Unifying Gravity and EM by Analogies to EM

Presented by Doug Sweetser, ‘84, sweetser@alum.mit.edu, quaternions.com

Sponsor: John A. Fries

Short Description:

Investigate an old hypothesis, that gravity is similar to EM. Clone a Lagrange
density for gravity from EM. A problem has been the distance dependence.
Impress friends by deriving Newton’s law of gravity using perturbations of a nor-
malized potential. The mundane chain rule may eliminate the need for dark
matter and energy. The subtle underlying idea will be discussed while Grand
Marnier chocolate truffles are served.

Skeptics welcome.
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Outline for Day 2

Must Do Physics.

1. Fields.

2. Quantization.

3. The Standard Model.

Must Do Physics Done.




Must Do Physics for Day 2

1. Fy=—Gmy R Like charges attract.

2. +m One charge.
3. p=V3¢p Newton’s gravitational field equation.
2B ~
4. m%: — Glng Newton’s law of gravity under classical conditions.

GM aM GM- dR?
5. dr?= (1255 +2(5E))dt* - (1+253) &

Consistent with the Schwarzschild metric.
6. Fpm— qE Like charges repel.
7. £q Two distinct charges.
8. p= V-E J=-— % +VxB  Maxwell source equations.

9.0=V-B 0=21VxE Maxwell homogeneous equations.

c

SE

10. F*=q %(V“A” — VVAH) Lorentz force.
11. Unified field emission modes can be quantized.
12. Works with the standard model.

13. Indicates origin of mass.

14. LIGO (gravity wave polarization).

15. Rotation profiles of spiral galaxies.

16. Big Bang constant velocity distribution.

Will try to do 3, 8, 9, 11-14.



Fields
1. The Players.
2. Euler-Lagrange equation:
a) Principle of least action.
b) Derivation.
c) Apply to GEM Lagrange density.
3. Classical fields.
4. Classical fields in detail.
5. Classical field equations:
a) Gauss’ law and Newton’s [relativistic| gravitational field.
b) Ampere’s law and mass current.

¢) Vector identities.
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The Players

A table of the players in fields and field equations. Three new fields for gravity
will be introduced subsequently.

Rank Symbol Name
0 £ Lagrange density
1 AY Potential
1 c% = cV“(avafAy) Field equations
1 %, VxE , %, %, Field equations as classical fields
VxB, VKb ,Vgt
2 E,e,B,b,g* Classical fields which constitute V#A”



Principle of Least Action
The spacetime integral of a Lagrange density:
1. The action.
S=[L£/—goVot
2. 05=[( (,ff,, SAY + gf’AV JVHAY)\/—¢gOVOt=0  Minimize the action.

Search for minimal function, not value, using calculus of variations.

(2 Ss=[eSl. kKrNd(Tdt =0

Derive the Euler-Lagrange Equation

Local covariant coordinates will be used in the following work.

1. Start with a Lagrange density that is a function of A” and V*A” (not posi-
tion or velocity):

£=f(AY,V'AY)
2. Form the action:

S= fE(A”, VHAY) /— g OVt
3. Take the variation of the action:

88 = [ (2= 5A” + SVHAY) /=g oVt

0AY V“A”

4. Rewrite the 2nd term using the chain rule, subtracting the excess term:

SAY) — VH(5222)0A%) /= g VOt

az y
0S = [ (264" + VM2

5. Integral of 2nd term is zero (a theorem of Gauss):

08 =[ (55— VM(5ams)) 64 /= g OV O

6. Set integral to zero, which is true for all possible variations if integrand is

Zero:
oL o
o = V' (Goma)



) Ss=f+S(KrNdTdt =0

Apply Euler-Lagrange to GEM Lagrange Density

0L

1. Start with Euler-Lagrange BVRAY

, 3AV = VH(=i+;), written without indices:

62 (8( 62)_6( 0L ) 6( 0L ) 6( 0L ))

“o0 =Nt T o)

0z \ g( — 22

oz

oL (90, 0% % 0L 0 0L 0 oL
0A, (at(a(agz)) 63”(6(—%)) (a(_BAJ)) 6"(6(—%)))

oz dy

0L 0 0L 0 oL 1o} 0L 0 oL
aAy:C(g(a(m)) Bz(a(_m))_ay(a(_%))_az(( aAy)))

ot oz
o¢ 8, 8L \ 8, 8L \ 8, 0g 8, og
CBAZ_C(&(B(%)) 390(6(—%)) 3’9(6(—%)) 33(6( 6Az)))

2. Write out GEM Lagrange density without indices:
ox oz
2= pulyf1 - (2)2— (22— (Z )2
ox or oz
— (pg— pm) (P — 5r Az — 57 Ay — 57A2)
) i) i) i) 0A, 04, 0A, 04,
— (2 — (37— (37— (37— (2 + (%o + (B + ()2

A oA 0A DA 0A, 9A, DA, DA,
— (o) (G2 + (G2 + (G = (5P + (52 + (5,2 +(5)%)

3. Apply:

~(Py— ) =~ i+ CGEHCGEHCGE

( . ) 6_1;_ 32149; o 08214;5 . CazAw . cazAw
Pa— Pm) oo = Cor2 022 o2 022
24 24 %4, 24

(Pg— pm) ="t — 228 — Tl — 2
cot cot? ox2 6y2 022

( . )3_ 3?4, caQAZ . 62A _ Ca2Az
Pq— Pm) o = cot? Oz 0y2 022

4. Executive summary:

JY— Jh=0A"

[eei- il QRO dtﬂ‘}o

L O



Classical Fields

The classical fields E and B make up the antisymmetric tensor (V#AY — VH#AH).

Introduce three new fields, € and b which have EM counterparts, and a 4-vector
field g* for the diagonal components of the symmetric tensor (V#AY + VVA#).

o E=-— %—( — c@qﬁ Electric field.
o ¢= %t_g — ¢V —2T,% A  Symmetric analog to electric field.

e B

cVxA Magnetic field.
o b=—0AI—9IAI 9T "A°

—c(0,— 2%y _op vige 04 04: 9p zzye

’ ’ 7 ’
— % 9: _ 9P 2WAT)=cV KR A
Symmetric analog to magnetic field.
° gu:aﬂAM_FguuAa
= (G =147, — c5e —T,"A%, — 50 — T, VA7, — 5= — T, 22 A°)

Diagonal of V#A”.

3+3+34+3+4=16 fields total.

All three ¢’s transform differently than axial or polar vectors.

Classical Fields in Detail

1. Start with the asymmetric field strength tensor, V# A", written as a
matrix:



o tt po Ay tz pgo 0Ay ty go 0A, tz o
g—rg A ot —FU A 7—1—‘0. A 7_1—‘0 A
_ o¢ _ vt Ao __ 0Az _ Tx A0 04y _ TY Ao __ 04, _ 2z Ao
co5 — LA vl . cot—1TA - —Ts7A

—c%—ngtA" —c%—ngxA" —c%—FayyA” —c%—ngzA"

¢ 2t Ao 0A, 2T AO aAy 2Y Ao 0A, 22 AO
co-—1""A co-— DA cot—T,7A c r,*A

2. An antisymmetric and symmetric sum equal to 2V#A":

0 04, | 99 04y 00 4. %

ot +C8w ot +C@ ot + Oz
o 0A 0A 0A 0A 0A
_c2 0 —c—tte—0" —cootCc—0
VHAY _ VYAR — or ot ox Ay ox 0z
0004, _caAI+CaAy 0 _ o PAs 04y
Oy ot oy or Oy oz
8p 0A. 0A.  OA. 94y  0A;
Co: "¢ €8 "¢ €5 Ty 0
VHAY + VVAR =
8 ttgc 0A. 0¢ tz po 94, 09 _ ty g0 _0A. 0% _ tz po
25, —2l,"A 5 —Can 2o A %t Cay 2r YA ot 8, s A
8¢ | 0A, zt g0 84, zz A0 A 0A, TY g0 8A, SA, zz A0
—Cco,t G- — 20, A 2c 52 —2I,°"A —c5t—¢ M —2r "YA7 —cpE—cH2—2l,"%A
94 | 0A vt g0 0A, 24 PEYY oA YV po [ oA EpY
—ca-}- 8)5’*—21"‘7 A° —¢ 3y —C 8;’—21"‘7 A —2c 8;’—21"‘7 A —CcG ¢ 8;’—21"0 A
—c 4 04 oprtar P (94 op sepc 758;ﬂ7c788‘1272r0”m —2¢%= or 7a°

3. VH AY written in terms of the gravitational, electric, and magnetic fields:

gt ez_EJ: ey_Ey ez_Ez
ex+ FE, Jx b,— B, b,+ B,

V=2 Vp—ar ar

Gauss’ Law and Newton’s Gravitational Field

Method: % (EM law + gravitational analog) + diagonal terms = field equations.

_ 99 % %9 %9

Pq = Pm= cOt? ox? ¢ oy? ¢ 022
9% 10 0A, d¢ Y b¢
— cor 5%((_ Bt _c£)+(at _C%))



1 0
(RNt
19 A, 09 A 09
+§£((_ at _CE)+( at _CE))

o 1 = = = —
=24 (V-E+V.@)
e Newton’s [relativistic| gravitational field equation results in the physical

situation where there is no electric charge density and no divergence of the
field E.

e Gauss’ law results in the physical situation with no mass density and no
divergence of the field €.

Implications for forces: Newton’s field law implies an attractive force for mass, while Gauss’ law indicates like
electric charges repulse.

P

Ampere’s Law and Mass Current

Method: Same as previous.

Ty = Tn= (s — e G — e Ty — o Ui, Tt — e g — e T — <
T Oy )

=5 (=5~ (o =3 e

e (G-t m G- D+ e (-5 + 5 (- 525D,

~at (T =50~ (G =5 5y

At TR e A R G i e Gk e ol

5 (=55 =3~ (o =3~ 5as

— 5 G =5 + 5 o= )t (= ) 4 (=5 =)

:%(—f—i+%+§x§—v&5)+§ug“

e A pure mass current equation results in the physical situation where there

is no electric current density no time change of the field E and no curl of
the field B.



e Ampere’s law results in the physical situation where there is no mass cur-
rent density, no gradient of the field g* and not boxed curl of b .

Eoctirs
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Vector Identities
Vector identities or homogeneous equations are unchanged.
e No magnetic monopoles:
VB o% (¢ x A)=0
e Faraday’s law:
%ﬁxﬁ'—%x%—ﬁxc§¢:6
No obvious vector identity analogs for gravitational fields found yet.

- Cof=0 o A =0
Summary: Field Equations

Math:
Ji— JIm= 24~

Pictures:
I L NG &
4a 4;" ; -r%. .
E ™ 2.3
A B Te

¥
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Quantization

1. Classical physics versus quantum mechanics.
2. Momentum from classic EM Lagrange density.

3. Quantizing EM fields by fixing the gauge.

4. Interpreting quantizing EM by fixing the Lorenz gauge.

5. Skeptical analysis of fixing the Lorenz gauge.
6. Momentum from GEM Lagrange density.

7. Interpreting GEM quantization.

2
S (£ :
iy Th o~ 024 -
= trace o 3 \".B
A‘\"—Z e —— ? £y “.d
@ wadt um 4

3 3
1

Classical physics:

e Observables are numbers

A, =10 A,=8 m,=24

e All observables are independent:

Ay —7p Ay =0

Quantum mechanics:

e Observables are operators that act on

the wave function ¢ to generate a number.

AL ) =10 AJ)=8 ) =24

e  Most observables are independent.

11

Classical Physics versus Quantum Mechanics



[Ag, A,] is called the commutator.
A Ay|Y) — AyAe|Y) = [As, Ay][4) =0

e Conjugate observables are not independent.
[Ag, ma][¢) #0

Conjugate observables, like the potential and momentum, must have a non-zero
commutator to quantize a field.

i l}.@,. ,1{‘

Ay . Apr~® Rus Tl o2y
= N Tz —=
A_u ﬂi? v @ A‘I’52- 3
Classical Q ottt um

Momentum from Classic EM Lagrangian
1. Start with the EM Lagrange density written without indices.
Lpm="75Pm— %JMA“ - ;?(V’LAV = VA (V, A, =V, Ay)
0z
= —nly/ 1= ()= (R = (G

—(pg— pm)(co — %Am - %Ay - %Az)

-3 -G - ErP-G
S ARG ik
S G G

- (Yye g Py (e

0As 89 o DAy 39 oA, 8¢

—2 cot o cot oy 7 cot oz
_ 904,04, 504, 0A; o 04, aAy)
o0z Oy ox Oz oy Oz

2. Calculate momentum:

/ oL 09 O0Ay op OA, O
mh=h B(2A _h\/_( aq;’ +6§’c8t 3_f)

c@t

12



Energy-momentum vector.

3. Momentum cannot be made into an operator:

[y, il 0) = [As, O][4) =0

Energy commutes with its conjugate operator.

1Y, =0

Quantizing EM Fields by Fixing the Gauge

An EM gauge is a relationship between ¢ and A that

does not change the Maxwell equations. Examples:

e Coulomb gauge.

trace(g,, V#A") =V -A =0

e Lorenz gauge.

trace(g,, V*A") = %bt +V-A=0

For EM with no gravity, one is free to assign arbitrary values

to the diagonal of the antisymmetric field strength tensor.

trace

i
+
“+
+

Quantizing EM by Fixing the Lorenz Gauge

Fix the Lorenz gauge in the EM Lagrange density.

1. Start with the Gupta-Bleuler Lagrange density written without indices:

13



ngB:_%pm_ J;LA“_

(V402

— 5 (VHAY = VYAR)(V, A, — V, A,)

~ (/1 (22— ()2 - (X

a oz a

— (pg— pm)(co — %Am —ady— QZA

1,,0 B B E)
— (52— (32)2 - (62’,5) — ()
OA, dA, 0A, dAq
(ear )2+ (G2 + (52 + (5)°
dA A dA A
(Gar)?+ (G2 + ()7 + (50)?
HA dA, dA, DA,
(Gar)?+ (52 + (57 + (50)°
_ 904 3 504y 3 504 3
cot oz cot By cot 0z
6A aA dA, aA aA 8A,
o o
8¢ 0A, 6¢ dA 3¢ A,

+ 2 E or y + 25 cot 0Oz
0A, aA 0A, aA aA dA,
ox ox 0z )

2. Calculate momentum:
_ O 4 4 % 0A,
mh = h‘/_(___ Aot Ty

Energy-momentum vector.

)

3 9A.
Ay’ cot

3. Momentum can be made into an operator:

Using the Euler-Lagrange equation [not shown|, the equations of motion are iden-

tical to those of Larm!

Jy =AY

Reference: "Theory of longitudinal photons in quantum electrodynamics", Suraj N. Gupta, Proc. Phys. Soc.

63:681-691, 1950.

<L
mi

wl
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Interpreting the Gupta/Bleuler Quantization Method

Results of quantization method:
e Four modes of transmission:
1. Two transverse waves.
2. One longitudinal wave.
3. One scalar wave.
e Transverse waves are photons for EM.
e Scalar mode of transmission called a "scalar photon".

¢ "Supplementary condition" imposed to eliminate
scalar and longitudinal photons as real particles,

so they are always virtual.

Skeptical Analysis of Fixing the Lorenz Gauge

1. A scalar photon is an oxymoron.
Photons must transform like vectors,

even if photons happen to be virtual.

2. Eliminating an oxymoron

cannot justify the supplementary condition.

3. A better interpretation for the

4D-wave equation of motion may exist.

15
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Momentum from GEM Lagrange Density
1. Start with the GEM Lagrange density written without indices:

Capn=— 2 pm— 7 (J§ = Ih) Ay — 55 V*AYV . A,

= = only/1= (G- (G- ()

—(pg— pm)(cd — Grds = G4y — 5A)

()~ (o= G- (G

T 2\eat oz dy 9z
BA, dA, dA, 0A,
_(cat)2+( oz )2 +( oy )2+( 9z )2
0A 0A 0A 0A
— (20 ey e+ (e
8A, 8A, dA, dA,
_(cat)2+( ot )2+( dy )2+( 5z )2)

2. Calculate momentum:
8¢ 0A, O0A, 0A,

GEM Quantization
e Four modes of transmission:

1. Two transverse waves.

16



2. One longitudinal wave.
3. One scalar wave.
e Transverse waves are photons for EM.

e Longitudinal and scalar modes are gravitons of gravity traveling at the
speed of light, generated by a symmetric rank-2 field strength tensor.

e General relativity predicts transverse waves, not scalar or longitudinal
ones. The LIGO experiment to detect gravitational waves will be looking
for transverse gravitational waves. GEM predicts the polarization will not
be transverse.

¢ Gravitational modes are coupled to v/G and not hbar. This might get
around negative energy problem because gravity quanta are not emitted.

Summary: Quantization

Math:
Th=h/G L _=h/G (-2 % 2 I

cOt’? cOt’ cot’ cot

Pictures:
. E = E #h#-hms
AR o R
trace . 2 \q-’"-';B i -\-_....B
; T
Qh&ﬁ{" um 3 S 3"“-1'51: g ”11'5.
1 6.
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The Standard Model
1. Group theory.

2. Group theory by example.
3. The standard model.
4. The standard model Lagrange density.
5. Defining the multiplication operator.
1 R 0
—— 1010
a DA U(1)xSU(2)xSU(3)
3
4l
Z
2 U(1) i s e b
I o T Ty Conjugation Parity
z* 5
4

Group Theory

Way to organize symmetry systematically.
Definition: A set S with a binary operation ( x or +)

such that s; x sy € S for all possible pairs of elements in S. A group has:
e An identity.
e An inverse for every element.
e Associative law holds.
Examples:
e Real numbers and +.

e Real numbers without 0 and x.

0 1
R, + ~o—o0—o— R/{0}, * «—— @0—0»
r I r 1I r
r

Group Theory by Example
e U(1l), zx z*=1, or unitary complex numbers.

I=(1,0) Identity is one.

18



27 =z Inverse is the conjugate.

21 X 29=29 X 21 Abelian.

0 —«a
U(a)= e< ) One number for the Lie algebra.

e SU(2), ¢ x ¢*=1, or unit quaternions

(4D analog to complex numbers).

I=(1,0,0,0) Identity is one.
g t=¢q" Inverse is the conjugate.
UXQFRXqQ Non-Abelian.

577)
Ula,B,v)=er\? =# = O Three numbers needed.

Z
U }T SUQ)

The Standard Model

Predicts patterns of all subatomic particles

and three of four forces in Nature:
e U(1 Light, EM.
e SU(2) Weak force, radioactivity.
e SU(3) Strong force, the nucleus.

Says nothing about gravity.
U(1)xSU(2)xSU(3)

The Standard Model Lagrange Density

Describes all interactions of all subatomic forces in a volume.
Lom = 1; YD u@[)

. . a . Ab
Du = au - /LQEMYAN - Zgweak%Wﬁ - ngtrongE GZ

o M Spinor matrix (no details provided here).

19



e g. Coupling constant to force.

e Y Generator of U(1) symmetry.
o 79179 Generator of SU(2) symmetry.
o M08 Generator of SU(3) symmetry.

o A, W5, GZ Complex-valued 4-potentials, two with internal symmetries.

L] L
a = & =
» L] L]
@ » 1Y [
] @ w =
» » L] L]
£ =~ ® -~ 0@ " — om " - . .
. e @ o e =
i L] L]
a = ® 8
L] -] L] - ]
Defining the Multiplication Operator
Given a pair of complex-valued 4-vectors,
need to generate a real scalar.
Four components:
1. (a,bi)*=(a,—bi) Complex conjugation.
2. (¢,A)P=(¢,— A) Parity operator.
3. Guw Metric tensor.
4. % Potentials normalized to themselves.

Define multiplication of 4-potentials in the standard model as:

Ak AV o 916l At]? — gxx| Az |® — gyyl Ayl — 9ua| A |? — Guv | AFAY | 2y
A TA] 9= A2
4l
Z
U(1)xSU(2) :
Z*
Conjugation Parity

20



Multiplication Operator in Spacetime

° % % 9uw=1.0 In flat spacetime.

° % _A‘Zf 9uw=10+6 In curved spacetime.

In curved spacetime, mass breaks U(1), SU(2), and SU(3)
symmetry in a precise way (circles get larger).
Y, 7% A\’ and the Higgs particle are not needed.

No new symmetry was added to the standard model. No new particle can be
added. Instead, it may turn out that every particle can "act like a graviton" when
it is involved with a distance measurement of the field.

41
z eI=1.0+A
U)xSU(Q) [SL0+A
Z*
Conjugation Parity

Summary: The Standard Model

Math:
ﬂﬂ _ gtt|At|2_QXX|AI‘2_gyy‘Ay|2_QZZ|Az|2_guV‘A”AUM#u
AT A Im = AP
Pictures:
1 R 0
——0O0—0—
al O U(1)xSU(2)xSU(3)
) 3
Al
Z
2 U(1) &
I
Z*
4
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Must Do Physics Done for Day 2

3.

11.

12.

13.

14.

p=V2%¢p Newton’s gravitational field equation.

p=V-E J=—22 1V xB Maxwell source equations.

0=V-B 0=24VxE Maxwell homogeneous equations.

Unified field emission modes can be quantized.
Works with the standard model.
Indicates origin of mass.

LIGO (gravity wave polarization).

Caveats:

11. Operators not written explicitly. No calculations done.

12. SU(3) not investigated. Will spinors play nicely in framework?

13. Has the negative energy problem really been solved?

22



Summary Equations

1. GEM field equations as potentials:
Jy — Jh=024"

2. G fields

a) E analog:

o B4 =
€=75—¢cVo

o]l

b) B analog:

T DA, 8A,  0A, 0A, A, 0A,
b=cVRA= -5 5 % & &)

c¢) Diagonal:
g=VHA!
3. GEM field equations as classic fields

a) GEM Gauss’ law:
pg—Pm=2(V-E+V ¢) 4 2o

b) GEM Ampere’s law:

— - 1

Ty Jm= (=2

¢) No monopoles:

— —

V-B=0
d) Faraday’s law:
B .2z
4. GEM momentum:

oL 0p OA, OA, OA,
=G T =G (= . G o )

cot

5. Standard model potential contraction:

Ar Av*P
1

AT AT I = For flat spacetime.

Summary Pictures

1. Fields:

23
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2. Quantization:

:
E L2 E P&ﬁ\m\s
s o g 1
Ay ms A pB
3 ey trace o F '\"{:’5 A \\\ '-IB
S PR
4

Iy

.
<k

Ay ——

Cl
8

3 Tkl 'I*—Bﬁ q‘

4 5 g
6.7

Qm&ﬁk um

1

3. The Standard Model:

4. Day 2:

e
To10+

P ]

Ay
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