Summary of Vectors in Space

Vector Oeerations:
Letu:<ul,1¢2> and Vz(v v}

1>V2
a) w+v="u,u,)+(v,v,)=(u +v,u, +v,)
by w=(u,); —v=(-v,v,)
Au-—v=u+(-v)={u,u,)+{-v,-v,)=(u, +-v,u, +-v,)
d) Scalar Multiple:

bu = b (u,,u,) = (bu, bu,
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cv :c'(vl,vz) (cvl,cvz>

Distance Between Points:

Distance Between the points (x,, y,,z,) and (x,,¥,,2,):

d:\/(xz _*"1'1)1 +(», _J”l)2 +(2, _‘7"1)2



Equation of Sphere

Let (x,,V,,2,) be center of sphere and » be radius of sphere.

Then equation of sphere: (.x — X, )2 + (y — ¥, )2 + (z — Z, )2 =7’

Dot Product of Two Vectors
Let u=(u,u,) and v=(v,v,)

Then: u-v=u,-v, +u,v,

Angle Between Two Vectors
Let @ be the angle between u and v, where 0 <0 < 7.

u-v

o -[v]

Then u-v:Hu"-”v”cusﬂ or cos@ =



Vector Addition and Subtraction
v

Projection and Vector Components

4
| u
Note: u=w, + w,

w, |

| w, = projection of u onto v = proj, u.

v
- > w1=proj,.u=Lu";Jv
Wi vl

W, =u—Ww, = vector component of u orthogonal to v



Cross Product fo Two Space Vectors in Space

Let u:<H1:“2:”3> and v:(vljvz,v3>

i J k
uxv=|u, U, u,
1‘;1 VE V3

- (uzva — U3V, )i - (”1v3 - u3v1)j+ (”1v2 — U,V )k

and

ax v||= \/(uzv_% — v, )2 +(uv; —uym, )2 +(u,v, —u,v, )2

(uxv) and u are orthogonal.

(uxv) and v are orthogonal.

Lines in space

Line L 1s represented by the parametric equations:

x—x,=ta, y—-y =th, z—z =fc

Planes in space

Equation of plane: a(x —x,) +b(y—y,) +c(z—2z,)=0



Distance between point and plane

| | 7G o
Distance between point and plane = ———

[n

Equation of Plane: ax + by +cz+d =0

Normal vector n =<a,b, c>
Surfaces in Space:

2 2 2
Xy oz L

— + — +-75::l Ellipsoid
a b c
xz }5 32 Hyperboloid of One Sheet
—2"‘ 3 __2:1 Axis of the hyperboloid is z-axis because coefficient the
a b variable z is negative.
22 x2 Jz Hyperboloid of Two Sheet
= 3 3 Axis of the hyperboloid is z-axis because coefficient the

; - =1 f the hyperboloid b £ h
¢ a b variable z is positive.

x? y: z? Elliptic Cone
‘§'+ b; _'3‘::0 Axis of the cone is z-axis because coefficient the
a ¢ variable z is negative.

7 ¥

Xy Elliptic Paraboloid

“ bg Axis of the paraboloid is z-axis because the variable z
a is raised to the first power.
X Hyperbolic Paraboloid

Z= —— Axis of the paraboloid is z-axis because the variable z is

2 2 B .
a b raised to the first power.



Cylindrical and Spherical Systems
Relationship Between Cylindrical System and Rectangular System
Cylindrical System: (r,fa?, :)

Rectangular System: (x,y,z)

= x1+y2:r2; tanﬂzi

X

X =rcost: F=rsing;

Relationship Between Spherical System and Rectangular System

Spherical System: (0.6.9)

Rectangular System: (x,y.z)

x=psingcosf; y=psingsinb; z = pcosg;
2 2 2 2

pr=x’+y +:%  tanf=2; ¢_C051[ z J
: J

2 2 2
X+ 4z

RelatioushiE Between SEherical Sﬁtem and Czliudrical sttem

Cylindrical System: (p.6.4) and Spherical System: (7,6, =)

¥t = p*sin’ ¢ Z=pcosg
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