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GMS(S)/AMath/P1/Prelim2024/4E/6N(A)

Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax’ +bx+c=0,

—bxvb’ —4ac

2a

X =

Binomial expansion

(a+b) =a” +(’:Ja"“b+(gja"‘2bl .. +[n]a""b' +...+Db",
r

! - -
where n is a positive integer and [n] ! (n-1) .. (n-r+1)
r r!(n - r)! rl

2. TRIGONOMETRY

Identities
sin? A+cos® A=1

sec? A=1+tan’ A
cosec>A=1+cot’ 4
sin (AiB)-: sin Acos B cos Asin B
cos(A:tB)= cos Acos B Fsin Asin B

tan A+ tan B
tan(AiB):#l?tanAtanB

sin 24 =2sin Acos 4
cos2 A =cos> A—sin? A=2cos’ A-1=1-2sin’ 4

an24=—2204
1-tan” 4

Formulae for AABC
a b c

snd snB snC
a? =b*+c* —2bccos A

=—1-absinC
2
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GMS(S)/AMath/P1/Prelim2024/4E/5N(A)

1 Find the range of values of p for which the curve y = px?® + 2(p+2)x+p+7
has no x-intercepts. [4]
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2

2 Given that y =3¢™ +2e™", and that %x%i + %xz +y=Ae"™ + Be™*, find the values of each

of the constants 4 and B. [5]
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GMS(S}IAMath/P1fPrelim2024l4E/5N(A)
The equation of a curve is y=4—-3cos2x.

(a) State the period and amplitude of y. 2]

(b) Sketch the graph of y =4 - 3cos2x for 0 <x<L2x. (3]
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4

2
For a particular curve -El——f— =3x-2.
dx

The tangent to the curve at the point A
Find the equation of the curve.

BP-164

GMS(SyAMath/P1 /Prelim2024/4E/5N(A)

(4, _40) is parallel to the line Ix—y=2.
(6]
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GMS(S)/AMathIP1/Prelim2024l4E/5N(A)
The triangle ABC is such that ifs area is l?_j;_\/l—g cm’, the length of 4B is

(3\/5 +/5 ) cm, and AB is perpendicular to BC.

(2)  Find the length, in cm, of BC in the form (a«/i +b5 ) , where g and b are

integers. [3]
(b)  Find an expression, in cm?, for 4C? in the form c+ d10 , where ¢ and 4 are
integers. [31

[Turn Over
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GMS(SyAMath/P1 1Prelim2024/4E/5N(A)

6  The function fis defined by f(x)= 3sinx—4cos2x, 0<x<f’2-.

(a) Explain with working, whether fis an increasing or a decreasing function. (4]

A point P moves along the curve y = f(x) in such a way that the x-coordinate of P is
increasing at the rate of 2 units per second.

(b) Show that the y-coordinate of P increases at the rate of
114/3 units per second when x = % ) (3]
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GMS(S)/AMath/P1/Prelim 2024/4E/5N(A)

10
(a) By considering the general term in the expansion of (%— - xz] , explain why
X

. . [3]
there is no term in x5

10 5
(b) Find the coefficient of x° in the expansion of (;32— ——xz) [3 - ;"_J [4]

[Turn Over
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9m
\\\\\
ym \\\
Bl \\ 3
PN
N 4m
I s
A = =
C P
X m

The diagram shows the junction of two corridors of width 9 m and 4 m which are at right
angles. P and Q are variable points and PBQ 1s a straight line.

(a) Given that the length of CP is x m and the length of AQ1s y m,
36
show that y=4+7_ 3]

10
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(b) Find the least possible area of triangle 4PQ. (4]
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GMS(SYAMath/P1/ Prelim2024/4E/S5N{A)

D

E A F

In the diagram, A, B, C and D lie on the circumference of a circle with centre O such that
AB = AC and EAF is a tangent to the circle at A.

(a) Show that angle BCA = angle CAF. 131

(b) Show that OA bisects angle BAC. [5]

12
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GMS(S)IAMathfP1/Prelim2024l4E/5N(A)
10 (@) Solve the equation log, (x—8)=2-log, x. [4]

(b) Given log, a=c, show that log,a=-c. [4]
&
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GMS(S)IAMath/P1IPreIim2024!4E!5N(A)

11  The equation of a curveis y=16—ax— x* , where a is positive constant.

(2) Given that y can be expressed in the form 25- (b+ x)2 , where b is a positive
constant, find the values of @ and b. 4]

(b) State the maximum value of y and the corresponding value of x. [2]

14
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(v} Find the range of values of x when y is positive. [3]

[Turn Over
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12 (a) Prove the identity sin (% + x) —sin [—Z— - x) =sinx. 4]

16
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GMS(SYAMath/P1/Prelim2024/4E/5N(A)

(b) Hence solve the equation sin [g + ZxJ —sin [—;E - 2x] —2=4sin2x for 0<x<7. [5]

[Turn Over
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13

The table shows the experimental values of two variables x and y.

BP-~176

GMS(SYAMath/P1/Prelim2024/4E/5N(A)

X

0.5

1.0

1.5

2.0

2.5

y

6.2

4.7

3.7

29

2.2

1.7

Tt is known that x and y are connected by the equation y = ab” , where a and b are
constants.

(a) Express the equation in a form suitable to draw a straight line graph.

(b) On the grid on page 19, draw the straight line graph to represent the above data.

(¢) Use your graph to estimate the values of @ and b.

(d) Use your graph to find the value of y when x=038.

18
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Marking Scheme AM P1 (4049/01)- Prelim 2024

[20p+2)] -4p(p+7) <0
4(p2+4p+4)—4p2—28p<0
4p’ +16p+16—4p* —28p <0
-12p+16<0

12p-16>0

4
P>

% =6e’* —2¢7*
2
% =12¢% + 2¢™
2
ar, Y, y=126"" +2e™ + 66 = 2e ™ + 3% + 2"
dx’  dx

=21 42~

Period=180° (or 7)

Amplitude =3

BP-~199
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30) |

i3 Fi

2
Y _3x 13
d« 2

3x°
== =-2x-13dx
y=]=

3
=X ¥ -13x+d
2

—40=%)i—(4)2—13(4)+d

d=-4

3
X 2
=2 —x*-13x-4
Y 2




5a)

%(3\/5 +v5)BC = —-—-I“;‘/ro

_16+7410
_3J§+~/§
_(l6+7s/1—0)(3~/5~\/§)

—(3\/5+~/§)(3\/§—\/§)

BC

_ 48v2-16V5 + 21420 - 7450
13

_48V2-16V5 4425352

- 13

_13J2+2645

T

=v2+2V5

5(b)

AC? = (324+/5) +(v2+245)

=18+6v10+5+2+410+20
=45+10v10

@

S'(x)=3cosx+8sin2x
cosx>0 and sin2x>0 for 0<x<§
~.3cosx+8sin2x>0 for 0<x<§
fix)>0 for 0<x<12”-
Hence f'is an increasing function

6(b)

@=3cos£+83in(2xfj
6 6

d
V3 . V3

=3x——+8x——
2 2

BP-201



| 7(2)

10 2 10—+ .
General term =[ , ](F) (——xz)
10
— 21077’ _1 ro5r-30
(e

when 5r—30=6
36

r=—

5
Hence there is no term in x°

5r—30=0
r=6

[1:] 2195 (~1)° =3360
(....+3360+_._)[3l;}

Coefficient of x° = 3360x ;81
=-420

BP-~202



Minimum Area = 2x9+36 +

=72 m*

£BCA=/ZABC (given AB = AC)

8@ 14 % Cimilar triangles)
¥y x+9
xy=4x+36
y:4+3—6‘
X
8(b) A:%(x—bQ)y
=l(x+9)(4+§éj
2 x
=2x+36+1§
X
dAd 162
dx x
when 0, 2‘16_22=
x
x* =81
x=9

162

ZABC =ZCAF  (Alternate segment theorem)

9(b)

. LBCA=ZCAF

£OAE=Z04F =90° (Radius perpendicular to tangent]
ZBAE = /BCA (Alternate segment theorem)
LBAE = ZCAF (Using part a)

ZOAB = LOAC (Both 90" — Equal angles)
Hence OA bisects angle BAC

log,(x—8)+log, x =2

e

BP-203



(@) | log,x(x—8)=2

x(x-8)=3
x*-8x-9=0
(x-9Nx+1)=0
x=9 or x=-1 (NA)
Lx=9

10 ) B

(b) 0g, 8=

1
B log, (%]

BP-204



lternate soluti
16-ax—x2=25-—(b2+2bx+x2)

16—ax—x* =25-p* —2bx—x* @2
16=25-42

b2 =9

b=3

11
(b)

y=25-(3+ x)z
Max value of y = 25
Corresponding value of x = —3

11
©

y>0
16—6x—x*>0
x*+6x-16<0
(x+8)(x-2)<0

N £,
-8 2

—B<x<2

BP~205



. T . 4 T
— 5in— oS x +cos—sinx—| sin—-CcOSX—COS —-SIN X
3 3 3 3
. T T . T T .
— sin — COS X + COS —sin x — Sin — COS X + COS S X
3 3 3 3
T .
=2003—3—smx

=2><—1-><sinx
2

=sinx

12
(b)

(@)

sin (E + Zx) —sin [E - 2x] =sin2x
3 3

sin2x—2=4sin2x

3sin2x =—-2
. 2
sin2x=——

3

Basic angle =0.72973
2x =7 +0.72973, 27 -0.72973
x=194, 2.78

lgy=(gh)x+lga

13
(b)

13
(c)

13
(d)

BP-206
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Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax’ +bx +¢=0,
_—btv b* —4ac

x=
2a

Binomial expansion

n n n n-1 B n~29.2 n n-ryr n
(@+b) =a" + B 5] B4 ..+ |a"B + ...+,
¥

! — -
where 7 is a positive integer and Pl = n-1) ... (nort 1)
r) rin- r)! r!

2. TRIGONOMETRY

Identities
sin? A+cos’ A=1

sec’ 4=1+tan’ 4
cosec’A=1+cot’ 4
sin (4+ B)=sin AcosB+cos Asin B
cos(4+ B)=cos Acos BFsin Asin B
tan 4 L tan B
1¥ tan Atan B
sin 24 = 2sin Acos 4

cos2A=cos> A—sin? A=2cos* 4—1=1-2smn* 4

tan{4+ B)=

tanzA:_zt_an._;i—
1-tan” 4

Formulae for AABC
a b c

snd smB sinC
& =b*+c* —2bccos 4

A= labsin C
2
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Solve the equation 2sin®x+7cos’x=4 for 0" <x<360° [6]

[Turn Over




GMS(S)IAMathIPZIPreIim2024l4EI5N(A)

At a certain time, the mass of a radioactive substance was recorded as 150 g.
This mass decreased with time due to decay and after t hours, the recorded mass

was M g. It is known that M can be modelled by the formula M =150e7%,
where  is a positive constant. After 50 hours, its mass has decreased to 120g.

(a) Estimate the mass of the substance after 120 hours. [4]

(b) Estimate after how many hours one third of the substance is decayed. [31

BP-182
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GMS(S)IAMath/PZIPreIim2024/4Ef5N(A)

2x
2,Wherex>2_

A curve has the equation y =

., dy
a) Find <.
) Find 2> 2]
(b) Find the exact value of the coordinates of the stationary point. [3]
(¢) Determine the nature of the stationary point. [2]
[Turn Over




GMS(SYAMath/P2/ Prelim2024/4E/5N(A)

The line Xy % =1, where a and b are positive constants, intersects the x-axis at
a

A and the y-axis at B. The perpendicular bisector of the line joining 4 and B
passes through the point P(-3,-7).

(a) Showthat a’+6a=>5b"+14b . [6]

BP-184
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(b) Given that the gradient of the perpendicular bisector of 4B is 2, find the
values of 2 and &.

[4]

[Turn Over
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GMS(S)IAMathIPZIPrelim2024I4E!5N(A)

A circle, with centre C, has equation x* + y* =10x—4y+25=0.

(a) Find the coordinates of C and the radius of the circle. [4]

(b) Explain why the x-axis is a tangent to the circle. [2]

BP-186
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(c) The tangent to the circle at the point where x =3 meets the x-axis at the
point P. Find the coordinates of P. [3]

[Turn Over
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GMS(SYAMath/ P2/Prelim2024/4E/5N(A)

g

=

12m

%
o
| T

The diagram shows two rods PQ and OR, of lengths 12m and 5m respectively.
The rods are fixed at Q such that angle POR = 90" and hinged at P so as to rotate
in a vertical plane. The rod PQ makes an angle & with horizontal ground.

(a) Obtain an expression, in terms of @, for d, where d is the horizontal
distance of R from P. 31

10
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GMS(S)/AMath/P2/Prelim2024/4E/5N(A)
(b)  Express 4 in the form R cos (0—a) where R>0and 0° <@ < 90" | [4]

(©) Givend =10, find the value of 8. [2]

[Turn Over
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GMS(S)/AMath/ P2/Prelim2024/4E/5N(A)

The expression x° —4x” +ax+b, wherea and b are constants, has a factor of
v+ 1 and leaves a remainder of — 60 when divided by x +3.

(a) Find the value of a and of b. [4]

12
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GMS(S)IAMathIPZIPre!im2024/4E/5N(A)

(b)  Using these values of 2 and b, solve the equation x’—4x* +ax+b=0. (4]

(¢) Explain how the solution from part (b) can be used to solve the equation
9 +1=4(3)-6(37). 2]

[Turn Over
13




GMS(S)!AMathIPZPreIim2024I4EJ’5N(A)

A particle P starts from rest at a fixed point O and moves in a straight line. The
velocity, vms 2, of the particle, 7 s after passing through O is given by

v =8¢ —ct® where ¢ is a positive constant.

The velocity of the particle is 12 ms ! after 2 seconds.

Find

(a) thevalueofc, [1]
(b) the acceleration after 2 seconds, [2]
(c) the time at which P will change its direction of motion, [2]

14
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GMS(S)IAMathfPZIPreIim2024/4E15N(A)
(d) the average speed of the particle in the first 5 seconds. [5]

[Turn Qver
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The diagram shows part of the curve  y=- J10—6x meeting the x-axis at the
point 4. The normal to the curve at B, where x = ~1, meets the x-axis at the

point C.

(a) Find the equation of the normal at B. [6]

16
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(b) Find the area of the shaded region. [51

[Turn Over
17




BP~196

GMS(S)/AMath/P2/Prelim2024/4E/5N(A)

. 2x° +3x . . .
10 (a) (i) Express m in partial fractions. (4]
3 2x* +3x
i) Hence evaluate | ————— dx.
@) Il x*+3x+2 [3]

18
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GMS(S)/AMath/P2/Prelim2024/4E/5N(A)

(b) Given that y= x]n(x2 +3x+ 2) , find an expression for % . [2]

(¢)  Using the results from parts (a)(ii) and (b),

evaluate f In (x2 +3x+ 2) dx. [2]

End of paper

19
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| Marking Scheme AM P2 (4049/02)

Basic angle =45

x=45"135",225 315

120 = 15075

2@ | 150
120
[

__\i20
50
=0.00446287

taul

M — 1506-l20>€0.00446287
=878z (3sf)

() WhenM:%xlSO:IOOg
100 — 1506—0.00446287!

80.00446287'! — 150

100

n(i50)

_ 100
0.00446287

=90.9 hours (3s.f)

3(a) dy _ 26 (x—2)-¢”
& (x-2)

3(b) Zez"(x—Z)—ez"_
T
e (2x-4-1)=0

x=—=25
2

y=2e
(25, 2¢°)

3(c) | (2.5,2¢°) is a minimum point.
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gradient of AB =—£
a

gradient of perpendicular bisector = %

midpoint of AB is = (E,QJ
22

é+7'
2

gradient of perpendicular bisector =
% +3

a_ b+14

b a+6
a*+6a=b*+14b (shown)

BP-208

4(b)

a=2b

(25 +6(2b)=b" +14b
3b*—2b=0
b(36-2)=0

r=(-5) +(-2) -25

= 2units

5(b)

The centre of the circle is 2 units above the x-
axis and the radius of the circle is 2 units.
Hence the x-axis is a tangent to the circle.

5(c)

Whenx=3

y=2

(3,2) and (5.2)

gradient =0

Equation of tangent is x =3
~P(3,0)
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“PT=12c0s8

SR=5sin@

d=12cos8+55in8

6®) | =122 55
=13
a=tan"(—5—J
12
=226
d =13c0s{6-22.6')
6(c) 13cos(9—22.6°)~—~10

8=623

f=D=0> —a+b=5
f(-3)=—60 > —3a+b=3

a=1, b=6

7Mb) | X —4x’+x+6=0
(x+1)(x*~5x+6)=0
x=-1273

(c)

(3) +1=4(3) 6

3

(3) -4(3) +3:+6=0

The equation can be solved by taking each solution
inpartb 3%,
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8(b)

8(c)

s=4(s -3

=21.875m
Distance travelled = =32 +32-21.875=42.125
Average speed =42.125 + 5=8.425 m/s




L
dx
1

=3(10-6x)72

&
dx

=
2

=—-——;—(10~6x)

(-6)

x=—1, =§-,
4
y=—4

Gradient of normal = —g-

Equation of normal :y+4=—%(x+1)
3y=—4x-16

BP-211

9(b)

AtC,y=0,x= -4

At A,y:o’x=§_

Area of triangle = %x3x4=5 unit*

5
Area under curve = — .[-3: 10— 6x dx

5
S o]

3

Area of shaded region =6 + %_

= 13% or 13.1 unit?
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25 +3x ., Ix+4

(@) x4+3x+2 ¥t +3x+2

@ | 3x+4a _ 4 B
¥ 43x+2 x+2 x+1
3x+4=A(1+x)+B(x+2)

Let x=-1 B=1
Letx=-2,A=2
2 43x o, 2 1
x+3x+2 x+2 x+1

10 3 2 1

@ || (2— *—]d"

(i) 1 x+2 x+1
=[2x—2ln(x+2)—111(J|c+1):|]3
=[6-2In5-In4]-[2-2In3-In2]
=229

10 dy 2 x
Y o +3x+2)+ ————x(2x+3

®) |} ax ( ) ¥ +3x+2 ( )

2
= In(x +3x+2)+ 2% +3x
24+x—x
10 3 5 2x% +3x
(©) L [ln(x +3x+2)+—-_—x2+3x+2 dx

= [xxn(x2 +3x+ 2)]: —r[‘_—”_;f; 3:‘2} dx
~3In20—-1ln6—2.2852
=491






