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Mass—energy equivalence

Template:Redirect

Template:Special relativity

In physics, mass—energy equivalence is the concept that the mass of an object or system is a measure of its energy content. For instance,
adding 25 Kilowatt-hours {90 megajoules) of any form{s) of energy to any object increases its mass by 1 microgram.

A physical system has a property called energy and a corresponding property called mass; the two properties are equivalent in that they are always
both present in the same (i.e. constant) proportion to one another. Mass—energy equivalence arose originally from special relativity, as developed
by Albert Einstein, who proposed this equivalence in 1905 in one of his Annus Mirabilis papers entitled "Does the inertia of an object depend upon
its energy content?"<ref name="inertia"=Template:Citation. See also the English translation. &'=/ref> The equivalence is described by the famous

equation:

Walk of ldeas, Berlin, Germany.

E = mc2

where E is energy, m is mass, and ¢ is the speed of light. Thus, this mass—energy relation states that the universal proportionality factor between equivalent amounts of energy and

mass is equal to the speed of light squared. This also serves to convert units of mass to units of energy, no matter what system of measurement units is used. et i B

3| kg | 299,792,458 mis

If a body is stationary, it still has some internal or intrinsic energy, called its rest energy. Rest mass and rest energy are equivalent and remain proportional to one another. When the
body is in motion (relative to an observer), its total energy is greater than its rest energy. The rest mass (or rest energy) remains an important quantity in this case because it remains

the same regardless of this motion, even for the extreme speeds or gravity considered in special and general relativity: thus it is also called the invariant mass. TR

Explication &
On the one hand, the equation Template:Nowrap can be applied to rest mass (m or mTemplate:Ssub) and rest energy (ETemplate:Ssub) to show their proportionality as
Template:Nowrap.<ref name=0kun />

On the other hand, it can also be applied to the total energy (ETemplate:Ssub or simply E) and tofal mass of a moving body. The total mass is also called the relativistic mass mTemplate Ssub as it is not significantly
greater than the rest mass until the speed approaches that of light, where special relativity should be used in order to describe the motion. Therefore, the total energy and total mass are related by
Template:Mowrap_<ref name="tipler"=Template Citation=/ref=

Thus, the mass—energy relation Template:Nowrap can be used to relate the rest energy to the rest mass, or to relate the total energy to the total mass. To instead relate the total energy or mass to the rest energy or
mass, a generalization of the mass—energy relation is required: the energy—momentum relation.

Template:Nowrap has frequently been used as an explanation for the origin of energy in nuclear processes, but such processes can be understood as simply converting nuclear potential energy, without the need to
invoke mass—energy equivalence. Instead, mass—energy equivalence merely indicates that the large amounts of energy released in such reactions may exhibit enough mass that the mass loss may be measured,
when the released energy (and its mass) have been removed from the system. For example, the loss of mass to an atom and a neutron, as a result of the capture of the neutron and the production of a gamma ray,
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Just as the relativistic mass of isolated system is conserved through time, so also is its invariant mass. It is this property which allows the conservation of all types of mass in systems, and also conservation of all types
of mass in reactions where matter is destroyed (annihilated), leaving behind the energy that was associated with it (which is now in non-material form, rather than material form). Matter may appear and disappear in
various reactions, but mass and energy are both unchanged in this process.

Applicability of the strict mass—energy equivalence formula, E = me® [edi]

As is noted above, two different definitions of mass have been used in special relativity, and also two different definitions of energy. The simple equation E = mec? is not generally applicable to all these types of mass
and energy, except in the special case that the total additive momentum is zero for the system under consideration. In such a case, which is always guaranteed when observing the system from either its center of
mass frame or its center of momentum frame, E = mc” is always true for any type of mass and energy that are chosen. Thus, for example, in the center of mass frame, the total energy of an object or system is equal to
its rest mass times ¢, a useful equality. This is the relationship used for the container of gas in the previous example. It is nof true in other reference frames where the center of mass is in motion. In these systems or
for such an object, its total energy will depend on both its rest (or invariant) mass, and also its (total) momentum.<ref-Relativity DeMystified, D. McMahon, Mc Graw Hill (USA), 2006, ISBN 0-07-145545-0</ref>

In inertial reference frames other than the rest frame or center of mass frame, the equation Template:Nowrap remains true if the energy is the relativistic energy and the mass the relativistic mass. It is also correct if
the energy is the rest or invariant energy (also the minimum energy). and the mass is the rest mass, or the invariant mass. However, connection of the total or relativistic energy (E ) with the rest or invariant

mass {mu} reguires consideration of the system total momentum, in systems and reference frames where the total momentum has a non-zero value. The formula then required to connect the two different kinds of

mass and energy, is the extended version of Einstein's equation, called the relativistic energy—momentum relation:<ref-Dynamics and Relativity, J R. Forshaw, A.G. Smith, Wiley, 2009, ISBN 978-0-470-01460-8</ref=
EZ- |7 |2ct = mic*
E? - [pe)® = (moc?)?

or
E, = (mpc?)? + (pc)?

Here the (pc,]‘? term represents the square of the Euclidean norm (total vector length) of the various momentum vectors in the system, which reduces to the square of the simple momentum magnitude, if only a single
particle is considered. This equation reduces to Template:MNowrap when the momentum term is zero. For photons where Template:Nowrap, the equation reduces to Template:Nowrap.

View a video explanation of the full equation at Minute Physics on Youtube &

Meanings of the strict mass—energy equivalence formula, E = mc® [edi]

Mass—energy equivalence states that any object has a certain energy, even when it is stationary. In Newtonian mechanics, a motionless body has no kinetic energy, and it may or may
not have other amounts of internal stored energy, like chemical energy or thermal energy, in addition to any potential energy it may have from its position in a field of force. In
MNewtonian mechanics, all of these energies are much smaller than the mass of the object times the speed of light squared.

In relativity, all of the energy that moves along with an object (that is, all the energy which is present in the object's rest frame) contributes to the total mass of the body, which
measures how much it resists acceleration. Each potential and kinetic energy makes a proportional contribution to the mass. As noted above, even if a box of ideal mirrors "contains"
light, then the individually massless photons still contribute to the total mass of the box, by the amount of their energy divided by L:z.::ref:-Template:Citation. Chapter 12 page 433 &
=fref=
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system, it ol always be found that both have simply moved off to another place, where they may both be measured as an increase of both energy and mass corresponding to the loss in the first system. &

Fast-moving objects and systems of objects [zdif]

When an object is pulled in the direction of motion, it gains momentum and energy, but when the object is already traveling near the speed of light, it cannot move much faster, no matter how much energy it absorbs.
Its momentum and energy continue to increase without bounds, whereas its speed approaches a constant value—the speed of light. This implies that in relativity the momentum of an object cannot be a constant times
the velocity, nor can the Kinetic energy be a constant times the square of the velocity.

A property called the relativistic mass is defined as the ratio of the momentum of an object to its velocity <ref=Note that the relativistic mass, in contrast to the rest mass m _ is not a relativistic invariant, and that the

o
velocity v = dx (4) /dt is not a Minkowski four-vector, in contrast to the quantity v = dx'[‘”jer where dt = dt -+/1 - (v2/c?) is the differential of the proper time. However, the energy—momentum four-vector

p™ = my - dx™ /dt is a genuine Minkowski four-vector, and the intrinsic origin of the square root in the definition of the relativistic mass is the distinction between dr and dt.</ref> Relativistic mass depends on the
motion of the object, so that different observers in relative motion see different values for it. If the object is moving sfowly, the relativistic mass is nearly equal to the rest mass and both are nearly equal to the usual
Newtonian mass. If the object is moving quickly, the relativistic mass is greater than the rest mass by an amount equal to the mass associated with the kinetic energy of the object. As the object approaches the speed
of light, the relativistic mass grows infinitely, because the kinetic energy grows infinitely and this energy is associated with mass.

The relativistic mass is always equal to the total energy (rest energy plus Kinetic energy) divided by ¢? <ref name="tipler"/> Because the relativistic mass is exactly proportional to the energy, relativistic mass and
relativistic energy are nearly synonyms; the only difference between them is the units. If length and time are measured in natural units, the speed of light is equal to 1, and even this difference disappears. Then mass
and energy have the same units and are always equal, so it is redundant to speak about relativistic mass, because it is just another name for the energy. This is why physicists usually reserve the useful short word
"mass" to mean rest mass, or invariant mass, and not relativistic mass.

The relativistic mass of a moving object is larger than the relativistic mass of an object that is not moving, because a moving object has extra kinetic energy. The rest mass of an object is defined as the mass of an
object when it is at rest, so that the rest mass is always the same, independent of the motion of the observer: it is the same in all inertial frames.

For things and systems made up of many paris, like an atomic nucleus, planet, or star, the relativistic mass is the sum of the relativistic masses (or energies) of the paris, because energies are additive in isolated
systems. This is not true in systems which are open, however, if energy is subtracted. For example, if a system is bound by attractive forces, and the energy gained due to the forces of attraction in excess of the work
done is removed from the system, then mass will be lost with this removed energy. For example, the mass of an atomic nucleus is less than the total mass of the protons and neutrons that make it up, but this is only
true after this energy from binding has been removed in the form of a gamma ray (which in this system, carries away the mass of the energy of binding). This mass decrease is also equivalent to the energy required to
break up the nucleus into individual protons and neutrons (in this case, work and mass would need to be supplied). Similarly, the mass of the solar system is slightly less than the masses of sun and planets
individually.

For a system of particles going off in different directions, the invariant mass of the system is the analog of the rest mass, and is the same for all observers, even those in relative motion. It is defined as the total energy
(divided by cz} in the center of mass frame (where by definition, the system total momentum is zero). A simple example of an object with moving parts but zero total momentum is a container of gas. In this case, the
mass of the container is given by its total energy (including the Kinetic energy of the gas molecules), since the system total energy and invariant mass are the same in any reference frame where the momentum is
zero, and such a reference frame is also the only frame in which the object can be weighed. In a similar way, the theory of special relativity posits that the thermal energy in all objects (including solids) contributes to
their total masses and weights, even though this energy is present as the kinetic and potential energies of the atoms in the object, and it (in a similar way to the gas) is not seen in the rest masses of the atoms that
make up the object.

In a similar manner, even photons (light quanta), if trapped in a container space (as a photon gas or thermal radiation), would contribute a mass associated with their energy to the container. Such an extra mass, in
theory, could be weighed in the same way as any other type of rest mass. This is true in special relativity theory, even though individually photons have no rest mass. The property that trapped energy in any form
adds weighable mass to systems that have no net momentum is one of the characteristic and notable consequences of relativity. It has no counterpart in classical Newtonian physics, in which radiation, light, heat, and w
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Fundaments of Theoretical Physics®, Science, Washington, DC, vol. 91, no. 2369, May 24th, 1940 scanned image online &</ref><ref="the principle of the conservation of mass. ... proved inadequate in the face of

the special theory of relativity. It was therefore merged with the energy [conservation] principle... We might say that the principle of the conservation of energy, having previously swallowed up that of the

conservation of heat [thermal energy]. now proceeded to swallow that of the conservation of mass—and [now] holds the field alone.”, page 14 (preview online &) of Albert Einstein, The Theeory of Relativity (And

Other Essays), Citadel Press, 1950 «/ref=

On the other hand, if the conservation of mass law is interpreted as conservation of rest mass, this does not hold true in general. The rest energy (equivalently, rest mass) of a particle can be converted, not "to

energy” (it already is energy (mass)), but rather to other forms of energy (mass) which require motion, such as Kinetic energy. thermal energy, or radiant energy; similarly, kinetic or radiant energy can be converted

to other kinds of particles which have rest energy (rest mass). In the transformation process, neither the total amount of mass nor the total amount of energy changes, since both are properties which are connected |
to each other via a simple constant <ref=In F. Fernflores. The Equivalence of Mass and Energy. Stanford Encyclopedia of Philosophy. [1] &</ref> This view requires that if either energy or (iotal) mass disappears

from a system, it will always be found that both have simply moved off to another place, where they may both be measured as an increase of both energy and mass corresponding to the loss in the first system.

Fast-moving objects and systems of objects [=dii]

When an object is pulled in the direction of motion, it gains momentum and energy. but when the object is already traveling near the speed of light, it cannot move much faster, no matter how much energy it
absorbs. Its momentum and energy continue to increase without bounds, whereas its speed approaches a constant value—the speed of light. This implies that in relativity the momentum of an object cannot be a
constant times the velocity, nor can the kinetic energy be a constant times the square of the velocity.

A property called the relativistic mass is defined as the ratio of the momentum of an object to its velocity. <ref=Note that the relativistic mass. in contrast to the rest mass mp, is not a relativistic invariant, and that the

velocity o = dz'¥ /dt is not a Minkowski four-vector, in contrast to the quantity o = dz'¥ Jdr ,wheredT =dt - /1 — (1}2 ' cz] is the differential of the proper time. However, the energy—momentum four-

vector pm = Ty - da:“:] ,.f dt is a genuine Minkowski four-vector, and the intrinsic origin of the square root in the definition of the relativistic mass is the distinction between dr and dt. </ref> Relativistic mass
depends on the motion of the object so that different observers in relative motion see different values for it. If the object is moving slowly, the relativistic mass is nearly equal fo the rest mass and both are nearly
equal to the usual Newtonian mass. If the object is moving quickly, the relativistic mass is greater than the rest mass by an amount equal to the mass associated with the kinetic energy of the object. As the object
approaches the speed of light, the refativistic mass grows infinitely, because the kinetic energy grows infinitely and this energy is associated with mass.

The relativistic mass is always equal to the total energy {rest energy plus kinetic energy) divided by ¢2 <ref name="tipler"/> Because the relativistic mass is exactly proportional to the energy. relativistic mass and
relativistic energy are nearly synonyms: the only difference between them is the units. If length and time are measured in natural units, the speed of light is equal to 1, and even this difference disappears. Then
mass and energy have the same units and are always equal, so it is redundant to speak about relativistic mass, because it is just another name for the energy. This is why physicists usually reserve the useful short
word "mass” to mean rest mass, or invariant mass, and not relativistic mass.

The relativistic mass of a moving object is larger than the relativistic mass of an object that is not moving, because a moving object has extra kinetic energy. The rest mass of an object is defined as the mass of an
object when it is at rest, so that the rest mass is always the same, independent of the motion of the observer: it is the same in all inertial frames.

For things and systems made up of many parts, like an atomic nucleus, planet, or star, the relativistic mass is the sum of the relativistic masses (or energies) of the parts, because energies are additive in isolated
systems. This is not true in systems which are open, however, if energy is subtracted. For example, if a system is bound by attractive forces, and the energy gained due fo the forces of attraction in excess of the
work done is removed from the system, then mass will be lost with this removed energy. For example, the mass of an atomic nucleus is less than the total mass of the protons and neutrons that make it up, but this is
only true after this energy from binding has been removed in the form of a gamma ray (which in this system, carries away the mass of the energy of binding). This mass decrease is also equivalent to the energy
required to break up the nucleus into individual protons and neutrons (in this case, work and mass would need to be supplied). Similarly, the mass of the solar system is slightly less than the masses of sun and
planets individually.

For a system of particles going off in different directions, the invariant mass of the system is the analog of the rest mass, and is the same for all observers. even those in relative motion. It is defined as the total -
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As is noted above, two different definitions of mass have been used in special relativity, and also two different definitions of energy. The simple equation E = mc2 is not generally applicable to all these types of mass
and energy, except in the special case that the total additive momentum is zero for the system under consideration. In such a case, which is always guaranteed when observing the system from either its center of
mass frame or its center of momentum frame, £ = mc? is always true for any type of mass and energy that are chosen. Thus, for example, in the center of mass frame. the total energy of an object or system is
equal to its rest mass times ¢2. a useful equality. This is the relationship used for the container of gas in the previous example. It is not true in other reference frames where the center of mass is in motion. In these
systems or for such an object, its total energy will depend on both its rest (or invariant) mass, and also its (total) momentum._<ref=Relativity DeMystified, D. McMahon, Mc Graw Hill (USA), 2006, ISBN 0-07-145545-
O=fref-

In inertial reference frames other than the rest frame or center of mass frame, the equation Template:Nowrap remains true if the energy is the relativistic energy and the mass the relativistic mass. It is also correct if
the energy is the rest or invariant energy (also the minimum energy). and the mass is the rest mass, or the invariant mass. However, connection of the total or relativistic energy (£, with the rest or invariant

mass (g} requires consideration of the system total momentum, in systems and reference frames where the total momentum has a non-zero value. The formula then required to connect the two different Kinds of
mass and energy, is the extended version of Einstein's equation, called the relativistic energy—momentum relation:<ref=Dynamics and Relativity, J R. Forshaw, A G. Smith, Wiley, 2009, ISBN 975-0-470-01460- d
Giref= |

E—|p|*c =mlc!
E? — (pe)* = (mgc?)?

or

E, = \/(moc?)? + (pe)?

Here the (pc)? term represents the square of the Euclidean norm (total vector length) of the various momentum vectors in the system, which reduces fo the square of the simple momentum magnitude, if only a
single particle is considered. This equation reduces to Template:Mowrap when the momentum term is zero. For photons where Template:Mowrap, the equation reduces to Template:Nowrap.

View a video explanation of the full equation at Minute Physics on Youitube @

Meanings of the strict mass—energy equivalence formula, E = me® [edi]

Mass—energy equivalence states that any object has a certain energy, even when it is stationary. In Newtonian mechanics, a motionless body has no kinetic energy. and it may or
may not have other amounts of internal stored energy, like chemical energy or thermal energy. in addition to any potential energy it may have from its position in a field of force. In
Newtonian mechanics, all of these energies are much smaller than the mass of the object times the speed of light squared.

In relativity, all of the energy that moves along with an object (that is, all the energy which is present in the object's rest frame) contributes to the total mass of the body, which
measures how much it resists acceleration. Each potential and kinetic energy makes a proportional contribution to the mass. As noted above, even if a box of ideal mirrors
"contains” light. then the individually massless photons still contribute to the total mass of the box. by the amount of their energy divided by ¢ <ref=Template:Citation, Chapter 12
page 433 & </ref>

In relativity, removing energy is removing mass, and for an observer in the center of mass frame, the formula Template:Nowrap indicates how much mass is lost when energy is
removed. In a nuclear reaction, the mass of the atoms that come out is less than the mass of the atoms that go in, and the difference in mass shows up as heat and light which has
the same relativistic mass as the difference (and also the same invariant mass in the center of mass frame of the system). In this case, the E in the formula is the energy released
and removed, and the mass m is how much the mass decreases. In the same way, when any sort of energy is added to an isolated system, the increase in the mass is equal to the
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A physical system has a property called energy and a corresponding property called mass; the two properties are equivalent in that they are
always both present in the same (i.e. constant) proportion to one another. Mass—energy equivalence arose originally from special relativity, as
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where E is energy, m is mass, and ¢ is the speed of light. Thus, this mass—energy relation states that the universal proportionality factor between equivalent amounts of energy and
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On the one hand, the equation Template Nowrap can be applied to rest mass (m or mTemplate: Ssub) and rest energy (ETemplate:Ssub) to show their proportionality as
Template: Nowrap_<ref name=0kun /=

On the other hand, it can also be applied to the total energy (ETemplate: Ssub or simply £) and total mass of a moving body. The total mass is also called the relativistic mass mTemplate: Ssub as it is not
significantly greater than the rest mass until the speed approaches that of light, where special relativity should be used in order to describe the motion. Therefore, the total energy and total mass are related by
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Thus, the mass—energy relation Template:MNowrap can be used to relate the rest energy to the rest mass, or to relate the total energy to the total mass. To instead relate the fofal energy or mass to the resf energy
or mass, a generalization of the mass—energy relation is required: the energy—momentum relation.

Template:Nowrap has frequently been used as an explanation for the origin of energy in nuclear processes, but such processes can be understood as simply converting nuclear potential energy, without the need
fo invoke mass—energy equivalence. Instead, mass—energy equivalence merely indicates that the large amounts of energy released in such reactions may exhibit enough mass that the mass loss may be measured,
when the released energy (and its mass) have been removed from the system. For example, the loss of mass to an atom and a neutron, as a result of the capture of the neutron and the production of a gamma ray,
has been used fo test mass—energy equivalence to high precision, as the energy of the gamma ray may be compared with the mass defect after capture. In 2005, these were found to agree to 0.0004%, the most
precise test of the equivalence of mass and energy to date. This test was performed in the World Year of Physics 2005, a centennial celebration of Einstein's achievements in 1905 <ref name="rainville"=Rainville,
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In physics, mass—energy equivalence is the concept that the mass of an object or system is a measure of its energy content. For instance,
adding 25 Kilowatt-hours {90 megajoules) of any form{s) of energy to any object increases its mass by 1 microgram.

A physical system has a property called energy and a corresponding property called mass; the two properties are equivalent in that they are always
both present in the same (i.e. constant) proportion to one another. Mass—energy equivalence arose originally from special relativity, as developed
by Albert Einstein, who proposed this equivalence in 1905 in one of his Annus Mirabilis papers entitled "Does the inertia of an object depend upon
its energy content?"<ref name="inertia"=Template:Citation. See also the English translation. &'=/ref> The equivalence is described by the famous

equation:

Walk of ldeas, Berlin, Germany.

E = mc2

where E is energy, m is mass, and ¢ is the speed of light. Thus, this mass—energy relation states that the universal proportionality factor between equivalent amounts of energy and

mass is equal to the speed of light squared. This also serves to convert units of mass to units of energy, no matter what system of measurement units is used. et i B

3| kg | 299,792,458 mis

If a body is stationary, it still has some internal or intrinsic energy, called its rest energy. Rest mass and rest energy are equivalent and remain proportional to one another. When the
body is in motion (relative to an observer), its total energy is greater than its rest energy. The rest mass (or rest energy) remains an important quantity in this case because it remains

the same regardless of this motion, even for the extreme speeds or gravity considered in special and general relativity: thus it is also called the invariant mass. TR

Explication &
On the one hand, the equation Template:Nowrap can be applied to rest mass (m or mTemplate:Ssub) and rest energy (ETemplate:Ssub) to show their proportionality as
Template:Nowrap.<ref name=0ku%r>

On the other hand, it can also be applied to the total energy (ETemplate:Ssub or simply E) and tofal mass of a moving body. The total mass is also called the relativistic mass mTemplate Ssub as it is not significantly
greater than the rest mass until the speed approaches that of light, where special relativity should be used in order to describe the motion. Therefore, the total energy and total mass are related by
Template:Mowrap_<ref name="tipler"=Template Citation=/ref=

Thus, the mass—energy relation Template:Nowrap can be used to relate the rest energy to the rest mass, or to relate the total energy to the total mass. To instead relate the total energy or mass to the rest energy or
mass, a generalization of the mass—energy relation is required: the energy—momentum relation.

Template:Nowrap has frequently been used as an explanation for the origin of energy in nuclear processes, but such processes can be understood as simply converting nuclear potential energy, without the need to
invoke mass—energy equivalence. Instead, mass—energy equivalence merely indicates that the large amounts of energy released in such reactions may exhibit enough mass that the mass loss may be measured,
when the released energy (and its mass) have been removed from the system. For example, the loss of mass to an atom and a neutron, as a result of the capture of the neutron and the production of a gamma ray,
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In physics, mass—energy equivalence is the concept that the mass of an object or system is a measure of its energy content. For instance,
adding 25 kilowatt-hours (90 megajoules) of any form(s) of energy to any object increases its mass by 1 microgram.
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Attribute:display [edi]

We introduce the new attribute display with the two options "inling" and "block”.

Inline [edit]
If the the value of the display attribute is inline the render will render math in inline mode, i.e. there will be no new paragraph for the equation and the operators will be rendered consuming only little vertical space.

Example [adit]
g

The sum Zi:ﬁ 27" converges to 2.
The next line-width is not disturbed by large operators.
The code for the math example reads:

<math display="inline">\sum {i=0}"\infty 2~{-i}</math>
Technical implementation [=dit]
Technically it will add the command textstyle will be added to the user input before the tex command is passed to the renderer. The result will be displayed without further by outputting the image or MathMLelement to
the page.
Remark [edit]
The convention https://fen wikipedia.orgfwiki/Wikipedia:-Manual_of Style (mathematics#Using HTML & is really annoying. I'd prefer to use inline math for that, since it helps to differentiate between math and other
elements.
Block [edit]

In block-style the equation is rendered in its own paragraph and the operator are rendered consuming less horizontal space.

Example [adit]
The equation

o
geometric series: E Z =
i=0
is used in a joke about mathematicians entering a bar and ordering beer.

It was entered as

<math display="block">\text{geometric series:}\quad ‘sum {i=0}~\infty 2~{-i}=2 «</math>

Technical implementation [edit]

Technicalb it will add the command \displavsivie will be added to the user input. if the user inout does not contain the strinag \displavsivie’ or \aliaon before the tex command is passed to the renderer The result will be

-
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geometric series: Z z =
i=0

is used in a joke about mathematicians entering a bar and ordering beer.
It was entered as

<math display="block">\text{geometric series:}\quad \sum {i=0}~\infty 2~{-i}=2 </math>

Technical implementation [edit]

Technically it will add the command \displaystyle will be added to the user input, if the user input does not contain the string \displaystyle’ or\align before the tex command is passed to the renderer. The result will be
displayed in a new paragraph. Therefore the style of the Mathimage is altered ie. the style attribute "display:block; margin-auto” is added. For MathML it is ensured that display=inline is replaced by display block which
produces a new paragraph

Discussion [edit]

Fréderic Wang would prefer that displaystyle is always added in depended of the fact if \displaystlye is already in the equation. He remarks that it has to be checked if that works if the eguation starts with \begin.

Not specified [edit]

If nothing is specified the current behavior is preserved. That means all equation are rendered in display style but not using a new paragraph.

Example [edit]

[
The sum Z =t converges to 2.
i=(
The next line-width is disturbed by large operators.

The code for the math example reads:

<math>\sum {i=0}~\infty 2~{-i}</math>

The equation

[r.o]
geometric series: Z 2" =2
i=(
is used in a joke about mathematicians entering a bar and ordering beer.

It was entered as

<math»\text{geometric series:}\quad \sum {i=0}~\infty 2~{-i}=2 «</math>
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Unique Ids
The attribute "id" is already live in all production Wikipedia systems. It allows to link to individual equation that have the id attribute set.
For example the code
<math id="MassEnergyEquivalence">E=mc"Z</math>
can be accessed via appending #MassEnergyEquivalence to the Page URL.
Visually no difference can be seen in the output
E = mc?
See for example kinetic Energy
This page was last modified on 11 July 2014, at 11:02.
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Without this second term, there would be an additional contribution in the energy when the particle is not moving.

Einstein found that the total momentum of a moving particle is:
mypt

'lJz'
vi—3a

and it is this quantity which is conserved in collisions. The ratio of the momentum to the velocity is the relativistic mass, m.
My

-
1 Polatrel v
V e
And the relativistic mass and the relativistic kinetic energy are related by the formula:
B = e m.nc:2+
Einstein wanted to omit the unnatural second term on the right-hand side, whose only purpose is to make the energy at rest zero, and to declare that the particle has a total energy which obeys:
2

P=

m =

E = me

which is a sum of the rest energy m,;.cz and the kinetic energy. This total energy is mathematically more elegant, and fits better with the momentum in relativity. But to come to this conclusion, Einstein needed to think
carefully about collisions. This expression for the energy implied that matter at rest has a huge amount of energy, and it is not clear whether this energy is physically real, or just a mathematical artifact with no physical
meaning.

In a collision process where all the rest-masses are the same at the beginning as at the end, either expression for the energy is conserved. The two expressions only differ by a constant which is the same at the
beginning and at the end of the collision. Still, by analyzing the situation where particles are thrown off a heavy central particle, it is easy to see that the inertia of the central particle is reduced by the total energy
emitted. This allowed Einstein to conclude that the inertia of a heavy particle is increased or diminished according to the energy it absorbs or emits.

Relativistic mass [cdit]

Template:Main

After Einstein first made his proposal, it became clear that the word mass can have two different meanings. The rest mass is what Einstein called m, but others defined the refativistic mass with an explicit index:

This mass is the ratio of momentum to velocity, and it is also the relativistic energy divided by Template:Math (it is not Lorentz-invariant, in contrast to g ). The equation Template:Math holds for moving objects.
When the velocity is small, the relativistic mass and the rest mass are almost exactly the same.

« E=mc? either means E=mgc? for an object at rest, or E=mpgic2 when the object is moving.

Also Einstein (following Hendrik Lorentz and Max Abraham) used velocity—and direction-dependent mass concepts (longitudinal and transverse mass) in his 1905 electrodynamics paper and in another paper in 1906.
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Summation [edit]

n—1
» i
i=()
n—1
<s0Urce Iang="te:-:t":bZ£ zfsources
i=(}
o0 oo

ZE 31’1‘1 [msﬂ + ngﬂ‘i)

=] n=1
a0

<source lang="text"» ZE </source>
- m3“ + :'-'13'“)

m=1n=1

Differential equation [=dit]

u' +p(e)u +gq(z)u = f(z), z>a
<source lang="latex"> 1"’ + p(z)u’ + q(z)u = f(x), = > a </source>

Complex numbers [zdit]

2] = |2l [(2)"| = |2|", arg(2") = narg(z)

<source lang="text"> | Z| = |z|, |(Z)*| = |2|", arg(z") = n arg(z) </source>
Limits [edit]
Im f(z) = f(z0)
=source lang="latex"> lim 'f[z} - f(zﬂ) /sources
2z

Integral equation [cdit]

1 * gin(kR) 8 0D, (R)
B R*———| dR
Pn(K) 472 K2 .[g kR OR [ JR
o
<source lang="text"> ¢, (k) = 41;52 ]{; smé;R) ;:Q [Rﬁ %I(ZR)] dR </sources E
|

Example [edi]

AT i i Ta .-_11J"l3' 1 e e
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