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eliminaries on CALCULUS

· f : RE - IR Uf =Df = (xf
,
.. Exif) gredient f

DF = Herson of f
M

Df = trace (Df)=E Exixif = dis (DA)
·
F : IR- IRM dinF = E

i CxiFi

U bounded set of class 22 + &U is compact => Ax... XIU

&U-B, Vi = 1
..
N

SUnB(X ,i) is the graph of Vi -> dS = VFDdx ... dim

880 ( f(x) dSi = Sf(x ... Xn- 1,Vi(X ... xm+) [riFdx ... dx ,
-3 GU1B(X, ) D'IRK-1

it is possible to define integration of -1) hypersurfaces (byPARAMETRIZATION)



· GAUSS-GREEN THM : fee'(v)

↓ Edx=(f .Vi

DIVERGENCE THM F- e(5 ; (Rh)

SolidFdx=SF(x)
. r(x a

(voted ferulas' (Afdx = (Df . r(x) dS
zu

JXf - g-Ag .f = SgDf .- f . Dgir aS
y su

&



INTEGRATION On SPHERES (special case of Co-AREA formula
ch

.

2
.
7 Follond &

$EExEIRY
,
Ix1= 13 sphere

· $"= ExeIRh, (x| =2]M

A ($4) =ore of the sphere =Sil

"POLAR COORDINATES

& : xEIn -+ (e
,x) + to , +o) X $n

-1
Continuous bijection

&

r= (x) X = X X0 X = rx
|X)

f : IRP -IR meanable (820 o feL'(IRY))

f(x)dx = Storm f(x) dS(x)dee
Io In-1

= !"Styposio2



Abs if f(x) = ↑((X) (that is : I has radial symm)

Jf(x)4x
=
gr+ p(x)A($4-)d

IRM
S

Ex f(x) = 1
1x12

fe (1 (B10,11) El <M

Abif(x)0x=A(S) m2- di+ ma

<M

ex ex=a
1xk1

FELCIR) Et ConE 2 |x111

infuf(x)dX = 1B10,1)) + StwA(Stendito n-2
2)m



computation of A($4)
,

lavd (B10
, 1)/-volume of Blo , 1)

Wm = 1B10 ,1)) n-dim volume of the ball IB(0
,e) frum

↓(1)= area of the Naim sphere .
A(r$)=I)

Xo, p(x)dx = wa=( m+

(SS) or = 1A(S)N

S(S") = nWn
integration on spheres

/2
= -MaxEsto-m() e i

↓
&bySymmet,a
= 2

=A
-

where T is the Gommo-function /by Full)
+
ent

T() = 2
to e s st

-1ds [ T(t+1) = tT(t) t> 0
line
⑧
(t)=to

+ (1) = +(2) = 1r(m) = m- 1) !



&(= W==2)
-- Reti

EVANS-GARIEPY C1

(GEOMETRIC) MEASURE THEORY FOLLAND Ch 1
,
2

X ( =m) (ar X locally compact Housdog topological
space which is 5-compact -X countable wionC- of compe ct sets

E r-algebra [P(X) Contains I , closed by complement
& courtable mion)

B Bol 5-algebra (sallest --algebra which contains

all the open sets)
M(f)= 0

M Borlian meaure M : B + To ,+a]
pr (ViAi) =EiM(Ai)
AirAi = Q -



Me is finite if MCR) <+a

M is --finite if R=EXi M(Xi) < too

BoreL metsurDef : M is a RADON MEASURE if it is LOCALLY

E [
that is MCKI <to KIR compact

Prop : tet p be a Radon measure on IRh- (Eus-Goip,e
-

[ Ther M is REGUAR : Chapter 1

VEEB MIE) = inf(M(6) Vopen UIEY
↓ sp [M(K) K compact KCEY

I Lebesque measure is the unique Rodon masine

which is INVARIANT by TRANSCATIONS (lAl = lAtX1
and M - HOMOGENEOUS 1xA) = MIA) 10



Let in be a Barel measure M : B -> 50
, to]

M= L AtB
,

M(A) = ol Bord lets of will meave

-M (Follona!B = completion of B w
.

v. top =

= LEUF
,

EXB
,
INEMl s

.

that FINY
Cis a o-algebra

Tu : M + To , + o] is the unique extensor of u
Im is called Complete : if (E) = 0 Men(F) =0FIE)
-



Let
pr be a Boll meanne preto , to

f : IR- IR is -meaurable if -(a ,to) I BM

↑ (x)= XAi Ci2O AiEBBR is a simple
function

(p(x)dm = CM(i)
IRM

Let 70 Sfdr = up((P(X) dr a simple
non Irn op = fY

ther we extend to f generic f = ft-f-

f + = max( ,0) f= max (-f ,0) SFdrStar-S



=> we may give meaning to

f du for fp-meawree


