Question
Let a =1+ j+ k and b = 2j — k. Find the relation that must hold

between x1, x5 and xj3 if the vector x = x11 + x9j + 23k is to be written as
X =sa+tb

where s and ¢ are scalars. Show that the vector ¢ = 3i+ j+4k can be written
as ¢ = sa+ tb and find s and ¢ in this case.

Answer
i j k -3 3
axb=|11 1 |= 1 |,bxa=—(axb)=| -1
0 2 -1 2 -2

Note that a- (ax b) =0=Db-(a x b)
Take the dot product of the equation x = sa + tb with the vector a x b
x-(axb)=sa-(axb)+th-(axb)=0

T -3
Hence the relation is: T | - 1 =0
Z3 2

or —=3x1 4+ x5 + 223 =0
Note that the points which can be written as x = sa-+tb all lie on a plane
3
through the origin with equation —3x 4+ y 4+ 2z = 0. The vector c = | 1
4
can be written in the form ¢ = sa + tb because the components of c satisfy
the relation: —3(3) + (1) +2(4)=-9+1+8=0

i j k -3 i j k -9
cxa=|3 1 4 |= 1 [,exb=|31 4 |= 3
111 2 0 2 —1 6

To find s take the cross product of ¢ = sa + tb with b: ¢ x b = s(a x
b) +t(b x b) = s(ax b) since bxb =0

-9 -3
3 =5 1 and so s = 3
6 2

To find ¢ take the cross product of ¢ = sa + tb with a: ¢ x a = s(a x
a)+t(bxa)=t(bxa)sinceaxa=0
-3 3
1 =t| —1 |andsot=—1
2 -2
hence ¢ = 3a — b.



