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Problem 1. The book defines the dot product or scalar product for vectors
in R2 and R3.
a) Generalize the dot product to vectors in Rn.
Given the vectors v = (1, 4,−7, 3), w = (0,−5, 3, 2), u = (1, 2, 3) and z =
(4, 5,−7),
b) Compute v · w, w · v, w · u, z · u and z · v.
c) How does the magnitude of a vector relate to the dot product?
d) Review Theorem 3.1

Problem 2. a) What does the dot product tell us about the angle between two
vectors?
b) Find the angle between (1, 1, 1) and (1, 0, 1).
c) Find the angle between (1,−1, 0,−1, 1) and (0, 1, 1, 0, 1).

Problem 3. a) Define what it means for two vectors to be orthogonal.
b) Give five vectors that are orthogonal to (1, 2, 3, 4, 5).
c) What can we say about the angle between two orthogonal vectors?

Problem 4. a) What is the Cauchy-Schwartz inequality?
b) Explain why there could be no concept of angles in Rn if the C-S inequality
weren’t true.
c) Using dot products, prove the triangle inequality.

Problem 5. Dot products can be used to determine the “overlap” two vectors
have.
a) Use the dot product to define the component of a along b.
b) Define the projection.
c) Explain how the two relate with unit vectors.

Problem 6. For the vectors a = (1,3,4,−2) and b = (−1,4,0,1), find
a) proja(b), projb(a).
b) compa(b), compb(a).

Problem 7. Using Cauchy-Schwartz, show that

a)
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Problem 8. Recall what a determinant is for
a) a 2× 2 matrix and a 3× 3 matrix.
The determinant gives us a measure of volume (or area). In R2, the area of a

parallelogram with sides −→u and −→v has area |
−→u
−→v | if we view the two vectors as

rows in a matrix. (This area is “algebraic” in that it may be negative.)
b) Find the area of the parallelogram with sides (4, 5) and (−2, 3).
If we have a 3 vectors in R3, −→u , −→v , and −→w , the volume of the parallelopiped

with these vectors as their sides is given by

∣∣∣∣∣∣
−→u
−→v
−→w

∣∣∣∣∣∣.
c) Find the volume of the parallelopiped with sides given by −→u = (1, 0, 3),
−→v = (0,−1, 2), and −→w = (1, 1, 1).
d) Conjecture what the volume of the figure with sides −→v1 ,

−→v2 , . . .
−→vn will be in

Rn.

Problem 9. The cross product or vector product is an operation that only
exists for vectors in R3.
a) How is the cross product defined?
b) Compute the possible cross products of the vectors (1, 1, 1), (0, 1, 0) and
(−1, 1, 1).
c) What is the projection of a× b onto a or b?
d) How does ‖a× b‖ relate to ‖a‖ and ‖b‖?

Problem 10. a) Given two vectors −→u and −→v , how can we find non-zero vectors
orthogonal to both?
b) How can you determine if two vectors in R3 are parallel?

Problem 11. Exploratory Exercise #3 in section 10.4.

For Next Time

1. Begin studying for the Final Exam.

2. Do problems 1-23 odd in 10.3, 1-27 odd in 10.4 24 and 31 in 10.3, 6 and
14 in 10.2 to turn in.
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