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Standard Basis: unit directions

i =[1,0,0] Z

. K

J - [0,1’0] /g‘y
k =1[0,0,1] v

4

V=1,V = vityj+ vk

Magnitude or Length of v: [|v|| =[vZ+ v+ Vv?

- : _ vV o v, v, v,
Direction of v: — = [TIVH o ﬂVﬂ]

Exercise 1A.
Show that the direction vector above has unit length.



Parallelogram Law for Vector Addition

v=1[v,v,, ] =vityvj+tvk w=[w,w,w]=wi+wj+wk

VHw=[v+w, v+ W,V +tW]  v-w=[v-w, v W,V - W
Definition 1. Dot or Scalar product of two vectors.
v=1lv, ,vz,vs] =v,i+Vvj+ v3k W = [W1,W2,W3] =w,i+ sz + W3k

Ve W = \/1W1 + V2W2+ V3W3



Theorem 1.

1. VeW=WeV
2. avewW = a(Ve W) = Ve aw

3.Ue(v+w)=(uevV)+(uew)
4. vev = ||v||?

Exercise 1B. Prove Theorem 1.
Theorem 2. vew = ||v||||w]|| cosB

Exercise 2.
Prove Theorem 2 using the Law of Cosines.



Corollary 1.

1.0 = Coé(ﬂvvlfn%“)

2. iei=jej=kek =1
3.ioj=jok=koi=0

Corollary 2. (Perpendicular or Orthogonal vectors)
If v and w are nonzero vectors, then v w if and only if ve w = 0.

Exercise 3.
Prove Corollaries 1 and 2.



Review

Determinant of a 2x2 Matrix

91,1 41, 2]
“2,1 %22
dEt{J‘qjl:ﬂl’ 1 ﬂz, E_fl-l’ 2&2, 1
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det(A) = 6

A=




Definition 2. Determinant of a 3x3 Matrix

deti 4) = 21 1 et

4o o H33

93 0 %3 3
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42.1

93 1
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Exe rcise 4 © Clompuie the determinant of eack of the following mairices:

B

Answers:

22, 0,52, =346, 0, -65, -4, -123



Definition 3. Cross or Scalar product of two vectors.
v=1[v,v,, ] =vitvj+vk w=[w,w,w]=wi+wj+wk

i ok
vxw= [V Vv,V [= i(v2w3-w2v3)-j(v1w3- w1v3)+k(v1w2-w1v2)
W W W
1 2 3
Theorem 3. Right Hand Rule

1. vxw =-(wxV)

2. avxw = a(vxw) =vxaw
3. Ux(V+w)=(uxVv)+(uxw)
4. vxv =0=10,0,0]

5. [[vxwl| = [[v[]| |lw]] sinG

Exercise 5. Prove Theorem 3.




Corollary 3.

T.ixi=jxj=kxk=0=10,0,0]
2.1x] =k jxk =1 kxi=]

3. || vx w]| is the area of the
parallelogram made by v and w.

4. If v and w are nonzero vectors, then
viiw if and only if vxw = 0.

Exercise 6. Prove Corollary 3.



Exercise 7.

(1) Letv =1[0, 1, 2], w =[3, 1, 0], and find vxw and wx v.

(2) Letu=1[-4,0,3],v=[2,-1,0],w=]0, 2, 5], and show
Ux(VxWwW) #(UxV)xW.

(3) Find two unit vectors orthogonal to both [1, -1, 1], and
[0, 4, 4].

(4) Same as (3) fori+jandi-j+ k.

(5) Find the area of the parallelogram with vertices P(0,0,0),
Q(5,0,0), R(2,6,6), S(7,6,6).
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Exercise 8. For each set of three points below find a vector
orthogonal to the plane determined by the three points, and
find the area of the triangle determined by the three points.

(1) P(1,0,0), Q(0,2,0), R(0,0,3).
(2) P(1,0,-1), Q(2,4,5), R(3,1,7).

(3) P(0,0,0), Q(1,-1,1), R(4,3,7).

(4) P(2,0,-3), Q(3,1,0), R(5,2,2).
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