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Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax” +bx+c=0.

-b+yb* -4ac

2d

Binomial expansion

(a+b)" =a" +ﬁ)a"'lb+| ﬂ a™h* +———+[n]a""b' +---+B",

\. \r

L=

] s -
where n 1s a positive mteger and L T - i liomt L Sl
r) (n—nir r!

2. TRIGONOMETRY

Identities
sn® A+cos* A=1

sec’ A=1+tan" 4
cosec’A=1+cot’ A
sin{ 4+ B)=sm 4cosB+tcos4dsinB
cos(4+ B)=cosAcosBFsmAsmB

tand*tan B

ta( A+ B)y=—
l¥tan 4tan B

sm24d=2sm.dcosA

cos2A=cos’ A-sin° A=2cos A-1=1-2sin" 4

B
tan2.Ad= “_tan.‘d_
1-tan" A

Formulae for AABC
a b ¢

snd smB smC
a* =b* +c* =2bccosA

ﬁ=%absinC‘
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The equation of a curve is y=-2x" +3x+5.

(a)  Write y=—2x" +3x+5 in the form y=a(x—A) +k, where a. h and k are
constants.

(b)  Using your results in part (a). explain clearly why the maximum value of v is k
when x=h.
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(a)  Factorise 64—(x+1). [2]

(b)  Hence. solve 64 —(x+1 }3 =15(3—x). expressing non-integer roots in surd form. [2]
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x+7 N
Express —XT7  asthesumof3 partial fractions.

(¥*=9)(x-3) (6]
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4 A curve has the equation y=2x"+kc +kx+8. Find the set of values of k such that

(a)  the curve 1s an increasing function. [3]

(b)  the curve has exactly 1 stationary pomt. [2]
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: : : : ; BN
(a)  Find the term independent of x 1n the expansion of (2.\7‘ + -—) .

x (3]

(b) (1) Find the first three terms of the expansion of (2 -3x ]5 in ascending powers
of x. [2]

(1) Hence, find the value of n such that the coefficient of x in the expansion of
(2-3x) (1-3x)" is =720. 3]
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6  The gradient function of a curve y = f(x) is given by L for x > - L A
(2x+1) 2

| ]
R

The curve passes through the point (%

(a)  Find the equation of the curve. [3]

(b)  Find the angle. in degrees. that the tangent to the curve at x= 1 makes withthe x- [2]
axis,

Page 8



GAN ENG SENG SCHOOL
PRELIM 2024 S4EXP_3NA AMI_OLP

7  The point P lies on the curve y= lu(r—-t.i] for x > 1. The normal to the curve at P is
I —

parallel to the line 2y =3x+2. The equation of the tangent to the curve at P cuts the y

axis at Q. Find the area of the triangle POQ. where O 1s the origin.

[°]
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T

In the diagram. TQ and PR are the diameters of the circle with centre O.
The tangent at T meets RP produced at U. Prove that

(a) TR=PQ. [3]
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(b) QP xUT =TPxUR, [3]
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9 The diagram shows the quadrilateral ABCD in which point 4 is (-1.2) and point C is
(8.5,4). The point P(6.5,8) lies on 4D such that AP : PD =3 : 2. The midpoint of BC.
point M lies on the x-axis and directly below point P.

¥y
A

B

(a)  Find the coordinates of D, M and B. [5]
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(b)  Calculate the area of the quadrilateral ABCD. [2]
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£
10 (a) Sketch. on the same diagram. the curves y=3cosx and y=1-2 sint-?xj for

0=<x<3r. [3]

(b)  Hence. find the number of distinct values of x for 0 < x <37, for which

2 1
6 3c051+25in('—;]=1. 1
(1) 3cos3x+2smlx=1. [1]
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11 The diagram shows a prism in which its cross-section 1s a regular hexagon of side ( 5+ J.; )
em.
LA A B N ‘
Side view Front view

(a)  Find an expression for the cross-sectional area of the prism in the form

q«,ﬁ+p em?, where p and g are integers. [3]
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(®)  Given that the volume of the prism is 3(32J§ - 138] em’, find the height of the [3]

prism in the form [as-Jf: +b)em, where a and b are integers.

A particle passes a fixed pomnt O and moves in a straight line such that. r s after leaving O.

: . o 3 42 . 3 .
its velocity. v mv/s, is given by v= = The particle reaches its greatest distance
1+ 2z
from O at P.
(a)  Find the time when the particle reaches P. [2
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(b)  Find the distance travelled by the particle when = 2. [5]

(¢)  Show that the velocity of the particle is decreasing at point P. [2]
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13 (a)  Given that log, 125-3log, \/5 +log_c=3. express g in terms of b and c. [3]

(b)  Show that 5™ —4(5")+5"" is divisible by 2 for all positive integers of n. [3]
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14 A metal container of hot liquid is left to cool in a laboratory. The temperature of the
liquid, T "C. after n minutes is given by 7 =ae™™ +15 . where a and k are constants. The

table below shows the measured values of T and n.

n (minutes)

10

20

30

40

T'C

66.9

46.5

351

27.2

(a)

(b)

Plot In(7T —15) against # and draw a straight line graph on page 21 to illustrate

the information.

Use your graph to estimate

(1)  the value of k.

Page 19

[3

-~
-

]

]



GAN ENG SENG SCHOOL
PRELIM 2024 S4EXP_INA AMI_OLP

(11)  the number of minutes it takes for the temperature of the liquid to drop to
40% of its initial value.

[3]
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End of paper
Page 21
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Marking Scheme
2024 Sec 4 Express PRELIM AM Paper 1

Marker’s Comments

1(a)

=-2x" +3x+5

=-2|x* --g-x}-s———m

3 marks

(b)

For all real values of x,

[x—i) 20-—-Ml
4
2
-z(x-ij <0
4
3V 49 49

2
—2[):——] pemg =AY
4) 8 8

LX== )y, ===
4"’"""le 8

2 marks

Altermnative method

¥ =—2(:c—%]-+k

Whenx:%,_r ==2(0)+k

2y
LY gt py===iA1
d )

-y 1s a maximum value k

Page 22
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2(2) | 64—(x+1)
=4 —(x+1)
=[4—(x+1}][43+4(x+1)+(x+1')’J——-M1
=(3-x)(16+4x+4+x7 +2x+1) 2 marks
=(3-x)(x*+6x+21)———Al
(b) (3=x)(x*+6x+21)=15(3-x)
(3-x)(x*+6x+21)-153-x)=0
(3-x)(x*+6x+21-15)=0
(3—x)(x" +6x+6)=0-——MI
(3-x)=0or (¥’ +6x+6)=0
x=3orx= = "3_?_4{6)
—6+12
x=3orxy = —m
2
x:3 orx:_ﬁi_—m—
x=3orx=-3%+3-——AL0 2 marks
3. x+7
(x*=9)(x-3)
_ x+7
T (x+3)(x-3)(x-3)
x+7 A B c
_ 5= - - g
(x+3)(x=3)" (x+3) (x-3) (x-3)
A(x=3)P +B(x+3)(x-3)+C(x+3)=x+7————Ml
Subx=3
6C=10
Bisdaaidil
3
Subx=-3
36A4A=4
1
A—E—“‘—‘Al
Subx=0
7=94-9B+3C
9(1)-9B+3(§]=?
9 3
B=-i___m
9 6 marks
x+7 1 1 5
= - + —————Al
(x=3)(x-3)(x+3) 9(x+3) 9(x-3) 3(x-3)
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4a) | y=x"+h’ +hx+8
%=3x2+2h+k———Ml

Let % >0

I +2kx+k>0

Let discriminant < 0

(2k) - 4(3)(k) <0——-Ml
4k* -12k <0

k*=-3k<0

k(k-3)<0

O<k<3-——Al Ysaivks

®) =3x"+2kc+k

B[S B |e

=0
3 +2kx+k=0

Let discriminant = 0
(2k)" —4(3)(k) =

4k* -12k=0

kK =3k=0 M1
k(k—3)=0
k=0ork=3--—-A1 2 marks

®) (7::“’* + -{T

X

oo )
=(f}tz)“"(xi MO

=(§J(:}“" (3) £ ——-M1

Let18-3r=0
r=6---Al

T. =[§J{2f (3)°

=480888 ———Al 3 marks
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Sb) | (2-3x)

=2 +G](z)‘{-3x}+[2](2)-‘{-3x)* e
=32-240x+720x" +..———-B2.1.0

© | (2-3x)(1-3x)

=(32-240x+720x" +...)(1-3x)"

2 marks

= (32-240x+ 7205 +...][1+U)(-31)+...)——-Ml

n
Coefficient of x = 32[1]{_—31:}— 240x---Ml

32xnx(-3x)-240x=-720x
—96nx—240x =-720x
-96n=-720+240
n=5-——-—Al 3 marks

6(a) | dv _ g
~=36(2x+1)

y= J3'5(2Jvr+l}-2 dx

+¢ (¢ : constant)

SHll-—-Al —

®) %=36(2x+1)4

Atx=1
dy 36
& F
=4-——--Ml
tanB=4
8=76.0 —-—-Al

Page 25

2 marks




GAN ENG SENG SCHOOL
PRELIM 2024 S4EXP INA AMI OLP

x+1
r=In| —
d (r—l_]

y=In(x+1)-In(x-1)

dv 1 1
e A L R Y §|
dx x+1 x-1
2y=3x+2
}'=§x+1
’ 3
Gradient of normal atA=E
.
.. Gradient of tangent = —§———M1
1 1 _ 2
x+1 x-1 3
x—1-(x+1) w_2
(x+1)(x-1) 3
=2 -2 M
----- 1
(x+1)(x-1) 3
x'—1=3
x' =4
x=2or x=-2
Lx=2-—--Al
241
Atx=2_.y=h1[2_1]
y=ln3-—-Al
P(2.In3)

Equation of tangent

-

Sub (2.1n3)

=——x+¢
3

,
1ns=-§(z)+c---m

r:=ln3+i
3

y=-£x+ln.3+i—--Al
3 3
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Atx=0

4
=In3+-—
¥ 3

Q{{)_.ln3+f;-}

Area of triangle POQO

=lx‘ 2x{ln3+£]———Ml
2 3

=1:113+i
3

=243———_Al 9 marks

8(a) | OQ=0P=0R=0Tr (radii of a circle) ———- M1
ZQOP = ZROT (vertically opp angles)——— M1
AQOP is congruent to AROT (SAS congruency)———Al Tk
Hence, 7R = PQ (Shown)

(b) ZTUR = ZPUT (Common angle)

LPTU = LTRU (Tangent-chord theorem)—-- M1
AUTR is similar to AUPT (AA similarity) ——— M1

RT = QP (From (i)

IP_UT__
OP UR

QP xUT =TPxUR (Shown) 3 marks

9
(@ D[G.S+%x2.8+§x2]———h{1

=D(11.5.12)———Al

M(6.5,0)---Bl

x+85 y+4
[ T
x=45yv=-4
B(4.5,-4)---Al S marks

J=[G.5,0}———Ml
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(b) | 4(-12),B(4.5.-4),C(8.5,4).D(115,12)
. 1/-1 45 85 115 -1
T2l 4 4 12 2
=.;_[4+4.5(4)+s.5c12)+2(11.5)—{2(4.5)—4(3.5}+4(11.5)+12(—1]]————M1
1
-3[14? 9)
_138
e
= 69 units” —— ——A1 2 marks
10(a)
¥
. [ 2%
‘:sm(——]———Bl.B
3 B1 Shape
B1
Shifting
i \ curve
I > vertically
o \ up by 1
-1 | | 5 unit
yir3gosx——- |
| _3 \/ \
Bl - y=3cosx, shape, 1.5 oscillations over 37
3 and —3 to be marked on y axis
m, 2 and 37 to be marked on x axis
b)) | 3 1 mark

9

Page 28
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11(a) | Area of cross-sectional area of prism

=6x%x(5+\{5)25m6{} N, |
NE)
2

=3(23+10-J§)x%§-———M1
~2 (2845 +30)

g
=423 +45---Al

=3x(25+10J37+3)x

3 marks

(b) Volume of the prism = 3(32-J§+138) e’
3(14J§+15)xh=3(32d§+138]

(1443 +15)xh =(324/3 +138)

. 3243 +138 >(14..{:«'745
1403415 14315
32J§[14J§-15)+133(14J§-15]

(1443) -15°
_ 448(3)- 4803 +19324/3 -2070 _
(1443) -15°

145243726
363
=43-2---A1 3 marks

12(a) 3 r+2

t+2 3
Letv=0
e N Y
r+2 3
(t+2) =9
t+2=3ort+2=-3

t=lort=-5(rej)-—--Al 2 marks

———M1

--Ml
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(b) . L_HE‘#
t+2 3
* 2
=3ln(t+2)————t+c———-Ml
6 3
Atr=0,5=0
3m(0+2)+¢=0
c=-3In2
s—3[n(t+2}—i—£r-3in2——A1
6 3 2 marks
(b) Atr=1
s=31n3-l-§-31nz
=0383m———-Al
Att=2
#=3taa-2_2 3142
6 3
=0.0794---Al
Distance travelled
=0.383+(0.383-0.0794)
=0.687m ———Al SIAThs
(c) _av
dr
=_—3,—£--—M1
(t+2) 3
Atr=1
31
===
9 3
=-£<0—-—AI
3
Since a < 0, the velocity of the particle 1s decreasing. 2 marks
13(a) | log, 125-3log, J};-p-loga c=3
log,125-log, b? +log,c=3
b = 3
b2
tﬁ---m
b2
5dc
=—-—-Al 3 marks
Vb
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(b) 7 —4(57)+5

=557 )-4(5%)(5)+ 5 -—-M1

=575 =20+1)-—-M1

=6(5")-——Al

Alternative Method

S5t —4(5" }+%~————Ml

=%[zs(_5‘)-zu(5“ J+5%)

=S(5)——-m1

X

=6(5"" )-—-Al

Since the expression has a factor of 6 which 1s divisible by 2, hence

5% —4(5%)+5™ 1s divisible by 2 for all positive integers of 3 smarks
14 Refer to solution on the graph paper. 8 marks
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Mathematical Formiulae

1. ALGEBRA
Quadratic Eguation

For the equation ax” +bx+c=0,

Binomial expansion

(a+b)" =a" +[?]a""b+ _l]a"':b: +———+[n]a""b' Lo bt
2 r

L

n) A am=1.@-r+1)

where 7 15 a positive mteger and ( =
r

T (=) 7!

2. TRIGONOMETRY

Identities
sm’ A+cos A=1

sec’ A=1+tan’ 4
cosec’A=1+cot’ A
sin(4A+ B)=sm 4cosBtcosdsinB
cos(4+ B)=cosAdcosBIsin AsmB

tanAdttan B
tan( A+t B)=— "
) 1Ftan Atan B

sm2A4d=2sm.AdcosA
cos2A=cos’ A-sin® A=2cos" A-1=1-2sin" 4

|
S ‘_tan:i
l—tan- 4

Formulae for AABC
a b ¢
smA smB smC

a’* =b*+c* =2bccosA

-—-iabsqu
=

-

Page 2
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(a)  Given that the expression 2x° +ax’ +bx+¢ leaves the same remainder when (3]
divided by (x—35) and when divided by (2x+1). show that 9a+2b=-91.

(b)  Given that the remainder is —6 when the expression 2x* +ax® +bx+¢ is divided  [4]
by (x—1). and (x+1) 1s a factor, calculate the value of c.

Page 3



(a)

(b)

GESS PRELIM 2024 4EXP5NA AM P2

Mr Phua bought a new car. After t months. its value Vis given by ¥ =250000e™ . where
p 1s a constant. The value of the car after 36 months 1s $180 000.

Show that p is approximately 0.00913.

Calculate the age of the car. to the nearest month. when its expected value will be
$100000.

Page 4

2]

[

-

]



GESS PRELIM 2024 4EXP5NA AM P2

(¢) 5 years after Mr Phua bought the car, a second-hand car agent offers to pay him $130000 [2]
for his car. Would you advise Mr Phua to take up the offer. Explain your answer.

(d)  Sketch the graph of ¥ =250000¢* , for r=0. (2]

Page §
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3.  Theline y=10 and 3y+4x=32 are tangent to a circle C at the points (—2,10) and
(2,8) respectively.

(a)  Show that the equation of Cis (x+2)’ +(y—=35)° =25. [5]

(b) Explain if the x-axis 1s tangent to C. [2]

Page 6
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(¢) Write down the equations of the two vertical tangents. [2]

(d) Two points P and Q lie on the circle and the length of PQ is 4 units. 2]

Calculate the shortest distance from the centre of the circle to the line PQ.
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5
4. A, B and C are the angles of a triangle. Given that sin(A4+ B) =:—; .

(a) Find the exact value of tanC . Show your working clearly. [3]
(b)  Evaluate cos [{ A+B)+ %:| . Leave your answer 1n surd form. [3]
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(a) Solve the equation 15(16")—4" =6. [4]

(b) Solve the equation Ig(2y)+2In(y)=2. [4]
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6. A competitive platform diving competition involves one or two divers performing spins,

twists and somersaults into a pool from a series of heights.

The diagram shows the cross-section of a design of the g 4m

diving platform. which consists of a trapezium-shaped
tower ABCD. AB is the stairway which the divers
use to reach the platform. ¥

Given that £LBAD =@, where ¢ can vary and

ZADC =90°, the length of 4B and BC PN
0 D NN
are 12 m and 4 m respectively, A D
(a) show that L. the perimeter of ABCD, can be expressed in the form p+g¢gsind+rcos@ .  [2]
(b) express L in the form of p+ Rcos(@—ea). where R >0 and 0°<a <90°. [3]
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(¢) State the maximum value of L, and the corresponding value of &. [2]

(d) Find the value of 6 1f L =25 m. Explain why a platform with this value of L is a poor
design. [4]
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7 (a) Prove the identity cosec 4x+cotdx =cot 2x . [3]

(b)  Hence, find. for —180° < 8 <180°. the values of & for which cosec 26+ cot 28 = —-Ji (4]

Page 12
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The equation of a curve is y=—

e

(a) Find an expression for j{l :
X

(b) Given that x is changing at a constant rate of 0.18 units per second. find the rate of

change of y when x = 1.

(¢) Explain if the curve has more than one stationary point.

Page 13
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0. The diagram shows a solid object. It is made up of a cylinder with a hemisphere above it.

The cylinder has a radius of x cm and a height of y em. The radius of the hemisphere is
2x cm.

(a) Express y in terms of x if the total volume of the solid is 727 cm’. [2]

(b) Show that the total surface area. 4 em?. of the solid is 1447 (l + i%g] .
X

Page 14
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(c) Find the value of x for which 4 is a stationary value and determine the nature of the [4]

stationary value.
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(a)

GESS PRELIM 2024 4EXP5NA AMP2

. . . X .
The diagram shows part of the curve y = 2sin—. where 4 lies on the curve.
: ; s

The x-coordinate of 4 is and the normal to the curve at 4 meets the x-axis at B and

=
i |
the y-axis at C.

Find the coordinates of B and of C. leaving your answers in its exact form.

Page 16
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(b) Find the area of the shaded region. [6]
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11. (a) Show that %{ 2x){3—5x}%jl={6—1?.x)(3—5x)%. [3]
1
(b) Hence. evaluate Ix(S —-5x)%dx. (3]
End of paper
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Mathematical Formiulae

1. ALGEBRA
Quadratic Eguation

For the equation ax” +bx+c=0,

Binomial expansion

(a+b)" =a" +[?]a""b+ _l]a"':b: +———+[n]a""b' Lo bt
2 r

L

n) A am=1.@-r+1)

where 7 15 a positive mteger and ( =
r

T (=) 7!

2. TRIGONOMETRY

Identities
sm’ A+cos A=1

sec’ A=1+tan’ 4
cosec’A=1+cot’ A
sin(4A+ B)=sm 4cosBtcosdsinB
cos(4+ B)=cosAdcosBIsin AsmB

tanAdttan B
tan( A+t B)=— "
) 1Ftan Atan B

sm2A4d=2sm.AdcosA
cos2A=cos’ A-sin® A=2cos" A-1=1-2sin" 4

|
S ‘_tan:i
l—tan- 4

Formulae for AABC
a b ¢
smA smB smC

a’* =b*+c* =2bccosA

-—-iabsqu
=

-
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(a)

(b)

Given that the expression 2x° +ax” + bx +c¢ leaves the same remainder when
divided by (x—35) and when divided by (2x+1). show that 9a+2b=-91.

Let F(x)=2x +ax’ +bx+c
F(5)=2(5) +a(5)* +b(5)+¢c (M1)
=250+25a+5b+c

Ao )

=——+—a—lb+c
4 )

1 1 1
250+ 25a+5b+c=——+—a—-=b+c 1
4 4 2 (M1)

-

10004+100a+20b=-1+a-2b
994 +22b = -1001 (M1)
9a+2b=-91 (Shown)

Given that the remainder is —6 when the expression 2x° +ax” +bx+c is divided
by (x—1). and (x+1) 1s a factor, calculate the value of c.

F(x)=2x"+ax’ +bx+c

F(1)=2(1)’ +a(l)’ +b(1)+c =6

a+b+e=-8 _..(1) (M1)
F(=1)=2(=1)’ +a(-1)’ +b(-1) +c =0
a-b+e=2 ..Q) (M1)

(1)-(2): 2b=-10
b=-5 (M1)
= 9a+2(-5)=-91
a=-9
= ¢=2+9-5=6 (Al)

Marker’s remarks:

Page 3

[3]

[4]


https://freetestpaper.com/

GESS PRELIM 2024 4EXP5NA AM P2

2 Mr Phua bought a new car. After t months. its value Vis given by ¥ =250000e™ . where
p 1s a constant. The value of the car after 36 months 1s $180 000.

(a)  Show that p is approximately 0.00913. [2]
180000 = 250000 7% (M1)
l_s. = e-Sﬁy
25
In(0.72)=-36p
-0.3285=-36p
p=0.00913 (3sf) (Al)
(b)  Calculate the age of the car. to the nearest month, when its expected value will be [2]
$100000.
100000 = 25000027 (M1)
2 oo
—=e
5

In(0.4) = —0.00913¢
t =100.4 months
= 100 months (nearest month) (Al)
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(¢) 5 years after Mr Phua bought the car, a second-hand car agent offers to pay him $130000 [2]
for his car. Would you advise Mr Phua to take up the offer. Explamn your answer.

Value of the car after 5 years =2 500002 0813(60)
=5144555.12 (M1)
No, he should not take up the offer as the value offered is far below the expected value. (Al)

(d)  Sketch the graph of ¥ =250000¢ . for r=0. 2]
V&
250000
(B1)
Shape (B1)
> §

Marker’s remarks:
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3. The line =10 and 3y +4x=32 are tangent to a circle C at the points (—2,10) and

(2,8) respectively.

(a)  Show that the equation of Cis (x+2)’ +(y—=35)° =25. [5]
3y+4x=32
4 32
y=——x+—
3 3
Gradient of the | line = % (M1)

Eqn of the line passing thru' (2. 8) and centre of the circle:

u~m=§w-n

3 13
V= EI+E (M1)
x-coord of the centre of the circle =-2 (B1)
3 13
r= (2 — =5 M1
o o (=2)+ = (M1)

Radius of the circle =10-5=5 (B1)
Eqn of the circle: (x+2Y +(y-5)* =5

or (x+2)Y+(y-57'=25

(b) Explain if the x-axis 1s tangent to C. [2]

The lowest point of C1s (-2, 5—-5)=(-2.0). which is on the x-axis. (M1)

Therefore, x-axis 1s tangent to C. (A1)
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(¢) Write down the equations of the two vertical tangents. [2]

x==7 (Bl)
x=3 (B1)

(d) Two points P and Q lie on the circle and the length of PQ is 4 units. [2]

Calculate the shortest distance from the centre of the circle to the line PQ.

The length of the centre of the circle to P or O = radius = 5 unitr oy

Length between mid-point of PQ to P =2 units

Shortest distance = /5" =27 = Jﬁ =458 units (3 s.f.) (Al)

Marker’s remarks:
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5
4. A, B and C are the angles of a triangle. Given that sin(A4+ B) =:—; .

(a) Find the exact value of tanC . Show your working clearly.

i(A+B 12
sin(4+B)=—
( ) 3

F Y
12
:>ta11(.'1+3}="? (M1) 13
tan C = tan(180° - (4 + B)) 12
tanC = —tan(4 + B) (M1) ™ N
- 2 .
tanC=—g=1—~=3*4 (A1) -5

A+B
Alternative solution: (4 + B) < 90°

12

= tan(A4+B) = = (M1)

tanC = tan(180° — (A4 + B))

tan C = —tan( 4 + B) (M1)
12

tanC = - =-14 (Al

(b)  Evaluate cos [( A+B)+ %:| . Leave your answer in surd form.

cos[(A +B)+§} =cos{A+B}cos«)31—sin(A +B)sini;- (M1)

-BAO©E
__ S+ 5-123

26 26
Alternative solution when (4 + B) < 90°

(Al)

=cos(.4+B)cus%—sh1(A+B)sm§ (M1)

-FE-EE) o)
5-1243
6

2

(A1)

Marker’s remarks:
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(a) Solve the equation 15(16")—4" =6.

15(16)—4" =6

15(4*)-4"-6=0 (M1)
15(4°) -4 -6=0

Leta=4"

=154 —-a-6=0 (M1)

(5a+3)(3a-2)=0
(S5a+3)=0 or (3a-2)=0
¥

a=-— or a=-—
5 3

| b

3 ;
4 = % (no solution) or 4" =

(Al) x=log, (;J =-0.292 (3s.t)

\

(b) Solve the equation Ig(2y)+2In(y)=2.

lg(2y)+2In(y)=2

(M1) (M1)

.
lg(y) = (5.6051) =1.69897
lg(y)=0.303108
y=2.00959=2.01 (3s.f) (Al)

“=2—lg2 (M1)

Marker’s remarks:
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6. A competitive platform diving competition involves one or two divers performing spins,

twists and somersaults into a pool from a series of heights.

The diagram shows the cross-section of a design of the g 4m
diving platform, which consists of a trapezium-shaped
tower ABCD. AB is the stairway which the divers

use to reach the platform. ¥

Given that £BAD =@, where ¢ can vary and

ZADC =90°, the length of 4B and BC PN
[ NN
are 12 m and 4 m respectively, A D
(a) show that L, the perimeter of ABCD., can be expressed in the form p+g¢gsind+rcos@ .  [2]

L=AB+BC+CD+DE+EA g 4m c

L=12+4+BE+4+12cosf

L=12+4+12smbf+4+12coséd (M1) 12m

L=20+12sin8+12cos8 (Al)

A

[ = = = = = = = = == - -

(b) express L inthe form of p+ Rcos(@—ea). where R >0 and 0°<a <90°. [3]

Rcos(8—a)=12¢cos8+12sm 8

R=4127+127 = \288=12{2 (M)

5

a'=tau_1{1—1]=45° (M1)

h i

= L =20+122 cos(6—45°) (A1)
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(¢) State the maximum value of L, and the corresponding value of &. [2]

Max. L=20+124/2 or 37.0m(3s.1) (B1)

When cos(6—45°) =1
(6-45°)=0
6=45° (B1)

(d) Find the value of 6 1f L =25 m. Explain why a platform with this value of L is a poor
design. [4]

=

=25
20+12+/2 cos(6—45°) = 25 (M1)

ﬁ
cos(f—45°) = p—; =0.29463 (M1)

a = 72.865°
6-45°=72.865°, 287.135°
&=117.865° 332.135° (M1)

& cannot be obtuse or more than 90 as 4B is a stairway. Otherwise, the divers cannot

climb up to the platform. (Al)

Marker’s remarks:
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7 (a) Prove the identity cosec 4x+cot4x =cot 2x . [3]

LHS = 1 +cus4x (M1)

sindy sindx

_l+4cos2(2x)
sm 2(2x)

_ 1+(2cos’ 2x-1)

: (M1)
2sin2xcos2x

2cos" 2x
2sin2xcos 2x
cos2x
=— (M1)
sim2x
cot2x=RHS

(b)  Hence. find. for —180° < 8 <180° . the values of # for which cosec 26+ cot 28 = —-JE [4]

cosec2f +cot 26 = ~J§

= cotf=—3 (M1)
1

tan @ = _ﬁ

a =30° (MI)

8 =180°-30°, -30°

8=150°, -30° (Al Al)

Marker’s remarks:
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The equation of a curve is y=—
e
; ; dav
(a) Find an expression for —.
dx
X -2
y= ;f;_ = Xxe =
] n ix 5 3 Ix
T A"
dx e
2 =022
=ELX(1_2X) =€ (41 _:I')
e
1-2 1-2
= -— (A1)

(b) Given that x is changing at a constant rate of 0.18 units per second. find the rate of

change of y when x= 1.

dx

=018

dt

Ay 4y dx

dr dx dt

r Y

‘-j%:lezfxn.m (M1)

Whenx =1, %J__zxo.ls:-o.ozxﬂ.mitsu-'scc (A1)
I e

(¢) Explain if the curve has more than one stationary point.

dy 1-2x
d‘: el]:
Ase™* >0, = when — = 1-2x=0

(M)

|

Therefore there 1s only one stationary value at x = % (Al)

Marker’s remarks:
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0. The diagram shows a solid object. It is made up of a cylinder with a hemisphere above it.

The cylinder has a radius of x cm and a height of y em. The radius of the hemisphere is

2x cm.

(a) Express y in terms of x if the total volume of the solid is 727 cm’.

?2:r=%:-c§xrrx[2x‘}3+irx(x)ix:r (M1)

?2=Ex3 - rz}'
3
yale 105 (A1)
x 3

(b) Show that the total surface area. 4 em?. of the solid is 144)?( 2

A -

b | -

2
X

2 27x’
=12;rx‘+144ﬁ 32xx

=127x" + ZJTI[E - % .‘(]

x 3
47 4Axx’

+
X 3

= 1447 l+i]
x 108

Page 14

b 4:{(23:): - rr(lx)l +2r(x)xy

X

(M1)

(Al)

x-
_._+‘.._._.__

(2]



GESS PRELIM 2024 4EXP5NA AM P2

(¢) Find the value of x for which A 1s a stationary value and determine the nature of the

stationary value.

When x=3.78,

. the area is a minimum value.

Marker’s remarks:

(M1)

(Al) - value must be shown

Page 15

[4]



GESS PRELIM 2024 4EXPSNA AMP2

10.

. . X .
The diagram shows part of the curve y=2sin—. where A4 lies on the curve.
g ; .

The x-coordinate of 4 is

the y-axis at C.

i

(a) Find the coordinates of B and of C. leaving your answers in its exact form.

R
y=281n—
ks ]

4;
3
Gradient of AC =2

. dr
Y =2s81n =J§

~

When x =

’ 6
Equation of AC :
When x =0.
When y =0,

y x
= =cos— (M1)
dx 2
dh 47 1
—_— =0 — = ——
X 6 2
(M1)
(M1)
p-B)-2(s-) o
- T -
¥V=aX—=—-+aJ3
3
T . ’ S;’T“I
_1-=_T+ 3 .:C1s;0.si’._—T

(Al) - Must be i exact value as required

O0=2x——+4+J3

4r 3 r A3 )
1=-—?--—‘ '.Blbl—f—£.0|
3 2 3 2

F

(A1) - Must be in exact value as required

Page 16
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(b) Find the area of the shaded region. [6]

Area = areaunder the curve — area of the triangle 4BD + area of triangle BOC
4
s 1 ar [4z B)) 1[4z \EW( s;J
= b 'd e 3 ——[——— s [ g i g IFTELET
I z[ﬂ[s E 2}'2(3 2J‘F 3
(M1) (M1) (M1)

=f§ 35iﬂ§ ir—%[ﬁ }(ﬁ]é(a.szzs)(smss)

4T

:L—-icnsfjls 3 11041
2L g

-

(MI1)
=6—-%+11.041 (M1)
=16.291
=16.3 units’ (AD)

Marker’s remarks:
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11. (a) Show that %[ 2x)(3—5x}gjl={6—1?.r](3—5x]51_ [3]

%[(zx)ia—sn?] =(zx;@{s—sxﬁ(—sms-sﬂ?{z)
(M1) (M1)
=(2)(3—5.~r)§ [-6x+(3-5x)] (M1)
=(2)(3- S.r)% [-11x+3]

=(6—22x)(3-5x )1? (Shown)

1
(b) Hence. evaluate Ix(S—Sx)de , (3]
From Part (1):
df £ A
—1 (2x)(3—-5x)3 =(6—22x)(3-5x)}
dx| |
{21)(3—-5115 =j{5-23x]{3-5x}§‘dr
1‘{."!)4:][3—534:]g =IG{3—S:¢}% d\'—fEZx[i—Sx)%dx (M1)
) ] s
1 NS 6
IEE:{'J—SxF de = Lt 5:;) —(2x)(3-5x)+c  (c: arbitrary constant)
-5 <
5
(M1)
=(3~5x}g (-1-2x)+e¢c
II[3 —-5x )% dx = :—;(1 +2x)3- S:c)% +d (d : arbitrary constant) (Al)
Marker’s remarks:
End of paper
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