4E Additional Mathematics Preliminary Examination 2024 Marking Scheme

Qns Suggested Solutions Remarks
1 -3x*+12x-1 A . B cC
Bx+1)(x-1)* 3x+1 x-1 (x-1)°
—“3x2 +12x—1= A(x-1)* + B(3x+1)(x-1) + C(3x +1) [M1]
When x=1,
—3+12-1=C(4)
Cc=2 [M1]
When x=—1,
3
2 2
o3
3 3 3
A=-3 [M1]
When x=1, A=-3,C=2
~1=(-3)(-1)° +BO(-) +(2)(0+1)
B=0 [M1]
-3x* +12x-1 3 N 2
Gx+D)(x-D?  3x+1 (x-1)° [A1]
2(a)(i) | 3cosx
Amplitude = 3
[B1]
Period = 360°
2(a)(ii) | 1-4sin2x
Amplitude = 4 [B1]
Period = ?
=180 (B1]




2(b)

y =1-4sin 2x

[M1]
Correct shape

[M1]
Smoothness

[M1]
Intersection

y = 3C0S X
2(c) 4 solutions [B1]
3(a)(i) X\’ ™l x) (7). x)
>3- (e (M) () e
448 224 ,
=128——X+—
3 X+ 3 X"+ [Al]
3(a)(ii) ) x)’ 448 224
_ 2 2 _Tmo e 2
(p+x) (2—§J _(p +2pPX+ X )(128 3 X+ 3 X +j
:2—:2;1 p2x2—¥ px% +128x%2 +... [M1]
224 , 896 )
= —p°"—— p+128 [x“+...
(3 TP )
224 , 896 32 ,
I T (M1]
256 p? —896p+384=0 [M1]
2p>-7p+3=0
(p-3)(2p-1)=0
p=3
p :% (rejected) [Al]
3(b)




17, ar-r( 1
Tu= r (X ) (_ZJ [M1]
e (5] )
r ( )( ) 2) \ X
17 (1N s
=\ )Y (Ej x [M1]
Let x3473" = x° [M1]
34-3r=0
34
r=—
3
=111
3
. : . S [A1]
Since r is not an integer, there is no independent term.
4(i) y=ax’+4x+3a—7---(1)
y =2ax—5---(2)
Sub (2) into (1)
ax® +4x+3a—7=2ax—5
ax®+(4—2a)x+3a-2=0 [M1]
b? —4ac=0
(4—-2a)? —4a(3a-2)=0 [M1]
16-16a+4a*-12a*+8a=0
~8a” -8a+16 =0
a’+a-2=0 1
(a+2)(a-1) =0 (M1]
a=-2,a=1 [A1]
4(ii) Since gradient is positive, a = 1.

y=x2+4x—4---(1)
y=2x-5---(2)

Sub (2) into (1)




X2 +4x—4=2x-5
X2 +2x+1=0
(x+1)*>=0
N [M1]
Sub X=-1,
y=—2-5
y=-7
Q(-1,-7) [Al]
5(i)
t (years) 5 10 15 20 25
V (in
thousands 192 370 714 1374 2642
$)
Igv 2.28 2.57 2.85 3.14 3.42
[G1] Axes
[G1] Points
plotted
correctly

[G1] Straight
line passing
through all
plotted points.




5(ii) From graph
lgV =2 [M1]
V =102
V =100
The initial value of investment is $100 000. [AL]
5(ii) | v =v k!
lgV =tlgk +1gV,
From graph,
Gradient 3.08-2.4 _ 17 (M1]
19-7 300
lgk = =L
300 [M1]
k =1.13937
k~1.14 [Al]
5(iv) Increase by 50% -> investment is at $150 000
V =150
gV ~2.18 [M1]
From graph, when IgV =2.18, t =3.25 years [Al]
6(a) 2X(x—3) >3-5x
2x? —6x > 3—5x [M1]
Expansion
2x? —x—=320 [M1]
(x+1)(2x-3)>0 Factorisation
L [A1]
x<-1 or x> 15
6(b) 2y +k=x---(2)
X

Sub (2) into (1)




2(2x+§j+k =X
X

4x+g+k=x
X

4% +12+kx = x?

3x% +kx+12=0

b%? —4ac<0

k?-4(3)12) <0

k?-144 <0

(k +12)(k =12) <0
-12<k <12

Therefore, the greatest value of k is 11.

[M1]

[M1]

[M1]

[Al]

7(a)

: 39). . L :
Since (E1Ej is a minimum point, it is not possible for the curve to

9
have a value smaller than E )

[M1]

[A1]

7(b)

y=3x+5---()

y =2x? —6x+9---(2)
Sub (1) into (2)

2x% —6X+9=3x+5

2x° —9x+4=0
(x-4)(2x-1)=0

X=4,Xx=

N+~

[M1]




Subx=4

y=3(4)+5
=17
(4,17) [M1]
Sub x:1
2
1
=3|=|+5
Y (2j+
_13
-2
%)
2'2
Length PQ
2 2
:\/(4—Ej +[17—Ej
2 2
_ [4%0 (M1
4
_N490 7410 VT
2 3 2 [Al]
8() y=27+ 8 3
(x=2)
ﬂ=—24(x—2)‘4
i [M1]
_ 24
(x—2)4 [M1]
. dy
Since == =0 forall X#2, [Al]

dx
the curve does not have a stationary point.

8(b)

Subx=0




y=27+ 83
(-2)
=26
[B1]
B(0, 26)
Suby=0
0=27+ 8 3
(x-2)
27 = 8 3
(x-2)
—27(x-2)° =8
8
x-2)%=——
(x=2) 27
x—2=—g
3
x:l1
3
1 [B1]
All=,
59
8(c) Subx=0
dy 24
i (-2
:_§ [M1]
2
Gradient of normal =— [M1]
2
-26=—(x-0
y 3*70)
y:§x+26 A4l
8(d) Suby=0




Acrea of triangle BOC
_139x26
2

=507 units?

[M1]

[Al]

9(i)

/PAB = ZBCA (alternate segment Thm)
ZABC =90° (angle in semi-circle)
ZABP =90" (angle on a straight line)

- ZABP = ZABC =90°

.. ABAP is similar to ABCA (AA)

[M1]

[Al]

o(ii)

Let ZAKH =,

/KAP =90" (tangent perpendicular to radius)

ZAPH =90° — x (sum of angles in triangle)

/HPB =90" — x (angle bisector)

ZABC =90" (angle in semi-circle)

ZABP =90" (angle on a straight line)

/BHP =180"-90° —(90° - x) (sum of angles in triangle)
=X

/AHK = x (vertically opposite angles)

. Since ZAHK = ZAKH, AH = AK (isosceles triangle)

[M1]

[A1]

o(iii)

Since ABHP is similar to AAKP
AK KP
BH HP

_, AR _KPak = AH from (ii))
BH HP

= AH xHP = KP xBH (Proved)

[M1]

[Al]




10

er

y_1—x
dy 2e”(1-x)+e*
dx  (1-x)?
 3e® - 2xe”
%
_e”(3-2x)
L

Since X >§,
2

(1-x)? >0

1
(1-x)°
(3—2x)
(1-x)°
e?(3-2x) <0

(1-x)’

>0

<0

dy

Since ax <0,y is always decreasing.
X

[M1]

[M1]

[M1]

[M1]

[A1]

11

d’y
dx?

dy = j36e3X —e*dx
dx

=36e> —e

36 3x —X
=—e’ " +e " +¢C
3

=12e* +e X +c

Sub d—y:14,X:0
dx

14=12+1+c
c=1

[M1]

[M1]

[M1]




M1
Y oev e 41 (M1]
dx (M1]
y= I12e3x +e* +1dx
y=4e" -e*+x+d
Sub x=0,y=5
5=4-1+0+d [Ml]
d=2
[Al]
y=4e> —e ¥ +x+2
12(i) . ,(0
= = —|-1=-1m/
Whent =0, v=4sin (2] m/s [B1]
~._Initial velocity = -1 m/s
12(ii) | When acceleration, a = 2 m/s?
d—V—SSin(i)xcos(ljx1
dt 2 2) 2 [M1]
4sin(lJcos[£j:2
2 2
2sint=2 [M1]
sint=1
=% [M1]
2
. when a =2 m/s?, t:%and v=4sin2[%j—1
1 2
v:4x(—j ~1=1mls [Al]
J2
12(iii) | Instantaneous rest= v =10
, t] [M1]
= 4sin“| — |-1=0
2
= sin t =J_rl
2 2
_, t_zom B [M1]
2 6 6 6
For first instantaneous rest, — = %
= t:% or 1.05 second [A1]




12(iv)

costzl—Zsinz(Lj
2
2sin? (lj =1-cost

2
4sin? (%j =2-2cost

5 :I4sin2(%j—1dt
=I2—2cost—1dt
=I1—2costdt
=t-2sint+c

Whent=0,S=0,c=0

Whent=2
S =2-2sin(2)

~0.18140

Whent=3
S =3-2sin(3)

~ 2.7177

Distance travelled during the 3 second
2.7177—-0.18140~ 2.54 m

[M1] Double
angle formula

[M1] Finding
Seithert=2
ort=3

[A1]




