Vector space V, of displacementsin a plane

i =(1,0)

2¢

u=u,l+u,]

Using the basis {i, j} , we can identify the vector space V, of
displacements in a plane with the vector space of all the pairs

(u,,u,) of real numbers



Vector space V; of 3D displacements
u=(j y)

u=u,l +u,] +uk

U,

1
/ Using the basis {i, j,k} we can identify the vector space V,
with the vector space of al the triples (u,u,,u,) of real
numbers



The angle of two displacementsin aplane

u=(ula) v=_(v,b)
u=(u,uy)  v=(v,v,)
U E =
b

u .
c:osa:‘al,sma:—2 cosb =L sinp =2

\Y

cos(a - b)=cosa cosb +sinasinb = Yy | UpVy _ UV, T ULV,
Uy uv o uv



The expression u,v, +Uu,Vv, Iscalled the scalar product of vectors
u, v. It iIssometimes written as u>vor just uv and also called adot
product ot inner product.

If | Istheangleof u and v the scalar product can also be
expressed in terms of the lengths and angles of u and v:




Scalar product for 3D vectors is defined in an analogous way.

For vectors or displacements u =(u,,u,,u,), v =(v,,V,,V,) that make

an angleof | , wehave

uv = cosj |ulv

{ uv = (ulvl + u2V2 + USVS)J




Properties of scalar products

For any vectors u, v, w and a scalar a, we have

u(v +w)=uv+uw
u(av) = a(uv)

uu>01I1fulo

u=+uu



Orthogonal vectors

We say that two vectors u, v are orthogonal or perpendicular to
each other if

uv=0
If vectors are viewed as displacements either inaplaneor ina3D

space, orthogonal vectors are really perpendicular to each other Iin
the geometric sense.



Orthonor mal basis of a vector space

We say that b, b,,K, b, isan orthonormal basis of avector space
o bb, =0ifi? jandbb =1
Thisis sometimes expressed in shorthand notation as
bb, =d
where d! isreferred to as Kronecker's symbol

k an orthonormal
basisin 3D

J

N



Vector product w=u Vv
(also cross product)

w Indicates the direction in
which a screw cuts through
when turned from u to v In
the anticlockwise direction

w =|ulv|sina

wu=wv =0



Let u=(u,u,,u,),v=_(v,V,,V;), then the vector product w=u v

may be expressed using the following determinant:
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Mixed triple product

Let U= (uliuzius)’ V= (V1’V2’V3)nw = (W1’W2’W3)
The expression w>(u” v) is sometimes denoted |w, u, V]

and referred to as the mixed triple product of the vectors u, v,

and w. Sometimes it isaso caled scalar triple product or

box product.

W W, W,

[w,u,v]=lu, u, u
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‘[W, U,V]‘ IS the volume of the parallelepiped defined by the

Vectorsw, u, V.



