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9.3 The Dot Product

Definition. What is the work done by a force F in moving an object through a distance d?

1

Champ

measured in Joules

X
The work W is the product of "length of the

path" and the "component of the force acting
along the path"

e
.g. Push a cort Sm with a force of ION

I
O > F①

W = 151 · / Fl = 5 . 10 = 505

In general, the force does not go exactly along
the

displacement vector.

- E
·The length of the path

i is 151
30 I · The component of the force-
Y

along the path is

1* 1 = 1 Elcos &

=> W = (d) · /El cosO

(Work is somehow capturing how much of E is in the
-

direction of d



Definition. What is the dot product of two nonzero vectors ~a and ~b?

Example. How can we reinterpret work in terms of the dot product?

Example. A wagon is pulled a distance of 100 m along a horizontal path by a constant force of

70 N. The handle of the wagon is held at an angle of 35
�
above the horizontal. Find the work

done by the force.
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Definition. What does it mean for two vectors to be orthogonal?

Theorem. Prove that two vectors ~a and ~b are orthogonal if and only if ~a ·~b = 0.
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Definition. What is the dot product in terms of components?

Example. Compute the following dot products:

(a) h2, 4i · h3,�1i

(b) h�1, 7, 4i · h6, 2,�1
2i

(c) (~i+ 2~j � 3~k) · (2~j � ~k)
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Example. Show that 2~i+ 2~j � ~k is perpendicular to 5~i� 4~j + 2~k.

Example. Find the angle between the vectors ~a = h2, 2,�1i and ~b = h5,�3, 2i.
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Definition. What is the scalar projection of ~b onto ~a?

Definition. What is the vector projection of ~b onto ~a?

Example. Find the scalar projection and vector projection of ~b = h1, 1, 2i onto ~a = h�2, 3, 1i.
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