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Minimally Coupled Non-Minimally Coupled Example Comment
Real Scalar Gravity Real Scalar Gravity
Field @ Ouv @ Ouv
Physical length (measured in meters with meter sticks) direction isdx, =./—g,,dX, 911 i_s
_ o _ _ _ negative;
Coordinate length dx; (The length of this distance in meters measured with met&ssti phys value
depends on the particular generalized coordinate grid chosern), i.epag “~"
Bsnijkr;d on g1, which represents that grid in tkedirection.) underneath
9 Physical 4D volume in an orthogonal (i@, is diagonal) spacetime coordinate system is
dV = dxdx,dx X, gis Detgy, ;
4 dVis coord
=\/_glldxl\/_922dXZ\/_g Séjx 3/ 9 ng o V—ng QX gX qx 0_'\/_ng =\/_gd X volume
In standard QFT
1) N — G ChooseLl. .. as in In this example, as in In this Ighgri;re\,\{g
Procedure|ny « »  w.n» orav 2" column, but add | example Lga Luni
2)“,"—", classical GR § natural units,
4 4 extra term. of 3 column. wherec=7=1
3)d*x - /-gd*x
Sn =] £my-9d*x _ —
J.m%l%f_’ Sgrav - J.é’grav -9 d*x —g of 3)
physd\[ - — . d . d
Acti Lagr phys  physdv Asin 2 Asin 3 above
ction S Lagr . .
=J'[ d4x column column included in
m _ 4
coordcoord - J.‘Cgravd X Lm andﬁgra\,
Lagr dVv
L= L = £,,= Other non-
Laaran- 1 quv grav™ 1 In this min L, Egrav
ia?w J-g| 2 9" Pu = o 29", 0, example Ly | could have
g9 -V (9) -X_Z(R+2A) -9 £ of 3%column | other terms in
V(9)-3R7 R
apyo
Free feld 1.2 As in 2" “Free”, butg
V == il 4
V (9)=3m’¢* column grav coupled
As in 2" As in 3°
TOtal£ £ = £m + £grav E = £m+ Egra\/ Column Column
FromdS= 0, whereLy,, has terms iy, due toR, one gets the Euler-Lagrange eqs below. Gravityasq
z)/fagatlon an extra term beyond the more familiar Euler-Lageaaq due to"2 derivative terms inLy. Note the math
derivation is based on the integrand used i) so it uses£= £y-9g .
Euler 0,0, o<
e oL oL _, 95 Asin 2 Asin 3¢ From
Lagrange | %’y "3y oc  oc column column | 3S=0
equation “ +0, - =0
agaﬂ W agaﬁ
Note: Derivation to get gravity result below is dasiwus. See Mukhanov & Minitzki pgs. 229-232.




o G,z *+ 9,5\ —qq®
Equation ( _ggaﬂq)’ﬁ) “ S 1 ( 99 ¢'ﬂ) “ As in 3° From Euler-
otmoton | g2 g | TR RO | o ) o | e
0p =8nGT,, EP) : aB a
Taﬁ = 2 X
-9
—Lpnin 5"
T :i a[m = 0L "
Stress- ap H ag 0,0, m column from
energy 0945 v || “Lagrangian
part of _ %9” N 5 0L, L” row
above Dy P ~9ap _v ((p) “ g ) above, &
oL, column
ag“*
G..+0..A Gravity field
Covariant v ap * Qap rY. As in 3¢ eq of motion
formofeq| ¢ +0_ =0 =Ry —%gaﬁR+ I\ @a +6_ +{Rp=0 columnw | above
of motion ¢ _ ¢ differentT,, already
=871GT,, B :
covariant
GR version of . e .
Above are Klein-Gordon eq Einstein’s field equation
E/m Interactionswith (Complex) Scalar Field
Procedure| Initially as above with free field, botinneed complex scalar field, as real scalar feltharge neutral.
. - 4 All gravity as above in free
Action S S J[’"d X scalar field
Free field L=+—9 % For Eree field
Lagrin- 399 .0, V(4 )=
gian —%mzqo*(o %m2¢*¢
with ¢, — Dy @ Dy =0, +iA,
Interaction|<m= V"9
£m 39" (D,0) Do
-smg
Re'erte v _x * . * * *
InteractZ:, £,=\-9(39"6 .0, - 3776 9~ L9%iA, (6 05 -a0}s) + S0 A A )
Fuw=A.,-A,, =A - a
Interaction w= Py = Py = A~ Ay I, drop out
1 1 of F
Leim Standard QFL,,, = —E_[n”ﬁq‘“’ FouFay —Egaﬁ 9" FyFpy o
Equations

of Motion

Use aboveC in Euler-Lagrange eq for 3 fieldg, g,., andA,. Get 3 coupled egs.




