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The line /, passes through the point 4, whose position vector is 3i+7j+3k, and is
parallel to the vector 3i+4j+k . The line /, is given by the cartesian equation
33—y z-5
2 2
The plane p, contains /, and is parallel to /,. Another plane p, also contains /, and

x—2

is perpendicular to p,.

(i) Find the cartesian equation of p,. [3]
(ii) Find the distance of /, to p,. [2]
(iii) Find the equation of p, in the scalar product form. [2]

A particle P moves along a straight line ¢ which lies in the plane p, and ¢ passes

through a point (35, 5,

—3). P hits the plane p, at 4 and rebounds to move along
another straight line d in p,. The angle between d and /| is the same as the angle
between ¢ and /,.

(iv) Find the direction cosines of d. [6]

25

(v) Another particle, Q, is placed at the point (%, %, —%} Find the shortest
distance PQ as P moves along d. [3]
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®
BC=0C-0B=-a-b=—(a+b)
(i)
Since AOCD is similar to AACB, OD parallel to AB.
op_co_1
4B Cc4 2’
. +1{b =
s Mca)+1(b) _b-a

2 2
(iii)

X
Let OB=|0 |.

z

X 2 x=2
CB=|0|—-|0|=| O
z 0 z

x=2)(-2
CBCO=| 0 || 0 |=[CB|(2)cos=--~(1)

z 0

OB=| 0 |or| 0 (rejected -+ z-component > 0).
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(iv)

Equation of line passing through OB:
-1

OB= Al 0 |, 2eR

NE)

x;22;12>.3(22+3,u
y
JTHDY=3H

z—l=pu=z=u+l

Equation of line:

2 3
r=|0|+u|3[,uekR
1 1

Direction vector of line is not parallel to direction vector of line passing through O and
B since direction vectors of both lines are not scalar multiple of each other.

Solving equations simultaneously:

2+3u -1
3u =Al 0

u+1 NE)
There is no value of 4 and w that satisfy the above equation.

Since the lines are not parallel and non-intersecting, the lines are skew.
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()
0 7 0
OD=|0|,0E=|0|,0F=|7
8 5 5
7 7 0
DE=|0|-|0|=| 0|, DF=|7
5 -3 5
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A vector perpendicular to the plane is

= DEx DF
7 0
=l 0 x| 7
-3) 13
21 3
=|21|=7|3
49 7
Cartesian equation of the plane is
x\(3 0)(3 3
ypl3[=|0p3|=r3|=56
z J\7 817 7

S3x+3y+7z=56

(i)

Let the required angle be ¢

0

and EF =| 7 |-| 0=

5

7

5

—7
7
0
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7 0)((3

T{+A[0]p 3 [=56

0 1 7
A=2

Since A=2>0, [ and plane DEF intersect above the horizontal ground. So the canvas
covers the point B.

Method 3
7\/(3

7| 3]=42<56
0)\7

Distance from O to plane parallel to DEF and passing through B is smaller than the
distance between O and plane DEF. Hence B is beneath the canvas.

(iv)
1
Normal vector of the vertical wall is | 0 | and (d,O, 0) lies on the vertical wall.
0
d\(1 1
OpO0[=d=r0|=d
0)l0 0
1
Hence the equation of the vertical wall is re| 0 [=d .
0

Direction vector of the line of intersection is

3 1 0
3(x[0]=| 7
7) {0 -3

Let (x_, Y, 0) be the common point on lying on the two planes.

x\(3
ypl3|=56=3x+3y=56
0)\7
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x\(1
vl O|l=d=>x=d
0)l0

Solving the above equations simultaneously

3d+3y=56:>y=56_3d
d 0
r= 56;3d +A| 7 |, where AeR.
0 -3

(v)
For P to shine the brightest at point B, P must be as near as possible to B. Thus P is the
foot of perpendicular from B to the roof.

Equation of the line passes through B and P:

7 3
r=|7|+a|3|,aeR
0 7
7+3a
Thus OP =| 7+ 3« | for some a.
Ta

Since P lies on the roof,

T+3a (3
T+3c p| 3|=56=42+6T7a =56
To 7
14
T =—
67
T4+ 3a
Substitute a=g into OP=|7+3a |
Ta
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7+3[£) o1
67 67

OP= 7+3(£) _(2U
67

67

98

&) ) &

67 67

Alternatively, use projection vector:

0 7 =7
BD=|0|-|7|=| -7
8 0 8

To check for the direction of normal vector of DEF
3

n=|3
7
3 3\ (-7
3.BD=|3||-7|=-21-21+56>0
7 7)1 8
Hence, angle between BD and n is acute.
E):(E)’.n)n
3
3
7

J9+9+49 J9+9+49
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Q3
3 3

(i) A vectorequationof [, is r=|7 |+4|4|,A€R
3 1

3—y z-=5
Let =x -2 =—-—= .
H 2 2

SXx=24u,y=3-2u,z=5+2u
2 1

Then a vector equationof 7, is r=|3 |[+A| -2 |,AeR
5 2

A vector perpendicular to p, is

3) (1) (10 2) (2
4|x| =2 |=| =5 |=5| -1 |//] -1
1)2) -10) (2) (=2
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=N =)

Alternative :
2 2
Equation of line BF: r=| 3 |+ a| -1
5 -2
2 2
OF =| 3 |+a| -1 | forsome @ € R
5 -2
As Fliesin p,
2 2 2
3l+a|-1]]|-1|=-7
5 =2 /\-=2
-9+9a=-7
2
)
2
Distance of /, top]:BF:‘ﬁ'—aB.l _ 2 -1 :gx_'i:g
9 5 9 3
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(3 2 5Y]( 2
Tl+ul -1|-105].|-1]|=0
3 -2) (-3)]\-2
-2 2 2
6.5 +ul—-1{|.|-1[=0
6 2| =2

4-6.5-12+pu(4+1+4)=0
45 5

#1873

3 2 8
ON=|7|+2|-1]=|45
3] 22 |22

8 5 11
0G'=2|45(-[05|=|85
2] =3 ~1

11 3 8 16
AG'=|85 |- 7 |=[15]|//] 3
—1 3 —4 -8

Direction cosines of line d are 16 3 and __8
J329 74329 J329

3

16 8
22 and —(——.
529 B B

[Alternative to find ON - intersection of 2 lines]

or

3 2
Eqnoflinee: r=|7 |+ u| -1
3 -2
5 3
Eqn ofline GN: r=| 0.5 [+ «| 4
-3 1

At N,
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3 2 5 3
Tl+ul -1|=105+a| 4
3 -2 -3 1
2u-3a=2
H+4a =6.5
2u+a==6
Solving, =25, =1
3 2 8
ON =|7 +% ~1|=|45
3 -2 -2
(v) Shortest distance from Q to line d
16
A0x| 3
B -8
| B2o
/ 2 ,
2| (3)] (16
N IR R NN
329 21 g
\2) ]
19
1 3 16 A EEANEC
:@ 3 x| 3 :2@ 7 |x| 3
- -8 -7) \-8
2
=35
o 40 |=2.11(3s.f)
2329 =55
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