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1 Review the notion of manifolds, and derivatives on manifolds.



2 What is a 1-form? • w's elementso f alteachx ]
a n n-dimensional "vectorspace"

Recall: vectors→ derivatives

w e written
hfsifor
m

• Choose this basis
i n
localloordin
ates

dx"(F)= s:"i:÷i÷
÷:÷....
Mathematician: dualspaceo f vectors

( 1 -forms) d×M(V)= VMx)

1) w(V,tVz)=w(4) talk)
2) wlqy.fi = aww)

3) i t was-0,then V = 0 (VEO)



3 Explain how to integrate a 1-form along a curve.

"Velocity" o n manifolds (24×4: instantaneouschanges

howmuch accumulation (g) ove r
time?

" f t .di" → {otdaq.vn → [ O t wi l l
→ fatwant)

¥ | → fw(anti)→ {w
{w=fdtwl¥)=µ÷d4w(¥d¥

+→ t h ) =fd¥
¥µdtwµ¥)E t i

Deline

ff.de?
w=wmdxM.

Why?

{w={wµdx'-



4 What is a 2-form?

¥ 8 [w×0xtwy0Y → {W d u d e0 .

dad;-LE

ijkdxjndxk-
q.GE#fD'q"

" ' " '" " " " t.f.m
x

suchthat {w, exists?

I I .dot , =

[wutxzodxztwyzoyozt
wppo.pk
faces

§w , I §
(wxzdxndztwyzdyndztwq.de/
ndx]Treatment

o n facei n x&zdirections

ANDorientation: dxndz= - d e n dx



5 What is an r-form?

Oh n-dim manifold (n l r ) , define reform W r

ur.#iE.ir.iii.ir"i÷;::÷÷i÷÷

FULLY ANTISYMMETRIC, Wii,...ir=- Wizi,-..ir
dxilrdx.hn#dxir=-dxi2ndxiin...ndxir

[Wi,...iroxi,-''Oxi, → fur
r-dim

r-dinfaces surface



6 What is the wedge product?

p-forph w & g-formy

" ^ " = IT'T! i§;p=,,§,,,Wi...ip%;...;D""'-'

"dxindxin

. . .^dxi9

Example; 2 dimensions,p=q=l
w=Y2d×tdy y=x3dxty3dy

way = (y2dxtdy]rfx3dxty3dy]
=

Y4¥dxtx3dyad×+ysdxndy
+yBdyn¥d""

= 1×3-y5)dyndx
Proposition: 1) way=L-1)

Myn w

2) (wag)n y = walyny)



7 What is the Hodge dual operation?



8 Discuss electromagnetism in the language of di↵erential forms. Define

magnetic flux using only di↵erential forms and integrals.


