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~ defintion of éoanc/ary operalor o ~ a roor (walls, windoww, Ce///ng, Floor)
‘closed (regz‘on ( cyc/e.)-‘ 9S=0 s CLOSED if all doors, windows closed
15 OPEN if the door or wwindow i's open;
~ WA is Che Aoana/ary?

~ /5 e\/ery closed closed regfon a Aoanc/ary? -~ f/]/n,é of a sSurface thad has /oo/v\S
9S8=0 <« S=9R that do NOT wrap around disks!

K £ egfonS

~ a boundary is dleways closed |NJR = (O

K Forms - See /ast notes
~ combinations of scalar/vector Flelds and differentials so Zhey can be /‘nz‘egraz‘ea’
- p[ciora/ representation enables \/nfeﬂraz‘/on éy eye ‘

RANK NOTHATION REGION — VISUAL KEP. DERIVATIVE
scalar w(o\ = g\ 8<Q po/nz‘ leve/! surfaces d &w@ = V’? ﬁ
veclor (/JCW = r/g\ '—‘ﬁxc—ﬂ, o i pah e?a/poz‘ehz‘/a/s > J A = V%Z\“ A
p-vector W® = B =B 2 <S Surface Fleexe tubes J dow® = ¥-B do
p-scalar w?® = ((5’ = P&‘C \ volure Swbst boxes 4 Aw® =0
edge of
2he”world!

~ properz‘/es of differential operdZ‘or \Cﬂl
Cranstorms Form into Aigher—dimensional Form, Sitting on the boundary

© Poincare lemma - [ddu=0 Y+ ¥V=0 V- VA= 0
~ ComverSe — exiStance of poz‘enf/a/é \/]7;(
dw=0 <<= w=d« VXxE=0 < E=-VV V'B=0 & B=VxA

for space it hout any y—din holes ' in it

* Iniegra/s -  the overlap of a region on a forms = /nfegra/ of Form over region
~ regions and forms are dual - they combine to Fforr a scalar
~ 3enera//2ec/ Stoke ‘s 2heresr:
' 9 " and ‘d‘ " are adjoint operators - they have the same effect in the l‘nz‘egrd/

jOQU\)"/‘“§w note: (O = SC}J? (_SO\UU Zj\ddwa()
R aley R, BR &



(Generalized St o,éeS 7 heorer

X Fundamental Theores of Vector Calculus: od-id

b N R O
Srp-dT = L df = JB-fa) o,
K Stokes ' Thereor: 1d—-2d L
Ada = O « Y
TrA-d _;;Z‘é‘ O\Xo\uo» - %_A% dxdy + ..

- /%3@0\‘;} tAq(x)(Cdy) Ay ly)ede) + M)dy + .. %FV

= Z f\ﬂ o\rou\vd \Oouvx&arét Qg

+ othar 40&063
K Stokes ' Thereon 2d-3d QB /%g%
Do = wpa >
V-Bde = o fudyde + é%%%}dgaw 9B e dy oy L2 &t

oz

= %Xéd)&:é\d& + %xéfj(—c)g dz) + 4 aher fces g@

= = @.ola acourd bounday D[jj

K pote: all interior ), Flow, and Flux cancel at opposite edges
X proof” of comerse Poincare lerma: /nieﬁraz‘e Form owt o éoana/ary
X proof” of gen. Stokes theorer: /niegraz‘e dervative out o the éoanc/ary

XOCQ/_\/
L sprdfidp . = AS

Jdw=50 & frodi=85y  Be-S5g  §Fe-$56
R oR P ¢ 5 ON] t ot

X exarple - inz‘egrdz‘/on éy pPAts

Val

v (Sf) = (vE)f « &.vf
[ & vfae = )5 (EN e - §9-8) fa
Sv# % e 4D = %Mgr L - gvém $te) § de
fas Srio\ao jrld& €2 f ~ i)
Scm FRY-flo) = Sasz §(Re¢) — 4 H10)
AT (4P = f0y ] = AT (e - S0y ]
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