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This is a good time to take a brief tangent
to discuss the role of ponsifivengngrgy in classical

and quantum gravity .

Classical GR
ummmm

In classical GR we can assume whatever we please
about Tav .

"

Ttt > o ?
"

v forward timelike ; h forward null

"Strong=c)

( Tap
- £ Tgap ) ✓VP 30

EE ⇒ RapVIP > 0

I can't give any intuition for this - it's

often false
,
as we'll see !

Violated : positive cc (does not focus )



"

weak
"

IWEC)
mummy

TapVHP 30

= energy density according to observe with velocity ✓

( strong # weak ! )
This sounds reasonable

,
but is easily violated

.

Violated : Casimir energy , neg . CC

il

Noth
"

(NEC)
mummery

Tap ndnp ? 0

atmost true - violated by 0th ) in QFT

(ex : Hawking radiation)



Events Energy Positivity
So all these energy conditions are great for proving
theorems in GR

,
but are they true ?

Ng
.

! In fact it is a deep and general fact

about quantum fields that there is Io localized

tower bound on Tnv .

It = Jtoo 30, but

①FT does not satisfy a_ny local
energy condition

.

Proof :(for Too )

(o / Too 1×1107 = 0 ( Poincaré invariance)

so / Took Too 4) 10) =/ 0

Let 112 = Tooly) 107 and find in 2×2

subspace 103,113 ,
10) 11)

si / Too /×) / j ) = 19/0 b)111 b¥ a

eigenvalues g. ±fÉF
⇒ 7 state with <4- I Too / 4- ) < 0



The same argument applies to the energy of

any finite region in space .

QFT does satisfy non-Local energy conditions
,

ANEF
F-
averaged

fdn^T✗pnP 7 0

achromat
null ray

Probably true ;
'

p'roved
"

in QFT in Minkowski


