P05|t|0n r = .?CI-EI- — xiei + x2e2 + .X:SE3

_ ScalarField #(x) gradient vg=%e,

Ox;

Vector Field v(x;) gradient Vv=—"¢; ®e¢,
J

S11 512 i3
Tensor: linear map of vectors onto vectors v=S-u=v; =Sju; |Su S S
S31 S32 S33

— Dyadic product of vectors S=(a®b) S-u=(a®b)-u=(b-wa S;=ab;

General tensor as a sum of dyads S=S;e;®e;
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Page 2T 38T B acs Chargqe Fowulas m

Tensor cm/baaenﬁ olepend on choice | . }/ o
0O 1
@é bﬁﬂl‘ -

Need f'bam/m 4 change basis

* (m) (%)
— Vectors V=V, ~"m =V e
- \....--\f""‘"'" W -
L”prone.nﬁ .COM/WE;gA
fm, m, M .=; h_"fe, e, 053
Jot- both sides with ™M -
ooy (e)
ms+s .\ = [/I - [Ml*M:.') = c /I
— x:-JV.-‘H—" e
£ az (3x3
o ¥ v
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Kronecke; ..Deffq .
o L] \J k - ,\J
( /denk'ty \
y )
opecty - 5, o = O, Sey Qip = Sk
(7o \ "~ e\ ~ S
tence vV, = = Q:i V="
Ra— A — g 2 =€
Matay focm V, 1€ Mol M, & Vi
" 7 Rl RN N
~ "/3 =~ ot etc‘ L%%

Mﬁﬁé&_: () 11 af]"fzgjanq_/

RQ =Q q- T
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_ _ (m \ ~(£)
page 4 — - — A ..
/ ensocs '3 > gy M@ mj - \Slj (MR
Dot broduch
/ _ (m]) , (&), __
M, Sy = Sii (Mg M\ (Mg m)= S (7,88 -m)
- T g~ \:\/\rj I

cs ™ = [QU[se

— Example: v =(x; +2x5)e; +(x] —2x7)e,

Use 2x2 matnces

(a) Find Vv

L (b) Let mIZ(El—FEz)f{‘\/E mzz(EI—E2)/(‘\/E

— Find componentsof vin {m;.m,}

Find componentsof Vvin {m;.m,}

(@Y Fomyla VV - -‘% ?—b—'-' )
Uy d)(z

ol U,

B 3)"-1 T
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Hence V = l 2
- | =2
(b) Doompla Q1L
a1 - |
T 1 -
(m
V = = L [ [+ 1 [2x ]
;g? L; <) L) =225 f‘?_ _4-)(-;_1
Ve = = (Q11Dv={(AT"
L o a2
2 L =1L =2 N[ =
4 N S - = L 2.
“ TR 2 ~4

—page 5




Pageo 2.9 Pane _Pqi Inlues _anel _direchon 07‘ \g(wmefﬂ'f 7en4p6

Mapy tensors are Ymmetne . Stron, Strect | Inerka elc

POK a sammar[nr H’mar nwe cqu 7[/»0{ 23

iéeuglu bhatiy 1 which componesh arC a
ranonal _matnx /

. . (m) A =
In_1thy  besis S

—
——

—

Yoy
® 5o

e '

G, 0,, 0, are “;Pﬂ;w;}fi/ Valnes
Mo m, Mz ace “})-"fz'ncz/'ﬁq(' oy rechors

oy
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Ndle S m, = (07 0 o] e K
” Q 6 0|0 = |o|= |0
0 o &Gilo O LO

= 0? }:J_ﬂ[ (.S'rm;hgéj S M, = G;ML gx{': )

Hence  (0; @, a3) ace eigenvglues Of S

=

e m,) 89 envectrs
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S = magic(3) + transpose(magic(3)) * A symmetric matrix

[Qtrans,D] = eig(S) %Find eigenvectors (columns of Qtrans) and eigenvalues (in D)

Q = transpose(Qtrans) % This is the Q that changes basis from (e) to (m)

check = Q*S*transpose(Q) % check should be components of S in the principal basis - i.e. D
Qtrans*D*transpose(Qtrans) % This should produce 9

—page 8

L
16 4 18
4 18 156
18 16 4
Qtrans = 3=3
-8.2113 -8.7887 -8.5774
-8.5774 8.5774 -8.5774
©.7887 8.2113 -8.5774
D = 3x=3
-18.3923 e @
%] 18.3923 a8
1] 5] 3@.eaaa
Q: 1w 3
-8.2113 -8.5774 8.7887
-@.7887 8.5774 8.2113
-8.5774 -8.5774 -8.5774
check = 3=3
-18.3923 e.e008 -8.8008
8.e008 18.3923 -8.2008
-g.e008 -8.8000 38.0000
ans = Fu3
16.2000 4.0000 18.2008
4.0000 1@.8000 15.0008
16.0008 16.0000 4.0008
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"=-

Innec  Product - S:T = S 17 =S n*!'S;T “'gn

0 J 1 .. ete
D{‘/f’( Pﬂ?duﬂ_l: N S ‘s Lr = S ,. L = Sn ];! + S!-, S =+ Slg
J ;o &*C 31

3] Tensor Invanants )

’q tonsor l-ﬂl/aﬂﬁn‘/ l‘emwm 00/7.5'7[6/!7[ Under a

Chﬂﬂ_\ﬂ-ﬂ aﬁ bos)y

Examples - cmsce (SY — (Sum_of drggonaly)

: S
olet (s)
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—page 10 Index Notation Summary

S11 S12 Si3
Vector x= (xl X9, xg) Tensor Sx S22 i3
) S31 S32 S33
Index Notation x=x; S =3;
Summation convention
3
),=ajbj = A =Za;-b;- = A =a1b1 +azb2 +a3b3 =a-b
f=1
3 {fl =513 + 512X + 5130
¢ =SiXe = =) SpXc= €2 =S21x) +52% +523x3=5-x
! les = S31% +S3p3; + 5333
33
A =SUSy = A= Z SHSE,I? = A =511311 +512312 ++331531 +332332 +533533 =55
=1

i=l j=1

3

Cy =AyBy = CLT'=ZAF.5:BA;' = C=AB
fo=l
3
Cy=AyBy = C;=) AzBy = C=A"B
=1
.. 100
1 i=j .
Kronecker Delta  J; = =/ o1 o 4 = aj
0 i j 00 1

€123=€231=€312= 1

Permutation symbol ¢, €331=€913=€13p=—1 ¢ =€k ajbp =c=axb
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Sk Cipg = Sjp Sig = Sjg, Skp

3) = 4. & ‘ ‘
det () = L Cle Epgr Sip Sy Ser

-]

o= L €, ; S
S gy S i S Sy

Example: Showthat (axb)-(cxd)=(a-c)(b-d)—(b-c)(a-d)

Use 1ndey 4bcmylas

Eiie b Cp ol = (8pSey=8j9. 5\ % b Gody

€irg G
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Exa mfi/ﬁ :

Ex_mgb}f.-

gmm!b le

@/mfh /) /é

7 X
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