DTFFERENTIAL
TORMS




6
1
D
i
rent
‘al ﬁ
n
g ] ruu.

V §
o
c.
T'
0
& S
A
E c
E
S

A
12 IK
= |- ddmen
S‘lu\&s
‘: lon
it
ol
e
il
)

\A '
= S
~diwen
bos
N Stan
f
\ s
Yo
vith

\Ae
no
neS ot
vestoss

J\"

\JA\“



% :]_ ’D‘lﬁ'ﬁ_rﬁv\ﬁd ﬁ" mS n ;"‘Jruu.

VECToR SPacES

\Ao = lK = \—Mﬂmul veefor
Spoes vith  bests {1}

\A' = & ~diwtastanel  Vesfor Spoex Wvith
bosis § doe, dy e}

\AQ = 3'&1‘&4\%8!”‘ veetur S'Posc_ 0‘"]1'\
bosts {Arm\J, dunde, J:,AA&}

\

\A'; G.Don\r\' oS ‘J’ veohey
We el wak
Ajl\ A» = — dx M‘a, Ltc.

\A“



% :]_ 'D‘l‘:ﬁ_rﬁwh‘d ﬁ" mS n 3‘.5,)&&.

VECToR SPAcES

\Ao = lK = \—Mﬂmo—l vetfor=
Spoes wvith bests {1)

A' = 3 —alﬂ\w.«s\‘mo\ Veasfur Spo-r oith
bosts §doe, dy, de}

\AQ = 3'(1&‘%‘1\8\00#‘ veetur S‘Posc_ 0"‘]1'\
bosts {arm\J, dunde, e’:,d\&{-}

\A'g = \ —J‘\nq\ﬂw\d vacher Spea ALK
botis { &AJ.J aded
\¢
—&-J adoc Adg
A “
o\j Ad2Ade
Ce.



% :]_ Dlﬁ'ﬁ_dﬂﬁ&l .ﬁ" mS n B’Jruu.

VECToR SPacES

\Ao = lK = \—Mﬂ»»‘ veefor=
Spoes vith  bests {1}

Az Lodiaginel Verhor spam with
bosis § de, a\n'Ag}

\AQ = 3-4;\1\»3\0.-" veetur S‘Posc_ 0‘"]1'\
bosts {AN\‘\J, dunde, e’jl\&{-}

3
A = \—o‘.\nq\ﬂu\d vacher Spea ALK
botis {&M.J aded

\A“ 6nd \n'cjkr o 2t

d'xl\c\;‘:- cAxAdx =D Ay Adx =0
-3 X S

N.B. -

PLFFERENTIAL FoRms| |J cR® Oen

on U , wrtes W € -ﬁk(U] , 'S
G (C“, Vc.cw-vdw.J3 fractun  fom

U + A"

ko) A O-form 15 a € fommn #(7)
Thor is, AU = C5(U).

(=) A 1-Fom weA'(U) Fokv e fom
@ = F(3)dx+ 3 ()4 + k().

(k=) A Q-Frm weAX V)
tn=;‘(ﬂirkv(z)dmag.-l—t‘(i)a”al

(e=3) A 3-pm we AW teas i

W= f(g) Auadyade .




Sums Anp PROD UCTS]

We o odd Forws of i Som hy«.-.:
(M+ a‘«lydﬁa*(ze\em\x *ﬂ‘—éf“'i)
= j“«kxm\: + £ Irad Frdyede
W o toba “widge poct * of formy of
dgres kAN b g4 fma}k,um.
« ‘3 ﬂj"eh-) A (2d2 + xdx)
= xed}.h q}i__a__‘kr&{:,x’a‘«“uam -Ha‘*"**“*"
Given Forms 0 € A*(U) ond "IG.A&(U),
WA?RQ = (-'l)u“ln W .
DistAvipive ond  asso cobive propares
hotd\ .

EXTERToA DERIVATLVE

If feA) & o fncom (0-An)
defoe. o 1-Fom df € A'(UI by
e OF
oft = 5o d %—’;43 + %Eeh-.

&
We ton ectrd tos & lh}&u- o\e.’vu.,
O\;'l'a-:ﬂbo 6%( esch L) MT s
4 KU) = g,
Hoes how : Ut thet 4 be 2¢r0 o
‘h\'. 3‘»313 vetture
1., A"/J-),Aa:m\ﬂlg, ‘muh-, J,Mh, dﬂﬂt’yu\t
ord Yt d by R- bacss u,ze{é‘(u\
d (aws 1'7)= Aclws-l,olq" ¢
and SMw'J% P rnnhd- rule
AdFw) = df aw + fdw.



So for t‘!wmr'l.
d(ii:f)"' df adx + f&\MO
T (b f dy £, 0) r e

= )&W:— -l-j lJA&s Hti, dandx

, 92 Ade -7‘:! olxmlJ
KJ Q- foem

EXTERToA DERIVATLVE

If feA) & o fncom (0-An)
defoe. o 1-Fom df € A'(UI by
e OF
oft = 5o d %—’;43 + ?a*.

&

We ton ectrd tos & l‘ﬂ}hf o\e.’vu.,
OL'h-:ﬂbD 6%f esch k) MT s
4+ A4 - g=()
Hoes Wou: Ut thet 4 be 2¢r0 o
‘h\'. 3‘»313 vetture
1., A"/J-),Aa:m\ﬂlg, ‘muh-, J,Mh, dﬂﬂt’yu\t
ord trat d by (R-Lacss u,ze{t“(u\
d (aws by ) = adw s Lolo; ¢
and SMw'J% P rnnhd- rule
AdFw) = df aw + fdw.



Se for womph
d(f dx) = df ndv + £ d(d=)"°
=(7&Ax+-f,J7 +f d2) A dx
= deod"r 4, byadm +f, dande
=, dzadx -fj chendy
nd e
A (Fheady) = dfn derdy, + £ dldesdy]?
Shteghey + dbody f dendendy
= £, de ndy nde
T 3-form

EXTERToA DERIVATLVE

If feA) & o fncom (0-An)
defoe. o 1-Fom df € A'(UI by
e OF
oft = 5o d %—’;43 + ?a*.

&

We ton ectrd tos & ln}&u- o\e.’ru.,
OL'h-:ﬂbD 6€,f esch k) MT s
4 A0 - g(y).
Hoes Wou: Ut thet 4 be 2¢r0 o
‘h\t bms vetture
1., A"u‘j,}t.d‘ﬂ\‘\g, ‘m&&, J,Mh, de,“\@
ord trat d by (R-Lacss /u,'»eJL"(u\
&b ¢ IR

d (aw- l‘"l) = adw+ LA»,
and SMH'Jﬁ P rnnhol- rule

AdFw) = df aw + fdw.



So for uw-rlo.
d(;a\t)e d““l\f’g + f«Mo
= (F, e £, dy +£,0e) ~ 4
34;‘%1--’-’&3:\&% +¢*&;A¢lx

= :&J},Aolx - f? A,,,\.l;

and\
4 (F deady) = df 2 dxndy, + £ ety J°
R
= f,tdx nJ, ade .
(CIW‘J d (’F docadynda) = O )
One o show i ol "
d(m A 11) = dw A n + (—‘)lexdal

aad
d(dw) =0.

Tl\&M 01- Puse ﬁllM frow fhe

Conruh.fma
4(d8) = d (£ dn o4, dy + £,00)

= df ads ¢ e\f, adhy +df, ade

T (e Ay dy of de) adn
4 (fgiolxréy%f-fytgz) I\g\%
bty e nde
= (i_é&) dxndy + (£ -4, ) dxnds
= (,cv £, ) dynde

=0 La Clateont’s Theore .
(£, =4,. er.)

9 "9
Prle-M s A(.f. O 4

Y o rhdy) =
(4 dy ndoe + 4 hak‘)-i dxan +g, dea )
? + (:‘,o\* nda -I-’;Jo%:.ig) = aj

(\51;) "g“‘** (éjs)di-aix +(3.-% Jxo\la_

tarl?

A (Phynde + Rdende + ﬂax“;)) =
P By nde + Qydundindue+ Ry dpndundy

= 'P,-rQ!:f?.i) dndyadt . Ay 2



E?uu.&k('.ks
How do Aol forms bohave wdes

Smeoth  rops 1 (Givem (V, U IR ops)

coods, coordds
MJ\ . 'fnnc.h\:-\. (0-6»3' 4 o U,

éf«f r= § ol ('*:'_;‘;"3
defms o ‘chh"h on \/ Now

vy G{i)= (ﬁ’;ﬁ:ﬁ B i

GE)®

J
G'*Jx 1o 0\6', = a_G_.h‘,?bJ,,,,E_G‘,(w’

. oW v dw

6:‘&3 = cLG',_' E"llz-:-.: AG} .
One foun drfro —G‘*w L) o"‘s,l:)
G* 4o Ny Junchion gl dor, Ay, o e
a6, Thes yvu on R-Uvesr wop
2
G AL ~AW)

<
w—s 6 W

CoMed, 4 ?w\\bu\s.

Ld:' LN Cﬂmful'ﬁ-b.vn .

6'af < @"'(a&o\x +4—‘,JD+)§A&)
= GG 46 -GN+ oI

= fhol g_ﬁ bt 2ou, +‘§%A~)+[,§o[;)( %%‘4“* 24, +}§~¢~)

T NN
"ot OB M 2
(00244002 (£06) 32 ) dv + (0 Kb 2o - (6) ) Sy
_ 3(;[_{_@‘1.& 4 %_(;i_(') dv o 2EeT)

- dw

= 4 ($:8) = AP,
5o pullisc ond acfurtns Bartvomt
@revte on f  (ond on o,y de)

N

herae 0n oll forms
LG o) = G (e,




E?uu.&k('.ks

How do Qiffaentiol fovms buhae wmdes

Seofh  Mops 7c” §IVw (V U IR ops)
G: V— U U

MJ\ . 'f\nc.h\m (0-&0«\) ':F on U,
X 1= oG T

defis o ‘Fmoh‘m on \/ Now

Ur\\‘) G—() (G' SE‘] we  defonr

_, a):
X
G~ dx .= dG, = x'o\ua- .‘?-c.'.'olw-)ﬁ‘lw
dw v W
6’ A:) < cLG E"l% AG-

One fn drfro G [ L) o"h,
G* 4o ey Funchon gl dor, Ay, ordé
ta o.s ‘T|~ S gt e R-Uineor wop

*, AV)~ A (V)

W o— W

CoMed, 4 ?w\\buk.

?fob\m : ‘I‘ﬂ*“) é(?‘.ﬁ)‘ (;E?)

(}\t I\AQJ) = (X da e C’V%'SX“M)
(s + Y by do)
= ;“N dundy # || dvndw ¢ | % duad
“ Yo > 'Y M
6-1(0\”}3 naa) = (Kdnrr v, dw)
A (Yudw + Yydvey, de)
Xy Xy %, A2t 2 dvee, dw)
\3“ Yv Y| dundvadw "(da'DG)
2 R, R Awnadvadw .

The wps ket is et e &5 q
rlobin  bufoeen  pullosss o} dup -degre
"ﬁﬂ'\f oA\ He, Dacabion Aefrrinant

Whith earss  In e Lnan — of~artsll
-‘vﬂ.&\a ,



22 2 ) Tn-fqra.lﬁj d‘f‘ﬁ:ﬁmﬁbl :FOM,)
3
LU’ l c |& LL « Natea, ondl

U Gn orM su-  nfem it 0a whtdh

o foan f€CT0W) s gin.

Dbttt The integad of He 3o
w:= f Axo\o\jA&g oV A K3

fpo = Jav,

Sb\prm o C mop G—:\/-—»U
N RN TLS T<V
in [-to-l fubi 4 A (2 G(T)).
‘Bb fe ch‘)g-cg--wa‘bbk) fhmrem ,
[y - (a0t

— Crd
/8 W ) ,G\—gw

&) hy_ los € ﬁ(m\-(u-.“, "‘1'-'3 fransleks to .

PQ&STHM: A‘SSW-D :('-l-'bd- »0

JG‘-(T) w TG-*w

Fo- by 00 e A3(U)

1l

ﬂ‘! orks in uj Adnensiom ¢ H.rlvd'v
UC(R'S \"J e ‘R’ﬂ’ Jeky we,_A"(U),.
fun P Prgutton helde, \a'k') dd
We o) Becowse iF dws v $o
dofing tn-l--’n-ﬂm on  renfords.

oy, g § 0K 5 T
J(R)= M 5 & mected, ook L
e A"(R"). Thn we sy

r\

Jot = 15




This Wl mave Swse i i s

.ﬂ\wl- ‘4’ how we ?orquid M.

Co wmsider \I ﬁ\&

v\ofh\ :g,j- Y ,&

d /\ | v k(lll nétm i
and sk fp 9"4\ -} .

Thea ‘:___,.934 \\)

L» e meosll-wn
[\'ou So-hj beer o 2-'3'64‘.'.’

We hove P o“.rlwai-a fo Ml-n-am

o3 “'Fb-rw\-s ovwy r\T\w \/
o VL-forms ovw Swetoas (leier)

® 1'--Fl'fw\3 OV¥~  (Qnevig ¢

L w= P& dX+®(g)d3+ R(Z de

and 3 [ab] = R pemmetnne o
et C ta -1 faein (win § +0).

ll‘ﬂ S(ﬂ ('3(0) we e "3 Afinipre

o

F- (r)\v

o
v;:bl*

-—b
L

Jo.

J

J5e
\E.a,b] e 0 dt g /ctrshe
j tt) Jx(ﬂ t Q(ﬂ(ﬂ)dj&)
& ¥ N7 t) Ao

b

’m d-=

ﬁ(ﬁ&)) 3&7 dt

\r?‘

~

(5(-0) ?ill acoll de

:.-ijF-T ds "

o Wo wove fhe c+c.~l~ul I, drtegeo,
Waith (Dmtu\"-s worle uf F iS 6 foree field



Ex Tmh.)ml-g W = X?Lolk-r (x"-'J‘)A)
ovw T o poths fun A Jo B sham:

Sr p=()
C, .
; C‘A [ j C,:y=~

33&“‘ 1 @-sk

7 e

!
J (\u-t) 'J(ﬂt W + (*t(-t‘\"- 3«\") \"L-e)gh
1 2¢

[ e ptae o,
Sc.»:lg [cw Sy

| lo,9 o,1]
' C; (\3‘“)= ("t)

'5:&\, =0

‘t-"‘ms (%)
arlx:o

[ i
= I(O—-t")&t-l' j t(')tA‘t = -1 #%:J".
9

o

Cpn&\mh. ‘hu-l- 'ha- iv\-(-!jn.‘ 0‘— w dqtnk
on . poth Fom A fo 8

[FtNAL NOTE]

I &A ot v fb‘ﬂ'u'} “mu'fﬂ}nw sgﬁ?".
Plesse loo thys owvnr ({?'ll)

The basic ider s

dend2 G5 an oltermudng  mubilimuc

+o :'\"".frau’-. .l‘h’ ,

-fwc.ﬂon on poin o} Victrs in lﬁg H

3}«% '\'/'e(::) G f:'-(:l) ,

V3 V,
dx nda (\';,C'v):= Vi W s
V3 W

P wre I P periliciog-em sprand
L\, P projections o VAT o B Xxplne.
T notedien fir al raw ) [mear
Foekons on |<-+u'h.o ol veeters m IR

i /\l‘ (l?\")'“ y s .ffMN.J b)
the {‘L"‘n“"""\"‘d:ﬁ...‘:k 6h e
gt (D).



