M athematics Review

1. Scalar — a mathematical entity that has magnitude only

eg.. temperature T
speed v
timet
density p

— scalars may be constant or may be variable

Laws of Algebra

yescommutative  ab=ba
for Scalars:

yes associative  a(bc) = (ab)c
yesdistributive a(b+c) = abtac
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2. Vector — a mathematical entity that has magnitude and direction

eg.. forceonasurfacef
velocity v

— vectors may be constant or may be variable

Definitions

magnitude of a vector —a scalar associated with a vector
M=v [f]=f

unit vector — avector of unit length
Vv

—_— = \7
|V| "*) aunit vector in the
- direction of v
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Laws of Algebra
for Vectors:

1. Addition

V‘

2. Subtraction

() ez o,

oy
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L aws of Algebrafor Vectors (continued):

3. Multiplication by scalar av
yes commutative
yesassociative (B\_/)
yesdistributive o (v+

4. Multiplication of vector by vector
4a. scalar (dot) (inner) product

vIW =wvcosfO Vv

Note: we can find

magnitude with dot
product vI¥ =wcos0=V*
V=M=V

av=wr

(@B =apyv

w)=av+aw

I=
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L aws of Algebrafor Vectors (continued):

4a scalar (dot) (inner) product (con't)

yes commutative vilv=wly

NO associative M no such operation

yes distributive ;[Q\_/+w) =zIV+z[Ww
4b. vector (cross) (outer) product

vVXw=wvsing é

1<
(Sb)

@ isaunit vector
perpendicular to
both v and w
following the
right-hand rule

I=
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L aws of Algebrafor Vectors (continued):

4b. vector (cross) (outer) product (con't)
NO commutative VXWZ WXV
yes associative vxwx z=(vxw)x z=vx(wx2)

yes distributive ;x(\_/+w)= (ZX\_/)+(ZXW)
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Coordinate Systems

*Allow us to make actual calculations with vectors

Rule: any three vectorsthat are non-zero and linearly
independent (non-coplanar) may form a coordinate basis

Three vectors are linearly dependent if a, 3, and y can

be found such that:
aa+pBb+yc=0
for a,B,y#0

If a, B, and y are found to be zero, the vectors are
linearly independent.
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How can we do actual calculations with vectors?

Rule: any vector may be expressed as the linear combination
of three, non-zero, non-coplanar basis vectors

coefficient of ain the éy
direction

any vector J

L&,
" - . 4
L(aFag a8 +as = @Zﬁ
Xyz

=ag +a,6 +ag
aJ

3 A~
2 28
1=1
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Tria caculation: dot product of two vectors

ab=(ad +a6 +a6)lbé +bé +be)
=a8 (8 +be, +be)+
2,8, (b8 +h,é +bé,)+
2,6, bg +b8, +ba)
= a6 e +aé e +ag he+
2,8, b8 + a8, (h,é +aé b+
3,6 (B + a8, 1,6 + a6, e,

If we choose the basis to be orthonormal - mutually perpendicular
and of unit length - then we can simplify.
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If we choose the basis to be orthonormal - mutually perpendicular
and of unit length, then we can simplify.

=1
6§18 =0
§&=0

alb= a6 b +ag [0, +ag B +
a6, e + 3k, 0,6, + a6, (b, +
af; (DG + at (1,6, + ak; (e
=ab +ab, +ah

We can generalize this operation with atechnique called Einstein notation.
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Einstein Notation

a system of notation for vectors and tensorsthat alows for
the calculation of results in Cartesian coordinate systems.

azaiq+azéz+as%
)

q
j=1
S

>

A

|
= @nn

q

ethe initial choice of subscript letter isarbitrary

«the presence of apair of like subscriptsimplies a
missing summation sign
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Einstein Notation (con't)

The result of the dot products of basis vectors can be
summarized by the Kronecker delta function

q%:g Q@p:qp:@ |¢p
q =

Kronecker delta

© Faith A. Morrison, Michigan Tech U.




Mathematics Review Polymer Rheology

Einstein Notation (con't)

To carry out adot product of two arbitrary vectors. . .

Einstein Notation

Detailed Notation

alb=(ag +a6 +ae)he +be +be) b=a6 M8,
= a0 Mg +ag e +ag be+
a6 (e +as e +a,6 he + =2,
=ab +ab, +ah, —ab

1™

ap e +as be +agbe |
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