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Points and Vectors

Q m (29597)

I (RO )
The components of v
are the differences between

the coordinates of Q and P.




Points and Vectors

Q m (29597)

P = (39031)

The components of v
are the differences between
the coordinates of Q and P.




Addition

V +W= < -1,7,0>

W= <, 23>
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Subtraction
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Distances




Spheres

(x3) % (7+4) 3 (z-2) = 25

Q=(3,74,2)

center




Dot and Cross product
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‘Two important tformulas

WV xwl=1v ngﬁm((w)\
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Projection

—

el e Y0 W = <4,0,1>

Project v onto w:
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proj-(v) = 15— ¥
\4 W (W]
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_ i <4,0,I>

scalar projection = component
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[Lines and Planes

I OP = <3,4,I>

il e o
W = <I,72,I>

Parametrization i el Wl

r(t,8) = < 3+t+s,4+t-28,1-3t+s> 7X 4y 32=2




Nl dih e o

i Symmetric
Parametrization equations
r(t) = < 3+2t,4+t,1-3t> __’z o e

I 3

~—il X,Y,Z>

(solve for t)
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Problem

Find the equation of the plane passing
through the points

A=(O,I,I),B=(2,2,2),C=(5,5,4)

the symmetric equation of the normal
line through A and the area of the
triangle ABC.
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Problem

Find the line of intersection of the
plane computed before and the line
plane x+y+z=1
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Distance Point/Line
p

QP

Q
QP! sin(o)
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Distance Point/Line
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Distance Point-Plane

d= POI cos(a) EI: _|PQ -1
n




Distance Point-Plane

d= POI cos(a) EI: _|PQ -1
n




Distance %ine/Line

|I@ cos(a) In
n




Distance %ine/Line

|I@ cos(a) In
n




i roplem

Starship “enterprise” officer
Spock, beams from (1,1,1) to
(3,4,5). The clingons can modify
everything in distance 1 from the

x axes. Will Spock be safe?

X

Tuesday, July 12, 2011



Area and Volume

The volume of the parallelepiped

TRPiT

El1A4A
u =<1I1,2,3> spanned by u,v;w is

= < 3,1,4> |0 xwI=Idxv)-wl
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Distance Point-Line again

P

Q QPx¥V| _  area

® V1 i ase
— helght
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Distance Point-Line again
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Distance Point-Line again
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Distance Point-Line again

P

Q/ \@) X V| area
¥ i
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— helght

Tuesday, July 12, 2011



Distance Point-Line again

y ,’a
Py
v"' I"

ry

Q QPx¥V| _  area

V1 i ase
— helght
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Distance Point-Line again

Q QPx¥V| _  area

V1 i ase
— helght

Tuesday, July 12, 2011



Distance Point-Line again

y ,’a

Py

v"' I"
o

Q QPx¥V| _  area

V1 i ase
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Distance Point-Plane again

Q‘ i |ITQ . Vx W‘ l volume

VW e
= height
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Distance Point-Plane again
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Distance Point-Plane again
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Distance Line-Line
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Distance Line-Line
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Distance Line-Line
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Distance Line-Line
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Distance Line-Line
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Distance Line-Line
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Distance Line-Line
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Distance Line-Line

bl
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Distance Line-Line

) QP - Vx W]

Volume |\_7)X \7(7|
Area
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Parametrized
Curves




r(t) = < x(0),y(t),z(t)>
= < X(t) ’y‘(t) , Z‘(t)> velocity

acceleration

}’)9(1:)

ra) 1) 1(b)




r(t) = < x(0),y(t),z(t)>
= < X(t) ’y‘(t) , Z‘(t)> velocity

?”(t) acceleration 2

"4

I |
r(a) () 1(b)




r(t) = < x(0),y(t),z(t)>
= < X(t) ’y‘(t) , Z‘(t)> velocity

?”(t) acceleration 2
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r(a) r(t) (b)




r(t) = < x(0),y(t),z(t)>
= < X(t) ’y‘(t) , Z‘(t)> velocity

?”(t) acceleration
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?”(t) acceleration




r(t) = < x(0),y(t),z(t)>
= < X(t) ’y‘(t) , Z‘(t)> velocity
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r(t) = < x(0),y(t),z(t)>
= < X(t) ’y‘(t) , Z‘(t)> velocity

?”(t) acceleration
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r(t) = < x(0),y(t),z(t)>
= < X(t) ’y‘(t) , Z‘(t)> velocity

?”(t) acceleration

t(a) (b)




r(t) = < x(0),y(t),z(t)>
= < X(t) ’y‘(t) , Z‘(t)> velocity

?”(t) acceleration

t(a) (b)




Problem: a helicopter blade

moves on the curve

r(t) = < cos(2t),sin(2t),sin(t)>
Under which angle does the path
hit itself at (1,0,0)
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(Question:

Oliver (virtually) flies over
Harvard in the plane

A XHRIy T4z =12

What is the z component of
the binormal vector B ?




Arc Length and Curvature
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Problem 3

The helicopter crashes
along the curve

t) =< t/2 1,-t'/3

From t=0 to t=1. Find the
arc length of that path.




Problem

The helicopter is subject to
a wind force:

i 2
r?@=<t,1t >
Where is it at time t=1 if

rlo)=<o0,1,0 >

I"(O)=<I,0,0 > (hit by the cat)
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Contour Surfaces

ContourPlot3D[x"3+y"3+x z/2-2x y 2+z+x"2 z+x y z-3, {X,-6,6}, {y,-6, 6}, {z,-6, 6}]
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Spheres
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Ellipsoid
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One sheeted hyperboloid
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Two sheeted,hyperboloid

LAy g
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Cone
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Elliptic |Paraboloid
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Hyperbolif Paraboloid
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Cylinder
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Cylindrical hyp¢rboloid

r
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Polar coordinates
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Problem:

What surface is this:

XZ_ y2_ Z2,= Zy




Cylindrical coordinates

x = 1 cos(0)
y = 1 sin(0)

L = L




indrical

Inates

in Cyl
coord

Surfaces
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Spherical coordinates

x = osin(¢) cos(0)

y = o sin(¢)sin(0)
Z =0 cos(¢)




Surfaces in Spherical

coordinates

=1
I
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Problem:

What surface is this:

r cos(20) = z
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Parametrized
Surfaces




CECS

fa

Parametrization of sur




lasses

4 1mportant ¢
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Planes
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r (@,v) = <cos(u) sin(),sin(u) sin(v), cos(v)>
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r (u,v) = <u,vf(u,v)>
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r (uv) = <r) cos), rv) sin(w), v>
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e Ellipsoids

e Cone

e Cylinder

e Paraboloids

e Hyperboloids
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Problem: What is this?
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Problem: What is this?
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r (u,v) = <(2+cos®)) cos(), z+cos®)) sin(w), sin(v)>
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Problem

Parametrize the surface

ot yz- e

and describe it in
cylindrical
coordinates.
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