Vectors and Matrices
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Vectors are very useful!
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Enter the worm.
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ol

OpenWorm is an open source project
dedicated to creating the first virtual organism
in a computer.

John Graham White

Sensory Input.
Receives Sensor
information
from Robot L i
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Why do we study vectors, tensors, coordinate systems?

Mzs 2HAHOE XHAUO0|IH, AZ e =2|F U= AFSOIAN MBS HES=
282 =+ Bl

M=2| HS0i|A O] (anisotropy)/t = OF
QUL}. (e.g., Miller index)

SO =2 HS0| E2tE =

U

AR S 280 S2[2Y0| ZHEHSHY Of 2 Mot O| 28 2ol =25
DEo[/EE dEor=0 ZHEE &~ ALt otX| 2 2 A 3kt A = L
TZEO 8T MHO|H, =7t 7HE 0] F(anisotropy)
2EOHAL 2R 22| Gt Hs= 282 = Blrt

stutsto 20| ZI0| Bt 74El 1p X B = QICH [2FA] scalar Hﬂl%%ﬂf%@!giﬂd
O|FAT Mz +dBEHE S0 HEot7| 2 ot A 7t UL

HFYl) 1XHE A =2 2] 1K SZH0[A 2] S & T D2 SHCHH vector, tensor 282 2= A.




Nomenclature (/]| &)

Rule(1) &2 =M M| (bold face)2 A0 Xl & ItHll 7| (7t p) = A 7|27 7HE7 | =
=C| 20| Bl & =2 o| 0| Bt

Rule(2) HIEpE T+ HEES AFESIH 7| == QULE b = (by, by, b3). L
T4 &2(b; withi = 1,2,3)0| 2 MK 7 OtH S NHZE A0 X AZS = QISEL (2f2)

-

Rule(3) = 2 MM EA 4 = HIEH =2 27 order tensor (22 3x3 matrix)E LIEFL| =

Cr=dF 20| A& == QUL

Ay Ay Ags
A=Ay Ay Ay
Az; Azp Ass

Rule(4) Chalk board symbol denotes 4t rank tensor E for elastic modulus.

*(Mnemonic) &= =M KX 2Xt= 02 HE( )OE O|F0|ZI =2|2

g2 =MH = oLl dZ(4 )OE”*OI—rOPH (Ct.




Nomenclature (7| &)

- OHEEIA HE7|HHO| A=, OfSHE X} (also called as indices) & &2l 4 &2
Bl 7f§ & *ﬂi)e '—fEf"H Cf,
« OlE =0 4;; = (AR HW B= LIEFHALCE
Ay Agp Ags
d Example: A= A21 AZZ A23
A3y Aszp Aszs

« =RIA|IZH0|| 22| = ZHH A @F ZEEA| ((Cartesian) We preferably use Cartesian
coordinates consisting of three basis vectors (often denoted as e, e,, e; or
equivalently as i, j, k)"

+Mnemonic) d 1t G2 L0 2R = E: 7IZEM E(o), ME2II2(x); HE. 2t H2 T2,
2 MEZ. Rowll columnS columne 7|2 Lot 7|a2 MRHH R I:|' (2 A Column% A,
LEH X| row= &.

*The basis vectors are written in bold-face, implying that they are vectors not scalars.




Nomenclature (7| &)

- OHEEIA HE7|HHO| A=, OfSHE X} (also called as indices) & &2l 4 &2
Bl 7f§ <& *ﬂi)e L}EFLHCE
« OlE =0 4;; = (AR HW B= LIEFHALCE
Aj1 A1p Ags
d Example: A= A21 AZZ A23
Az1 Azp Asz
o T=YAIZHO| 22| = ZHHIA|CF R EA|(A 2 EFEA|)BE AR S O 7t 1|)\|OF
L—I:I:71| - A1|7H°| (/\‘IE—’F&l Ol) basis vectorE O| FO{ X /ULt 2| =, Z basis

vector= e, e,,e; 2= i,j, k'E H7|0ICt

*(Mnemonic) &1t €2 #2510 2= E: 72N Z(0), MEZIZE(x); Y E. 2t H2 TIE,
Z2 MZ. Row2f columnS columne 7|&'= Xot1 7|2 MHA R I:|' RN Column._ o
LEH X| row= &.

*The basis vectors are written in bold-face, implying that they are vectors not scalars.




Cartesian coordinate system
o 2| orthonormal ZtHEA| (M Z +Z 9l N| unit vector?} basis) Bt
A&7 | 2 StAL
* Now, we denote these three orthonormal basis vectors as e, e, and e;.

X3

Right-handed Cartesian Right-handed (e; xXe, = e;)

o] (orthonormal) coordinate system. Left-handed (e, xXe; = ej3)

€2
/\\xz

X1

A vector x then can be expressed a linear
combination of the three basis vectors such that

X = X1€1 —+ X2€9 —+ X3€3



* Say, a vector a has two separate components a = (a4, a,). For example, vector b = (2,3)

* In 3D, a vector has 3 components.

* Length (magnitude) of a vector in 3D.

lal= Ja + a3+ ad =[NPl

e vector a®| Tt Bl = Ct=a1f £ Lt

a a4 a, as
|a|
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\/a1+a2+a3 \/a1+a2+a3 \/a1+a2+a3



