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Vectors

Definition: A vector is a quantity (such as displacement or force) that has
both magnitude and direction.
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Vectors

Definition: A vector is a quantity (such as displacement or force) that has
both magnitude and direction.

A vector a in R3 is represented by coordinates as

a = 〈a1, a2, a3〉.

• The length (magniutude) of a is

|a| =
√
a21 + a22 + a23.

• The direction of a is the unit vector

â =
a

|a|
.



Definition: Given points A = (x1, y1, z1) and B = (x2, y2, z2), the vector a
from A to B is

a =
−−→
AB = 〈x2 − x1, y2 − y1, z2 − z1〉.

• The direction of a points from A to B.

• The magnitude of a is the distance from A to B.
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Operations with vectors

Addition and subtraction: If a = (a1, a2, a3) and b = (b2, b2, b3) then

a+ b = 〈a1 + b1, a2 + b2, a3 + b3〉
a− b = 〈a1 − b1, a2 − b2, a3 − b3〉.

Scalar multiplication: If a = (a1, a2, a3) and λ ∈ R then

λa = 〈λa1, λa2, λa3〉.
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Exercise: Show that
−−→
AB +

−−→
BC =

−→
AC.
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Illustration of adding vectors
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Illustration of scalar multiplication
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Vector spaces and properties of vectors

The set of all n-dimensional vectors of the form

a = 〈a1, a2, . . . , an〉

is denoted Vn.

If a,b, c are vectors in Vn and c, d are scalars then

a+ b = b+ a a+ (b+ c) = (a+ b) + c

a+ 0 = a a+ (−a) = 0

c(a+ b) = ca+ cb (c+ d)a = ca+ da

(cd)a = c(da) 1a = a.

Here 0 = 〈0, 0, . . . , 0〉.



Standard basis vectors

The standard basis vectors in R3 are

i = 〈1, 0, 0〉, j = 〈0, 1, 0〉, and k = 〈0, 0, 1〉.

Every vector in R3 can be expressed in terms of i, j,k:

a = 〈a1, a2, a3〉 = a1i+ a2j+ a3k.
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Exercise: If a = i + 2j − 3k and b = 4i + 7k, express 2a + 3b in terms of
i, j,k.
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Unit vectors

A unit vector is a vector whose length is 1. The standard basis vectors i, j,k
are unit vectors.

Exercise: Find a unit vector in the direction of the vector 2i− j− 2k.
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Exercise: Tension in wires.

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey



Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey

Jeffrey






