2025 JC2 H2 Maths Prelim Paper 1 Solutions

No

Solution

f(x)=ax’ +bx’ +cx+d
f(2)=8a+4b+2c+d =10 —-(1)
f(-2)=-8a+4b—-2c+d=-2 —-(2)
f£'(x) =3ax” +2bx +c
f'(-)=3a-2b+c=0 -(3)

[7£G) de=16= [ (ax' +b2° +ex+d) dr=16
1, 1,5 1, 2

—ax" +=bx’+—cx"+dx| =16

4 3 2 S

?b+4d=16 —(4)

Using GC to solve (1), (2), (3), (4)
a=3,b=0,c=-9,d=4

Let » and / be the radius and the height of the cylinder respectively.
External Surface Area

p=2xr’+2xrh
= p—27zr2 P

2wr 2r
Volume

V =nr'h

-r

1
2
For stationary values, v _p_ 3mt=0 = r=|L
d 2 61
d*v
dr?

1 1
When (ﬁj d Z=_6ﬁ(£j2 <0
6m dr 6r

=—6xr

1
. . p 2
.. Vis a maximum when r = o | em:
n
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3@ 1 -2 0 2
L:r=|2|+A| 1|, Lir=| 5 |+u| 2|, A& uck
0 2 -8 3
-2 2
1 |#k| -2 |, where kis a scalar
2 3

l,1s not parallel to /,.
Equate the two lines:

1 -2 0 2

201+A1 1 |=| 5 |+u|l 2

0 2 -8 3
2A+2u=1 (1)
—A-2u=-3 )
—21+3u=8 3)
No solution from GC
OR

Solution for equations (1) and Q) A=-2, u= %

check that it satisfies (3).

LHS =—2(2)+3[§j !
2) 2

RHS=8

Hence (3) is not satisfied.

Since /, and /, are non-parallel and non-intersecting, they are skew lines.

(i) | Let F be foot of perpendicular from P to 7, . ¥p
Equation of line through P and F: 4
1 0 1
r=|5|+a| 1l |=|5+a|,aelR 5
0 -1 -a F P
Substitute into equation of plane 7, : T
1 0 . P
S5+Ale 1 |=2
-1 -1
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S5H2a=2= a=—%

2

OP'=20F -0OP=|17|-|5|=

3

Coordinates of P' are

.OF =

N|W | —

1 1

0
(1,2,3).

2
3

Alternative method to find foot of perpendicular:
0(0,2,0) is a point on plane 7

0
— == 1 1
i Ry N
-1 (0Y](0
LY S P T O
o) la1)|l=1) 2
0 iy !
ﬁ:ﬁ 1 |+ 5 47
201 1 5] 12
3
2
2) (1
OP'=20F -OP=|7 —[5 =
3) o

Coordinates of P' are (1,2,3).

0

-1

1
2
3

(iii)

Let A(1,2,0) that lies on /.

1
uul  uum o uur

0
AP=0OP-0A4=|5|-|2|=|3
0

0

Normal of plane =, :

1

0
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-2) (0 —6 1
n=|1|x3|=| 0 |=-6/0
2 0 —6 1
Equation of plane containing P and /, :
1 1) (1
r 0]|=|0]|2|=1
1 1)(0

Cartesian equation of 7, isx+z =1

4(a)
(1) o
(i1) 2 2
f( 10090 504 4| = p[ & )2 2] 23
2 2 2 2 4
(b)(®) v For hg to exist, R  C D,
] R, =(=0.1)
Dh = (O, 4)
0 1
e X
Since R, @ D, , hg does not exist.
x=0
(i) Since h is a quadratic function with maximum point at x = 1,

by symmetry, when h(x) :g ,x=0and x=2.

The other value of x is 2.

Since h™! exists, h is one to one and R, = D . = (O,%} (given)

From the graph of h, restricted D, =[2,4)
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Alternative Method 1 to find x:

Since h is a quadratic function, its roots are at —2 and 4.
Let h(x)=a(x+2)(x—4)

h(0) =§

e e
—=-8a=>a=——
2 16

h(x) = —%(x+2)(x—4)

Solving h(x)z%, x=0 or 2

The other value of x is 2.

Alternative Method 2 to find x:
Since maximum point at x =1,

Let h(x) :a(x—l)2 +b
h(4)=0=9%a+b=0——-(1)

h(0)=§:>a+b=§———(2)

D-Q): 8a=-<=a=-

2 16
e e 9e
Q)=b=—+—=—
2 16 16
e > 9e
h(x)=——(x-1) +—
(0 ==15(x=1) + 70

Solving h(x)z%, x=0 or 2

The other value of x 1s 2.

Alternative Method 3 to find x:
Let h(x)=ax’ +bx+c
e

e
h(0)=—, c=—
(0) 5 5

h(4)=0, 16a+4b+§:0 ..... (1)
h'(1)=0, h'(x)=2ax+b
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= h(x) S
16 8 2

Solving h(x)=§, x=0 or2

The other value of x is 2.

(ii1) | To find range of gh:
D, > R, —%> R,
[2,4)—"{0,%} & y(—o0,1-In2]
v
Yy =g(x)
LG e
0 e B

x=0

.- Rgh = (—oo,ln %} or (—oo,1-In2] or (—,0.307]

5(a) a+8d a+10d
a+2d a+8d

(a+8d)” =(a+2d)(a+10d)
a’ +16ad +64d* = a* +12ad +20d*

dad +44d* =0

4d(a+11d)=0

d=0 or a+11d =0
(reject since terms of AP, GP are distinct) d= _ll_la
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® ]S -a=143
1
d=——(143)=-13
T (143)
n
S = E[2a+(n—l)d]
n
= 5[286 —13(n —1)]
From GC, largest S, =858
©) r_a+8d_—11d+8d_—3d_l
a+2d -11d+2d -9d 3
: 1 . o
Since |r|=§ <1 ,the geometric series is convergent.
(d) Let u, be the nth term of the geometric progression.

u ,+u ,+

n+l n+2
=8,-5S,

b b(l=r")
1-r 1-r
b 1

br"
,
)

[S—

[S—

1-=
3
2\3

n-1 n-1
= é(l] < lb since (lj <1
2\3 2 3

Alternative:

Page 7 of 20




2025 JC2 H2 Maths Prelim Paper 1 Solutions

+u,,, +

n+3

Z’anrl + un+2

n n+l n+2
:b(lj +b(lj +b[lj +...
3 3 3

n—1 n—1
= é l < é since l <1
213 2 3

6 1. Reflection of the graph in the x-axis followed by
@ 2. Scaling of the resulting graph by a factor % parallel to the x-axis.
(i) | From (i), g(x)=—f(3x)
SLa=-1,b=3,¢c=0,d=0.
g'(x) =-31"(3x)
(iii)

g'(2)=-31"(6)
Since f'(6)=4

g'(2) =-3f'(6) =—3(4) =—12
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7(a)
@) i
E y=3x
: (276) 3x
| y=—7
y= 3 I x-1
0,00 | g
L x=1
(a)
. y
(11) A
y=3x
8 /
| |
| |
_________ T™ 1
6 1 1 1 y= 3_x
1 I | x—1
| 1 |
| I |
| | 1
| I |
| 1 |
[ [ [ -~
0 .6 2 2.6667 X
Area of region bounded by both curves and y = §
sy ¥
=l |=———|d
L ( 3y —3J g
=1.13 units® (3 s.f)
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Alternative Method:

Area of region bounded by both curves and y = 8
2. 6667

=(2.6667—1.6)(8) — j — dx— j 3x dx

= 8.5336—2.7325—4.6669
=1.13 units* (3 s.f)

7(b)
(1)

y=+x"+1forx>0

3
I
[\S]
3
I
—_

I |3

If we split the area of the region enclosed by the curve
y=f(x)=+x"+1 , the x-axis and the lines x = 0 and x = 1

. . 1
into n rectangles, each of width — as shown, the sum of the
n

area of the n rectangles is given by

a= o) ber(L) s b 2)
- 1{f(0)+f[1j +f(”7‘1j}
{1+\/—+1+\/—+1+ \/("T}

As the number of rectangles increases, i.e. n —> oo, the width
of each rectangle decreases, then the sum of the area of the n

v
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rectangle approaches the area of the region enclosed by

curve y =+/x’+1 , the x-axis and the lines x = 0 and x = 1

1
which is given by I . x*+1 dx.
Hence

S=limA4

n—>0

_1\2
:liml{l+\/%+l+\/i2+l+...+ (n 21) +1}
n—=ep n n n

=j01f(x)dx

zj;\/1+x2 dx

8)3 Actual area under the graph y =+/x*+1 fromx=0tox=1

j;\/x2+1 dx=1.1478 =1.15 (3 s.f))

8(i) (x _ y)Z — 2exy
Differentiate with respect to x

dy

dy xy Xy
-y)—(x—y)—=xe" —+ye
(x—y)—(x y)dx et oty

dy  x-—y—ye”

dx x—y+xe” (shown)

(ii) | Whenx=0,
(0-y) =2¢"
y=12
y= V2 ( y> 0)
At (0, V2),
dy 0—\/5—\/560(\5)
dx o2 +(0)e"”
28
5
=2
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Gradient of normal = _%

Equation of the normal to the curve at (0, 2 ) is
1
y—2=- 5 (x-0)

y=-x 2

(iii)

Substitute y=—%x+ 2 into (x—y)2 =2eV,
2 1
x| ——x+2
(x+%x—\/§j =Ze( : 2)
2 ! 2+ 2x
(%x—\/zj —2e 2 v

Using G.C.,
x=2.2488 or x =0 (reject -."it's point 4)

Y1=(1.5X-4(2))2=2e"(~.5X2+T(2)X)

Zero
H=2.2488108 Y=0

when x =2.2488, y = —%(2.2488) ++/2 =0.28980 (5 5.f)

.. B(2.25,0.290)
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9
(@) j;dx let x =3secd
xX*AIx* =9
:J. ! Edt9 £:3sec9tan0
9sec’ Ov/9sec’ 9 -9 dO de
1
= (3secftan ) dO
'|A9sec2 O~/9sec’ -9
= ! (tan @) dO
9sec Hsec’ 61
1
=|————(tan ) d¥ X
‘[9sec f+/tan* 6 Jx? -9
1
= dé 0
-[9sec6’ ]
1 3
=—Icos€ do
9
1. 3
=—sinfd+C x=3secd => cosf=—
9 X
Jx* =9 . )
= 5 +C where C is an arbitrary constant
X
9(b)
43] . x:4
i
: 1
i x(x> —9)
I
1
1
1
i
1
1
: /,# y=0.1
: D
I : .
1 5 TX
x=3
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Volume of solid

=z y* dv-7(0.17 (1)

dx—7(0.1)*(1)

5 1
_\/xz —9]5 V4

=TT —
9x 100

4

5729 _J42—9] p

9x5 9%x4 | 100

4 \/7 s

= —— |——
45 36} 100

71 7

10@) | |z|+5w=0 (1
iz—4w=—4+7i )

From (1):
1
=—= 3
w s |Z| 3)
Substitute (3) into (2):

iz+i|z|=—4+7i
5

Let z=x+)i1,

i(x+yi)+%«/x2+y2 =—4+71
[—y+§\/x2 +y2j+xi:—4+7i

Comparing imaginary parts:
x=7

Comparing real parts:
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—y+§«/72 +y° =—4
5()/—4):4«/49+y2

25(16-8y+y")=16(49+")
9y* 200y —384=0
(y—24)(9y+16)=0

16

y=—3

*)

y=24 or

16 .
Note that y = Y does not satisfy (*) and hence y =24

Lz=T7+24
Substitute into (3):

w=—l 7 +24°
5

= —§\/625

T w=-5

10(b) Im
@
B
X
—u
Re
u
¢ A
10(b) | As points C and D represent complex numbers that form a complex
(ii) conjugate pair, therefore line segment CD must be vertical, and points C

and D must be equidistant from the real axis.

Given that ZCDA =90, and CD is vertical, thus we require line segment
DA to be horizontal.
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Since 4 and B are also equidistant from the real axis, DA being horizontal
implies that BC must also be horizontal.

Since C represents the complex number v — u, the vector BC must
represent the complex number v.

Since BC is horizontal, v must be a real number. Hence, Im(v) = 0.

Im y

v
<
a

—u

/N IV

/
/
S
_—————f
/

Vi
=
[¢]

/
/.
/=

/

b|;[
'

Alternatively,
u=a+ib
v=c+id

v—u=(c—a)+(d->b)i

(v-—u)*=(c—a)+(b—-d)i

A(a,b)

C(c—a,d-Db)

D(c—a,b—-d)

C and D share the same x coordinate. Therefore CD is vertical.

ZCDA=90" implies that DA must be horizontal, hence 4 and D must
share the same y-coordinate.

b-d=b=>d=0=>Im(v)=0

Let OA =(Z] where u =a+bi, where a,b e R.

Let OV :[;] where v=c+di, where c,d e R.
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B — C a c—da
Then OC =0V -04 = - = .
d) \b) \d-b
oD=0ovi-oda*=| ¢ |=|°7¢
- \-(d-b)) \b-d
Since /CDA=90", then CD+AD =0

S c—a c—a 0
CD=0D-0C= - -
(b—dj (d—bj (2b—2dj
. . — (a c—a 2a—c
DA=0A-0D = - =
CD+DA=0

a5 )

2d(b—-d)=0
d=0 or d=b

N c—da — c—da
If d =b , then OC=[ 0 ]andOD=[ 0 ]thenCandDarethe

same point. Then ZCDA#90".
Hence d =0 = Im(v) =0 (shown)

11
(@)

Since AA' is a straight line passing through the origin O,
. 0A'=-a
BA=04-0B
=a-b
BA'=04"-0B

=—-a-b
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BA*BA'=(a—b)«(-a—b)
=—a.a—a*b+bea+beb

=0

~BAL B—A', hence £ABA'=90" (shown).

= —|a|2 +|b|2 (|a| =|b| - radius of circle)

" 1
(if) By Vector Product, AOAB = 5 |a X b|

From the above diagram,
%x‘a‘xh=area ofAOAB=%|a><b| Q)
Area of AABA'= %x AA'xh

=lx2‘a‘xh
2

:l|axb|><2
2

=|a><b|

where k=1

= [% x ‘@‘ X h} x2 , substituting (1)

2 | dr_dv, dv,

@ | da  dr A
—032—kV
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When (Z—I;= 0.12 and V"= 18.75 mg,

0.12=0.32-k(18.75)

_ 02 4
1875 375
Y 0322 y=L (120-4r)=—2_(30-¥)(shown)
dr 375 375 375
G |dv_ 4

w0
[ dr =] ar
30—V 375
In[30-V|= 214 C

375

4
In[30-V|=-—t-C

375

4
30-V|=¢ "

30—V = Ae 5 where A =+eC

4

V =30—de 7
Whent=0,V =0
A=30
V =30-30e 37
(iif)
V(mg)
y N
V=30
4,
V' =30-30e 7
o g t (min)
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(iv) | As the maximum mass of particulates is 30 mg, the extraction
device is effective enough to meet the recommendation.

M AV g3 2y =L(120—2V)=i(60—1/)
dt 375 375 375
) At steady state, L =0
dr
0=60—-V
V=60
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