SecZ‘/on 1.3 — InZ‘egrczZ‘ /on

K different types of /niegraz‘/on in veclor calculus

mdiori 0= 0, L, R, KD, Andd Flow: ey=Jk = IR.4
2=diprt W°= Tdo | 7dat, Bda BB, Brdd Flee: %= o - e
3disg L) = pdT Edt Substance: Q= J\FS - J\P&qﬁ
~ ‘differential Forms " are e\/e@f(/)fng after the ‘J\(
all Aave a A Sometohiere 1nSide dY{eC: Qd)ﬁ%- g&% + %d%
~ often dl ,&EI ,o&'c wre burried inside of ancther d’ da, = ?d%dug&%&x + %dx&%
corrent element O3 = g, AdLY 0*da’] pdT® dt, = dx d)g dz

charge element 5\%} = Vaq,, Tdl , Kda, Fdc
~ Zwo Z‘ype\s of regfon\s :

over the reg/on K j R(,A) ( open reg/on>
over Zhe 5oano/ary AR, of K~ 8.%00 (c/osed reg/on>
Coordinates on boundary of
X recipe for ALL types of integration path/surface/volume Coordinddes
@ Parametrize the regz‘on l'*&\ TP; F (tﬁ b )
~ parametric Vs relations e?é(dz‘/ons of a region D~ S F (g)f(A S rt 9
~ boundaries translate to endpoints on integrals 20V F (8,’(1qu
8) Pull back the parariters L
~ X WHZ become Functions of St j!i: 8%’%26(3 . X_—:}(%i\\ ijixl{é%é
5= 8EX QT ds dt 4=y Y=y

~ differentials: a/X,o/y,o/Z becorme dsdt,du
__ 8¢ 97, OF z=Z (k) 2 4t
~ reduce L(S/Anﬁ the chan redle ¢ b—gg' S‘Exm dsdtdu di i

5;//_5\@ = \KKS;;)A)&(}SS)Z\ OQX =+ A%(X)if/é dg +AZ (X)W) 03% ”’
ZSC:AX(W yit)z4) %}é dt + Ay, yfe) z0) 3—30‘* “y

) Inz‘egraz‘e 1-d /‘nz‘egra/s asfnj calcwlus of one variable

K example: line & surface /nfeﬁra/S on a /%v-czéo/o/o/ (Stoke's theorest) «

Ao Sizdieg =S fudhedn={ Gaciaye 5 -Dydey-2de,
S

0424 3S: \=_}4:X7+%2 .
= S.8;~4stsy — 8-
X=asc, §X= Adsq, +-Ass.dp ilj éx sis'sy — s-4s) dsdg
=SS = dss + Scedy B "
§= S* ot2= as.ds C rdicls” —iasi 43&245 as® CM
di - BB ae , By - 1 b
= -gg s 4+ 6—% &7510[,[23‘1'&}5 :SO’A}S%.AS‘Q\TF':—LJ?T\IIZKC—'QK
) I .
dé = C[st Cﬁ# = %sqg Sp &g dsd¢ * afternate method: substitiute For dx, dy, dz ( anfz'SymmeZ‘r/c)
535G

- " - S*(9g 3-2assd¢)( 4 ds 4 SGdg
3S: ®ls,$) 3=\ ds=0 oUI; My (s=1) =§3~4333; dsdg - A5, dsdp + aszs;g@sj

é;sﬁ-cﬂ = gs%ao\x = —afgf;\qs = -aw :i(—(gg;_g ) dsdg ~ds dg

= (~>A< A — Cé 4s’sy +2 Qs) ds d¢



Fleex, Flow, and Substance

K Differential Forms Narze Georetrical pictire
scalar: LP = k?(ﬁ) leve! curves
veclor: d(a = ;\‘C;Q = Ax OXX A A% d% + A’Z; O\l e?a/‘poz‘enz‘/d/s (Floww sheets)
pseudovector: ad = %'O\Zﬁ = Y)X A%O\?: +%8 Ag&;« ’)‘%Et)«xdg Freldlines (Flux tubes)
pseudoscalar: do_\_ = Po\(cl = [Q ax dté de boxes of swubstance

K Derivalive ‘c/ ‘
scalar: d, Q? = V &JO({Q 3/‘ac/ Sarre e?a/poz‘enz‘/a/ surfaces
vecZor: d /X\ac}tQ = Vxﬁ‘ola cur/ £leex twbes at end of Sheets
pSeudovector:  d %'o\a = V'E e 1 div boxes at the end of flux tubes

pseudoscalar: d Po\(c: = O

K DefTnmte fnz‘egra/

scalar:

veclor: e = 5;&8 = SF ;\OW Flow # of surfaces pierced Ay path
pSeudovector: D= j; ae = j; ST £ eex # of tubes piercing Surfuce
pseudoscalar: Q= j’vgqr = S‘v Po\«g subst # of boxes inside volume

O A
§4f = sF=0
df =vf.dl

K Stoke 's 2heorer
# of flux tubes /%mcz‘ar/nﬂ disk (S) bownded 5}/ closed path
EQUALS # of surfaces pierced by closed path (3S)
~ each surfuce ends at its SOUKCE e tebe

* D/‘Vergences Zheorer
# of substance boxes found in volume (K bounded by closed surface
EQUALS # of Flux tubes piercin the closed surface (0K
~ each flux Cube ends ad its SOUKCE substance box



