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Introdugao

O calculo da curva de rotagdo da galdxia fechou com uma boa precisdo, a
Orbita planetaria no sistema solar e a ¢drbita de galaxias nos aglomerados
(primeiro trabalho de Zwicky) também fecharam, ndo resta duvidas, a matéria
escura é a massa das ondas eletromagnéticas (luz) emitida pelas estrelas. '

A ciéncia sempre conceituou que as ondas eletromagnéticas (Iui) ndo é
matéria e ndo tem massa, mas este conceito é superficial, ndo é solido. Em 1919
foi observado pela primeira vez as lentes gravitacionais, ou seja, a luz era atraida
pela gravidade. A lei da Gravitagdo Universal € um conceito solido e indiscutivel, e
s6 restava dizer que a luz era matéria e tinha massa, mas a ciéncia continuou com
o conceito superficial de que a luz ndo é matéria, e apoiou a teoria da
relatividade.

A teoria da relatividade tem que ser revista, mas uma questdo tem que ser
respondida: os cientistas sabem que a velocidade da luz ndo se soma, mas como
isto acontece ndo se sabe.

Agora com estes calculos ndo resta mais davidas, as ondas eletromagnéticas
(luz) é matéria.e tem massa, € é ela que é a matéria escura.
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O calculo da curva de rotagdo da galaxia

A matéria escura é um dos maiores mistérios da ciéncia. A primeira evidéncia
desta matéria surgiu no estudo das orbitas das galdxias no Aglomerado da Coma
em 1933 feito por Zwicky, chegando a conclusdo de que havia 400 vezes mais
matéria do que se observava. Posteriormente com o estudo da rotagdo das
estrelas na nossa galdxia, também foi constatado que havia mais matéria do que
se observava. Na translacdo dos planetas no sistema solar, nunca foi detectado a
matéria escura, ela é sé perceptivel em grandes Orbitas.
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Distancia do centro (kpc) fig-1

Acima esta o grafico da curva de rotagdo da galéxia (fig.1), na horizontal esta a
distancia ao centro da galdxia em kiloparsec, um parsec é igual a 3,08568.10"° m.
Na vertical esta a velocidade em Km/s.
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A curva superior é a velocidade observada das estrelas, o limites do disco
galactico esta a 15,330 Kpc, mas a curva se estende até 30Kpc, as velocidades
apds 15,330 Kpc é do gdas do disco, obtido através de observagdes de rddio. A
curva de baixo é a velocidade que as estrelas e o gas teriam de ter devido a
quantidade de matéria observada, a diferenca é devido a matéria escura.

Em 1919 durante um eclipse solar, foi observado pela primeira vez a lente
gravitacional, ou seja, a luz era atraida pela gravidade, esse efeito foi visto em
Sobral no Ceara e na llha de Principe, na costa da Africa.

A ciéncia sempre conceituou as ondas eletromagnéticas (luz) como ndo sendo
matéria e n3o tendo massa, mas este € um conceito superficial, ja a lei de
Gravita¢cdo Universal é um conceito sélido e indiscutivel, entdo ao se observar que
a luz era atraida pela gravidade, sé restava dizer que ela era matéria e tinha
massa, mas a ciéncia continuou com seu conceito superficial, apoiando a teoria da
relatividade.

O cdlculo que vamos apresentar parte do principio que as ondas
eletromagnéticas é matéria e tem massa, se encaixando na curva de rota¢do da
galdxia. Para transformar energia em matéria, vamos usar a formula E=m.c?, esta
formula foi constatada experimentalmente através da perda de massa em
substancias radioativas, o que é confiavel.

Este calculo é trabalhoso e complexo, nds teremos que calcular a quantidade
de energia irradiada pelas estrelas contida no interior de cada drbita. O disco
galactico tem um formato aproximado de um disco, o nucleo tem um formato
aproximado de uma esfera. Vamos deduzir uma férmula para calcular a energia
contida no interior de uma 6rbita irradiada por um disco homogéneo que emite
luz, sua poténcia de emissdo vai ser homogénea em watts/m? (fig.2). O disco
galactico ndo é homogéneo, entdo dividiremos em 11 trechos que sao
aproximadamente homogéneos, oferecendo assim uma boa aproximacdo. Da
mesma forma faremos com o nuicleo, que é aproximadamente uma esfera, entdo
teremos que deduzir uma férmula para uma esfera homogénea que emite luz, sua
poténcia de emissdo sera homogénea em watts/m? (fig.3). O nlcleo também ndo
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€ homogéneo, entdo sera dividido em 8 trechos que sdo aproximadamente

homogéneos.

Estamos usando o termo luz, que na verdade refere-se as ondas
eletromagnéticas em todas as frequéncias.

Vamos partir da situagdo mais simples, a energia irradiada por um ponto no
interior de uma Orbita, este ponto estara posicionado no centro da 6rbita.

E=P.t t=D E=P.D

Vc Vc
E —energia
P — poténcia
t—tempo
D —raio da drbita
Vc - velocidade da luz

Vamos fazer um exemplo: a energia e a massa de luz contida na drbita de
plutdo.

Distancia média de plutdo ao sol: 5913520000 Km ou 5,91352.10” m
Poténcia do sol: 3,84451.10*° w
Velocidade da luz: 299792458 m/s

E=P.D E=3,84451.10%°, 5,91352.10"% E=7,5834418.10°°

Vc 299792458
E= m.Vc? m=E m=7,5834418.10%° m= 8,4377169.10™ Kg
Vc? 2997924582

Agora o primeiro passo € deduzir a férmula para calcular a energia contida no
interior da érbita (esfera) de um ponto emissor que ndo esta no centro.

Quando o ponto emissor esta no centro da orbita, as frentes de ondas sdo
concéntricas a Orbita (fig.4), mas quando o ponto emissor ndo estd no centro e o
raio da frente de onda é maior que R — d, parte da frente de onda fica fora da
orbita (fig.5). Entdo vamos calcular o valor de n (indice interno), que é a divisdo da
area da frente de onda interna pela area total (fig.6).
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Deduzir férmula para n:

drb:fq

—.[.'ve nfe de ondg

R — raio da 6rbita

r —raio da frente de onda
d — distancia do centro da Orbita ao ponto emissor
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Vamog agvl’a calevlar a energfct

e E=P . n

Ve Ve Ve

v

amos chamar de K:5 } eth’Zo E=K.n-
<

Po = P‘O'Téﬁch c’o PonTo em|sSol

,n-cwo, 041 £R-d K"—Ko:_Fo

Ve

ata, R-d<n&R+d K=Po,m  K=Koom

A
J

Ve

K=Ko(2nd+ R*-d* n’-)

4 fﬂ‘c\

quos aqera fazek Umn exevnli){o nYMErICO

R=10  dzb Kexd | R-dey

oK K:’f'tz'ﬂ‘é-l"m?’-—&l‘,n;)
L4 1,00000 4,n.6

5 19,82500

b 106944y Kz 122 4100-36- N*
1 1058929 2 U,R

8 | 0,50000
3 |942130 Kz42n+4 64~ A%

{0 1035000 24

11 |9,28409
‘42 \dpaage
43 046346

14 |0 dot1y

15 1005278

16 |9,00000
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A energia é E=K.r, entdo se integra o K em funcdo de r entre R-d até R+d, e
_ somar com o trecho constante de zero até R-d, teremos a area do grafico que é a

energia (fig. 8).
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Agora vamos testar a integracdo usando a planilha do excel. Através da
férmula vamos calcular o valor de E para Ko=1R=50 d=30.
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\ 4.30

E= 1 {50“-391/\ (Tn (50-30) - Lm(50-30) |+ 95.1,50

E=y43,48192

AgOHx vamosS Jsar a Plawﬁlha do QXcel
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Os valores de n € o ponTo medio de cada

1Fech®.

E= nl2025)+ nlagis)+... + n(39,35)

[=9494843f0% + 0,48482(801+.., 10004302900

£=23,483599332
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Vamﬂs agorg SOomakr CO9m O Trecho c:o*-nSTa‘nT(’.
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K= Ko

E=Ko. N

E=4.20

E=20

Ep= H34 8359933

F
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|
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7025 0.494843107 3525 0292250296  50.25 0.173294983' 65.25 0.080296137
20.75 0.484826807 3575 0.287521853 50.75 0.169904557 -~ 65.75 0.077435837
21.25 0.475183824 36.25 0.282866379 51.25 0.166539634 66.25 0.074587264
21.75 0.465888410 36.75 0.278280896 51.75 0.163199477 66.75 0.071750156
22.25 0.456917135 37.25 0.273762584 52.25 0.159883373 67.25 0.068924257
22.75 0.448248626 37.75 0.269308775 52.75 0.156590640 67.75 0.066109317
23.25 0.439863351 38.25 0.264916939 53.25 0.153320618 68.25 0.063305098
2375 0.431743421 3875 0.260584677 53.75 0.150072674 68.75 0.060511364
24.25 0.423872423 39.25 0.256309713 i 54.25 0.146846198 69.25 0.057727888
2475 0.416235269 39.75 0.252089885 54.75 0.143640601 69.75 0.054954450
25.25 0.408818069 4025 0.247923137 5525 0.140455317 70.25 0.052190836
25.75 0.401608010 4075 0.243807515 5575 0.137289798 70.75 0.049436837
26.25 0.394593254 41.25 0.239741162 56.25 0.134143519 71.25 0.046692251
26.75 0.387762850 41.75 0.235722305 56.75 0.131015969 71.75 0.043956882
27.25 0.381106651 42.25 0.231749260 57.25 0.127906659 72.25 0.041230536
27.75 0.374615240 4275 0.227820419 57.75 0.124815115 72.75 0.038513030
28.25 0.368279867 1  43.25 0.223934249 58.25 0.121740880 73.25 0.035804181
28.75 0.362092391 43.75 0.220089286 58.75 0.118683511 73.75 0.033103814
29.25 0.356045228 4425 0.216284134 59.25 0.115642581 74.25 0.030411756
29.75 0.350131303 44.75 0.212517458 59.75 0.112617678 74.75 0.027727843
30.25 0.344344008 45.25 0.208787983 60.25 0.109608402" 75.25 0.025051910
30.75 0.338677168 45.75 0.205094490 60.75 0.106614369 75.75 0.022383801
31.25 0.333125000 46.25 0.201435811 61.25 0.103635204 76.25 0.019723361
31.75 0.327682087 46.75 0.197810829 61.75 0.100670547 76.75 0.017070440
32.25 0.322343346 47.25 0.194218474 62.25 0.097720047 77.25 0.014424892
32.75 0.317104008 47.75 0.190657723 62.75 0.094783367 77.75 0.011786576
33.25 0.311959586 48.25 0.187127591 63.25 0.091860178 78.25 0.009155351
33.75 0.306905864 48.75 0.183627137 63.75 0.088950163 78.75 0.006531085
34.25 0.301938869 4925 0.180155457 64.25 0.086053016 79.25 0.003913644
34.75 0.297054856 4975 0.176711683 6475 0.083168436 79.75 0.001302900

ik Total 23.483599330
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Férmula do disco

Para deduzir a formula do disco, teremos que se basear na férmula do ponto
fora de centro. Vamos considerar um aro de circunferéncia de espessura muito
pequeno (dd), todos os pontos nele vai ter a distancia d do centro (fig. 9). Depois
integrando o Eo em funcdo de d, vamos ter o somatorio de todos os pequenos
aros, ou seja, a energia total do disco. Este disco vai ter uma poténcia por area
constante, entdo s=P/A s em W/m?

A férmula do ponto fora de centro:

E=Ko/R=d*\ (An(R+d)-Am(R-d))+05KR Koz P
\ ud / Ve

E= P [[R*d*\{fn (R+d) -Ln (R-d])+ 0,5R )
AT A /

/ | _—6rbila

/ s /—rclisco

i i

f=p B Papatidald
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Ve \\ ud .

K=a.20
et

Eo=K.d, (( = )(Km(rwl) (R«A)}w,SR)J_a

o LR ([ (R )= Am(R-d)) £ 05 KRAD 0
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o= (815 KR 025 K d*)(( Ay (R+d) - In (R-d )+0.)KM)1

@ ® @
Esz 025 K R A (Red ) Jd = 025 ¢ T (-4 Jdd =025 Kd m(Red)

; ® 9
A “1_’ OIISKJ}ﬂM(R‘d)Jc{ + o‘gk‘[{dcu

Agora vamos fazer a integracdo de Eo em fungdo de d, uma integral muito
trabalhosa e dificil, entdo vamos fazer em pedacos, integrando os 5 termos
separadamente.

Termo A
50‘15KR}'%(R’+‘0\HJ usRed  du=dd

0

17



R+d
015KR( KMMHA) Sl

615KR%\MJ)M(P&J)"(R’*M)‘OI’ZSKRI(R«MR—Q)

obKR(RM(RM)MM(RM) R- 4)-0,25kra IR
sok i 4R SR ,

0,25 K R A ( R+c1)+015KR d I (R+d) —025(T= 0,25 KR
‘013KR3%R + 0K |

005 KR I (Rt d) + 025K R*d In (Rt d ) - 025K Rl R~ 025K R

Term_o A

5-0,15%%“(1%-4”4 w=hd  duz-dd du=-dy

0

—0,15KR159A{\A&.—JM qze‘KRlﬁmuclu
MzR-d p=R-0 AR M= R-d

-d

TS i T TR

R

18



025 ket (1ad) fon (R-d) = (R-d)) = 025K R* (R nR-R)
°/15K|11(R‘d) n (R-d ) - 0,25 KRl('P\‘J) _0125.@%“ R+0,25K R

025 KR I (R-d) = 0,25k R*d I (&-d) = 0254 T+ 0,25k RY
~015 KR AmR +025KR”

0p5KR In (R-d) = 025K R’ L (R-d) ~ 025K R n R ¥ 025 KR Y

o g e
8 015 Kkd? QmUl*d)J o MeRHd JJ{ s

d,:—t_M-R________m W ¥ ot .

g

-0a5k S (aeR) Amndy

0

| ‘0,15Kj FEE 1RM+R M(L«

3 i S sk bl WS M et T N lleanlen® ULy o b

J
2 i = 2Rl + B ﬁmu\) i

fbmeledeinfegrals Jrrtasbes e L

mt (et

_—015K

h—_-——"—"\

-011‘5K(,,M}’.(_.XMMH L ) B ( AR




ATtV O GG RRIRL el

Coatk i lon - Rl £ 65 Rt R b R

. p .
e REEL R 2

=005k il na 4 025Ka® 4025KR 4L u=0, {25 KR 0
D 9 ,
I b=t ; : X G e

—026 KR Ml m £ 025 KRIM s e S

hehad Semke Ui il L

-5k (Red) I (R+d) + 025K (Red)?
s T NG o

+o~1sl<a (Red)2 Lo | R+d) ~ g125KR \R+d)

- 0,25 kR? (R+d) Qm(a+d)+o,zska \Q+d)

— (025K R + 025K R® 4 02sKRR AmR
,o,ugz RRE - 5,1SK Rls Qm R+ 0.-'15K'Q°'-R )

e tin e had) Dol pobkbmwall

1025 KR (Red) UnlRed ) - o125k R (Red)E

20



- 025k R (RHd) I (R¥d) + 025 K R*(R+d )

+ 6425k R

+ 025K R LnR - 025 KR® - OT5tR2lm
B _ % '
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b Tadalied) (100430 4 8) - 200 Rt # T RAE

Eﬂf“[o,sxmcm) EraeTes al"”)+e,sib.\(rz~ d) (283 |
| BeAeRD s R :

ormu'\a &n d‘t,sr.o

-mw‘)-mmm] T B

Aqo\’q Vamos TesTa\’ a :ﬂTEQYQCC\o uSanJo
Q plan\l\m;\ do excel. Alraves da Lovmula V-
w5 calcilay @ valor de E para T
B=50 d=340 I Ve

E=4 | 05 Lalgoesn) 250 «3.50,30=30° |
=00, Slm(fe 30)(1.503—'5.502.301-303)
-42.50* bn B0 + 50,30 |

EZ 436k EF 2835

/—\%Ol’& vavagds - Usal ik ln‘a'ni“no\ clO exce,‘-

iy

Fork (R=d2) (| I (Red)-Inlp-d) )+ o 5kRd)dd
n

pare 8 =4 Ha ey AT =6 EFH
3V Ve Ve

R=50 d=20 dd=92
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IbTo corraspc\n(fe a0 150 pujugiﬂl'\(')s gv e cf.e-
]
vetroo seb SO‘muol()b (oue ¢ 0 concuTo da’ in

oz b (5&1~JI)HQM(50 rd )= Am(50-d)+0,5.6.50.d) 92

Fo=03(2500-4°)(nl50ed )~ tn(50-4) ) +30d

0 valer de d €0 PonTc médio de cada Trecho.

F=dGaa)+ dlasa)+.. . +d (o)
E»&Fbiaoeg %k ABEHBIGIEL Fiaa T 5, 909502

0 ,V'Ct\{)\’ estd bem cemelhanTe com o da
.{\;ormu\q {nTec}mdqi enT®o ecld correto

AEOHXOE’,STC{ a Planinﬂl do exce—(r—‘.

e A e ] e

29.9  1561.906859 20.7  1168.411882 115  677.701266 23  137.902623
29.7  1554.819752 205 1158577465 = 113  666.336251 2.1 125.925886
29.5  1547.655764 20.3  1148.698481 11.1  654.948766 1.9  113.945112
29.3  1540.415805 20.1  1138.775484 10.9  643.539236 1.7  101.960687
29.1  1533.100772 19.9  1128.809022 10.7  632.108085 i5 89.972995
289  1525.711548 19.7 1118.799638 105  620.655735 1.3 77.982422
28.7  1518.249007 19.5  1108.747874 10.3  609.182608 1.4 65.989351
28.5  1510.714009 19.3  1098.654265 10.1  597.689124 0.9 53.994168
283  1503.107401 19.1 1088519343 9.9  586.175699 0.7 41.997256
28.1  1495.430020 189  1078.343637 9.7 574642752 0.5 29.999000
27.9  1487.682693 187  1068.127671 9.5  563.090696 0.3 17.999784
27.7  1479.866235 185  1057.871966 9.3 551.519947 0.1 5.999992
275  1471.981449 18.3  1047.577040 9.1 539.930916 ToTul| E=126457.461900

Fe g ral)
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273
2721
269
26.7
26.5
26.3
26.1
259
25.7
255
253
25.1
24.9
24.7
24.5
24.3
24.1
23.9
237
23.5
233
231
229
22.7
22.5
22.3
22.1
21.9
21.7
215
21.3
211
209

A férmula do disco foi desenvolvida para quando a Orbita é ext
s verificar a situacdo em que a Orbita é interior ao disco. V
a a parte do disco que fica exterior a 6rbita e depois
que é igual a Orbita. Os passos serdo
os calculando a energia no interior

agora devemo
deduzir a formula par
somaremos com a parte do disco
semelhantes ao do disco interno, comegarem

1464.029131
1456.010065
1447.925025
1439.774777
1431.560077
1423.281671
1414.940298
1406.536689
1398.071563
1389.545635
1380.959609
1372.314184
1363.610049
1354.847888
1346.028375
1337152179
1328.219962
1319.232378
1310.190077
1301.093699
1291.943881
1282.741252
1273.486436
1264.180051
1254.822708
1245.415015
1235.957572
1226.450975
1216.895815
1207.292677
1197.642142
1187.944784
1178.201176

18.1
1/.9
177
1.7.5
17.3
17.1
16.9
16.7
16.5
16.3
16.1
15.9
15.7
155
15.3
154
14.9
147
145
143
141
139
13.7
135
1323
13.3
12.9
127
12.5
12.3
123
11.9
1%.7

1037.243406
1026.871574
1016.462051
1006.015342
995.531945
985.012359
974.457077
963.866590
953.241386
942.581951
931.888766
921.162311
910.403062
899.611493

888.788076

877.933280
867.047570
856.131410
845.185261
834.209583
823.204833
812.171463
801.109927
790.020675
778.904154
767.760810
756.591086
745.395425
734.174267
722.928048
711.657205
700.362173
689.043383

8.9
8.7
35
8.3
8.1
7.9
T
P
7.3
74
6.9
6.7
6.5
6.3
6.1
59
5.7
55
53
5.0
49
4.7
4.5
4.3
4.1
39
3.7
35
33
35l
29
2.7
2.5

528.324016
516.699656
505.058245
493.400192
481.725902
470.035781
458.330234
446.609664
434.874474
423.125064
411.361836
399.585188
387.795520
375.993229
364.178712
352.352365
340.514584
328.665762
316.806295
304.936574
293.056993
281.167943
269.269815
257.363000
245.447888
233.524869
221.594331
209.656663
197.712253
185.761488
173.804757
161.842444
149.874937

da orbita devido a um ponto emissor externo (fig. 10).

erior ao disco,
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Jvamos chahf\u\’ die K:P’, C-V\TGO E:KJ}
T
P0=POT€nbhx do PenTb & yri556 ¥

nara 9404 d-R K serd mejaTive(JesconsiJequ)
|

para  d-R &N £ d+ R K serd posilive ( LOnsiclel*qtf_)
5 . 7 j
K= PO L7 KeKo.m K= kKol2nd+ Rl—(Al*ﬂL}

Ve . 4nd

Vumos Qouoltd fazty Uwm exempfﬂ NV metrico

- SR |
R=40 d:HJKo:{I; e Um 3Vaftc0 (i((j.ﬂ).

K A (2043 +10* 3°- nt) K= 260 =N 69
4. n.43 52N

n K an K

0,5|-2,463462 lo 161832

1 [-0,846154 121 0,158654

W5 [-9,413462 1310441929

2 ~016{913 416135983

25 [-0033846b 16 | 8423031

> e 16]04093%5

b 19,091346 13[90,095023

E |o138462 18| 0030428

b 10,163 462 {9]006421%

T+ 19,13582 4 20| 0049038

8 |0,180233 21]0,032967%

9 [0429482 22| 0,016 608

10 | 0435000 131 9




051 v =
S PR
0,05 + / 7 \ {L‘ iq:

----------------------

A formula de K em funcdo de r ficou idéntica a anterior (do ponto fora do
centro), entdo a integracdo sera a mesma, o intervalo é que sera diferente, serd
ded—-Ratéd+R.

G

 infeqrando _de ncd+R ~nzd-R
E= Ko(e 5 (den) 4 (n d \ Lalder) - “T) )
= Kof g5 [d-R)+ (R 42 i“(ét-';ré) R
Gt i U ) e
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hg- r¥ed 4 o5koh= Kolmld-R) (Bd2) £Xod™
34 e T e Y

2kedf Kl
ol B

B kont ko (RE BNl doR) - An(d-R])~HedR

E=Ko (B___»L) (Caldsr)- I (d-R) # loR = 05KoR

| E=Ko(Rl- al) (o (d40)~En(d-R)) 05 KR | onde Ko=P
\4d i

LR I g ’.F'(;V My lacJ.OP v nToechr B o

Aqo\rc\ Jamoes Tesrlfar Q \'V\Teqmgﬁo usam‘lb 4
5 . G % :
lplarn“ﬂﬁk O‘O eKCEla Avaes clq .pet'mU‘G\ Vamuos r;a[-
. e
cilar o valor de E pata toed{ REBg = (5

E;4/50?-_ (,51\ [ Lo (65‘4—50)‘- S ( 65-—50\)4-0},5.4«50
\ # LB ' ‘
E=41,48602183

Aﬂﬂ\'ﬂ Vaam oS via¥ a ’[.)'GVH‘H'\C\ 0\0 ex'c_,el

E = Kalonds B o\l-nl)- dn
B

pl d-R €nzdiR  15£n&its  dazf




fo cowespOnJe o {00 pedqgmlm}s aue cle\ferau

set SOmao[tDS(l e 9) concelTO cia nTeqra”

E‘:1(1.)\,65-\—501—651—)1’-).{ E={36nn"~1325

Y N.65 | 2604

OS VQ!OI’?,S de N e’ 0] ’ponTo méJ;G (;Qe ca&q Tt’euhmi

E=n(455)+ alles)+...+ alitas)
£=00123449(3 +0,034440559 +.,.+0,001634145
E=41,4872%3 61

O valot estTa \:a’m se¢me (ncw\re- com © da 1-0rmv-
\O‘t mTeqracia en"ac esTa COH’ETO

Alncu‘xo e_sTa a Plamll«a do excel:

T - R 5 A
155 0012344913 655 0.146785085
16.5 0.034440559 665 0.144462117
17.5 0.053571429" 67.5 0.142094017
18.5 0.070218295 68.5 0.139682762
19.5 0.084763314 69.5 0.137230216
20.5 0.097514071 70.5 - 0.134738134
21.5 0.108720930 71.5 0.132208176
22.5 0.118589744 72.5 0.129641910
235 0.127291326 735 0.127040816
245 0.134968603 745 0.124406298
255 0.141742081 75.5 0.121739684
265 0.147714078 76.5 0.119042232
27.5 0.152972028 77.5 0.116315136
285 0.157591093 78.5 0.113559530
29.5 0.161636245 79.5 0.110776488
30.5 0.165163934 80.5 0.107967033
31.5 0.168223443 81,5 0.105132138
32,5 0.170857988 82.5 0.102272727
335 0.173105626 83.5 0.099389682
345 0.175000000 84.5 0.096483842
355 0.176570964 85.5 0.093556005
36.5 0.177845100 86.5 0.090606936

37.5 0.178846154 87.5 0.087637363



38.5 0.179595405 88.5 0.084647979

39.5 0.180111977 89.5 0.081639450
405 0.180413105 90.5 0.078612410
41.5 0.180514365 91.5 0.075567465
42.5 0.180429864 92.5 0.072505198
43.5 0.180172414 93.5 0.069426162
445 0.179753673 94.5 0.066330891
455 0.179184277 95.5 0.063219895
46.5 0.178473945 96.5 0.060093663
47.5 0.177631579 97.5 0.056952663
48.5 0.176665345 98.5 0.053797345
495 0.175582751 99.5 0.050628141

50.5 0.174390708 100.5 0.047445465
51.5 0.173095594 101.5 0.044249716
52.5 0.171703297 102.5 0.041041276
53.5 0.170219267 103.5 0.037820513
54.5 0.168648553 104.5 0.034587781:
55.5 0.166995842 105.5 0.031343420
56.5 0.165265487 106.5 0.028087757
57.5 0.163461538 107.5 0.024821109
58.5 0.161587771 108.5 0.021543779
59.5 0.159647705 109.5 0.018256059
60.5 0.157644628 110.5 0.014958232
61.5 0.155581614 1115 0.011650569
62.5 0.153461538 112.5 0.008333333
63.5 0.151287099 113.5 0.005006777
64.5 0.149060823 114.5 0.001671145

Total+ 11487278610

Anobs vemes deduziv o evebgio . gue ‘5 dis-
i "‘) - N\ il [ .. - ‘Jb l
w‘exTe\flor % orhile Trvadid ap nlevier da
oi’loiTa} vsaremoS 05 mesmeoes ’procedl‘manTos an-

Tel’itﬂ’ (.{:;'(jg{l)z

E= Kol R=d*){hn (d+R)=In (d-R) ) + 0,50 R
| ad J onde KG:VP
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e Ry
) TS i
[ e S
\ A
s Pl
Ny
\\ // -,LIS {2

Pzn. A P: haatt ddd

EoznaTid.di[[R=d*) ({m(R+d) —M(J-R\)-‘» 0,5R

Ve W\ ud /

K'-b').ﬂ’
Ve
Pa=kd (LR 4 (Lol d o ldon) ek dd
ad | :
Eos K[R= L) (A (R+d) ~Im (d-R)} + 05 kAd] dd
L{
Fo={005kR™ 0,25KdY){{ R (Red) - Im(d-R)]+ 05k R d ) ds
@ @
Foz0a5KR Am (Red)dd - 0,35k R m (d-R)dd
©) @ L E

~ 025 Kd*Im [R+d)dd +0,25Kd*In (d-p)dd + g5KRAdd
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OgTe,rmoS °( Y e 5 580 1JenT\cos. a mTeqml
’Scl'u Q \"nL.Sﬂ'\Q} Q ‘nTetvqu ci\’. mTeqrecc\o (lz\}b Sa,'rq
dwcrenTe de R ald d.

- Termo 1 )
‘ fﬁTg__l_'___\_/q__lo R C\Te d mTeq Yag,ew JO {eITQ_
m=R+d pl d=R mzReR “uzaR Rtk S Tt O
Biefod, plidelly Ma i T s
_"\c>1SK Q(Aakmﬂx M T

0,25 K R’ ((R%&)QM(QM) R’fom 015KQ (19%@:{ zp)

025k R R A (4] #d L Red)-R-d ) =05 K RPTm1R + 05 KR,

025K 17 M(RMHO&MRMV\W&) 025KR= g5k R
- g5 kKRm2R*0SKR .

015K &hm (R#d ) + 0,25 K 3 Un [Red) — 025 KR'd -0 K RLm 2R

+ 025KR

| i ~ Termo 2

Son.;KR Q/n(dn)ola uzd-n du= Aal M
R

,,,,, i
-015, K Rl[ﬂ/ﬁ U.o 5 2o

R
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U DY s

TSR o ke R
o5k @ ((d-R)n(d-R)-(d-R) ) - oamRete

—0as KR d Am (d-R) - Rinld-R)=deR) e

~025 KR Un (d-R)+ 025K R2m{d-R) 1025 KRPA

o

-~ 3 'Tck‘m_b 3
inTervalo R _ofé d  jaTegracdo & feiTa

M=R+d pl d=R  M=R+R_4°2R

mrRd ol ded wer+d
Rd_ . ~ g~
I—o.lsKM”RM Moy 025K M7 L 025KR M LY\M«—-O_,‘!?.SKR ML.,_
g 9 -

K
- 0,25 K R X quKRj’u

o 'pcvae, do (R+d) Jof,lcoi I{eiTC\;{dzer apenas
_a.'pa\'Te do (2R] ‘ ' -

0,25 K A R2An 2R - 025K 8R?- 015K RUR™ IR + 0425 K RHR
; 3 9 |
%025k R*2 R Am2R = 0,25 K R"2 R ,",
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3

KR m2R - 2KR? - KR¥Im2R + 05K K+ 0,5 KR ImaR~0,5K R,

3 %

b %
Semamlo Com O Tekmo \)0( -feif'o-

025 K U (Red) [ R B3\, 005k [- RO, Rd _Rd™_ &)
\'5 i Lo A T

U
b

Joask R wedn dedt Dl

R

4
01’5|\)(u15(mu+mnﬁxnu+ﬂﬂm HJu
£érmyla de infegrol jx Londe=sm lan - 1 )

Amtd bwgd)?

T |

05K (1 A s 4_)&1 W B PR T P R

2

o

d Il
015K$(M+R) B bl oz;ki(u’-ﬂuMRHdeu«
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d-R A
Jopsk e o 016 KA® 40,25 KR (> s = 0,125 KR M*
i RO iR,

o St = ,
el ﬁ,z,,s,,LRfM-- Ll 0,15 ‘K____'%LM" i

wod-R pl d=R wzR-R w=0
M= d-R P/ d=d  u=d-R

sk (d-n)"Tu(d-0) - ga5k éo\-.&‘33+o,zgkr<t‘¢- SERERY

~0,415 KR (d-R)"+ 025K *(d-R) Un (d-R)- 025 K R¥(d- R) ..

RQ'&“.Q__\_VMQ._X}_AQ.__ 0 Poltnomw)s (.(l-'] (J R) C l’t’,-—-
solvendo ¢sta ,,\ongok exptessdo o\gubhco\l msv}Ta

025K dm(d-R (\ 3 R+dp R 4 RATadits R%RIJ‘R)
3
-0 zsk(d” P I AR Are..rrﬁ* R2d - R3)
g i

,15K5Ln(dre)(- B;) sk(i _,.cl:R ASR _4153)

S SR i T R TARER v i LR G,
d ‘ d

o )@.SK Rdde  oskRd* _m[mo,wk Bl

015kRd* - 025k AR oask(Rd2-RY)
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Somanoqo 9% 5 'h’,i’mos

0,25 K La(d*r) (R 2 - R i 3}
)

3
025K I (d-R) [=R*d 4¢3 _OL R’
3

3

+0,5 k In 2R (“R%+£;J_3 )

4.0,15[((;Rﬂurz"’mzdfr{“’-s‘é?@Ra_w 24 % dpt
: ‘48 3 A R TR 3
+ 4R 4 RA=R )
18

01 Qm(cHR”ZR +Rd J \4-91151’\9/\\(4 E/IR?J:RLJ +_Cl_3\
\ 3 3 e

o 41 7 z'_lz _4925K oy 13 R«i"/\
e L

025 K Slm (deR] (2R%+3R% - 43 ) + o5k Qm(d-!zl (1RP-35H + )

_olsqu«‘ﬂmzR 4025k (-2R +2Rdl) i
3 e -

_K=h2W ;, opsk = 035A2 T 025K = 0,5TA
Ve 3 a5 Ve L - 3V
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41 R?’Qm LR R + Rcl}']

E _wv_ [0 bt e P o tald-R) ok

/-\QOH\ Vdmas TesTaV Q tnquracao \Jbano{(} a
=)
PIamfhu clo e.xc.el ATroves clu Lormu\a voam 05

Calcvla\f 0 va\ok -.‘J,ic E ij Tffb =4 R=50 oi 65
Ve

£= ‘LOJSQ/{\([)F‘PJO)(Z 50 «1-73 e 6(‘1}

0,5 km [65-50)(2.50°=13.50% 65 +653) = 2.50°¥m 2,50

- 507+ 50.65%)

E= 8'5%30}8(3‘-1?1

A%O\’(A Vamops Jsal a Pianf\«\n& cio excd

- (R= A ([ (R d) =0 [d-R)) v, 5 kR A A

I.lv
para TpH =4 Bnon: o agll ol Kok
: ]JVC \/(. gl V(_ SO

Rz50  d=65  dd=of

TsTo corresnonde o A50 IDL,&QClﬂL\OS que deve-
'\_"50 i Soquastque & 0 L,dncelro JC\ mTe,i:\JmHg

Fo= 6050 —d ) ((Wnl50+d)-Im(d-50)+05.6. 50.d] O

4

Eo= 0,45 (2500-d" ({nls0+d)-In(d-50))+ 154

40



0 Valo\’ de d ¢ o PonTO med\to de cada Trecho.

E= dl5ous) + dls0,05)+,, .+ d(64,95)

E= 3450069977+ 3335945244 +,, , +44gu3y4ts

F=83180,45530

O ValO\’ CSTOI bcm Sew\ew\aﬁTe Com Q cict -{-(gt’mula n-

Tcﬂ'\’u&a, enlo CSTG cottelo,
Alﬁaixo es#a a P_la'n'\H’\q &(} EXceL
bl Bl Be e L B s
'50.05 ° 745.0460977!  53.85  610.1452619 57.65  538.1187938 61.45  486.1677893
50.15  737.5945244 53.95 607.8374984 57.75 536.5521829 61.55  484.9765404
50.25  731.2164513 54.05  605.5593459 57.85  534.9984232 61.65  483.7928200
50.35  725.4389728 54.15  603.3099372 57.95 533.4573023 61.75 482.6165386
50.45  720.0805943 5425  601.0884485 58.05 531.9286139 61.85  481.4476083
50.55  715.0436047 54.35  598.8940962 58.15  530.4121570 61.95  480.2859430
50.65  710.2667232 54.45 596.7261344 58.25  528.9077358 62.05 479.1314580
50.75  705.7078871 54.55  594.5838518 58.35 527.4151598 62.15  477.9840703
50.85 701.3364312 5465  592.4665699 58.45  525.9342434 62.25 476.8436984
50.95  697.1290107 54.75  590.3736405 5855  524.4648056 62.35 4757102622
51.05 693.0672631 54.85 588.3044440 58.65 523.0066701 62.45 4745836831
51.15  689.1363711 5495  586.2583873 5875  521.5596648 62.55 473.4638838
51.25  685.3241293 55.05 584.2349026 58.85  520.1236220 62.65 472.3507886
51.35  681.6203124 55.15  582.2334455 58.95 518.6983781 62.75 471.2443228
51.45  678.0162316 5525  580.2534936 59.05 517.2837734 62.85  470.1444134
51.55  674.5044146 55.35  578.2945457 59.15  515.8796519 62.95  469.0509882
51.65  671.0783683 5545  576.3561200 59.25  514:4858615 63.05 467.9639766
5175 667.7323992 55.55  574.4377533 59.35 .513.1022536 63.15 466.8833091
51.85  664.4614758 55.65  572.5389999 5945  511.7286830 63.25 465.8089173
51.95  661.2611201 5575  570.6594309 59.55  510.3650077 63.35 464.7407341
52.05  658.1273219 55.85  568.7986329 59.65  509.0110893 63.45 463.6786933
52.15  655.0564699 55.95  566.9562074 59.75  507.6667921 6355 462.6227301
52.25  652.0452954 56.05 565.1317702 59.85  506.3319837 63.65 461.5727805
5235  649.0908267 56.15  563.3249503 59.95  505.0065346 63.75 460.5287817
5245  646.1903501 56.25  561.5353896 60.05  503.6903179 63.85  459.4906719
52.55  643.3413789 56.35  559.7627419 60.15  502.3832098 63.95  458.4583902
52.65  640.5416259 56.45  558.0066728 60.25  501.0850889 64.05  457.4318768
52.75  637.7889807 56.55  556.2668587 60.35  499.7958364 64.15  456.4110728
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52.85
52.95
53.05
53.15
53.25
5335
53.45
53.55
53.65
53.75

d=R e a parfe exlerna {tig. 43)

635.0814904

632.4173428
629.7948517
627.2124450
624.6686529
622.1620990
619.6914915
617.2556160
614.8533286
612.4835504

Ayora

56.65
56.75
56.85
56.95
57.05
5715
57.25
5735
57.45

57.55

554.5429865
552.8347532
551.1418652
549.4640380
547.8009959
546.1524715
544.5182052
542.8979454
541.2914474
539.6984738

60.45
60.55
60.65
60.75
60.85
60.95
61.05
61.15
61.25
61.35

4985153362

497.2434745"

495.9801398

494.7252230

493.4786172
492.2402175
491.0099214
489.7876282
488.5732393
487.3666579

64.25
64.35
64.45
64.55
64.65
64.75
64.85
64.95

455.3959202
454.3863621
453.3823422
452.3838053
451.3906969
450.4029636
449.4205524
448.4434115

Total Ex 83380.4553000

vamés somar duas fdrmulas para

__gormula da parle

ipend R e
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AWe

9

(6

eylerng

A R W AT EERE

e

Ve

T » (05 ko (eR) 2R 3RR-R

R RERRT]

—fsvmola pera d:R

Ron (Rl (2R7+30°d- %) + 05 (R} (2R 387

J vo51n (R-R) (28 3RR+R)
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E=1p [UrﬂmlR(HR )+0,JQm(.)__‘( |- 2RQMR+R]
.5\/(. ) Y

Em‘ Imar-2 R”Qm R+R® J o __f_f_'_'__fjffff'_ff R

E=10n [a5 mmtm RMd-d? )V_+ 05 Im(d- a)‘f‘(m?i 3 d+d?)

LB BN 0 N D AN

A l-DYmU\CL pam cl>R ¢ QYCLTIC&TY\LHTQ Q

1 &8 ma f.:urmu\u. ware & dised imlerne Ldak)

ohfﬂmncmnolo ap'unas no ifem KN\(R'L“ £ Km(d R)
Ne le na +Orrnu\q do disco inlerno imURol[)
wa Umo  dnlch {.urn\vl

E=tn [ o5mRed)2r¥+3R7d-d°) +058m ([R-d) |

Ve .
(1R~ 3 Rd +d?) - 2R Im R +R 2]

covmvla do disco
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Formula da esfera

A férmula da esfera sera deduzida de maneira semelhante a formula do disco.
Vamos considerar uma esfera oca de espessura muito pequena (dd), todos os
pontos nela vai ter a distancia d do centro (fig. 14). Depois integrando Eo em
funcdo de d, vamos ter o somatério de todas as pequenas esferas ocas, ou seja, a
energia total da esfera. A esfera vai ter uma poténcia de volume constante,
S=P/Vol S em W/m?3.

A féormula do ponto fora de centro:

EokolR-d { Lalnsd]-Taln-dl]eoskaR  Ki= D
\uad | V.

E= PR Talred]- Do ln-dlcvsr )
My

T Q,l" b i TC\

/ \< _—esfera
A/i J

=L
B )

Peg Wl  P= s tend® Ji

44



LN TRl UN (15 A (=) EXP)
Ve W oad

K= ST
'V(,

Eo= KdH[R=d*) (Lnlped]-Ln(R-d]) +05R) dd
W\ ad )

l“_Eo‘—Kcl ( lel")(( lm(Rﬂ“' Hm[f{‘d” +0,5R KCflJ dd
4

Foz (025K dR*- 025 Kd *){[ A (Red )~ b (r-d)) +0,5 REIH dd
‘ 0) @ ,
Foz025KdR In(Red)dd - gaskd ™ dnlR-d)dd

3) | &) ©)
- 015k d* bnlped)dd + 0,25k d

i) a
PmbR-d) + 0,58 k J*dd

Agora vamos fazer a integracdo de Eo em fungdo de d, uma integral muito
trabalhosa e dificil, entdo vamos fazer em pedacos, integrando os 5 termos
separadamente.

Termnit 2

S onskdn? In(Red)dd  mzRed du=dd
e dz u-p 7

o5k S dm (red)da o,mwa)wm“'



925 KRISu e e
05k Rl( (Rm e L‘V}fr’{hﬁ!mg:u%w#ﬁ_'

0,15K Rl( u’- Qmu L Ru gm w+ R_&L)_ T _ _#
R+ d

\ 0,425 KR I 4 - 0,0625 K R = 025K R Im st 405 KR4

m=R+d P/ d=0 M=R+0 M=R
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0,125 K R (Pml) b { Q+4)~0,052JKR R+d)
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(o,nsk 2R U R— 00625 KAERY - 6,25 KRER IR
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: Teymo 2L |
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 Stmonds 05 5 Termes

:Q/Y\ant'tl)\ onleKR“+o(1er}JL_OOHSK&“) S :
+ 1 (R- ;\)(ooszoKR“-O,{lE KRA 40,0625 K d*)

+os KR 40,25 KRY?

E= O.USK[QN\{R%)(‘O;SR“*'RI l—o;s;él”)

n(red) (o= Rd 20544 ¢ R+ R ] -

 lesan
Ve

1 Do hnlredleitoadt 4]
1V

rostnlR-d) (R203 % 44 4 R 4R 42T |

il foniny e L

Aqora vamos TesTu'r a l'nTeq}—agﬂO vsando a

. 2 J 3
plani tha do excel. Atraves da formula vamos ¢l
(vlar o valor de E PMQ J I

2Ve

R=50 d=30

E=1[ 05 Lalso+0)[-50% 2. 50" 30~ 304)
‘ 'or‘%\(ro 10 ){ 50%= 2, 50-30%+ 38 J+50” 30 450,30 |
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Ag\ohx VamosS Jysab @ Plani[ha olo exge‘.

- kd (R (T (Red ] A [R-d)] 0,5 R K d*) dd

4

para s =4 e ST

l\/(_, VC VC
R=th 4230 dl=02

5T0 LOH’@SDOﬂJe @ - 450 pmﬂagmhog (IU(... cle\/eruv'

Cey SOmQJos(OUe e 9 concetfo da mTe,qral)

Fo = 8.4 (50= ([ R (50 ¢d)=Tn (s0-d]] +05.50.8.47 9,2

L‘.

o204 d(2500-d%) (Im(50+d]- In (50-d] )+ 10d>

0 valor de d ¢ 0 Pon'ro médio de cada Trecho

E=dl299) +d(93) + o+ dlod)

62206402000 + (157086219 +...+ 08
E=3325644,{42

0 vaio\’ CSTof bem Somelhun'rc. com ©O GLU\ 40 I~
J

mv\q tnTﬁql’&Jc&, enTuO c,sTa cO\’l’eTO.

Abaixo esld a D]umlha do ukce(

IAIEollollEolIMEo et idiy e
29.9 62268.02010 223 37030.33978 1.7 16780.17563 it 4005.58394
29.7 61570.86219 22.1 36419.54979 14.5 16340.24839 6.9 3784.52889
295 60874.46006 219 35812.36848 143 15905.59606 6.7 3569.62768
29.3 60178.91078 217 35208.85226 14.1 15476.25085 ' 6.5 3360.89451
291 59484.30994 215 34609.05675 13.9 15052.24445 6.3 3158.34312
28.9 58790.75166 213 34013.03683 13.7 14633.60801 6.1 2961.98686
28.7 58098.32868 211 33420.84660 13.5 14220.37215 5.9 2771.83860
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285
28.3
28.1
27.9
277
27.5
273
271
26.9
26.7
26.5
26.3
26.1
25.9
25.7
25.5
253
251
249
24.7
24.5
243
241
23.9
23.7
23.5
233
231
228
22.7
22.5

57407.13233 20.9  32832.53943 13.3  13812.56700 5.7 2587.91084

56717.25259 207  32248.16794 13.1  13410.22214 55  2410.21559
56028.77810 205 31667.78404 12.9  13013.36669 53 223876448
55341.79619 20.3  31091.43890 127 12622.02920 51  2073.56870
54656.39294 201  30519.18298 125 12236.23778 49  1914.63902
53972.65314 199  29951.06604 123 11856.01999 47  1761.98577
53290.66038 19.7  29387.13717 12.1  11481.40291 45  1615.61889
52610.49701 19.5  28827.44472 11.9  11112.41314 43  1475.54787
51932.24424 19.3  28272.03641 11.7  10749.07677 41  1341.78179
51255.98206 19.1  27720.95926 11.5 1039141941 35 1Pidazazy
50581.78938 189  27174.25964 113 10039.46619 3.7  1093.19870
49909.74393 18.7  26631.98326 111 9693.24174 35 978.39776
49239.92238 18.5 26094.17516 109 935277023 33 869.93391
48572.40031 183  25560.87977. 107  9018.07534 3.1 767.81415
47907.25222 181  25032.14085 105  8689.18029 2.9 672.04506
4724455157 ~ 17.9  24508.00156 103  8366.10782 27 582.63280
46584.37081 17.7  23988.50441 101  8048.88020 25 499.58312
45926.78135 175 . 2347369130 948 . JPars1e3s. - 23 422.90138
45271.85363  17.3  22963.60353 g7 . 743204825 i 24 352.59248
44619.65710 17.1 2245828178 95 713248215 : 19 288.66095
43970.26024. 169  21957.76613 g3 ' GeamBaTad | A7 231.11089
4332373059 167  21462.09607 9.1  6551.16178 | 15 179.94599
42680.13477 16.5  20971.31050 8.9  6269.44499 13 135.16953
42039.53845 16.3 = 20485.44773 87  5993.71601 i 96.78438
41402.00642 16.1  20004.54551 8.5  5723.99345 0.9 64.79300
40767.60257. 159  19528.64098 83  5460.29546 0.7 39.19744
40136.38990 15.7  19057.77076 8.1 5202.63974 0.5 19.99933
39508.43056 15.5  18591.97086 7.9  4951.04356 0.3 7.19991
38883.78585 153 1813127576 7.7  4705.52374 0.1 0.80000
38262.51620 151 17675.72336 75  4466.09664 ToTalE= 3325514.14200
37644.68125 149  17225.34505 7.3 | 432782

Da mesma forma que ocorreu com o disco, faremos com a esfera, devemos

verificar a situacdo em que a Orbita é interior a esfera. Vamos deduzir a férmula
para a parte da esfera que fica exterior a érbita e depois somaremos com a parte
da esfera que é igual a érbita. Os passos serdo semelhantes ao da esfera interna
(fig. 15). '

Abaixo estd a formula do ponto externo:
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0 valor de d ¢ 0 ponfo médio de cada Trecho.

E=dl6uas) + dl 44,85) +.. .+ dl50,05]

E=38935. (9943 +33859 897 ¥, .+ 4HF19 40050
E=6325%26,79¢

0 valor esld bem

semellanle

mula (aTearada, enlfo gsla cobrreld.

COom A da {;o'r-

A{oafxéj

7
axla

a .p[atﬁl\nq do excel;

R DA s L R o B
64.95  38835.19943 61.15  39934.01795 57.35 41513.59623 53.55  44072.05098
64.85  38859.89710 61.05 39968.20760 57.25  41564.88967 53.45  44163.34696
64.75  38884.78919 60.95  40002.72168 57.15 41616.81832 53.35  44256.46397
64.65  38909.87808 60.85  40037.56514 57.05  41669.39575 53.25  44351.47435
6455 38935.16618 60.75  40072.74306 56.95. 41722.63595 53.15  44448.45527
64.45  38960.65594 60.65  40108.26064 56.85 41776.55338 53.05 44547.48918
" 6435  38986.34987 60.55 40144.12318 56.75 41831.16299 52.95  44648.66440
64.25  39012.25050 60.45  40180.33610 56.65  41886.48025 52.85  44752.07569
64.15  39038.36043 60.35  40216.90497 56.55  41942.52114 52.75  44857.82497
64.05  39064.68228 60.25  40253.83547 56.45  41999.30224 52.65 44966.02214
63.95  39091.21874 60.15  40291.13342 56.35  42056.84067 52.55  45076.78595
63.85  39117.97253 60.05  40328.80479 56.25 42115.15422 52.45  45190.24515
63.75  39144.94645 59.95  40366.85566 56.15  42174.26128 52.35  45306.53970
63.65 39172.14331 59.85  40405.29230 56.05  42234.18096 52.25  45425.82225
63.55  39199.56600 59.75 4044412111 55.95  42294.93307 52.15  45548.25987
63.45  39227.21746 59.65  40483.34863 55.85  42356.53820 52.05 45674.03614
63.35  39255.10067 59.55  40522.98161 55.75  42419.01770 51.95 45803.35358
63.25 39283.21869 59.45 40563.02694 55.65 42482.39379 51.85 45936.43669
63.15  39311.57462 59.35  40603.49167 55.55  42546.68959 51.75 46073.53555
63.05  39340.17163 59.25  40644.38306 55.45  42611.92914 51.65 46214.93030
62.95 39369.01294 59.15  40685.70855 55.35  42678.13748 51.55 46360.93677
62.85 39398.10184 59.05 40727.47576 55.25 42745.34070 51.45 46511.91349
62.75  39427.44168 58.95  40769.69252 55.15  42813.56602 5135 46668.27072
62.65  39457.03587 58.85° 40812.36688 55.05  42882.84185 51.25  46830.48217
62.55  39486.88791 58.75  40855.50708 54.95  42953.19784 51.15 46999.10051
62.45 39517.00134 58.65 40899.12160 54.85  43024.66500 51.05 47174.77838
62.35  39547.37979 58.55  40943.21916 54.75  43097.27576 50.95  47358.29746



62.25 39578.02696 58.45 40987.80870 54.65 43171.06406 50.85 47550.61003
62.15 39608.94662 58.35 41032.89943 54.55 43246.06549 50.75 47752.90036
62.05 39640.14262 58.25 41078.50081 54.45 43322.31736 50.65 47966.67937
61.95 39671.61889 58.15 41124.62257 54.35 43399.85884 50.55 48193.93896
61.85 39703.37943 58.05 41171.27472 54.25 43478.73111 50.45 48437.42131
61.75 39735.42834 57.95 41218.46756 54.15 43558.97746 50.35 48701.13637
61.65 39767.76981 57.85 41266.21171 54.05 43640.64353 50.25 48991.50223
61.55 39800.40809 57.75 41314.51809 53.95 43723.77739 50.15 49320.48720
61.45 39833.34754 57.65 A41363.39795 53.85 43808.42981 50.05 49719.40959
6135  39866.59262 57.55  41412.86289 53.75  43894.65445 ToTal E= 6325726.79000
61.25  39900.14788 57.45  41462.92487 53.65  43982.50811
/\qom vames SO0mal duas Iormulc\& Da.hk

d=R e a mchc eyTe\rm\(Hq 46)1
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O CALCULO DA VELOCIDADE PARA A CURVA DE ROTACAO DA GALAXIA

O nucleo e o disco ndo sdo uniformes, a densidade energética é varidvel, entdo

foram divididos em trechos que s3o aproximadamente uniformes, fornecendo

uma boa precisdo aos calculos.

Os dados foram obtidos no grafico da pagina 3, as coordenadas foram
retiradas com muita precisao.

(4) Tabela da massa visivel do ncleo

1 ?]SSCTJ: l dist(m) I‘V\,(Kmls)l Mv (Kg) l
250 ' 7.71420E+18 . 237 ' 6.4962353E+39
500 1.54284E+19 244 1.3771292E+40
750 2.31426E+19 240  1.9985213E+40

1000 3.08568E+19 230  2.4472634E+40
1250 © 3.85710E+19 221  2.8243571E+40
1500 4.62852E+19 212  3.1188036E+40

1750 5.39994E+19 207  3.4689959E+40
2000 6.17136E+19 200 3.7009655E+40

(")Tab;‘a_“&q massa visivel do disco

| 8] ] dist(m) [Velkmis)]  My(Ka)
2000 6.17136E+19 200 3.7009655E+40
3100 9.565608E+19 182  4.7503927E+40
4050 1.2497004E+20 172.5 5.5751720E+40
5000 1.54284E+20 167  6.4510142E+40
6250 1.92855E+20 162  7.5881358E+40
7500 2.31426E+20 159 8.7716352E+40
8750 2.69997E+20 155 9.7251543E+40
10000 3.08568E+20 151 1.0548214E+41
11250 3.47139E+20 148 1.1399899E+41
12500 3.85710E+20 145  1.2158250E+41
13750 4.24281E+20 141 1.2646372E+41
15330 4.73037E+20 136 1.3117379E+41
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dist. (pc) - distancia ao centro da galaxia em parsec
dist. (m) - distancia ao centro da galaxia em metros
Vv - velocidade da matéria visivel em Km/s

Mv - massa da matéria visivel em Kg

A distancia ao centro da galaxia em (pc) e a velocidade da matéria visivel em
Km/s, foram obtidos através do grafico da pag. 3. A massa da matéria visivel foi
calculada através da formula M=V d/G , vamos ver um exemplo para distancia
de 250 pc no nucleo.

d—7,7142.10"®m
V —237km/s — 237000m/s
G —6,67.10"N.m?/Kg?

M=V2d M=23700027,7142.10"
G 6,67.10°"

M=6,4962353.10°°Kg

(.B)Tabclu da densidade e_nerﬂe’hca do nvcleo

[frecho(pe) | Mv (Kg) | volume(m’) ] dens.(kg/n) [ S{wim?)
0-250 6.4962353E+39 1.9229203E+57 3.3783174E-18  1.0528015E-21
250 - 500 7.2750567E+39  1.3460442E+58  5.4047679E-19  1.6843142E-22
500 - 750 6.213921E+39 3.6535486E+58  1.7007905E-19  5.3002566E-23
750 - 1000 4.487421E+39  7.1148052E+58 6.3071592E-20  1.9655308E-23
1000 - 1250 3.770937E+39  1.1729814E+59 3.2148310E-20 1.0018535 E-23
1250 - 1500 2.944465E+39  1.7498575E+59  1.6826884E-20  5.2438441E-24
1500 - 1750 3.501923E+39  2.4421088E+59  1.4339749E-20 - 4.4687661E-24
1750 - 2000 2.319696E+39  3.2497353E+59  7.1381073E-21  2.2244832E-24

Mv — massa da matéria visivel no trecho

volume (m?) = volume do trecho

dens. (Kg/m?3) — densidade volumétrica do trecho

S {(w/m?3) — densidade energética do trecho
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A massa da matéria visivel do trecho foi obtida subtraindo-se os valores da
tabela anterior, veremos um exemplo do trecho 250 — 500.

Mv=1,3771292.10*° - 6,4962353.10%* Mv=7,2750567.10%* Kg

O volume foi calculado através da formula Vol=4n(R3-r®) /3,0onde oraio éa

distancia d.
A densidade volumétrica foi calculada dividindo a massa pelo volume.

A densidade energética é proporcional a densidade volumeétrica, veremos um

exemplo.

Poténcia da galdxia: 10™ sis
Poténcia do nucleo: 0,3. 10" séis

Poténcia do sol: 3,84451.10*° w

Poténcia do ntcleo: 0,3.10".3.84451.10%¢ = 1,15335.10*” w
Massa do ntcleo: 3,7009655.10%° Kg

D=P.
m

D1 153510071

3,7009655.10%°

Para o trecho 0 - 250

D=3,1163489.10~* w/Kg

$=1,0528015.10"%" w/m?

S=D.dens $=3,1163489.10™. 3,3783174.107®
(’4) Tabhela da densidade @nevﬂc"ﬁca do disco
| frecho(pe) | Mv(Kg) | drea(m?) ldens.(Kg/ml)l S(W/m) ,
2000 - 3100 1.0494272E+40 1.6780871E+40 0.625371114  1.78727679E-04
3100 - 4050 8.2477930E+39  2.0318015E+40 0.405934979 1.16014019E-04
4050 -5000 8.7584220E+39  2.5717208E+40 0.340566596 9.73320893E-05
5000 - 6250 1.1371216E+40 4.2064349E+40 0.270329061 7.72585821E-05
6250 - 7500 1.1834994E+40 5.1411982E+40 0.230199139 6.57896676505'
7500 - 8750 9.5351910E+39 6.0759616E+40 0.156933035 4.48506118E-05
8750 - 10000 - 8.2305970E+39  7.0107249E+40 0.117400085 3.35523087E-05

10000 - 11250

8.5168500E+39

7.9454882E+40

0.107191021

3.06346134E-05

11250 - 12500 7.5835100E+39  8.8802516E+40 0.085397467  2.44061337E-05
12500 - 13750 4.8812200E+39 9.8150149E+40 0.049732171  1.42131852E-05
13750 - 15330 4.7100700E+39  1.3744353E+41 0.034269128  9.79393120E-06
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Mv — massa da matéria visivel no trecho

area (m?) — area do trecho

dens. (Kg/m?) — densidade de superficie do trecho
s (w/m?) — densidade energética do trecho

A massa da matéria visivel do trecho foi obtida subtraindo-se os valores da
tabela 2, veremos um exemplo do trecho 2000 — 3100.

Mv=4,7503927.10° - 3,7009655.10%*° Mv=1,0494272.10"° Kg

A area foi calculada através da formula A=m(R? - r?), onde o raio é a distdncia

A densidade de superficie foi calculada dividindo a massa pela area.

A densidade energética é proporcional a densidade de superficie, veremos um
exemplo.

Poténcia da galaxia: 10" sois

Poténcia do disco: 0,7.10" sdis

Poténcia do sol: 3,84451.10*° w

Poténcia do disco: 0,7.10M.3,84451.10%° = 2,69116.10% w

Massa do disco: 1,3117379.10% - 3,7009655.10*° = 9,4164135.10*° Kg

D=P  D=2,69116.10 D=2,857945862.10~* w/Kg
m 9,4164135.10%°

Para o trecho _;2@07—_ 3100
s=D.dens s=2,857945862.107% . 0,625371114 s=1,787276788.107* w/m?

A curva de rotacdo da galaxia foi dividida em 14 o6rbitas, com distdncias em
parsec: 500, 2000 (final do nucleo), 3100, 5000, 7500, 10000, 12500, 15330 (final
do disco), 17500, 20000, 22500, 25000, 27500, 30000.

A proxima tabela é para determinar a energia contida no interior de cada
oOrbita, para isso usaremos a férmula da esfera emissora de luz, para calcular a
emissdo energética do nucleo, e a férmula do disco emissor de luz, para calcular a
emissdo energética do disco, somando os dois se tem a energia total.
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(S}T(llaelq da enel—ﬂiu no inTeriot das orbifas

'é,rai;iomc%;ﬂ E nu'cleo(Joule)l E Jisco(Jo‘uieJ [E total (Jouicj |
500 2.2579504E+47 4.6175078E+45  2.3041254E+47
2000 2.1510818E+48 3.2843158E+47  2.4795133E+48
3100 3.5506865F+48 1.3683228E+48  4.9190093E+48
5000 5.8577508E+48  4.6559081E+48  1.0513658E+49
7500 8.8518210F+48 1.1231850E+49  2.0083671E+49
10000 1.1832441F+49 1.9276375E+49  3.1108816E+49
12500 1.4807829E+49  2.8018880E+49  4.2826709E+49
15330 1.8173002E+49  3.7641904E+49  5.5814906E+49
17500 2.0751962E+49  4.4444355E+49  6.5196317E+49
20000 2.3722263E+49  5.1968736E+49  7.5690999E+49
22500 2.6692185E+49  5.9325406E+49  8.6017591E+49
25000 2.9661566E+49  6.6579843E+49  9.6241409E+49
27500 3.2630638E+49  7.3766201E+49  1.0639683E+50
30000 3.5599477E+49  8.0904303E+49  1.1650378E+50

Para fazer os célculos citados acima, foi usado duas planilhas do excel, uma
para o nucleo e outra para o disco. O disco e o nicleo foram divididos em trechos
com densidade energética diferente entdo foi calculado a energia em cada trecho,
veremos um exemplo na oérbita de raio 30000pc (9,25704.10*° m), a energia
irradiada pelo nucleo. No trecho 250 — 500, tem que calcular a energia para 500pc
(1.54284.10" m) e diminuir da energia dos 250pc (7,7142.10"™ m), e assim nos
outros trechos. Os 8 primeiros calculos da energia é para a parte positiva e 0s
outros 7 seguintes é para a parte negativa, depois foi feito o somatério da parte
positiva e da parte negativa. Subtraindo a parte negativa da parte positiva se
obtém a energia irradiada pelo nucleo dentro daquela orbita.

A planilha do excel para o nicleo esta no anexo |, e para o disco esta no anexo

A CONSTANTE DE GRAVITACAO DAS ONDAS ELETROMAGNETICAS

Para o cdlculo das velocidades nas orbitas é necessario ter a constante de



gravitacdo das ondas eletromagnéticas, que tem uma tendéncia de ser diferente e
maior do que a constante de gravitacdo universal G=6,67.10™" N.m?/Kg?.

A matéria é formada de atomos, mas as ondas eletromagnéticas ndo, ela €
campos elétricos e campos magnéticos oscilantes (suas particulas foram
chamadas de fotons), € de se esperar que sua constante de gravitagdao seja muito
maior.

Vamos calcular a constante de gravitacdo das ondas eletromagnéticas (luz),
usando a velocidade da ultima érbita do grafico, de raio igual a 30000 pc, vai ser
usada a férmula deduzida abaixo:

A forca de atragdo gravitacional vai ser a soma da forca causada pela matéria
visivel mais a forca causada pelas ondas eletromagneéticas.

F=G.M.m + Ge.Me.m F=m.\? m.V? =m (G.M + Ge.Me)
d? d? d d d?

VZ=G.M+ Ge.Me Ge=V2.d-G.M
d Me

Ge - constante de gravitacdo das ondas eletromagnéticas
V - velocidade na orbita

d - raio da orbita

G - constante de gravitacdo universal

M - massa da matéria visivel

Me - massa das ondas eletromagnéticas

Para a orbita de 30000 pc

V —211Km/s - 211000m/s
d - 30000 pc - 9,25704.10°° m
G - 6,67.10™" N.m?/Kg?
M -1,4326289.10* Kg
Me — 1,2962793.10* Kg
A Me foi calculada através da formula E=m.Vc?, onde E € a energia na Orbita
de 30000 pc.



para ver se o valor se iguala com as velocidades observadas.

1,1650378.10°° = m.299792458?

Ge = 2110002 . 9,25704.10%° - 6,67.10™ . 1,4326289"

1,2962793.10%

Ge = 0,024421922 N.m?*/Kg>

m = 1,2962793.10** Kg

Feito o célculo do Ge, vamos calcular as velocidades nas outras 13 orbitas,

Abaixo esta a tabela (6), das velocidades nas orbitas.

- A B € D E F G H

" 500| 1.54284F+19 | 244 |1.3771292E+40|2.5636853E+30 | 252.179 | 246 6.179
2000 | 6.17136E+19 | 200 |3.7009655E+40 |2.7588307E+31 | 225.649 | 219 6.649
3100 |9.565608E+19 | 182 {4.7503927E+40 |5.4731359E+31 | 217.019 | 215/ 2.019
5000 | 1.54284E+20 | 167 |6.4510142E+40|1.1698023E+32 | 215.421| 219(-3.579
7500 | 2.31426E+20 | 159 |8.7716352E+40 |2.2346097E+32 | 221.048 | 223{-1.952
10000 | 3.08568E+20 | 151 |1.0548214E+41|3.4613225E+32 | 224.045 | 225-0.955
12500 | 3.85710E+20 | 145 (1.2158250E+41 |4.7651140E+32 | 226.266 | - 225} 1.266
15330 | 4.73037E+20 | 136 |1.3117379E+41|6.2102458E+32 | 224.852 | 222 2.852
17500 | 5.39994E+20 | 130 |1.3682006E+41 |7.2540685E+32 | 222.952 | 221} 1.952
20000 | 6.17133E+20 | 124 |1.4226442E+41 |8.4217594E+32 | 220.689 | 218} 2.689
22500 | 6.94278E+20 | 117 |1.4248832E+41 |9.5707477E+32 | 217.612| 216} 1.612
25000 | 7.71420E+20 | 111 |1.4249873E+41 |1.0708300E+33 | 214.992 | 214} 0.992
27500 | 8.48562E+20 | 106 |1.4294516E+41 |1.1838244E+33 | 212.854 [212.5| 0.354
30000 | 9.25704E+20 1101.6 | 1.4326289E+41 1.2962793E+33 | 211.000| 211| 0.000

A —d(pc), raio da drbita em parsec
B —d(m), raio da 6rbita em metros
C - Vv(Km/s), velocidade da matéria visivel em Km/s

D — Mv(Kg), massa da matéria visivel em Kg

E — Mc(Kg), massa das ondas eletromagnéticas Kg

F —V(Km/s), velocidade calculada em Km/s

G — Vobs(Km/s), velocidade observada em Km/s
H — diferenca entre a velocidade observada e a velocidade calculada
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A Me foi calculada usando a formula E=m.Vc? onde E € a energia total
contida na tabela (5).

A velocidade foi calculada usando a formula V2 =G.M + Ge.Me

Vamos agora analisar o resultado:

d

A diferenca da velocidade calculada e da velocidade observada ficou uma
média de 1,838 m/s, em onze pontos no disco, isto € uma diferenca pequena e o
resultado foi 6timo. Nas duas orbitas do ntcleo (500 e 2000), deu uma diferenca
maior, de média 6,414 Km/s, isto é bem aceitavel, pois a curva da matéria visivel
foi montada por observagdo e contagem, e ndo por cdlculo, observar o disco é
bem mais facil que observar o-nticleo. j

Abaixo esta o grafico da curva observada e da curva calculada.
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A influéncia das ondas eletromagnéticas(luz) na 6rbita do sistema solar €
insignificante, mas quando as orbitas se tornam enormes, como na rotagdo da via
lactea (também em outras galdxias) e nas drbitas das galdxias em aglomerados de
galdxias, as ondas eletromagnéticas se tornam marcantes, e quanto maior a
Orbita maior é a sua influéncia.

Na orbita de plutdo:

Distancia média de plutdo ao sol = 5913520000Km ou 5,91352.10” m

E=RE =1 k= 5,91352.10% t=19725,37948s

Ve 299792458

Poténcia do sol: 3,84451.10*° w

E=P.t E = 3,84451.10%¢ . 19725,37948 E=75834418.10°9 ]

E=mVe 4 A 7,5834418.10%° m = 8,4377169.10" Kg

Vi 2997924582

Vamos chamar de massa gravitacional, a massa vezes a sua constante
gravitacional, sua unidade é N.m?/Kg.

Ent3o a massa gravitacional das ondas eletromagnéticas na orbita de plutdo é:

mg=8,4377169.10" . 0,024421922 mg = 2,0606526.10" N.m?*/Kg

A massa gravitacional do sol é:

mg = 1,98892.10%° . 6,67.10™" mg = 1,3266096.10%° N.m?*/Kg

X =1,3266096.10%° X =6,44.107

2,0606526.10"

A massa gravitacional do sol é 6,44.107 maior que a massa gravitacional das

ondas eletromagnéticas. Veremos agora a influéncia das ondas eletromagnéticas

na velocidade da érbita de plutdo.
Apenas com a massa do sol:
A= G.M V2=6,67.10"".1,98892.10%° V =4736,401821m/s
d 5,91352.10™ '
Agora com a massa das ondas eletromagneticas:
V?=G.M + Ge.Me
d
V2=6,67.10"".1,98892.10% + 0,024421922 . 8,4377169.10™
591352 102
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V = 4736,401858m/s
No célculo da velocidade, resultou numa diferenga insignificante de
0,000037m/s.

Veremos agora a influéncia da rotagdo na extremidade do disco da via lactea.
O raio do disco galéctico é 15330pc ou 4,73037.10%° m.

Na tabela 6, onde foi feito o calculo da rotagdo da galaxia tiramos a massa da
matéria visivel que é 1,3117379.10* Kg e a massa das ondas eletromaghéticas
que é 6,2102458.10%? Kg, vamos calcular suas massas gravitacionais.

Massa gravitacional da matéria visivel: mg=1,3117379.10*'.6,67.107™"

mg = 8,7492917.10%° N.m?/Kg

Massa gravitacional das ondas eletromagnéticas:

mg = 6,2102458.10%2 . 0,024421922 mg = 1,5166613.10%' N.m?/Kg

X=15166613.10"" X=1,733

8,7492917.10%°
A massa gravitacional das ondas eletromagnéticas é 1,733 vezes a da matéria

visivel.

Veremos agora a influéncia das ondas eletromagnéticas na orbita das galaxias
no aglomerado da virgem, onde o raio das drbitas sdo muito grandes.

Raio =1,5.10° pc - 4,6285.10”m

Massa = 1.10" sdis - 1,98892.10* Kg

Poténcia = 1.10"™ séis - 3,84451.10*° w

Na extremidade 50% da energia eletromagnética fica interna a 6rbita e no
centro 100% da energia fica interna, entdo vamos multiplicar por 0,75 como uma
meédia aproximada.

P =3,84451.10%°.0,75 P =2,88338.10"°w

E=P.t t=R  t=4,6285.102 t=1,5439.10"s
Ve 299792458

E =2.88338.10"° . 1,5439.10™ E =4,45165.10°*]

E=m .Y m=E  m=4,45165.10 m = 4,95313.10%" Kg
Vie? 2997924582
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Vamos calcular as massas gravitacionais:
Da matéria visivel:
mg = 1,98892.10**. 6,67.107" mg = 1,32661.10** N.m?/Kg
Das ondas eletromagnéticas:
mg =4,95313.10% . 0,024421922 mg = 1,20965.10%¢ N.m?/Kg
X =1,20965.103%® X=91,18
1,32661.10%
A massa das ondas eletromagnéticas representa 91,18 vezes maior que a

massa da matéria visivel, o que se encaixa com os primeiros trabalhos de Zwicky,
onde falou que a matéria escura era 100 vezes a matéria visivel, a qual era dificil
de se acreditar. :

SIMULACOES

Agora vamos fazer 3 simulagdes, calculando-se um indice na ultima orbita, e
depois calculando as outras velocidades, igual ao que foi feito para as ondas
eletromagnéticas; analisando assim o comportamento da curva.

SIMULACAO 1

Vamos imaginar que a matéria escura seja uma substancia de densidade
homogénea distribuida pela galaxia, com uma constante gravitacional normal de
6,67.10™" N.m?/Kg?. Vamos calcular a sua densidade usando a orbita de 30Kpc
com sua velocidade de 211Km/s, depois vamos calcular a velocidade nos outros
pontos e montar a curva.

Mt — massa total
Me — massa da matéria escura
Mv — massa da matéria visivel

Mt=V?.d V—-211Km/s—2,11.10° m/s d-9,25704.10*° m
G G-6,67.10"" N.m?/Kg?

Mt = (2,11.10°)%. 9,25704.10%*° Mt = 6,1789007.10*" Kg
6,67.10"

Me = Mt - Mv Me = 6,1789007.10*" - 1,4326289.10"
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Me = 4,7462718.10* Kg

Volume da esfera = 4nR3

S

3

Vol = 3,3228063.10% m?

den=m
Vol

Vol =4 .1.(9,25704.10%°)®

3

den =4,7462718.10*

3,3228063.10°®

den = 1,4283925.1072* Kg/m?

Vamos calcular as velocidades com a planilha de excel anexada.

A B & D E F G H
500 } 1.542840E+19 |1.3771292E+40 | 2.1973480E+36 | 1.3773489E+40 244019 246 =1:981
2000 |6.171360E+19 | 3.7009655E+40 | 1.4063027E+38 | 3.7150285E+40 200.380 219 -18.620
3100 (9.565608E+19 4.7503927E+40 [ 5.2368955E+38 |4.8027617E+40 183.000 215 -32.000
5000 | 1.542840E+20 | 6.4510142E+40 | 2.1973480E+39 |6.6707490E+40 169.820 219 -49.180
750012.314260E+20 | 8.7716352E+40 | 7.4160495E+39 |9.5132401E+40 165.585 223 -57.415
10000 | 3.085680€£+20 | 1.0548214E+41 | 1.7578784F+40 | 1.2306092E+41 163.098 225 -61.902
12500 |3.857100E+20 | 1.2158250E+41 |3.4333562E+40 | 1.5591606E+41 164.202 225 -60.798
15330{4.730370E+20 | 1.3117379E+41 | 6.3331752E+40 | 1.9450554E+41 165.608 222 =56.392
17500 5.399940E+20 | 1.3682006E+41 {9.4211295F+40 | 2.3103135E+41 168.929 221 =52.071
20000 6.171330E+20 | 1.4226442E+41 | 1.4062822F+41 | 2.8289264E+41 174.858 218 -43.142
22500 6.942780E+20 | 1.4248832E+41 | 2.0023334E+41 | 3.4272166E+41 181.454 216 -34.546
25000 7.714200E+20 | 1.4249873E+41 | 2.7466850E+41 | 4.1716723E+41 189.921 214 -24.079
275001 8.485620E+20| 1.4294516E+41 | 3.6558377E+41 | 5.0852893E+41 199.930 2125 -12.570
30000 9.257040E+20] 1.4326289E+41 | 4.7462717F+41 | 6.1789006E+41 211.000 211 0.000

A — d(pc), raio da érbita em parsec
B — d(m), raio da 6rbita em metros

C - Mv(Kg), massa da matéria visivel em Kg

D — Me(Kg), massa da matéria escura em Kg
E — Mt(Kg), massa da matéria total em Kg

F—V(Km/s), velocidade calculada em Km/s

G — Vobs(Km/s), velocidade observada em Km/s

H — diferenga entre a velocidade observada e a velocidade calculada
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O célculo de Me foi feito pela férmula:

Me = Vol . den Me=4.m. d®.1,4283925.10"*
3

O calculo da velocidade foi feito pela férmula:

Vi=G. Mt
d

Abaixo esta o grafico da curva calculada, e verificamos que ela se desvia de seu

caminho.
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SIMULACAO 2

Esta simulacdo é a mesma da simulagdo 1, mudando apenas a constante de
gravitacio que sera uma média geométrica entre a constante de gravitacdo
universal  6,67.10™ N.m?/KgZ2 e a constante de gravitacdo das ondas
eletromagnéticas 0,024421922 N.m?/Kg?, que resulta em 1,2763.107° N.m?/Kg? .



V2 =G.Mv + Ge.Me Me =d.V2- G.Mv
d Ge

V=2,11.10°m/s G =6,67.107" N.m?*/Kg?

Ge =1,2763.107% N.m?*/Kg?

d=9,25704.10*° m
Mv =1,4326289.10* Kg

Me =9,25704.10%° . (2,11.10°)* - 6,67.10™ . 1,4326289.10*
1,2763.10°°

Me = 2,4804225.10% Kg

Vol = 4nR3 Vol=4.m .{9,25704.10%°)® Vol = 3,3228063.10%* m?
3 3

den=m  den=2,4804225.10"  den=7,4648422.10" Kg/m’
Vol 3,3228063.10%

Vamos calcular as velocidades com a planilha de excel anexada.

A B @ D E F G
500}1.542840E+19 | 1.3771292E+40|1.1483437E+32 | 244.019 246 -1.981
2000)6.171360E+19 | 3.7009655E+40 | 7.3494000E+33 | 200.380 219 } -18.620
3100 9.565608E+19 | 4.7503927E+40 | 2.7368247E+34 | 183.000 215 | -32.000
5000 | 1.542840E+20 | 6.4510142E+40 | 1.1483437E+35 | 169.820 219 | -49.180
7500 |2.314260E+20 | 8.7716352E+40 | 3.8756602E+35 | 165.585 223 | -57.415
10000 | 3.085680E+20 | 1.0548214E+41 | 9.1867500E+35 | 163.098 225 | -61.902
12500 (3.857100E+20] 1.2158250E+41 | 1.7942871E+36 | 164.202 225 | -60.798
15330 (4.730370E+20| 1.3117379E+41 | 3.3097453E+36 | 165.608 227 | =56392
17500 5.399940E+20 | 1.3682006E+41 | 4.9235238E+36 | 168.929 221 | -52.071
20000|6.171330E+20 | 1.4226442E+41 | 7.3492928E+36 | 174.858 218 | -43.142
22500|6.942780E+20| 1.4248832E+41 | 1.0464282E+37 | 181.454 216 | -34.546
25000(7.714200E+20| 1.4249873E+41 | 1.4354297E+37 | 189.921 214 | -24.079
27500 8.485620E+20( 1.4294516E+41 | 1.9105569E+37 | 199.930 2125 | -12.570
30000|9.257040E+20| 1.4326289E+41 | 2.4804225E+37 | 211.000 211 0.000
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A — d{pc), raio da orbita em parsec

B — d{m), raio da érbita em metros

C — Mv(Kg), massa da matéria visivel em Kg

D — Me(Kg), massa da matéria escura em Kg

E — V(Km/s), velocidade calculada em Km/s

F — Vobs(Km/s), velocidade observada em Km/s

G — diferenca entre a velocidade observada e a velocidade calculada

O calculo de Me foi feito pela férmula:

Me = Vol . den Me=4.m. d3.7,4648422.107%
3
O célculo da velocidade foi feito pela formula:

V2= G.Mv + Ge.Me
d

Analisando os valores das velocidades, veremos que ela ficou idéntica a da
simulacdo 1, e a curva também sera idéntica, o que parece ndo depender da
constante de gravitacdo da matéria escura, entdo faremos uma formula genérica

para verificar a situacdo.
30 — valores correspondente a 6rbita de 30Kpc

VZ=G.Mv + Ge.Me Me = Vol.den den = Meso
d V0|3or

Meso = dz0.V?30 - G.Mvso den = d30.V?30 - G.Mvsp
Ge _GE-VO!E;Q

Me = VO‘.(d30.V230 - G.MVso) VZ=G.Mv + BQ.VOL(dg,o.Vzgo = G.MVgo)
Ge.V0l30 h@.VOIgo
d

VZ =G.Mv + VOI.(dgo-VZSO 5 G.MV30)
d d.V0]30

A Ge foi cortada, entdo as velocidades ndo dependem da constante de
gravitagdo da matéria escura. Desta forma é impossivel que a matéria escura
esteja distribuida de forma homogénea pela galaxia.
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SIMULACAO 3

Vamos imaginar que a matéria escura seja uma substancia irradiada da mesma
forma que as ondas eletromagnéticas, mas a sua irradiagdo esteja concentrada no
centro da galdxia, e que a constante de gravitacdo seja igual as das ondas
eletromagnéticas 0,024421922 N.m?*/Kg>.

Vamos calcular o fluxo de irradiacdo para que a drbita de 30Kpc se encaixe na
sua velocidade, depois vamos calcular a velocidade nos outros pontos e montar a

curva.

VZ=G.Mv + Ge.Me Me =d.V2- G.Mv
d Ge

d =9,25704.10*° m V=211.10° m/s G =6,67.10™™" N.m?/Kg?
Mv = 1,4326289.10* Kg Ge = 0,024421922 N.m?*/Kg?

Me = 9,25704.10%° . (2,11.10°)?- 6,67.10™" . 1,4326289.10"
0,024421922

Me = 1,2962793.10% Kg

O calculo do fluxo de matéria sera semelhante ao da energia.
E=Pt! fed  E=Rd
Vc Vc
No lugar de E{energia) serd Me(massa), e no lugar de P(poténcia) sera F(fluxo).

Me = F.t t=d Me =F.d
V¢ Vc

Me = 1,2962793.10%* Kg d=9,25704.10"" m Vc = 299792458 m/s

1,2962793.10*3 = F . 9,25704.10*° F =4,1980455.10%° Kg/s
299792458

Vamos calcular as velocidades com a planilha de excel anexada.
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A B C D E F G
50011.542840E+19 | 1.3771292E+40 | 2.1604655E+31 | 306.161 246 60.161
200016.171360E+19 | 3.7009655E+40 | 8.6418619E+31 | 272.394 219 53.394
3100 |9.565608E+19 | 4.7503927E+40 | 1.3394886E+32 | 259.466 215 44.466
5000|1.542840E+20 | 6.4510142E+40 | 2.1604655E+32 | 249.174 219 30.174
750012.314260E+20 | 8.7716352E+40 | 3.2406982E+32 | 243.884 223 20.884
10000 ] 3.085680E+20 | 1.0548214E+41 | 4.3209309E+32 | 238.746 225 13.746
12500]3.857100E+20 | 1.2158250E+41 | 5.4011637E+32 | 234.997 225 9.997
15330|4.730370E+20( 1.3117379E+41 | 6.6240187E+32 | 229.553 222 7.553
17500 5.399940E+20 | 1.3682006E+41 | 7.5616291E+32 | 226.050 221 5.050
20000 (6.171330E+20 | 1.4226442E+41 | 8.6418198E+32 | 222.653 218 4.653
22500)6.942780E+20 | 1.4248832E+41 |9.7220946E+32 | 218.832 216 2.832
25000|7.714200E+20 | 1.4249873E+41 | 1.0802327E+33 | 215.684 214 1.684
2750018.485620E+20 | 1.4294516E+41 | 1.1882560E+33 | 213.154 2125 0.654
30000 |9.257040E+201 1.4326289E+41 | 1.2962793E+33 | 211.000 211 0.000

A —d(pc), raio da érbita em parsec
B — d(m), raio da érbita em metros

C — Mv(Kg), massa da matéria visivel em Kg

D — Me(Kg), massa da matéria escura em Kg

E — V(Km/s), velocidade calculada em Km/s

F —Vobs(Km/s), velocidade observada em Km/s

G — diferenca entre a velocidade observada e a velocidade calculada

O calculo de Me foi feito pela férmula:

Me =F.d Me = 4,1980455.10%° . d

Ve 299792458

Me = 1,4003172.10%.d

O calculo da velocidade foi feito pela férmula:

V2?2 =G.Mv + Ge.Me
d

Analisando a curva, veremos que ela se desviou do caminho.
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Vamos fazer uma férmula genérica para ver se as velocidades dependerdo da
constante de gravitagdo da matéria escura.

V2= G.Mv + Ge.Me Me =f._ci_ V?=G.Mv + Ge.F.d
d Vc Vc
d

ME3Q ?930.\/230 = G.MV3Q = Me;go.vc [ = VC.(dgo.Vzgo = G.MV30)
Ge dao Ge.dso

V2 =G.Mv + ée.d.w.(d;-;o.vzy_) = G.MVgo) VZ=G.Mv + dgo.vzgo - G-MV3Q
G'e.d:-;o.VQ d d30

d
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A Ge foi cortada, entdo as velocidades ndo dependem da constante de
gravitagao da matéria escura. Desta forma é impossivel que a matéria escura seja
irradiada do centro da galaxia igual as ondas eletromagnéticas.

Foi feito 3 simulagdes calculando-se indices a partir da velocidade na drbita
externa de 30Kpc, e a curva se desviou de seu caminho, ja para o caso das ondas
eletromagnéticas emitida pelas estrelas, a curva ndo se desviou de seu caminho.

A DENSIDADE DAS ONDAS ELETROMAGNETICAS

Vamos calcular a densidade das ondas eletromagnéticas do sol que chega a
Terra.

Poténcia do sol = 1367w/m? em 1m? de drea possui 1367w

Tempo para a luz percorrer 1Imetro t = 1metro t= 1]
' V¢ 299792458

t=3,3356409.10°s
E=P.t E= 1367 . 3,3356409.10°° E=4,5598211.10"%)

E=mV%  m=E m=4,5598211.10°  m=5,0734852.102 Kg
V2c 2997924582

Entdoem 1m® tem 5,0734852.10"% Kg den =5,0734852.107* Kg/m?
ou den=5,0734852.10"%° g/cm?

Entdo veremos em um volume igual ao Planeta Terra, a massa das ondas
eletromagnéticas do sol que chega a Terra:

Raio da Terra =6371Km ou 6371000m Vol =fl_1rR3
3

Vol =4 .m.6371000° Vol = 1,0832069.10*' m?

3

m = den . Vol m =5,0734852.10723, 1,0832069.10%" m= 0,054956 Kg

m = 54,956 g
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As ondas eletromagnéticas é algo extremamente ténue, em um volume igual
ao do Planeta Terra, a massa das ondas eletromagnéticas do sol que chega a Terra
€ de apenas 55 gramas.
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| R(m) | d(m) | S(wim})] E(soule) |

ANEXO I (Nvcleo)

E total
(Jovlie)

|

9.2570400E+20
9.2570400E+20
9.2570400E+20
9.2570400E+20
9.2570400E+20
9.2570400E+20
9.2570400E+20
9.2570400E+20

9.2570400E+20
9.2570400E+20
9.2570400E+20
9.2570400E+20
9.2570400E+20
9.2570400E+20
9.2570400E+20

8.4856200E+20
8.4856200E+20
8.4856200E+20
8.4856200E+20
8.4856200E+20
8.4856200E+20
8.4856200E+20
8.4856200E+20

8.4856200E+20
8.4856200E+20
8.4856200E+20
8.4856200E+20
8.4856200E+20
8.4856200E+20
8.4856200E+20

7.7142000E+20
7.7142000E+20
7.7142000E+20
7.7142000E+20
7.7142000E+20
7.7142000E+20
7.7142000E+20
7.7142000E+20

7.7142000E+20

7.7142000E+18
1.5428400E+19
2.3142600E+19
3.0856800E+19
3.8571000E+19
4.6285200E+19
5.3999400E+19
6.1713600E+19

7.7142000E+18
1.5428400E+19
2.3142600E+19
3.0856800E+19
3.8571000E+19
4.6285200E+19
5.3999400E+19

7.7142000E+18
1.5428400E+19
2.3142600E+19
3.0856800E+19
3.8571000E+19
4.6285200E+19
5.3999400E+19
6.1713600E+19

7.7142000E+18
1.5428400E+19
2.3142600E+19
3.0856800E+19
3.8571000E+19
4.6285200E+19
5.3999400E+19

7.7142000E+18
1.5428400E+19
2.3142600E+19
3.0856800E+19
3.8571000E+19
4.6285200E+19
5.3999400E+19
6.1713600E+19

7.7142000E+18

1.0528015E-21
1.6843142E-22
5.3002566E-23
1.9655308E-23
1.0018535E-23
5.2438441E-24
4.4687661E-24
2.2244832E-24

¢ + 6.0219639E+49 -

1.6843142E-22
5.3002566E-23
1.9655308E-23
1.0018535E-23
5.2438441E-24
4.4687661E-24
2.2244832E-24

2..

1.0528015E-21
1.6843142E-22
5.3002566E-23
1.9655308E-23
1.0018535E-23
5.2438441E-24
4.4687661E-24
2.2244832E-24

6.2508542E+48
7.9999611E+48
8.4958194E+48
7.4672759E+48
7.4329683E+48
6.7217932E+48
9.0946260E+48
6.7563407E+48

1.0000368E+48
2.5174547E+48
3.1505634E+48
3.8061558E+48
3.8905216E+48
5.7282637E+48
4.5271653E+48
2.4620161E+49

5.7299345E+48
7.3332202E+48
7.7876493E+48
6.8447136E+48
6.8131041E+48
6.1610574E+48
8.3356601E+48
6.1922635E+48

% 4 5.5197603E+49

1.6843142E-22
5.3002566E-23
1.9655308E-23
1.0018535E-23
5.2438441E-24
4.4687661E-24
2.2244832E-24

2'..

1.0528015E-21
1.6843142E-22
5.3002566E-23
1.9655308E-23
1.0018535E-23
5.2438441E-24
4 4687661E-24
2.2244832E-24

9.1669798E+47
2.3076424E+48
2.8879478E+48
3.4888287E+48
3.5660759E+48
5.2504087E+48
4.1493637E+48
2.2566965E+49

5.2090133E+48
6.6664712E+48
7.0754599E+48
6.2221211E+48
6.1931930E+48
5.6002603E+48
7.5765813E+48
5.6280764E+48

Z 4+ 5.0175177E+49

1.6843142E-22

8.3335891E+47

3.5599477E+49

3.2630638E+49

2.9661566E+49
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7.7142000E+20
7.7142000E+20
7.7142000E+20
7.7142000E+20
7.7142000E+20
7.7142000E+20

6.9427800E+20
6.9427800E+20
6.9427800E+20
6.9427800E+20
6.9427800E+20
6.9427800E+20
6.9427800E+20
6.9427800E+20

6.9427800E+20
6.9427800E+20
6.9427800E+20
6.9427800E+20
6.9427800E+20
6.9427800E+20
6.9427800E+20

6.1713300E+20
6.1713300E+20
6.1713300E+20
6.1713300E+20
6.1713300E+20
6.1713300E+20
6.1713300E+20
6.1713300E+20

6.1713300E+20
6.1713300E+20
6.1713300E+20
6.1713300E+20
6.1713300E+20
6.1713300E+20
6.1713300E+20

5.3999400E+20
5.3999400E+20

1.5428400E+19
2.3142600E+19
3.0856800E+19
3.8571000E+19
4.6285200E+19
5.3999400E+19

7.7142000E+18
1.5428400E+19
2.3142600E+19
3.0856800E+19
3.8571000E+19
4.6285200E+19
5.3999400E+19
6.1713600E+19

7.7142000E+18
1.5428400E+19
2.3142600E+19
3.0856800E+19
3.8571000E+19
4.6285200E+19
5.3999400E+19

7.7142000E+18
1.5428400E+19
2.3142600E+19
3.0856800E+19
3.8571000E+19
4.6285200E+19
5.3999400E+19
6.1713600E+19

7.7142000E+18
1.5428400E+19
2.3142600E+19
3.0856800E+19
3.8571000E+19
4.6285200E+19
5.3999400E+19

7.7142000E+18
1.5428400E+19

5.3002566E-23
1.9655308E-23
1.0018535E-23
5.2438441E-24
4.4687661E-24
2.2244832E-24

g~

1.0528015E-21
1.6843142E-22
5.3002566E-23
1.9655308E-23
1.0018535E-23
5.2438441E-24
4.4687661E-24
2.2244832E-24
i+
1.6843142E-22
5.3002566E-23
1.9655308E-23
1.0018535E-23
5.2438441E-24
4.4687661E-24
2.2244832E-24
g

1.0528015E-21
1.6843142E-22
5.3002566E-23
1.9655308E-23
1.0018535E-23
5.2438441E-24
4.4687661E-24
2.2244832E-24

2.0978276E+48
2.6253251E+48
3.1714862E+48
3.2416055E+48
4.7725014E+48
3.7715059E+48
2.0513611E+49

4.6880900E+48
5.9997115E+48
6.3712448E+48
5.5994883E+48
5.5732191E+48
5.0393815E+48
6.8173517E+48
5.0637429E+48
4.5152230E+49
7.5001950E+47
1.8880094E+48
2.3626928E+48
2.8541231E+48
2.9171024E+48
4.2945245E+48
3.3935731E+48
1.8460045E+49

4.1671435E+48
5.3329110E+48
5.6629667E+48
4.9767759E+48
4.9531348E+48
4.4783683E+48
6.0578849E+48
4.4991856E+48

%+ 4.0128371E+49

1.6843142E-22
5.3002566E-23
1.9655308E-23
1.0018535E-23
5.2438441E-24
4.4687661E-24
2.2244832E-24

6.6667639E+47
1.6781784E+48
2.1000371E+48
2.5367195E+48
2.5925414E+48
3.8164331E+48
3.0155222E+48

Z,~ 1.6406108E+49

1.0528015E-21
1.6843142E-22

3.6462334E+48
4.6661412E+48

2.6692185E+49

2.3722263E+49

2.0751962E+49
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5.3999400E+20
5.3999400E+20
5.3999400E+20
5.3599400E+20
5.3999400E+20
5.3999400E+20

5.3999400E+20
5.3999400E+20
5.3999400E+20
5.3999400E+20
5.3999400E+20
5.3999400E+20
5.3999400E+20

4.7303700E+20
4.7303700E+20
4.7303700E+20
4.7303700E+20
4.7303700E+20
4.7303700E+20
4.7303700E+20
4.7303700E+20

4.7303700E+20
4.7303700E+20
4.7303700E+20
4.7303700E+20
4.7303700E+20
4.7303700E+20
4.7303700E+20

3.8571000E+20
3.8571000E+20
3.8571000E+20
3.8571000E+20
3.8571000E+20
3.8571000E+20
3.8571000E+20
3.8571000E+20

3.8571000E+20
3.8571000E+20
3.8571000E+20

2.3142600E+19
3.0856800E+19
3.8571000E+19
4.6285200E+19
5.3999400E+19
6.1713600E+19

7.7142000E+18
1.5428400E+19
2.3142600E+19
3.0856800E+19
3.8571000E+19
4.6285200E+19
5.3999400E+19

7.7142000E+18
1.5428400E+19
2.3142600E+19
3.0856800E+19
3.8571000E+19
4.6285200E+19
5.3999400E+19
6.1713600E+19

7.7142000E+18
1.5428400E+19
2.3142600E+19
3.0856800E+19
3.8571000E+19
4.6285200E+19
5.3999400E+19

7.7142000E+18
1.5428400E+19
2.3142600E+19
3.0856800E+19
3.8571000E+19
4.6285200E+19
5.3999400E+19
6.1713600E+19

7.7142000E+18
1.5428400E+19
2.3142600E+19

5.3002566E-23
1.9655308E-23
1.0018535E-23
5.2438441E-24
4.4687661E-24
2.2244832E-24

4.9546930E+48
4.3540326E+48
4.3329754E+48
3.9172378E+48
5.2981803E+48
3.9343835E+48

$ +43.5103877E+49

1.6843142E-22
5.3002566E-23
1.9655308E-23
1.0018535E-23
5.2438441E-24
4.4687661E-24
2.2244832E-24

£~

1.0528015E-21
1.6843142E-22
5.3002566E-23
1.9655308E-23
1.0018535E-23
5.2438441E-24
4.4687661E-24
2.2244832E-24

5.8333909E+47
1.4683570E+48
1.8373831E+48
2.2193002E+48
2.2679411E+48
3.3382418E+48
2.6373529E+48
1.4351915E+49

3.1940762E+48
4.0873568E+48
4.3398480L+48
3.8133944E+48
3.7945273E+48
3.4299822E+48
4.6383993E+48
3.4437882E+48

¢ + 3.0741373E+49

1.6843142E-22
5.3002566E-23
1.9655308E-23
1.0018535E-23
5.2438441E-24
4.4687661E-24
2.2244832E-24

i_

1.0528015E-21
1.6843142E-22
5.3002566E-23
1.9655308E-23
1.0018535E-23
5.2438441E-24
4.4687661E-24
2.2244832E-24

5.1100116E+47
1.2862232E+48
1.6093758E+48
1.9437307E+48
1.9861097E+48
2.9230061E+48
2.3089240E+48
1.2568371E+49

2.6043504E+48
3.3324353E+48
3.5378169E+48
3.1080695E+48
3.0919409E+48
2.7940619E+48
3.7771028E+48
2.8031685E+48

Z 4+ 2.5048946E+49

1.6843142E-22
5.3002566E-23
1.9655308E-23

4.1665445E+47
1.0486620E+48
1.3119531E+48

1.8173002E+49

1.4807829E+49
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3.8571000E+20
3.8571000E+20
3.8571000E+20
3.8571000E+20

3.0856800E+20
3.0856800E+20
3.0856800E+20
3.0856800E+20
3.0856800E+20
3.0856800E+20
3.0856800E+20
3.0856800E+20

3.0856800E+20
~ 3.0856800E+20
3.0856800E+20
3.0856800E+20
3.0856800E+20
3.0856800E+20
3.0856800E+20

2.3142600E+20
2.3142600E+20
2.3142600E+20
2.3142600E+20
2.3142600E+20
2.3142600E+20
2.3142600E+20
2.3142600E+20

2.3142600E+20
2.3142600E+20
2.3142600E+20
2.3142600E+20
2.3142600E+20
2.3142600E+20
2.3142600E+20

1.5428400E+20
1.5428400E+20
1.5428400E+20
1.5428400E+20

3.0856800E+19
3.8571000E+19
4.6285200E+19
5.3999400E+19

7.7142000E+18
1.5428400E+19
2.3142600E+19
3.0856800E+19
3.8571000E+19
4.6285200E+19
5.3999400E+19
6.1713600E+19

7.7142000E+18
1.5428400E+19
2.3142600E+19
3.0856800E+19
3.8571000E+19
4.6285200E+19
5.3999400E+19

7.7142000E+18
1.5428400E+19
2.3142600E+19
3.0856800E+19
3.8571000E+19
4.6285200E+19
5.3999400E+19
6.1713600E+19

7.7142000E+18
1.5428400E+19
2.3142600E+19
3.0856800E+19
3.8571000E+19
4.6285200E+19
5.3999400E+19

7.7142000E+18
1.5428400E+19
2.3142600E+19
3.0856800E+19

1.0018535E-23
5.2438441E-24
4.4687661E-24
2.2244832E-24

5~

1.0528015E-21
1.6843142E-22
5.3002566E-23
1.9655308E-23
1.0018535E-23
5.2438441E-24
4.4687661E-24
2.2244832E-24

1.5842186E+48
1.6183660E+48
2.3810794E+48
1.8801838E+48
1.0241117E+49

2.0833865E+48
2.6654680E+48
2.8291050E+48
2.4846589E+48
2.4707541E+48
2.2315986E+48
3.0149446E+48
2.2359811E+48

4 + 2.0015897E+49

1.6843142E-22
5.3002566E-23
1.9655308E-23
1.0018535€-23
5.2438441E-24
4.4687661E-24
2.2244832E-24

e

1.0528015E-21
1.6843142E-22
5.3002566E-23
1.9655308E-23
1.0018535E-23
5.2438441E-24
4.4687661E-24
2.2244832E-24

3.3330856E+47
8.3877843E+47
1.0491366E+48
1.2664590E+48
1.2932280E+48
1.9017522E+48
1.5007931E+48
8.1834559E+48

1.5623879E+48
1.9983224E+48
2.1199659E+48
1.8605780E+48
1.8485192E+48
1.6677610E+48
2.2502349E+48
1.6662947E+48

4 4 1.4974064E+49

1.6843142E-22
5.3002566E-23
1.9655308E-23
1.0018535E-23
5.2438441E-24
4.4687661E-24
2.2244832E-24

2.4995711E+47
6.2883881E+47
7.8616160E+47
9.4835784E+47
9.6754129E+47
1.4212539E+48
1.1201324E+48

4 — 6.1222430E+48

1.0528015E-21
1.6843142E-22
5.3002566E-23
1.9655308E-23

1.0413024E+48
1.3307303E+48
1.4097536E+48
1.2348064E+48

1.1832441E+49

8.8518210E+48

5.8577508E+48
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1.5428400E+20
1.5428400E+20
1.5428400E+20
1.5428400E+20

1.5428400E+20
1.5428400E+20
1.5428400E+20
1.5428400E+20
1.5428400E+20
1.5428400E+20
1.5428400E+20

9.5656080E+19
9.5656080E+19
- 9.5656080E+19
9.5656080E+19
9.5656080E+19
9.5656080E+19
9.5656080E+19
9.5656080E+19

9.5656080E+19
9.5656080E+19
9.5656080E+19
9.5656080E+19
9.5656080E+19
9.5656080E+19
9.5656080E+19

6.1713600E+19
6.1713600E+19
6.1713600E+19
6.1713600E+19
6.1713600E+19
6.1713600E+19
6.1713600E+19
6.1713600E+19

6.1713600E+19
6.1713600E+19
6.1713600E+19
6.1713600E+19
6.1713600E+19

3.8571000E+19
4.6285200E+19
5.3999400E+19
6.1713600E+19

7.7142000E+18
1.5428400E+19
2.3142600E+19
3.0856800E+19
3.8571000E+19
4.6285200E+19
5.3999400E+19

7.7142000E+18
1.5428400E+19
2.3142600E+19
3.0856800E+19
3.8571000E+19
4.6285200E+19
5.3999400E+19
6.1713600E+19

7.7142000E+18
1.5428400E+19
2.3142600E+19
3.0856800E+19
3.8571000E+19
4.6285200E+19
5.3999400E+19

7.7142000E+18
1.5428400E+19
2.3142600E+19
3.0856800E+19
3.8571000E+19
4.6285200E+19
5.3999400E+19
6.1713600E+19

7.7142000E+18
1.5428400E+19
2.3142600E+19
3.0856800E+19
3.8571000E+19

1.0018535E-23
5.2438441E-24
4.4687661E-24
2.2244832E-24

1.2236264E+48
1.1004165E+48
1.47839636E+48
1.0901215E+48

% +9.9097208E+48

1.6843142E-22
5.3002566E-23
1.9655308E-23
1.0018535E-23
5.2438441E-24
4.4687661E-24
2.2244832E-24

2._

1.0528015E-21
1.6843142E-22
5.3002566E-23
1.9655308E-23
1.0018535E-23
5.2438441E-24
4.4687661E-24
2.2244832E-24

1.6659175E+47
4.1875869E+47
5.2278868E+47
6.2939492E+47
6.4046353E+47
9.3776701E+47
7.3620539E+47
4.0519700E+48

6.4508961E+47
8.2239115E+47
8.6764484E+47
7.5548035E+47
7.4274085E+47
6.6120808E+47
8.7741061E+47
6.3654892E+47

5+ 6.0085145E+48

1.6843142E-22
5.3002566E-23
1.9655308E-23
1.0018535E-23
5.2438441E-24
4.4687661E-24
2.2244832E-24

4~

1.0528015E-21
1.6843142E-22
5.3002566E-23
1.9655308E-23
1.0018535E-23
5.2438441E-24
4.4687661E-24
2.2244832E-24

1.0320403E+47
2.5879282E+47
3.2175477E+47
3.8507696E+47
3.8876115E+47
5.6347676E+47
4.3676154E+47
2.4578280E+48

4.1542420E+47
5.2663256E+47
5.5019102E+47
4.7205960E+47
4.5447027E+47
3.9280708E+47
4.9942956E+47
3.3812853E+47

4 4+3.6491428E+48

1.6843142E-22
5.3002566E-23
1.9655308E-23
1.0018535E-23
5.2438441E-24

6.6461235E+46
1.6572251E+47
2.0403114E+47
2.4061417E+47
2.3787622E+47

3.5506865E+48

2.1510818E+48
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6.1713600E+19
6.1713600E+19

1.5428400E+19
1.5428400E+19
1.5428400E+19
1.5428400E+19
1.5428400E+19
1.5428400E+19
1.5428400E+19
1.5428400E+19

1.5428400E+19
1.5428400E+19
1.5428400E+19
- 1.5428400E+19
1.5428400E+19
1.5428400E+19
1.5428400E+19

4.6285200E+19
5.3999400E+19

7.7142000E+18
1.5428400E+19
2.3142600E+19
3.0856800E+19
3.8571000E+19
4.6285200E+19
5.3999400E+19
6.1713600E+19

7.7142000E+18
1.5428400E+19
2.3142600E+19
3.0856800E+19
3.8571000E+19
4.6285200E+19
5.3999400E+19

4.4687661E-24
2.2244832E-24

f:-

1.0528015E-21
1.6843142E-22
5.3002566E-23
1.9655308E-23
1.0018535E-23
5.2438441E-24
4.4687661E-24
2.2244832E-24

3.3474736E+47
2.4860837E+47
1.4980610E+48

9.8769648E+46
1.0000825E+47
5.6923232E+46
2.9503725E+46
1.9178297E+46
1.2172675E+46
1.2177491E+46
6.9552657E+45

4 + 3.3568858E+47

1.6843142E-22
5.3002566E-23
1.9655308E-23
1.0018535E-23
5.2438441E-24
4.4687661E-24
2.2244832E-24

1.5801566E+46
3.1470933E+46
2.1109236E+46
1.5038385E+46
1.0038194E+46
1.0373465E+46
6.0617683E+45
1.0989355E+47

2.2579504E+47



| R(m)

ANEXO TI (Disco)

d(m)

s(wimt) | E(jovle) I

Etofal
(Jovie)

9.2570400E+20
9.2570400E+20
9.2570400E+20
9.2570400E+20
9.2570400E+20
9.2570400E+20
9.2570400E+20
9.2570400E+20
9.2570400E+20
9.2570400E+20
9.2570400E+20

9.2570400E+20
9.2570400E+20
9.2570400E+20
9.2570400E+20
9.2570400E+20
9.2570400E+20
9.2570400E+20
9.2570400E+20
9.2570400E+20
9.2570400E+20
9.2570400E+20

8.4856200E+20
8.4856200E+20
8.4856200E+20
8.4856200E+20
8.4856200E+20
8.4856200E+20
8.4856200E+20
8.4856200E+20
8.4856200E+20
8.4856200E+20
8.4856200E+20

8.4856200E+20
8.4856200E+20
8.4856200E+20
8.4856200E+20
8.4856200E+20
8.4856200E+20
8.4856200E+20
8.4856200E+20
8.4856200E+20

9.5656080E+19
1.2497004E+20
1.5428400E+20
1.9285500E+20
2.3142600E+20
2.6999700E+20
3.0856800E+20
3.4713900E+20
3.8571000E+20
4.2428100E+20
4.7303700E+20

6.1713600E+19
9.5656080E+19
1.2497004E+20
1.5428400E+20
1.9285500E+20
2.3142600E+20
2.6999700E+20
3.0856800E+20
3.4713900E+20
3.8571000E+20
4.2428100E+20

9.5656080E+19
1.2497004E+20
1.5428400E+20
1.9285500E+20
2.3142600E+20
2.6999700E+20
3.0856800E+20
3.4713900E+20
3.8571000E+20
4.2428100E+20
4.7303700E+20

6.1713600E+19
9.5656080E+19
1.2497004E+20
1.5428400E+20
1.9285500E+20
2.3142600E+20
2.6999700E+20
3.0856800E+20
3.4713900E+20

1.787276788E-04
1.160140194E-04

9.733208930E-05
7.725858210E-05
6.578966760E-05

4.485061180E-05
3.355230870E-05

3.063461340E-05
2.440613370E-05
1.421318520E-05

9.793931200E-06

1.5835931E+49
1.7522626E+49
2.2370531E+49
2.7671854E+49
3.3821805E+49
3.1261736E+49
3.0407564E+49
3.4955512E+49
3.4178461E+49
2.3924753E+49
2.0298783E+49

% +2.9224956E+50

1.787276788E-04
1.160140194E-04
9.733208930E-05

7.725858210E-05
6.578966760E-05
4.485061180E-05
3.355230870E-05
3.063461340E-05
2.440613370E-05
1.421318520E-05
9.793931200E-06

6.5983125E+48
1.0279270E+49
1.4700928E+49
1.7756893E+49
2.3564011E+49
2.3057248E+49
2.3386602E+49
2.7763334E+49
2.7848528E+49
1.9904209E+49
1.6485916E+49

£-2.1134525E+50

1.787276788E-04
1.160140194E-04

9.733208930E-05

7.725858210E-05

6.578966760E-05

4.485061180E-05

3.355230870E-05

3.063461340E-05

2.440613370E-05
1.421318520E-05

9.793931200E-06

1.4511336E+49
1.6053055E+49
2.0488041E+49
2.5330276E+49
3.0940111E+49
2.8576198E+49
2.7770153E+49
3.1889807E+49
3.1142735E+49
2.1769121E+49
1.8431656E+49

4+2.6690249E+50

1.787276788E-04
1.160140194E-04
9.733208930E-05
7.725858210E-05
6.578966760E-05
4.485061180E-05
3.355230870E-05
3.063461340E-05
2.440613370E-05

6.0475997E+48
9.4194608E+48
1.3468005E+49
1.6262643E+49
2.1570037E+49
2.1092718E+49
2.1377577E+49
2.5355272E+49
2.5406128E+49

8.0904303E+49

7.3766201E+49

B



8.4856200E+20
8.4856200E+20

7.7142000E+20
7.7142000E+20
7.7142000E+20
7.7142000E+20
7.7142000E+20
7.7142000E+20
7.7142000E+20
7.7142000E+20
7.7142000E+20
7.7142000E+20
7.7142000E+20

7.7142000E+20
7.7142000E+20
7.7142000E+20
7.7142000E+20
7.7142000E+20
7.7142000E+20
7.7142000E+20
7.7142000E+20
7.7142000E+20
7.7142000E+20
7.7142000E+20

6.9427800E+20
6.9427800E+20
6.9427800E+20
6.9427800E+20
6.9427800E+20
6.9427800E+20
6.9427800E+20
6.9427800E+20
6.9427800E+20
6.9427800E+20
6.9427800E+20

6.9427800E+20
6.9427800E+20
6.9427800E+20
6.9427800E+20
6.9427800E+20

3.8571000E+20
4.2428100E+20

9.5656080E+19
1.2497004E+20
1.5428400E+20
1.9285500E+20
2.3142600E+20
2.6999700E+20
3.0856800E+20
3.4713900E+20
3.8571000E+20
4.2428100E+20
4.7303700E+20

6.1713600E+19
9.5656080E+19
1.2497004E+20
1.5428400E+20
1.9285500E+20
2.3142600E+20
2.6999700E+20
3.0856800E+20
3.4713900E+20
3.8571000E+20
4.2428100E+20

9.5656080E+19
1.2497004E+20
1.5428400E+20
1.9285500E+20
2.3142600E+20
2.6999700E+20
3.0856800E+20
3.4713900E+20
3.8571000E+20
4.2428100E+20
4.7303700E+20

6.1713600E+19
9.5656080E+19
1.2497004E+20
1.5428400E+20
1.9285500E+20

1.421318520E-05
9.793931200E-06

1.8136320E+49
1.5000527E+49

£ — 1.9313629E+50

1.787276788E-04
1.160140194E-04
9.733208930E-05
7.725858210E-05
6.578966760E-05
4.485061180E-05
3.355230870E-05
3.063461340E-05
2.440613370E-05
1.421318520E-05
9.793931200E-06

1.3186221E+49
1.4582496E+49
1.8603607E+49
2.2984872E+49
2.8051528E+49
2.5881752E+49
2.5121054E+49
2.8806444E+49
2.8084740E+49
1.9593657E+49
1.6542002E+49

2+ 2.4143837E+50

1.787276788E-04
1.160140194E-04
9.733208930E-05
7.725858210E-05
6.578966760E-05
4.485061180E-05
3.355230870E-05
3.063461340E-05
2.440613370E-05
1.421318520E-05
9.793931200E-06

5.4967977E+48
8.5593151E+48
1.2234252E+49
1.4766849E+49
1.9572804E+49
1.9123492E+49
1.9361888E+49
2.2936537E+49
2.2949658E+49
1.6355463E+49
1.3501473E+49

4~ 1.7485853E+50

1.787276788E-04
1.160140194E-04
9.733208930E-05
7.725858210E-05
6.578966760E-05
4.485061180E-05
3.355230870E-05
3.063461340E-05
2.440613370E-05
1.421318520E-05
9.793931200E-06

1.1860414E+49
1.3110614E+49
1.6716565E+49
2.0634318E+49
2.5153632E+49
2.3175198E+49
2.2455959E+49
2.5698712E+49
2.4995709E+49
1.7390211E+49
1.4619931E+49

24 2.1581126E4+50

1.787276788E-04
1.160140194E-04
9.733208930E-05
7.725858210E-05
6.578966760E-05

4.9458764E+48
7.6987196E+48
1.0999390E+49
1.3268986E+49
1.7571186E+49

6.6579843E+49

5.9325406E+49

"3



6.9427800E+20
6.9427800E+20
6.9427800E+20
6.9427800E+20
6.9427800E+20
6.9427800E+20

6.1713300E+20
6.1713300E+20
6.1713300E+20
6.1713300E+20
6.1713300E+20
6.1713300E+20
6.1713300E+20
6.1713300E+20
6.1713300E+20
6.1713300E+20
6.1713300E+20

6.1713300E+20
6.1713300E+20
6.1713300E+20
6.1713300E+20
6.1713300E+20
6.1713300E+20
6.1713300E+20
6.1713300E+20
6.1713300E+20
6.1713300E+20
6.1713300E+20

5.3999400E+20
5.3999400E+20
5.3999400E+20
5.3999400E+20
5.3999400E+20
5.3999400E+20
5.3999400E+20
5.3999400E+20
5.3999400E+20
5.3999400E+20
5.3999400E+20

5.3999400E+20

2.3142600E+20
2.6999700E+20
3.0856800E+20
3.4713900E+20
3.8571000E+20
4.2428100E+20

9.5656080E+19
1.2497004E+20
1.5428400E+20
1.9285500E+20
2.3142600E+20
2.6899700E+20
3.0856800E+20
3.4713900E+20
3.8571000E+20
4.2428100E+20
4.7303700E+20

6.1713600E+19
9.5656080E+19
1.2497004E+20
1.5428400E+20
1.9285500E+20
2.3142600E+20
2.6999700E+20
3.0856800E+20
3.4713900E+20
3.8571000E+20
4.2428100E+20

9.5656080E+19
1.2497004E+20
1.5428400E+20
1.9285500E+20
2.3142600E+20
2.6999700E+20
3.0856800E+20
3.4713900E+20
3.8571000E+20
4.2428100E+20
4.7303700E+20

6.1713600E+19

4.485061180E-05

3.355230870E-05
3.063461340E-05

2.440613370E-05
1.421318520E-05
9.793931200E-06

1.7147917E+49
1.7337141E+49
2.0503198E+49
2.0473776E+49
1.4556531E+49
1.1983136E+49

— 1.5648586E+50

1.787276788E-04

1.160140194E-04
9.733208930E-05
7.725858210E-05
6.578966760E-05
4.485061180E-05
3.355230870E-05
3.063461340E-05
2.440613370E-05
1.421318520E-05

9.793931200E-06

1.0533599E+49
1.1636847E+49
1.4825837E+49
1.8276499E+49
2.2242570E+49
2.0451435E+49
1.9767943E+49
2.2555676E+49
2.1861059E+49
1.5144859E+49
1.2647716E+49

4 +1.8994404E+50

1.787276788E-04
1.160140194E-04
9.733208930E-05
7.725858210E-05
6.578966760E-05
4.485061180E-05
3.355230870E-05
3.063461340E-05
2.440613370E-05
1.421318520E-05
9.793931200E-06

£ — 1.3797530E+50

1.787276788E-04
1.160140154E-04
9.733208930E-05
7.725858210E-05
6.578966760E-05
4.485061180E-05
3.355230870E-05
3.063461340E-05
2.440613370E-05
1.421318520E-05
9.793931200E-06

4.3947696E+48
6.8374701E+48
0.7629462E+48
1.1768196E+49
1.5563382E+49
1.5163367E+49
1.5299521E+49
1.8048931E+49
1.7969767E+49
1.2731032E+49
1.0435923E+49

9.2055160E+48
1.0160564E+49
1.2930032E+49
1.5908426E+49
1.9312566E+49
1.7702472E+49
1.7045723E+49
1.9358782E+49
1.8654887E+49
1.2831410E+49
1.0588362E+49

£+ 1.6369874E+50
1.787276788E-04 3.8434708E+48

5.1968736E+49

4.4444355E+49

ay



5.3999400E+20
5.3999400E+20
5.3999400E+20
5.3999400E+20
5.3999400E+20
5.3999400E+20
5.3999400E+20
5.3999400E+20
5.3999400E+20
5.3999400E+20

4.7303700E+20
4.7303700E+20
4.7303700E+20
4.7303700E+20
4.7303700E+20
4.7303700E+20
4.7303700E+20
4.7303700E+20
4.7303700E+20
4.7303700E+20
4.7303700E+20

4.7303700E+20
4.7303700E+20
4.7303700E+20
4.7303700E+20
4.7303700E+20
4.7303700E+20
4.7303700E+20
4.7303700E+20
4.7303700E+20
4.7303700E+20
4.7303700E+20

3.8571000E+20
3.8571000E+20
3.8571000E+20
3.8571000E+20
3.8571000E+20
3.8571000E+20
3.8571000E+20
3.8571000E+20
3.8571000E+20

9.5656080E+19
1.2497004E+20
1.5428400E+20
1.9285500E+20
2.3142600E+20
2.6999700E+20
3.0856800E+20
3.4713900E+20
3.8571000E+20
4.2428100E+20

9.5656080E+19
1.2497004E+20
1.5428400E+20
1.9285500E+20
2.3142600E+20
2.6999700E+20
3.0856800E+20
3.4713900E+20
3.8571000E+20
4.2428100E+20
4.7303700E+20

6.1713600E+19
9.5656080E+19
1.2497004E+20
1.5428400E+20
1.9285500E+20
2.3142600E+20
2.6999700E+20
3.0856800E+20
3.4713900E+20
3.8571000E+20
4.2428100E+20

9.5656080E+19
1.2497004E+20
1.5428400E+20
1.9285500E+20
2.3142600E+20
2.6999700E+20
3.0856800E+20
3.4713900E+20
3.8571000E+20

1.160140194E-04

9.733208930E-05

7.725858210E-05

6.578966760E-05

4.485061180E-05
3.355230870E-05
3.063461340E-05
2.440613370E-05

1.421318520E-05

9.793931200E-06

Z’...

1.787276788E-04
1.160140194E-04

9.733208930E-05

7.725858210E-05

6.578966760E-05

4.485061180E-05

3.355230870E-05
3.063461340E-05
2.440613370E-05
1.421318520E-05
9.793931200E-06

5.9753974E+48
8.5243916E+48
1.0263378E+49
1.3546845E+49
1.3165903E+49
1.3243048E+49
1.5563434E+49
1.5422849E+49
1.0863882E+49
8.8417866E+48
1.1925439E+50

8.0510925E+48
8.8759815E+48
1.1278152E+49
1.3840181E+49
1.6745590E+49
1.5284354E+49
1.4638451E+49
1.6511836E+49
1.5771912E+49
1.0721223E+49
8.6412051E+48

5 + 1.4035998E+50

1.787276788E-04
1.160140194E-04
9.733208930E-05

7.725858210E-05
6.578966760E-05
4.485061180E-05
3.355230870E-05

3.063461340E-05
2.440613370E-05

1.421318520E-05
9.793931200E-06

3.3646609E+48
5.2260490E+48
7.4466675E+48
8.9521765E+48
1.1785628E+49
1.1415926E+49
1.1434077E+49
1.3365497E+49
1.3154730E+49
9.1849494E+48
7.3877122E+48

£~ 1.0271807E+50

1.787276788E-04

1.160140194E-04

9.733208930E-05
7.725858210E-05
6.578966760E-05
4.485061180E-05

3.355230870E-05
3.063461340E-05
2.440613370E-05

6.5417603E+48
7.1934063E+48
9.1092266E+48
1.1112920E+49
1.3340805E+49
1.2051098E+49
1.1382799E+49
1.2594227E+49
1.1673837E+49

3.7641904E+49

2.8018880E+49



3.8571000E+20
3.8571000E+20

3.8571000E+20
3.8571000E+20
3.8571000E+20
3.8571000E+20
3.8571000E+20
3.8571000E+20
3.8571000E+20
3.8571000E+20
3.8571000E+20
3.8571000E+20
3.8571000E+20

3.0856800E+20
3.0856800E+20
3.0856800E+20
3.0856800E+20
3.0856800E+20
3.0856800E+20
3.0856800E+20
3.0856800E+20
3.0856800E+20
3.0856800E+20
3.0856800E+20

3.0856800E+20
3.0856800E+20
3.0856800E+20
3.0856800E+20
3.0856800E+20
3.0856800E+20
3.0856800E+20
3.0856800E+20
3.0856800E+20
3.08563800E+20
3.0856800E+20

2.3142600E+20
2.3142600E+20
2.3142600E+20
2.3142600E+20
2.3142600E+20

4.2428100E+20
4.7303700E+20

6.1713600E+19
9.5656080E+19
1.2497004E+20
1.5428400E+20
1.9285500E+20
2.3142600E+20
2.6999700E+20
3.0856800E+20
3.4713900E+20
3.8571000E+20
4.2428100E+20

9.5656080E+19
1.2497004E+20
1.5428400E+20
1.9285500E+20
2.3142600E+20
2.6999700E+20
3.0856800E+20
3.4713900E+20
3.8571000E+20
4.2428100E+20
4.7303700E+20

6.1713600E+19
9.5656080E+19
1.2497004E+20
1.5428400E+20
1.9285500E+20
2.3142600E+20
2.6999700E+20
3.0856800E+20
3.4713900E+20
3.8571000E+20
4.2428100E+20

9.5656080E+19
1.2497004E+20
1.5428400E+20
1.9285500E+20
2.3142600E+20

1.421318520E-05
9.793931200E-06

7.5402234E+48
5.7241339E+48

%+ 1.0826444E+50

1.787276788E-04
1.160140194E-04
9.733208930E-05
7.725858210E-05
6.578966760E-05
4.485061180E-05
3.355230870E-05
3.063461340E-05
2.440613370E-05
1.421318520E-05
9.793931200E-06

1.787276788E-04
1.160140194E-04
9.733208930E-05
7.725858210E-05
6.578966760E-05
4.485061180E-05
3.355230870E-05
3.063461340E-05
2.440613370E-05
1.421318520E-05
9.793931200E-06

2.7395567E+48
4.2463255E+48
6.0350402E+48
7.2305643E+48
9.4632242E+48
9.0947909E+48
9.0153095E+48
1.0392956E+49
1.0033630E+49
6.7983895E+48
5.1957692E+48
8.0245556E+49

5.2022505E+48

5.6948499E+48
7.1681560E+48
8.6503045E+48
1.0225604E+49
9.0309139E+48
8.2168810E+48
8.5011837E+48
7.4169953E+48
4.6423040E+48
3.44472587E+48

2+ 7.8193701E+49

1.787276788E-04
1.160140194E-04
9.733208930E-05
7.725858210E-05
6.578966760E-05
4.485061180E-05
3.355230870E-05
3.063461340E-05
2.440613370E-05
1.421318520E-05
9.793931200E-06

2.1863158E+48
3.3768356E+48
4.7777987E+48
5.6898148E+48
7.3661805E+48
6.9710730E+48
6.7559393E+48
7.5023443E+48
6.7727646E+48
4.3193703E+48
3.1988893E+48

4~ 5.8917326E+49

1.787276788E-04
1.160140194E-04
9.733208930E-05
7.725858210E-05
6.578966760E-05

3.8503958E+48
4.1712850E+48
5.1734311E+48
6.0622554E+48
6.7971377E+48

1.9276375E+49

1.1231850E+49
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2.3142600E+20
2.3142600E+20
2.3142600E+20
2.3142600E+20
2.3142600E+20
2.3142600E+20

2.3142600E+20
2.3142600E+20
2.3142600E+20
2.3142600E+20
2.3142600E+20
2.3142600E+20
2.3142600E+20
2.3142600E+20
2.3142600E+20
2.3142600E+20
2.3142600E+20

1.5428400E+20
1.5428400E+20
1.5428400E+20
1.5428400E+20
1.5428400E+20
1.5428400E+20
1.5428400E+20
1.5428400E+20
1.5428400E+20
1.5428400E+20
1.5428400E+20

1.5428400E+20
1.5428400E+20
1.5428400E+20
1.5428400E+20
1.5428400E+20
1.5428400E+20
1.5428400E+20
1.5428400E+20
1.5428400E+20
1.5428400E+20
1.5428400E+20

9.5656080E+19

2.6999700E+20
3.0856800E+20
3.4713900E+20
3.8571000E+20
4.2428100E+20
4.7303700E+20

6.1713600E+19
9.5656080E+19
1.2497004E+20
1.5428400E+20
1.9285500E+20
2.3142600E+20
2.6999700E+20
3.0856800E+20
3.4713900E+20
3.8571000E+20
4.2428100E+20

9.5656080E+19
1.2497004E+20
1.5428400E+20
1.9285500E+20
2.3142600E+20
2.6999700E+20
3.0856800E+20
3.4713900E+20
3.8571000E+20
4.2428100E+20
4.7303700E+20

6.1713600E+19
9.5656080E+19
1.2497004E+20
1.5428400E+20
1.9285500E+20
2.3142600E+20
2.6999700E+20
3.0856800E+20
3.4713900E+20
3.8571000E+20
4.2428100E+20

9.5656080E+19

4.485061180E-05
3.355230870E-05
3.063461340E-05
2.440613370E-05

1.421318520E-05
9.793931200E-06

5.4268137E+48
4.5207357E+48
4.4809961E+48
3.8144689E+48
2.3477266E+48
1.7156113E+48

£+ 2.8360857E+49

1.787276788E-04
1.160140194E-04
9.733208930E-05
7.725858210E-05

6.578966760E-05

4.485061180E-05

3.355230870E-05
3.063461340E-05
2.440613370E-05
1.421318520E-05

9.793931200E-06

=

1.787276788E-04
1.160140194E-04
9.733208930E-05
7.725858210E-05
6.578966760E-05
4.485061180E-05
3.355230870E-05
3.063461340E-05
2.440613370E-05
1.421318520E-05
9.793931200E-06

1.6310467E+48
2.4993325E+48
3.4995761E+48
4.1064767E+48
5.1623232E+48
4.6337943E+48
4.0597468E+48
4.1276143E+48
3.5699419E+48
2.2213987E+48
1.6177565E+48
3.7129008E+49

2.4646528E+48
2.5723617E+48
2.9795498E+48
2.9348490E+48
2.8513208E+48
2.1376685E+48
1.7216822E+48
1.6691181E+48
1.3982864E+48
8.5014556E+47
6.1383178E+47

%+ 2.2193467E+49

1.787276788E-04
1.160140194E-04

9.733208930E-05
7.725858210E-05
6.578966760E-05

4.485061180E-05
3.355230870E-05
3.063461340E-05
2.440613370E-05
1.421318520E-05
9.793931200E-06

1.0705261E+48
1.5998321E+48
2.1581300E+48
2.3650555E+48
2.4991753E+48
1.9438232E+48
1.5991691E+48
1.5719654E+48
1.3297612E+48
8.1430771E+47
5.8581289E+47

4— 1.7537558E+49

4.6559081E+48

1.787276788E-04 1.3039516E+48 1.3683228E+48
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9.5656080E+19
9.5656080E+19
9.5656080E+19
9.5656080E+19
9.5656080E+19
9.5656080E+19
9.5656080E+19
9.5656080E+19
9.5656080E+19
9.5656080E+19

9.5656080E+19
9.5656080E+19
9.5656080E+19
9.5656080E+19
9.5656080E+19
9.5656080E+19
9.5656080E+19
9.5656080E+19
9.5656080E+19
9.5656080E+19
9.5656080E+19

6.1713600E+19
6.1713600E+19
6.1713600E+19
6.1713600E+19
6.1713600E+19
6.1713600E+19
6.1713600E+19
6.1713600E+19
6.1713600E+19
6.1713600E+19
6.1713600E+19

6.1713600E+19
6.1713600E+19
6.1713600E+19
6.1713600E+19
6.1713600E+19
6.1713600E+19
6.1713600E+19
6.1713600E+19
6.1713600E+19
6.1713600E+19

1.2497004E+20
1.5428400E+20
1.9285500E+20
2.3142600E+20
2.6999700E+20
3.0856800E+20
3.4713900E+20
3.8571000E+20
4.2428100E+20
4.7303700E+20

6.1713600E+19
9.5656080E+19
1.2497004E+20
1.5428400E+20
1.9285500E+20
2.3142600E+20
2.6999700E+20
3.0856800E+20
3.4713900E+20
3.8571000E+20
4.2428100E+20

9.5656080E+19
1.2497004E+20
1.5428400E+20
1.9285500E+20
2.3142600E+20
2.6999700E+20
3.0856800E+20
3.4713900E+20
3.8571000E+20
4.2428100E+20
4.7303700E+20

6.1713600E+19
9.5656080E+19
1.2497004E+20
1.5428400E+20
1.9285500E+20
2.3142600E+20
2.6995700E+20
3.0856800E+20
3.4713900E+20
3.8571000E+20

1.160140194E-04

9.733208930E-05
7.725858210E-05
6.578966760E-05

4.485061180E-05

3.355230870E-05
3.063461340E-05
2.440613370E-05
1.421318520E-05

9.793931200E-06

1.0870936E+48
1.0529558E+48
9.4883318E+47
8.8465637E+47
6.4669921E+47
5.1181919E+47
4.8976736E+47
4.0613577E+47
2.4489615E+47
1.7532656E+47

$ +7.7521348E+48

1.787276788E-04
1.160140194E-04

9.733208930E-05
7.725858210E-05
6.578966760E-05
4.485061180E-05
3.355230870E-05
3.063461340E-05

2.440613370E-05
1.421318520E-05
9.793931200E-06

6.3193386E+47
8.4640875E+47
9.1203712E+47
8.3579701E+47
8.0798040E+47
6.0309439E+47
4.8378942E+47
4.6731160E+47
3.9019026E+47
2.3651771E+47
1.6875148E+47

%~ 6.3838120F+48

1.787276788E-04
1.160140194E-04
9.733208930E-05

7.725858210E-05
6.578966760E-05
4.485061180E-05
3.355230870E-05

3.063461340E-05
2.440613370E-05

1.421318520E-05
9.793931200E-06

5.0640168E+47
3.8349425E+47
3.5688899E+47
3.1236847E+47
2.8604501E+47
2.0650001E+47
1.6190625E+47
1.5379466E+47
1.2677263E+47
7.6062326E+46
5.4168603E+46

%+ 2.6244029E+48

1.787276788E-04
1.160140194E-04
9.733208930E-05
7.725858210E-05
6.578966760E-05
4.485061180E-05

3.355230870E-05
3.063461340E-05
2.440613370E-05
1.421318520E-05

3.5015988E+47
3.2871066E+47
3.2173954E+47
2.8328517E+47
2.6599786E+47
1.9500469E+47
1.5448066E+47
1.4782694E+47
1.2252588E+47
7.3827460E+46

3.2843158E+47
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6.1713600E+19

1.5428400E+19
1.5428400E+19
1.5428400E+19
1.5428400E+19
1.5428400E+19
1.5428400E+19
1.5428400E+19
1.5428400E+19
1.5428400E+19
1.5428400E+19
1.5428400E+19

1.5428400E+19
1.5428400E+19
1.5428400E+19
1.5428400E+19
1.5428400E+19
1.5428400E+19
1.5428400E+19
1.5428400E+19
1.5428400E+19
:1.5428400E+19
1.5428400E+19

4.2428100E+20

9.5656080E+19
1.2497004E+20
1.5428400E+20
1.9285500E+20
2.3142600E+20
2.6999700E+20
3.0856800E+20
3.4713900E+20
3.8571000E+20
4.2428100E+20
4.7303700E+20

6.1713600E+19
9.5656080E+19
1.2497004E+20
1.5428400E+20
1.9285500E+20
2.3142600E+20
2.6899700E+20
3.0856800E+20
3.4713900E+20
3.8571000E+20
4.2428100E+20

9.793931200E-06

5.2412544E+46

§~ 2.2959713E+48

1.787276788E-04
1.160140194E-04
9.733208930E-05
7.725858210E-05
6.578966760E-05
4.485061180E-05
3.355230870E-05
3.063461340E-05
2.440613370E-05
1.421318520E-05
9.793931200E-06

1.4468664E+46
1.0190670E+46
9.0771819E+45
7.6481595E+45
6.8208819E+45
4.8275012E+45
3.7264222E+45
3.4949908E+45
2.8504046E+45
1.6947313E+45
1.1951348E+45

Z+ 6.5994742E+46

1.787276788E-04
1.160140194E-04
9.733208930E-05
7.725858210E-05
6.578966760E-05
4.485061180E-05
3.355230870E-05
3.063461340E-05
2.440613370E-05
1.421318520E-05
9.793931200E-06

i._

1.2441964E+46
9.3917626E+45
8.5496493E+45
7.2051284E+45
6.5128023E+45
4.6499813E+45
3.6114070E+45
3.4023741E+45
2.7844063E+45
1.6599650E+45
1.1677946E+45
© 6.1377235E+46

4.6175078E+45
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