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Fundamentos hidrodinamicos

 Equacao da continuidade

op B
a +V. ([JV) — {_]._

 Equacao de Euler

dv ov
P = [8! + (v - V) v] = —Vp
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 Equacao da continuidade IR\

:r e x — A ~ 1
op NN
— +V-(pv) =0 ]

dv ov

— = latJr(v-V)v] = —Vp
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 Equacao da continuidade

op B
a +V. ([JV) — {_]._

 Equacao de Euler

ov (viscosidade nula,

dv
P‘E = [0! + (v# V) V] = —Vp apenas pressio )
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op B
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 Equacao da continuidade Fluxo irrotacional
Vxv=>0

% +V-(pv) =0

ot A

 Equacao de Euler

dv ov
aﬂ_IOL+W-VH]Vp
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* Equacao da continuidade Fluxo irrotacional
Vxv=0

dp
o + V- (pv) =0. v =—Vu

 Equacao de Euler

dv ov
P = [8! + (v - V) v] = —Vp
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* Equacao da continuidade Fluxo irrotacional
Vxv=0

dp
o + V- (pv) =0. v =—Vu

Fluido barotropico

 Equacao de Euler

P l /
h(p) = / L
(DV J 0 :O(p )

dv
p— = [8! + (v - V) v] = —Vp
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* Equacao da continuidade Fluxo irrotacional
Vxv=0

dp
o + V- (pv) =0. v = -V

Fluido barotropico

 Equacao de Euler

Py
h(p) = / L
dv ov Jo p(p')

P = [é)!+(v V) ] = —Vp
(Eqg. Bernoulli)

oY
E> —W—Fh—f— (Vt) — 0
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 Equacao da continuidade Fluxo irrotacional
Vxv=>0

dp
g + V- (pv) =0, v =—Vi

Fluido barotropico

 Equacao de Bernoulli

Py
h(p) = / dp,-
(’)t 1 J 0 f}(p)
+h+ = (V’L) = 0
ot
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 Equacao da continuidade

op B
E +V. ([JV) — {_]._

 Equacao de Bernoulli

01

e h+ (V’L):_

Pequenas perturbacoes

(Po, Po, o) — (po+9dp, po+0p, tho+0¢)
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 Equacao da continuidade linearizada

Oﬂ O(Sﬂ . .
o . - RELANT VAN E) Vo) =0
& TV (pv) =0 ) 5, TV (0pvot pVoY)

 Equacao de Bernoulli

1
h+ —=(VyY) =0
5 + h + 2( )

Pequenas perturbacoes

(Po, Po, Vo) — (po+0p, pot+0p, Yo+01))
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 Equacao da continuidade linearizada

Oﬂ 0(5[) . .
o TV () =0, ) 5, TV (0pvot pVoY)

 Equacao de Bernoulli linearizada

oY . Op DoY)
. h+ (Vt) — () >(5;J;Jn( Y +v- VM)

Pequenas perturbacoes

(po, Po, Vo) — (po+9p, po+0op, o+ 1)
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 Equacao da continuidade linearizada

00 ! -
a—f + V- (0pvo + poViy) =0

 Equacao de Bernoulli linearizada

i dp 00
6[) = aplﬂ(] (8 + V- V(n )
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 Equacao da continuidade linearizada

+ V- (0pvo+ poVoy) =0
'y

 Equacao de Bernoulli linearizada

X dp 00
@J aplﬂ(] (8 + V- V(n )




Fundamentos hidrodinamicos

Equacao das perturbacoes

0 | 0p DoY) .
5 Lo (o %)

oy oY -
+ V.- |poVoyy — —),(}(]V() cov +vg-Vou || =0
dp ot
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Equacao das perturbacoes
5 Op

5 [9p /(854 © 7D
_ — - Vou
ot lﬁp ( - tVorV t)]

) B8 .
+ V- ooV — Loove [ 22X 4 vy - Wow )| =0
dp ot
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Equacao das perturbacoes

o [op (00y s %
— — - Vo
ot [(S‘p ( ot TVoV t)]
or 00 -
+ V- [ Dv(bt = 8—; oVo (OZ + Vo ° Vét’)] — ()

0, (f*0,60) = 0
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Equacao das perturbacoes

9 [0p (O - %
0 X, - D
— — - Vo
ot [(S‘ppn ( ot TVoV t)]
or Q0 o
+ V- [ DV(M' = a—; oV ( O[b + Vo ° Vét*)] = [

_‘ B [ Po —1 —-'U%
O, (f*0,01) =0 T2\ v 209 — iy
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Equacao das perturbacoes

¢ = @
0 [9p (06 y Op
_ S ; Vé ,{;
ot [(S‘ppn ( ot i t)]
i 0 00 o
op ot

e = po [ —1 ~U
O (S 0,01) =0 o2\ —vh 269 — vl

0

1

0 (\f —ggw(?y(s'ﬁ!) =0 Eqg. de Klein-Gordon!
/=g H




Teoria de Campos sobre Espacos
Curvos

« Campos escalares

* Criacao de particulas



Erwin Schrodinger - 1939

Physica VI, no 9 October 1939

THE PROPER VIBRATIONS
OIF THE EXPANDING UNIVERSE

by ERWIN SCHRODINGER

§ |. Introduction and summary. Wave mechanics imposes an a
priori reason for assuming space to be closed; for then and only then
are its proper modes discontinuous and provide an adequate descrip-
tion of the observed atomicity of matter and light. — Einsteins
theory of gravitation imposes an a priori reason for assuming space
to be, if closed, expanding or contracting; for this theory does not
admit of a stable static solution. — The observed facts are, to say
the least, not contrary to these assumptions.

d & .
Generally speaking this is a phenomenon of outstanding import-
ance. With particles it would mean production or anihilation of

matter, merely by the expansion, whereas with light there would be |

a production of light travelling in the opposite direction, thus a sort
of reflexion of light in homogeneous space. Alarmed by thesec pros-
pects, I have investigated the question in more detail. Fortunately




e Schwarzschild
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r = 2M — Horizonte de eventos

Solucao de Schwarzschild €
estacionaria, mas nao estatical
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Superradianga(?)

V= .?"!’-"([”: r, (i}) T + ?1QD(L r, (i}) (;
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Superradianca(?)

5
¥
i
i

vV =0.(t,r,0) T +ve(t,r, P)

55 2 —* +v? —u, —vgr
gﬁ“ - (}(_) —Ur 1 0
C 2
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Superradianca(?)

5
¥
i
i

v =u.(t, 7, )7+ vg(t,7,0) P

N2 —* + v =, —vgr
Juv = (_) — Uy 1 0
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* Equacao da continuidade Fluxo irrotacional
Vxv=0

dp
o + V- (pv) =0. v =—Vu

Fluido barotropico

 Equacao de Euler

Py
h(p) = / L
dv ov Jo p(P')

P‘E = [er(V-V) V] = —Vp
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* Equacao da continuidade Fluxo irrotacional
Vxv=0

dp
o + V- (pv) =0. v =—-Vu

Fluido barotropico

 Equacao de Euler

Py

h(p) = / (gpr)
; | Jo plp
== laer(v-V)V] = —Vp

Par = | ot
dv  0Ov VP
N BN . e T 1P
E> g 8ﬁ+(v V)v ; +
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* Equacao da continuidade Fluxo irrotacional
Vxv=0

dp
o + V- (pv) =0. v =—-Vu

Fluido barotropico

 Equacao de Euler

P Ay
h(p) = / L
dv  0v VP Jo p(p')

Pequenas perturbacoes

(po, Pos Vo) — (po+9p, po+0op, o+ 1)
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Figura 4 - Trajetorias das particulas em {a} dguas profundas e
(b)) rasas.
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A ~ oY
C o o V- k e — — 0
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Figura 4 - Trajetorias das particulas em {a} dguas profundas e
(b)) rasas.
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Figura 4 - Trajetorias das particulas em {a} dguas profundas e
(b)) rasas.
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 Equacao da continuidade

op
ot

— 4+ V- (pv) =0.

 Equacao de Euler

Fluxo irrotacional

Vxv=0
v=—VY

Fluido barotropico

Pdyp
h(p) = /
( Jo p(p)
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* Equacao da continuidade Fluxo irrotacional
Vxv=0

dp
o + V- (pv) =0. v =—Vu

Fluido barotropico

 Equacao de Euler

P dy
h(p) = / L
Vp J0 [J(}U )

Fluido incompressivel
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* Equacao da continuidade Fluxo irrotacional
Vxv=0

Op
a + V- (pv) =0. v =—Vu

Fluido barotropico

 Equacao de Euler

P Ay
h(p) = / L
dv  0v VP Jo p(p')

Fluido incompressivel

Vi =0
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Fluido incompressivel

Vi =0

Condicoes de contorno

~ O
o g =——— = (J
i 0z

z=—h



Ondas de superficie

Fluido incompressivel

Vi =0

Condicoes de contorno

oY

il o
% 0z

=0

z=—h

Eqg. de Bernoulli

ol
P=—pgz—p y
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Fluido incompressivel

V) =0

Condicoes de contorno

oY

il o
% 0z

=0

z=—h

Eqg. de Bernoulli
oY

) oY
P:—pgz—paf @ Py = —ﬂgé—ﬂé)t

z=§
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Fluido incompressivel

V) =0

Condicoes de contorno

L

k= — —3
% 0z

z=—h

oY
Py = (ﬂQZ — p@f)

2=¢
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Fluido incompressivel

V) =0

Condicoes de contorno

A O
827 z=—h
O P |
, o=t
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Fluido incompressivel

V) =0

Condicoes de contorno

. O -
Vk—& Z:_h—o
o
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Fluido incompressivel

V) =0

Condicoes de contorno

L

k= — —3
% 0z

z=—h

o
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Fluido incompressivel

V) =0

Condicoes de contorno

YY) -
Vk—& Z:_h—o
oY B
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Fluido incompressivel

V) =0

Condicoes de contorno

L

k= — —3
% 0z

z=—h

oY
o<+ (5)

ov| o
0z |,_ Ot
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Fluido incompressivel

V) =0

Condicoes de contorno

L

k= — —3
% 0z
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Fluido incompressivel

V) =0

Condicoes de contorno
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Fluido incompressivel
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Yz, z,t) = o(z)sin(kx — wt)
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Yz, z,t) = o(z)sin(kx — wt)

U(x, 2z, t) = (ae™ + Be™ ") sin(kz — wt)
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Yz, z,t) = o(z)sin(kx — wt)
U(x, 2z, t) = (ae™ + Be™ ") sin(kz — wt)

wly cosh [k(z+ h)] .
,-J N I “ - t — L1 k. A N
A 7 e sin(kx — wt)
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Yz, z,t) = o(z)sin(kx — wt)
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wly cosh [k(z+ h)] .
,-J N 2 .t — L1 k./ - t
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Yz, z,t) = o(z)sin(kx — wt)
U(x, 2, t) = (ae™ + Be ") sin(kz — wt)

wly cosh [k(z + h)| .
,-J N I “ - t — L1 k. A t
Y (r “ ) k sinh kh '-3111( t )

w?(y cosh [k(z + h)]
k sinh k£h
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z=()
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»  w(k) = y/kgtanh(kh)
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w(k) = \/kg tanh(kh)
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w(k) = \/kg tanh(kh)
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2(h) = = tanh kh
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Figura 4 - Trajetdrias das particulas em (a) dguas profundas e
(b) rasas.
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— /kg tanh(kh)
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Figura 4 - Trajetdrias das particulas em (a) dguas profundas e
(b) rasas.
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