Lecture 4: 2.3-3.2 Lines and Planes

September 20, 2016 8:00 PM

2.7 Angles Between Vectors

Cauchy-Schwarz Inequality
If u,v € R" then:
lu- vl < |ullvl

Proof:llu-v|?l= (u+v) - u+v)=u-u+2Ww-v) +v-v
<Nul? + 2ul - |v| + [v|* =] (lul + |v])?
Hence, |u + v| < |ul| + vl

N7

"triangle inequality"

The angle, 6, between 2 vectors is defined as:
u-v based on Cavdhy- Schwarcz
0) =
€0S(8) = LIl Yfchuon 15 €lways b -\ and |
0<06<m

Observe:
Ud v & uv=0 (('):Tr/z)
W/ N =60 or H=T
N whidh cose
w V=% vl

3.3 Orthogonal projection onto lines: u,v € R", u # 0

g \ —*,’)C-‘ . v-u
N e« NTAY Toju,V=—"-11Uu
/l‘\ =3 p ]u u-u

"projection of v onto u"

PY bJ QC.J('\ on

3.1 Describing Lines
Two many ways to describe lines
e vector form
o L:{vy+t-d|t € R}
o orL=[ab,c]+t[dy,d,,d,]
e parametric form
O x=a+td,

o y=b+td,
o z=c+td,
Lines can be:

V.oV

identical parallel in same plane but not "skewed"
Linl, = Ly NLyisempty parallel L, N L, is empty
Infersechon L; N L, is asingle

point

3.2 Describing planes\
1. with 4direction vectors and a point on the plane
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3.2 Describing planes\
1. with Zl‘direction vectors and a point on the plane

N w={vo+t-dy+s-dylt,s € R}
\ S

yd ot et s-dinsen
eg. vectoy form
\/ w=(231) - t(=34,1) + (7,1, —4)

2. with normal vector orthogonal to the plane
1\

w={veR|(v—vy) n=0}

/\Q:M;EB—@L

g cartesian form
><\/ 2x—y+z=16

3.3 Working with normal vectors
a) dlstance from a point Pto a plane w:

1\l Distance from P to w:
: = IP—ll
= llproj, (P — vo)ll

b) angle between 2 planes is the angle between their normal vectors

ie.if n1=[-2, 4, 3] and n,=[1,4,5] then:
n1 np

3.4 The cross product

Given 2 vectors on the same plane, we can determine a vector that is
perpendicular to them both using the cross product.

VXW =

Properties of the cross product:
o) uxv= (VX W
b) (uxv) u= (UX\J\ \
C) (w\hxw = UXW+ VAW

o) [ uxwl =ful Il sin($)

L_,>,area of the parallelogram spanned by u and w

More applications:
e area of a triangle given three vertices A, B, and C

¢ volume of a parallelepiped formed by vectors u, v, and w
=lu-(wxw)|
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