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Gravity is WeakStrong fore 1, Eletrom fore 1/137, Weak fore 10−5

Gravitation 10−36

Quanta is small: ~Quantal Gravity ?
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Big BangUniverse T ∼ 20 · 109years, R = cT , M ∼ 1050Kg; ExpandingPlank sale: Gm2/r = mc2 = ~c/rBig Bang atom: strong gravity, quantal e�ets; quasi-lassial, how-ever
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Quantization1 Canonial: fts→opers, P brakets→ommuts; ompatibility withlass motion in the qlass limit ~ → 02 Relativity:- Lorentz transfs are ompatible with quantal deloalization- Time and spae; time distint in quantal motion!- Di�erent route: rel eqs of motion, rel Lagrangians and Hamiltonians,distint from the lass ones 4



- New onepts: seond quantization, antipartiles, �elds-Finite c: limits on r, p, t, et; not inorporated; divergenies andrenormalizability- Limited suess in quantiz rel �elds3 Quantizing Gravity:- Covariane: on urved spae loal transfs - ontrary to quantaldeloalization-High non-linearities 5



Gravity has been quantized (?)-deWitt, 1967; anonial; lak of ovariane-deWitt, 1968; S-matrix; asymptoti free waves-non-renormalizability-Strings (Witten), loops (Smolin), et
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The Sheme of Lifetime
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Einstein Equations

Rik = (8πG/c4)(Tik − 1
2gikT)

F ik
;k = 1√−g

∂
∂xk(

√−gF ik) = −4π
c ji = −4π

c

∑ eac√−g
δ(r − ra)

dxi

dx0 (Maxwelleqs)
gikpipk − m2c2 = 0 (Newton eq; Ham-Ja; ons of energy)

pi = mcui, ui = dxi/ds- R ((∂g/∂x)2, g(∂2g/∂x2), g2(∂g/∂x)2) ; T (u2, F2; g)-Newton and Maxwell eqs ontained, through onservation laws8



Resolution Sheme-Ten Einstein eqs for (six) g and (three) veloities u.- Fields through Maxwell eqs
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GravitonsEmpty spae
g = g0 + h, h ≪ 1(g0 Galilean)Linearization R(h) ≃ R(1)(h) = (1/2){∂2h/c2∂t2 − ∆h}Wave equation

∂2h/c2∂t2 − ∆h = 0Plane waves, ω = ck, quanta ε = ~ω gravitons; transverse polarization,bosons, et 10



Self-interating gravitonsEmpty spae, g = g0 + h, R(h) = R(1)(h) + R(2)(h);

R(1)(h) = (1/2){∂2h/c2∂t2 − ∆h} linear

R
(1)
ik (h) = −R

(2)
ik (h) = (8πG/c4){− c4

8πGR
(2)
ik (h)} =

(8πG/c4)[tik(h) − gik(h)t(h)/2]

tik gravitational energy-momentum (pseudo-)tensor
∂2hik/c2∂t2 − ∆hik = (16πG/c4)[tik(h) − gik(h)t(h)/2]
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Graviton-indued lifetimeFormally ∂2h/c2∂t2 − ∆h = ε(16πG/c4)t(h), ε → 1Divergent series h = h0 + εh1 + ...Graviton has a limited reality, existene; lifetime

R ∼ 1

d2
∼ Gε

c4l3-For d = l = λ and ε = ~c/λ one gets the Plank's length by 1 =

G~/c3λ2 12



-Any energy E is a�eted through graviton interation by

δE ∼ Gεg

c4λg
E

-Lifetime

τ = ~/δE ∼ ~c4λg
GεgE-Graviton-graviton lft τgg ∼ (~c4λg/Gε2g), graviton-matter lft τgm =

τmg ∼ (~c4λg/GεgE), graviton-photon lft τgph = τphg ∼ (~c4λg/Gεgεph)13



-Order of magnitude; ε = E = 1MeV , τ ∼ 1036λg-Extremely long (weak gravitation); Universe age T ∼ 1018s
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Kineti Equation for GravitonsGeneral sheme of transport
∂
∂t(∆N/S) = c ∂

∂x(∆N/d3)cτ (�ux, �ow, density)Graviton ondutivity (Λmean free path)
K = (∆N/St)/(∆N/d) = c2τ/d3 = cΛ/d3

Transport veloity

v = KS = c2τ/d = cΛ/d 15



The Veloity of the Universe. Hubble onstant

v = cΛ/d = Hd, H = cΛ/d2 ≤ c/d, any dLimit of ballisti transport Λ = d = R

H = c/R = 1/T ∼ 10−18s−1
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Another kineti equationGraviton destrution at the borders of the Universe

dNg/dt = −CNm , C ∼ 1/τMatter reation at the borders of the Universe dNm/dt = CNm; Nm ∼
eCt ∼ R3 (limited variation)

dR/dt ∼ C

3
R

Hubble onstant

H ∼ C ∼ 1/τ ∼ c/R ∼ 1/T 17


