LECTURE # 1: VECTORS
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EXPRESSING VECTORS

Vectors may be expressed in POLAR NOTATION or in RECTANGULAR NOTATION.  

For example, vector A could be written as 6 m @ 30( or using the cosine and sine functions:



adj        = (hyp)(cos ()


opp       = (hyp)(sin ()



x-comp = (6)(cos 30)


y-comp = (6)(sin 30)



x-comp = 5.2 m



y-comp = 3.0 m

It could be written as 5.2 m (x-comp); 3.0 m (y-comp).  

Similarly, vector B could be written as 4 m @ 160(  (polar notation) or -3.8 m (x-comp);  1.4 m (y-comp).  Instead of writing  (x-comp) and (y-comp) after vectors, a more standard form is called UNIT VECTOR NOTATION.  In this notation, the letter  ‘i’  represents the x-axis component;  the letter ‘j’ ,  the y-axis component;  the letter ‘k’ the z-axis component.  (The letter ‘k’ would only be used in three-dimensional problems.  Our discussion and problems will be confined to two-dimensional systems.)  

In the above examples, vector A would be represented in unit vector notation as 5.2 i  + 3.0 j.   

Similarly, vector B would be written as  -3.8 i  + 1.4 j.

Example 1:  Express the vector 4.2 m @ 132( in unit vector notation.  

(Answer is at the end of this handout.)

ADDING VECTORS

It is easier to add vectors by first expressing them in unit vector notation and then finding the sum of the individual components.  For example, to add vectors A and B  (shown above), express them in unit vector notation and then add their components.



A  =   5.2 i  +   3.0 j


B  =  -3.8 i  +   1.4 j


    A + B    =    1.4 i  +  4.4 j
Example 2:  Add the following vectors:  A  = 3 m @ 210(, B  = 5.1 m @ 78(.  

Express your answer in both unit vector notation and polar notation.

SUBTRACTING VECTORS

We will use our original example.  In order to perform the subtraction A  -  B, change the signs of the B components and then add.  For Example, A  -  B:  




A  =   5.2 i  +  3.0 j



            -B  =   3.8 i   -  1.4 j 



        A - B  =   9.0 i  +   1.6 j

VECTOR MULTIPLICATION:

There are three forms of vector multiplication:  scalar times vector, the scalar product, the vector product.

SCALAR TIMES VECTOR  -  Follows same rules as conventional algebra.  For example, when we multiply the scalar 5 times the vector A we get the following:



A  =  5.2 i  +  3.0 j


5A  =  26.0 i  +  15.0 j
The product we get is a vector.  Momentum is an example of a scalar (mass) multiplied by a vector (velocity).  

The SCALAR PRODUCT   -  Often called the  DOT PRODUCT.

The scalar product is expressed as   s  =  A • B   and is determined by   s  =  (A)(B)(cos ()  where ( is the angle between the vectors.  For example, let’s find the dot product of our original vectors.  To do this type of problem, vectors should be expressed in polar notation.* 



A  =  6 m @ 30(        


B  =  4 m @ 160(




A • B    =  (A)(B)(cos ()






=  (6)(4)(cos 130()






=  -15.4 m2
As the name indicates, the answer we get is a scalar.  Work is an example of a scalar product where one vector (force) is multiplied by another vector (displacement).

The VECTOR PRODUCT  -  Often called the CROSS PRODUCT.

The vector product is expressed as    V  =  A  x  B  and is determined by  V  =  (A)(B)(sin () where (  is the angle between the vectors.  Again, let’s use our original vectors.  This time we will find the vector product.  To do this type of problem, vectors should be expressed in polar notation.*



A  =  6 m @ 30( 


B  =  4 m @ 160(



A x B  
=  (A)(B)(sin ()





=  (6)(4)(sin 130()





=  18.4 m2       (in the z direction)

Torque is an example of a cross product where one vector (force) is multiplied by another vector (displacement).

*Students who have taken Multivariable Calculus know how to find dot and cross products using unit vector notation.  If you know how to do this, you can solve for these quantities using whatever method you want.

Example 3:  Given the vectors:    A  =  -3i  +  4j       and     B  =  -5i  -2j

a)  Determine the sum of A + B.


b)  Determine the difference  B - A.


c)  Obtain the dot product   A • B.


d)  Obtain the cross product  A x B.

Answers:  (1)  -2.8 i + 3.1 j      (2)  -1.5 i, 3.5 j  and  3.8 m @ 113(  

(3a)  -8 i + 2 j  or 8.25 @ 166(  (3b)  -2 i  - 6 j  or  6.32 @ 252(  (3c)  7   (3d)  26 k   

