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7.7: Momenergy (Summary)

momenergy of an object unifies energy, momentum, and mess
The momenergy 4 -vector of a particle equals its mass multiplied by the ratio of its spacetime displacement to proper time -
wristwatch time - for that displacement (Section 7.2):
spacetime
displacement

morenergy _ 4-vector
( 4-vector ) = (mass) meper time (7.7.1)
or that

displacement

Momenergy of a particle is a 4-vector. It possesses magnitude equal to the particle’s mass. The momenergy at any given event in the
motion of the particle points in the direction of the worldline at that event (Section 7.2).

The momenergy of a particle has an existence independent of any frame of reference.

The terms momenergy, momentum, and energy, as we deal with them in this book, all have a common unit: mass. In older times mass,
momentum, and energy were all conceived of as different in nature and therefore were expressed in different units. The conventional
units are compared with mass units in Table 7-1.

The magnitude of the momenergy 4-vector of a particle is reckoned from the difference of the squares of energy and momentum
components in any given frame (Section 7.3):

m? =E* —(p,)* - (p,)" - (p)°
or, more simply,
m? = B2 —p? = (B')° - (p))? (7.7.2)
Mass m of the particle is an invariant, has the same numerical value when computed using energy and momentum components in the
laboratory frame (unprimed components) as in any rocket frame (primed components).

In a given inertial frame, the momenergy 4-vector of a particle has four components. Three space components describe the momentum
of the particle in that frame (Sections 7.3 and 7.4 ):

(7.7.3)
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The magnitude of the momentum can be expressed as the factor 1/ (1 — v2) times the Newtonian expression for momentum muw.

The result is

1/2

p=mv/(1-2°) (7.7.4)

The "time part" of the momenergy 4-vector in a given inertial frame equals energy of the particle in that frame (Sections 7.3 and 7.5):

dt
=m—= S — (7.7.5)
ar (1 —¢2)1/2
For a particle at rest, the energy of the particle has a value equal to its mass:
Erest =M (7.7.6)

For a moving particle, the energy combines two parts: rest energy - equal to mass of the particle - plus the additional kinetic energy K
that the particle has by virtue of its motion:
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From these equations comes an expression for kinetic energy:

E=FE,t +tK=m+K (7.7.7)

K=E-m=m ;—1 (7.7.8)
(1—v2)"/?

The momenergy 4-vector derives from conservation its power to analyze particle interactions. Conservation states that the total
momenergy 4-vector of an isolated system of particles is conserved, no matter how particles in the system interact with one another or
transform themselves. This conservation law holds independent of choice of the free-float frame in which we employ it (Section 7.6).

In any given inertial frame, conservation of total momenergy of an isolated system breaks apart into four conservation laws:

1. Total energy of the system before an interaction equals total energy of the system after the interaction.

E=m/“_v2]1,/2 E?_p2=m2
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Figure 7.7.1: 7. Formulas that relate momentum, energy, mass, and velocity of a n object, and notes about their uses in analyzing
experiments. In this diagram, p is the magnitude of the momentum.
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2. Total z-momentum of the system is the same before and after the interaction.
3. Total y-momentum of the system is the same before and after the interaction.
4. Total z-momentum of the system is the same before and after the interaction.

In this chapter we have developed expressions that relate energy, momentum, mass, and velocity. Which of these expressions is useful
depends upon circumstances and the system we are trying to analyze. Figure 7-7 summarizes these equations and circumstances under
which they may be useful. Table 7 — 1 compares energy and momentum in units of mass and in conventional units.

This page titled 7.7: Momenergy (Summary) is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Edwin F. Taylor &
John Archibald Wheeler (Self-Published (via W. H. Freeman and Co.)) via source content that was edited to the style and standards of the LibreTexts
platform.

https://phys.libretexts.org/@go/page/58999



https://libretexts.org/
https://creativecommons.org/licenses/by/4.0/
https://phys.libretexts.org/@go/page/58999?pdf
https://phys.libretexts.org/Bookshelves/Relativity/Spacetime_Physics_(Taylor_and_Wheeler)/07%3A_Momenergy/7.07%3A_Momenergy_(Summary)
https://creativecommons.org/licenses/by/4.0
https://www.eftaylor.com/
https://eftaylor.com/spacetimephysics/
https://eftaylor.com/spacetimephysics

