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x17. Ecuaciones del campo electromagretico

ikim @M

@kzo:

divB = 0;
1@

curl E+ —— =0
c @t

@k , @k , @F _ .
ex " ax Taex
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1l ELECTROMAGNETISMO.

S=S +S +8S:

X Z
S =- mc S;
Z
X e
=- - A xK
o Ak
Ay
S +S
S

Fo R
Fa + FQ
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S
Ak
S
PX Y
Z
l .
S=- —— F*F
16 ¢ Ik
. € S
FKFy = 2 B?- E?
E - Q\=0Ot
P Fi - @ =0t A
S S
1=16 c
S - 1=4
4
Z Z Z
X X e l
- _ _ = k_ - k
S= mc s CAk X 6 c F* Ry
y A S o
S
ikim _ ., @  im @A
Fk Bm = 4@( Ak@
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Ak R

Ak ka

R
X
= & (r-rq);
q
q
e x = t( x'=t)
t
k
k_ X
J - t1
jk
j= v
e
z
e= )
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93

Z Z Z
X 1 1 .
S=- - S AE - —— F*R
mc s 2 k] 16 ¢ ik
Fa
S =0
iP
Z
1 1. 1
S=0=- E EJpAp+8_Fmepm
Tarea 4
Z
o 1 1, 1 @
Z
1 @
p I _ =
d T2 @% Ap 0
A g
@Pk 4 .
@% cJ '
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E=4;
1@ 4 ..
curl B - cat ?J.
x18. Efecto Doppler
ji=0
@A @A _
@y@R @n@%
Ak
@A _ .
ek 7
Ak
y
y 2 2? r?
2 = @=@x@%
= @=@@%
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A= @A
@k@x
Ak = AK gl (K™ xm)
A¥ kM
.! <
kM= —k
c
k := wn=c I
n
kMkm = 0; KmxM™ =1t - Kk r:
km
t - kr
Vv
!
!
km
0. kl=
0 _
s 1- 2=
kO kl=
= (1= ¢
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1l ELECTROMAGNETISMO.

1-(
1-

:C)
2=c2
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Captulo IV

Hidrodiramica Relativista

x19. Tensor de energa{momento

- . @q -1
S= q,@k Vt—C

@q=@x

A, e - -+
Q@)=0% @@)=@X%:: S= Lt
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S=0
@o=@x= q;«

Z Z
_1 @, ,.,@ ., 1 @e..,.@ e  ,oe _
° - c @qq * @q;q" C @qq * @x | @q;i d @%x@q;

_@ @ @ =0
@%x@qg;, @q

@ _@ @, @ @

@k @u@% @ @k
@ @ @

+

- % aq @g @x’

y Tik Tik - Tki

Tik
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IA{MOMENTO

pO — RTOk S = R-I-OO \Vj

TOO

pq -RL = g@L=@- L

E/ TOvV

@_}F:O:

@%
Z
T S=0:
X0 = A) x0 =
9

z =

+ L TEs=o0

X(B)O'

S

z

T Sc=

99
S
(B)
pi
g = @g=@t
H=E-=
TOO
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IV HIDRODIN

AMICA RELATIVISTA

T

A)
‘ s x0(A) =
| x0(B) = (®)
Figura IV.1:
x0(A)  x0(B)
E= = 1=
Z
1
- = -|—|k :
p=_ TS
. R
X0 = pl= TO v=
p° c
TOO
T =
}@O + @ = 0;
c @t @x
1er o1 _
c @ @x
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V
@@tZTOO V=- cZTO a ;
a
\% = ¢cTO
@@tz% V=- ZT a
\%

x20. Cuerpo macrosopico
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Tk = le; p; p; pl

Tk = 1y Tuk- pgk;

I =e+p

x21. Ecuaciones de la hidrodiramica

VO - ( 1- 2=C2)- 1=2

1=n
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C A

Figura IV.2:
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ul
Ui@*:@&
¥ @€' kv
@; @ K@y @p_ .
@x “Tex ""ex ex
ulu; = 1
@'u k) K @p )
@k - u @ 0:
lu X = nuk(=n)
k @ 1@p _
nu @(!— ) N @k 0
=T pV
w=Ts+Vp
w =+ pV
V

(t=n)=T (=n)+(1=n) p;
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k@=n)_ (=n)_ _
u ak = s - 0:
=-n =
y
ul - uju
y k@ _ @p . @p
u @%@k uju ax
Tarea 5
2 @ _ v @p
=z @t+v gradv =- grad p- 2 at
@=@t 0 'u @Y=@x=- ugu @p=@x
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IV HIDRODIN  AMICA RELATIVISTA

X22.

v grad (!=n )= 0:

!
n
y

uk@—@i(!u i=n) = @@i(!:n ):

(v grad)(! v=n)+ c’grad (I=n )= O:

Hidrodiramica no{relativista

(X y; 2) X=x =
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S w
e nm c? m
€ S, _ € S
mn ! 1- 2=(:25l 2 1+ 2=22 ;
e ! nmc2+ c2+} 2+
cl1 2 N
| € S
o m@em + 2 m@ew;
n cli
Tarea 6
@ _ A
Q@ 1
— + - - — .
ot (v grad)v grad p;
@s

@t+ grad)s= 0:
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IV HIDRODIN  AMICA RELATIVISTA

x23.

24+ w = const

NI =

Cosmologa Newtoniana

v(r)

viry=vyr- a)

vir9=vqr- a)= v(r)- v(a):

W9= Yr-a)= (n);
pAr9 = p%r- a)= p(r):
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v(r)= (r +
vir=0=0
y
r = R(t)ro;
R(t)
R(to)=1  r(to) = ro
V= or= o (1=( [ 1)
(t) t = =. 3R=R
R 3= (to):

%t+(v grad)v = - 1grad p- grad ;

g =- grad

3(f + f2) =- =- 4G;
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IV HIDRODIN

AMICA RELATIVISTA

Tarea 7

RR = - ge (t))=- C

tr

>0
Rl

tr

0 R=(9C=31"%23

R!
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v=1t=0
p=- )
_p =G mz(r),
r r
r m(r) r
z 7727 z z Z,
m(ry= (r) V= r2 r r = Mr2r=4 (rr2r
000 o 0
|
p=r p=l GM=r?2 GM=l? M 13
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p cC c
| pe =
=
:C:pG_
t
, R3C|51:2
t -
GM
t
c
t =t
[
FRLI0)
r r
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&1 = p—:

| & |

x25. Energa de amarre gravitacional

< > http://www. mendozza. org/ sergio



x25 ENERG |A DE AMARRE GRAVITACIONAL 117
m
r
le g | g:=-r
w
m y
Zr Zr Z 0 0
W=-m g I=+m r l=m (r- (1) =m (r)=- Gm ;
1 1 jr-rg
m
(r)
(r) m
r
m (r) (r)
z
W= (r) (r)
=r? =4G;
y
m r
m r
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jajl r?
z

10°
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x26. Ecuaciones de estructura estelar
3=2 - 1=2
¢ RTM
R M
R
M t
L
2 2 -1
CM 3 10 M R
RL M R
t t
r -rp =- =- 4G
E
1 2 p
~— L2 =46
r r r
m(r) r
_m =4y 2
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V ESTRELLAS

Tarea 8

p/

=Cc =G

p/

3=2
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i_ 2__ —_ n.
2 1
— n; ro= p :k1+1=n
= (n+1) 1=n-1 2
4G
n
p= =0 r=R p=r r==0 =1 r=0 =0

r=R = 1(n) 1

(n+ Dk 2 @ ny=2n

R= a(n)= o 1(n);
(n + 1) K 3= (3n)=2n 2
M( = D=-4 S o= —
4G -,
MR K
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n-3

M/ Ro-T:
n=3
R n = 3=2
M/ R
sz(r)CE
— <0:
r 8r4
p+ Gm2=8r4
GM2 s M R -4
P >gqa 4:4 108 —— = ;
M = m(R)
GM?
p R
p T
n
p=k—T=nk T=—T,
m
R k
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GM2 m M 2 R -4 1
T — 6 100 — @ — —
R K M R
kK T
0:5
MR- 3
GMm
kK T
R
E
E =- —:
2
E E
y
ZR
E =-ac MO, 2
0 r

m(r)
m(r)
r - Gm(r) m(r)=r

4 z
W= MO MO _ "m0 O
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p=0 r=R
z Ze
E =4 -P3r=.3 p
r 0
3
E =_-nk T
2™ b
E =- 2E
r
Z Z Z
rr =- rrp - rr :
[1= =t
(r )=t=(1=2 2(r r)=t2=rr+rr
Z A Z
rr =- r2 +} E
2 t2
12
= - .o
2 t2
Z Z
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125

Tarea 9

r(rp) rrp pr

Z
rrp = rpa-3(-1HU;
Z
U = 1
= -1p
X
1
-. G 0 0 ;
§ y )J[-r‘]
-. G 0 o€roros_ 1
jir-r9
X € S
=- 1o 0 O p 400 _1
2x jr-r9
1 0 0
=- -G -
2 jr-rg
= M,
12
é?:2T+3(-1)U+M:
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V ESTRELLAS

.. Gp ©@
t @x @x’
X
Z Z
-. yer @
@x @x
z X
= — x = - 2T
t t t
oot
=5 ,
Z

Z
@p _ .
@ =- px a + (- HUu;

Z
1
U -1 p ;

Z

@ _ 0 x (x - x9)

@x J
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1 0 (x - x9(x - x%
Mo=-3G V%) (9 PR

Z
- _ 1 () (r9 Q
-M =-M =- EG W )

=2T + (-DU+M - px a:
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teorema virial en su forma
tensorial

%T—ZT + (-1HYU + M

12I—2T+3( DU + M :
2 12 '

X
X —
t

- X

—

X
t
x27. Generacon de reacciones nucleares

T/ 1=r

3k T
E = -—;
2m '’
=c T
c
c
c—c-k— Cp=C
p “m = “p=
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3
Er=>( -1 =- ZE ;
T 2( )
E
3 -4
= + =
E E 3 - l)E
>4=3 > JE
1< <4=3
< JE ]
= 5=3
= 4=3
p+p ! D+e'+ o
p+D ! Hed+
He®+ He® | He*+ 2p;
He* 0:007mc?
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V ESTRELLAS

=(3=2nk T

-

cno !/ TR

4r 2 :
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F =- —T;
r
F =- —T;
r
_ 4 cT®
= 5
X
X
L
16 cor?Te T
L=4r?(F +F )=- —
re( ) 3 -
1 1 1
— = — 4
p
p = T4

< > http://www. mendozza. org/ sergio



x28 MODELOS ESTELARES 133

P _ L
r 4 cr?’
x28. Modelos estelares
M R L
L, T
RR° R’
M
T/ =
M
/ =

L/ M3
H! He
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V ESTRELLAS

nk

GM?2
p nk T R p
p =>p
k2
1=2(m )2 G1=3
4=3
100M

x29. Preson degenerativa

1=2

T4

T4

RAk4

G*M*(m )*
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p X h;
h 2 X
2 2
E = p_ h :
2m  2mx 2
N
p Ep—z h_2 5=3.
2m 2m
n = N=V X (V:N)1=3:
(1=n)1=3 p [/ n°3
= 5=3
m
2000
hc
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V ESTRELLAS

P . hcn4=3:
= 4=3

T &

p =nk T
p = h?n53%2m, Me

T GMm =Rk &
0:05M
X

0:05

x30. Enanas blancas
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N5=3h2 MZ
E=NE +E = _—— - G—;
2me 273 R
N = M=(me+ mp) M=m, RS
h2M5=3 M2
E= —pm—- G
2memp R2 R
M
R
E
h® 1
M

3635 3
m3G3m3 R®

co MR me
- mp R R
E=0
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ap az

G (M1+ My 2=4a3;

= MiM=(M 1+ M»)
a=a;t+ a
M, 1M

2
'OI\.)l_‘

2a;

az

M1 2M

T
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139

oy
F= T4

L=4R2T*

R2 R1=1OO 2

He

x31. Estrellas de neutrones

E > (mp- mp)c®=

e +p! n+

e-

z 104

He
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x (V=N (=my) R

GM?=R
0:1Mc?

0:1M

3M

x32. Supernovas
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Ni%61 Co*! Feb

& 30M

< > http://www. mendozza. org/ sergio



142 V ESTRELLAS

He

1054
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1054

Figura V.1:

1054
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1054

Figura V.2:
1054
http://www.mrao.cam.ac.uk
T
h k T h
k
r/ t r t
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M
M
4
M ==r® =M ;
3
y
t t a
t a m
ta
p
p = %
2 r2 r
E
Y r/ t
t
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1=r3
E ™ 5
ri — ¥
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@=@t 0
( =2+ w) v
11= 22
12+ p1= 22+ p2
1 1
11 512+W1:22 522+W1
1
y
@=@ 0
z Z
(v) = v a=0
a
(V) =( V), 1 2
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147

2 p2>p1
1> 2 1
2 p2 P1
w=p=( -1
2 t1
1 -1
_(C-1p2
Tt ( +1p:
Mi= 1=¢¢ My:= =0
c=(@p=@: %= p=
2
p2= 112;
r(t)
_ 2
_t(M 2)=4r“p
2
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M M  =(4=3)3,

r=Ar3 -1,

_1 .14 5 -1 5
E_EM 2% 5 3rl_'_lr,
U
_b _4 3Pp2.
U= 1 —3r 1
E
E= =E + U;
A E
3( - )E
A2=
4 (+1) 2
r(t)
r = El:5t2=5;
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x33. Pulsares
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Pm

Pm = —BpR3;

Bc Bp(R=R)*
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BIRC 4
oc®

Tarea 11
P
_ 0. 2
P_ Gdgjpm.l 1
Pm
Pm = Pm, 2 Pmg = Pmo€:z
B
B= 2‘:";) f2 e+ eq
Bp =0
- E - 2 2 4 2
P= = 32 OBpR6 :
E
_1
E = EI :
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Figura V.3:
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153

x34. Lmite de Eddington

2:5
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= L=4r2h =
F=GM(@m +m)=r> GMm =r? M
m m
F F
M
F=F L
L - 4GMm ¢ wglﬂ
M
X 100M
X
x35. Transferencia de masa
i
i = i60
mq mo
r r=(mqr,+
mar 2)=(my + my) mi mp ri fro
mqri+moro = 0
r-=rq-r»2 rA=- r=mg fro2= TI=my = m1m2=(m1+ mo

X a; ap
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aj+a=a
a r
G(my+ myP?= 4 2a3
P Kl =
1 | K2 = 2 |
i=0
1 i1 T m
2 I 2 1 Mg
mo=m1
i 60
2 2
Ki:= —a I; Ky = —a I
1 p a1 2 p 22
1
2
PK3, (mpq )3
125 522 = ' 5
' 2G  (mp+ my)
1=2 = (K1=Kp)® = (mp=m;)3
K]_:Kz mz=my

aM
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0:8M

< > http://www. mendozza. org/ sergio



x35 TRANSFERENCIA DE MASA

157

0.6
0.4 1

0.2+

Figura V.4:

M

L1

100

0.5 1 15

1:5M
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GMM
= = 4R?T* ;

& 10M
10M

x36. Acrecon

< > http://www. mendozza. org/ sergio



x36 ACRECI ON 159

I M2=R
M R
m
1 ,_GMm
2 o
:
r=R
X
m
m 2=2
1, GMm _ r e
L=gm = g =M g

r=r
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0:1

Tarea 12
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r =2R

3 104

10 3
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V= e r
E
1,2 2 GM>
c2 o re?
M-
y
_ GM,
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M= =c r=r
M 1 M2 4= +
M 1 M 2 e 4=
M 1 M2 4=4
M 1- = 1-
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C1

2
c(r)y=s ———
(r) 5.
M-

M= 4r?
GM % 4
322 5-

(5-3)=2( - 1)

“Hr)eg = te(r)
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Xy

@p M .
@z G rz2

Z=r
@p=@z p=Z z
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Figura V.5:

Xy

-1 +1 R? = x?2+y?
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2zr = GM=r?

e
©
o

Cc= (p: ) = =C ' =C

@ )=@t= @ =@t @ =@t - @ =@x -
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@t @x
y
y
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@t @x
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