M2REG-SPVP-2425-ASM-SET 4-MATH
Suggested solutions

3 4
I. (a) OP=Za+-b 1A
7 7
(b) (i) la x b| = |a||b|sin ZAOB IM
294 = (35)(14) sin ZAOB
sinLAOB:%
. . 52-32 4
Since ZAOB is an acute angle, cos ZAOB = —= —3
a-b = |a||b|cos LZAOB M
4
= (35)(14) (—)
5
=392 1A
— — (3 4 3 4
i OP-0P=|Za+-b|-[Za+-
(i) OP-0O (7a+7b) (7a+7b)
9 ., 24 16 .,
= golal + g Pr Pl
9 , 24 16 )
—5(35) +E(392)+E(14) IM
=481
‘WJ(:«MS] 1A
%
2. (a) AB=-3i+]j 1A
e
AC =-3i+k
i j Kk
— —
ABXAC=|-3 1 0 IM
-3 0 1
=i+3j+3k 1A
—_— —
(b) Letn=AB X AC =i+ 3j+3k.
0A
op =220y IM+1M
n-n
AN A
3
:1—9(i+3j+3k) 1A

M2REG-SPVP-2425-ASM-SET 4-MATH-MS-1 1



(a) —-i-2j+k
=-2i—6j+06k
=(d+1)i—4j+5k
i j k
—
ABxXAC=|-1 -2 1
-2 -6 6

slalsl

= —6i +4j + 2k

—

Note that AD is perpendicular to E x AC.

—_ - —
AD - (ABx AC) = 0
-6(d+1)+4(-4)+2(5) =0
d=-2
(b) DC = —i—2j+k=AB

We have DC//AB and DC = AB.
Thus, ABCD is a parallelogram.

(¢) VD = —9i + 6j + 3k

3 > —
= E(ABXAC)

Thus, VD is perpendicular to the plane ABCD.

. lj— —
(d) Required volume = 3 |AB X AC | (VD)

1
= §«/62 +42 422992 + 62 + 32

=28
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4. (a) Let AP:PB=r:(1-r).
— — —
OP = (1-r)OA +rOB
=(1-r)(8j+8k)+r(3i—4j-k) M
3ri+ (—12r +8)j — 9r + 8k
—_— —
Since OP L OB, OP - OB =0. 1M

3r(3)+ (-12r +8)(-4) + (-9r +8)(-1) =0

20
r=—
33
Putr = —.
ut r 3
20 20 20
P=3 121 —=1+8|j+|-9|—=]+8]k
0% =3 ()i |12 5] +sfi+ 5 (5)
2 2
:—01 8j 8k 1A
11 11 11
— —>
(b) Let OQ = sOP.
—  20s 8s 28s
Th = — j+—Kk.
en 00 n'+1ﬂ 1
AQ:OQ—OA
20s 8s 28s
i (i) (5 o)
ﬁ
AB=3I—12J—9k
Note that ZQAB = ZQOB = 90°.
— —
AQ-AB=0 IM
2
e o
_TE
— 35 14 49
Th = — —Kk. 1A
us, OQ 31 3 3
(¢c) BQ is a diameter of C.
— 1l — 11—
22, 1., 23
:?i+§j+?k 1A
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5. (a)a-a=[a*>=9
a-b=|a||b|cos ZAOB

=(3)(4) cos %

=6

Kk 3

= b
k12 8k+ 1)
H is the orthocentre of AOAB.

— —
OH-AB=0
k 3
(k+1a+8(k+1)b)'(b_a)_0
k3
k+1 8(k+1)

k 2
_k+1|a| *

|b|2+( )a-b:O

8(k+1)

%k 6 (k3 \_,
k+1 k+1  \k+1 8k+1)) "
5
k:Z
(d) (i) OB - BP = (OB)(BP) cos(180° — ZOBP)
= —(OB)(BP) cos ZOBP
= —-(0B)(BC)
ﬁ

Thus, OB - BPis always a constant.
L. T2 2
(il) OB - BP = —-(0OB)(BC)

(o)

=-10
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6. () () (1) OW=——05+—"—07
. =—05S+—
a ! s+t S+t

@) AreaofAITW_TW_s

Area of AIWS WS ¢

Area of AITW = (area of AITS) X %
s

su

s+t
Ul _ Area of AIUT

IW ~ Area of AITW
su

s+1
s+t

u
UI:IW=(s+1t) :u
(i) Let r be the radius of the circumcircle of ASTU.
1
s = Erz sin ZT1U
1,

= —r“sin 2«
2

1 1
Similarly, we have # = = sin23 and u = Erz sin 2.
Note that UT : IW = (s +1) : u.

ol = oW + ouU
s+t+u S+t+u
+1 t

L (58 L 57)+ — oD
S+t+u \s+t s+t s+t+u
—> —> —

B sOS +tOT +uOU

B S+t+u

1.2 Do (1,2 74 (1,2 77
(E” s1n2a/) 0S+(§r s1n2,8) 0T+(§r sm27) ou

1,2 1,2 1.2
sr*sin2a + 5resin2f + 5resin2y

. H . H . H
_ (sin2a)0S + (sin2B)OT + (sin2y)OU
B sin2a + sin 283 + sin 2y

_)
(b) () AB=4i
AB =4
AC = 2V2i +2j + 2k
AC = \/(2\/5)2+22+22 =4=AB
Thus, AABC is an isosceles triangle.
.. _ —
(il) AB-AC = (AB)(AC)cos ZBAC
8V2 = (4)(4) cos ZBAC

cos ZBAC = g
T
/BAC = —
¢ 4

Since AB = AC, we have ZABC = /ACB = % (77 - f) - %’T < g

AABC is an acute-angled triangle.
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(sin §) 04 + (sin 3Tﬂ) 0B+ (sin 3Tﬂ) 0¢

—

OH = : — M
sin 7 + sin = + sin =*
(i — 2§ — 2k) + Y2(5i - 5§ - 2k) + L (1 +2V2)i
1+%+§
_3+3\/§i_2+\/§j_2+\/§k
1+vV2  1+V2" 1+V2
. V2(V2+ 1), V2(V2+ 1)
=3i- Jj- k
1+v2 1+v2
=3i- V2j - V2k 1A
(iii) AH = OH — OA =2i+ (2 = V2)j+ (2 = V2)k
i k
AHxAB=]2 2-V2 2-V2
4 0 0
=42 -V2)j-4(2 - V2)k 1A
Required distance
=AHsin /HAB
_ (AH)(AB)sin ZHAB
B AB
—_— —
’AHXAB’
- AB
V4@ - VD12 + [-4(2 - VD)2
B 4
\J32(2 - V2)?
e T
=2V2-2 1A
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e —d
7. (@ PA=i-5j+2k M
—_

PB=—i+(-1-1)j-k

PA = PB

V242422 =124 (=1 -1)2+ 12 IM
PH+5=+2r+3

r=1 1A

(b) CD = 6i - 3j — 3k 1A

— 2—
CE:4i—2j—2k:§CD
Thus, C, D and E are collinear with CE : ED =2 : 1. 1A+1A
. —_—
(¢) () CG =2i-4j
i j Kk
—_— =
CGxCD=|2 -4 0
6 -3 -3
= 12i+6j+ 18k 1M

A required vector
1

=——(12i+6j + 18Kk) 1M
V122 + 62 + 182
V14, 14, 3vl14

= i+ j+ k 1A

7 14 14
(i) (1) GM = (x = i+ (y+2)j+ (z = Dk

4, V4, 3Via
GM - \/7_i+\§4_j+ \1/4_1( =0 M

2-1)+(y+2)+3(z-1)=0
2x+y+3z=3 1
(2) Whenx=1,y=1landz=0,2x+y+3z=2(1)+1+0=3. M

(ﬁ is a vector perpendicular to the vector found in (i).
Thus, P lies on /7. 1
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