)* - (46) = 2units M1AL
(i) M=(1, -1) Bl
(iii) Eqn of Cz:
(x_1)2+(y+1)2 =4 Bl 0.e.
X2 +y*—2x+2y-2=0
(iv) Equation of line I:
y-(-1)=1(x-1)
y=x-2 B1 V
(v) Gradient of normal:
06-(-1) _4 M1
82-7 3
Eqn of tangent:
3 M1l
y—0.6=——(x-8.2)
4
4y+3x=27 ————————— Eqgnl
y=Xx-2 = —-————————- Eqgn2
4(x—2)+3x=27 M1 Solve
4x-8+3x=21 simultaneous
7x=35 eqns
X=5 Al Find x ory
y=3 _
Q=(5,3) Al coordinates
Total: 7m
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