Raffles Institution
H2 Mathematics (9758)
Solution for 2017 A-Level Paper 1

Question 1
. Remarks for
No. Suggested Solution Student

e In (1 + ax)

2 2 2 3 2 3
(1+2x+ﬂ+ﬂ+..}[ax—m+@—m} —-l<ax<1

2! 3! 2 3

(ax)2 (ax)3 2 ax(2x)2

=ax—~—2+2ax’ +——x(ax) +——t .
2 3 2

(4a—a2j B (a3—3a2+6aj g
=ax+ 5 X+ S X +

. 2
No term in x~, we have

4a—a’> =0=> a =0 (rejected since a # 0) or a = 4.
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Question 2

. Remarks for
No. Suggested Solution Student
(i)
y=blx —d
ab
—L {
a
(i) :
To solve < b|x —a|, we consider the graphs y = and
xX—a —
y=>b |x - a| drawn in (i), noting they intersect at a point where x > a.
! :bQFa)x>a
xX—a
2 1 1 2 1 .
(x—a) =—=x=a+,|—, | reject x=a—,|— sincex>a You need to
b b b refer to (i) if
| you are using
< b|x—a| “Hence”.
xX—a

1
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Question 3

No.

Suggested Solution

Remarks for
Student

®

Y =2xy+5x*=10=0... (1)

Differentiate (1) with respect to x:

dy dy
2y—-2x—-2y+10x=0
ydx dx Y

dy dy

—x—=—p+5x=0 ...(2
Y Ta Y ()

Whend— 0, y=5x
dx

Sub into (1): 25x

—10x* +5x* —10=0=20x" =10. .

X =

N
NG

or —

-

(i)

Differentiate (2) with respect to x:

2 2
yd_f+(d_yj P S
dx dx dx® dx dx
dy
When x = d——O Sub into (3):

T f

52
——<
4

j is @ maximum turning point.

(& &

Use 2™ Derivative
Test here.

I8t derivative test
cannot be used as

4 depends on

both x and y.

Note that exact
values with
working are
required as no
calculator is
allowed for this
question.
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Question 4

No.

Suggested Solution

Remarks for Student

@

_4x+9 _4(x+2)+1 4y 1
x+2 x+2 x+2

Note that C is defined on all values of x except —2.

dy 1

> <0 for all x # -2
dx (x+2)

Thus, gradient of C is negative for all points on C.

(i)

1
x+2

y=4+

Asymptotes are

x=-2,y=4

(iii)

A translation of 2 units in the positive x direction follow by a
translation of 4 units in the negative y direction.

Replace x by (x — 2) follow
by replacing y by (v + 4) is
not acceptable.
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Question 5

No.

Suggested Solution

Remarks for
Student

®

f(x):x3+ax2+bx+c

f(1)=8

f(2)=12 =8+4a+2b+c=12 =4a+2b+c=4 ..(2)
f(3)=25 =27+9a+3b+c=25=9a+3b+c=-2..(3)

=>l+a+b+c=8 =a+b+c=7 ..(D

Solving (1), (2) and (3),
3 3

a=——,b==,c=17
2 2

(i)

f(x) =x —ix2 +§x+7
2 2
We know that in general a cubic function has 1, 2 or 3 x-intercepts.

f'(x) =3x° —3x+%

1) 3 . 1Y
=3 x—— | +—>0forall x since | x—— | >0 forall x
2 4 2

f(x) > —o0 as x > —oo and f (x) — o0 as x — oo.

Since gradient of curve is always positive, curve is always increasing.
(in particular, fis 1-1) So, £ (x) =0 has only one root.

Using GC, the root is —1.33 (3 s.f))

(iii)
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Question 6

Remarks for

which is the position vector of the point of intersection of the line in
(1) and the plane in (ii).

No. Suggested Solution Student
(i) | Itis a line passing through the point 4 with position vector @ and is
parallel to the vector b.
(ii) | Itis a plane with normal vector 7 such that the dot product of the position
vector of any point on the plane with the normal has the value d.
Since 7 is a unit vector, the magnitude of d is the distance from the origin
to the plane.
(i) | (a+1b)n=d =an+thn=d
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Question 7

Remarks for

[7(F(x) ax
o

2
sin 2mx +sin 2nx)” dx

(=]

J-fr(l cos4mx 1—cos4nx
0

1 1 . 11 1\
—x——-sindmx | +|—x——sindnx
2 &m 0 2 8n

+{— ! sin (2m+2n)x+
2m+2n

=z (sinkz=0forkeZ)

0

2m—

T

2n

(
Iﬁ (sm 2mx +sin® 2nx + 2 sin 2mxsin an) dx

+ 2sin 2mx sin 2nxj dx

sin(2m—2n)x}

T

0

No. Suggested Solution Student
(i) j sin 2mxsin 2nx dx
1 ) )
= ——I—Z sin 2mxsin 2nx dx
2
1
= _Efcos(Zm +2n)x—cos(2m—2n)x dx
_ sin(2m+2n)x + sin(2m—2n)x+C
4m+4n 4m—4n
(i)
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Question 8

. Remarks
No. Suggested Solution for Student
@) | 22 (1-i)-2z+(5+5i)=0 You can also
divide through
24,2 —4(1-1)5(1+i) by (1-i)
o 2 (1 - i) before applying
the  quadratic
2+V4—-40 formula
z="——
2(1-1)
2+6i Note that
= - detailed
2(1 _1) working is
2460 1+i 2-6i  1+i required - as
z= —X— or z= —X— calculator is not
2(1—1) 1+1 2(1—1) 1+1 allowed.
24+2i+61—-6 2+2i-61+6
z=r— or o
4 4
z=—1+2i or z=2-1
(b)) | w=1-i
0 | w=(1-1) =-2i
w'==2i(1-1)=-2-2i
wh=(w') =(-2i) =4
w4+ pw’ 4390 + gw+58=0
—4+ p(-2-2i)+39(-2i)+¢(1-1)+58=0
Compare Real and Imaginary parts:
—4-2p+q+58=0 ..(])
—2p-78—¢q=0 -.(2)
M+(2): —4p-24=0= p=—6
Sub into (2): 12-78-¢g=0= g =-66
i) | w*—6w’+39w’ —66w+58=0
Note that (1—1) is a root and coefficients are real, thus (1+1) is also a root
Onequmaﬁcﬁwunis(w—(l—ﬂ)@v—(k+ﬂ)=vﬁ——2w+2
.:wﬁ—6wﬁ+39w2—66W+58=(w2—2w+2)bﬁk+pw+q)
By comparing constant terms, 58 =2g = g =29
By comparing linear term, —66 =-2(29)+2p = p=—4
ow' = 6w’ +39W” —66w+58 = (W’ —2w+2)(w’ —4w+29)
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Alternatively

w? —4w+29

W2 — 2w+ 2>w4 —6w® +39% — 66w+ 58

—(w4 -2’ +2w2)

— 4w’ +37w* —66w+58
—(—4W3 +8w? —8w)

29w* —58w+58
—(29w2 —58w+58)

0
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Question 9

No. Suggested Solution Remarks for Student
@) S, =Zn:ur = An* + Bn
r=1
(i) un = Sn _Sn—l
= An’ +Bn—A(n—1)2 —B(n—l)
= A(2n—1)+B
(i) | u,=48=194+B=48
u,=90=334+B=90
Solving, 4 =3, B=-9
(b) rz(rwtl)z—(r—l)2 r? =r2[(r+l)2—(r—1)2}
=r [(r+l)—(r—1)][(r+1)+(r—1)]
- (2)(2r)
=47’
n ; _l n , 3 B € \
r:Ir —4r1(r (r+1) (r 1) r )
1
=L ()2)-(07) (1)
+(2932) - (17)(2?
+(39(47)-(2)3°)
+.
+(=10’ n® —(a=2)’ n—l)2
o (n+1) = (=)t |
=—n’ (n+l)2
© Leta, _x
n!
an+l — an n_' — X
a, (n+1)! x" n+l
Tim [ 2241 = lim |x| =0<1 foreachx.
ool g | oo p4]
Therefore ix—r' converges. ix—r':ex from MF26.
=0 1" - =0 I
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Question 10

No.

Suggested Solution

Remarks for
Student

1 4
lo:r=A] 1 |,AeR and [,:r=| 2 |+pu| 5 |, uelR
-2 -1 a+1

@

3 1 4
Al 1 = 2 |+u| 5

-2 -1 a+1
3A=1+4u=31-4u=1 ..
A=2+5u=>A-5u=2 ..(2)
—2/1:—1+,u(a+1)...(3)
Solving (1) and (2):

5 3
ByGC, y=——and A =——
IO AET T

.'.iz—l—i(a+1):>a:—4.4
11 11

(i)

3
OR=1| 1 , for some 4 € R, since R lies on C.
-2
If angle PRQ is 90°, then
1-31 5-31
RPRO=0 =| 2-4 || 7-4 |=0
—14+24) \ =3+24
(5—151—3/1+9/12)+(14—7/1—2/1+/12)+(3—6l—2/1+412):0
142> —351+22=0
Discriminant = 35% — 4(14)(22) = -7 < 0= no solution.

Therefore not possible for angle POR to be 90°.

(iii)

Length PR is as small as possible implies PR is perpendicular to C.
3 1-34 3

RP| 1 |=0 =| 2-4 || 1|=0
2 1424 ) | =2

3—9z+2—/1+2—41=o:>1=%

Coordinates of R is i,l, -1
22

. 1 2 2 1
Exact minimum length ‘RP‘ = \/(—Ej + (%) +0% = 5\/5
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Question 11

No.

Suggested Solution

Remarks for
Student

@
(@

o _
dr

C

(b)

v=ct+d

v=4whent=0=d =4

v=29 whent=25=29=25¢c+4=¢c=10
~v=10t+4

(i)

dv_
dr

]
————dv:jm
10— kv

10—kv

—%ln(IO—kv):Hb

10—kv=e"" = Ae™, where A=¢™ is a positive constant
10— A4e™

k
v=0whent=0: 4=10

Lv= %(l—e_kt)

\%

(iii)

v =%(l—ek’)

vy —40 ast—)oo:>40:%:>k:l

4
.'.v:40(1—e & J

When v =0.9x40 =36,

1 1
36=40[1—e L j:e 4 =0.1=>¢r=9.21s.
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