Propagation of a Beam of Light in the radial-direction
of the from the Gravitational Radius of the sun
until the Earth

with the speed of light ¢ = JEQIW

within a Radial Gravitational Field G1 oriented 1n
the radial-direction of the with Gl
= g[r] , resulting in Gravitational Redshift vg,_;
(GRS) caused by the:

There are two kinds of Redshift
caused by the gravitational field of the sun.

1) Redshift; caused by the Gravitational Field within the fusion core
of the sun(this is the area where the emitted light of the sun has been
created). This has been calculated in Example 3

2) Redshift, caused by the Gravitational Field outside the fusion
core of the sun. This will be calculated in Example 4

The total RedShift caused by the Gravitational Field of the sun is the
sum of Redshift; + Redshift,

Book : Rising of the James Webb Space : Page 46,

Telescope and its Fundamental Blindnes

Equation (73)
Example of a Spherical Beam of Light ,
propagating in the radial — direction (r — direction)

|
/€0 10
The input for the Electric Field Intensity {E (x, y, z,) = ev}
and the Magnetic Field Intensity {H (x, y, z,) = mv}have been

with the speed of light ¢ =
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substituted in the Field Equation for the Electromagnetic Field
within a constant gravitational field with accelleration g in the z -

direction. (Book Equation 73, page 46)

1 o(E xH) - -
+&E (V.E)=— gy Ex(VXE)+puyH(V.H) -

c? at

- - 1. 2
o Hx(VxH) +— |€ pylE.E|+e u
2

" ;]] ; =0 Equation (73)

Which can be written as :

i 0(e x H)

terml = —
c? ot

term2 = &y E (V.E)
term3 = —gpe X (V X E)
term4 = uy H(V.H)

termS = —puy HX (V X H)

term6 = —E(ezﬂ(E.E)+8u2(H.H))g
2

Equation (73) equals :

term]l + term2 + term3 + term4 + term5 + term6 = 0
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In[~]= Z =.
inf]= t =.
- 1= Get["VectorAnalysis™]
---» General: VectorAnalysis™ is now obsolete. The legacy version being loaded may conflict with

current functionality. See the Compatibility Guide for updating information.

- 1= Get["Calculus'DSolve™"]
--- Get: Cannot open Calculus'DSolve'.

our-1- $Failed

- 1= InverseFunctions — True

our-= InverseFunctions - True

- 1= Needs["DifferentialEquations ' NDSolveProblems'"]

- 1= Needs["DifferentialEquations ' NDSolveUtilities™"]

- 1= Needs["DifferentialEquations’ InterpolatingFunctionAnatomy "]
- 1= Get["Calculus'DSolvelntegrals™"]

--- Get: Cannot open Calculus'DSolvelntegrals’.

ouf-j- $Failed

- 1= SetCoordinates[Cartesian[x, y, z]]

our-;= Cartesian[x, y, z]

m-1= Gl = .

nf-1= €0

inf-g= 0 =,
= fg = .

nf-7= Msun = .
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The light being emitted by the sun has been created
by nuclear fusion in the core o f the the sun.
Outside the Gravitational Radius of the Sun,

(the distance of the center of the sun where the gravitational
accelleration of the sun changes from increasing into decreasing) )

the generated light will propagate with the speed of light :
1

/€0 10

oppositely directed towards the
gravitational accelleration outside the
sun. The gravitational accelleration
outside the sun will increase proportional to :

C =

fg MSun) 1

g2[r] = <K2>—2=( ol

I.2

within a Radial Gravitational Field g[r| oriented
in the radial —

direction of the Sun with accelleration g[r] resulting in the
Gravitational Redshift caused by

the Gravitational Field outside the Sun .

The Gravitational Intensity Shift for the light emitted by the
sun equals according the Book : Page 64, Equation (111)

_ K2e0pu0
INgGrR =€ ¢

Instead of Spherical Coordinates (r, 6, ¢) for the light
emitted Spherically within the sun, for the far field

(Within a small area like the dimensions of a Space Telescope),
Cartesian Coordinates (x, y, z) are being used.

In[«]:= EO = .
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7= 0 =.

np= fg = .

7= Msun = .

n-= K1 =,

n= K2 =,

InfJ:= h[Z] = K3 e_%]

B K2 €0 110
Out[-]= € 2z K3

Inf-]= €V = {h[z] g[ (t—z \/5 \/;TO)] , 0, 0}
out-I- {e‘uiw K3g[t-z+eo o], o, e}

1= mv = (1/Sqrt[p0]) = Sqrt[e0] =

(0. hiz1 g (t~2 V0 0. 0

e 22 K3\/5g[t—2\/5\/u_0] 0}
\//Te )

outf«J= {0,

Inf-1= g2 = {0, 0, 2 }

K2
outf+J= {0, o, _7}
22

1
1= Intensity = — (EO (Dot[ev, ev])+ u0 (Dot[mv, mV]))
2

e*KZEf“aK?JzG@g[t—Z\/e_@\//,1_0]2+e’KZE:wK32g[t—Z\/€_@\//,l_@]ZEO)

1
ouf-;= —1

2

i~ 1= FullSimplify[%]

K2 €0 10

e - K3g[t-z+ee o] 1 (co+e0)

2

Outf«]=

1= Div[ev]

out[-]- ©

inf-1= Div[mv]

out[-]- ©

- 1= FullSimplify[%]

out[-]- ©
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- 1= termla = D[Cross[ev, mV], t]

K2 €0 no

2e : K32+Jeo g[t-z+eo Juo| g [t-zeo \//Te]}
Jue

outf+J= {0, o,

1= terml = ((—€0)*u0)« D[Cross[ev, mv], t]

K2 €0 1.0

ourr {0,8, -2e + K3°c0>? 0 g[t-z o o] g [t-z o uo]|

erm2 = &€t (V.E)

1= term2 = e0xevsDiv[ev]

our-1= {0, 0, O}

term3 = —gp e X (V X E)

1= term3 = (—€0)=Cross[ev, Curl[ev]]

K2 €0 10

e » K2K32c0u0g[t-z~/co Juo ]’

2 72

outf+J= {0, 0, -€0

K2 0 1o

e = K3’ eo Juo g[t-zeo o] g [t-zeo o]}

term4 = uy H(V.H)

1= term4 = u0xmvxDivimv]
ou-1= {0, 0, O}

termS = —puo HX (V X H)

1= termS = (—u0)*Cross[mv, Curl[mv]]

K2 €0 10

e » K2K32e@’g[t-z~/co Juo ]’

2 72

out- - {e, 0, -0

K2 €0 no

e : K32e0¥2g[t-z+/co \Juo| g [t-z/eo 0] |
Jue
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term6 = — : (sz,u(E.E)+8u2(H.H))g
2

€0? 110 €0 102
Dotlev, ev] +

inf- = term6 = —[ Dot[mv, mv] ] g2

e« K2K3?c@? uog[t-z \eo o]

2 J

n- 1= vergelijking = terml + term2 + term3 + term4 + term5 + term6

e - K2K3?e@? uog[t-z Vo o]
2 -

Outf«]= {0, 0,
Z

outf+J= {9, o, i

2 K37e0¥2 Lo g[t-z+/co i | g [t-zeo o] -

e - K2K32colg[t-z o /uo]’

L0 _
22°
e . K32c0¥?g[t-z+/co o] g [t-z o /o]
N

e - K2K3?e0u0gt-z Ve o]’

€0 -
2 22

e . K32+/co [u8 g[t -z \eo uo | g [t-z o o] }

In[« ]:=

The electromagnetic force density in the x - direction equals :

n- 1= xvergelijking = term1[1] + term2[1] + term3[1] + term4[1] +
termS5[1] + term6[1]

Outf«]= @

inr- 1= FullSimplify[%]
out[-]= @

- 1= xvergelijkingl = %

out[-]- ©

In[« ]:=

The electromagnetic force density in the y - direction equals :

1= yvergelijking = term1[[2] + term2[2] + term3[2] + term4[2] +
term5[2] + term6[2]

ouf-1= @
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i 1= FullSimplify[%]

outf-]= @

- 1= yvergelijkingl = %

outf-]= @

The electromagnetic force density in the z - direction equals :

- 1= zvergelijking = term1[3] + term2[3] + term3[3] + term4[3] +
term5[3] + term6[3]
K2 €0 1.0

e : K2K3%e@®uog[t-z \eo uo |’

ZZ

Out[«]=

2 : K3'c0¥2 \[uo g[t-z+co | g [t-zeo o] -
K2 €0 10

e : K2K3%e@’g[t-z \eo uo |’

2 72

1O

K2 c0 1.0

e - K32603/2g[t—2\/5\/u_0]g’[t—2\/§ \/E}

Jue
e - K2K32c@uog[t-zco o]’

€0

272

K2 €0 e

e+ K3’ eo \Juo g[t-zveo Juo| g [t-zco o]

i 1= FullSimplify[%]

Outf«]= 0

- 1= zvergelijkingl = %

outf-1= @
Results for the electromagentic force densities in resp x-direction, y-direction, z-direction:
- 1= xvergelijking1

outf-]= @

- = yvergelijking1

outf-]= @

- 1= zvergelijking1

out-1= @

According the force-density equations in the x-direction, y-direction
and z-direction, the resulting electromagnetic force density equals
zero in every direction. This represents the solution for equation
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(73) on page 47.
It follows from the mathematical solution for the electromagnetic
field:

ev = g[ (t—z@@)]

that the intensity increases with the value:

Intensity = i (eo (Dot[ev, ev])+ u0 (Dot[mv, mv]))

Intensity = ¢~ e g[@_ 2 (t-z Ve0 \/lTO)]z

K2 €0 p0
The Electromagnetic Energy Intensity is proportional to: e~ - .

along the
distance z in the direction opposite to the z-direction of the
gravitational field.

The frequency is proportional to the energy density (book: Equation
98 Page 55) and the wavelength 1s inversely proportional to the
energy. The speed of light remains constant in a gravitational field.

Within a Gravitational Field 5—22 The observed Cosmological
Redshift will be:

_ K2 €0 u0 1 +
WyLgr =Wo € - 1

o 1<

o l<

K2 €0 u0

The term (%" = e —)

has been presented in generally as a GRS Redshift comparable with
the Doppler Shift
generated by a velocity vpoppler :
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. Aw 1 K2 e0p0
VDoppler_CT[mS ]—C@ :

There are two types of GRS generated by the sun.

1) GRS generated inside the sun where the gravitational field 1s
proportinal to the radial distance z

g[z] = K1 z with the Solution:

1 2
. Aw 11 _ -2 Klzeu, €
VDoppler-1 — € W [m A ] = C¢ 00

(book, page 64, Equation (111))

2) GRS generated outside the sun where the gravitational field is
proportional
to the radial distance :

g[z] = K2 . with the Solution:
Aw 1 K2 e0u0
VDoppler-2 — € " [ms™]=ce ‘

(book, page 64, Equation (111))

1
1= Intensity = — — (EO (Dotlev, ev])+ w0 (Dot[mv, mV]))
2

1
Out[¢+]= — — 1

2

2¢0

e ¢ Kk¥cogt-zeo Vio]Tie ¢ Kk3g[t-zeo Yo e

i 1= FullSimplify[%]
e K3g[t-zeo Jue|'1 (co-e)

2

Out[«]= —

2) GRS generated outside the sun where the gravitational field
is proportional

to the radial distance 2

g[z] = K2 2 with the Solution:

v =c 2 ms']=ce" e
Doppler-2 w

(book, page 64, Equation (111))
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A K2 €0 10 K2 €0 u0
_ w 11 _ _ 22 0 _ K2 040
VDoppler-1 — € o [ms™ [=ce 2 - Cce 21

With:
z1= Radius of the sun
z, = Distance between the sun and the Earth

mop= ¢ = 3108
ou-1= 300 000 000

- €0 = 8.8510712
our - 8.85x 10712
o= w0 =4 71077

JT

2500000

Outf[«]=

np- fg = 6.67428 107!
our - 6.67428 x 18
fg Msun

4
our - 1.85612 x 10*°

n-1= K2 =

Msun = 1.98892 103°
our - 1.98847 x 103°

inf-1= Reun = 69634000
out-1- 69634 000

The energy from the Sun, both heat and light energy,

originates from a nuclear fusion process that is occurring
inside the core of the Sun.The specific type of fusion that
occurs inside of the Sun is known as proton — proton fusion.

Inside the Sun, this process begins with protons
(which 1s simply a lone hydrogen nucleus) and through a
series of steps, these protons fuse together and are turned into

helium. This fusion process occurs inside the core of the Sun,

and the transformation results in a release of energy that keeps the
sun hot.The resulting energy is radiated out from the core of the Sun
and moves across the solar system. It is important to note that the
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core is the only part of the Sun that produces any significant amount
of heat through fusion (it contributes about 99 < %). The rest of
the Sun is heated by energy transferred outward from the core.

The sun looks like a featureless yellow orb from Earth,
but it has discrete internal layers.The central core,
which is the only place that nuclear fusion

happens, extends to a radius of 138 000 kilometers. Beyond that,
the radiative zone extends nearly three times as far,
and the convective zone reaches to the photosphere.At a radius of
695 000 kilometers from the center of the core, the photosphere
is the deepest layer that astronomers can observe directly,
and 1s the closest the sun has to a surface. The most intense part
of the emission takes place at about 1 /3 of the the radius

(138 000 kilometers) of the fusion core inside the sun :

zl = 55000000

This is the area where the emitted spectra
of the sun has been detected by GRS observations

( 633.1ms~! ) of the sunlight reflected by the moon.

Out[«]=

69634000

1= z1 = 55000000
ou-= 55 000 000

The distance between Sun and Earth equals z2

1= z2 = 149597870700
our-j= 149597 870700

The Gravitational Doppler Shift from the emitting area of the
fusion core of the sun until the Gravitational Radius of the sun has
been presented below :
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K2 €00 K2 €040

Inf+ J:= Plot[c(e . —e ), (z, z1, 22}]

640.5 i
640.0 »
639.5 »
Oull*J= 639.0 ~
638.5 »

638.0 -

n 1 n n n 1 n n n 1 n n n 1 n n n 1 n n n n
2.0x10™ 40x10"° 6.0x 10" 8.0x10" 1.0x 10" 1.2x10" 14x°

1 n n 1

637.5-

_K20u0 K240
VDoppler =C (@ 72 4 zl )

ouf- 1= 640.42

In[+ J:=
The calculated value of 640.4 [m/s] for the GRS of the Sun corresponds
to the measured average value for the GRS of the sun in of =641.2 + 18.4 [m/s]
published in :
The solar gravitational redshift from HARPS — LFC
Moon spectra. (A test of the general theory of relativity)
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