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SOLUTIONS

Problem 1: Since the desired plane should be orthogonal to the given planes,
the normal vectors 717 = (1,1,1) and 7is = (1, —1, 1) to that planes are both parallel
to the desired plane. Computing the cross product of these vectors, we find the
normal vector to the desired plane:

ﬁ:ﬁl X Mo :(2,0,—2)

and therefore the desired plane is 2(x — 1) —2(z —1) =0or z — 2z = 0.

Problem 2: The plane ABS is generated by two vectors 7 = AB = (1,1,1)
and 7 = AC = (2,1, 3). The normal vector 7 to this plane can be found using the
cross product:

n= 7?1 X 7?2 = (2, —1,—1)
and the equation of the line passing through D is
r=3+2t, y=2—-t, z=—-1—-t

or

r—3 y—2 z+41
2 -1 -1

Problem 3: Rewriting the equation in the form kx + my — z + 1 = 0, we see
that the normal vector is 77 = (k, m, —1). Actually, there are many possible choices
of the generating vectors 73 and 7». For instance, we may take 71 to be parallel
also the coordinate plane ZX. Then y = 0 and the equation of the intersection of
our plane with ZX is z = kx + [, y = 0 and, therefore, 75 = (1,0, k). Analogously,
if we take vector 7 to be parallel to the ZY plane, then 75 = (0,1, m).

Problem 4: The box product of 3 vectors ﬁm — ﬁog, 71 and T3 equals to the
volume of the parallelepiped spanned by these vectors. Since 75 and 75 are not
parallel, this happens iff the height of this parallelepiped to the base generated by
vectors 71 and 75 equals to zero. In other words, this happens iff vector ﬁm - ﬁog
belongs to the plane generated by 71 and 75 and, by this reason, should be a linear
combination of these vectors:

(1) Ry — Roy = oFy + 57

for some a, 8 € R. That is a standard fact from Linear Algebra which you will
learn soon.

Knowing this fact, we may solve the problem. Let the lines intersect each other
at point 7 € R3. Then, this point belongs to both lines:

7= Ro1 +t171, 7= Ry + 127

for some t1,t; € R. Substracting these equations, we have Fim - ﬁog =tloTy — 1171
and (1) holds. Vise versa, let (1) holds. Then,

ﬁm — a7 = EOQ + B2
and this point belongs to both lines.



