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Introduction

The calculation of the galaxy rotation curve is closed to a good accuracy, the
planetary orbits in the solar system and orbit of the galaxies in clusters (Zwicky
first job) also is closed, there is no doubt that dark matter is the mass of the
electromagnetic waves (light) emitted by the stars.

Science always say that electromagnetic waves (light) is not matter and has no
mass, but this concept is superficial, not fact. For the first time in 1919 the
gravitational lens were actually observed, or that the light was attracted by
gravity. The Law of Universal Gravitation is a fact and indisputable concept, so the
only thing left to say that the light is matter and has mass, therefore science still
continued with this superficial concept that light is not matter, and agreed with
the theory of relativity.

The theory of relativity has to be looked over again, and a question has to be
answered: scientists know that the speed of light has no sum, but how does that
happen is still not known.

So now with these calculations there is no doubt that electromagnetic waves
(light) is matter and have mass, and that the reason why it is the dark matter.
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The calculation of the galaxy rotation curve

Dark matter is one of the greatest mysteries of science. The first evidence of
this matter is that it came from the study of galaxies orbits in the Coma Cluster
from 1933 made by Zwicky, coming to the conclusion that there were 400 times
more matter than he was observed. Only later on did the study of rotation of the
stars in our galaxy, it was found that there was also more matter than was
observed. The revolution of the planets in the solar system, has never detected
dark matter, it is only noticeable in large orbits.

ZSD _K]IlilIllllllllllf|Illllllil]llrflllllIllfll]il]illlflEIIL
1% i
& Sun’s velocity is -
200 = about 220 km/sec s
o . e Differenceis contributed 3
§ E T by the dark mater halo. B
2 5 s +
£ o[ o B -
> a Sun’s velocity should -~ ¥ 3
3 - be only 160 kmfsec S =
S 100 — Visible matter onl ij
. f 5
T - -
50 =
D— l]lf]lliIl|l|||llllllfll1!fill|lllllfl[]!llllllillf]!lITF )
0 3 10 15 20 23 30

Distance from Center (kpc)

Above is the graph of the galaxy rotation curve (figure 1), horizontal is the

distance from the galaxy center kiloparsec, one parsec equal 3,08568.10" m.
Vertical is the speed in km / s.
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The upper curve is the observed velocity of the stars, the limits of galactic disk
is 15.330 Kpc, but the curve extends to 30Kpc, the speeds after 15.330Kpc is the
disk gas, obtained through radio observations. The curve below is the speed that
the stars and the gas would have due the quantity the matter that is observed,
and the difference is due to the dark matter.

During a solar eclipse in 1919 it was seen for the first time the gravitational
lens, that is, the light was attracted by the gravity, this effect was seen in Sobral in
the Cearg, Brazil, and in Prince Island, on the coast of Africa.

Science always say that electromagnetic waves (light) as not being matter and
having no mass, but this is a superficial concept, since the law of universal
gravitation is a solid and indisputable concept, so noticing that the light is
attracted by gravity , you could only say that it was matter and had mass, but
science continued its superficial concept, supporting the theory of relativity.

The calculation that we present assumes that the electromagnetic waves is
matter and has mass, fitting in the galaxy rotation curve. To transform energy into
matter, we will use the formula E = m.c?, this formula was verified experimentally
by the loss of mass in radioactive substances, which is reliable. ‘

This calculation is laborious and complex, we will have to calculate the amount
of energy radiated by the stars contained in each orbit. The galactic disk has an
approximate shape of a disk, the nucleus has an approximate shape of a sphere.
We deduce a formula to calculate the energy contained within an orbit radiated
by a homogeneous disk that emits light, its emission power will be homogeneous
in watts /m? (figure 2). The galactic disk is not homogeneous, so divide it into 11
sections that are almost homogeneous, providing a good approximation. In the
same way we do with the nucleus, which is almost a sphere, then we have to
deduce a formula for a homogeneous sphere that emits light, its emission power
will be homogeneous in watts /m? (figure 3). The nucleus is not homogeneous,
and so it will be divided into 8 sections that are almost homogeneous.

We are using the term light, which actually refers to the electromagnetic
waves at all its frequencies.
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Let's start from the simplest situation, the energy radiated by a point inside an
orbit, this point will be positioned in the center of the orbit.

E=P.t t=D_ E=P.D
Vc Vc
E —energy
P — power
t—time
D — radius of the orbit
Vc — speed of light

Let me show you an example: the energy and the light mass contained in
Pluto's orbit.

Mean distance from Pluto to the sun: 5913520000 Km or 5.91352x10 m
Sun power: 3.84451x10%¢ w
Speed of light: 299792458 m/s

E=P.D E= 3.84451x10%° x 5.91352x10" E=7.5834418x10%° )
Vc 299792458

E= m.Vc2 m=E. m=75834418x10>" m= 8.4377169x10™ Kg
Ne* 2997924582

Now the first step is to deduce the formula for calculating the energy
contained within the orbit (sphere) of an emitter point that is not in the center.

When the emitter point is at the center of the orbit, the wavefronts are
concentric orbit (figure 4), but when the emitter point is not in the center and the
radius of the wavefront is greater than R - d, part of the wavefronts is outside the
orbit (Figure 5). So let's calculate the value of n (internal index), which is the
division of the area of internal wavefront by total area (figure 6).
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Deduce fornwlaforn;

R —radius of the orbit
r — radius of the wavefronts
d - distance from the center orbit to the point emitter

n =A sphere — A external cap Area of the sphere - 472
A sphere Area of the cap - 2mrh

R:= d* n*- 2dAwn B APz R2-d*- n? x=1§0~P
= ~2dn

WAB- W —hx= R:-4%- nt
-2d.n
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We will verify the formula if a is greater than 90° (figure 7).
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4and

Refo  d=b ko=  R-d-4

n | K K:‘I.(?--ﬂ‘é-t-w"‘iel«nl )
4 400000 4.n.%

5 [0,82500

b |0.69uyy Kz 12 n+400-34- N*
1 10,58929 24.A
8 |0,50000
9 |o42130 K=42n4 4~ 7%

{0 035000 24N

11 1028409
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A3 |oed634¢
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The energy is E = K.r, then integrates the K in function of r between R-d to
R+d, and adding to the constant stretch of zero to R-d, we have the area in the
graphic which is the energy (figure 8).

.- . o de Ko=_Po
K=_|&_q_(_zml+R1-@L’“*nl) e
' bnd _

K=K0(&nd+ R* ~ d* - n‘-l)
4nd  dnd 4d4nd  Und |

: E=K@.50,5r‘\°+_( Rl—---fll)" -, da

a0+ (K] - 2]
44 8
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Integraling fort nzR+d - n=R-d

s k)15l (ed)*)

4 d - 8d

~to o (el 1o () - L5l
y

f Ht-‘-_@aS Ko R +6.5Kod + “Ko fm (R‘HU ( R™ 4_‘) - 'Mf—ll‘(ﬂ Rd - 'M
4d. /| 84 gd 84

~0.5KoR + 0,5 Ko - o L hd )(Rl 4)*&&&0&“@1
! S qa /% #4003

E= Kod # Ko( JP-) [ n (R¥4)- muz-fag))f‘_é*'k"ak‘d,, il
| B AR . I

- K(&_i)( I (R4d) = Mad))wo\ostm
had

toadd  KolR-d)  KoeR-ked

E= Ko (n Jl) (o ()= o (o)) + 0.5 Ko R | whire o= Po
4d o S
formvlsa $rom. The Pom'l’ OUT Of CEhTEV RIS, TR IR

Now let's test the integration using'the excel spreadsheet. Using the formula
we calculate the value of E to Ko =1 R=50 d=30.
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Ex{ (502 30" | [ An(50-30)= In[50-30) ]+ 05xix50
\ Ux3 0 |

E=43,483192

Now let's use the excel spreadsheet.

K=koland+R>-d*-n*)
¢ B

E=ko(2ad+R>d>n?]. dy pl R-d £ 1L R+d

4nd

paka  SO-3LNLS50+30 20410480 dpzoS
, _

| This corresponds to 120 small pieces to be added (which is the integral
| concept).

erilrenaee G0 0= atleos

' Hunx 30

E= (600 +1600-2%)x0,5  E=307+300~05A>

1100 12041

‘The r values is the midpoint of each segment.

_E* al20a5)+ nlre35)+... t n(79.35)

E= 04948493{0% + 048482803 .., + ofoatscz\c:)ao
£E=23.483599332
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gLn2R-4

Let us now add to the constant stretch.
0L N£50-30

0L N£20

K=Keo

E =Ko,

N

E=4.2¢

E=20

Ere 4348359953

D

The value is very similar to the integrated formula, so it is correct.

Below is the excel spreadsheet.

-

£ |

1o

y E_| |n] ot O E S B |
20.25 ' 0.494843107 3525 0.292250296 50.25 0.173294983( 6525 0.080296137'
20.75 0.484826807 35.75 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
2275 0.448248626 3775 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
23.75 0431743421 38.75 0.260584677 | 5375 0.150072674‘ 68.75 0.060511364
24.25 0.423872423 3925 0.256309713 | 54.25 0.146846198° 69.25 0.057727888
24.75. 0.416235269 39.75 0.252089885 54.75 0.143640601 69.75 0.054954450
25.25 0.408818069 1025 0.247923137 55.25 0.140455317' 70.25 0.052190836
25.75 0.401608010 40.75 0.243807515 55.75 0.137289798, 70.75 0.049436837
26.25 0.394593254 4125 0.239741162 56.25 0.134143519 71.25 0.046692251
26.75 0.387762850 4175 0.235722305 56.75 0.131015969 7175 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
2825 0.368279867 1 4325 0.223934249 5825 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 7425 0.030411756
29.75 0.350131303| 4475 0.212517458 59.75 0,1125175735 7475 0.027727843
30.25 0.344344008 4525 0.208787983 60.25 0.109608402i 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 6175 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
3325 0311959586 4825 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
3425 0.301938869 49.25 0.180155457 - 64.25 0.086053016 79.25 0.003913644
34.75 0.297054856 49.75 0.176711683 6475 0.083168436  79.75 0.001302900

Total 23.483599330
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Disk formula

To deduce the disk formula, we have to be based on the formula from the
point out of center. Let's consider a very small thickness of the rim circumference
(dd), all of its points will have the distance d from the center (figure 9). After
integrating Eo in function of d, we will have the sum of all the little rim, that is,
the total energy of disk. This disk will have a constant power per area, thens =P/
AsinW/m

*
The formula of the point out.of center:
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£ gt () (bliod)- B ) +25R)
Ve 4d i

K=s.2 N k
Ve |
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e © @
n_mem fom (R} dd = 0,25 | R0 (R-4) dd = 025 Kl *hm M)
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 +015 K 1 (r-d) -olu\_ +oskRddd

Now let's do the integration Eo in function of d, it is a very laborious and
difficult integral, so we need to do it step by step, integrating the 5 terms
separately.

Tevm 4

5@,15‘(9.1% ( R‘*’f” dd weRed duzdd
m.SKR S Rmu _ M‘:'Ri@@ , _M:R | MR*FJ
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R+d
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-+ oaskil (Red)dnled)=(Red]) - 25k R* (R k- )
015 KR Rim(Red) +d In(Red) - R~ 4) - 025kp’ InR
kdagkh> - oL e ’

025 KR (Red) 025 KR L (Rl ) =054~ 0125k 224
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d ;
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025 K ({Red) o (R-d) = (R-d) ) - 0.25kR* (R nR~R)

025K R (R-d) In (R-d ) - 0,25 KR*(R~d) - 025K R* InR+ 0,25k B

0,25KRY o (R-d) = 0,25k p*d I (R-dl) - m&rﬁ”wwm
—015kR>InR 1—12.%5"&‘!?)’ ok =y p )

025KR* In(R-d) = 015 K 2 o (R-dl) — 025K R3 My R ¥025 KR

\ T mw)m e m d“ 44

Fo F nrwl a_of H\ € iIn l‘e 3? a l jx’lﬂmkd)(:‘}(%ﬂ( Qm x__ o
' 1

025K ( 4y (im Y )mm( ﬁ,;u__—f : )_,_ .
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M:Jcr d MR+ (—)_h =R meped

~0.25k (ped) Rm(R*’Cj) + onsk(n+d)3
IR A W

+oaskr (Red) o (Red) = oskR (Red)?
- 0askr® (o) Lo (red) + 025kR*( Red)
(2025 KR? In_+ 0ask R 4 02sKRAInR
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—025 K (Red] Ao (Rrl) , 025 (Red)”
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, -OQSKR"(RH) R+ci) + 0,25 KR (R+d)

025K R {nR - 05K R?' - OISR

e I SR

- 025k (Red)* I (Red] | 025K (Red)?
E o

£0,25KR (ped)* Mml-— 0A25 KR R+d)™

- 025 KR (Rad) Im(R+d) + 025K R (R¥d) + 025 KRP IR

-235kRY -
13

Resolving the polynomials (R + d)3, (R +d)?* and resolving this long algebraic
expression results in:

05Kl lred] (-8 d'ﬂ) +oask(Rd - Rd* ¢ dP)
3

> | A

\+@,15KR3 i Ty g IR

Tenm q S

j 0asKd¥m(R-4)dd- weh-d  dic-dd dd=-dy
R R e ek __".".d = RU\ R-M

b Udg e KRR
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f (Reon)? mw -oask [ amu o] Lunde
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o L Equel ta the Jorm 3 o . 7 C
|=oafK M?’Rmu_i_om K’ 4 025 KR R

weRd wsRoo MR mRed

025t (el nlred] |, o (el a5 9 ()
3 3

6 1smm~a\ - 0,25 KR® (ru (R-d) + 025K R R-d.)

0K RP AR +0a5KRY L oasKRREIMR -

 -05KRR= 015K R AInR +oa5 KR*R ) -,

~0a5k(R-d) L(R-d) ., eask (R-ol)' 2 025K RIR=4) A (R-d,)
= 3 9
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0226k RIR=4) - 025K R (Red) R (R-d) + 0.25 K R R-)

MR 0425 KR

4025k RO InR 05K R ~ 0a
3 | )

 4saskRdmER - 0askRY 0, SRR

-015 K ( R--Jla Rm.md} e :0.15 k (R-d )3 - 919: KR LR:_éU‘ZR(x_\___(_R:d)
3 s o

=0425K R(R-4)’= 025K R (R-d) o (R-d] + 025 KR {R-dk

025K B R —235KR> -,
-_ 13

Résolving the polynomials (R -d)3 (R-d)? and fesolving this long algebraic
. expression results in: |
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Term 5 .

0 .

_Adding the 5 ferms

E=task Jlm (m) (n R R & ) 1 R

roaskinR R LR ) - A
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f,gsf;;,e;k\ w—aw«!wa 0 r@.o\’-'& ~Rd L RAE 8 rd? )
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b 1n k() (2R3 RH+ 3) - 2T BAnR + o RAT

e aAlNe

?) \/c L

LA_; 5[{1(3‘*‘&13‘)---- 2 R?’R/\'\ R Rd ]

Fermulq. o[n The
m‘]’eyqal dlsk dLR

Now let's test the integration using the excel spreadsheet. Using the formula

- we calculate the value of Eto ws=1 R=50 d=30.

3Vc

E= 4 L o.5xknl50¢30) (2x

507+ 355 Ox’JU“ 30’ )

+ 0.5xdm (50-3 0)(1150 - 3x50%30 +30%)

= 2:x50%nm 50 + 50,30%]

E=42645%,2539

Now let's use the excel spreadsheet.

| :E&K(Rl-dl) (‘\.MMJ)-MR-MH o;skr%d)oi

4t

'f](l\’o\ jD =1 ThHh =13

V¢ V(,

AT =6 K=6

R=50 d=10 szo,z




This corresponds to 150 small pieces to be added (which is the integral

concept).

o= b (B0-

I (50 +d)- A (50-d ]+ 0.5bx5 Oxdh) 0.2

4

Eo=03(1500-4%( Un504d )~ (n(50-d])*30d

The d values is the midpoint of each segment.

)+ d(29.2)+... +d{04)

8 9+ 4554,819382 4., %

5999992

4619

The value is very similar to the integrated formula, so it is correct.

. Below is the excel spreadsheet.

|ld | Eo | lcll Fo  |1d b-Fe 1 |d] B |
299 1561906859 20.7 1168.411882 11.5 677.701266 2.3 137.902623
29.7 1554.819752 20.5 11585774651 11.3 666.336251 2.5 125.925886 -
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" 15 89.972995
28.9 1525.711548 19.7 1118.799638 10.5 620.655735 ‘ 1.3 77.982422
28.7 1518.249007 19.5 1108.747874 10.3 609.182608 * 1.1 65.989351 -
28.5 1510.714009 19.3 1098.654265 10.1 597.689124 : 0.9 53.994168 :
-28.3 1503.107401 19.1 1088.519343 9.9 586.175699 0.7 41.997256
28.1 1495.430020 18.9 1078.343637 9.7 574.642752 0.5 29.999000
279 1487.682693 18.7 1068.127671 95 563.090696 0.3 17.999784
27.7 1479.866235 18.5 1057.871966 93 551.519947 01 5.999992
27.5 1471.981449 18.3 1047.577040 9.1

539.930916 ToTa| F=126457.461900 .

26



273 1464029131 181  1037.243406 89 528324016

271  1456.010065 17.9 1026.871574 8.7 516.699656
26.9  1447.925025 17.7 1016.462051 8.5 505.058245
26.7  1439.774777 17.5 1006.015342 83 493.400192
26,5  1431.560077 17.3 995.531945 8.1 481.725902
263  1423.281671 1 985.012359 7.9 470.035781
26.1  1414.940298 16.9 974.457077 7.7 458.330234
25.9  1406.536689 16.7 963.866590 25 446.609664
25.7  1398.071563 . 16.5 953.241386 7.3 434.874474
25.5  1389.545635 16.3 942.581951 7.1 423.125064
253  1380.959609 16.1 931.888766 6.9 411.361836
251  1372.314184 15.9 921.162311 6.7 399.585188
249  1363.610049 15.7 910.403062 6.5 387.795520
247  1354.847888 15.5 899.611493 6.3 375.993229
'24.5  1346.028375 15.3 888.788076 6.1 364.178712

0243 1337.152179 15.1 877.933280 5.9 352.352365
241  1328.219962 14.9 867.047570 5.7 340.514584
239  1319.232378 14.7 856.13141C 55 328.665762
23.7  1310.190077 14.5 845.185261 5.3 316.806295
23.5 1301.093699 143  834.209583 5.1 304.936574
233 1291.943881 141 823.204833 4.9 293.056993
23.1  1282.741252 13.9 812.171463 4.7 281.167943
229 1273.486436  13.7 801.109927 4.5 269.269815
22.7  1264.180051 135 790.020675 4.3 257.363000
225 1254.822708 13.3 778.904154 4.1 245.447888
223  1245.415015 13.1 767.760810 39 233.524869
22.1  1235.957572 12.9 756.591086 3.7 221.594331
21.9  1226.450975 12.7 745.395425 3.5 209.656663
21.7 1216.895815 12.5 734.174267 3.3 197.712253
215  1207.292677 12.3 722.928048 31 185.761488
213 1197.642142 | 121 711.657205 2.9 173.804757
21.1  1187.944784 11.9 700.362173 27 161.842444
20.9 1178.201176 5 0 689.043383 25 149.874937

The disk formula was developed for when the orbit is outside the disk
. Now we must check the situation in which the orbit is inside the disk. We deduce
the formula for the part of the disk that is outside the orbit and then will add to
part of the disk that is equal to orbit. The steps are similar to the internal disk, we
start by calculating the energy within the orbit due to an external emitter point
(figure 10). '
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We cail oy k=P ’, Then: E= K.AN
! Ve - -
Po= Power of the poinf emitter

fm/_ 0L ns d-R K \QI‘I:”‘BE—. hegafivé (Cc\nceli)

patra d-R &N £ d+R K will be posmve(consndeﬂ
K PO XN K, KO)(Y\ K- KO[lnd“"‘& Al ﬂ )
Ve 4nd ‘

Now let is give a numerous example R=10 d=13 Ko=1 and a graph (figure
11),

k=4l 2xnxd3 + 0% 33— n*) K= 260 - A- 69
er\;{'.j : 51n

n K AR K

o5 l=xl3bly 1o 62832

1 1-0,84615¢4 121 04598654

A5 [~o.u413 462 )] 0441929

1 [~0,201923 {4]0,435989

45 |- 0,038846 1510423013

i L | 160409335

% 0,091346 131 9,695023

E |od3 8462 18] 0,080428

6 |0,4634b2 190064777

+ 19,4153824 20[0,049038

8 [0.4802838 21]0,03296%

9 0439483 22 0,0{6608

10 [0435000 2% 6
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The formula for K in-function of r was identical to the previous one (the point
out of center), then the integration will be the same, the interval will be
different, it will be from d-Rtod +R.

”Ef'.ko(o.ém( : f) Rmn sl ) L

BV, (a.s (den) 4 ( R=d2), A (d4r) - (de R)i) e
ot BRI -t R e
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tod + 0.5K0R - Ko ilmu n)\n~4’~) ______ Sod®

::-7- Ko 61 Q -\—\Km R

ir:"ekm;._(aéai)(m*Rs TalR))-tked
SEE e NN R

E_-_Ko(R ] cv)(um) I (-R)) R -05koR

‘EzKo( oll)(a,n(elm I (d-R)) + 05kaR | onde Kot

+wmula do- pw.To W IEFNg

Now let's test the integration using the excel spreadsheet. Using the formula
we calculate the value of E to Ko=1 R=50 d=65.

V'(‘_ |

=4[ 50% 657} [ m (65+50)- ﬂfn[cr-so)+<95,<4x5o

\ Uy b 5

E=144,486023183

Now let's use the excel spreadsheet,

E - K@(lncj-l-ﬂ d* l‘\) Jn

Gad

pl d-R & n<d4R IELALE - disd
I

M



This corresponds to 100 small pieces to be added (which is the integral
~ concept).

.E:{(lx-h,((ob'-l- 501-651-)1"-”({ Ez{1on-n"~4{325

HeNyb 5 . hon

The r values is the midpoint of each segment.

E:’\(45$5)+ n(fﬁa5)+*' o o f\(“%‘a‘)

E=0.012344913 +0,034440559 +.,.+0,0016341u5

" E=41.5872%8 61

The value is very similar to the integrated formula, so it is correct.

Below is the excel spreadsheet.

T T o R W
155 0.012344913 655 0.146785085
16,5 0.034440559 66.5 0.144462117
17.5 0.053571429 67.5 0.142094017
185 0.070218295 68.5 0.139682762
19.5 0.084763314 69.5 0.137230216
205 0.097514071 70.5 * 0.134738134
21.5 0.108720930 715 0.132208176
225 0.118589744 725 0.129641910
23.5 0.127291326 73.5 0.127040816
245 0.134968603 745 0.124406298
25.5 0.141742081 755 0.121739684
26.5 0.147714078 76.5 0.119042232
27.5 0.152972028 775 0.116315136
285 0.157591093 785 0.113559530
295 0.161636245 79.5 0.110776488
30.5 0.165163934 80.5 0.107967033
315 0.168223443 81.5 0.105132138
325 0.170857988 82.5 0.102272727
335 0.173105626 83.5 0.099389682
34.5 0.175000000 84.5 0.096483842
35.5 0.176570964 85.5 0.093556005
36.5 0.177845100 . 86.5 0.090606936
37.5 0.178846154 87.5 0.087637363
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385 0.179595405 88.5 0.084647979

39.5 0.180111977 89.5 0.081639450
40.5 0180413105 905 0.078612410
41.5 0.180514365 91.5 0.075567465 :
42.5 0.180429864 92.5 0.072505198
435 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
475 0.177631579 97.5 0.056952663
485 0.176665345 98.5 0.053797345
495 0.175582751 99.5 0.050628141

50.5 0.174390708 100.5 0.047445465
515 0173095594 1015 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 1105 0.014958232
61.5 0.155581614 111.5 0.011650569
62.5 0.153461538 112.5 0.008333333
63.5 0.151287099 1135 0.005006777
64.5 0.149060823 1145 0.001671145

Tetal: 11487278610

We now deduce the energy that the outside disk to orbit radiates inside of
the orbit, we will use the same previous procedures (figure 12).

E= Kof R=d>) (R (d+R)=Fm [d=R) ) + 0.5 ko R
\ 4d / _ ~ onde k=P

| Ve
E-P -//a"-J?-) I (a4 RY - I (d-R) ]+ 0,5 R )
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P:HA.A P-‘ Aal‘n (ﬂ!ﬂld

Eo=natd.dd [[R- o\"\(im(mcﬂ MAQRS)M.SR
Ve \ ud

kz st
Y

o KA/ R 41 (Lo fred]- T (&) Jrosk Jda

W ad |
Fox k(R4 (i (Red V-4 [d-R]T+ 05 kR ]
' q
Eo={onskR™- 025Kd*){{n(Red)-In(d-R)]+ 05k R d ) dy
0] @) |
Fozo0askp* mlned)dd - 0.15KR2'9,“(c1~RHd
@) ®

3 L)
~ 025 Kd*lm [Red)dd + 0,25 K d¥ U (d-p) dd + 05 KRddd
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|
" ! . :
The terms 1,3 and 5 are identical, the integral will be the same, the integration

interval is different from Rto d.

e LT T e L e i
inTervalo R al¢ dA______i____nIeSmg&_sz. : Jd-fe‘"h ST R
ChaRadopl A0 o WER Tweaw o oL o o
\0 25.K R Ao sa- 1)

025k R {(Red) I (Red - (Red)) - 025 K R¥ a0 Rmap-20) -,

025K R R A (Rtd) #dn(Red)-R-d ) -asK Ry 2R + 05K R,

025K R (Red) + 0,25 KR (Rrd) - 025KR= 025 KR
025K € (Rtd) + 025 K R7 U [Red) — 0,25 K £ - 0.5k Rl

!

- ¢ Term 2

: 5‘;___@15, Kok (dn)dd  uzd-R_ du=d

R ‘..,,,,v____.__,f;____d,,,, = ‘
| f-O._j.SAKxRTLV\ i s ekt sl

L oddsdu

MER-R M0
M=d-R




| =0.254KR™ ( QmM M)

ff_f?"é;fiék ti?(( 1-R) o (d-R)-(4- a))-’-ozsfff___Lff";f"_.f.1' 0=0) ) 1,

025 KR (d A (d-R) = R m(d-R) -d % R) ",

—025 KR In [d-R ) 0,25 K R (- R)NbKR d
- ~0,25K R

i
j,;

. | o Term 3
Interval fram R to d, m"eqrchuon a|ready done
MR+clbIJ.R M= R+R m=2R
 mzR+d nl d=d m:R+d

Rd

l\'°1’KM1’“M+_;.L_K_0 Skud Lo 15KRM1RMM—042.5KRML
3

1R .

: - 0,25 K R RmM-l—_Q.iS kRS .

(R+d) part has been made, making only the part of 2R

025K g R n1R - 025K 3R’ 025K RUR A LR + 0425 RHUR™

k. -
+0,25k R*2R {m2R = 0,25k R*2.R .,
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2KRAnIR - 2KR - KR*Im2R + 0,5k R+ 05 KR In2R-0.5 KR,
| il 9 ,.

KRR _akp?
6 %

Adding to the term already done before.

_6.15KMIR+AV R’"’ «lﬂkaﬂ%’“&ﬁd Rd™, clﬂ)__;
3 ) LA 3 b 9

#KR?’gmzR

jo 25K o>k (d- RMA zwei-ﬂ du=dd  dd=dn

i -
0 15 KRS (»\H- R e M\xJM u 0.13 KS{(M"-H.MR*' R \ im u Jv\
a5 KR) (T R ) cLu e
fotmula of | nTa3 _mi Jx Slm xdy= ™ ( In 4)

A (m-H)

N «fi ( (M - ) +_§R.M?( R 14 _‘J_)+‘Rl(gimu~u):,

L1



d-R

_OISKM}kmAA_OlGKM ;oasKR %nu-—o-nsKRu

9, +0 15 kR M Lois— 025 K R M o

'__u=dfﬂmmp[mi?&“M=R“R _M=O."mmuw
"Mz d-R P/ d=d u—dan

oast (4o Lo ld-a] - sask R + ok R (-~ b (4-R)

=015 KR [d-R) "+ 025K R*(d-R) L (d-R)= 0,25 K &(d-R) -,

Resolving the polynomials (R - d)? (R-d)? and resolving this long algebraic
expression results in;

T T |

-omg(d’* il An_ RS;RJL Amk%m e
cAe Ty TR e

' dr +d Rt RB.{ RA*2d R+ R*+ R - R)

Hmtdre)( _._,n_'_o;sk(dudla d _,Mrz3)
,, e LY e T

1 |
|| RS e i ot R TRl S TS

0a8KRd*- 05K ART  sask(Rd*-RY)
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-Addi"03 the 5 terms

025 K In(der) (RE g2 -2 _ I3

3 .3}

025K I (d-R) (=R 4@ - R3]

2 0

+0.5 k In2R ("Rzﬁ'%‘f

4025 K [—RPd+R+RA-R-5R 4 R Rd?, - d°. 4%k - dp?
g 3 o N T 3

, -ILHR3+R0\ R]

18

0\-15Ksz(4+R)(§§3+Rld'c§3)-+a;zSK (- w{m -Rd 4%

U_KR?’QM-Q_R $_o,-15’|g {*'Z'Ri*l‘; Rciz\ o
) e

05k Ly (d+r] (2R3+3R% - 4°) + oask gm (d-r] (2R354 + )

- 025K 4R 2R 4 a5k (-2R+2rd?) ¢,
3 3 ‘

_K=p2W , onsK = 02582 o, 025K = 0,5TA
| | Ve 3 3 V¢ 3 IV
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Now let's test the integration using the excel spreadsheet. Using the

formula we calculate the value of E to ms=1 R=50 d=65.
3Vc

E= {[05%((,!‘4*30)(1,‘ 01‘3:(?0\((:" 6”’)

+0,5 {m [ 65-50) {2,507 = 150565 +653) = 2450° Im 2450

- 507+ 5065 ]

E=83180,864 52

Now let's use the excel spreédsheet.

y K(Rl-&l)((_%nlﬂ-+e\\-% d-R)) 05 KR d | dd

;nar& TTJ) =1 A =% halliadb. el

& W V(. Sl i

R=50  d=65  dd=od

- This corresponds to 150 small pieces to be added (which is the integral
concept).

Eo=6(50 - dT)({In(50+d)-fm [d-50) + 0,546x5 0xd | 0.1
| 4

Eo= 045 las 00-'011)M(SO-P(“'L?\(_(LSO))‘!’ i5 o\‘




The d values is the midpoint of each segment.

CE=345.0u69%7F + FAREAUE QY 4, . . +4u8Uyq3 415

_E=83180,45530

¥ %

The value is very similar to the integrated formula, so it is correct.

Below is the excel spreadsheet.

|3 & | Jd b B § Id) B P ld] 5 ]
'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 54.25  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
5075 7057078871 5455  594.5838518 58.35 527.4151598 62.15  477.9840703
50.85 701.3364312! 5465 592.4665699 5845  525.9342434 62.25 476.8436984
50.95  697.1290107 5475  590.3736405 58.55  524.4648056 62.35  475.7102622.
51.05  693.0672631 54.85 588.3044440 58.65 523.0066701 6245  474.5836831
51.15  689.1363711 54.95 586.2583873 58.75  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
5145  678.0162316 55.25  580.2534936 59.05 517.2837734 62.85  470.1444134
51.55  674.5044146 55.35 5782945457 . 5915 515.8796519 62.95  469.0509882
51.65 671.0783683 55.45  576.3561200 5925 514.4858615 63.05 467.9639766
5175  667.7323992. 5555 5744377533  59.35 .513.1022536 63.15  466.8833091
51.85  664.4614758 55.65  572.5389999 59.45 511.7286830 63.25 465.8089173
51.95  661.2611201 55.75  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 63.55 462.6227301
52.25  652.0452954 56.05 565.1317702 59.85  506.3319837 63.65 461.5727805
52.35  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
5255  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
5275 637.7889807! 5655  556.2668587 60.35  499.7958364 64.15 456.4110728
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52.85  635.0814904  56.65 554.5429865 6045 498.5153362 64.25  455.3959202

5295  632.4173428 56.75 552.8347532! 60.55  497.2434745' 64.35  454.3863621
53.05 629.7948517 56.85  551.1418652 60.65  495.9801398 64.45  453.3823422
53.15  627.2124450 56.95  549.4640380 60.75  494.7252230 64.55  452.3838053
53.25 624.6686529 57.05 547.8009959 60.85 493.4786172 64.65 451.3906969
53.35  622.1620990 57.15  546.1524715 60.95  492.2402175 64.75  450.4029636
5345 619.6914915 57.25 5445182052 61.05  491.0099214 64.85  449.4205524

53.55  617.2556160 5735  542.8979454 61.15  489.7876282 64.95 448.4434115

53.65  614.8533286 5745 5412914474 6125 4885732393 lotal E= 83380.4553000
5375  612.4835504 57.55  539.6984738  61.35  487.3666579

Now let's add up the two formulas for d = R and the outside part (figure 13).

forrnula Of'the
_ostide pert

S fotmoly Serden,
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| E=1n Lo b (deR) (203430 -45)4 05 Inld-R) o238+ |

Eein L5t R) 5 (o(0) 2R R+ ]

'!)Vc.

Adding the two formulas.

W |
1R aRRdE] 9k formula gor daR -

The formula for d> R is practically the same formula for the internal disk (d<R)
In differing only in item In(R-d) and In (d-R). If to make the formula of the internal
disk In (IR-dl), it becomes a unique formula.

s Lo e llae ) el il |

Ve

LR 3R + )= 20 IR +R 42

dis K fokmuﬁq
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Sphere formula

The formula of the sphere will be deducted similar to the disk formula. Let us
consider a hollow sphere of a very small thickness (dd), all points on it will have
the distance d from the center (figure 14). After integrating Eo in function of d, we
will have the sum of all small hollow spheres, that is, the total energy of the

sphere. The sphere will have the constant power of the volume, S=P / Vol § in
W/ md.

~ The formula from the point out of center:

> Ko R=d | (L (Red )= Gn (2-d]) FoskoR Koo F
4d ) Ve

R ’*) Ualmed]- 1 (r-d]+o05R

‘ ‘ _—otbit
S T _~—sphere
/fé’(/\\\C\\
o e
L% P
lf;if}a 14

\\J/

PegVel  Posy Mdxdd
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o= sxurrdxddfla FRlENCIYIE K/n(rzd)h-oas&)
e Ul 4d /

) K': Sx"in'
Ve

o k[ Tl (T asaldi
W\ 44 )

Eox k(R0 (Tl Red ] Im[R-d] ¥ 05k 4] 4
H

Eo:(o,zskdﬂl- 0.),5Ko|5)((%(&1‘*4)“%(%4”*-0.5 RKJLJ dd
@ Q) a2k
Eoz025KdR In(Red)dd - a5k d 0 dmlR-d] dd
- 025 Kd dm{Red)dd + 025K P Tm(R-d) + 0,58 K J2dd

Now let's do the integration of Eo in function of d, it is a very laborious and

difficult integral, so we need to do it step by step, integrating the 5 terms
separately.

il 3 o A

801,«0\ R 0w Red)dd  wened dusdd

oA edlda o oaskflct) bk
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as K (fp = L) luboaca))
0.15_KR_’7(A«’~9/W W T e +Ru) i)

SO R o - R R OV o i
Red

\ \o.ns KR dm 4 = 0.0026 K R a>- 025K R Imh + 025 KR

i_ﬁ&;ﬂﬂl, P! dzo M=R+o A=R
pl d=d  u- Rfd

,ousKR (Rfi Q+4)-0052JKR R+d)
'015KR]’(R*3)Q/“(R+(1}+015KR (R+d)

(ou.aerzxtzxﬂmn—ooez,k‘n R2= 025 KRAR ImR
-+ 015 K.R%R

(o125 K RY+ 0,25 K ¥ + 025K R4 L (Red) - 00625 K RH
~0425 KR - 0,0625 KR2d + (- 005KR"- 0,05k R'd ) mRsd)
+ 025K R4+ 025K RYd - 0.025K R4 R +0,0625KR Y+ 0.25KR* ImR
~ 0,15 KRH

m(red) (So2skR4+ 0,005 k024 ) +as KR Am R
St 005 KR D - 0,0625KRMd*




Texm 2 e ok SRl
S— 025K d R Iw (R- A)dd w=R-d duz-dd dds-dw
‘ o cdueR dERem

~o.lswjmu.-da o 0asKRY | (Rew) mmida
0.15 KRLJ_RQ/n'u‘ wnn du

o.stR( (MRM u) (hf‘ _;_n R
| 015kR"(Ruﬂmq R -u_%mﬁ_+%)

R-d
025K R3u nig = 025 k R2u = 0425 K RPa* by a4 0,0 025 KR™A

B - ' |
w=R-d  pf d=0 wsR-0 m=R pl d:d wepd

0.5k cl)ﬁm R-d) - 025 K2 (R-d) -0, ufKR (R-d) 4m [ R-4)
$+00625KR*(R-d])* = elrkpﬁnimn 6,256 KR — 0,025 KR2R* ImR
Y00025KNR Rl) B

025K RY LolR-d) - 025 KR A Am(R-d) 025 KR FO2E KR
045K R4 (R=d] + 625K R n (R-d) = 0,125 KR¥*Im (R-d)

+0,0005KRY-0,025KR* 40,0625 K R* - oerR“QmRM 1or\RL‘
poab KR mR~0nbaskeRd 2, - - o e

025K R (R-d) +o.125 KR} = 0,015 K 2% (R-d) +0,0625KRZA™
‘1;.'.9;-;1_%,5 KR R
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Qo (R-d) Lout25 K RY -0, usm%l )- 025 KR4 dm R *o25kR'd
-t-o 0625 KR*A™

5 0.1 5 K 4 > Qm Wﬂ” dJ i e R,*& cdwsdd

sk flilloade
k(e s
RN TS M SO A
s ) 3Rl L) 300 1)

=0, 15K

Red

-oanomM”ﬂmM 00615“ Ruwmu+ RM +1oRMlQmM
R 3

-0?5R u"-RuQm/u-i- R M

ool gl deo somse wt pf bl ackod

"‘015\’\(01; R+d) thmcl) 00615(R+d)q-‘R fcﬂ Mmd}
R+<l b b iR (Red)Emlned) - 0,35 RE(Red) - KRHllﬂlew\]
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3 oo

-025K (0,15 R4 I (R¥d] + R3 T (Red] & 15 120 Hon (Rtd) + RdP {44y
+0,05 4" InlR#d ) - 00625 R4 - 0,250 - 0,335 R} *= 025 Rd 3
~0.0625d 4= R0 (R+d )= 3R U [Red) = 3R Doy (Red | = R 3T Rt
+L“ s R e RMT 4 R + s n‘*ﬂm(md\ﬂa”cl I R+d]

3
+15RHm A+d) - 035 RU- 45 R3d - 03522~ [  Rtdl]
=~ R¥M AnlR+d) + R4 + R3- OlaRqﬂmR+00L25Rq+RquR
-R“-ifre“lnﬂwbn“'m"‘%ﬂ R”)

~0.15K (<025 R In(Red ) +0.25d“ b (Rd) + 0.25 R
~025 R >+ RO - 0.0625d4 +0.25R dm R )
£

=0.15K [ I (R+d) (- 0250% + 0.5 44) + 0,250 b R +0.25R%)
—0425 R*d* + Rd>- 0.0625d4 )
{1

In(Red) (eobsk R4- 00625k d4) < 00625k R IR
-0,0625KR>d +0.03125KR2 . kR 4 kd4
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foaskdinle-d)dd T”"’""—;i‘:*ﬂﬁa ‘1*;\2',3_1 o —
05K { (ko) I ati=

0,15 Kg (R 3% F3 - w2 ) fon e

| _o.lgkj(ﬂ’sq,m_,, o TR S (o oo
035K (st =3 "R I+ b1t R - R‘R@M)\»«EM

'_o.zsk(u“ (M ...i_) i w(m -L) 5% Rfm" (L\_kt .-1_)

4o b a5 Z A,
-R.WuﬁmWM))
R-d )
015K

0,15 i L ~ 0.0625 4 - Ru‘flmu + R4 45 RIMIQ/“M
3 |

=035 R RO A + R!'_w._

weRd pl dio weR o plded weRed

0.15‘K(@.15(R-d)“9m(R*J]-o;oﬁls(ll-cl)"' = R(Rd\;i/nl[{-_o\) .
RER-A)’ + 15 R A-d)Im (R-d) =035 R*(R-d) = R3 (R-d) Im (R~}
R R-d) = loas R4l p - 00625 R4~ 1 I R+ R

3
HLSRIR mR - 0,35 RPR*= R* R Ink + PR} ) -,
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025 K {0,258 I (R-d) - R¥d Ln(R-d) + 4.5 R2d* b (- d)
R (R-d) + 02544 Ly (R-d ) - 006254+ 0,25 RIA
~0,315R d 4+ 025R A% - 0,0625d4 = R4{m (R-d ) + 31 bn (R-d)
=R (R-d) + RAFm L R4 +Bj‘ Rl et M

+15 R4 lRr-4) =3 R4 L (R- al\Hsnlo\ lw\R-d) - qun*
+45R - 015 R* ¥ - R4 I (R-d) + R3d U (R-4) 4 RY
~R3 =025 R4 IR +0,0625 RY + R4UmR - RY = 1.5 R4UnR
3
+o?5ﬂ“+ﬂ“%&-ﬂ‘*)

msk( 0,25 R fm | R-A)ersdwm \R-d) - 025 R}

_0125[)‘1‘1)' RC‘.’-’~00615JL‘+01FR“QMR)
AL

I (R-d) (- 0.0 625K R 40,0625 Kd¥) +0.0625 KR“Um R
—0,0625KR°d - 0,03425 KR*d2 - KR} = K4
4

S’.@.smcl?d; el e
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5 ..‘..A,_,,,W,Addi’ng the 5§ ferms

Al (R-4) (0,0625 KR4~0.125 KR2d > +0,0625 K d¥ ) |
HosKRUd4on5KRD o,

Anlned) -ogusk R +o05 kpHE- 00025 kd)

E-ousm [ I (Red) (= 05 R4+ RH = 054 Y)

) (s AR ] o,
‘ Ve

E=TS (o5 dmlred) (-RO42R A 44) |
A

tostalp-d) (K20 40 o] |

.F'ovmu’la o]t the ‘internal SPL\E?E,CI.Z.:R_, |

t

Now let's test the integratioh using the excel spreadsheet. Using the formula
we calculate the value of E to ms=1 R=50 d=30.

2Vc

E= 1L 05 dm{s0+10)[~50" 2050530 30%)
!,

' , ) W
+ 0.5 & (50230) [ 504- 24505305 +30%)] +50530 + 50430
- E=332564318 = it

52



Now let's use the excel spreadsheet.

Foz Kd(RE 4] ((Im(Red]-Am(R-d)) +0.5R K d2) dd

.

T(S -1 TTS A (:8

Pum sum - §
Ve

1\/(, VC

R=50 d=30 did=02

This corresponds to 150 small pieces to be added (which is the integral
concept).

Fo = 8ud (50% Ai)((RM(SO +J)“an (50-d)) + 05,5 085 0.2

q ;

Eo=04d(2500-d (In{50+d])- In(50-4))+ 40d>

The d values is the midpoint of each segment.

l: d(299) +d(293) +eotd (o)

E-622068020{0 +6{1520.96219+,,.+0.8

E=33255{4,{4 %

|

The value is very similar to the integrated formula, so it is correct.

Below is the excel spreadsheet.

Wl B R B Cd g

299  62268.02010° 223 37030.33978 14.7 16780.17563 7.1 4005.58394
29.7 61570.86219 22.1 36419.54979 145 16340.24839 6.9 3784.52889
295 60874.46006 21.9 35812.36843 .+ 14.3 15905.59606 6.7 3569.62768
293 60178.91078 217 35208.85226 14.1 15476.25085 6.5: 3360.89451
29.1 59484.30994 215 34609.05675 13.9 15052.24445 6.3 3158.34312
289 58790.75166 213 34013.03683 ; 13.7 14633.60801 6.1 2961.98686
28.7 58098.32868 213 33420.84660 135 14220.37215 59 2771.83860

|

23



28.5
28.3
28.1
27.9
P 6
27.5
27.3
271
26.9
26.7
26.5
26.3
26.1
25.9
25.7
25.5
25.3
25.1
24.9
24.7
24.5
243
24.1
23.9
23.7
23.5
233
23.1
22.9
22.7
22.5

57407.13233 209 3283253943 133  13812.56700 57  2587.91084

56717.25259 207 32248.16794 131 13410.22214 5.5 2410.21559
56028.77810 20.5  31667.78404 129  13013.36669 53 2238.76448
55341.79619 203 3109143890 . 127  12622.02920 5.1 2073.56870
54656.39294 20.1  30519.18298 12.5  12236.23778 4.9 1914.63902
5397265314  19.9  29951.06604 123 11856.01999; 4.7 1761.98577
5329066038  19.7 29387.13717 121  11481.40291 4.5 1615.61889:
52610.49701 19.5  28827.44472 119 1111241314 4.3 . 1475.54787
51932.24424 19.3 2827203641 117  10749.07677, 4.1 1341.78179
5125598206  19.1 2772095926  11.5  10391.41941] 3.9 1214.32932
50581.78938 189  27174.25964 11.3  10039.46619 3.7 1093.19870
49909.74393 18.7  26631.98326 111 9693.24174 3.5 978.39776
49239.92238 18.5  26094.17516 10.9 9352.77023 33 869.93391
48572.40031 | 183  25560.87977 10.7 9018.07534 31 767.81415
47907.25222 | 18.1  25032.14085 10.5  8689.18029 .29 672.04506
47244.55157  ~ 17.9  24508.00156 | 10.3 8366.10782 37 582.63280
46584.37081 17.7  23988.50441 10.1 8048.88020 2.5 499.58312
45926.78135:  17.5  23473.69130 9.9  7737.51923 | 23 42290138
45271.85363 | 17.3  22963.60353 9.7 7432.04625 | 2.1 352.59248
44619.65710  17.1  22458.28178 9.5 713248215 | 1.9 288.66095
43970.26024 | 16.9  21957.76613 9.3 6838.84734 ! 1.7 231.11089
4332373059 | 16.7  21462.09607 21 6551.16178 | 15 179.94599
42680.13477 16.5  20971.31050 8.9 6269.44499 1.3 135.16953
42039.53845 16.3  20485.44773 8.7 5993.71601 1.1 96.78438
41402.00642 16.1  20004.54551. 8.5 5723.99345 0.9 64.79300
40767.602571 159  19528.64098 83  5460.29546 @ 0.7 39.19744
40136.38990 157  19057.77076 8.1 5202.63974 0.5 19.99933
39508.43056 155  18591.97086. 7.9 4951.04356 0.3 7.19991
38883.78585 153  18131.27676 7.7 4705.52374 0.1 0.80000
38262.51620 15.1  17675.72336 75  4466.09664 ToTalE=3325514.14200
3764468125 149 = 17225.34505 73 4232.77821 "

Just as it occurred with the disk, we will do with the sphere, we must check the

situation in which the orbit is inside the sphere. We deduce the formula for part
of the sphere which is outside the orbit and then will add to the part of the
sphere is equal to the orbit. The steps will be similar to the internal sphere (figure
15).

Below is the formula of the external point:




ExKo/R> & (A ldr)~In{d=R))+ 0.5 Ko R

: \ 44 j ondé Ko‘-‘;J
E=P ({4} {{n(dsn]- Rm d-r)) +0.5R ) :
Ve \ ad )

L //Xj:i?

7{‘/< il . Y

i \
)

NN 7
E \\\\\ /////

: iq. |

T f19.15

P=S.Vo|  P=s5.4Tdidd

& 25 a2 dd[{ Q= d ) (An(d4R)- Ln(d-r)) +05R)

Ve  \\ 4d /

K=S.4if
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_Eozkd (u’“-ol"J((Q,“(clw)-%“(d-n))w.sn Kd¥)dd

L{

Eo=(0.25kdR™ 0,15k &) ([An (d+R)~ In(d-R]]+ s RK 47] d4
@

) |
Eo=025Kd R AnldeR) dd ~ o, 1deRlﬂm (d-R ) dd

©

O
= 0.15Kd> bn [d+R) dd +O’l:>|(c13Qm(d-“ Jdd + 05 RKA 4

The terms 1,3 and 5 are identical, the integral will be the same, the integration
interval is different from R to d.

_ TC.\.’m!1 L A= L LI T
Interval from R to infegration already done
R+d , - )
IQ.U.E KR 1t = 0,0625 K R2 4= O,ISKRBM le__u"i' 0,25 K.R)JM
Al .

- m=R+d  p/ d: R Ww=R+R M=2R
pld=d u=n+d

0,125 KR*(R+d)* I (Red) - 00625 k R*(R+d) = 0,25 Kk R*(Red) | R1h)
0.5k R¥(R+d) ~ (0425 KR*4 R¥In 2R = 0,0625K R*UR*
=“0,15KR* 2R n2k + 0.15KR°2R J

{0425 K RY +0,25K R%d +0,006 K R4 fn (Red) ~0.0 625 KRY

=025k R*d~ 06,0025 K R* > + (- 015K RY- 0,25 K R*c) I (R+4)

+015KR°‘+0HKR5J o"KQ*leR +0,15KRY + 0,5K R4 fm 2R |
SKRU



InlRed) (-o425 K 40,025k 14 2)- 00625 KR+ 0.425KR
- 00615 KRN

 Terwm 2

gf_;éf.lsK'c_ﬂ_l____riﬁ?_%(__d?rx)dc\ Cwzd-n duzdd

| -o.-).sw_gwuw
-0.25K R S(Rv\mu-b u \

ask{afubes “)““”"%-“'ﬂ}

025 KR} Ru - Rt it u’-\ SN
Ry

R
{—-OISKRM RmM-t' Q, 15K R?’M oanR M QMM +00615KR1 3
a:d-Rpl d:=R f uwzR-R _.u:O,P_ld:d wzd-R

-0.25km3(d-R) Intd- R)+015KR” d-R) - 0425 K R*(d-R) fon (d-R)
Y0065 KRM(d-R)*

= 015K R In(d-R) + 025K R4 [d-R) + 0,25 K R* - 015K RY
—0,425k R¥ n (d-A) 40215 KR*A Un (d-R )= 025K R4 Ln(d=R)
10,0625k R* = 0415k R¥d + 0,025 K RY
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I (d-R) {0,025 KR4~ 0,425 k R%d? )- 01835k D."‘_«i— 0,425KR'd
+0,0625KR*Y |

Tev& 3‘m_  el
Interval from R to d, infegration already done
R+d ‘

025K | 025 4 bt~ 0,0625 44 = RACIman + Ru? 4 (5 R4 m it
£

0,35 R T = R0 Iman + Ry

beRed pl =R MsRR AR pldsk mmRed

‘-6.15__k(o.1.5(f1_+o\)“9,n(Rw\‘)—_c..o615(R+¢\)“_.~R(RMP_NWd\) il

AR 1 5R (R I (red) = 03503 (Red) b= 2 (e d) (Rt )
3

RU(Red) - (02500 Inar -0, 065 00" BRI
+ B8R 4 LGRTAR 2R - 035 R™ YR - RP2R AmaR + RHR))

w
<®

~025K (0250 In(rd) + ¥d dml Rtd ) + 153 Im{R+ ) ‘
R AMm Red ] +0.25d4 In(Rtd) - 00625 RY- 02503 d-0:3¥5 R¥d?
~025Rd*~0,0635d4~ R4%m (R+d) - 1R3d dm (R+d)
3R (R4 - R (R+d) + RY . 3+ RE4Z 4 R
3 3
A5 R U (Red) +3R3 Un (Red) +1.6R2d e (R4 d)=0,35 RY
=15 R%d - 0.35R 2= R4 (R+d | = p3d Un(R4d) +R4 + R34
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-HRL‘\LV\IR*—RQ*'BR”QMIR JRY — bR*Im2R +3RY
, 7

$1R% ImiR -2 RY) .

—0.5K ( In(rtd) (025 R+ 0,25 d4)- 3 RY 4 0,25 R3d
‘ 4R
~0,428 R¥d %+ R4 o.oe:gsd-"‘)
41 |

i.!l/n(__t{+o\)(0.oe*_z_s KR4-0,0025kd") + 3KRY —0,0625 KR®A

+003sKRM - KRS ¢ k44

CTevwn 4

5 025K Uald-RIdd m=d-r 7ciu T
0 iﬂg (Rem) Umuda ]

025 g (Rt 3Rten’ nada

S(RQA\U\“‘ 3R MQMAL‘\-'SRM Qmu + M Qm )Glﬁ\.;..___ &

- m ST, MPSTEA N P
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O,ISK(u"(lM 2 _i.) + 3R MB( M
i 4 A

+Rﬂu%m—u0‘n
e T
025K |05 w4 nu—0,0625 u4+ Ru*Imm = R 4 45 R A iy,

| 0
=035 Rl + RBMM N~ P}N\* L A N TR T
Wmaﬂaﬁf@mmEQQN#LEJR.

015K(015 (d-R)“ 0 (d-R) = 0,0625(d-R)" +R(d- R ) Inld-R)
-R(d-R}® + 1.5 R (d R)2 n (d-R) = 0.35R*(d-R )2 +R? [d=R) Im (d-R)
-r3(d-r}) ) R R i

othwvuua)ﬁauaRhnaﬁhan)

=R In(d-R) + 0.5 R4Um(d-R) - 0.0625 4% + 0,25 43R - 0,335 4*R*
+0,25d R - 00625 R + Rd¥ lny (d-R) - 34 2R Um(d -R ]
+3d R m (d-R) = R*Im (d-R) - Mhd’-n e +£_ ,

45 R ) (d- ]—HRBMM)HSR“MCLJ oasnu\’
+45dR? = 0,35 R4+ R* U [d-R) - R40y (d-R) = R34 =Y

:015K(Q,“((1— )(ozsd“-ozsn )~ 0062544 - J5R S
~0425d*R =025 dR>+ 25RY ) o
48
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Vald-) (00625 kd =0w0625KRY) - Kd4 -KdR
64 4§
~0,03125 Kd*R* - 0,0 625kdR” + 25KR%
| 191

Tevm g~

SO.SKRJ”JA o.sKR[dido\.‘. 0.5 'igg_”d"’%'_' .

l kRdd .~ KR4 - kR o ﬂ(oﬂn”)

R

. Adding ihe B terme

U (R*d) (00625 k R+ 0,135k R2A*~ 0.0 625 k4 4] i
Im(d=R) (0.0625K R +0,425K R¥A>+ 0,0625 kd 4] — 0,25 KRY
+oA1Sk R +o25kRd?

E=o415k | bn(R¥d) FosRI4RM- 0,54) .
I (d-R) (0, 5RY - R A +0,5d4) —2RY + R +Rd? |

el
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| E:ﬂv‘s Lo Im(Red)(-R" #2024 dY)
o v %(_A-R)(Rf'—zéll Brdf) =R R R

i Formu a 0{. the PurT sphere, ovtside

Now let's test the integration using the excel spreadsheet. Using the formula

we calculate the value of E to ws=1 R=50 d= 65
2Vc

N EXINY: ilf'“fgc)ﬁrblS)(-50“4-2‘;&'();%;(>,'5l~ 654) .
0,58 (65-50) (504- 24505652+ 654) = 245 0"+ 5065+ 5065
F=6325%51,608

- Now let's use the excel spreadsheet.

Eo=kd (R=d2)((Im(d +R)-Im(d-R)|+0.5R K d*) dd

4

pate 5 =1 1S =2 SHT =8 K=%

2Ve Ve Ve

f =50 &:65_ dd =0,

This corresponds to 150 small pieces to be added (which is the integral

concept).

Fos 8d (50 d%)({ Qm((l*Sf?)_'Q/ﬂ(d“5@l)+0afx5cx3xdl)oa‘1

-—-~..I:L"r

Eo= 0.2d 2500-41)( I [des0) - In(d-50)) +20d>
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The d values is the midpoint of each segment.

E=dlouas)+ d(gu.85) +. ..+ dl50.05)

E=38815,19943 +38859.892{+, .., +497{9,40959

E=6325%26,790

The value is very similar to the integrated formula, so it is correct.

Below is the excel spreadsheet.

|d | B | |d | Eo | [d ] Eo | |d | Eo |
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: 5345  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
64.55 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
64.35 38986.34987 60.55 ffl()lf#'l.IZE';lé?,JL 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 5235  45306.53970
63.65 39172.14331 59.85  40405.29230 56.05 42234.18096 52.25  45425.82225
63.55  39199.56600 59.75 40444.12111 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 55.15 42419.01770 i 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 5175 46073.53555
63.05  39340.17163 59.25  40644.38306 5545  42611.92914 51.65 46214.93030
62.95 39369.01294 59.15 40685.70855 55.35 42678.13748 51.55 4636093677
62.85 39398.10184 59.05 40727.47576 55.25  42745.34070 5145  46511.91349
62.75 39427.44168 58.95 40769.69252 55.15 42813.56602 51.35 46668.27072
62.65  39457.03587 58.85  40812.3668% . 55.05  42882.84185 51.25  46830.48217
62.55  39486.88791 58.75  40855.50708 5495 42953.19784°  .51.15  46999.10051
62.45 39517.00134 58.65  40899.17160 54.85  43024.66500 51.05 47174.77838
62.35 39547.37979 58.55 40943.21916 54.75 43097.27576 50.95 47358.29746
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6225  39578.02696  58.45
62.15 39608.94662  58.35
62.05  39640.14262  58.25
61.95 39671.61889  58.15
61.85 39703.37943  58.05
6175 39735.42834  57.95
61.65 39767.76981  57.85
6155  39800.40809  57.75
6145 39833.34754  57.65
6135  39866.59262  57.55
6125  39900.14788  57.45

40987.80870
41032.89943
41078.50081
41124.62257
41171.27472
41218.46756

41266.21171
41314.51809
41363.39795 |

41412.86289

41462.92487

54.65
54.55
54.45
54.35
54.25
54.15
54.05
53.95
53.85
53.75
53.65

43171.06406
43246.06549
43322.31736
43399.85884

43478.73111

43558.97746
43640.64353
43723.77739
43808.42981
43894.65445

© 43982.50811

50.85
50.75
50.65
50.55
50.45
50.35
50.25
50.15
50.05

47550.61003
47752.90036
47966.67937
48193.93896
48437.42131
48701.13637
48991.50223
49320.48720
45719.40959

ToTal E= 6325726.79000

Now let’s add up the two formuias for d = R and the outside part (figure 16).
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E=115 Lo Im 2R (0) + 0.5 o) (o) + R¥4RY]

2V B
2Nk,

Adding the two formulas.

ZV(,

E=1S [ermma\( R4+2RM - 4"‘)
+0.5 bn (d-R) (R4-2R%d™+44) + R + R4 ]

Spheke formulu for d>R

The formula for d> R is practically the same formula for the internal sphere (d
<R) In differing only in item In{R-d) and In (d-R). If to make the formula of the
internal sphere In (IR-dl), it becomes a unique formula.

WV

E=1S [ 0.5 Un(Red) (-R*+2R%d2- G‘q) S M-
+0.50m (1R-dJ(R® 2 RdT Y+ +P43] S

Sphere fovmulq

From page 5 to this page (65), the objective was to deduce the disk formula
and the sphere formula.
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CALCULATION OF THE SPEED FOR THE GALAXY ROTATION CURVE

The nucleus and the disk are not uniform, the energy density is variable, and so
they were divided into sections that arz approximately uniform, providing a good
accuracy for the calculations.

The data were obtained from the graphic on page 3, the coordinates were
taken very accurate and cautiously.

| (1) Table of visible mass of The nuclevs

| .

; | i | distdm) [w(kmis)  My(kg) |
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

_(2‘-) Table of Visible wmass of the disk
| '(lgé'] | dist.(m) le (Kmls)l M,V(K‘j) J
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 4.24281F+20 141 1.2646372E+41
15330 4.73037E+20 136  1.3117379E+41




dist. (pc) - distance to the galaxy center in parsec
dist. (m) - distance to the galaxy center in meters

Vv - speed of visible matterinkm /s
Mv - mass of the visible matter in Kg

The distance to the galaxy center (pc) and the speed of the visible matter in
km / s were obtained from the graph on page 3. The mass of visible matter was
calculated using the formula M = V2. d / G, let's see an example for the distance of
250 pc in the nucleus.

d—7.7142,10"m
-V = 237km/s — 237000m/s
G — 6,67x10""N.m?/Kg?

M=V2.d

G

(.S)TuBIe' of energy density
| velvme(m') |

|Se ction(pe) ‘

M=237000%7.7142,10'

6.67%107"

Mv (Kq)

M=6,4962353<10*Kg

of the

nucleus

densikgln?J|

S(w/im?) |

0-250

250 - 500
500 - 750
750 - 1000
1000 - 1250
1250 - 1500
1500 - 1750
1750 - 2000

6.4962353E+39
7.2750567E+39
6.213921E+39
4.487421E+39
3.770937E+39
2.944465E+39
3.501923E+39
2.319696E+39

1.9229203E+57
1.3460442E+58
3.6535486E+58
7.1148052E+58
1.1729814E+59
1.7498575E+59
2.4421088E+59

3.2497353E+59

Mv - mass of visible matter in the section
volume (m?®) - volume of the section

dens. (Kg / m®) - volumetric density of the section

S(w/n)- energy density of the section

3.3783174E-18
5.4047679E-19
1.7007905E-19
6.3071592E-20
3.2148310E-20
1.6826884E-20
1.4339749E-20
7.1381073E-21

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

- 4.4687661E-24

2.2244832E-24
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The mass of the visible matter of the section was obtained by subtracting the
~values in the previous table, we will see an example of the section 250-500.

Mv=1.3771292x10%° - 6.4962353x103° Mv=7.2750567x10*° Kg

The volume was calculated using the formula Vol = 4rt (R3-r 3) / 3, where the
radius is the distance d.

The volumetric density was calculated by dividing the mass by the volume.

The energy density is proportional to the volumetric density, we will see an
example.

Galaxy power: 10" suns

Nucleus power: 0.3x 10" suns

Sun power: 3.84451x10%¢ w

Nucleus power: 0.3x10"x3.84451x10%% = 1.15335x10%” w
Mass of the nucleus:3.7009655x10*° Kg

D=P_  D=1.15335x10%
m 3.7009655x10%°

- D=3.1163489x10™* w/Kg

For section 0— 250

S=D.dens  $=3.1163489x10™* x 3.3783174x10™"®  $=1.0528015x102' w/m?3

() Table of 'Thé energy oiens.‘i'fy of disk

Ism*;bimx _~(pc)| Mv(ka) | area(m) ldens.(Kgfml)l s(wW/m?) I

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  9.73320893EF-05
5000 - 6250 1.1371216E+40 = 4.2064349E+40 0.270329061 7.72585821FE-05
6250 - 7500 1.1834994E+40  5.1411982E+40 0.230199139  6.57896676E-05
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 - mass of visible matter in the section
area (m?) = area of the section

dens. (Kg / m?) - surface density of the section
S (w / m?) - energy density of the section

The mass of the visible matter of the section was obtained by subtracting the
values in the table 2, we will see an example of the section 2000 - 3100.

Mv=4.7503927x10*° - 3.7009655x10*° Mv=1.0494272x10%° Kg

The area was calculated using the formula A = 1t (R? - r2), where the radius is
the distance d.

The surface density was calculated by dividing the mass by the area.

The energy density is proportional to the surface density, we will see an
example.

Galaxy power: 10" suns

Disk power: 0.7x 10" suns

Sun power: 3.84451x10%® w

Disk power: 0.7x10"x3.84451x10%° = 2.69116x10%” w

Mass of the disk: 1.3117379x10*" - 3.7009655x10*° = 9.4164135x10*° Kg

D=P  D=2.69116x10%* D=2.857945862x107* w/Kg
m 9.4164135x10%°

For section 2000 - 3100
s=D.dens 5=2.857945862x107%x 0.625371114 s=1.787276788x107* w/m?

The galaxy rotation curve was divided into 14 orbits, with distance in
parsec: 500, 2000 (end of the nucleus), 3100, 5000, 7500, 10000, 12500, 15330
(end of the disk), 17500, 20000, 22500, 25000, 27500, 30000.

The following table is for determining the energy contained within each orbit,
to do this will use the formula of light emitting sphere, to calculate the energy
emission of the nucleus, and the formula of the light emitting disk, to calculate
the energy emission of disk , adding those two is the total of energy.
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(& )Table of the energy wiThin The orbits

radivs o

| |orb\r (Pc)lEchieus Jouk)lE disk (Joule IE toTal (Joule) I

500 2.2579504E+47 = 4.6175078E+45  2.3041254E+47
2000 2.1510818E+48 3.2843158E+47 2.4795133F+48
3100 3.5506865E+48  1.3683228E+48  4.9190093E+48
5000 5.8577508E+48  4.6559081E+48  1.0513658E+49
7500 8.8518210E+48 1.1231850E+49  2.0083671E+49

10000 1.1832441E+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

To do the calculations mentioned above, it was used two excel spreadsheet,
one for the nucleus and another for the disk. The disk and the nucleus were
divided into sections with different energy density then the energy was
calculated in each section, we will see an example in the orbit of radius 30000pc
(9.25704,10%° m), the energy radiated by the nucleus: In the section 250-500, |
have to calculate the energy to 500pc (1.54284x10™ m) and decrease the energy
of 250pc (7,7142x10" m), and like the same way in the other sections. The first 8
calculations of energy is for the positive part and the other next 7 is for the

- negative part, then made to sum up of the positive part and the negative part.

Subtracting the negative part from the positive part | get the energy radiated by
the nucleus within that orbit. -

The excel spreadsheet to the nucleus is in Annex |, and to the disk is in Annex

THE GRAVITATION CONSTANT GF ELECTROMAGNETIC WAVES

To calculate the speed in tne orbits it is necessary to have gravitational
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constant of electromagnetic waves, which have a tendency to be different and
higher than the universal gravitational constant G = 6.67x10™" N.m? / Kg2.

Matter is made of atoms, but not electromagnetic waves, it is an oscillating
electric fields and magnetic fields (its particles were called photons), it is expected
that its gravitational constant is much higher.

Let's calculate the gravitational constant of the electromagnetic waves (light),
using the speed of the last orbit of the graph of radius is equal to 30000 pc, what
will be used the formula deduced below:

The gravitational force of attraction will be the sum of the force caused by the
visible matter more the force caused by the electromagnetic waves.

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

[ ]
b

Ge =V2.d-G.M !
a Me |

V?2=G.M + Ge.Me
d

Ge — gravitation constant of electromagnetic waves
V - speed in the orbit

d - radius of the orbit

G - universal gravitational constant

M - mass of visible matter

Me - mass of electromsgnetic waves

For orbit of 30000 pc

V—-211Km/s - 211000m/s

d - 30000 pc - 9.25704x10%° m
G - 6.67x107" N.m?*/Kg?

M -1.4326289x10*' Kg

Me — 1.2962793x10%* Kg

The Me was calculated by the formula E = m.Vc?, where E is the energy in the
orbit of 30000 pc.




1.1650378x10°° = mx2997924582

Ge =211000% x 9.25704x10%° - 6.67x10™" x 1.4326289*

1.2962793x10*

Ge =0.024421922 N.m?/Kg?

m = 1.2962793x10% Kg

By doing the calculation of Ge, we will calculate the speeds in 13 other orbits,
to see if the value is equal to the observed speeds.

Below is a table (6) that shows, the speeds in the orbits.

B

30000

A c D E F G H
500 1.54284E+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 2211 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 |1.4294516F+41|1.1838244E+33 | 212.854 {212.5| 0.354
9.25704E+20 {101.6 | 1.4326289E+41 {1.2962793€+33 | 211.000| 211 0.000

A —d(pc), radius of the orbit in parsec
B — d(m), radius of the orbit in meter
C—Vv(Km/s), speed of visible matter in Km/s

D — Mv(Kg), mass of visible matter in Kg

E — Mc(Kg), mass of electromagnetic waves in Kg
F—V(Km/s), calculated speed in Km/s
G —Vobs(Km/s), observed speed in Kmi/s
H - the speed difference between observed speed and calculated speed.
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The Me was calculated using the formula E = m.Vc?, where E is the total energy

contained in the table (5).

The speed was calculated using the formula: V2= G.M + Ge.Me
d

Let us now analyze the result:

The difference between the calculated speed and the observed speed was an
average of 1.838 m /s in eleven points on the disk, this is a small difference and
the result was excellent. In the two orbits of the nucleus (500 and 2000), it has a
greater difference in average 6.414 km / s, and this is acceptable because the
curve of the visible matter was assembled by observation and counting, and not
by calculation, observing the disk is easier than observing the nucleus.

Below is the graph of the observed curve and the calculated curve.
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The influence of the electromagnetic waves (light) on the orbit of the solar
system is insignificant, but when the orbits become huge, as the rotation of the
Milky Way (also in other galaxies) and the orbits of galaxies in galaxy clusters,
electromagnetic waves become remarkable, and the larger the orbit, the greater
its influence.

The orbit of Pluto:

Mean distance from Pluto to the sun = 5913520000Km or 5.91352x102 m

E=Pt t=d t=5.91352x10" 1=19725.37948s
Vc 299792458

Sun power: 3.84451x10%* w

E=P.t E = 3.84451x10%° x19725.37948 E=7.5834418x10%° ]

E=m.Vvc? m=E  m=7.5834418x103° m = 8.4377169x10" Kg

Vc? 2997924582

We call it gravitational mass, the mass times its gravitational constant, its unit
is N.m? / kg.

Then the gravitational mass of the electromagnetic waves in Pluto's orbit is:

mg=8.4377169x10" x 0,024421922 mg = 2.0606526x10" N.m?/Kg

The gravitational mass of the sun is::

mg = 1.98892x10%° x 6.67x10™" mg = 1.3266096x10%° N.m?/Kg

X =1.3266096x10%*° X = 6.44x107

2.0606526x10"
The gravitational mass of the sun is 6.44x107 greater than the gravitational

mass of the electromagnetic waves. We will now see the influence of the
electromagnetic waves at the speed of Pluto's orbit.

Only the mass of the sun:
V2=GM  V2=6.67x10"" x 1.98892x10%°  V =4736.401821m/s
d 5.91352x10"
Now with the mass of the electromagnetic waves:
V2 =G.M + Ge.Me
d
V2 =6.67x107" x 1.98892x103%° + 0.024421922 x 8.4377169x10™
5.91352x10"
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V =4736.401858m/s
In calculating the speed, it results in an insignificant difference 0.000037m/s.

We will now see the influence of the spin on the edge of the disk of the Milky
Way. The radius of the galactic disk is 15330pc or 4.73037x10%° m.

On table 6, which was made to calculate the galaxy's rotation took the mass of
the visible matter which is 1.3117379x10*" kg and the mass of the
electromagnetic waves that is 6.2102458x103? Kg, let’s calculate its gravitational
masses.

Gravitational mass of the visible matter: mg = 1.3117379x10*'x6.67x10™"

mg = 8.7492917x10%° N.m?/Kg

Gravitational mass of the electromagnetic waves:

mg = 6.2102458x10%2 x 0.02442192?2 mg = 1.5166613x10% N.m?/Kg

X =1.5166613x10* X=1.733

8.7492917x103°
The gravitational mass of the electromagnetic waves is 1.733 times that of the

visible matter.

We will now see the influence of the electromagnetic waves in the orbit of the
galaxies in the cluster virgin, where the radius of the orbits are very large.

Radius = 1.5x10° pc - 4.6285x10*’m

Mass = 1x10™ suns - 1.98892x10** Kg

Power = 1x10™ suns - 3.84451x10*° w

In the extremity 50% of the electromagnetic energy is internal to the orbit and
the center 100% of the energy is internal, then we multiply by 0.75 as an
approximate average.

P = 3.84451x10*° x 0.75 P = 2.88338x10*°w

E=P.t t=R t=4.6285x10*> t=1.5439x10™s
Vc 299792458

E = 2.88338x10%° x 1.5439x10™ E =4.45165x10>*

E=m.Vc? m=E m=4.45165x10>* m =4.95313x10% Kg
Vie* 2997924582
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Let's calculate the gravitational masses:

Of the visible matter:

mg = 1.98892x10** x 6.67x107" mg = 1.32661x10%* N.m?/Kg

Of the electromagnetic waves:

mg = 4.95313x10%" x 0.024421922 mg = 1.20965x10%¢ N.m?/Kg

X =1.20965x103¢ X=91.18

1.32661x10%*

The gravitational mass of the electromagnetic waves is 91.18 times that of the

visible matter, which fits with the early work of Zwicky, where he said that dark

matter was 100 times more than the visible matter, which was hard to believe.
SIMULATION

Now let's do 3 simulations, to calculate an index on the last orbit, and then
calculating the other speeds, equal to what was done with the electromagnetic
waves; thus analyzing the curve behavior.

SIMULATION 1

Let's imagine that the dark matter is a substance of homogeneous density
distributed throughout the galaxy, with a normal gravitational constant 6.67x10™"
N.m? / Kg°. Let's calculate its density using the 30Kpc orbit with the speed of
211km / s, and then we calculate the speed in other points and build up the
curve.

Mt — total mass
Me — mass of the dark matter
Mv — mass of the visible matter

Mt=V2.d V —211Km/s — 2.11x10° m/s d—9.25704x10*° m

G G —6.67x107" N.m?/Kg?

Mt = (2.11x10°)? x 9.25704x10%° Mt = 6.1789007x10*" Kg
6.6 0™

Me = Mt — Mv Me = 6.1789007x10*" - 1.4326289x10*'



Me = 4.7462718x10* Kg

Sphere volume = 4xR3

3

Vol = 3.3228063x10%* m?

den=m_

Vol

3

den = 4.7462718x10*

3.3228063x10°

Vol = 4 xwx (9.25704x10%°)

den = 1.4283925x10722 Kg/m?

Let's calculate the speed with the excel spreadsheet attached.

A B C D E F G H
5001.542840E+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
310019.565608E+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
7500 (2.314260E+20 | 8.7716352E+40 7.4160495E+39 | 9.5132401E+40 165.585 223 -57.415
10000 | 3.085680E+20 | 1.0548214E+41 1.7578784E+40 | 1.2306092F+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 9.4211295E+40 | 2.3103135E+41 168.929 221 -52.071
20000 | 6.171330E+20 | 1.4226442E+41 1.4062822E+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
250007.714200E+20 | 1.4249873E+41 2.7466850E+41 |4.1716723E+41 189.921 214 -24.079
27500 8.485620E+20 | 1.4294516E+41 3.6558377E+41 | 5.0852893E+41 199.930 2125 <12.570
30000 9.257040E+20 | 1.4326289E+41 4.7462717E+41 | 6.1789006E+41 211.000 211 0.000

A —d(pc), radius of the orbit in parsec
B — d(m), radius of the orbit in meter
C—Mv(Kg), mass of visible matter in Kg
D — Me(Kg), mass of dark matter in Kg
E — Mt(Kg), mass of total matter in Kg
F—V(Km/s), calculated speed in Km/s
G —Vobs(Km/s), observed speed in Km/s ‘
H - the speed difference between observed speed and calculated speed.
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The calculation of Me was made by the formula:

Me = Vol x den Me = 4 x Tx d® x 1.4283925x107%2
3

The calculation of speed was made by the formula:

V2 = Gx Mt
d

Below is the graph of the calculated curve, and we see that it deviates from its
path.
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SIMULATION 2

This simulation is the same as the simulation 1, just changing the constant of
gravitation which is a geometric mean between the universal gravitational
constant 6.67x10™" N.m? / Kg” and the gravitational constant of electromagnetic
waves 0.024421922 N.m? / Kg?, resulting in 1.2763x107° N.m? / Kg2.
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VZ=G.Mv + Ge.Me Me =d.V2- G.Mv
d Ge

d =9.25704x10*° m
Mv = 1.4326289x10*' Kg

V=2.11x10° m/s G =6.67x10™" N.m?/Kg?
Ge = 1.2763x107° N.m?/Kg?

Me = 9.25704x10%° x (2.11x10°)* - 6.67x10™" x 1.4326289x10*
1.2763x10°®

Me = 2.4804225x10% Kg

Vol = 47R3 Vol =4 xwx (9.25704x10%°)® Vol = 3.3228063x10% m?3
3 3

den=m_ den = 2.4804225x10% den =7.4648422x107% Kg/m?
Vol 3.3228063x10°%®

Let's calculate the speed with the excel spreadsheet attached.

A B C D E F G
500|1.542840E+19 | 1.3771292FE+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 | 8.7716352F+40 | 3.8756602E+35 | 165.585 223 | -57.415
10000 | 3.085680E+20 | 1.0548214E+41 | 9.1867500E+35 | 163.098 225 | -61.902
125003.857100E+20| 1.2158250E+41 | 1.7942871F+36 | 164.202 225 | -60.798
15330(4.730370E+20| 1.3117379E+41 | 3.3097453E+36 | 165.608 222 | -56.392
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
2250016.942780E+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
275001 8.485620E+20 | 1.4294516E+41 | 1.9105569E+37 | 199.930 212.5 | -12.570
30000|9.257040E+20 | 1.4326289E+41 | 2.4804225E437 211.000 211 0.000
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A —d(pc), radius of the orbit in parsec

B — d(m), radius of the orbit in meter

C— Mv(Kg), mass of visible matter in Kg

D — Me(Kg), mass of dark matter in Kg

E — V(Km/s), calculated speed in Km/s

F — Vobs(Km/s), observed speed in Km/s

G - the speed difference between observed speed and calculated speed.

The calculation of Me was made by this formula:
Me = Vol x den Me =4 xwx d®x 7.4648422x10™%
3
The calculation of speed was made by this formula:
V2 = GxMv + GexMe
d
Analyzing the values of speed, we see that it was identical to the simulation 1,

and the curve will also be identical, which seems to not depend on the
gravitational constant of the dark matter, then we will make a generic formula to
check the situation.

30 — is the values that corresponds to the orbit of 30Kpc.

V2= G.Mv + Ge.Me Me = Vol.den den = Meso
d Volzo

Meso = d30-V230 - G.Mv;q den = d3o.V230 = G.MV30
Ge Ge.V0130

Me = VO!.(d30.V230 = G.MV30) N = G.Mv +\Ge.VOI.(d3o.V230 = G.MVgg)
GE.VOIgo GQ.VO]3Q
d

VZ2=G.Mv + VO|.(d3o-V23o = G.MV30)
d d.V0|30

The Ge was cut, so the speed does not depend on the gravitational constant of
dark matter. Thus it is impossible that the dark matter is distributed by the
homogeneous manner in the galaxy.
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SIMULATION 3

Let's imagine that dark matter is an irradiated substance just as
electromagnetic waves, but its radiation is concentrated in the center of the
galaxy, and that the gravitational constant is equal to the electromagnetic waves
0.024421922 N.m? / Kg>.

Let's calculate the radiation flow to the 30Kpc orbit fits in its speed, then we
calculate the speed in other points and build up the curve.

V?2 = G.Mv + Ge.Me Me =d.V? - G.Mv
d Ge

d =9.25704x10*° m V=211x10°m/s * G=6.67x10"" N.m?/Kg?
Mv = 1.4326289x10*' Kg Ge =0.024421922 N.m?*/Kg?

Me = 9.25704x10%° x (2.11x10°)* - 6.67x107" x 1.4326289x10*
0.024421922

Me = 1.2962793x10 Kg

The calculation of the matter flow will be similar to that of the energy.
E=P.t t=d_  E=Pd
Ve Vc

In place of E (energy) will be Me (mass), and in place of P (power) is F (flow).

Me = F.t = Me =F.d
Vc Vc

Me = 1.2962793x10% Kg d =9.25704x10%° m Vc =299792458 m/s

1.2962793x10* = F x 9.25704x10%° F=4.1980455x10%° Kg/s
299792458

Let's calculate the speed with the excel spreadsheet attached.
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A B C D E F G
500}1.542840E+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 | 4.3209300€+32 | 238.746 225 13.746
12500 | 3.857100E+20 | 1.2158250E+41 | 5.4011637E+32 234.997 225 9.997
1533014.730370E+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 | 1.1882560F+33 | 213.154 2125 0.654
30000]9.257040E+20{ 1.4326289E+41 | 1.2962793F+33 | 211.000 211 0.000

A —d(pc), radius of the orbit in parsec
B — d(m), radius of the orbit in meter

C — Mv(Kg), mass of visible matter in Kg

D — Me(Kg), mass of dark matter in Kg
E—V(Km/s), calculated speed in Km/s

F — Vobs(Km/s), observed speed in Km/s
G - the speed difference between observed speed and calculated speed.

The calculation of Me was made by the formula:

Me=F.d
V¢

Me = 4.1980455x10%° x d
299792458

Me = 1.4003172x10" x d

The calculation of the speed was made by the formula:

V2 = G.Mv + Ge.Me
d

Analyzing the curve, we see that it has deviated from the path.
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Let's make a generic formula to see if the speeds will depend on the
gravitational constant of dark matter.

VZ=G.Mv + Ge.Me Me =F.d V2 =G.Mv + Ge.F.d
d Vc Ve
d

Meso = dag.V?30 - G.Mvzg F = Mesq.VC F = Vc.(d30.V?30 - G.Mv3p)
Ge d30 Ge.dgo

V2=G.Mv +Be.dMc.(d30.V%0 - G.Mvsg) V2= G.MV + d3.Vs0 - G.Mvag

Ge.dg,o.vc d d30
d
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The Ge was cut, so that the speed does not depend on the gravitational
constant of dark matter. Thus it is impossible that dark matter is radiated from
the galaxy center just like the electromagnetic waves.

There were done 3 simulations by calculating indices from the speed in the
outside orbit of 30Kpc, and the curve diverted from its path, as in the case of
electromagnetic waves emitted by the stars, the curve has not diverted from its
path.

DENSITY OF THE ELECTROMAGNETIC WAVES

Let's calculate the density of the electromagnetic waves from the sun that
reaches Earth.

Sun power = 1367w/m? in 1m? of the area has 1367w
Time for the light traverse 1 meter t=1metro t= 1
Vc 299792458

t = 3.3356409x10° s
E=P.t E= 1367 x 3.3356409x107° E=4.5598211x10"%)

E=mV%c m=E m =4.5598211x10"° m = 5.0734852x10" Kg
VZc 2997924582

Soin 1m? has 5.0734852x107%3 Kg den =5.0734852x107* Kg/m3
or den=5.0734852x10"2¢ g/cm?

Then we will see the volume that is equal to the Earth, the mass of the
electromagnetic waves from the sun that reaches the Earth:

Radius of the Earth = 6371Km or 6371000m Vol = 41R3
3

Vol =4 x wx 6371000° Vol = 1.0832069x10%' m3
3

m=den.Vol  m=5.0734852x10"2 x 1.0832069x10'  m= 0.054956 Kg
m=54.956¢g
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The electromagnetic waves are extremely tenuous, in a volume equal to the
Planet Earth, the mass of the electromagnetic waves from the sun that reaches
the Earth is only 55 grams.
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SPreads\qee'T T (Nucleus)

| R(m)

| d(m)

S{w/m?)

F (Jouie)

total
E(J oou i%,}

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
8.3356601F+48
6.1922635E+48

% 45.5197603E+49

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

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
7.0794599E+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

-~

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

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

Y T

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

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

G —

1.0528015E-21
1.6843142E-22

6.6667639E+47
1.6781784E+48
2.1000371E+48
2.5367195E+48
2.5925414E+48
3.8164331E+48
3.0155222E+48
1.6406108E+49

3.6462334E+48
4.6661412E+48

2.6692185E+49

2.3722263E+49

2.0751962E+49




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

5.3999400E+20
5.3999400E+20
5.3599400E+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
4.3398480E+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

£~

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

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
2.5048946E+49
4.1665445E+47
1.0486620E+48
1.3119531E+48

1.8173002E+49

1.4807829E+49

23



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+15

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

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

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

2.0833865E+48
2.6654680E+438
2.8291050E+48
2.4846589E+48
2.4707541E+48
2.2315986E+48
3.0149446E+48
2.2359811E+48

£ + 2.0015897E+49

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

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

% + 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

§ — 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
1.4789636E+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

¢~

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

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

1.6659175E+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
8.6764494E+47
7.5548035E+47
7.4274085E+47
6.6120808E+47
8.7741061E+47
6.3654892E+47
6.0085145E+48
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

7 +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



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

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

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

91



SPread_s'heeT L (Disk)

| R(m)

| d(m) | 5[W/m")| E(_)oul-c)l

total
(EJISJ;; |

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
1.2457004E+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
2.0488041FE+49
2.5330276E+49
3.0940111E+49
2.8576198F+49
2.7770153E+49
3.1889807E+49
3.1142735E+49
2.1769121E+49
1.8431656E+49

%+2.6690249E+50

1.787276788E-04
1.160140194E-04
9.733208930F-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
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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

4~ 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

7~ 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

2+ 2.1581126E+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

33



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
2.6999700E+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

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

Z“" 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

2 +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

4.3947696E+48
6.8374701E+48
9.7629462E+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

£ — 1.3797530E+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

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
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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
5.3959400E+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

5.9753974E+48
8.5243916E+48
1.0263378E+49
1.3546845E+49
1.3165803E+49
1.3243048E+49
1.5563434E+49
1.5422849E+49
1.0863882E+49
8.8417866E+48

£ = 1.1925439E+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

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
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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
3.0856800E+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

£+ 1.0826444E450

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
3.4442587E+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~ 5.8017326E+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

£+ 1.8360857E+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

4~

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+ 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
2.6999700E+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

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

4 +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

g~

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
6.3838120E+48

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
9.723208930E-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

93



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
2.6999700E+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

f+ 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

2..

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

i



