Chapter 3 VECTORS

BASIC TOPICS

I. Definition.
A.Observe  that vectors have magnitude and direction, and that they obey certain rules of addition.

B. Example of a vector: displacement. Give the definition of displacement and note that that a displacement does not describe the path of the object. Give the definition and physical interpretation of the sum of two displacements. Demonstrate vector addition by walking along two sides of the room. Point out the two displacements and their sum. Note that the distance traveled is not the magnitude of the displacement. Go back to your original position and point out that the displacement is now zero.

C. Compare vectors with scalars and present a list of each.

D. Go over vector notation clearly. In this text a vector is indicated by placing an arrow over an algebraic symbol. The italic version of the symbol, without the arrow, indicates the magnitude of the vector.  Many other texts use boldface type to indicate vectors.
II. Vector addition and subtraction by the graphical method.
A. Draw two vectors tail to head, draw the resultant, and point out its direction. Note that the magnitude of the resultant can be measured with a ruler and the orientation can

be measured with a protractor. Explain how a scale is used to draw the original vectors

and find the magnitude of the resultant.

B. Define the negative of a vector and define vector subtraction as a−b = a+(−b). Graphically

show that if a + b = ~c then a = c −b.

C. Note that vector addition is both commutative and associative.

III. Vector addition and subtraction by the analytic method.
A. Derive expressions for the components of a vector, given its magnitude and the angles it makes with the coordinate axes. In preparation for the analysis of forces, find the x component of a vector in the xy plane in terms of the angles it makes with the positive and negative x axis and also in terms of the angles it makes with the positive and negative y axis.

B. Observe that the components depend on the choice of coordinate system, and compare the behavior of vector components with the behavior of a scalar when the orientation of the coordinate system is changed. Find the components of a vector using two differently oriented coordinate systems. Note that that it is possible to orient the coordinate system so that only one component of a given vector is not zero. Remark that a pure translation of a vector (or coordinate system) does not change the components.

C. Define the unit vectors along the coordinate axes. Give the form used to write a vector in terms of its components and the unit vectors. Explain that unit vectors are unitless so they can be used to write any vector quantity.
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D. Vector addition. Give the expressions for the components of the resultant in terms of the components of the addends. Demonstrate the equivalence of the graphical and analytic methods of finding a vector sum. See the diagram below
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E. Give the expression for vector subtraction in terms of components. You may also wish to demonstrate the equivalence of the graphical and analytical methods of vector subtraction.

F. Show how to find the magnitude and angles with the coordinate axes, given the components.

Explain that calculators give only one of the two possible values for the inverse tangent

and show how to determine the correct angle for a given situation.

G. State that two vectors are equal only if their corresponding components are equal. State that many physical laws are written in terms of vectors and that many take the form of an equality between two vectors. Expressions for the laws are then independent of any coordinate system.

IV. Multiplication involving vectors.
A. Multiplication by a scalar. Give examples of both positive and negative scalars multiplying

a vector. Give the components of the resulting vector as well as its magnitude and direction. Remark that division of a vector by a scalar is equivalent to multiplication by the reciprocal of the scalar.

B. Scalar product of two vectors (may be postponed until Chapter 7). Emphasize that the

product is a scalar. Give the expression for the product in terms of the magnitudes of the

vectors and the angle between them. To determine the angle, the vectors must be drawn

with their tails at the same point. Point out that ~a · ~b is the magnitude of ~a multiplied

by the component of b along an axis in the direction of a. Explain that a ·b = 0 if a is

perpendicular to b.

C. Either derive or state the expression for a scalar product in terms of Cartesian components. See the discussion leading to Eq. 3–23. Specialize the expression to show that a · a = a2.  Show how to use the scalar product to calculate the angle between two vectors if their components are known. Consider problem 39.

D. Vector product of two vectors (may be postponed until Chapter 12). Emphasize that the product is a vector. Give the expression for the magnitude of the product and the right hand rule for determining the direction. Explain that a×b = 0 if a and b are parallel. Point out that |a×b| is the magnitude of a multiplied by the component of b along an axis perpendicular to a and in the plane of a and b. Show that b ×a = −a × b.

E. Either derive or state the expression for a vector product in terms of Cartesian components. See the discussion leading to Eq. 3–30. Give students the useful mnemonic for the vector products of the unit vectors ˆi, ˆj, and ˆk, written in that order clockwise around a circle. One starts with the first named vector in the vector product and goes around the circle toward the second named vector. If the direction of travel is clockwise the result, is the third vector. If it is counterclockwise, the result is the negative of the third vector.
Assignment
a. Use graphical representations of vectors to think about problems such as 8 and 10.

b. Problems 1, 6, and 10 cover the fundamentals of vector components. Problems 5 and 4 stress the physical meaning of vector components. Some good problems to test understanding of analytic vector addition and subtraction are 15, 16, 20, and 24.

c. Unit vectors are used in problems 12, 13, 18, and 20.
