Q1
Question

The equations of planes, P;, P, are

-3 -2 1 -1
Pi: r=(10 )+l 12 |+B|1],6,1€R P, r-{ 0 ]=1
3 3 1 1
Find the coordinates of the foot of perpendicular from the point A(—3, 10, 3) to the plane P, and show that the
point B(2,10,—2) is the reflection of point A in P,.

The planes P;and P, meet in a line L. Find a vector equation in line L.

Plane P; is the reflection of P; in P,. Using the results above, find a vector perpendicular to P5. hence, find, in scalar
form, the equation of P3.

L -1 1\ /14 14
Ans: F, (_E ,10,5), L= <—02> +t (1) (—g), r (-g) — 4

answer

1

2| (-3 2
= 0B=20F-0A =210 |-{10 |=|10

113) (-2

2
Hence (2,10,~2) is the reflection of (~3,10,3)in Py

When the planes intersect, AR

PGl |EHE)
[:[‘]*’:z: SIS

Subst A= —1 Py 2 9x45y-14z = -19

3 (2 | o]
r={10 (=] 12 |+B|1]. By GC, x=-14z

i) L3 1 y=24z

: 4 4
"“":M“:' a Ll;-(»l]n[l]. (aR
,-[-7]”[11. e R 9\ 4]

0

—_—

8 | LetFbe the foot of perpendicular from A to the plane Py

-1
Equation of line AF is givenby r=|10 o:[ ]. 1R
1

3)
3 -1
Since F lies on the line, OF =| 10 [+5| 0 |, forsome seR. A(-3.10,3) is on Py, B(2,10,-2) lies on plane P

3 L Line Lalso lies on P;.
Since F also lies on plane Py,

2) (-1) (3
ke E - -3 Therefore the vector | 10 [-|-2|=| 12 | is paratieloPy
[|°],[o]_| = () (34s) =1 = s= 2 ‘ L . B
e 1
3) (1) (14
Hénce a vector L to Pyisgivenby | 12 |x =|-5].
=2 ) o

ina Equation of plane Pj is given by:
Coordinates of foot of perpendicular = .1 ,‘J.
¥ ( 110,

14 2 14 "
" 57 _OA+OB r|-5[=|10 [| 5| =r|-5|=-4 .
By ratio theorem, 0F=T -9 2)l-9 -9

2

1
-3 -\ |72
Therefors, (Wu[m]-iln -
3)
2

10
1

Q2

Question

Relative to an origin O, the points A and B have position vectors a and b respectively,
wherea-b > 0. A and Balso lie on a circle with centre C and AB as diameter.

(i) Write down the position vector of Cin terms of a and b.
(ii) Show that the origin O is outside the circle.

T is a point on the circle with position vector t and OT is a tangent to the circle.



(iii)
(iv)

Show that t - (a:—b) = |t|%

1
By considering the triangle ATB, show that the length of OT is given by (a - b)2

1
By considering the area of triangle OTC, show that [t X (a+ b)| = (a-b)z |b — a|

a+b
C =—
2

Ans: (i)

Answer

s

Lot the angle betweea the vectors OA and OB be 0.
ab>0=> |afpjcos® >0
= cos® >0

= 0<0<90" . L ;
Therefore angle AOB s acute. ~ Since for any point P on or inside the circle with AB as diameter,

angle APB zw,tmao:nmibewuidemdmle.

Since T is & tangent tothercircle, OT L. CT.

,{,_ﬂ].o

2

f ﬂ£)=o

H-{%
a+h

{5 )-o

Altemative :

1 = Wlc]cosd = ' (as elcos 0= ) >

e ——

o

L.

Q3
Question

Planes Py, P, and P3; have equations

Respectively, where A and yu are constants.

(i)

Since T is on the circle, AT L BT.
(c-aMt=b)=0
W ~tb-ta+ab=0
W -2k + ab=0
Mf.=ab = | = (ab)i

Area of triangle OTC

=1,,(=_1_"].
2 2

—2x+z=4
2x+y—2z=6

—6x+4y+Az=up

Find a vector parallel to both P;and P,.

Given that the point with coordinates (=5, a, ), lies on P;and P,, find a and (.
Hence find a vector equation of the line of intersection of P; and P,.

(ii)

1 -5
Ans:(i)<2>,a=4,ﬁ=—6,r=<4)+6<
2 -6

1
2
2

Given that P;, P, and P; form a triangular prism, what can be said about the values of 1 and u?

>(ii)/1=—1,/,1¢52



Answer

F Oy

10+4=4 -10+a-2p=6
p=-6 a=6+10+2(-6)=4

The vector equation of the line in which p,and p, intersect is
S5 1

r=| 4 [+58| 2| ,6eR
4

Vector equation of the line in which p, and p, intersect must be perpeadicular
to the normal of p,

-

50) | The vector panllel to both p,and p, -6+8+24=0
-2\ (2) (1) (1 A=-1
[o]x[ ']:['2]’[2] The point (-5, 4, -6) must not be on p,
1) R -5\ (=6
-6) 1

53

Q4

Question

-1 -7
The planes P;and P, have equations 7. <—2> = —1and r.< 4 > = 1 respectively.

2 4
(i) Find the acute angle between P;and P,.
(i) The point A(2, «, 3) is equidistant from the planes P; and P,. Calculate the two possible values of a

(iii) Find the position vector of the foot of perpendicular from B(0, 1, 2) to the plane P,. Hence find the

Cartesian equation of the plane P; such that P; is parallel to P; and point B is equidistant from planes
P;and P3

1
Ans: (i) 74.97° (i) a = g or 6 (iii) position vector OM = %(5), equation of planex — 2y + 2z =5
4

Answer

8(I) | The acute angle between p,and p,




e . -

g
=C0S
NZvavl s

S+ _3-da S+2a _ 3-4a
C R
=7497°=750" -I5+6a=3-4a -15+6a=-3+4a

(0] 10a=18 o a=12

| ! a0 4 S

0/ is a pointon p,- 2 |isapointon p;. 03 s "“7'
0

0,

B(HH) | Let M be the position vector of the foot of perpendicular from 8 to p.

1 1 Equation of line segment BM
int Dbe 0] Let point Cbe | # . 0 (=1
Let point D 5 0 il a5

2 2

AD =0D~-0A AC=

| i 1 2- & When line segment BM intersects p, .
1 Nl -2 (-1
: i 4 ’[—a] =[2]—[a]-[2_"] 1-2 || -2 [=-1
i’ 040 SRS 2423) | 2
Perpendicular distance from A A-2441+ 4440 =~
wih o)

3

1
W =3 5
4
Let polat M" be a point in plane p, such that M8 =i,
MB=BM"
OM' =208 ~OM

T

Equation of plane p,

H-

~x~2y42z=5

r)

Q5

Question

The line [, passes through the point (1, —1, 1) and is parallel to the vector 2i — 5j + 3k.

2y+4 z
4 2

The line I, has equationx — 1 =

Given that the plane I1; contains [; and is parallel to [,

(i) Find the Cartesian equation of the plane I1;
(i) Find the shortest distance between I1; and [,, leaving your answer in exact form.

The plane I1, has equationr. (3i — 2K) = 1

(iii) Find the acute angle between the planes I1; and I1,
(iv) Determine the geometrical relationship between I1, and [, showing your working clearly.
(v) Hence what can be said about the values of a and b such that there is no solution for the following

system of linear equations?

4x+7y+9z=6
3x—2z=1
2x+y—az=">b

Ans: (i) equation of plane 4x + 7y + 9z = 6 (ii) \/% (iii) 82.1° (iv) 1, contains l; (v) a = —%, b # %

Answer



- Jiag
9(i) | The vector equation of h is RS
r=  I=2+k+A(1+2)-2k) 46
2 1 4 (iii) | Let 6 be the angle between the two planes.
The normal vector of TT; = | =5 |X z}-[] S\T4
3) & 9 olls
-2J\9 6
Sealar Product form of equation of TT) is cosf= S T
4\ (1)(4 §=82.1°
r{7]-(_ll){;]-é v 1)(3
Y . Note that (1, -1, 1) lies on ITysince | =1 4 0 (=1
Cam-imnqultioneftheplaneﬂ.ixu+7y+9z-6 i

(i) | Letd be the shortest distance.

2 3
4 Also, note that [, is parallel to TT,since | =54 0 (=0
ﬁ{v S,
9 ¥y
Then d = ) , where A = (1,-1, 1) and B(1, 2, 0) So T1, contains .
92 477 44

() | Since both T, and T, contain 4, /; Is parallel to the plane 2x+ y —az=b

Lk

1
=a=-c

3
Note that (1, -1, 1) does not lic on plane

2+ y -az=b

4
So2(1)-1-a(l) #b =ba§.

Q6

Question

Do not use a calculator in answering this question.

Relative to the origin O, two points A and B have position vectors given by a = pi 4+ j — 3k
and b = i respectively.

(i) The point Cis on AB such that AC: CB = 2: 1. Find the position vector of C in terms of p. Hence find the
exact area of triangle OAC.

(ii) The point D is on OC produced such that 0D = 2CD. The point E is such that AE = OC. Find the area of
trapezium OAED.
(iii) Given that the angle between a and b is 135°, find the value of p.

4 p+2 /i
Ans: () OC =2| 1 | area==_ (i) area =+/10 (iii) p = —V10
-3

Answer



Triangle OAD, triangle ADE and triangle OAC have the same height and base and
o — thus they have the same area.
' I3 g 1 ; Area of trapezium OAED
' Jio
oC=2t2_ 5)""0)_y L —.3(#}]:{0
ML . N PERRTS
Area of triangle OAC y 2 adiih r; .((l)]
=1[Z7—X0_d . -3 l)__‘
4 5 cosl135°= p"w‘/‘_
_llf)xl[’le .
i | Ew
=l(_6_30 ”"IEZ'(P“] p10=2p
S\ p-2-p ) €\-1 e
=ﬂ p=—V10 (rejeet p = /10 since ab <0)
3
Q7
Question
. . xX—2 zZ—a . .
The line [ has equation =7 Y= —1, where a is a real constant and the plane p; has equation 3x + y +

2z = 5. The point A has position vector 2i + 2j with respect to the origin O.

(i) Find the acute angle between [ and p;.

(ii) Find the perpendicular distance from the point A and p;

(iii) Given that [ is the line of intersection of the planes p, and p; with equations
x—4y+z=6andx —y+ bz = ¢, where b and c are real constants. Find b and c.

(iv) The point B varies such that the midpoint of AB is always in p,. Find a cartesian equation for the locus of
B.

Ans: (i) 10.9° (i) = (i) b = 1,c = 3 (iv) 3x + y + 2z = 2
V14

Answer



- T

2-4(-+a=6=a=0
2 1 Let F be the foot of perpendicular and it lies on both [yr and py.
';zs(—l]ul[o]

Since ! lies on p3,

2 3 2 1
; I 1.,15=((2’]+ﬂ[I2]. neR (‘, il '.‘ e
lzllhenc\#mr,lebdweenllndp.bed

2-(-D+b(0)=c=c=3
2 3 3
=1 3 2 1]+ |=5
ol-1 [[n]”‘(z 2 Method 2
i L 2 : Since { lies on pa,
cos(90° —8) =sind = i EE Su=-=

14

30 G,

AF = OF - OA=-—|1
14| 2

8=109"

Method |

Since [ lies on ps,
(0,5,0) is a point 0n p1.

L Fuils

Perpendicular distnce from the point Ao py |4Fl=

B-c)+(b-1a=0
g i "
2) (9| (3 agiin) 2 0 Since the equation is glways true regardiess of 2,
2|-| 51|} Lie=|=1]+ 2] 0 3-c=0=c=3 &
0) \0)] \2 a 1 b-1=0=b=1
i x To find b: 4(lv) | Let M be the midpoint of A and B.
2) (3 Method |
=31+} Direction vector of ! is perpendicular to normal vecior of p, . zavop Al
0.)\2x .3 oM = =—||2|+0B
= 14 N
0] =1 |=0>~14b=02b=1
Method 2 1)\®

Perpendicolar disance from the point A 071 E?T[z_' ]! {.] i _ %%§%+8]§]E§}
(3HE) -

=k=3, b=

~ A cartesian equation for the locus of B is

To find c: Ax+y+2z=2.

Method | 2
Since [ lics on pa, Note: Locus is a plane paraliel o py

Q8

Question

Relative to the origin O, the position vectors of points A and B are a and b respectively, where a and b are non-zero

and non-parallel vectors. The point P on OA is such that OP: PA = 2:3. The point Q is such that OPQB is a
parallelogram.

(i) Find w intermsofaandb

(i) Show that the area of the triangle OAQ can be written as k|a X b|, where k is a constant to be found.
(iii) State the ratio of the area of triangle OPB to area of triangle OAB.
(iv)

Given a X b is a unit vector, |a] = 2 and the angle between a and b is 60°, find the exact value of |b|

Ans: (i) 0G = Za +b (i) k = 3 (iii) 2:5 (iv) [b| = —
Answer

(i T2
DP-SI

Since OPQB is a parallelogram,

0B=PQ
b =l_)—Q—0—P

b =6§--25-
00 =%-4b

(i) 1 Area of riangle OAQ

;%‘ﬁxﬁé\
& .‘z_l.x(%-dr}

o l\-xln-blxb\
2], 3

——

OPB: 0AB
2:5

Since axb is a unit vector,

Jaxb|=|ablsin®
1=a|[b]sind

- ‘i‘-xbl 1=2{b|sin60°

fore, kis —
Therefore, 2"

Therefore, |b] =713-



o)

Question

A

In the diagram, O is centre of the rectangular base ABCD of a right pyramid with vertex V. Perpendicular unit vectors
i,j, k are parallel to AB, BC, OV respectively. The length of AB, BC, OV are 12, 6, and 6 units respectively. The point
M is the mid-point of CV and the point O is taken as the origin for position vectors.

-6 6
(i) Show that the equation of the line AM may be expressed as r = <—3> +t (3), where t is a parameter.
0 2
(ii) Find the perpendicular distance from B to the line AM.

(iii) Find the acute angle between the line DV and the plane AMB.

-1
The plane I has equation r.< 4 > =4
a

(iv) Given that the three planes AMB, AMD and I1 have no point in common, find the value of a.

Ans: (i) 6.18 (iii) 47.7° (iv)a = =3

Answer

e
il
<

%) (6
Hence, equation of the line AM is r=| —3 |+¢ 3|, teR

V] 2

™)

oy
~OM =

o L
o




(i) 12
=

b AB=| 0

0

3
Length of projection of AB onto the line AM,
(6

7 X
.| Perpendicular distance from P to the line AM
= |(4B)’ -(AN)!

= ’xz’-(?) =6.18 (3s.f.)

Alternative Method
Perpendicular distance from P to the line AM

6 12 6
iy
ABX| 3 0 |x|3
2) fo) {2

F

J6i+3+2° 49 reTrr Ay
0
12 -2
3 12J4+9 0=47.7" (1d.p.
G T e If the 3 planes AMB, AMD and
= 618 (3sf) /1 butdoes not liein /7 .

(iii) | A normal vector to the planc AMB

B
=

Let @be that angle betw. the line DV and plane AMB.

B

=a=-3

-6\ (=1
Notethat | =3 || 4 =6-12#4,
o a

Therefore point A does not lie in .
Mence the line AM does notlie in /7 .

Q10
Question
a
The plane m; has equation, 7. (ﬁ) = —30, where a and f are positive constants, and contains the point A with
coordinates (—10,0,5) °
(i) Given that the perpendicular distance from the origin O to the plane m; is 6, find @ and 8

-1
Another plane T, has equation r.( 1 ) =4

2
(i) Find the acute angle between the line OA and the plane m,
(iii) Find a Cartesian equation of the plane 3 which contains the line OA and is perpendicular to the plane
Uy

Ans: (i)a = 3,8 = 4 (ii) 46.9° (iii)x =3y + 2z =0

Answer



Acute angle between OA and T,

3 (o -10)(a
Since A lies in the plane 7,,| 0 B |=-30.

9 0
=-10a=-30
a=3
Perpendicular distance from O to 77, =6

:@.l o (D) :

P . 8 s)L2) \-10 :

:l’l'r:{Ls A normal to plane 7, is (—ﬂ

Zl/z;:f1 . A cartesian equation is x—3y+2z_——-—0._
Qi1
Question

Referred to the origin O, the points A and B have position vectors a and b respectively. It is given that a and b are
perpendicular to each other and have the same magnitude of 3 units each. Given that A, B and C are collinear.

(i) Show that ¢ can be expressed as ¢ = kb + (1 — k)a, where k is a constant
(ii) Find |a X c|, in terms of k, and state its geometrical meaning.
(iii)

It is given that the area of triangle OAC is three times the area of triangle OAB. Find the two possible
values of k.

Given also that the length of projection of OC onto OA is 12 units, find ¢ in terms of a and b.

Ans: (i) |a X ¢| = 9k, area of parallelogram with sides OA and OC (iii) k = +3,¢c = —3b + 4a

Answer

10 Given 4, B and C are collinear,
() | AC=k4B
c-a=k(b-a)
c=kb+(l1-k)a (shown)
(i) lnxcl:lax[kh +(1 —k)a]‘
=[kaxb) + (1 —k)(axa)]
=[kjl[blsin 90°4 +(1-k)0)
=9k|
1t is the area of a parallelogram with sides OAand OC.__|
(iii) | Areaof triangle OAC = 3 xarea of triangle OAB

1 3
Zlxd=lax b|
9|kl = JMlhlsin 90°
=27
|d=3
B 1 2 R ——
| iv) | Lengthof projection of OC onto OA = 12

lcea|=12]a|
=36
When k=3, c=3b-2a
|toa|=|(3b-2a)(”h|
=] (bin) —2a0n|
=po)- 203

=18
When k=-3, ¢ = —3b+4a

|c -||=|(—3b + 4a¥hl
=|-3(bin) + 4aln|
=} + a3y

l r c==—33:+4n ______.L

10




Q12

Question

Referred to the origin 0, the position vectors of the points A and C are a and c respectively, and OABC s a
parallelogram.

Express OB and AC in terms of a and c.

—2 — 2 — 2 — 2 — 2 —2
Prove that [0B| + |AC| = |0A| + |AB| +|BC| + |CO|

Using the result above, what can be said about a and ¢ when |ﬁ| = |R|?

Ans: a is perpendicular to ¢

Answer

OB ~a+c and AC=c-a

|5ﬁ|, +|E‘r-=|u-cf+|¢:—l|2

=(-+c)-(-+c)+(c-n)-(c-n)

<! +2a-c+|d" +[af’ ~2a-c+id

-{o [ +{Bf +feof

Alternative solution:

oA+ [ B+ =l +1e +hf 4K

=|a|’ +2a-c+|d +af’ ~Za-c+'lcr
=(a+c)~(a+c)+(c—n)-(c—--) 3
=la +d +le-af

- et

< e o o4t
B e -
H’ +d’ -]n»dl
=al* +2a-c+d

a-c=0
\-_isﬁrre_m“m‘ﬂt

L

Qi3

Question

Referred to an origin O, the position vector of A is 2i — k and the equation of line lisr = —7i + 15j — 5k +
A(Bi—7j+4K).

11

(i) Find the position vectors of B and C, both lying on [, such that AB = AC = 10.

(ii) Given that M is the midpoint of BC and the plane r; contains [ and is perpendicular to AM, show that
the equation of the plane ; is —3x +y + 4z = 16.

(iii) The planes 1, and 3 have equations x + 2y — 3z = 5and x — 2y + z = 1 respectively. Verify that A

lies in both 1, and 75 .

(iv) Determine the position vector of D, the point of intersection between m;, ™, and 5.

(v) Hence, or otherwise, find the volume of the tetrahedron ABCD. [Volume of tetrahedron = % X area of

triangular base X perpendicular height]
L 2N\ —4

Ans: (i) OB = <—6>, ocC = < 8
7 -1

Answer

o

15

13) (v)93E
12



2 9434

AB= ls-u]
—4+42

[RB[ =(-9+32)" +(15-72)" + (~4+42) =10"
A'-4243=0
A=3 or A=

L= fi={]
=3

{131
L1

~3x+y+dz=21+15-2

=16
12iii 2\(1 2\(1
snm[o]v[ 2 J-S and [ 0 ]-[—ZJ-I.
~1)\-3 =1 1 13 19
A lies in both x, and 7x,. Y7, |9,c_li-[5]
12iv | <3x+y+4z=16 [5] 13
::;;::5 ; area of bm:%l—BT’XEEl

Using GC, x =15, y=13, z=1

m
) A
21 296,

= /3559
12V perpeadicular height =[AM | vu.um,‘sxﬁastssoi
=\9+1+16 962 s
= — U
=26 3

Q14
Question

Referred to the origin 0, the points A and B have position vectors a and b respectively. It is given that |a] = 3, |b| =
5and|3a—Db| = 10.

(i) Give the geometrical interpretation of |a : %|_
(i) Show thata-b =1
(iii) Hence find the shortest distance from A to the line OB, and the area of the triangle OAB.

(iv) Given that a, 2a + 3b and ua + 2b, where u is a constant, are position vectors of collinear points, find
u.
. - — — 1 . 5
Ans: (i) length of projection of OA onto OB (iii) dlstance=g, area=7.48 (iv) u = 3
Answer
On. Solution
| [Marks]
AN’ =0A*-ON’ =3" - 1)T—E
i a (s 5 57
; 2 o 224 4 [~ _ »

il | 1019 the length of projection of OA onto OB. AN =‘,—2;=§\/T4 =2.9933=2.99 (3sh).

m [bf :

[0} LJI"'F —10° =100 Area of triangle OAB =%OB)<AN =214 = 7.48 (3sf).

2 4 - .
21 | Ol + | ::.:=19((M3))’+ (5 ~100=6 V) | (ua+2b)-a=k[(2a+3b)—a] for some constant k.
Therefore ash=1. e “ Now, |a|¢0. H #0 and |ﬂ-l)[=l==|="b|. so a and b are non-zero and
(i) Tet N be the foot of the perpendicular from A to the line OB. non-parallel vectors.
(u—1)a+2b=ka+3kb
2] 0N=“TEI =§. a5 (u-1-kya=(Gk-2)b
2 5
Using Pythagoras Theorem, Hence 3k —2=0 =k =§ and ;t=k+l=§.

Q15

12



Question:

1,
E .
Chsesommsmmsessos ]
ka4 }'
0 i

The diagram shows a cuboid with rectangular base O4BC and top EI'GH, where OA = 4 units,

OC =3 units and OF =2 units. The point O is taken as the origin and unit vectors i, j and k, are
taken along A, OC and OE respectively.

(i) Find the cartesian cquation of the plane p which contains the points 4, C and .

(ii) Find the acute angle between p and the base OABC.

[3]
(21

The line /, passing through O, is perpendicular (o p and intersects the plane containing B, C, ¢
and H at the point 7.

(iii) Find the position vector of the point 7 and deduce the perpendicular distance from 7'to p. 5]

(iv) A point O lies on the line passing through (' and 7 such that its distance from p is twice that
of the distance from 7'to p. Find the possible position vectors of the point Q.

Solution

12(i)

13

B (ii)— Iet the acute angle be 0.

KR

AExCE

-4 0
0 |x|-3
i
6 3
| XH“]
12) 6

Fquation of p :

-

Cartesian equation of p : 3x+4y 1 6z =12

3

3)(0
40
6)\1
cos@ = 6
N ovor
~0=39.8°
3
Equationof /: r=2[4|,AeR
6

Equation of planc containing B.C, G and #
) 0)(0

rll|=[3]]1]|=3
010

=1

At the intersection,

(3)(0
Alallr|=3
6)lo
ud
4
3
or=34
4
6

a\-hw

o

Perpendicular distance from 7'top="

¥

135
Tom 340!

——

P

Alternative

— |3 3
6

Perpendicular distance from O to »
_12 12
I3\ Vo

4

6

2461

Perpendicular distance from 7'to p

3\/—__
=346<2m
135
B 244‘/_

1
|
}_

P

el

N T

3
41-12
6

8

(3]




12(iv) | Let the points be O, and Q..
&
'.’(IE
O
CQ, =2CT and  CQ, - -2CT
i 3) (0
- 3
6 0
5] 9
T o = |
0Q,-0C=_| 0 0Q, -0C 5 0
s 18
9) (0 : 9\ (0
- ] .*7-
00,=5|0]+|3 00, - 20+3
“s) (o 18) (0,
9 I -9
l -
;-7_ 6 _,: 6
“l1s -18
The possible position vectors of the point Q are
9 -9
. 6 | and l 6
2l |™ 2
18 -18
Q16
Question:

The diagram shows a vehicle ramp OBCDEF with horizontal rectangular base ODEF and

vertical rectangular face OBCD . Taking the point 0
vectors i

as the origin, the perpendicular unit
. J and k are parallel to the edges OF , OD and OB respectively. The lengths of

OF . OD and OB are 2h units, 3 units and h units respectively.

(i)
(ii)
(iii)

(iv)

14

Show that OC = 3j+ hk . )]

interms of h. [I]

A vector parallel to the normal of the plane BCEF is given as ai+bk. By the use

The point P divides the segment BC in the ratio 2:1. Find OP

of a scalar product, tind the value of % Hence find the Cartesian equation of the

plane BCEF in terms of / [4]

to the plane OPF.
14]

Take h=3. Find the shortest distance from the point (1,2, 2)



Solution:

7(i) 0) (0) (0
OC=0B+BC=|0|+|3]|=]3
h 0 h

7Gi) — _20C +0B
By ratio theorem QP = s

0 0 0
6 [+]0]]|=|2
2h h h

1
3

7(iii) | Select a suitable direction vector parallel to the plane such as BE = OF - OB
2h 0 2h
=3 |-|o|=| 3
0 h ~h
Thus BEs(ai+bk)=()
2h\(a
=3 0|=0-—>5==
~h)\b

0)(1
Since C is on the plane, | 3 b 0 |=24
h)\2

=rq 0 |=2h=> x+2z=2h

7(iv) 0 ’ )

The equation of plane OPF is r+| 3 =0
-2
Y[ 0
24 3

: 2)(-2 2
Shortest distance = —~—2 /1

= ——units.
1l e+ V3

Q17
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The diagram below shows a figure made up of a pyramid and a cuboid. The pyramid
has a square base O4BC of side 6 units. The vertex D is 4 units vertically above R, the
midpoint of OC. The cuboid shares the same square base and is of height 3 units.
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E < 7

With O as the origin and using the unit vectors i, j and k given in the diagram,

(i)  show that the position vector of point Pis 4i+ j+~%k, where £ lics on AD such
that AP:PD=1:2, [3]

(i)  find the position vector of point Q in terms of i, j and k, where Q is the midpoint
of FG. Hence, find the area of triangle OPQ. [4]

Solution:

Solution

()  OD=3j+4k

a,:Z()/H()D 1
‘ A
2(6i)+3j+4k
- 3
.
=4|+.|+§k &
. == OF+0G N
W =2 Arca of triangle OPQ
_ (3K +6i) +(6i +6j 3K ) =l|()Px0—Q|
2 2
2+ 61—
_12i+6j-6k :l4i+ikx6i+3j—3k‘
’ 2 3
=6i+3j-3k A .
S - — Pl 1 4 6
Area of triangle OPQ S, D | ] 3
== = 'F 1 _"; X
=E|0Pxog| 21
=l‘(4i+j+ﬁ)x(6i+3j—3k)~ 3
2 3 5 4
e e s 4 . 4 3 4k><3k 1
=—4ix6i+4ix3j—4ix3k+]x6|+_|x3_|—_|x3k+§kx6|+§kx..|—§ :5 _(_12_8)
1 12-6
=—[0+12k —12j -6k + 0-3i—8j—4i-0| 1
? =—\/(-7)2+(20)~' H6’
E (=7)" +20° +6° 2
2 = 11.0 units?
=11.0 units
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