
Section 1.3 selected answers
Math 131 Multivariate Calculus

D Joyce, Spring 2014

Exercises 1–13 odd, 17, 21, 29–30.

17. Give a unit vector that points in the same
direction as the vector 2i− j + k.

Be used to changing back and forth between vec-
tor notation using standard vectors i, j, and k, and
notation as 3-tuples. The vector 2i − j + k is the
same as (2,−1, 1).

To find the unit vector in the same direction as a
given vector, just divide by its length. The length
of (2,−1, 1) is

√
4 + 1 + 1 =

√
6, so the unit vec-

tor is
1√
6

(2,−1, 1) which you can also write as

(1
3

√
6,−1

6

√
6, 1

6

√
6) if you prefer.

21. Is it ever the case that projab = projba? If
so, under what conditions?

In order for both projections to be defined, nei-
ther vector can be the zero vector. The question is:
when can these two projections

a · b
‖a‖2

a =
b · a
‖b‖2

b

be the same vector? One possibility is that a · b
is 0, in which case they’re ⊥. If that’s not 0, then
divide by that to get

a

‖a‖2
=

b

‖b‖2
.

In that case, each is a positive scalar multiple of
the other, that is, they point in the same direc-
tion. Therefore their projections are themselves.
Since their projections are the same vector, there-
fore they’re each that same vector.

In summary, projab = projba if and only if either
a ⊥ b or a = b.

29–30. These two problems have to do with di-
rection cosine.

Let a be a nonzero vector in R3. The direction
cosines of a are the three numbers cosα, cos β, and
cos γ determined by the angles α, β, and γ between
a and, respectively, the positive x-, y-, and z-axes.

Note that you don’t have to find the angles to
find their cosines. In some applications the angles
themselves may be needed. They’ll be, of course,
the arccosines of the direction cosines.

29. Find the direction cosines of the vector a =
3i + 4k = (3, 0, 4).

For the first direction cosine, cosα, the angle α is
the angle between a and the x-axis. Consider the
right triangle with vertices (0, 0, 0), (3, 0, 4), and
(3, 0, 0). The angle α is at the vertex (0, 0, 0). The
adjacent side, the one along the x-axis, has length
3. The hypotenuse has length ‖a‖ = 5. Therefore,
cosα = 3

5
.

Similarly, cos β = 0
5
, and cos γ = 4

5
.

30. For a general vector a = (a1, a2, a3), find the
its direction cosines.

From exercise 29, you saw that the first direction

cosine was just cosα =
a1
‖a‖

. Likewise cosα =
a2
‖a‖

,

and cosα =
a3
‖a‖

.

The direction cosines are just the components

of the unit vector
a

‖a‖
. It’s interesting that they

can be interpreted as cosines of angles. The ter-
minology “direction cosines” is somewhat archaic.
It’s appropriate to use when the angles themselves
are under consideration, but otherwise obfuscates

a simple concept, the direction of the vector,
a

‖a‖
.
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