The old and new

@epts C/ |?ySiCS

An open-dialogue journal

www.uni.lodz.pl/concepts

THE BASIS OF GENERALIZATION OF
AE =mc®* TO AE = Ac’AM AND ITS
JUSTIFICATION IN PHYSICAL PHENOMENA

Ajay Sharma
Fundamental Physics Society
His Mercy Campus, Post Box 107 GPO Shimla
171001 HP INDIA

e-mail: physicsajay@rediffmail.com

(Received 14 February 2006; accepted 20 May 2006)

Abstract

Einstein’s (Sep. 1905) derivation theorizes that when light
energy (L) is emanated by luminous body then its mass di-
minishes as Am :L/02 and this equation is speculative origin
(without proof) of AE = ¢?Am. This derivation is true under
special conditions only, not in general. Einstein’s derivation
L = Amc? involves four variables e.g. magnitude of energy of
light waves, number of light waves, angle at which light waves
are emitted and velocity of observer, v. Einstein derived L =
Amc? choosing special values of variables. If general values
of variables are considered then Einstein’s derivation predicts
that as body emits light energy, then its mass must increase,
which is inconsistent result. Alternate equation AE = Ac2AM
has been suggested, which implies that energy emitted on an-
nihilation of mass (or vice versa) can be equal, less and more
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than predicted by AE = Amc?. AE = ¢*> Am is yet un-
confirmed in the most abundant chemical reactions. The total
kinetic energy of fission fragments of U?3® or Pu®* is found ex-
perimentally 20-60 MeV less than Q-value predicted by Amc?,
it is explainable with AE = Ac? AM with value of A less than
one. Energy emitted by Gamma Ray Bursts (most energetic
event after Big Bang) in duration 0.1-100s, is 10*®J , can be
explained with help of AE = Ac2AM. The mass of particle Ds
(2317) discovered at SLAC, have mass lower than current esti-
mates; it can be explained with value of A more than one. AE
= Ac?AM, explains that mass of universe 10°°kg was created
from dwindling amount of energy (107%%44J or less) and A is
2.568x1074%16 J or less. This perception implies gravitational
energy is another form of mass (like other energies) and has
been originated simultaneously with mass.
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The basis of generalization of AFE = mc?...

1 Inter-conversion of mass and energy before Spe-
cial Theory of Relativity

The French chemist Antoine Lavoisier (1743-1794) was the first
to formulate a law of conservation of matter in chemical reactions.
The concept of inter-conversion of mass and energy has been studied
by various scientists qualitatively, even before Einstein.

Newton [1] has quoted in his book ‘Opticks’ in 1704 that ”Gross
bodies and light are convertible into one another...”, After about 200
years Einstein [2] derived mathematical equation for Newton’s per-
ception i.e. AL =Amc? where AL is light energy emitted when mass
Am is annihilated and c is speed of light. It is the rarest coincidence
in between Newton’s hypothesis and Einstein’s mathematical deriva-
tion.

S. Tolver Preston [3] proposed that a vast amount of energy can
be produced from matter in his book Physics of the Ether in 1875.
Preston determined that one grain could lift a 100,000-ton object up
to a height of 1.9 miles. This deduction yields AE oc  Amc?.
Jules Henri Poincaré [4, 5] in 1900 applied the calculations in a re-
coil process and reached at the conclusion in the form, mv = (E/c?)c.
From the viewpoint of dimensional analysis, E/c? takes on the role
of a ‘mass’ associated with radiation, which yields E=mc?.

Olinto De Pretto [6] speculated E=mc?, implying that when v=c,
then E= mv? becomes E=mc? , in 1903-04. But Pretto nei-
ther gave specific derivation nor mathematical calculations. Bartocci
[7] claimed that Einstein was aware of De Pretto’s speculation of
E=Amc? , which was published about a year before.

Fritz Hasenohrl [8,9] in 1904, concluded: “to the mechanical mass
of our system must be added an apparent mass which is given by,
m=8E/3c*where E is the energy of the radiation.” In a later pa-
per he further improved result that mass exchanged is, m=4E/3c?.
Ebenezer Cunningham [10] in 1914 in the book The Principles of
Relativity showed that F. Hasenohrl, had made a slight error in his
calculations. If errors are removed then the mass exchanged is m
=E/c? or E = mc?. Thus in this regard Hasenohrl’s contribution is
the most significant, before Einstein.

Frederick Soddi [11] and M. Henri Becquerel both have predicted
that in radioactive emissions the mass of body decreases i.e. energy
of radiations is at the cost of mass.
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Max Planck [12-13] in 1907 made an in-depth investigation of the
energy ”confined” within a body, but he did not use Einstein’s ap-
proach at all. Planck derived an expression m-M= E/c?, for heat
energy and mass and interpreted that
” The inertia mass of body is altered by absorption or emission of
heat energy. The increments of mass of body are equal to heat energy
divided by square of speed of light.”

Planck acknowledged Einstein’s previous derivation but did not
agree with correctness of Einstein’s derivation.

2 Einstein mass energy inter-conversion equation

Einstein [2] perceived that let there be a luminous body at rest
in co-ordinate system (x, y, z). The system (£, n, ¢ ) is in uniform
parallel translation w.r.t. system (x, y, z); and origin of which moves
along x-axis with velocity v. Let a system of plane light waves have
energy { relative to system (x, y, z), the ray direction makes angle ¢
with x-axis of the system (£, i, ¢ ). The quantity of light measured
in system [, 1, ¢] has the energy [14].

b =4{1 —vecosp/c}//[1 —v?/c? (1)

Einstein has given eq.(1) in his paper known as Special Theory of
Relativity [14 ] and called eq.(1) as Doppler principle for any velocities
whatever.

Einstein calculated the decrease in mass of luminous body corre-
sponding to emission of light energy. Let Ey and Hy denote energy
of body before emission of light, measured relative to system (x, y,
z) and system ( £, 1, ¢ ) respectively.

Einstein assumed that

(i) Let this body emits plane waves of light of energy 0.5L (measured
relative to x, y, z) in a direction forming an angle ¢ with x-axis. And
at the same time an equal amount of light energy (0.5L) is emitted
in opposite direction (¢+180°).

(ii) The body remains at rest before and after emission of light en-
ergy. According to the Einstein’s original remarks ........
Meanwhile the body remains at rest with respect to system (z,y,z).

Further E; and H; are the energies of body in the both systems
after it emits light energy. Energy of body in system ( x,y,z)

E,=FE +05L+05L=E + L (2)
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Energy of body in system (&, 7, ¢)

H, = H; +0.58L{(1 —v/ccos @) + (1 + v/ccos ¢) (3)
where 3 = 1/[1 — v?/c?]*/2. Energy of body in system (&, 1, ¢)
H, = H, + L (4)
or
(Ho — Eo) — (Hy — Er) = L[B — 1] (5)

Thus Einstein related the various values of energy with kinetic energy
(KE) before emission and KE after emission of light energy by body
as

H,—-E,=K,+C (6)

H1*E1:K1+C (7)

where K is kinetic energy of body, C is additive constant which de-
pends upon the choice of the arbitrary additive constants in the en-
ergies H and E [2]. These are the equations which Planck [15] has
objected as to as being “permissible only as first approximation”
which Ives objected to as containing the result that Einstein sought
to prove [16] and which Stachel and Torretti [17] claimed to be exact.
Einstein calculated , kinetic energy of body before emission of light
energy, Ko ( myv?/2) and kinetic energy of body after emission of
light energy, K (m,v?/2) as

Ko — K =L{1/\/T— 02/ — 1} 8)

Einstein considered the velocity in classical region thus applying bi-
nomial theorem

K,— K = L{1+v?/2¢* 4+ 3v* /8¢* +150° /48¢5 +1050° /3845 + ... — 1}
(9)

Further Einstein quoted [2]

Neglecting magnitudes of fourth and higher orders, we may place.
K, - K =L v?/2c¢2 (9)
Fadner [18] and Sharma [3, 19-24 ] has justified and elaborated Ein-
stein’s approach by writing the values of kinetic energy before emis-
sion (Ko = myv?/2) and after emission (K =m,v?/2) as

Myv?/2— M2 )2 = Iv?/2¢*  or L= (My—M,)c* = Amc* (10)
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Then Einstein generalized light energy-mass equation for all energies
without explanation as
E = Amc®. (11)

Here E stands for all types of energies e.g. sound energy, heat en-
ergy, chemical energy, nuclear energy, magnetic energy, electrical en-
ergy, energy emitted in form of invisible radiations, energy emitted in
cosmological and astrophysical phenomena or energies co-existing in
various forms etc. However the mathematical basis used by Einstein
is only for light energy as the equation for relativistic variation for
light energy is used, but generalized the result for all energies. Also
the result is not eq.(10) i.e. L = Amc? if higher orders e.g. v*/c?,
vi/eS are not neglected.

3 The body remains at rest while emitting energy
in numerous cases

Einstein’s condition that body remains at rest before and emission
of light energy is justified in many cases, which are not considered
by Einstein. The radioactive sample remains at rest when they emit
radiations, also a light emitting body can be fixed to avoid its motion.

When two waves of different energies are emitted. If body
emits two light waves of slightly different energies i.e. 0.5001L and
0.4999L (Einstein has used light waves of energy 0.5L and 0.5L) in
opposite directions. Now using the law of conservation of momentum,
it can be easily justified that in this case body remains at rest.

Let the body of mass 10kg emits light energy in two waves in visi-
ble region equal to 7.9512x 107! J, this energy corresponds to TWO
light waves in visible region having wavelength 5000°A or energy,
2hc/\ or 7.9512x 10719 J.

Let towards the observer the body emits light energy 0.5001L i.e.
3.97639512x 10~ J i.e. will have momentum

(p1 = E/c) 1.32546504 x 1072" m/s.
Secondly, the body emits light wave of energy 0.4999L i.e.

3.97480488 x 10719 J,
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away from the observer (¢=180°) i.e. will have momentum ( pa=E/c)
1.32493496x 10727 m/s. Let us assume that when the body emits
light waves of energy and moves (if it actually does) with velocity V,
, then according to law of conservation of momentum we get

0=p1+p2+ MV, or Vy=—(p1+p2)/My=—53x10"**m/s

(12)
Thus body will tend to move with velocity 5.3x1073% m/s (away
from the observer) which is immeasurably small by all means , hence
the body remains at rest. Due to this uniform relative velocity v of
the system (&, n, ¢ ) will not change, if body moves then v will vary
accordingly. Similarly other cases can be justified that body remains
at rest and Einstein’s derivation is applicable, however result may
not be L = Amc? always. If the body moves then value of v will
vary accordingly. The radioactive samples remain at rest when they
emit radiations.

4 Violation of law of conservation of mass and
energy i.e. Einstein’s derivation predicts that
mass and energy are created out of nothing or
cipher simultaneously

In the derivation of AL= Amc? there are FOUR variables e.g. I
magnitude of light energy, number of waves emitted, angle ¢ at which
light energy is emitted and velocity v. Each variable have many val-
ues experimentally. Einstein has derived eq.(10) taking special values
of parameters only, if the parameters are just changed then results
are entirely different. The luminous body may emit one, two or more
waves, the magnitude of energy of the waves can be different, thus
angles of waves w.r.t x-axis can vary. Similarly velocity v may be
uniform or variable velocity in classical or relativistic regions or body
may be at rest, the law of inter-conversion of mass and energy holds
good in all cases. Thus Einstein’s incomplete derivation has been
completed, and ultimate generalized equation is suggested.

(i) When two light waves are emitted with slightly differ-
ent energies.

Let the body emits two light waves of slightly different energies
i.e. 0.5001L and 0.4999L in opposite directions and other parameters
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remain the same as assumed by Einstein. In this case the equation
equivalent to eq.(3) can be written as

H, = H1+0.50018L(1—v/ccos0°)+0.49995L(1—v/ccos 180°) (13)

or

H, = H; + BL(1 — 0.0002v/c)

Now proceeding in the similar way as above we get

K, — K = —0.0002v/c + Lv?/2¢?

. Am = Mass of body before emission (My)
—Mass of body after emission (M,)
= —0.0004L/cv + L/c? (14)
or

M, = 0.0004L/cv — L/c* + M,

which implies that when Light Energy, L (0.4999L along x-axis, 0.5001L
in opposite direction) is emitted, then mass of luminous body in-
creases, as 0.0004L/cv is always more than L/c?(v<<c ). The %age
difference between eq.(10) and eq.(14) is 0.04c/v or 1.2 x108 if velocity
is 10m/s (36km/hr) i.e. in classical region. The following inconsis-
tent results follow from above discussion.

(a) Thus Einstein’s 1905 derivation also predicts that luminous body
emits energy and simultaneously mass of body increases. Both the
creation of energy and mass is at cost of nothing or cipher. It is clear
contradiction of law of conservation of matter and energy.

(b) Contradiction with relativistic variation of mass i.e.

Mrel - Mrest/(l - ’U2/62)1/2- (15)

The eq.(15) was suggested by Lorentz before Einstein , who used the
same in his paper of Special Theory of Relativity [14]. It is confirmed
by Kauffman [25] in 1902 and Bucherer [26 | that mass of body in-
creases when it moves with velocity comparable to that light . But
according to Einstein in this derivation mass of body also increases
when it moves with classical velocity emitting energy, which is not
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justified.

(ii) When one light wave is emitted at angle 180.1° instead
of 180°.

When magnitude of angle at which one wave is emitted is 180.1°
rather than 180°, the other angle and magnitude of energy of light
waves remains the same. Then equation equivalent to eq.(3) is given
by

H,=H; +0.56L(1 —v/ccos0%) +0.56L(1 — v/ccos 180.1%), (16)

H, = H, + SL(1 — 0.000000761v/c),
K, — K = —0.000000761Lv/c + Lv?/c?, (17)
Am = —0.000000761L/cv + L/c?, (18)

or

M, = 0.000001522L/cv — L/c* 4+ My,

which implies mass of body increases when light energy is emitted,
as in classical region as 0.000001522 L/cv is more than L/c? . Thus
if difference in ¢ is 0.1°, then Einstein’s derivation implies that body
emits light energy and its mass also increases, which is never experi-
mentally justified.

(iii) When body emits four waves of energy simultaneously.

Let the body emits two light waves of energy 0.255L each at angles
0° and 30° towards the system (&, 7, ¢) and two light waves each of
energy 0.245L at angles 180° and 210°, away from the system (&, 7,
¢) . Now we can write

Ho = H; 4+ 0.255L3[1 — v/ccos0°] + 0.255LG[1 — v/ccos 30°)+

+0.245L3[1 — v/ccos 180°] 4 0.245LA[1 — v/c cos 255°) (19)

or
H, = H, + LA[1 — 0.167425811v/c], (20)
K, — K = L[-0.167425811v/c 4+ v* /2¢?], (21)
Am(M, — M,) = —0.334851622L /cv + L/c? (22)

Concepts of Physics, Vol. Il (2006) 359



Ajay Sharma

or
M, (mass after emission) = 0.334851L/cv — L/c*+

+My(mass be fore emission), (23)

which again implies (as v<<c) that when body emits light energy its
mass also increases and can be interpreted like eq.(14). This deduc-
tion is again not experimentally justified. Like this such results are
obtained from many other cases.

5 Some feasible cases neglected by Einstein, also
leads to inconsistent results

In fact Einstein’s derivation is very compact and is of nearly three
pages, without abstract, sub-sections and without references of the
previous literature. According to Max Born [27] the striking point
is that it contains not a single reference to the previous literature.
But the following genuine possibilities (which are absolutely essen-
tial) have neither been discussed by Einstein [2] and nor by others
[18]. Thus Einstein’s incomplete work is completed. Such aspects are
discussed by author in recent critical analysis [3, 19-24].

(i) Single wave is emitted.

Consider a body is placed in the system (x,y,z) and emits a single
wave of light energy L, which is perpendicular to ray direction i.e. ¢
= 90° . Then equation equivalent to eq.(3) can be written as

H, = H;, + BL{(1 —v/ccos90°)}

or
H,=H; + 5-[/’
E,=FE1+ L,
or
Am = L/c%.

This is the same result as obtained by Einstein but is not discussed
by him. However this result is not obtained if the angle is considered
90.1° or 89.9°.
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(ii) Angle at which light waves are emitted.

When magnitude of angle at which one wave is emitted is 179.1°,
other wave is emitted at 0° and the magnitude of light energy is
regarded as same as considered by Einstein. Thus

H,=H; +0.58L(1 —v/ccos0°)+

+0.58L(1 — v/ccos 179.1°), (24)
H, = Hy + BL(1 — 0.000061683v/c)

or
Ko — K = —0.000061683Lv/c + Lv?/2c?,

M, = 0.000123367L/cv — L/c* + M,,. (25)

Thus this result is similar to eq.(14). Similar other results can be
obtained if other angles are considered.

(iii) Magnitude of light waves. When two waves of energy
0.901L and 0.099L are emitted.

In this case it is assumed that the body emits plane waves of
light energy 0.901L along x-axis i.e. ¢ =0°. The other wave of light
energy 0.099L is emitted in exactly opposite direction i.e. forming
angle 180°. Then equation equivalent to eq.(3) becomes

H, = Hy + 0.9018L(1 — v/ccos 0°)+

+0.0998L(1 — v/ccos 180°), (26)
H,=H; + (fL(1—0.802v/¢c),
K, — K = —0.802v/c + Lv*/2c2, (27)

Am = —1.604Lv/c+ L/c?,

or
M, = 1.604L/cv — L/c* + M. (28)

Thus results can be interpreted as in eq.(14) as it implies that when
light energy is emitted the mass of body increases.
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(iv) When body is at rest i.e. v=0

Velocity v is regarded as zero (v = 0) if system (£, n, ¢ ) is at
rest or v is also zero if both the systems move with the same velocity
in the same direction. Let body emits light energy as considered by
Einstein. Under this condition eq.(1) becomes

=4 (29)
Re-writing eq.(3) in view of above we get
H,=H, +05L+050=H, +L (30)

or

(HO_EO)_(Hl_El):O- (31)

As the observer is at rest in this case so eq.(31) can not be expressed
in terms of change in kinetic energy, hence change in mass. In pre-
vious case when observer system (£, 1, () moved with velocity v and
body in system (x, y, x) was at rest; then Einstein expressed quantity
(H, — E,) — (Hy — E1) in terms of kinetic energies of body before and
after emission of light energy as Ko— K. As the system (&, n, ¢ ) is at
rest and hence the perception of kinetic energy is non-existent as in
eqs.(5-6) in Einstein’s derivation. Thus change in KE (hence change
mass, as v is uniform) cannot be calculated, the value of emitted light
energy (L) has already been disappeared from eq.(31). Thus in this
case Finstein’s derivation does not lead to any conclusion about anni-
hilated mass (Am ) and energy emitted (L) , hence is not applicable.
However practically in this case light energy is being emitted and
mass of body decreases but Einstein’s derivation does not provide
any information.

(v) Self contradictions.

Contradiction of Am = L/c? itself i.e. energy emitted is more
than L =A mc?

(a) Let all the parameters remain the same as considered by Ein-
stein and simply magnitude of angle of one wave is changed to 0.5°
rather than 0°. Then

H,=H; +0.50L{(1 —v/ccos0.5%)+
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+(1 —wv/ccos180°)} (32)

or
H, = Hy + BL[1 + 0.000018038v/c]

or

Ko — K = 0.000019038[Lv/c + Lv? /2c?
Am(M, — M,) = 0.000038077L/cv + L/c?. (33)

According to Einstein if body emits two light waves of energy 0.51,
each in opposite directions, then decrease in mass is given by eq.(10)
i.e. Am = L/c? . Thus in this case decrease in mass is more than
as predicted by Einstein. Thus Einstein’s derivation leads to the self
contradictions. Scientifically all results must be considered before
reaching at final conclusions.

(b) Similarly consider that source emits a single wave of energy
L, such that it makes angle 180° with x-axis. Thus

H,=H; + BL(1+v/c) (34)

or

Ko— K =BL[1+v/c — L

or
Am = 2L/cv + L/c?, (35)

which is again the similar case as in eq.(33). Many other cases lead
to such deductions.

(vi) Einstein’s speculative generalization of A m = L/c? for
all energies i.e. A m = AE/c?

Further Einstein generalized the eq. (10) without any justification
in the following way [8] , “The mass of a body is a measure of its
energy content: if the energy changes by L, the mass changes in the
same sense by L/9110%° if the energy is measured in ergs and mass
in grams.”

It implies that mass can be converted into every possible type of
energy existing in nature. The eq.(10) meant for light energy, just in
analogous way it can be written as AE = Amc?.

In the discussion no equation for sound energy or other forms of
energy equivalent to eq.(1) and eq.(10) has been mentioned. Now
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it is regarded as true for all types of energies It means that when
sound energy is produced from source, then mass of body decreases.
When mass is annihilated then huge amount of sound or noise may
be produced which can be termed as sound bomb or noise bomb
analogous to nuclear bomb. The conceptual and mathematical basis
of Einstein’s derivation [2,14] is only meant for the light energy but
its applications are universally extended in all cases wherever there
is inter-conversion of mass to energy.

About its experimental confirmation Einstein [2] quoted that “..It
1s not excluded that it will prove possible to test this theory using bod-
ies whose energy content is variable to a high degree ( e.g., radium
salts) 7 The radium is over one million times radioactive than ura-
nium. It decays 3.7 x 10'0 disintegrations per second, its salts like
RaFs , RaCly ,Rals etc are also extremely radioactive. After radioac-
tive decay the sample remains at rest.

(vii) Nature and limitations of eq.(1)

FEinstein’s equation of relativistic variation of light energy i.e. eq.
(1) is different from other equations which gives relativistic variation
in quantities such as mass, length and time (which existed before spe-
cial theory of relativity). These quantities are independent of angle,
¢. The eq.(1) is different from these equations, as it involves addi-
tional term in numerator [1-v/c cos ¢] and was quoted by Einstein
[14].

Let the body emits a ray of light such that makes an angle 0° (to-
wards the observer) and Einstein [14] has applied this condition (¢
=0° ) to eq.(1) and quoted eq.(37).

Ox = {1 —v/ccos0°}/y/[l —v?/c?] = £(1 —v/c)//[1 —v?/c?] (36)

or

O =0[(1 —v/ec)/(1+v/e)]/2. (37)

The eq.(1) has mainly two limitations i.e. under some conditions (¢
= 0° ) it does not obey law of dimensional homogeneity and also does
not comply with of identity a? -b? = (a+b) (a-b).

(a) Inconsistency of dimensional homogeneity when velocity
v approaches to c i.e. v—c,
If the system (£, 1, ¢ ) moves with velocity equal to that of light
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which realistically or actually means that velocity v tends to ¢ . The
heavenly bodies like Quasars move with such velocities (v—c) Thus
eq.(36) becomes

¢t —0/0

[from unsolved eq.(36)] which is undefined or £* tends to 0/0 which
has the same meaning.

The dimensions of LHS are M L2T~2 [energy] and that of RHS unde-
fined. It is the inherent requirement that an equation must obey the
principle of dimensional homogeneity [28-29] i.e. dimensions of LHS
and RHS must be the same, but it is not so in case of eq.(1) under
this condition. Hence under this condition the central equation which
leads to Am = L/c? is not applicable. Such central equation which
leads to such a basic principle should be free from such limitations.
(b) Non-compliance of identity a? —b? = (a+b) (a-b) by eq.(36).
Further contradictory results are also self-evident if eq.(36) is solved
with identity, and Einstein has quoted eq.(37) in this regard. Now
again if we apply the same condition the velocity v tends to ¢ i.e. v
— ¢, then eq.(37) becomes,

F—0

[from solved eq.(37)] Now if ¢ = 0° the eq.(1) , in unsolved form
i.e. eq.(36) and solved form i.e. eq.(37) under similar conditions (v
— ¢) gives different results (¢* —0/0 and ¢* — 0), which is never
justified. The eq.(1) is meant for relativistic velocities but does not
yield correct results under this case. Further Einstein [14] has quoted
eq.(37) but did not discuss this case as above. However Einstein [14]
discussed an entirely different case i.e. v = — ¢, then £*(frequency) =
00.

Also according to eq.(1), the observer in system (&, n, ¢ ) will
notice maximum light energy ¢* if ray of light moves away from the
observer (¢ =180° ) as in this case numerator is maximum ( 1+v/c).
The light energy will be minimum if the body emits light energy to-
wards the observer (¢ = 0°) and numerator is minimum (1-v/c). It
is not consistent with sound energy, as the pitch of siren is minimum
when train moves away from the observer. Einstein has not dis-
cussed such results, however he used this equation in the derivation
of mass—energy equation. Energy observed must be assessed more
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when emitted towards the observer.

(viii) Velocity v may be non-uniform.

Einstein considered systems which are in uniform relative mo-
tion, v w.r.t. each other. The velocity of system may be uniform
or non-uniform, may be in classical or relativistic region or at rest
the law of inter-conversion of mass and energy holds good under all
circumstances. Thus the derivation should have been applicable for
all values of velocities. Obviously Einstein’s derivation is only meant
for visible energy, but large amount energy is emitted in the invisible
region also. In the existing literature there are prospective proposals
[30-31] that speed of light can be less or more than c. If it is finally
confirmed then only AE =Ac? Am will be applicable to explain the
energy emitted.

6 The generalized mass energy equation AE =
ActAm

There are various types of reactions involving inter-conversion of
mass to energy. These reactions are e.g. chemical reactions, nu-
clear reactions (fission, fusion and annihilation of matter and anti-
matter), volcanic reactions, astrophysical and cosmological reactions
and process of creation of mass before Big Bang. Here we start with
calculations of infinitesimally small amount of energy dE, when in-
finitesimally small amount of mass dm, is converted (in any process)
into energy. dE may be the energy in any form i.e. light energy,
heat energy, sound energy, chemical energy, electrical energy, energy
in form of invisible radiations or energy co-existing in various forms
etc. is called energy evolved or energy emitted.

Hence, dm and dE are related as dE o dm. Thus, magnitude of
energy created or emitted and mass annihilated (destroyed or disap-
peared) are proportional to each other, it can be further discussed.
(i) When Einstein derived E=Amc? chemical reactions were the most
abundant source of energy in nature. Till date E=Amc? is not con-
firmed in the chemical reaction and reason cited for this is that equip-
ments are not enough sensitive [32]. Consider burning of 1kg straw or
paper or petrol in controlled way, ashes, gases and energy produced
can be estimated. Even if 0.001 kg or 1gm of matter is annihilated
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then energy equal to 9x10'3J (can drive a truck of mass 1000kg
to distance of 9x107 km) will be produced. Until the equation is
not confirmed in such reactions, then scientifically it may be not be
regarded as precisely true in such cases. It is equally possible that en-
ergy emitted may be less than predicted by E=Amc? or E x  Amc?.
(ii) In laboratory it is confirmed [33-35 ] that using thermal neutrons
the total kinetic energy (TKE) of fission fragments that result from
of U235 and Pu?3 is 20-60MeV less than Q-value (200MeV) of reac-
tion predicted by AE= Amc? . Similarly mass of particle Ds (2317)
has been found more than current estimates based upon AE= Amc?.
Thus in this case E o< dmc? is justified.

(iii) The most successful theory of understanding of formation of uni-
verse, the Big Bang theory ( the biggest energy releasing process
universe) assumes that whole mass of universe (105°kg, say) was in
form of ‘primeval atom’ and then suddenly exploded. According to
E=Amc? this would have been created from energy 9x107" J, but
how this enormous amount of energy was created in space out of
nothing. Thus one query leads to another query. Hence creation of
mass or energy in formation of ‘primeval atom’ is not consistent with
E=mc?, hence proportionality E o« dmc?, may be considered.

The characteristic conditions of electron-positrons annihilation process
are different from chemical reactions (nucleus remain unaffected e.g.
burning of wood), and those of chemical reactions are different from
astrophysical or cosmological reactions. The energy emitted in Gamma
Rays Bursts is of the order of 10°J even in a fraction of second, these
are different from chemical reactions. Thus in all reactions E=mc?
needs to be specifically confirmed.

(vi) The efficiency of the nuclear weapons as well as nuclear reactors
is far less than the theoretical value predicted by E=Amc?. Robert
Serber (member of first American team entered Hiroshima and Na-
gasaki in September 1945 to assess loses), has indicated [36 | that the
efficiency of “Little Boy” weapon [U%35, 49kg ] that was used against
Hiroshima was about 2% only. It is assumed that all the atoms don’t
undergo fission, thus material is wasted. But no such waste material
is specifically measured quantitatively. Thus the waste material (nu-
clear reactor or weapon) must be measured and corresponding energy
is calculated, and it must quantitatively explain that why efficiency
is less. It may require the measurements of all types of energies (may
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co-exist in various forms) in the processes and experimental errors.
Until such calculations are not precisely confirmed experimentally;
it is equally feasible to assume that the energy emitted may be less
than E=mc? (or E o dmc? ) when reactants are in bulk amount
and various types of energies are simultaneously emitted. Thus both
the possibilities are equally probable until one is not specifically rules
out. In view of weirdness in reactions emitting energy, some theoret-
ical inconsistencies in the derivation and non-availability of data, one
can explore the second possibility even as a postulate.

All the equations in science are regarded as confirmed when specif-
ically justified in all experiments. The reactions involving inter-
conversion of mass and energy are utmost diverse, weird and new
phenomena are being added regularly, thus E=mc? needs to be con-
firmed in all cases. Thus in general, in view of above proportionality
it may be taken in account as dE o c?dm. The above proportionality
dE o c¢?dm can be changed into equation by introducing a constant
of proportionality. The inception of proportionality constant is con-
sistent with centuries old perception of constant of proportionality in
physics since days of Aristotle and Newton. In second law of motion
(F=kma) the value of constant of proportionality, k is always unity
(like universal constant) i.e. F=ma. When more and more complex
phenomena were studied or values of constants of proportionality
were determined then it showed dependence on the inherent charac-
teristics of the phenomena. In such cases constant of proportionality
is regarded as co-efficient of proportionality e.g. co-efficient of ther-
mal conductivity or viscosity etc. Thus removing the proportionality
between dE and c?dm, we get

dE = Ac*dm (38)

where A is ( a co-efficient) used to remove that sign of proportion-
ality; it depends upon inherent characteristics of the processes in
which conversion of mass to energy takes place and it is dimension-
less. It has nature precisely like Hubble’s constant {50 and 80 kilome-
ters per second-Megaparsec (Mpc)} or coeflicient of viscosity (1.05x%
1073 poise to 19.2x 1075 poise) or co-efficient of thermal conductiv-
ity ( 0.02Wm~'K~! to 400 Wm~1K~1) etc. Thus, in fact Hubble’s
constant may be regarded Hubble’s variable constant or Hubble’s co-
efficient, as it varies from one heavenly body to other. If ‘A’ is equal
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to one, then we will get dE=dmc? i.e. same as Einstein’s equation.

In eq.(38) ‘A’ is regarded as conversion factor as it describes feasi-
bility and extent of conversion of mass into energy. For example out
of bulk mass, the mass annihilated to energy is maximum in matter-
antimatter annihilation, apparently least in chemical reactions, un-
determined in volcanic reactions and cosmological reactions. It (the
co-efficient A) depends upon the characteristic conditions of a partic-
ular process. It may be constant for a particular process and varies for
the other depending upon involved parameters or experimental situ-
ation. Thus ‘A’ cannot be regarded as universal constant, just like
universal gravitational constant G and k in Newton’s Second Law
of Motion. The reason is that mass energy inter-conversion are the
bizarre processes in nature and not completely studied. Even some
increase in value of G has been observed by scientists of University
of Washington reported by J.H. Gundlach [37].

Now comnsider the case when mass is converted into energy. Let
in some conversion process mass decreases from M;(initial mass) to
My (final mass), correspondingly energy increases from E; (initial
energy) to Ef (final energy). The eq. (38) gives infinitesimally small
amount of energy dE created on annihilation of mass dm. To get the
net effect the eq. (38) can be integrated (similar is the case when
Einstein obtained relativistic form of kinetic energy in June 1905
paper)

[dE = A [ dm.

Initial limit of mass = M, initial limit of Energy = E;, final limit of
mass = My, final limit of Energy = Ey.

Initially when mass of body is M, , then E; is the initial energy of the
system. When mass (initial mass, M;) is converted into energy by any
process under suitable circumstances the final mass of system reduces
to My. Consequently, the energy of system increases to E; the final
energy. Thus My and E; are the quantities after the conversion.
Hence, eq. (38) becomes

E; — E; = A*(My — M;) (39)

or
AE = Ac*Am, (40)
Energy evolved = Ac® (decrease in mass). (41)
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If the characteristic conditions of the process permit then whole mass
is converted into energy i.e. after the reaction no mass remains (Mjy
=0)

AE = —AcM; (42)

In this case energy evolved is negative implies that energy is created at
the cost of annihilation of mass and the process is exo-energic nature
(energy is emitted which may be in any form). Energy is scalar
quantity having magnitude only, thus no direction is associated with
it.

Thus the generalized mass-energy equivalence may be stated as

“The mass can be converted into energy or vice-versa under some
characteristic conditions of the process, but conversion factor may or
may not always be ¢ (9 x 10*%m?/s?) or ¢=2

6.1 Applications of AE = Ac ? A m in various phenomena

The relation AE = Ac? Am is applicable in every possible phe-
nomena which involves inter-conversion of mass and energy directly
and indirectly, its main feature is the conversion factor may or may
not be ¢? always depending upon the inherent characteristics of the
processes.

6.2 Total Kinetic Energy of fission fragments is 20-60 MeV
less than predicted by AE = Am c?

In laboratory it is confirmed [33-35] that using thermal neutrons
the Total Kinetic Energy (TKE) of fission fragments that results from
of U235 and Pu?3? is 20-60MeV less than Q-value of reaction predicted
by Einstein’s famous AE= Amc? ( 200MeV for U?3%). These obser-
vations are more than three decades old [35]. Some alternate sug-
gestions has been made to explain the total kinetic energy of fission
fragments by extending the successful Liquid-Drop Model of Bohr
and Wheeler | 38-39 |. Bakhoum [35] has attempted to explain the
same with Wave Mechanical equation E=mv?.

Let the TKE of fission fragments is 175MeV (as experimentally it is
observed less), instead of expected 200MeV. It can be explained with
help of AE = Ac? Am with value of A is 0.875 i.e.

A= AE/c?Am = 175/200 = 0.877. (43)
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Thus energy of fission fragments of U?3® and Pu?3? is given by
AE = 0.877c*Am. (44)

Thus value of A less than one is justified experimentally in this case.

6.3 Discovery of particle having mass less than predicted
mass

Recent work led by A. Palano [40] and his collaborators, at Stan-
ford Linear Accelerator Centre confirmed discovery of a new particle
dubbed as Ds (2317) having mass 2,317 mega-electron volts. But
this mass is far less than current estimates based upon E=mc?. The
Generalized Mass-Energy Equation

AE = AAm

or

Am = AE/Ac?

can be used to explain the same. Obviously the problem of lower
mass can be solved by conversion co-efficient A, which have slightly
higher value than unity in this case.

6.4 Applications in Astrophysical and cosmological reac-
tions or processes

All the theories are silent about the pre-Big Bang origin of the
universe, however AE = Ac? Am is not only capable of explaining
this intrigue but also provides explanation to other phenomena.
The mass is primary form of energy in nature, is converted to other
forms of energies which may co-exist in various forms. In electric bulb
electrical energy changes to light energy, in radio electrical energy is
converted into sound energy , in cell chemical energy is changed to
electrical energy, in photocell light energy changes to electrical energy,
there are many such examples.

Energy in one form = a (energy in the other form) (45)

where ‘a’ is conversion factor just like J (4.2 x107 erg cal™! ) in
W=JH. E=mc? states that mass is converted into energy or vice
versa, whereas according to eq.(45) energy changes from one form to
other.
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6.4.1 Creation of Mass 10°° kg on the basis of AE=Amc?.

Georges Lemaitre was the first to propose that the universe be-

gan from ”primordial atom” i.e. whole mass ( 10%° kg, say ) of the
universe was condensed to a point, in superheated state, all mass
was concentrated at volume virtually negligible with unimagineably
high density. The big bang took place at the time t=0, and uncer-
tainty principle prevents our speculating on the times shorter than
10~43 seconds after big bang. Even Einstein himself did not apply
E=Amc? to explain how the mass of universe is produced and Big
Bang took place.
A gamma ray photon of energy at least 1.02 MeV i.e. 1.634210—13 J
when passes near the field of nucleus gives rise to electron and positron
pair of mass i.e. 18.2x1073! kg and vice versa , it is consistent with
AE=Amc?. It can be determined from E=Amc? that mass of the
universe 10°°kg would have been created from 9x107J i.e.

AE = Amc? = 10%kg x 9 x 101m? /s* =9 x 1071J. (46)

Thus energy 9x10™ J has been materialized to mass, 10°° kg. How
the energy of the order of 9x1071J was produced along with addi-
tional energy (which may be unimaginably high) ? Obviously it is
due to this additional energy, whole mass of the universe condensed
to a point and its temperature became exceptionally high and finally
exploded. Thus, this energy has been created from mass. Then how
mass was created? Thus answer of a query is another query, which
is not scientific answer.

6.4.2 Creation of mass on the basis of AE=Ac?Am.

Initially the whole space was filled with infinitely large number of
particles of zero mass or undetectable by any means, may be termed
as Zeroans . The Zeroans (m=0) are the most primitive constituents
of the universe in space, may be moving with infinitely large veloci-
ties. The numerous numbers of Zeroans moving with infinitely large
velocities acted as the smallest possible (but just perceivable) units
of energy of nearly similar magnitudes. It is the postulatory assump-
tion in this perception.

In due course of time infinitely large number of Zeroans may have
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resulted or combined together to form pulse of energy, 1074444 J or
less (smallest permissible units of energy). It may be called the ‘pri-
mordial quantum of energy ’, which is subdivided in numerous parts
or pulses of energy in empty space.

The relation AE = Ac? Am is applicable to all peculiar cases
where mass-energy inter-conversion takes place, as in this case the
conversion factor is not rigidly ¢2. Due to its general nature AE =
Ac?  Am was applicable even in pre big bang era. Thus the equation
AE = Ac?Am specifically predicts that in this primordial era, dimin-
ishingly small pulse of energy, say 107444 J (or less), manifested
itself in mass 10°°kg , in due course of time. Under this condition
the value of A,,; can be determined as (AE /c? Am = A,,;)

Aypi = 107444 /9 % 1016 x 10%° = 1.1112107 4516, (47)

Now if the value of energy is 1074444 J and the value of A,,; is
1.1112£10~%516 J then mass can be calculated as

Am = AE/Ac? = 1074 J/1.1112107*°1629210'6 = 10%kg. (48)

Thus AE = Ac?Am, is the first equation which at least theoretically
predicts that universe (10°°kg) has been created from minuscule or
immeasurably small amount of energy (107%444J or less). However
actual process of creation of mass may be quite tedious and time
consuming process.

6.4.3 Annihilation of mass to gravitational energy

The mass may be regarded as first or primary form of energy. In
uncontrolled nuclear fission or in nuclear reactors mass is converted
to light energy, heat energy, sound energy and energy in form of in-
visible radiations is emitted etc. In nucleus the mass is converted into
the binding energy (attractive like gravitational energy). The attrac-
tive binding energy exists within nucleus and attractive gravitational
energy exists on large scale, but both arise from the annihilation of
mass. In view of eq.( 45) the analogous relation between mass anni-
hilated and gravitational energy produced (measure of gravitational
force or pull) can be written as

Energy emitted in annihilation of mass (Ac?Am) =
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=k Gravitational energy (Uy)

or
Gravitational energy (Ug) =

= Energy emitted in annihilation of mass (Ac?Am)/k,

where k is conversion factor which determines the extent of conver-
sion of mass to gravitational energy. Thus higher the value of A and
smaller the value of k more gravitational energy will be produced.
The values of A and k depend upon inherent characteristics of the
process.

The inter conversion of energy to mass is a continuous process. The
fraction of mass (so produced) simultaneously changed into gravita-
tional energy as described by eq.(49). This gravitational energy held
together the created mass, if the gravitational energy produced in one
particular case is considerable then that matter remained in cohesive
state. So,

” formation of mass of universe and origin of gravitation are both si-
multaneous processes”.

The gravitational energy is universally prevalent and is inherent prop-
erty of bodies, hence is held together as it is produced.

At the same time it is just possible that some particles which were
created from ‘primordial energy’, may have not developed consider-
able amount of gravitation energy, hence not condensed to bigger
units and may be even as such now. These may have mass trillion-
trillion times smaller than axions, hypothetical particles proposed by
Peccei [41], and are virtually isolated. Such particles are constituents
of dark matter.

6.4.4 Formation of “primordial atom” and its explosion or
Big Bang

Thus lighter particles or bodies stuck together (under extreme
conditions of temperature, pressure and gravitational energy) then
their mass increased. Thus high temperature and high gravitational
pull caused constituents of universe to contract to a single point. As
the process of annihilation of mass to energy continued the rise in
temperature and increase in gravitational energy continued. Thus
bodies were quickly attracted and condensed as being extremely hot
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they compressed to small size due to high gravitational energy conse-
quently radius of the universe decreased. This process was repeated
again and again and whole mass of the universe condensed to a single
point in super heated and super dense state in due course of time.
The nature of gravitational force so developed, may be regarded as
similar to interatomic force. The interatomic force is attractive up
to some extent (maximum r = 5A° ) and when distance between the
molecules decreases it turns strong repulsive force. As the gravita-
tional energy increases (higher A, less k), the size of constituents of
universe decreases. As long as the size of compressed mass of universe
is optimum, there is no considerable repulsion between constituents.
When the size of the universe is further decreased (due to extreme
conditions of heat and gravitational energy) i.e. distance between
nuclei decreased beyond the optimum distance. At this stage (size
of universe decreased beyond optimum size), the ‘primordial atom’
exploded as universe was in extremely unstable, repulsive and reac-
tive state. At this stage, even small mass may have been converted to
mammoth amount of energy as permissible by equation AE =Ac2Am,
in weird reaction. It is called Big Bang and ever since constituents
of universe are receding away.

6.4.5 Annihilation of antimatter in hadron epoch

After time 1073° seconds of Big Bang , in the Universe roughly
equal amounts of matter and antimatter were created. Now the ob-
servable mass of universe is regarded as 10°° kg. But so far, no anti-
matter domains have been detected in space within 20 megaparsecs
of the Earth [42]. The antimatter has been annihilated at 10~ Cs, in
the end of hadron epoch (10 ~3° — 10 ~*s, temperature, 10*” —10'2K)
and temperature of the universe in next lepton epoch (10~% — 10%s),
reduced to temperature 102 — 10°K.

It leaves a ticklish situation which has been overlooked, when huge
amount of antimatter is instantly annihilated , then huge amount of
energy according to AE =c?Am would have been created further
increasing the temperature. But temperature of universe decreased
simultaneously, which implies no heat has been generated on annihila-
tion of anti-matter. Thus the generalized equation AE =Ac?Am can
be used to explain the same, with value of A exceptionally less than
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one. Thus at the end of hadron epoch huge amount of antimatter is
annihilated and exceptionally small amount of energy (unnoticeable)
is emitted. Hence as universe expanded it cooled in usual way. Thus
AE =Ac?Am (with value of A less than one) explains both the as-
pects i.e. why antimatter is not observable now and temperature of
universe decreased usually. Thus value of conversion factor between
mass and energy is not always c?.

6.4.6 Black Holes and Gamma Ray Bursts

On the basis of AE =Ac?Am the reason for formation of black
hole ( density of the order of 10'%kg/m3 ) is that due to small an-
nihilation of mass, enormous amounts of heat and gravitational en-
ergies are produced. If the gravitational pull of a heavenly body is
exceptionally-2 higher then even visible light does not escape from it
and remains invisible. According to this perception the pre-requisite
for formation of the black hole is that it must have unimaginably high
value of gravitational energy. According to eq.(49 ) it is only possible
if the value of A must be exceptionally high and that of k must be
exceptionally small . Thus for small mass annihilation, huge amount
of gravitational energy is gained by body which even does not allow
light to escape
If this condition is satisfied then even bodies of smaller mass may
become black holes. The lightest black holes are also possible, and
reside in the youngest galaxies.

Gamma ray bursts (GRBs) are intense and short (approximately 0.1-
100 seconds long) bursts of gamma-ray radiations and originate at
very distant galaxies (several billion light years away). GRBs are the
most energetic events after the Big Bang in the universe and emit
energy up to 10*” J in exceptionally short time. The origin of GRB
can be understood on the basis of this perception. If for black hole
(formation described above) the value of A is higher and value of k is
less and remains active, then it contracts beyond an optimum limit
due extreme conditions of gravitation and temperature. Thus it may
further result in a detonation known as black bang emitting excep-
tionally high amount of energy in form of GRBs, due high value of
A. The Gamma Ray Bursts may be originated in this way also. Thus
the explosion like Big Bang are continuing even now but at much
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smaller scale emitting energy in form of GRBs and corresponding to
annihilation of small mass huge energy is emitted with high value of
A. This discussion permits then GRBs may be emitted from black
holes of smaller bodies comparatively.

According to E=mc? if energy emitted is 10*” J, then mass annihi-
lated will be 1.11x10%%kg, that too in few seconds. This annihilated
mass is comparable with mass of Sun is 1.99x10%%kg . In GRB, the en-
ergy equal to 107 J can be emitted from 10 kg of mass is annihilated
in body if value Ay in AE = Ac?AM, is 1.11x102%°. Likewise expla-
nation for other cosmological phenomena and bodies can be given on

the basis of the generalized mass energy inter-conversion equation,
AE =Ac?Am.
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(i) This paper does not mean E=Amc? is incorrect. Author has
admitted, in discussions at various levels, as E=Amc? is confirmed
in nuclear physics and true beyond any doubt. In view of his work
its extended version is required, in some cases.

(ii) The author has simply highlighted Einstein’s old forgotten deriva-
tion of E=Amc? which was given by the legend in September 1905
paper. Initially Einstein has derived the Light Energy mass equation
L =Amc? an then speculated from it E= Amc? for all energies ( e.g.
light energy, heat energy, sound energy, chemical energy, electrical
energy, energy in form of invisible radiations or energy co-existing in
various forms etc ). Although Einstein’s mathematical basis is only
meant for light energy, yet is regarded as true for energies.

The interesting point of the discussion is that the Einstein’s deriva-
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tion is not completely studied, thus Einstein’s unfinished work has
been completed in the paper. Einstein has derived the same under
special conditions. If all aspects of the derivation are taken in ac-
count, then some inconsistent results are obtained. Also the hidden
aspect of Einstein’s derivation is that when light energy is emitted
the mass of body must increase, it is violation of law of conservation
of mass. It has been mathematically established.

The law of inter conversion of mass and energy holds good under all
circumstances e.g. body may be at rest, moving with uniform or non-
uniform velocity in classical or relativistic region. But Einstein has
derived the equation for only when body moves with uniform velocity
in classical region. The other velocities are not taken in account. This
is main reason is that author has derived the mass energy equation
by new method.

(iii) Now while deriving mass energy equation by new method, exist-
ing experimental data has been critically analyzed and some specu-
lations regarding possible forthcoming observations are made. It is
important part of the research. On the basis of inconsistency in Ein-
stein’s derivation in some cases, author has derived the mass energy
equation directly by other method as AE = Ac2Am.

The energy emitted by the generalized equation AE = Ac?Am,
may be equal, less or more than E = Amc?. Thus mathematically
E=Amc? is the special case of AE = Ac?Am.

Then generalized mass energy inter conversion equation AE =
Ac?Am, will incite the imagination of scientists and general scientific
audience. The details are discussed in the paper clearly in very simple
and logistic way.
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