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The Einstein equation is
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Up to now, we’ve usually taken A = 0, since we know from the Newto-
nian limit that A must be very small. If A # 0, the Newtonian limit becomes
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so A acts as a negative mass density, that is, it adds a repulsive term into the
gravitational force. Einstein originally introduced it to counter the attractive
force of gravity on a cosmological scale, since at the time it was believed
that the universe was static (neither expanding nor contracting) and if grav-
ity were purely attractive, the universe would be contracting.

At the moment, the universe is believed to be expanding so A is believed
to be non-zero and positive, although still small enough that its effects are
not noticeable on the scale of the solar system (or indeed on a galactic
scale). Because of this, A is called the cosmological constant.

We can include A within the stress-energy tensor by defining a vacuum
stress-energy as
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We can define a vacuum stress-energy scalar:
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and we can write [T] as
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where 7'/, includes the stress-energy from the mass-energy density and the
vacuum.

The dominant energy condition/is a constraint placed on the stress-energy
tensor so that observers in any local orthogonal frame will measure the
fluid’s speed to be less than the speed of light. The condition is that if
at is any four-vector that is causal, that is, it satisfies the conditions

a-a<0 (11)
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then we require the stress-energy tensor 7% to satisfy the condition that if
V' =—-T"gjra (13)

then b is also a causal four-vector. For the vacuum stress-energy this con-
dition says

b =T gixa" (14)
A
= 559" 9ia" (15)
A
= bt (16)
A 7

That is, b’ is just a positive (if A > 0) constant multiplied by a', soif a’ is
causal, then b* must also be causal. Thus 7}, satisfies the dominant energy
condition.
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