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Motivation

- So far
,

we've seen ettenw calculus in

just a smooth setting .

- Want for a computer to do
so in discrete

(fate ) setting .

-
- Discrete Exterior Calculus (OEC ) is

just a- extension of continuous calculus to
a mesh

.
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How to encode a / - form on a
surface ?

- Integrate 1- form
our each edge ofa mesh

-

Store resulting numbers
as edge weight

µ
,,

,, , ,a"=ii.=/ &
R a sealer edge weight.

Tells us how strongly h flows along e orange



Ñe =! & is conpvted by :

1) finding tangent vector to all pts in e.

2) Still tangent vector in 1- form → record fore

3.) Sum up result → edge nights

☐→
unit tangent

vector toe ,

e 9

Ruhl : Doesnt tell us about the flow orthogonal to
- the edge ! - assuming that adjacent edges -i "

pick up on orthogonal flows

RmhZ:- Can be done analogously for k - forms
.

-
by integrating over each

k -cell



Orientation

0 0
- It's not enough to integrate only ,

hewust include
orientation on edges .

-

-

By extension, newest do the same for d. forms by

orienting h -supplies

on a
k &

↑
Orientation agrees

"

between faces if

a face has saw ordering as its Sihpkx '

Eg .

{ Pup, } and { p , ,
p} , Pz }



How to integrate a
k- fun ?

Recall : k_form"eak"Ñpat a scalar .

canericals.lu/-in:-
- Tale ordered collection of t - vectors

-

Orthogonal ite thin (using Graham - Schmidt )
- Numerically approximate by the following :

--

the hi an orthogonal vectors at points
Pi

Rmhi How to integrate a 0 -form ?

- Must www.overa/luerties-
- Integral of 0-simplex is just value of the function at
thatpoint

- Always postie ☆
all pemutatias em !



Theorswetecxtoiorleriratde

Reallstohersth-mi-fg.la =/ ✗
-

OR

for
any

d- form & k-11 dnensiural domain R -

↳ whirh is to say ,
he can integrate the dentate

of a differential form if we know its

integral along the boundary .

E If I is stored on the edges of ad :

he can exactly evaluate the ntegml by adding just
3 numbers !



Zform
"da " integrated over outrange

@

call d^ the Discrete Exterior Derivative

whats the do?
-

↳ Gives us a donation in

a diunsim higher !

Runty %

Not so simple
as sunny

up

edgewights ,

ᵗ↳ʰ
!

↓ ↑



Issue's discrete 1- form captures the

behavior of a continuous kuforh along
k directions

,
but hot along remaining

h - k directions
.

[
Want to get to a notion of Hodge duality
K four → n- k formE-
Need to construct a dual mesh

↓

Identify each d-simplex with an thigh
-

h-ks.hr#ex.Intu-
dimensions ,

vertex → face

edge → edge

€ face
→ vertex

•



Oinretuttodgestari
In a 2d Sinplrial mesh :

✓ ventures → faces
✓ edges → edges
✓ faces → centres

↳
may require that pairings

inhabit orthogonal

t.hn#pacesd
naturally leads to

QkrekHodge0 of a b-former print

Lesh is a h- k - form on
dual hesh

Given a discrete form %
,

write

'ts Hodge Oval * in

primal
k - mesh → dual nuke mesh

d
d

nights on
khesh → n-k weights on dual



Primal t Oval h- forms live
in different places,

and how different physio interpretations

µa*ÑÑtodrsoÑdse star :-
consider primal b-form &

. If £ : <3 value of Ñ

0h a simplex Si :

↑ ↑
4-kforn print b-form

total



Diagonal Kobe star

0
In words

,
to get the

dual form u just take h.fm

the scalar on each suplex multiplied by ratio, start

of corresponding # ofsihplires in dual V5 print
d

heshes
.

end
h - k form

called
"

diagonal
"

since the ith element of the dual

differential form depends only on
ithekwntof

the primal differential form .

That's about all from 4.8 !


