Vectors and
operations with vectors



Orthogonal Cartesian coordinate system
- origin O i
- 3 coordinate axes

X=0,Y=0,Z=0,

- 3 coordinate planes

Oxy, Oxz, Oyz /
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is identified with an order triple of real numbers

Each point in the space

Cartesian coordinates P =[x, Vp, Zp]



Euclidean distance of two points

P1 = [X1; Y1, 21] and Pz = [X2; Y, Zz]
is determined by formula

d(PP) =y (% = X)? + (Y5 = ¥2)* + (25~ 2,)°
Vector in E3 is determined by 2 points
a=PP,=(%-X,Y,-¥1,2,-72)

Position vector of point P is vector,

d=0P =(Xo,Yp, Zp)



Vector is any oriented line segment
—> —>
a=AB

A — start point

B — end point
of vector location

Vector coordinates
A=[Xr,¥YarZA]
B=[Xzs,Ys,Zz]




Norm — length of vector

V=AB=B-A=(Xg —Xp Yo = Ya: Zg = Z4) = (V1, v, V;)

is the distance of its determining points A and B

—>
V= \/(XB - XA)2 T (yB - yA)2 T (ZB - ZA)2 = \/Vlz +V22 +V32

9
V. =1 -unitvector

0=(0,0,0) -zero vector
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Angle of 2 vectors u,v o=.,(u,v)
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Operations with vectors
- -

Sum of vectors U,V

N
u=(u,u,,u,)

.
V= (V,V,,V;)

— > >

W=U+V =
= (U, +V,U, +V,,U; +V,)

Scalar multiple of a vector u=(u,u,,u,)

- - —

||V e ILeR,U=AV Au = (Auy, Au,, Au;)



Vectors &,b,¢ are linearly independent, if there exists
no such linear combination of these vectors

kda+lb+mc=0
that at least one from coefficients k, [, m is a nonzero
real number, i.e. kK°+1°+m?=0 .

Vectors &,b,€ are linearly dependent, if at least one of
them is a linear combination of the two others.

Unit vectors 1 =(1,0,0), j =(0,1,0),k = (0,0,1)

form ortho-normal basis of the three dimensional space.

Any vector in the space can be represented as linear
combination of the vectors from the basis, while its
coefficients are coordinates of vector in this basis.
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Scalar product of vectors U,V

—>

|V

— - >

N
U = (U, U,,Us), V= (V,V,,V3), U.V =UN; +U,V, +UsVy
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Vector product of vectors U,V isvector W=

—>

—>
u.v

1. W =

Ssinep, @= 4(u,v)

—> —> —>

2. w_luaAw_lv

> o o
3. Vectors U,V,W form right-handed system.
- 2
N T T ¢
u=(u,,u,,u - -
(g, Up, Us) UxVv=u, U, U,
N
V=(V,V,,V;) Vi V2 Vg
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UxV



Geometric interpretation of vector product
- > S

Length of vector v=axDb

equals to the area P of a parallelogram with sides
in non-collinear vectors a b

P:aXb vy= x b
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Mixed triple product of vectors U,V,W is number

NN T
U,v, W | =] UXV [W

N
u=(u,u,,u,)

ul u2 u3
—> - > -
v =(v,V,,V,) [u,v,w}: v, V, V,
- W, W, W
W:(W1’W2’W3) ' : ’

> > o

Vectors U,V,W are in one plane (are coplanar)

if lv if - > -
if and only i {U,V,W}zO



Geometric interpretation of mixed product
Absolute value of mixed scalar product of 3 vectors

a,b,c equals to the volume V of parallelepiped
with edges in these non-coplanar vectors .

By
V={|a,b,c




