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6. (i) (r—(4i—j) -(Bi+j—4k) =0 or r-(3i+j—4k) = 11,

3r+y—4z =11.



(i) (r—(7i+5j—3k))-(2i+k) =0 or r-(2i+k) = 11,
2z + 2 = 11.

(i) (r+9k)-(i+j—k) =0 or r-(i+j—k) =9,
r+y—z2=09.

(iv) (r+(6i—5j—6k))-j =0 o r-j=>5,

Yy = 9.

Observe that

PO=—6i—15j+13k and PR —8i—10j+ 11k
so that

PO x PB = —35i+ 170j + 180k — 5(—Ti+ 34j + 36k) .

Taking as normal vector n = —7i + 34j + 36k, and using the coordinates of @), we get
the Cartesian equation of the plane containing P, ), R to be

—T7x + 34y 4+ 36z = 34(—8) +36(11) = 124 .
(i) Setting z = 0 and solving x+y = 2 and x —y = 0 simultaneously yields the point
P(1,1,0) on L.

(ii) Normals to the planes are i 4+ j + k and i — j + 3k respectively, so that a vector
pointing in the direction of £ will be

(i+j+k)x(i—j+3k) = 4i—2j—2k.

(iii) Hence parametric scalar equations for £ are

r = 144t
y = 1—-2t teR,
z = —2t

and Cartesian equations for £ are

r—1 y—1 z

4 -2 -2
The lines intersect if and only if there exist ¢t and s such that
i+j+k+t(Bi—j+4k) = 6i—6j+k+ s(—7i+ 5j — 6k) .

Equating coefficients this is equivalent to

143t = 6-—7s
1-t = —6+5s
14+4t = 1—6s
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14.

that is,

gt+T7s = 5
t+5s 7
4 +6s = 0
Solving simultaneously yields a solution s = 2 and t = —3, which correspond to the

point of intersection (—8,4,—11) .

The point Q(0,3,0) lies on P, and a normal vector is n = 4i 4+ 2j — k. The distance
from P to P is

735 = [(=3i+3j+k) - (4i+2-k)| |-7 7 V2
N VI6r4+1 IRV TR

Denote the closest point of P to P by R. Observe that }@ -n < 0, so that

21 1
PR = —gﬁ = (42— k).

Hence
1 2. 2
OF = OP + Pk = Bi-k—S(i+2j k) = gi—g'—gka

so that
R = (5/3,-2/3,-2/3) .

(i) (b)) (1) (A)@{) (i) (B)(m)  ({v) (2)(k)  (v) (@) (vi) (e)(h) (vii) (¢)(j)

The line contains (1,0, —2) and has direction 3i — 4j + k, so has parametric equations

r = 143t
y = —4t teR,
z = =2+t
yielding Cartesian equations
x—1 Y
= = = 2.
5 > z+

The line has direction v = 2i 4 3j + 4k and the plane has normal n = 4i + 4j — 5k, so
it is sufficient to check that v - n = 0, which is indeed the case:

ven = 2(4)4+3(4) +4(=5) = 8412-20 = 0.

The plane contains P(1,1,1) and Q(4, —3, 1) and has a parallel vector in the direction
of the line which is
v=-2i+j+3k.

A normal to the plane therefore is
@ xv = (3i —4j) x (—2i+j+3k) = —12i — 9j — 5k .
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15.7

Hence the Cartesian equation is

120 +9y+52 = 124+9+5 = 26.

The point Q(1,1, —4) lies on £, which has direction v = i+ 3j — k. Hence the distance
from P to L is

POxv|  |(-i-5k) x (i+3i—k  [15i—6j—3k] 270

v Vi1 - V11 VI
Let R be the closest point on £ to P, so ’ﬁ%} = L?O By Pythagoras,
VIT
270 4
QR| = \/\@} - PR = e TRy

Note that

PO-v =40,

SO

4
O?z@%—@:@—ﬁv

4
= i+j—dk— (i +3 -k

L. .
= ﬁ(71—J—40k).

Hence R = (7/11,—1/11,—40/11) .



