CHAPTER 3  BRIEF INTRODUCTION

Vectors in the plane (R2) and three-space (R3).

    objects with length and direction






These vectors are the same since they have






 the same length and direction.



Vectors in the plane:

naming them:







 • (v1,v2)







  


v  = (v1,v2)

Each vector in the plane corresponds in a one-to-one way with the points in the plane.

Combining vectors:  Geometrically and Algebraically

Addition







    u = (u1,u2)     v = (v1,v2)







     u         u+v



 u + v = (u1+v1 , u2+v2)



          v

Subtraction

     u

    u-v

 u - v = (u1-v1 , u2-v2)












             v

Scalar Multiplication

                                    2u
                                 
                        u                       ku =  k (u1,u2) = (ku1,ku2)

               •

         -u        

Vectors in 3-space.   (u1,u2,u3)    Analogous geometric and algebraic rules. 




      z 

                                                               (u1,u2,u3) = u

                                                     y

                   x

Vectors from one point to another:

see what vector you get when you do  u - v
so the vector from (1,5,-2) to (3,4,5)  is (2,-1,7).

Norm of a Vector and Vector Arithmetic

Rules that hold for addition and scalar multiplication:

1. u+v =v+u

2. (u+v)+w = u+(v+w)

3. u+0=0+u=u

4. u+(-u)=0

5. a(bu)=ab(u)

6. a(u+v)=au+av

7. (a+b)u = au+bu

8. 1u = u

These are the same as the rules for matrices.

(recall we called nx1 and 1xn matrices column and row vectors.)

Length of a vector   v = (v1,v2)

   ||v|| = (v12 + v22 )1/2  for vectors in the plane

[  ||v|| = (v12 + v22  + v32 )1/2  for vectors in the 3-space ]

Do problems 6 and 9 in class.

6.  Find the length of  (1/||v||) v   [use the definition of length]

     Discuss the idea that normalizing v.

9.  Use knowledge about a triangles to show  ||u+v|| ( ||u|| + ||v||

     [look at the drawing we had of  u+v earlier.

Dot Product (scalar product)

 

 Geometrically      u

                                (      

                                      v


  u • v =      ||u|| ||v|| cos (      if  u ( 0 and v ( 0

                   0                         u = 0 or v = 0
Algebraically:        u • v = u1v1 + u2v2    in the plane

                               u • v = u1v1 + u2v2  + u3v3    in  3-space

Observations     

If  u ( 0 and v ( 0   then     u ( v   if and only if   u • v = 0.

cos ( = u • v / ||u|| ||v||

other properties of the dot product
a)   u • v = v • u

b)   u • (v + w) =  u • v  +  u • w 
c)   k(u • v) = (ku) • v = u •(kv)

d)   v • v  > 0  if   u ( 0, and v • v = 0 if  v = 0.

Orthogonal Projection

                       u
             (                               a

proja u  =    u•a   a 




   ||a||2

                               (  if (>0 )  

why?   ||proja u||   =   cos (  =   u•a         ( solve for ||proja u|| )

               ||u||                           ||u||||a||   

What is the direction of ||proja u||  ?  

Conclude   

proja u  =    u•a    a 



   ||a||   ||a|| 

Cross Product (vector product)  [skip]

Lines and Planes in 3-space


ax + by + cz = d

                                              .                normal vector (a,b,c)

If d=0 then it goes through the origin (0,0,0) 

If  (x0 , y0 , z0 ) is in the plane then the equation is 

a(x -x0) + b(y- y0) + c(z- z0 ) = 0

Straight lines in 3-space

x = x0 + at

y = y0 + bt      Line parallel to (a,b,c) through (x0 , y0 , z0 )

z = z0 + ct

or   (x - x0)/a  = (y - y0)/b  =(z- z0)/c  







