Q1
Question

The equations of planes, P;, P, are

-3 ) 1 -1
Pi: r=(10|+Al12]|+B|1], B 2€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 Ps.
hence, find, in scalar form, the equation of Ps.

o -1 1\ /14 14
Ans:F,(——,lO,—),L= —2|+t[1),(-5]7[-5]|=-4
22 0 1/ \—9 —9

answer

8 Let F be the foot of perpendicular from A to the plane P2

-3 -1
Equation of line AF is givenby r= 10]4.;[ ], seR
3 1
-3 -1
Since F lies on the line, bfz[lo +:[ ] forsome se R.

3 1

Since F also lies on plane Py,

“3=5) (-1 5
10 k|ol=1 = (G4s)H(34s) =1 = s=-§
3+s 1
i |
-3 -1 2
Therefore, 57 | 10 -;;- 0 [=| 10
3 1) |4
2
Coordi of foot of perpendicul: =(_l.|o'l).
2 2

By ratio theorem, OF =—=—




R
2| (-3 2
= OB=20F-0A =2/10|-[10|=|10
11 3) (=2

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

When the planes intersect, AT

M |EHG)
[[H g | o )

Subst A= -1 Py : 9x45y-14z = -19
4\ (<2 3 | Py:-xiz=1
r=|10|-| 12 |+B| 1| . By GC, x=-14z
3 3 1 y=-242

.equation of L is L2 s

TH) L[L

0 1

A(-3,10,3) is on Py, B(2,10,-2) lies on plane Ps.
Line L also lies on Ps.

2 -1 3
Therefore the vector | 10 |=| -2 [=[ 12 | is parallel to Py.
i = 0 -2
3 1 14
Heénce a vector L to Pyisgivenby | 12 |x| 1| =|-5| .
-2 1 -9

Equation of plane Pj is given by: L
14 2 14 1L}

r|-5|=|10 || =5 | =r] —5):-4
9] \-2)\ -9 -9

Q2

Question

Planes Py, P, and P3 have equations

—2x+z=4

2x+y—2z=6

—6x+4y+iz=u

Respectively, where A and u are constants.

(i) Find a vector parallel to both P;and P,.
Given that the point with coordinates (=5, ¢, f8), lies on P;and P,, find « and 3.
Hence find a vector equation of the line of intersection of P; and P,.
(i) Given that Py, P, and P; form a triangular prism, what can be said about the values of 1

and u?

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

Answer

>(ii)/1=—1,u¢52



5(i) | The vector parallel to both p, and p,

A
T G

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

The vector equation of the line in which p,and p,intersect is
-5 1

r={ 4|+6] 2| ,0eR
4]

Vector equation of the line in which p, and p, intersect must be perpendicular

5(it)

to the normal of p,

T

~6+8+24=0
A==l

The point (-5, 4, -6) must not be on p,

-

Q3

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

(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 P;

L 1

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

Answer

8(1) | The acute angle between p,and p,




1\ (-1
4|l
4)\2

= N T s 4242

1

8(i)

=7497° =750°
| !
0/ is a pointon p,- 2 |isapointon py.
> 0
! |
Let point D be | 0 . Let poiat Cbe | 2 |
° 0
7D =0D-0A AC=0C-0A

B B

Perpendicular distance from A Perpendicular distance from A

o p 0/
-] -
ab|-2 AC{ 4
2 4
+2' 42 +4 44

S+ 3-da S+2a  3-4a -
3 9 3 "9
-I5+6a=3-4a ~I15+6a=-3+4a
10a=18 o 2a=12
18 9 4 12
=—=Z=|= -t
T e

B(Hi) | Let M be the position vector of the foot of perpendicular from B8 to Do

Equation of line scgment BM

0 -1
r=| 1 |+4f -2
2 2

When line segment BM intersects p, .

T B

A-24424+4+ 40 =~

[.%]

iapoinu'beupointinphmp,:uch that MB=BM".

1
A,
=73

~.OM =

Wi

MB=BM"

OM'*=20B -0M i
0 1 -1

o= 1 —% 5 =% 1
2 4 8

Equation of plane p,

s

-x-2y+2z=S




Q4
Question

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

2y+4 _ z

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;
(ii) 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

9(i) | The vector equation of k is
r= =2+ k+A(i+2)-2K)

2 1 4
‘The normal vector of TT; =| =5 |x| 2 |=
3 -2) \9

Scalar Product form of equation of TT, is

18

Cartesian equation of the planeTT) is 4x + Ty+92=6
(i) | Letd be the shortest distance.

4
AB{ 7
2 .whereA=(l.-1,1)lndB(l,—1,0)

92 472 442

Then d =




© s

|

Jia
16

i

(ilf) | Let © be the angle between the two planes.

3)\(4
07
2)\9

cosf=1

6
3146 | 13146

N

§=821°

@iv) 1)(3
Note that (1, -1, 1) lies on [Ty since | =14 0 [=1
1)\-2
2 3
Also, note that [, is parallel to ITsince { ~5 | O |=0
3 /=2

So IT, contains /. .
(v) | Since both IT; and IT, contain /, I, is parallel to the plane 2x+ y —az=b

106

:n——l
3

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

2+ y -az=b

4
So2(1)-1-a(l) #b :bts.

Q5

Question

The planes p; and p, have Cartesian equations 2x +y — 3z = -5 and
5x — 7y + 2z = —3 respectively and meet in a line L.

(i) Find the acute angle between p;and p,
(ii) Find a vector equation of [

The line l; passes through the point A with position vector - 2K, is parallel to p; and is
perpendicular to L.

(iii) Explain briefly why [ and [, are skew lines.
(iv) Find a vector equation of [;

The plane p3 contains [ and is parallel to p;

(v) Find the perpendicular distance between p; and p;
(vi) Hence state the perpendicular distance between [ and [;.

—2 1 0 4 " "
Ans: (i) 84.8° (ii) r = (—1) +A1 <1> (iv)r = < 0 ) +u <—5> (v) T (vi)ﬁ
0 1 -2 1

Answer



26) 2 5

1|7
-3)\2 0-7~- 3
e =
o= 3!4378 4V78 14478
= 0=848"
20i) 2 1
FromGC, ¢:r=|—1|+2{1]| 2e R
o)1

"3 | Simce € and ¢, are perpendicular => ¢ is not parallel (0 €,
i is noton
Note that ¢, is parallel top, and A is not of P-:'“nd ¢, do not in ;

= ¢, is noton p,.
Hence, ¢ and ¢, are skew lines.

|

Av) 2) (1) (4
’:)im&wmwoll‘- 1 |x|1]|=]|-5
-3) U 1
0 4-
atir=|0 [+u|-5| peR
-2 1

V) [ Method 1 (Compute length of project vecton)
" Choose A = (0,0,-2) onp, and B =(=2,-1.0) onp,.

Required perpendicular distance is
-2\(2
= 1 1 11
| = -1H41 |= o =1 = O meegu .
=7 v i
2 )\3
..____.____“._.__._.__.l
Choose A=(0,0,-2) on p,. |
0 2
Obtain equation of line through A and perpendicular to p,:l= 0|+ 1
-2 -3
Find foot of pespendicular N through intersection of line and £,
0 2 2 ¥ ;
=[] o+ 1 || 1 -—551-:‘% l
-2) \3)J\-3 |

2
Thus NA=ON-OA=A| 1 -—l—:ll mdnquindpq{uuhhdimncen
-3 -3

14_3'14' |

b — — — — — bt S el

—— — — — —— — — — — —

Perpendicular distance between €and ¢, equals to the perpendicular distance between

thelwopllnet=7l:7.

(Refer to same di above;




