


Solutions

Problem 1: Since the desired plane should be orthogonal to the given planes,
the normal vectors n⃗1 = (1, 1, 1) and n⃗2 = (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:

n⃗ = n⃗1 × n⃗2 = (2, 0,−2)

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

Problem 2: The plane ABS is generated by two vectors τ⃗1 = A⃗B = (1, 1, 1)

and τ⃗2 = A⃗C = (2, 1, 3). The normal vector n⃗ to this plane can be found using the
cross product:

n⃗ = τ⃗1 × τ⃗2 = (2,−1,−1)

and the equation of the line passing through D is

x = 3 + 2t, y = 2− t, z = −1− t

or
x− 3

2
=

y − 2

−1
=

z + 1

−1
.

Problem 3: Rewriting the equation in the form kx + my − z + l = 0, we see
that the normal vector is n⃗ = (k,m,−1). Actually, there are many possible choices
of the generating vectors τ⃗1 and τ⃗2. For instance, we may take τ⃗1 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+ l, y = 0 and, therefore, τ⃗1 = (1, 0, k). Analogously,
if we take vector τ⃗2 to be parallel to the ZY plane, then τ⃗2 = (0, 1,m).

Problem 4: The box product of 3 vectors R⃗01 − R⃗02, τ⃗1 and τ⃗3 equals to the
volume of the parallelepiped spanned by these vectors. Since τ⃗1 and τ⃗2 are not
parallel, this happens iff the height of this parallelepiped to the base generated by

vectors τ⃗1 and τ⃗2 equals to zero. In other words, this happens iff vector R⃗01 − R⃗02

belongs to the plane generated by τ⃗1 and τ⃗2 and, by this reason, should be a linear
combination of these vectors:

(1) R⃗01 − R⃗02 = ατ⃗1 + βτ⃗2

for some α, β ∈ 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 r⃗ ∈ R3. Then, this point belongs to both lines:

r⃗ = R⃗01 + t1τ⃗1, r⃗ = R⃗2 + t2τ⃗2

for some t1, t2 ∈ R. Substracting these equations, we have R⃗01 − R⃗02 = t2τ⃗2 − t1τ⃗1
and (1) holds. Vise versa, let (1) holds. Then,

R⃗01 − ατ⃗1 = R⃗02 + βτ2

and this point belongs to both lines.


