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<latexit sha1_base64="uqkq+LUoDoFJzFNFR4rmF/rji04=">AAACG3icbVDLSgMxFM3UV62vUZdugkVwY5kpUt0IRTcuK9ha6AzlTpppQzOZIckIZeh/uPFX3LhQxJXgwr8xbQfR1gOBk3Puvck9QcKZ0o7zZRWWlldW14rrpY3Nre0de3evpeJUEtokMY9lOwBFORO0qZnmtJ1IClHA6V0wvJr4d/dUKhaLWz1KqB9BX7CQEdBG6tpVj4Poc4q9XqyzZOzJ2fUCn/w4AgIOuIVzr2uXnYozBV4kbk7KKEeja3+Y4SSNqNCEg1Id10m0n4HUjHA6LnmpogmQIfRpx1ABEVV+Nt1tjI+M0sNhLM0RGk/V3x0ZREqNosBURqAHat6biP95nVSH537GRJJqKsjsoTDlWMd4EhTuMUmJ5iNDgEhm/orJACQQbeIsmRDc+ZUXSatacWuV2s1puX6Zx1FEB+gQHSMXnaE6ukYN1EQEPaAn9IJerUfr2Xqz3melBSvv2Ud/YH1+Ax2coNc=</latexit>

→ṗ↑ = ↓→↔V ↑
<latexit sha1_base64="L58JVNWM6fXUSIjuZSq1eZzPgsg=">AAACLXicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6kYoKiKuKtgHNDFMppN26GQSZiZCCf0hN/6KCC4q4tbfcNJGqK0Xhjmccy733uPHjEplWWOjsLS8srpWXC9tbG5t75i7e00ZJQKTBo5YJNo+koRRThqKKkbasSAo9Blp+YOrTG89ESFpxB/UMCZuiHqcBhQjpSnPvHYY4j1GoBMjoShiXuqEyQjePGY/dLjGjphaLuCv+U6rM4pnlq2KNSm4COwclEFedc98c7oRTkLCFWZIyo5txcpNsw0wI6OSk0gSIzxAPdLRkKOQSDedXDuCR5rpwiAS+nEFJ+xsR4pCKYehr50hUn05r2Xkf1onUcG5m1IeJ4pwPB0UJAyqCGbRwS4VBCs21ABhQfWuEPeRQFjpgEs6BHv+5EXQPKnY1Ur1/rRcu8zjKIIDcAiOgQ3OQA3cgjpoAAyewSsYgw/jxXg3Po2vqbVg5D374E8Z3z80sai5</latexit>

→ωµFµω↑ = →Jω↑
<latexit sha1_base64="KH9d0O+YQPyT+qEyDIM2BEECWe0=">AAACInicbVDLSsNAFJ3UV62vqEs3g0VwVRKRqguh6EKXFfqCJoTJdNIOnZmEmYlQQr/Fjb/ixoWirgQ/xmkbQVsPXDiccy/33hMmjCrtOJ9WYWl5ZXWtuF7a2Nza3rF391oqTiUmTRyzWHZCpAijgjQ11Yx0EkkQDxlph8Prid++J1LRWDT0KCE+R31BI4qRNlJgX3gMiT4j8CbIPJ5CT6Rj6MmZdgl/3MaiG9hlp+JMAReJm5MyyFEP7HevF+OUE6ExQ0p1XSfRfoakppiRcclLFUkQHqI+6RoqECfKz6YvjuGRUXowiqUpoeFU/T2RIa7UiIemkyM9UPPeRPzP66Y6OvczKpJUE4Fni6KUQR3DSV6wRyXBmo0MQVhScyvEAyQR1ibVkgnBnX95kbROKm61Ur07Ldeu8jiK4AAcgmPggjNQA7egDpoAgwfwBF7Aq/VoPVtv1sestWDlM/vgD6yvb5LKo7g=</latexit>

→Gµω↑ = →Tµω↑



Ehrenfest’s Theorem
Given |Ψ(0)>, what is |Ψ(T)>? 

<latexit sha1_base64="90kJW4DNGU1VXiJXky3MlFMrBWM=">AAACLHicbVDLSgMxFM34tr6qLt0Ei1BByoyIuhGKblxWsLbQKSWT3mlDM5khuSMttR/kxl8RxIUibv0O03YEXwcCh3POJfeeIJHCoOu+OjOzc/MLi0vLuZXVtfWN/ObWjYlTzaHKYxnresAMSKGgigIl1BMNLAok1ILexdiv3YI2IlbXOEigGbGOEqHgDK3Uyl/c+RUjfAkhFl1fi04X96mvmepIoGfUFwppu0+pf0DDaar/lbrrZ7lWvuCW3AnoX+JlpEAyVFr5J78d8zQChVwyYxqem2BzyDQKLmGU81MDCeM91oGGpYpFYJrDybEjumeVNg1jbZ9dbqJ+nxiyyJhBFNhkxLBrfntj8T+vkWJ42hwKlaQIik8/ClNJMabj5mhbaOAoB5YwroXdlfIu04yj7TdnS/B+n/yX3ByWvOPS8dVRoXye1bFEdsguKRKPnJAyuSQVUiWc3JNH8kJenQfn2Xlz3qfRGSeb2SY/4Hx8AhdJpvA=</latexit>

| (0)i =
Z

dx f (x) |xi
<latexit sha1_base64="46otk2wrG2t1VP1vLJt0VPGKE34="></latexit>

|xi !
Z

dy K (y, T ;x, 0) |yi

<latexit sha1_base64="WXu1MIPHGUBflF+iiaI6XZVu7w0="></latexit>

K (y, T ;x, 0) = hy|e�iHT |xi =
Z

�(T )=y

�(0)=x

D� ei
R T
0 dt L(x,ẋ)

<latexit sha1_base64="eKeoNm2CrCfcdvBUvkVNIVWA1D4="></latexit>

| (T )i =
Z

dx dy f (x)K (y, T ;x, 0) |yi

Particle Mechanics 



Ehrenfest’s Theorem
Given |Ψ(0)>, what is |Ψ(T)>? 

<latexit sha1_base64="90kJW4DNGU1VXiJXky3MlFMrBWM=">AAACLHicbVDLSgMxFM34tr6qLt0Ei1BByoyIuhGKblxWsLbQKSWT3mlDM5khuSMttR/kxl8RxIUibv0O03YEXwcCh3POJfeeIJHCoOu+OjOzc/MLi0vLuZXVtfWN/ObWjYlTzaHKYxnresAMSKGgigIl1BMNLAok1ILexdiv3YI2IlbXOEigGbGOEqHgDK3Uyl/c+RUjfAkhFl1fi04X96mvmepIoGfUFwppu0+pf0DDaar/lbrrZ7lWvuCW3AnoX+JlpEAyVFr5J78d8zQChVwyYxqem2BzyDQKLmGU81MDCeM91oGGpYpFYJrDybEjumeVNg1jbZ9dbqJ+nxiyyJhBFNhkxLBrfntj8T+vkWJ42hwKlaQIik8/ClNJMabj5mhbaOAoB5YwroXdlfIu04yj7TdnS/B+n/yX3ByWvOPS8dVRoXye1bFEdsguKRKPnJAyuSQVUiWc3JNH8kJenQfn2Xlz3qfRGSeb2SY/4Hx8AhdJpvA=</latexit>

| (0)i =
Z

dx f (x) |xi
<latexit sha1_base64="46otk2wrG2t1VP1vLJt0VPGKE34="></latexit>

|xi !
Z

dy K (y, T ;x, 0) |yi

<latexit sha1_base64="WXu1MIPHGUBflF+iiaI6XZVu7w0="></latexit>

K (y, T ;x, 0) = hy|e�iHT |xi =
Z

�(T )=y

�(0)=x

D� ei
R T
0 dt L(x,ẋ)

<latexit sha1_base64="eKeoNm2CrCfcdvBUvkVNIVWA1D4="></latexit>

| (T )i =
Z

dx dy f (x)K (y, T ;x, 0) |yi

Particle Mechanics Quantum Fields 
<latexit sha1_base64="gtHbF6Viluk7K0/Ddr+MmgVjGL4="></latexit>

|! (0)→ =
∫

dω f (ω) |ω→

<latexit sha1_base64="+dSdNdZlYpW+pm+/q31YPsojyUg="></latexit>

|! (T )→ =
∫

dωf dωi f (ωi)K (ωf , T ;ωi, 0) |ωf →

<latexit sha1_base64="n65MfOJ5vXLrgKDi6UiJ3ok/HNM="></latexit>

K (ωf , T ;ωi, 0) =

∫ ω(T )=εf

ω(0)=εi

DωeiS[ε]



Ehrenfest’s Theorem
Given |Ψ(0)>, what is |Ψ(T)>? 

<latexit sha1_base64="90kJW4DNGU1VXiJXky3MlFMrBWM=">AAACLHicbVDLSgMxFM34tr6qLt0Ei1BByoyIuhGKblxWsLbQKSWT3mlDM5khuSMttR/kxl8RxIUibv0O03YEXwcCh3POJfeeIJHCoOu+OjOzc/MLi0vLuZXVtfWN/ObWjYlTzaHKYxnresAMSKGgigIl1BMNLAok1ILexdiv3YI2IlbXOEigGbGOEqHgDK3Uyl/c+RUjfAkhFl1fi04X96mvmepIoGfUFwppu0+pf0DDaar/lbrrZ7lWvuCW3AnoX+JlpEAyVFr5J78d8zQChVwyYxqem2BzyDQKLmGU81MDCeM91oGGpYpFYJrDybEjumeVNg1jbZ9dbqJ+nxiyyJhBFNhkxLBrfntj8T+vkWJ42hwKlaQIik8/ClNJMabj5mhbaOAoB5YwroXdlfIu04yj7TdnS/B+n/yX3ByWvOPS8dVRoXye1bFEdsguKRKPnJAyuSQVUiWc3JNH8kJenQfn2Xlz3qfRGSeb2SY/4Hx8AhdJpvA=</latexit>

| (0)i =
Z

dx f (x) |xi
<latexit sha1_base64="46otk2wrG2t1VP1vLJt0VPGKE34="></latexit>

|xi !
Z

dy K (y, T ;x, 0) |yi

<latexit sha1_base64="WXu1MIPHGUBflF+iiaI6XZVu7w0="></latexit>

K (y, T ;x, 0) = hy|e�iHT |xi =
Z

�(T )=y

�(0)=x

D� ei
R T
0 dt L(x,ẋ)

<latexit sha1_base64="eKeoNm2CrCfcdvBUvkVNIVWA1D4="></latexit>

| (T )i =
Z

dx dy f (x)K (y, T ;x, 0) |yi

Particle Mechanics Quantum Fields 
<latexit sha1_base64="gtHbF6Viluk7K0/Ddr+MmgVjGL4="></latexit>

|! (0)→ =
∫

dω f (ω) |ω→

<latexit sha1_base64="+dSdNdZlYpW+pm+/q31YPsojyUg="></latexit>

|! (T )→ =
∫

dωf dωi f (ωi)K (ωf , T ;ωi, 0) |ωf →

<latexit sha1_base64="n65MfOJ5vXLrgKDi6UiJ3ok/HNM="></latexit>

K (ωf , T ;ωi, 0) =

∫ ω(T )=εf

ω(0)=εi

DωeiS[ε]

<latexit sha1_base64="j5lAoqvdW22dYFyKzMGOs/NDICs="></latexit>

Change Variables: ω → ω + εω =↑ εK = 0 =↑ ↓!|ϑS
ϑω

|!↔ = 0



Ehrenfest’s Theorem
Given |Ψ(0)>, what is |Ψ(T)>? 

<latexit sha1_base64="90kJW4DNGU1VXiJXky3MlFMrBWM=">AAACLHicbVDLSgMxFM34tr6qLt0Ei1BByoyIuhGKblxWsLbQKSWT3mlDM5khuSMttR/kxl8RxIUibv0O03YEXwcCh3POJfeeIJHCoOu+OjOzc/MLi0vLuZXVtfWN/ObWjYlTzaHKYxnresAMSKGgigIl1BMNLAok1ILexdiv3YI2IlbXOEigGbGOEqHgDK3Uyl/c+RUjfAkhFl1fi04X96mvmepIoGfUFwppu0+pf0DDaar/lbrrZ7lWvuCW3AnoX+JlpEAyVFr5J78d8zQChVwyYxqem2BzyDQKLmGU81MDCeM91oGGpYpFYJrDybEjumeVNg1jbZ9dbqJ+nxiyyJhBFNhkxLBrfntj8T+vkWJ42hwKlaQIik8/ClNJMabj5mhbaOAoB5YwroXdlfIu04yj7TdnS/B+n/yX3ByWvOPS8dVRoXye1bFEdsguKRKPnJAyuSQVUiWc3JNH8kJenQfn2Xlz3qfRGSeb2SY/4Hx8AhdJpvA=</latexit>

| (0)i =
Z

dx f (x) |xi
<latexit sha1_base64="46otk2wrG2t1VP1vLJt0VPGKE34="></latexit>

|xi !
Z

dy K (y, T ;x, 0) |yi

<latexit sha1_base64="WXu1MIPHGUBflF+iiaI6XZVu7w0="></latexit>

K (y, T ;x, 0) = hy|e�iHT |xi =
Z

�(T )=y

�(0)=x

D� ei
R T
0 dt L(x,ẋ)

<latexit sha1_base64="eKeoNm2CrCfcdvBUvkVNIVWA1D4="></latexit>

| (T )i =
Z

dx dy f (x)K (y, T ;x, 0) |yi

Particle Mechanics Quantum Fields 
<latexit sha1_base64="gtHbF6Viluk7K0/Ddr+MmgVjGL4="></latexit>

|! (0)→ =
∫

dω f (ω) |ω→

<latexit sha1_base64="+dSdNdZlYpW+pm+/q31YPsojyUg="></latexit>

|! (T )→ =
∫

dωf dωi f (ωi)K (ωf , T ;ωi, 0) |ωf →

<latexit sha1_base64="n65MfOJ5vXLrgKDi6UiJ3ok/HNM="></latexit>

K (ωf , T ;ωi, 0) =

∫ ω(T )=εf

ω(0)=εi

DωeiS[ε]

<latexit sha1_base64="j5lAoqvdW22dYFyKzMGOs/NDICs="></latexit>

Change Variables: ω → ω + εω =↑ εK = 0 =↑ ↓!|ϑS
ϑω

|!↔ = 0

Classical Physics is an identity of Quantum Mechanics



Ehrenfest’s Theorem
Given |Ψ(0)>, what is |Ψ(T)>? 

<latexit sha1_base64="90kJW4DNGU1VXiJXky3MlFMrBWM=">AAACLHicbVDLSgMxFM34tr6qLt0Ei1BByoyIuhGKblxWsLbQKSWT3mlDM5khuSMttR/kxl8RxIUibv0O03YEXwcCh3POJfeeIJHCoOu+OjOzc/MLi0vLuZXVtfWN/ObWjYlTzaHKYxnresAMSKGgigIl1BMNLAok1ILexdiv3YI2IlbXOEigGbGOEqHgDK3Uyl/c+RUjfAkhFl1fi04X96mvmepIoGfUFwppu0+pf0DDaar/lbrrZ7lWvuCW3AnoX+JlpEAyVFr5J78d8zQChVwyYxqem2BzyDQKLmGU81MDCeM91oGGpYpFYJrDybEjumeVNg1jbZ9dbqJ+nxiyyJhBFNhkxLBrfntj8T+vkWJ42hwKlaQIik8/ClNJMabj5mhbaOAoB5YwroXdlfIu04yj7TdnS/B+n/yX3ByWvOPS8dVRoXye1bFEdsguKRKPnJAyuSQVUiWc3JNH8kJenQfn2Xlz3qfRGSeb2SY/4Hx8AhdJpvA=</latexit>

| (0)i =
Z

dx f (x) |xi
<latexit sha1_base64="46otk2wrG2t1VP1vLJt0VPGKE34="></latexit>

|xi !
Z

dy K (y, T ;x, 0) |yi

<latexit sha1_base64="WXu1MIPHGUBflF+iiaI6XZVu7w0="></latexit>

K (y, T ;x, 0) = hy|e�iHT |xi =
Z

�(T )=y

�(0)=x

D� ei
R T
0 dt L(x,ẋ)

<latexit sha1_base64="eKeoNm2CrCfcdvBUvkVNIVWA1D4="></latexit>

| (T )i =
Z

dx dy f (x)K (y, T ;x, 0) |yi

Particle Mechanics Quantum Fields 
<latexit sha1_base64="gtHbF6Viluk7K0/Ddr+MmgVjGL4="></latexit>

|! (0)→ =
∫

dω f (ω) |ω→

<latexit sha1_base64="+dSdNdZlYpW+pm+/q31YPsojyUg="></latexit>

|! (T )→ =
∫

dωf dωi f (ωi)K (ωf , T ;ωi, 0) |ωf →

<latexit sha1_base64="n65MfOJ5vXLrgKDi6UiJ3ok/HNM="></latexit>

K (ωf , T ;ωi, 0) =

∫ ω(T )=εf

ω(0)=εi

DωeiS[ε]

<latexit sha1_base64="j5lAoqvdW22dYFyKzMGOs/NDICs="></latexit>

Change Variables: ω → ω + εω =↑ εK = 0 =↑ ↓!|ϑS
ϑω

|!↔ = 0

Classical Physics is an identity of Quantum Mechanics
Guess quantum theory based on observed classical dynamics



The Classical Equations of Motion

Yukawa Theory
<latexit sha1_base64="8Vbl0TRh6Y3ATwEaTXkYy8Tiw4w="></latexit>

S �
Z

d4x� (x)� ̄ 

<latexit sha1_base64="Iq4R6GZhmPpJwpfzmW+MAkQGrpo=">AAACH3icbVDLSgMxFM3UV62vqks3wSK4KjMi1Y1Q1IUrqWgf0Cklk2ba0MxkSO6IZZg/ceOvuHGhiLjr35hpC2r1QOBwzn3kHi8SXINtj63cwuLS8kp+tbC2vrG5VdzeaWgZK8rqVAqpWh7RTPCQ1YGDYK1IMRJ4gjW94UXmN++Z0lyGdzCKWCcg/ZD7nBIwUrdYcYE9QHIp8bUEnGLXV4QmbkQUcCLwbfrNXWHG9kiKz7DdLZbssj0B/kucGSmhGWrd4qfbkzQOWAhUEK3bjh1BJ8lGU8HSghtrFhE6JH3WNjQkAdOdZHJfig+M0sO+VOaFgCfqz46EBFqPAs9UBgQGet7LxP+8dgz+aSfhYRQDC+l0kR8LDBJnYeEeV4yCGBlCqOLmr5gOiEkITKQFE4Izf/Jf0jgqO5Vy5ea4VD2fxZFHe2gfHSIHnaAqukI1VEcUPaJn9IrerCfrxXq3PqalOWvWs4t+wRp/AYv7oqY=</latexit>

Do Not
@S

@�
= 0

Particle Mechanics
<latexit sha1_base64="izUrTps9/wXS3Mwt8CEiKOQg+RU="></latexit>

S �
Z

dt

✓
1

2
M (t) ẋ2 � V (x)

◆

<latexit sha1_base64="8eIv1xl0h8za7nr4wlLV2Ux0ctw=">AAACGXicbZDLSgMxFIYz9VbrrerSTbAIrsqMSHUjFHXhRqloL9ApJZNm2tDMZEjOiGWY13Djq7hxoYhLXfk2phdQW38IfPznnCTn9yLBNdj2l5WZm19YXMou51ZW19Y38ptbNS1jRVmVSiFVwyOaCR6yKnAQrBEpRgJPsLrXPxvW63dMaS7DWxhErBWQbsh9TgkYq523XWD3kJxLfCUBp9j1FaGJGxEFnAh8k/7wZYpPsN3OF+yiPRKeBWcCBTRRpZ3/cDuSxgELgQqiddOxI2glw0upYGnOjTWLCO2TLmsaDEnAdCsZbZbiPeN0sC+VOSHgkft7IiGB1oPAM50BgZ6erg3N/2rNGPzjVsLDKAYW0vFDfiwwSDyMCXe4YhTEwAChipu/YtojJhswYeZMCM70yrNQOyg6pWLp+rBQPp3EkUU7aBftIwcdoTK6QBVURRQ9oCf0gl6tR+vZerPex60ZazKzjf7I+vwGhZef+g==</latexit>

Do Not
@S

@M
= 0



The Classical Equations of Motion

Yukawa Theory
<latexit sha1_base64="8Vbl0TRh6Y3ATwEaTXkYy8Tiw4w="></latexit>

S �
Z

d4x� (x)� ̄ 

<latexit sha1_base64="Iq4R6GZhmPpJwpfzmW+MAkQGrpo=">AAACH3icbVDLSgMxFM3UV62vqks3wSK4KjMi1Y1Q1IUrqWgf0Cklk2ba0MxkSO6IZZg/ceOvuHGhiLjr35hpC2r1QOBwzn3kHi8SXINtj63cwuLS8kp+tbC2vrG5VdzeaWgZK8rqVAqpWh7RTPCQ1YGDYK1IMRJ4gjW94UXmN++Z0lyGdzCKWCcg/ZD7nBIwUrdYcYE9QHIp8bUEnGLXV4QmbkQUcCLwbfrNXWHG9kiKz7DdLZbssj0B/kucGSmhGWrd4qfbkzQOWAhUEK3bjh1BJ8lGU8HSghtrFhE6JH3WNjQkAdOdZHJfig+M0sO+VOaFgCfqz46EBFqPAs9UBgQGet7LxP+8dgz+aSfhYRQDC+l0kR8LDBJnYeEeV4yCGBlCqOLmr5gOiEkITKQFE4Izf/Jf0jgqO5Vy5ea4VD2fxZFHe2gfHSIHnaAqukI1VEcUPaJn9IrerCfrxXq3PqalOWvWs4t+wRp/AYv7oqY=</latexit>

Do Not
@S

@�
= 0

Why?
<latexit sha1_base64="4RNvLbpACJbsv+NDi7e//PgW+0I=">AAACMXicbVDLSsNAFJ3UV62vqks3g0VwVRKR6kYouunCRQX7gCaEm+mkHTp5MDMRSsgvufFPxE0Xirj1J5y0RWrrgYHDuffcO/d4MWdSmebEKKytb2xuFbdLO7t7+wflw6O2jBJBaItEPBJdDyTlLKQtxRSn3VhQCDxOO97oLq93nqiQLAof1TimTgCDkPmMgNKSW27YMXNTm2tHHzJ8g21fAEntGIRiwLEdgBoS4Ol9li2o/Uj9mnKXid1yxayaU+BVYs1JBc3RdMuvegpJAhoqwkHKnmXGyknzDYTTrGQnksZARjCgPU1DCKh00unFGT7TSh/7kdAvVHiqLjpSCKQcB57uzA+Qy7Vc/K/WS5R/7aQsjBNFQzJb5Cccqwjn8eE+E5QoPtYEiGD6r5gMQUemdMglHYK1fPIqaV9UrVq19nBZqd/O4yiiE3SKzpGFrlAdNVATtRBBz+gNvaMP48WYGJ/G16y1YMw9x+gPjO8f+JeqpQ==</latexit>

⇡� =
@L
@�̇

= 0

Particle Mechanics
<latexit sha1_base64="izUrTps9/wXS3Mwt8CEiKOQg+RU="></latexit>

S �
Z

dt

✓
1

2
M (t) ẋ2 � V (x)

◆

<latexit sha1_base64="8eIv1xl0h8za7nr4wlLV2Ux0ctw=">AAACGXicbZDLSgMxFIYz9VbrrerSTbAIrsqMSHUjFHXhRqloL9ApJZNm2tDMZEjOiGWY13Djq7hxoYhLXfk2phdQW38IfPznnCTn9yLBNdj2l5WZm19YXMou51ZW19Y38ptbNS1jRVmVSiFVwyOaCR6yKnAQrBEpRgJPsLrXPxvW63dMaS7DWxhErBWQbsh9TgkYq523XWD3kJxLfCUBp9j1FaGJGxEFnAh8k/7wZYpPsN3OF+yiPRKeBWcCBTRRpZ3/cDuSxgELgQqiddOxI2glw0upYGnOjTWLCO2TLmsaDEnAdCsZbZbiPeN0sC+VOSHgkft7IiGB1oPAM50BgZ6erg3N/2rNGPzjVsLDKAYW0vFDfiwwSDyMCXe4YhTEwAChipu/YtojJhswYeZMCM70yrNQOyg6pWLp+rBQPp3EkUU7aBftIwcdoTK6QBVURRQ9oCf0gl6tR+vZerPex60ZazKzjf7I+vwGhZef+g==</latexit>

Do Not
@S

@M
= 0

<latexit sha1_base64="kjq2wAzD3WXfW5IdpsfYNF/67Io=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6kKh6MaFQgX7gCaEyXTSDp0kw8xEKCE/48ZfcePCIoIrf8VJm0VtPTBwOPfcO/cenzMqlWV9G6WV1bX1jfJmZWt7Z3fP3D9oyzgRmLRwzGLR9ZEkjEakpahipMsFQaHPSMcf3eb1zjMRksbRkxpz4oZoENGAYqS05JlXDqde+pDBa+gEAuHU4Ugoihh0QqSGGLH0Psvm1H6stD33W9Azq1bNmgIuE7sgVVCg6ZkT3Y+TkEQKMyRlz7a4ctN8NmYkqziJJBzhERqQnqYRCol00+mVGTzRSh8GsdAvUnCqznekKJRyHPrama8uF2u5+F+tl6jg0k1pxBNFIjz7KEgYVDHMI4N9KghWbKwJwoLqXSEeIh2W0sFWdAj24snLpH1Ws+u1+uN5tXFTxFEGR+AYnAIbXIAGuANN0AIYvIA38AEmxqvxbnwaXzNrySh6DsEfGD+/mTelTQ==</latexit>

⇡M =
@L
@Ṁ

= 0



The Classical Equations of Motion

Yukawa Theory
<latexit sha1_base64="8Vbl0TRh6Y3ATwEaTXkYy8Tiw4w="></latexit>

S �
Z

d4x� (x)� ̄ 

<latexit sha1_base64="Iq4R6GZhmPpJwpfzmW+MAkQGrpo=">AAACH3icbVDLSgMxFM3UV62vqks3wSK4KjMi1Y1Q1IUrqWgf0Cklk2ba0MxkSO6IZZg/ceOvuHGhiLjr35hpC2r1QOBwzn3kHi8SXINtj63cwuLS8kp+tbC2vrG5VdzeaWgZK8rqVAqpWh7RTPCQ1YGDYK1IMRJ4gjW94UXmN++Z0lyGdzCKWCcg/ZD7nBIwUrdYcYE9QHIp8bUEnGLXV4QmbkQUcCLwbfrNXWHG9kiKz7DdLZbssj0B/kucGSmhGWrd4qfbkzQOWAhUEK3bjh1BJ8lGU8HSghtrFhE6JH3WNjQkAdOdZHJfig+M0sO+VOaFgCfqz46EBFqPAs9UBgQGet7LxP+8dgz+aSfhYRQDC+l0kR8LDBJnYeEeV4yCGBlCqOLmr5gOiEkITKQFE4Izf/Jf0jgqO5Vy5ea4VD2fxZFHe2gfHSIHnaAqukI1VEcUPaJn9IrerCfrxXq3PqalOWvWs4t+wRp/AYv7oqY=</latexit>

Do Not
@S

@�
= 0

Why?
<latexit sha1_base64="4RNvLbpACJbsv+NDi7e//PgW+0I=">AAACMXicbVDLSsNAFJ3UV62vqks3g0VwVRKR6kYouunCRQX7gCaEm+mkHTp5MDMRSsgvufFPxE0Xirj1J5y0RWrrgYHDuffcO/d4MWdSmebEKKytb2xuFbdLO7t7+wflw6O2jBJBaItEPBJdDyTlLKQtxRSn3VhQCDxOO97oLq93nqiQLAof1TimTgCDkPmMgNKSW27YMXNTm2tHHzJ8g21fAEntGIRiwLEdgBoS4Ol9li2o/Uj9mnKXid1yxayaU+BVYs1JBc3RdMuvegpJAhoqwkHKnmXGyknzDYTTrGQnksZARjCgPU1DCKh00unFGT7TSh/7kdAvVHiqLjpSCKQcB57uzA+Qy7Vc/K/WS5R/7aQsjBNFQzJb5Cccqwjn8eE+E5QoPtYEiGD6r5gMQUemdMglHYK1fPIqaV9UrVq19nBZqd/O4yiiE3SKzpGFrlAdNVATtRBBz+gNvaMP48WYGJ/G16y1YMw9x+gPjO8f+JeqpQ==</latexit>

⇡� =
@L
@�̇

= 0

Not degrees of freedom, but parameters 

Particle Mechanics
<latexit sha1_base64="izUrTps9/wXS3Mwt8CEiKOQg+RU="></latexit>

S �
Z

dt

✓
1

2
M (t) ẋ2 � V (x)

◆

<latexit sha1_base64="8eIv1xl0h8za7nr4wlLV2Ux0ctw=">AAACGXicbZDLSgMxFIYz9VbrrerSTbAIrsqMSHUjFHXhRqloL9ApJZNm2tDMZEjOiGWY13Djq7hxoYhLXfk2phdQW38IfPznnCTn9yLBNdj2l5WZm19YXMou51ZW19Y38ptbNS1jRVmVSiFVwyOaCR6yKnAQrBEpRgJPsLrXPxvW63dMaS7DWxhErBWQbsh9TgkYq523XWD3kJxLfCUBp9j1FaGJGxEFnAh8k/7wZYpPsN3OF+yiPRKeBWcCBTRRpZ3/cDuSxgELgQqiddOxI2glw0upYGnOjTWLCO2TLmsaDEnAdCsZbZbiPeN0sC+VOSHgkft7IiGB1oPAM50BgZ6erg3N/2rNGPzjVsLDKAYW0vFDfiwwSDyMCXe4YhTEwAChipu/YtojJhswYeZMCM70yrNQOyg6pWLp+rBQPp3EkUU7aBftIwcdoTK6QBVURRQ9oCf0gl6tR+vZerPex60ZazKzjf7I+vwGhZef+g==</latexit>

Do Not
@S

@M
= 0

<latexit sha1_base64="kjq2wAzD3WXfW5IdpsfYNF/67Io=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6kKh6MaFQgX7gCaEyXTSDp0kw8xEKCE/48ZfcePCIoIrf8VJm0VtPTBwOPfcO/cenzMqlWV9G6WV1bX1jfJmZWt7Z3fP3D9oyzgRmLRwzGLR9ZEkjEakpahipMsFQaHPSMcf3eb1zjMRksbRkxpz4oZoENGAYqS05JlXDqde+pDBa+gEAuHU4Ugoihh0QqSGGLH0Psvm1H6stD33W9Azq1bNmgIuE7sgVVCg6ZkT3Y+TkEQKMyRlz7a4ctN8NmYkqziJJBzhERqQnqYRCol00+mVGTzRSh8GsdAvUnCqznekKJRyHPrama8uF2u5+F+tl6jg0k1pxBNFIjz7KEgYVDHMI4N9KghWbKwJwoLqXSEeIh2W0sFWdAj24snLpH1Ws+u1+uN5tXFTxFEGR+AYnAIbXIAGuANN0AIYvIA38AEmxqvxbnwaXzNrySh6DsEfGD+/mTelTQ==</latexit>

⇡M =
@L
@Ṁ

= 0

Do not integrate over them in the path integral 



The Classical Equations of Motion

Yukawa Theory
<latexit sha1_base64="8Vbl0TRh6Y3ATwEaTXkYy8Tiw4w="></latexit>

S �
Z

d4x� (x)� ̄ 

<latexit sha1_base64="Iq4R6GZhmPpJwpfzmW+MAkQGrpo=">AAACH3icbVDLSgMxFM3UV62vqks3wSK4KjMi1Y1Q1IUrqWgf0Cklk2ba0MxkSO6IZZg/ceOvuHGhiLjr35hpC2r1QOBwzn3kHi8SXINtj63cwuLS8kp+tbC2vrG5VdzeaWgZK8rqVAqpWh7RTPCQ1YGDYK1IMRJ4gjW94UXmN++Z0lyGdzCKWCcg/ZD7nBIwUrdYcYE9QHIp8bUEnGLXV4QmbkQUcCLwbfrNXWHG9kiKz7DdLZbssj0B/kucGSmhGWrd4qfbkzQOWAhUEK3bjh1BJ8lGU8HSghtrFhE6JH3WNjQkAdOdZHJfig+M0sO+VOaFgCfqz46EBFqPAs9UBgQGet7LxP+8dgz+aSfhYRQDC+l0kR8LDBJnYeEeV4yCGBlCqOLmr5gOiEkITKQFE4Izf/Jf0jgqO5Vy5ea4VD2fxZFHe2gfHSIHnaAqukI1VEcUPaJn9IrerCfrxXq3PqalOWvWs4t+wRp/AYv7oqY=</latexit>

Do Not
@S

@�
= 0

Why?
<latexit sha1_base64="4RNvLbpACJbsv+NDi7e//PgW+0I=">AAACMXicbVDLSsNAFJ3UV62vqks3g0VwVRKR6kYouunCRQX7gCaEm+mkHTp5MDMRSsgvufFPxE0Xirj1J5y0RWrrgYHDuffcO/d4MWdSmebEKKytb2xuFbdLO7t7+wflw6O2jBJBaItEPBJdDyTlLKQtxRSn3VhQCDxOO97oLq93nqiQLAof1TimTgCDkPmMgNKSW27YMXNTm2tHHzJ8g21fAEntGIRiwLEdgBoS4Ol9li2o/Uj9mnKXid1yxayaU+BVYs1JBc3RdMuvegpJAhoqwkHKnmXGyknzDYTTrGQnksZARjCgPU1DCKh00unFGT7TSh/7kdAvVHiqLjpSCKQcB57uzA+Qy7Vc/K/WS5R/7aQsjBNFQzJb5Cccqwjn8eE+E5QoPtYEiGD6r5gMQUemdMglHYK1fPIqaV9UrVq19nBZqd/O4yiiE3SKzpGFrlAdNVATtRBBz+gNvaMP48WYGJ/G16y1YMw9x+gPjO8f+JeqpQ==</latexit>

⇡� =
@L
@�̇

= 0

Not degrees of freedom, but parameters 

Particle Mechanics
<latexit sha1_base64="izUrTps9/wXS3Mwt8CEiKOQg+RU="></latexit>

S �
Z

dt

✓
1

2
M (t) ẋ2 � V (x)

◆

<latexit sha1_base64="8eIv1xl0h8za7nr4wlLV2Ux0ctw=">AAACGXicbZDLSgMxFIYz9VbrrerSTbAIrsqMSHUjFHXhRqloL9ApJZNm2tDMZEjOiGWY13Djq7hxoYhLXfk2phdQW38IfPznnCTn9yLBNdj2l5WZm19YXMou51ZW19Y38ptbNS1jRVmVSiFVwyOaCR6yKnAQrBEpRgJPsLrXPxvW63dMaS7DWxhErBWQbsh9TgkYq523XWD3kJxLfCUBp9j1FaGJGxEFnAh8k/7wZYpPsN3OF+yiPRKeBWcCBTRRpZ3/cDuSxgELgQqiddOxI2glw0upYGnOjTWLCO2TLmsaDEnAdCsZbZbiPeN0sC+VOSHgkft7IiGB1oPAM50BgZ6erg3N/2rNGPzjVsLDKAYW0vFDfiwwSDyMCXe4YhTEwAChipu/YtojJhswYeZMCM70yrNQOyg6pWLp+rBQPp3EkUU7aBftIwcdoTK6QBVURRQ9oCf0gl6tR+vZerPex60ZazKzjf7I+vwGhZef+g==</latexit>

Do Not
@S

@M
= 0

<latexit sha1_base64="kjq2wAzD3WXfW5IdpsfYNF/67Io=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6kKh6MaFQgX7gCaEyXTSDp0kw8xEKCE/48ZfcePCIoIrf8VJm0VtPTBwOPfcO/cenzMqlWV9G6WV1bX1jfJmZWt7Z3fP3D9oyzgRmLRwzGLR9ZEkjEakpahipMsFQaHPSMcf3eb1zjMRksbRkxpz4oZoENGAYqS05JlXDqde+pDBa+gEAuHU4Ugoihh0QqSGGLH0Psvm1H6stD33W9Azq1bNmgIuE7sgVVCg6ZkT3Y+TkEQKMyRlz7a4ctN8NmYkqziJJBzhERqQnqYRCol00+mVGTzRSh8GsdAvUnCqznekKJRyHPrama8uF2u5+F+tl6jg0k1pxBNFIjz7KEgYVDHMI4N9KghWbKwJwoLqXSEeIh2W0sFWdAj24snLpH1Ws+u1+uN5tXFTxFEGR+AYnAIbXIAGuANN0AIYvIA38AEmxqvxbnwaXzNrySh6DsEfGD+/mTelTQ==</latexit>

⇡M =
@L
@Ṁ

= 0

Do not integrate over them in the path integral 
Gauge Theories?



Classical Gauge Theories
<latexit sha1_base64="ht2egMyulq3GMnC8UCz4tp7A00U="></latexit>

S =

∫
d4x

(
→F 2 +AµJ

µ + LJ

)
Electromagnetism Gravity

<latexit sha1_base64="pNjTHVv9rT1+iOymwBFwRTmMCz4="></latexit>

S =

∫
d4x

→
↑g (R+ LM (ω, εµω))



Classical Gauge Theories

<latexit sha1_base64="UvsgoSHrXA+Ec8XT4gWqflk2B7o="></latexit>

�S

�Ai
= 0 =) @ ~E

@t
= r⇥ ~B + ~J

Dynamical Equations

<latexit sha1_base64="ht2egMyulq3GMnC8UCz4tp7A00U="></latexit>

S =

∫
d4x

(
→F 2 +AµJ

µ + LJ

)
Electromagnetism Gravity

<latexit sha1_base64="pNjTHVv9rT1+iOymwBFwRTmMCz4="></latexit>

S =

∫
d4x

→
↑g (R+ LM (ω, εµω))

<latexit sha1_base64="7koqZaJtgSddP7zvYx6EABv13Sk=">AAACJHicbZBLS8NAEMc39VXrK+rRy2IRPJVEpAoiFD3osWJf0MSw2W7atZsHuxuhhHwYL34VLx584MGLn8VNGlCrAwM//jPDzPzdiFEhDeNDK83NLywulZcrK6tr6xv65lZHhDHHpI1DFvKeiwRhNCBtSSUjvYgT5LuMdN3xeVbv3hEuaBi05CQito+GAfUoRlJJjn5ieRzhxIoQlxQxeJ1+8/AmobdpCi3qq1OIgBdOJsBT2MrB0atGzcgD/gWzgCooounor9YgxLFPAokZEqJvGpG0k2wdZiStWLEgEcJjNCR9hQHyibCT/MkU7illAL2QqwwkzNWfEwnyhZj4rur0kRyJ2Vom/lfrx9I7thMaRLEkAZ4u8mIGZQgzx+CAcoIlmyhAmFN1K8QjpFyTyteKMsGcffkvdA5qZr1WvzqsNs4KO8pgB+yCfWCCI9AAl6AJ2gCDe/AInsGL9qA9aW/a+7S1pBUz2+BXaJ9f97ulnA==</latexit>

ωS

ωgij
=→ Gij = Tij



Classical Gauge Theories

<latexit sha1_base64="UvsgoSHrXA+Ec8XT4gWqflk2B7o="></latexit>

�S

�Ai
= 0 =) @ ~E

@t
= r⇥ ~B + ~J

Dynamical Equations

Constraint Equations
<latexit sha1_base64="yyIF8yykfGKHaxCu5mVMTkYfBko="></latexit>

�S

�A0
= 0 =) ~r · ~E = J0

<latexit sha1_base64="ht2egMyulq3GMnC8UCz4tp7A00U="></latexit>

S =

∫
d4x

(
→F 2 +AµJ

µ + LJ

)
Electromagnetism Gravity

<latexit sha1_base64="pNjTHVv9rT1+iOymwBFwRTmMCz4="></latexit>

S =

∫
d4x

→
↑g (R+ LM (ω, εµω))

<latexit sha1_base64="7koqZaJtgSddP7zvYx6EABv13Sk=">AAACJHicbZBLS8NAEMc39VXrK+rRy2IRPJVEpAoiFD3osWJf0MSw2W7atZsHuxuhhHwYL34VLx584MGLn8VNGlCrAwM//jPDzPzdiFEhDeNDK83NLywulZcrK6tr6xv65lZHhDHHpI1DFvKeiwRhNCBtSSUjvYgT5LuMdN3xeVbv3hEuaBi05CQito+GAfUoRlJJjn5ieRzhxIoQlxQxeJ1+8/AmobdpCi3qq1OIgBdOJsBT2MrB0atGzcgD/gWzgCooounor9YgxLFPAokZEqJvGpG0k2wdZiStWLEgEcJjNCR9hQHyibCT/MkU7illAL2QqwwkzNWfEwnyhZj4rur0kRyJ2Vom/lfrx9I7thMaRLEkAZ4u8mIGZQgzx+CAcoIlmyhAmFN1K8QjpFyTyteKMsGcffkvdA5qZr1WvzqsNs4KO8pgB+yCfWCCI9AAl6AJ2gCDe/AInsGL9qA9aW/a+7S1pBUz2+BXaJ9f97ulnA==</latexit>

ωS

ωgij
=→ Gij = Tij

<latexit sha1_base64="jlbECOd2adhZkxN6741USu3gNBg=">AAACLXicbZBNS8NAEIY39avWr6hHL4tF8FQSkepFKCrosWK/oIlls920S3eTsLsRSsgf8uJfEcFDRbz6N9y0EbU6MPDwzgwz83oRo1JZ1sQoLCwuLa8UV0tr6xubW+b2TkuGscCkiUMWio6HJGE0IE1FFSOdSBDEPUba3ugiq7fviZA0DBpqHBGXo0FAfYqR0lLPvHR8gXDiREgoihi8Tb95cJdY0OFxmkKHcn0NkfCql2vwDDa+uGeWrYo1DfgX7BzKII96z3x2+iGOOQkUZkjKrm1Fyk2yvZiRtOTEkkQIj9CAdDUGiBPpJtNvU3iglT70Q6EzUHCq/pxIEJdyzD3dyZEayvlaJv5X68bKP3UTGkSxIgGeLfJjBlUIM+tgnwqCFRtrQFhQfSvEQ6TtU9rgkjbBnn/5L7SOKna1Ur05LtfOczuKYA/sg0NggxNQA9egDpoAgwfwBCbg1Xg0Xow3433WWjDymV3wK4yPT13oqCc=</latexit>

ωS

ωg0µ
=→ G0µ = T0µ



Classical Gauge Theories

<latexit sha1_base64="UvsgoSHrXA+Ec8XT4gWqflk2B7o="></latexit>

�S

�Ai
= 0 =) @ ~E

@t
= r⇥ ~B + ~J

Dynamical Equations

Constraint Equations
<latexit sha1_base64="yyIF8yykfGKHaxCu5mVMTkYfBko="></latexit>

�S

�A0
= 0 =) ~r · ~E = J0

But
<latexit sha1_base64="RixT41SkAG2P22db0sgF3p4RSFI=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6kaounHhooJ9QBPCZDpph06SYWYilJDfceOvuFFQ1K0/4iTNolYPDBzOvefOvcfnjEplWZ9GZWl5ZXWtul7b2Nza3jF397oyTgQmHRyzWPR9JAmjEekoqhjpc0FQ6DPS8yfXeb33QISkcXSvppy4IRpFNKAYKS15Zsvh1EsvPSuDF9AJBMKpw5FQFDHohEiNMWLpbZbNqcNYFYbcYUHPrFsNqwD8S+yS1EGJtme+6gk4CUmkMENSDmyLKzfNp2NGspqTSMIRnqARGWgaoZBINy0uzeCRVoYwiIV+kYKFOu9IUSjlNPR1Z768XKzl4n+1QaKCczelEU8UifDsoyBhUMUwjw0OqSBYsakmCAuqd4V4jHRcSodb0yHYiyf/Jd2Tht1sNO9O662rMo4qOACH4BjY4Ay0wA1ogw7A4BE8gzfwbjwZL8aH8TVrrRilZx/8gvH9Awrfpns=</latexit>

⇡A0 =
@L
@Ȧ0

= 0

<latexit sha1_base64="ht2egMyulq3GMnC8UCz4tp7A00U="></latexit>

S =

∫
d4x

(
→F 2 +AµJ

µ + LJ

)
Electromagnetism Gravity

<latexit sha1_base64="pNjTHVv9rT1+iOymwBFwRTmMCz4="></latexit>

S =

∫
d4x

→
↑g (R+ LM (ω, εµω))

<latexit sha1_base64="7koqZaJtgSddP7zvYx6EABv13Sk=">AAACJHicbZBLS8NAEMc39VXrK+rRy2IRPJVEpAoiFD3osWJf0MSw2W7atZsHuxuhhHwYL34VLx584MGLn8VNGlCrAwM//jPDzPzdiFEhDeNDK83NLywulZcrK6tr6xv65lZHhDHHpI1DFvKeiwRhNCBtSSUjvYgT5LuMdN3xeVbv3hEuaBi05CQito+GAfUoRlJJjn5ieRzhxIoQlxQxeJ1+8/AmobdpCi3qq1OIgBdOJsBT2MrB0atGzcgD/gWzgCooounor9YgxLFPAokZEqJvGpG0k2wdZiStWLEgEcJjNCR9hQHyibCT/MkU7illAL2QqwwkzNWfEwnyhZj4rur0kRyJ2Vom/lfrx9I7thMaRLEkAZ4u8mIGZQgzx+CAcoIlmyhAmFN1K8QjpFyTyteKMsGcffkvdA5qZr1WvzqsNs4KO8pgB+yCfWCCI9AAl6AJ2gCDe/AInsGL9qA9aW/a+7S1pBUz2+BXaJ9f97ulnA==</latexit>

ωS

ωgij
=→ Gij = Tij

<latexit sha1_base64="jlbECOd2adhZkxN6741USu3gNBg=">AAACLXicbZBNS8NAEIY39avWr6hHL4tF8FQSkepFKCrosWK/oIlls920S3eTsLsRSsgf8uJfEcFDRbz6N9y0EbU6MPDwzgwz83oRo1JZ1sQoLCwuLa8UV0tr6xubW+b2TkuGscCkiUMWio6HJGE0IE1FFSOdSBDEPUba3ugiq7fviZA0DBpqHBGXo0FAfYqR0lLPvHR8gXDiREgoihi8Tb95cJdY0OFxmkKHcn0NkfCql2vwDDa+uGeWrYo1DfgX7BzKII96z3x2+iGOOQkUZkjKrm1Fyk2yvZiRtOTEkkQIj9CAdDUGiBPpJtNvU3iglT70Q6EzUHCq/pxIEJdyzD3dyZEayvlaJv5X68bKP3UTGkSxIgGeLfJjBlUIM+tgnwqCFRtrQFhQfSvEQ6TtU9rgkjbBnn/5L7SOKna1Ur05LtfOczuKYA/sg0NggxNQA9egDpoAgwfwBCbg1Xg0Xow3433WWjDymV3wK4yPT13oqCc=</latexit>

ωS

ωg0µ
=→ G0µ = T0µ

<latexit sha1_base64="uyhWnEi+53oCPlxyFyeHk/LSD+8=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwVWZEqguFohsXLirYB3TGIZNm2tDMgyQjlDA/48ZfcePCIoIrf8VMO6C2Xggczjn33tzjJ4wKaVmfRmlpeWV1rbxe2djc2t4xd/faIk45Ji0cs5h3fSQIoxFpSSoZ6SacoNBnpOOPrnO980i4oHF0L8cJcUM0iGhAMZKa8swLJ6GespwwzeAldAKOsHISxCVFDN5mP9jpx1INHpQFc2+Wuy3PrFo1a1pwEdgFqIKimp450WNwGpJIYoaE6NlWIl2Vr8CMZBUnFSRBeIQGpKdhhEIiXDW9MoNHmunDIOb6RRJO2d8dCoVCjENfO0Mkh2Jey8n/tF4qg3NX0ShJJYnwbFGQMihjmEcG+5QTLNlYA4Q51X+FeIh0UlIHW9Eh2PMnL4L2Sc2u1+p3p9XGVRFHGRyAQ3AMbHAGGuAGNEELYPAEXsAbmBjPxqvxbnzMrCWj6NkHf8r4+gZJjKUe</latexit>

ω0µ =
εL

ε ˙g0µ
= 0



Classical Gauge Theories

<latexit sha1_base64="UvsgoSHrXA+Ec8XT4gWqflk2B7o="></latexit>

�S

�Ai
= 0 =) @ ~E

@t
= r⇥ ~B + ~J

Dynamical Equations

Constraint Equations
<latexit sha1_base64="yyIF8yykfGKHaxCu5mVMTkYfBko="></latexit>

�S

�A0
= 0 =) ~r · ~E = J0

But
<latexit sha1_base64="RixT41SkAG2P22db0sgF3p4RSFI=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6kaounHhooJ9QBPCZDpph06SYWYilJDfceOvuFFQ1K0/4iTNolYPDBzOvefOvcfnjEplWZ9GZWl5ZXWtul7b2Nza3jF397oyTgQmHRyzWPR9JAmjEekoqhjpc0FQ6DPS8yfXeb33QISkcXSvppy4IRpFNKAYKS15Zsvh1EsvPSuDF9AJBMKpw5FQFDHohEiNMWLpbZbNqcNYFYbcYUHPrFsNqwD8S+yS1EGJtme+6gk4CUmkMENSDmyLKzfNp2NGspqTSMIRnqARGWgaoZBINy0uzeCRVoYwiIV+kYKFOu9IUSjlNPR1Z768XKzl4n+1QaKCczelEU8UifDsoyBhUMUwjw0OqSBYsakmCAuqd4V4jHRcSodb0yHYiyf/Jd2Tht1sNO9O662rMo4qOACH4BjY4Ay0wA1ogw7A4BE8gzfwbjwZL8aH8TVrrRilZx/8gvH9Awrfpns=</latexit>

⇡A0 =
@L
@Ȧ0

= 0

Treat as parameters

<latexit sha1_base64="ht2egMyulq3GMnC8UCz4tp7A00U="></latexit>

S =

∫
d4x

(
→F 2 +AµJ

µ + LJ

)
Electromagnetism Gravity

<latexit sha1_base64="pNjTHVv9rT1+iOymwBFwRTmMCz4="></latexit>

S =

∫
d4x

→
↑g (R+ LM (ω, εµω))

<latexit sha1_base64="7koqZaJtgSddP7zvYx6EABv13Sk=">AAACJHicbZBLS8NAEMc39VXrK+rRy2IRPJVEpAoiFD3osWJf0MSw2W7atZsHuxuhhHwYL34VLx584MGLn8VNGlCrAwM//jPDzPzdiFEhDeNDK83NLywulZcrK6tr6xv65lZHhDHHpI1DFvKeiwRhNCBtSSUjvYgT5LuMdN3xeVbv3hEuaBi05CQito+GAfUoRlJJjn5ieRzhxIoQlxQxeJ1+8/AmobdpCi3qq1OIgBdOJsBT2MrB0atGzcgD/gWzgCooounor9YgxLFPAokZEqJvGpG0k2wdZiStWLEgEcJjNCR9hQHyibCT/MkU7illAL2QqwwkzNWfEwnyhZj4rur0kRyJ2Vom/lfrx9I7thMaRLEkAZ4u8mIGZQgzx+CAcoIlmyhAmFN1K8QjpFyTyteKMsGcffkvdA5qZr1WvzqsNs4KO8pgB+yCfWCCI9AAl6AJ2gCDe/AInsGL9qA9aW/a+7S1pBUz2+BXaJ9f97ulnA==</latexit>

ωS

ωgij
=→ Gij = Tij

<latexit sha1_base64="jlbECOd2adhZkxN6741USu3gNBg=">AAACLXicbZBNS8NAEIY39avWr6hHL4tF8FQSkepFKCrosWK/oIlls920S3eTsLsRSsgf8uJfEcFDRbz6N9y0EbU6MPDwzgwz83oRo1JZ1sQoLCwuLa8UV0tr6xubW+b2TkuGscCkiUMWio6HJGE0IE1FFSOdSBDEPUba3ugiq7fviZA0DBpqHBGXo0FAfYqR0lLPvHR8gXDiREgoihi8Tb95cJdY0OFxmkKHcn0NkfCql2vwDDa+uGeWrYo1DfgX7BzKII96z3x2+iGOOQkUZkjKrm1Fyk2yvZiRtOTEkkQIj9CAdDUGiBPpJtNvU3iglT70Q6EzUHCq/pxIEJdyzD3dyZEayvlaJv5X68bKP3UTGkSxIgGeLfJjBlUIM+tgnwqCFRtrQFhQfSvEQ6TtU9rgkjbBnn/5L7SOKna1Ur05LtfOczuKYA/sg0NggxNQA9egDpoAgwfwBCbg1Xg0Xow3433WWjDymV3wK4yPT13oqCc=</latexit>

ωS

ωg0µ
=→ G0µ = T0µ

<latexit sha1_base64="uyhWnEi+53oCPlxyFyeHk/LSD+8=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwVWZEqguFohsXLirYB3TGIZNm2tDMgyQjlDA/48ZfcePCIoIrf8VMO6C2Xggczjn33tzjJ4wKaVmfRmlpeWV1rbxe2djc2t4xd/faIk45Ji0cs5h3fSQIoxFpSSoZ6SacoNBnpOOPrnO980i4oHF0L8cJcUM0iGhAMZKa8swLJ6GespwwzeAldAKOsHISxCVFDN5mP9jpx1INHpQFc2+Wuy3PrFo1a1pwEdgFqIKimp450WNwGpJIYoaE6NlWIl2Vr8CMZBUnFSRBeIQGpKdhhEIiXDW9MoNHmunDIOb6RRJO2d8dCoVCjENfO0Mkh2Jey8n/tF4qg3NX0ShJJYnwbFGQMihjmEcG+5QTLNlYA4Q51X+FeIh0UlIHW9Eh2PMnL4L2Sc2u1+p3p9XGVRFHGRyAQ3AMbHAGGuAGNEELYPAEXsAbmBjPxqvxbnzMrCWj6NkHf8r4+gZJjKUe</latexit>

ω0µ =
εL

ε ˙g0µ
= 0



Outline
1. Electromagnetism 

2. Gravity 

3. Conclusions 



QED in the Weyl Gauge
<latexit sha1_base64="YMc4dW3zCp3FCQLHcORxLAFmcNI="></latexit>

H =

Z
d
3
x
1
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�
E

2 +B
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�
+A0

�
r.E � J

0
�
+ ~A. ~J +HJ



QED in the Weyl Gauge

<latexit sha1_base64="FU0V5Sg5ZqrPtToMNYAPgrC/Gdw=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9SJUvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDf1W09cGxGrRxwn3I/oQIlQMIpWat30XHJN3F6p7FbcGcgy8XJShhz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDuWKhpx42ezcyfk1Cp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2d9IXmDOXYEsq0sLcSNqSaMrQJFW0I3uLLy6R5XvGqlerDRbl2m8dRgGM4gTPw4BJqcA91aACDETzDK7w5ifPivDsf89YVJ585gj9wPn8AWB2OSA==</latexit>

A0 = 0
<latexit sha1_base64="SDTcjTBH6j/UeqnG7TiBkgTJtIc="></latexit>

H =

Z
d
3
x
1

2

�
E

2 +B
2
�
+ ~A. ~J +HJ

<latexit sha1_base64="fEoV/zPOMbZ6Kc/HEDoOYx1lkWs=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwYkhEqhehKKJ4qmA/oI1ls922SzebsLsRS+hf8eJBEa/+EW/+G7dtDtr6YODx3gwz84KYM6Vd99taWFxaXlnNreXXNza3tu2dQk1FiSS0SiIeyUaAFeVM0KpmmtNGLCkOA07rweBy7NcfqVQsEvd6GFM/xD3BuoxgbaS2XbhG56glcMCxc4WO0O2D27aLruNOgOaJl5EiZKi07a9WJyJJSIUmHCvV9NxY+ymWmhFOR/lWomiMyQD3aNNQgUOq/HRy+wgdGKWDupE0JTSaqL8nUhwqNQwD0xli3Vez3lj8z2smunvmp0zEiaaCTBd1E450hMZBoA6TlGg+NAQTycytiPSxxESbuPImBG/25XlSO3a8klO6OymWL7I4crAH+3AIHpxCGW6gAlUg8ATP8Apv1sh6sd6tj2nrgpXN7MIfWJ8/n1aSQA==</latexit>

G = r.E � J0

<latexit sha1_base64="YMc4dW3zCp3FCQLHcORxLAFmcNI="></latexit>

H =

Z
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x
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0
�
+ ~A. ~J +HJ



QED in the Weyl Gauge

<latexit sha1_base64="FU0V5Sg5ZqrPtToMNYAPgrC/Gdw=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9SJUvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDf1W09cGxGrRxwn3I/oQIlQMIpWat30XHJN3F6p7FbcGcgy8XJShhz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDuWKhpx42ezcyfk1Cp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2d9IXmDOXYEsq0sLcSNqSaMrQJFW0I3uLLy6R5XvGqlerDRbl2m8dRgGM4gTPw4BJqcA91aACDETzDK7w5ifPivDsf89YVJ585gj9wPn8AWB2OSA==</latexit>

A0 = 0
<latexit sha1_base64="SDTcjTBH6j/UeqnG7TiBkgTJtIc="></latexit>

H =

Z
d
3
x
1

2

�
E

2 +B
2
�
+ ~A. ~J +HJ

<latexit sha1_base64="fEoV/zPOMbZ6Kc/HEDoOYx1lkWs=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwYkhEqhehKKJ4qmA/oI1ls922SzebsLsRS+hf8eJBEa/+EW/+G7dtDtr6YODx3gwz84KYM6Vd99taWFxaXlnNreXXNza3tu2dQk1FiSS0SiIeyUaAFeVM0KpmmtNGLCkOA07rweBy7NcfqVQsEvd6GFM/xD3BuoxgbaS2XbhG56glcMCxc4WO0O2D27aLruNOgOaJl5EiZKi07a9WJyJJSIUmHCvV9NxY+ymWmhFOR/lWomiMyQD3aNNQgUOq/HRy+wgdGKWDupE0JTSaqL8nUhwqNQwD0xli3Vez3lj8z2smunvmp0zEiaaCTBd1E450hMZBoA6TlGg+NAQTycytiPSxxESbuPImBG/25XlSO3a8klO6OymWL7I4crAH+3AIHpxCGW6gAlUg8ATP8Apv1sh6sd6tj2nrgpXN7MIfWJ8/n1aSQA==</latexit>

G = r.E � J0

<latexit sha1_base64="+n8jt8BdcZOaECyZ4QdGty4l0fM=">AAAB8XicbVBNS8NAEJ3Ur1q/oh69LBbBg5REpHoRih7ssYL9wDSUzXbTLt1swu5GKKH/wosHRbz6b7z5b9y2OWjrg4HHezPMzAsSzpR2nG+rsLK6tr5R3Cxtbe/s7tn7By0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB6Pbqd9+olKxWDzocUL9CA8ECxnB2kiPXv0M3fnoGjk9u+xUnBnQMnFzUoYcjZ791e3HJI2o0IRjpTzXSbSfYakZ4XRS6qaKJpiM8IB6hgocUeVns4sn6MQofRTG0pTQaKb+nshwpNQ4CkxnhPVQLXpT8T/PS3V45WdMJKmmgswXhSlHOkbT91GfSUo0HxuCiWTmVkSGWGKiTUglE4K7+PIyaZ1X3Gqlen9Rrt3kcRThCI7hFFy4hBrUoQFNICDgGV7hzVLWi/VufcxbC1Y+cwh/YH3+APSrjyk=</latexit>

[H,G] = 0

<latexit sha1_base64="YMc4dW3zCp3FCQLHcORxLAFmcNI="></latexit>

H =

Z
d
3
x
1

2
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r.E � J

0
�
+ ~A. ~J +HJ



QED in the Weyl Gauge

<latexit sha1_base64="FU0V5Sg5ZqrPtToMNYAPgrC/Gdw=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9SJUvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDf1W09cGxGrRxwn3I/oQIlQMIpWat30XHJN3F6p7FbcGcgy8XJShhz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDuWKhpx42ezcyfk1Cp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2d9IXmDOXYEsq0sLcSNqSaMrQJFW0I3uLLy6R5XvGqlerDRbl2m8dRgGM4gTPw4BJqcA91aACDETzDK7w5ifPivDsf89YVJ585gj9wPn8AWB2OSA==</latexit>

A0 = 0
<latexit sha1_base64="SDTcjTBH6j/UeqnG7TiBkgTJtIc="></latexit>

H =

Z
d
3
x
1

2

�
E

2 +B
2
�
+ ~A. ~J +HJ

<latexit sha1_base64="fEoV/zPOMbZ6Kc/HEDoOYx1lkWs=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwYkhEqhehKKJ4qmA/oI1ls922SzebsLsRS+hf8eJBEa/+EW/+G7dtDtr6YODx3gwz84KYM6Vd99taWFxaXlnNreXXNza3tu2dQk1FiSS0SiIeyUaAFeVM0KpmmtNGLCkOA07rweBy7NcfqVQsEvd6GFM/xD3BuoxgbaS2XbhG56glcMCxc4WO0O2D27aLruNOgOaJl5EiZKi07a9WJyJJSIUmHCvV9NxY+ymWmhFOR/lWomiMyQD3aNNQgUOq/HRy+wgdGKWDupE0JTSaqL8nUhwqNQwD0xli3Vez3lj8z2smunvmp0zEiaaCTBd1E450hMZBoA6TlGg+NAQTycytiPSxxESbuPImBG/25XlSO3a8klO6OymWL7I4crAH+3AIHpxCGW6gAlUg8ATP8Apv1sh6sd6tj2nrgpXN7MIfWJ8/n1aSQA==</latexit>

G = r.E � J0

Fixing Gauge
<latexit sha1_base64="bb5+gtW3Rx+vrTueSW6JcJB8Nd0=">AAACEnicbZDLSgMxFIYz9V5voy7dBIugCGVGpLqsunGpYFXoDOVMetqGZjJjkhHK6DO48VXcuFDErSt3vo3pZaGtB0I+/v8ckvNHqeDaeN63U5ianpmdm18oLi4tr6y6a+tXOskUwxpLRKJuItAouMSa4UbgTaoQ4kjgddQ97fvXd6g0T+Sl6aUYxtCWvMUZGCs13N3740CBbAukgcRben9M9yxBJIAGINKOvYZ+wy15ZW9QdBL8EZTIqM4b7lfQTFgWozRMgNZ130tNmIMynAl8KAaZxhRYF9pYtyghRh3mg5Ue6LZVmrSVKHukoQP190QOsda9OLKdMZiOHvf64n9ePTOtozDnMs0MSjZ8qJUJahLaz4c2uUJmRM8CMMXtXynrgAJmbIpFG4I/vvIkXO2X/Uq5cnFQqp6M4pgnm2SL7BCfHJIqOSPnpEYYeSTP5JW8OU/Oi/PufAxbC85oZoP8KefzB3J8nLs=</latexit>

|Ai 6= |A+r↵i

Dirac: Restrict Hilbert Space
<latexit sha1_base64="yxXTLv3fCcbsZwAzBFig/dnBtm0=">AAACFHicbVDLSgMxFM34rPU16tJNsAhCocyIVJdVNy4VrC10SrmT3rahmcyYZAql9iPc+CtuXCji1oU7/8b0sdDWAyGHc84luSdMBNfG876dhcWl5ZXVzFp2fWNza9vd2b3TcaoYllksYlUNQaPgEsuGG4HVRCFEocBK2L0c+ZUeKs1jeWv6CdYjaEve4gyMlRpu/uE8UCDbAmmA9ynv0YdzmqeBhFAADUAkHXtNEg035xW8Meg88ackR6a4brhfQTNmaYTSMAFa13wvMfUBKMOZwGE2SDUmwLrQxpqlEiLU9cF4qSE9tEqTtmJljzR0rP6eGECkdT8KbTIC09Gz3kj8z6ulpnVWH3CZpAYlmzzUSgU1MR01RJtcITOibwkwxe1fKeuAAmZsj1lbgj+78jy5Oy74xULx5iRXupjWkSH75IAcEZ+ckhK5ItekTBh5JM/klbw5T86L8+58TKILznRmj/yB8/kDPTGdtQ==</latexit>

|Ai ⌘ |A+r↵i

<latexit sha1_base64="+n8jt8BdcZOaECyZ4QdGty4l0fM=">AAAB8XicbVBNS8NAEJ3Ur1q/oh69LBbBg5REpHoRih7ssYL9wDSUzXbTLt1swu5GKKH/wosHRbz6b7z5b9y2OWjrg4HHezPMzAsSzpR2nG+rsLK6tr5R3Cxtbe/s7tn7By0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB6Pbqd9+olKxWDzocUL9CA8ECxnB2kiPXv0M3fnoGjk9u+xUnBnQMnFzUoYcjZ791e3HJI2o0IRjpTzXSbSfYakZ4XRS6qaKJpiM8IB6hgocUeVns4sn6MQofRTG0pTQaKb+nshwpNQ4CkxnhPVQLXpT8T/PS3V45WdMJKmmgswXhSlHOkbT91GfSUo0HxuCiWTmVkSGWGKiTUglE4K7+PIyaZ1X3Gqlen9Rrt3kcRThCI7hFFy4hBrUoQFNICDgGV7hzVLWi/VufcxbC1Y+cwh/YH3+APSrjyk=</latexit>

[H,G] = 0

<latexit sha1_base64="YMc4dW3zCp3FCQLHcORxLAFmcNI="></latexit>

H =

Z
d
3
x
1
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E
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0
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+ ~A. ~J +HJ



How?
<latexit sha1_base64="yxXTLv3fCcbsZwAzBFig/dnBtm0=">AAACFHicbVDLSgMxFM34rPU16tJNsAhCocyIVJdVNy4VrC10SrmT3rahmcyYZAql9iPc+CtuXCji1oU7/8b0sdDWAyGHc84luSdMBNfG876dhcWl5ZXVzFp2fWNza9vd2b3TcaoYllksYlUNQaPgEsuGG4HVRCFEocBK2L0c+ZUeKs1jeWv6CdYjaEve4gyMlRpu/uE8UCDbAmmA9ynv0YdzmqeBhFAADUAkHXtNEg035xW8Meg88ackR6a4brhfQTNmaYTSMAFa13wvMfUBKMOZwGE2SDUmwLrQxpqlEiLU9cF4qSE9tEqTtmJljzR0rP6eGECkdT8KbTIC09Gz3kj8z6ulpnVWH3CZpAYlmzzUSgU1MR01RJtcITOibwkwxe1fKeuAAmZsj1lbgj+78jy5Oy74xULx5iRXupjWkSH75IAcEZ+ckhK5ItekTBh5JM/klbw5T86L8+58TKILznRmj/yB8/kDPTGdtQ==</latexit>

|Ai ⌘ |A+r↵i
<latexit sha1_base64="fEoV/zPOMbZ6Kc/HEDoOYx1lkWs=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwYkhEqhehKKJ4qmA/oI1ls922SzebsLsRS+hf8eJBEa/+EW/+G7dtDtr6YODx3gwz84KYM6Vd99taWFxaXlnNreXXNza3tu2dQk1FiSS0SiIeyUaAFeVM0KpmmtNGLCkOA07rweBy7NcfqVQsEvd6GFM/xD3BuoxgbaS2XbhG56glcMCxc4WO0O2D27aLruNOgOaJl5EiZKi07a9WJyJJSIUmHCvV9NxY+ymWmhFOR/lWomiMyQD3aNNQgUOq/HRy+wgdGKWDupE0JTSaqL8nUhwqNQwD0xli3Vez3lj8z2smunvmp0zEiaaCTBd1E450hMZBoA6TlGg+NAQTycytiPSxxESbuPImBG/25XlSO3a8klO6OymWL7I4crAH+3AIHpxCGW6gAlUg8ATP8Apv1sh6sd6tj2nrgpXN7MIfWJ8/n1aSQA==</latexit>

G = r.E � J0

Generates spatial gauge transformations
<latexit sha1_base64="z2gCNRAZBO8TUiPMJJAOBQZIHDI=">AAACJ3icbVBNS8NAEN34bf2qevSyWARBKImKelGsHvSoYLXQ1DLZTtvFzSbsbsSS9t948a94EVREj/4TtzUHrT4YeLw3w8y8IBZcG9f9cEZGx8YnJqemczOzc/ML+cWlSx0limGZRSJSlQA0Ci6xbLgRWIkVQhgIvApujvv+1S0qzSN5YTox1kJoSd7kDIyV6vkDvE459bk0tHG9Re/oCfVBxG3odUu+AtkSSPdpt0Q3qC8hEJDZmVfPF9yiOwD9S7yMFEiGs3r+2W9ELAlRGiZA66rnxqaWgjKcCezl/ERjDOwGWli1VEKIupYO/uzRNas0aDNStuzBA/XnRAqh1p0wsJ0hmLYe9vrif141Mc29WsplnBiU7HtRMxHURLQfGm1whcyIjiXAFLe3UtYGBczYaHM2BG/45b/kcrPo7RR3zrcLh0dZHFNkhaySdeKRXXJITskZKRNG7skjeSGvzoPz5Lw579+tI042s0x+wfn8AoADpIs=</latexit>

ei
R
d3xG↵|Ai = |A+r↵i



How?
<latexit sha1_base64="yxXTLv3fCcbsZwAzBFig/dnBtm0=">AAACFHicbVDLSgMxFM34rPU16tJNsAhCocyIVJdVNy4VrC10SrmT3rahmcyYZAql9iPc+CtuXCji1oU7/8b0sdDWAyGHc84luSdMBNfG876dhcWl5ZXVzFp2fWNza9vd2b3TcaoYllksYlUNQaPgEsuGG4HVRCFEocBK2L0c+ZUeKs1jeWv6CdYjaEve4gyMlRpu/uE8UCDbAmmA9ynv0YdzmqeBhFAADUAkHXtNEg035xW8Meg88ackR6a4brhfQTNmaYTSMAFa13wvMfUBKMOZwGE2SDUmwLrQxpqlEiLU9cF4qSE9tEqTtmJljzR0rP6eGECkdT8KbTIC09Gz3kj8z6ulpnVWH3CZpAYlmzzUSgU1MR01RJtcITOibwkwxe1fKeuAAmZsj1lbgj+78jy5Oy74xULx5iRXupjWkSH75IAcEZ+ckhK5ItekTBh5JM/klbw5T86L8+58TKILznRmj/yB8/kDPTGdtQ==</latexit>

|Ai ⌘ |A+r↵i
<latexit sha1_base64="fEoV/zPOMbZ6Kc/HEDoOYx1lkWs=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwYkhEqhehKKJ4qmA/oI1ls922SzebsLsRS+hf8eJBEa/+EW/+G7dtDtr6YODx3gwz84KYM6Vd99taWFxaXlnNreXXNza3tu2dQk1FiSS0SiIeyUaAFeVM0KpmmtNGLCkOA07rweBy7NcfqVQsEvd6GFM/xD3BuoxgbaS2XbhG56glcMCxc4WO0O2D27aLruNOgOaJl5EiZKi07a9WJyJJSIUmHCvV9NxY+ymWmhFOR/lWomiMyQD3aNNQgUOq/HRy+wgdGKWDupE0JTSaqL8nUhwqNQwD0xli3Vez3lj8z2smunvmp0zEiaaCTBd1E450hMZBoA6TlGg+NAQTycytiPSxxESbuPImBG/25XlSO3a8klO6OymWL7I4crAH+3AIHpxCGW6gAlUg8ATP8Apv1sh6sd6tj2nrgpXN7MIfWJ8/n1aSQA==</latexit>

G = r.E � J0

Generates spatial gauge transformations
<latexit sha1_base64="z2gCNRAZBO8TUiPMJJAOBQZIHDI=">AAACJ3icbVBNS8NAEN34bf2qevSyWARBKImKelGsHvSoYLXQ1DLZTtvFzSbsbsSS9t948a94EVREj/4TtzUHrT4YeLw3w8y8IBZcG9f9cEZGx8YnJqemczOzc/ML+cWlSx0limGZRSJSlQA0Ci6xbLgRWIkVQhgIvApujvv+1S0qzSN5YTox1kJoSd7kDIyV6vkDvE459bk0tHG9Re/oCfVBxG3odUu+AtkSSPdpt0Q3qC8hEJDZmVfPF9yiOwD9S7yMFEiGs3r+2W9ELAlRGiZA66rnxqaWgjKcCezl/ERjDOwGWli1VEKIupYO/uzRNas0aDNStuzBA/XnRAqh1p0wsJ0hmLYe9vrif141Mc29WsplnBiU7HtRMxHURLQfGm1whcyIjiXAFLe3UtYGBczYaHM2BG/45b/kcrPo7RR3zrcLh0dZHFNkhaySdeKRXXJITskZKRNG7skjeSGvzoPz5Lw579+tI042s0x+wfn8AoADpIs=</latexit>

ei
R
d3xG↵|Ai = |A+r↵i

Demand State that doesn’t change under G
<latexit sha1_base64="aMelH0lZlaRaetHZ2bEZqPFPOc8="></latexit>

G|AP i = 0 =) ei
R
d3xG↵|AP i = |AP i

State obeys Gauss’s law
<latexit sha1_base64="LFd2oqzWJckaFEQ1cFKhg8PDnmg=">AAACHXicbVBNSwMxEM36WetX1aOXYBE8SNmVUr0IRQ/2qGJVaJeSTadtMMkuyaxYlv4RL/4VLx4U8eBF/DemtQetDgk83pvJy7wokcKi7396U9Mzs3PzuYX84tLyymphbf3SxqnhUOexjM11xCxIoaGOAiVcJwaYiiRcRTfHQ/3qFowVsb7AfgKhYl0tOoIzdFSrUG7UdulJSA+pT5tCOUuwtIlwh9k5KCY0dccyBRREF7RNGIdBq1D0S/6o6F8QjEGRjOu0VXhvtmOeKtDIJbO2EfgJhhkzKLiEQb6ZWnAv37AuNBzUzs+G2Wi7Ad12TJt2YuOuRjpif05kTFnbV5HrVAx7dlIbkv9pjRQ7B2EmdJIiaP5t1EklxZgOo6JtYYCj7DvAuBHur5T3mGEcXaB5F0IwufJfcLlXCiqlylm5WD0ax5Ejm2SL7JCA7JMqqZFTUiec3JNH8kxevAfvyXv13r5bp7zxzAb5Vd7HF1lvoPM=</latexit>

[H,G] = 0 =) Remain in same eigenspace



Hilbert Space Restriction 
<latexit sha1_base64="fEoV/zPOMbZ6Kc/HEDoOYx1lkWs=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwYkhEqhehKKJ4qmA/oI1ls922SzebsLsRS+hf8eJBEa/+EW/+G7dtDtr6YODx3gwz84KYM6Vd99taWFxaXlnNreXXNza3tu2dQk1FiSS0SiIeyUaAFeVM0KpmmtNGLCkOA07rweBy7NcfqVQsEvd6GFM/xD3BuoxgbaS2XbhG56glcMCxc4WO0O2D27aLruNOgOaJl5EiZKi07a9WJyJJSIUmHCvV9NxY+ymWmhFOR/lWomiMyQD3aNNQgUOq/HRy+wgdGKWDupE0JTSaqL8nUhwqNQwD0xli3Vez3lj8z2smunvmp0zEiaaCTBd1E450hMZBoA6TlGg+NAQTycytiPSxxESbuPImBG/25XlSO3a8klO6OymWL7I4crAH+3AIHpxCGW6gAlUg8ATP8Apv1sh6sd6tj2nrgpXN7MIfWJ8/n1aSQA==</latexit>

G = r.E � J0

Overall phases do not matter in quantum mechanics

<latexit sha1_base64="/Nd/zLqqG/QFNMAOgtgtAAROrEA="></latexit>

G|A0
P i = JD (x) |A0

P i =) ei
R
d3xG↵|A0

P i = ei
R
d3x↵J0 |A0

P i



Hilbert Space Restriction 
<latexit sha1_base64="fEoV/zPOMbZ6Kc/HEDoOYx1lkWs=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwYkhEqhehKKJ4qmA/oI1ls922SzebsLsRS+hf8eJBEa/+EW/+G7dtDtr6YODx3gwz84KYM6Vd99taWFxaXlnNreXXNza3tu2dQk1FiSS0SiIeyUaAFeVM0KpmmtNGLCkOA07rweBy7NcfqVQsEvd6GFM/xD3BuoxgbaS2XbhG56glcMCxc4WO0O2D27aLruNOgOaJl5EiZKi07a9WJyJJSIUmHCvV9NxY+ymWmhFOR/lWomiMyQD3aNNQgUOq/HRy+wgdGKWDupE0JTSaqL8nUhwqNQwD0xli3Vez3lj8z2smunvmp0zEiaaCTBd1E450hMZBoA6TlGg+NAQTycytiPSxxESbuPImBG/25XlSO3a8klO6OymWL7I4crAH+3AIHpxCGW6gAlUg8ATP8Apv1sh6sd6tj2nrgpXN7MIfWJ8/n1aSQA==</latexit>

G = r.E � J0

Overall phases do not matter in quantum mechanics

<latexit sha1_base64="/Nd/zLqqG/QFNMAOgtgtAAROrEA="></latexit>

G|A0
P i = JD (x) |A0

P i =) ei
R
d3xG↵|A0

P i = ei
R
d3x↵J0 |A0

P i

Dynamical Equation
<latexit sha1_base64="LFFGo8EW9CuX2qR/oQvNISlRnZc="></latexit>

i
ω|! (t)→

ωt
= H|! (t)→



Hilbert Space Restriction 
<latexit sha1_base64="fEoV/zPOMbZ6Kc/HEDoOYx1lkWs=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwYkhEqhehKKJ4qmA/oI1ls922SzebsLsRS+hf8eJBEa/+EW/+G7dtDtr6YODx3gwz84KYM6Vd99taWFxaXlnNreXXNza3tu2dQk1FiSS0SiIeyUaAFeVM0KpmmtNGLCkOA07rweBy7NcfqVQsEvd6GFM/xD3BuoxgbaS2XbhG56glcMCxc4WO0O2D27aLruNOgOaJl5EiZKi07a9WJyJJSIUmHCvV9NxY+ymWmhFOR/lWomiMyQD3aNNQgUOq/HRy+wgdGKWDupE0JTSaqL8nUhwqNQwD0xli3Vez3lj8z2smunvmp0zEiaaCTBd1E450hMZBoA6TlGg+NAQTycytiPSxxESbuPImBG/25XlSO3a8klO6OymWL7I4crAH+3AIHpxCGW6gAlUg8ATP8Apv1sh6sd6tj2nrgpXN7MIfWJ8/n1aSQA==</latexit>

G = r.E � J0

Overall phases do not matter in quantum mechanics

<latexit sha1_base64="/Nd/zLqqG/QFNMAOgtgtAAROrEA="></latexit>

G|A0
P i = JD (x) |A0

P i =) ei
R
d3xG↵|A0

P i = ei
R
d3x↵J0 |A0

P i

Dynamical Equation

State evolves, looks like a world with static background charge JD(x)
Massless Photon 

H invariant under A-> A + da

<latexit sha1_base64="LFFGo8EW9CuX2qR/oQvNISlRnZc="></latexit>

i
ω|! (t)→

ωt
= H|! (t)→

<latexit sha1_base64="LFd2oqzWJckaFEQ1cFKhg8PDnmg=">AAACHXicbVBNSwMxEM36WetX1aOXYBE8SNmVUr0IRQ/2qGJVaJeSTadtMMkuyaxYlv4RL/4VLx4U8eBF/DemtQetDgk83pvJy7wokcKi7396U9Mzs3PzuYX84tLyymphbf3SxqnhUOexjM11xCxIoaGOAiVcJwaYiiRcRTfHQ/3qFowVsb7AfgKhYl0tOoIzdFSrUG7UdulJSA+pT5tCOUuwtIlwh9k5KCY0dccyBRREF7RNGIdBq1D0S/6o6F8QjEGRjOu0VXhvtmOeKtDIJbO2EfgJhhkzKLiEQb6ZWnAv37AuNBzUzs+G2Wi7Ad12TJt2YuOuRjpif05kTFnbV5HrVAx7dlIbkv9pjRQ7B2EmdJIiaP5t1EklxZgOo6JtYYCj7DvAuBHur5T3mGEcXaB5F0IwufJfcLlXCiqlylm5WD0ax5Ejm2SL7JCA7JMqqZFTUiec3JNH8kxevAfvyXv13r5bp7zxzAb5Vd7HF1lvoPM=</latexit>

[H,G] = 0 =) Remain in same eigenspace



Hilbert Space Restriction 
<latexit sha1_base64="fEoV/zPOMbZ6Kc/HEDoOYx1lkWs=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwYkhEqhehKKJ4qmA/oI1ls922SzebsLsRS+hf8eJBEa/+EW/+G7dtDtr6YODx3gwz84KYM6Vd99taWFxaXlnNreXXNza3tu2dQk1FiSS0SiIeyUaAFeVM0KpmmtNGLCkOA07rweBy7NcfqVQsEvd6GFM/xD3BuoxgbaS2XbhG56glcMCxc4WO0O2D27aLruNOgOaJl5EiZKi07a9WJyJJSIUmHCvV9NxY+ymWmhFOR/lWomiMyQD3aNNQgUOq/HRy+wgdGKWDupE0JTSaqL8nUhwqNQwD0xli3Vez3lj8z2smunvmp0zEiaaCTBd1E450hMZBoA6TlGg+NAQTycytiPSxxESbuPImBG/25XlSO3a8klO6OymWL7I4crAH+3AIHpxCGW6gAlUg8ATP8Apv1sh6sd6tj2nrgpXN7MIfWJ8/n1aSQA==</latexit>

G = r.E � J0

Overall phases do not matter in quantum mechanics

<latexit sha1_base64="/Nd/zLqqG/QFNMAOgtgtAAROrEA="></latexit>

G|A0
P i = JD (x) |A0

P i =) ei
R
d3xG↵|A0

P i = ei
R
d3x↵J0 |A0

P i

Dynamical Equation

State evolves, looks like a world with static background charge JD(x)

No new degree of freedom - just a different state of electromagnetism

Massless Photon 
H invariant under A-> A + da

<latexit sha1_base64="LFFGo8EW9CuX2qR/oQvNISlRnZc="></latexit>

i
ω|! (t)→

ωt
= H|! (t)→

<latexit sha1_base64="LFd2oqzWJckaFEQ1cFKhg8PDnmg=">AAACHXicbVBNSwMxEM36WetX1aOXYBE8SNmVUr0IRQ/2qGJVaJeSTadtMMkuyaxYlv4RL/4VLx4U8eBF/DemtQetDgk83pvJy7wokcKi7396U9Mzs3PzuYX84tLyymphbf3SxqnhUOexjM11xCxIoaGOAiVcJwaYiiRcRTfHQ/3qFowVsb7AfgKhYl0tOoIzdFSrUG7UdulJSA+pT5tCOUuwtIlwh9k5KCY0dccyBRREF7RNGIdBq1D0S/6o6F8QjEGRjOu0VXhvtmOeKtDIJbO2EfgJhhkzKLiEQb6ZWnAv37AuNBzUzs+G2Wi7Ad12TJt2YuOuRjpif05kTFnbV5HrVAx7dlIbkv9pjRQ7B2EmdJIiaP5t1EklxZgOo6JtYYCj7DvAuBHur5T3mGEcXaB5F0IwufJfcLlXCiqlylm5WD0ax5Ejm2SL7JCA7JMqqZFTUiec3JNH8kxevAfvyXv13r5bp7zxzAb5Vd7HF1lvoPM=</latexit>

[H,G] = 0 =) Remain in same eigenspace



Classical Limit

<latexit sha1_base64="SCk7HtCq5c4roCQmq3hQgIA7uNA="></latexit>

i
d|!→
dt

= H|!→ =↑ ↓ω
εE

ωt
↔↗↘ εB ↔ εJ→ = 0

Dynamical Equations



Classical Limit

<latexit sha1_base64="ow2+bzC1HKzu2YNtim2TxaAn1oI="></latexit>

Initial r.E � J0 = JD (x) =) d

dt
(JD (x)) = 0

<latexit sha1_base64="SCk7HtCq5c4roCQmq3hQgIA7uNA="></latexit>

i
d|!→
dt

= H|!→ =↑ ↓ω
εE

ωt
↔↗↘ εB ↔ εJ→ = 0

Dynamical Equations

Constraint Equation
<latexit sha1_base64="6UwDudY0X9xHJq3+WplygnXHQYM="></latexit>

→ω↑.

(
ε ωE

εt
↓↑↔ ωB ↓ ωJ

)
↗ = 0 =↘ d

dt

(
→ω↑. ωE ↓ J0↗

)
= 0

<latexit sha1_base64="UlcyEMxP6lsMfV49nnxLCzbCtuI=">AAAB8nicbVBNSwMxEM36WetX1aOXYBE8SNkVqV6Eogd7rGA/YLuUbJptQ7PJkswKZenP8OJBEa/+Gm/+G9N2D9r6YODx3gwz88JEcAOu++2srK6tb2wWtorbO7t7+6WDw5ZRqaasSZVQuhMSwwSXrAkcBOskmpE4FKwdju6mfvuJacOVfIRxwoKYDCSPOCVgJd+vn+P7AN9gF/dKZbfizoCXiZeTMsrR6JW+un1F05hJoIIY43tuAkFGNHAq2KTYTQ1LCB2RAfMtlSRmJshmJ0/wqVX6OFLalgQ8U39PZCQ2ZhyHtjMmMDSL3lT8z/NTiK6DjMskBSbpfFGUCgwKT//Hfa4ZBTG2hFDN7a2YDokmFGxKRRuCt/jyMmldVLxqpfpwWa7d5nEU0DE6QWfIQ1eohuqogZqIIoWe0St6c8B5cd6dj3nripPPHKE/cD5/AExwj1M=</latexit>

[H,G] = 0

<latexit sha1_base64="daGfePd/oBvWvw0+KIKqf+6t40Q=">AAACHXicbVDLSgMxFM34tr6qLt0Ei6CbMiOibgRfoLiqYFXolCGT3mlDM5khuSOWsT/ixl9x40IRF27EvzGtFXwdCBzOOZebe8JUCoOu++4MDY+Mjo1PTBampmdm54rzC+cmyTSHKk9koi9DZkAKBVUUKOEy1cDiUMJF2D7o+RdXoI1I1Bl2UqjHrKlEJDhDKwXFjSN6Q/eCvNKlvmaqKYHu0JPg0JcQ4eq1r0WzhWv0ph/5SgTFklt2+6B/iTcgJTJAJSi++o2EZzEo5JIZU/PcFOs50yi4hG7BzwykjLdZE2qWKhaDqef967p0xSoNGiXaPoW0r36fyFlsTCcObTJm2DK/vZ74n1fLMNqu50KlGYLin4uiTFJMaK8q2hAaOMqOJYxrYf9KeYtpxtEWWrAleL9P/kvO18veZnnzdKO0uz+oY4IskWWySjyyRXbJMamQKuHkltyTR/Lk3DkPzrPz8hkdcgYzi+QHnLcPLgCgyw==</latexit>

G|AP → = JD (x) |AP →

No new degree of freedom - just a different state of electromagnetism



Operator Choice
Do we need to set A0 = 0?



Operator Choice
Do we need to set A0 = 0?

Choose A0 to be any c-number function β(t, x)
<latexit sha1_base64="YMc4dW3zCp3FCQLHcORxLAFmcNI="></latexit>

H =

Z
d
3
x
1

2

�
E

2 +B
2
�
+A0

�
r.E � J

0
�
+ ~A. ~J +HJ



Operator Choice
Do we need to set A0 = 0?

Choose A0 to be any c-number function β(t, x)

Does the physics depend on β(t, x)?
<latexit sha1_base64="Rkg9HiohRoQxBQorLScC1PlaOnM="></latexit>

A0 ! A0 + @t↵ = 0, ~A ! ~A+r↵

Maps to Weyl gauge Hamiltonian

<latexit sha1_base64="YMc4dW3zCp3FCQLHcORxLAFmcNI="></latexit>

H =

Z
d
3
x
1

2

�
E

2 +B
2
�
+A0

�
r.E � J

0
�
+ ~A. ~J +HJ



Operator Choice
Do we need to set A0 = 0?

Choose A0 to be any c-number function β(t, x)

Does the physics depend on β(t, x)?
<latexit sha1_base64="Rkg9HiohRoQxBQorLScC1PlaOnM="></latexit>

A0 ! A0 + @t↵ = 0, ~A ! ~A+r↵

Maps to Weyl gauge Hamiltonian

More general choices of A0 also possible - doesn’t matter in linear quantum mechanics

<latexit sha1_base64="YMc4dW3zCp3FCQLHcORxLAFmcNI="></latexit>

H =

Z
d
3
x
1

2

�
E

2 +B
2
�
+A0

�
r.E � J

0
�
+ ~A. ~J +HJ



Lagrangian

<latexit sha1_base64="WXu1MIPHGUBflF+iiaI6XZVu7w0="></latexit>

K (y, T ;x, 0) = hy|e�iHT |xi =
Z

�(T )=y

�(0)=x

D� ei
R T
0 dt L(x,ẋ)

Classical Mechanics:  L, H are classical functions related by Legendre Transformations

Quantum Mechanics: Hamiltonian defines differential equation, Lagrangian a solution
<latexit sha1_base64="LFFGo8EW9CuX2qR/oQvNISlRnZc="></latexit>

i
ω|! (t)→

ωt
= H|! (t)→



Lagrangian

<latexit sha1_base64="WXu1MIPHGUBflF+iiaI6XZVu7w0="></latexit>

K (y, T ;x, 0) = hy|e�iHT |xi =
Z

�(T )=y

�(0)=x

D� ei
R T
0 dt L(x,ẋ)

Classical Mechanics:  L, H are classical functions related by Legendre Transformations

Quantum Mechanics: Hamiltonian defines differential equation, Lagrangian a solution
<latexit sha1_base64="LFFGo8EW9CuX2qR/oQvNISlRnZc="></latexit>

i
ω|! (t)→

ωt
= H|! (t)→

Solutions require boundary condition - Lagrangian can depend on it
<latexit sha1_base64="daGfePd/oBvWvw0+KIKqf+6t40Q=">AAACHXicbVDLSgMxFM34tr6qLt0Ei6CbMiOibgRfoLiqYFXolCGT3mlDM5khuSOWsT/ixl9x40IRF27EvzGtFXwdCBzOOZebe8JUCoOu++4MDY+Mjo1PTBampmdm54rzC+cmyTSHKk9koi9DZkAKBVUUKOEy1cDiUMJF2D7o+RdXoI1I1Bl2UqjHrKlEJDhDKwXFjSN6Q/eCvNKlvmaqKYHu0JPg0JcQ4eq1r0WzhWv0ph/5SgTFklt2+6B/iTcgJTJAJSi++o2EZzEo5JIZU/PcFOs50yi4hG7BzwykjLdZE2qWKhaDqef967p0xSoNGiXaPoW0r36fyFlsTCcObTJm2DK/vZ74n1fLMNqu50KlGYLin4uiTFJMaK8q2hAaOMqOJYxrYf9KeYtpxtEWWrAleL9P/kvO18veZnnzdKO0uz+oY4IskWWySjyyRXbJMamQKuHkltyTR/Lk3DkPzrPz8hkdcgYzi+QHnLcPLgCgyw==</latexit>

G|AP → = JD (x) |AP →
<latexit sha1_base64="CBbbZAIQOl5SctV2WuDZraAsveo="></latexit>

i
ω|Ap (t)→

ωt
= H|Ap (t)→



Lagrangian

<latexit sha1_base64="WXu1MIPHGUBflF+iiaI6XZVu7w0="></latexit>

K (y, T ;x, 0) = hy|e�iHT |xi =
Z

�(T )=y

�(0)=x

D� ei
R T
0 dt L(x,ẋ)

Classical Mechanics:  L, H are classical functions related by Legendre Transformations

Quantum Mechanics: Hamiltonian defines differential equation, Lagrangian a solution
<latexit sha1_base64="LFFGo8EW9CuX2qR/oQvNISlRnZc="></latexit>

i
ω|! (t)→

ωt
= H|! (t)→

Solutions require boundary condition - Lagrangian can depend on it
<latexit sha1_base64="daGfePd/oBvWvw0+KIKqf+6t40Q=">AAACHXicbVDLSgMxFM34tr6qLt0Ei6CbMiOibgRfoLiqYFXolCGT3mlDM5khuSOWsT/ixl9x40IRF27EvzGtFXwdCBzOOZebe8JUCoOu++4MDY+Mjo1PTBampmdm54rzC+cmyTSHKk9koi9DZkAKBVUUKOEy1cDiUMJF2D7o+RdXoI1I1Bl2UqjHrKlEJDhDKwXFjSN6Q/eCvNKlvmaqKYHu0JPg0JcQ4eq1r0WzhWv0ph/5SgTFklt2+6B/iTcgJTJAJSi++o2EZzEo5JIZU/PcFOs50yi4hG7BzwykjLdZE2qWKhaDqef967p0xSoNGiXaPoW0r36fyFlsTCcObTJm2DK/vZ74n1fLMNqu50KlGYLin4uiTFJMaK8q2hAaOMqOJYxrYf9KeYtpxtEWWrAleL9P/kvO18veZnnzdKO0uz+oY4IskWWySjyyRXbJMamQKuHkltyTR/Lk3DkPzrPz8hkdcgYzi+QHnLcPLgCgyw==</latexit>

G|AP → = JD (x) |AP →
<latexit sha1_base64="CBbbZAIQOl5SctV2WuDZraAsveo="></latexit>

i
ω|Ap (t)→

ωt
= H|Ap (t)→

Restrict evolution to just this sector
<latexit sha1_base64="eLSbCPE71Ilw5zgtTQX5ys27g8g=">AAACDXicbVC7TsMwFHV4lvIKMLJYFCSmKkGoMJbHgBBDkehDakLkuG5r1XEi20GqovwAC7/CwgBCrOxs/A1OmgFajmT56Jx7de89fsSoVJb1bczNLywuLZdWyqtr6xub5tZ2S4axwKSJQxaKjo8kYZSTpqKKkU4kCAp8Rtr+6CLz2w9ESBryOzWOiBugAad9ipHSkmfuOwFSQ4xYcpNCR8aRJAqeeYkTxOn1ff55l55ZsapWDjhL7IJUQIGGZ345vRDHAeEKMyRl17Yi5SZIKIoZSctOLEmE8AgNSFdTjgIi3SS/JoUHWunBfij04wrm6u+OBAVSjgNfV2a7y2kvE//zurHqn7oJ5VGsCMeTQf2YQRXCLBrYo4JgxcaaICyo3hXiIRIIKx1gWYdgT588S1pHVbtWrd0eV+rnRRwlsAv2wCGwwQmogyvQAE2AwSN4Bq/gzXgyXox342NSOmcUPTvgD4zPHwdhnC8=</latexit>

L → AµJ
µ
D



Lagrangian

<latexit sha1_base64="WXu1MIPHGUBflF+iiaI6XZVu7w0="></latexit>

K (y, T ;x, 0) = hy|e�iHT |xi =
Z

�(T )=y

�(0)=x

D� ei
R T
0 dt L(x,ẋ)

Classical Mechanics:  L, H are classical functions related by Legendre Transformations

Quantum Mechanics: Hamiltonian defines differential equation, Lagrangian a solution
<latexit sha1_base64="LFFGo8EW9CuX2qR/oQvNISlRnZc="></latexit>

i
ω|! (t)→

ωt
= H|! (t)→

Solutions require boundary condition - Lagrangian can depend on it
<latexit sha1_base64="daGfePd/oBvWvw0+KIKqf+6t40Q=">AAACHXicbVDLSgMxFM34tr6qLt0Ei6CbMiOibgRfoLiqYFXolCGT3mlDM5khuSOWsT/ixl9x40IRF27EvzGtFXwdCBzOOZebe8JUCoOu++4MDY+Mjo1PTBampmdm54rzC+cmyTSHKk9koi9DZkAKBVUUKOEy1cDiUMJF2D7o+RdXoI1I1Bl2UqjHrKlEJDhDKwXFjSN6Q/eCvNKlvmaqKYHu0JPg0JcQ4eq1r0WzhWv0ph/5SgTFklt2+6B/iTcgJTJAJSi++o2EZzEo5JIZU/PcFOs50yi4hG7BzwykjLdZE2qWKhaDqef967p0xSoNGiXaPoW0r36fyFlsTCcObTJm2DK/vZ74n1fLMNqu50KlGYLin4uiTFJMaK8q2hAaOMqOJYxrYf9KeYtpxtEWWrAleL9P/kvO18veZnnzdKO0uz+oY4IskWWySjyyRXbJMamQKuHkltyTR/Lk3DkPzrPz8hkdcgYzi+QHnLcPLgCgyw==</latexit>

G|AP → = JD (x) |AP →
<latexit sha1_base64="CBbbZAIQOl5SctV2WuDZraAsveo="></latexit>

i
ω|Ap (t)→

ωt
= H|Ap (t)→

Restrict evolution to just this sector

Not a parameter, identifies sector of Hilbert space. Similar to θ

<latexit sha1_base64="eLSbCPE71Ilw5zgtTQX5ys27g8g=">AAACDXicbVC7TsMwFHV4lvIKMLJYFCSmKkGoMJbHgBBDkehDakLkuG5r1XEi20GqovwAC7/CwgBCrOxs/A1OmgFajmT56Jx7de89fsSoVJb1bczNLywuLZdWyqtr6xub5tZ2S4axwKSJQxaKjo8kYZSTpqKKkU4kCAp8Rtr+6CLz2w9ESBryOzWOiBugAad9ipHSkmfuOwFSQ4xYcpNCR8aRJAqeeYkTxOn1ff55l55ZsapWDjhL7IJUQIGGZ345vRDHAeEKMyRl17Yi5SZIKIoZSctOLEmE8AgNSFdTjgIi3SS/JoUHWunBfij04wrm6u+OBAVSjgNfV2a7y2kvE//zurHqn7oJ5VGsCMeTQf2YQRXCLBrYo4JgxcaaICyo3hXiIRIIKx1gWYdgT588S1pHVbtWrd0eV+rnRRwlsAv2wCGwwQmogyvQAE2AwSN4Bq/gzXgyXox342NSOmcUPTvgD4zPHwdhnC8=</latexit>

L → AµJ
µ
D



Gravitation



Quantum General Relativity

Manifold: R x Σ

<latexit sha1_base64="SA3HOG4oNSdH8QFPh6pKnj7i7KE="></latexit>

gµ⌫ = �Ndt2 +Nidtdx
i + gijdx

idxj

<latexit sha1_base64="iO3anro518xMzfx/VFGan3EJJNA=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBjSURqW6EohsXLqrYBzShTKbTdujk4cxEKCG48VfcuFDErV/hzr9x0mahrQcuHM65l3vv8SLOpLKsb2NufmFxabmwUlxdW9/YNLe2GzKMBaF1EvJQtDwsKWcBrSumOG1FgmLf47TpDS8zv/lAhWRhcKdGEXV93A9YjxGstNQxdx0fqwHBPLlO0Tly5L1QyVE/Rbcds2SVrTHQLLFzUoIctY755XRDEvs0UIRjKdu2FSk3wUIxwmladGJJI0yGuE/bmgbYp9JNxi+k6EArXdQLha5AobH6eyLBvpQj39Od2cFy2svE/7x2rHpnbsKCKFY0IJNFvZgjFaIsD9RlghLFR5pgIpi+FZEBFpgonVpRh2BPvzxLGsdlu1Ku3JyUqhd5HAXYg304BBtOoQpXUIM6EHiEZ3iFN+PJeDHejY9J65yRz+zAHxifP2NVlss=</latexit>

L =
p
�gR



Quantum General Relativity

Manifold: R x Σ

<latexit sha1_base64="SA3HOG4oNSdH8QFPh6pKnj7i7KE="></latexit>

gµ⌫ = �Ndt2 +Nidtdx
i + gijdx

idxj

<latexit sha1_base64="iO3anro518xMzfx/VFGan3EJJNA=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBjSURqW6EohsXLqrYBzShTKbTdujk4cxEKCG48VfcuFDErV/hzr9x0mahrQcuHM65l3vv8SLOpLKsb2NufmFxabmwUlxdW9/YNLe2GzKMBaF1EvJQtDwsKWcBrSumOG1FgmLf47TpDS8zv/lAhWRhcKdGEXV93A9YjxGstNQxdx0fqwHBPLlO0Tly5L1QyVE/Rbcds2SVrTHQLLFzUoIctY755XRDEvs0UIRjKdu2FSk3wUIxwmladGJJI0yGuE/bmgbYp9JNxi+k6EArXdQLha5AobH6eyLBvpQj39Od2cFy2svE/7x2rHpnbsKCKFY0IJNFvZgjFaIsD9RlghLFR5pgIpi+FZEBFpgonVpRh2BPvzxLGsdlu1Ku3JyUqhd5HAXYg304BBtOoQpXUIM6EHiEZ3iFN+PJeDHejY9J65yRz+zAHxifP2NVlss=</latexit>

L =
p
�gR

<latexit sha1_base64="RiHh+rLgX4d6HE12Hb1t02pEiJ8=">AAACGnicbVDNS8MwHE3n15xfVY9egkPwNFqR6UUYevEgMsF9wFpGmqVbWJqGJBVG6d/hxX/FiwdFvIkX/xvTraBOHwQe771fkt8LBKNKO86nVVpYXFpeKa9W1tY3Nrfs7Z22ihOJSQvHLJbdACnCKCctTTUjXSEJigJGOsH4Ivc7d0QqGvNbPRHEj9CQ05BipI3Ut11P0H56ncEz6IUS4dQTSGqKGLzKvrk3iLUJ5Smnb1edmjMF/EvcglRBgWbffjfjOIkI15ghpXquI7Sf5ldjRrKKlygiEB6jIekZylFElJ9OV8vggVEGMIylOVzDqfpzIkWRUpMoMMkI6ZGa93LxP6+X6PDUTykXiSYczx4KEwZ1DPOe4IBKgjWbGIKwpOavEI+QaUibNiumBHd+5b+kfVRz67X6zXG1cV7UUQZ7YB8cAhecgAa4BE3QAhjcg0fwDF6sB+vJerXeZtGSVczsgl+wPr4AkcOgkw==</latexit>

⇡N =
@L

@Ṅ
= 0

<latexit sha1_base64="EgXNlO3p/ERh1HWtm1NftBNnhv8=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLR6kYounEhUsE+oClhMp20QyeTMDMRSsiXuPFX3LhQRHClf+MkDaitFwYO55x779zjRYxKZVlfRmlhcWl5pbxaWVvf2Nwyt3faMowFJi0cslB0PSQJo5y0FFWMdCNBUOAx0vHGl5neuSdC0pDfqUlE+gEacupTjJSmXPPEiaib3Lg0hefQ8QXCiRMhoShi8Dr9wc4gVLkt81muWbVqVl5wHtgFqIKimq75oQfgOCBcYYak7NlWpPpJNhwzklacWJII4TEakp6GHAVE9pP8vBQeaGYA/VDoxxXM2d8dCQqknASedgZIjeSslpH/ab1Y+Wf9hPIoVoTj6SI/ZlCFMMsKDqggWLGJBggLqv8K8QjpjJROtKJDsGdPngfto5pdr9Vvj6uNiyKOMtgD++AQ2OAUNMAVaIIWwOABPIEX8Go8Gs/Gm/E+tZaMomcX/Cnj8xvTsKJL</latexit>

⇡Ni =
@L

@Ṅi

= 0

<latexit sha1_base64="Kmyb+vZCoorxwBwhq0v7ayJKBKA="></latexit>

⇡ij =
@L
@ ˙gij

6= 0



Quantum General Relativity

Manifold: R x Σ

<latexit sha1_base64="SA3HOG4oNSdH8QFPh6pKnj7i7KE="></latexit>

gµ⌫ = �Ndt2 +Nidtdx
i + gijdx

idxj

<latexit sha1_base64="iO3anro518xMzfx/VFGan3EJJNA=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBjSURqW6EohsXLqrYBzShTKbTdujk4cxEKCG48VfcuFDErV/hzr9x0mahrQcuHM65l3vv8SLOpLKsb2NufmFxabmwUlxdW9/YNLe2GzKMBaF1EvJQtDwsKWcBrSumOG1FgmLf47TpDS8zv/lAhWRhcKdGEXV93A9YjxGstNQxdx0fqwHBPLlO0Tly5L1QyVE/Rbcds2SVrTHQLLFzUoIctY755XRDEvs0UIRjKdu2FSk3wUIxwmladGJJI0yGuE/bmgbYp9JNxi+k6EArXdQLha5AobH6eyLBvpQj39Od2cFy2svE/7x2rHpnbsKCKFY0IJNFvZgjFaIsD9RlghLFR5pgIpi+FZEBFpgonVpRh2BPvzxLGsdlu1Ku3JyUqhd5HAXYg304BBtOoQpXUIM6EHiEZ3iFN+PJeDHejY9J65yRz+zAHxifP2NVlss=</latexit>

L =
p
�gR

<latexit sha1_base64="RiHh+rLgX4d6HE12Hb1t02pEiJ8=">AAACGnicbVDNS8MwHE3n15xfVY9egkPwNFqR6UUYevEgMsF9wFpGmqVbWJqGJBVG6d/hxX/FiwdFvIkX/xvTraBOHwQe771fkt8LBKNKO86nVVpYXFpeKa9W1tY3Nrfs7Z22ihOJSQvHLJbdACnCKCctTTUjXSEJigJGOsH4Ivc7d0QqGvNbPRHEj9CQ05BipI3Ut11P0H56ncEz6IUS4dQTSGqKGLzKvrk3iLUJ5Smnb1edmjMF/EvcglRBgWbffjfjOIkI15ghpXquI7Sf5ldjRrKKlygiEB6jIekZylFElJ9OV8vggVEGMIylOVzDqfpzIkWRUpMoMMkI6ZGa93LxP6+X6PDUTykXiSYczx4KEwZ1DPOe4IBKgjWbGIKwpOavEI+QaUibNiumBHd+5b+kfVRz67X6zXG1cV7UUQZ7YB8cAhecgAa4BE3QAhjcg0fwDF6sB+vJerXeZtGSVczsgl+wPr4AkcOgkw==</latexit>

⇡N =
@L

@Ṅ
= 0

<latexit sha1_base64="EgXNlO3p/ERh1HWtm1NftBNnhv8=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLR6kYounEhUsE+oClhMp20QyeTMDMRSsiXuPFX3LhQRHClf+MkDaitFwYO55x779zjRYxKZVlfRmlhcWl5pbxaWVvf2Nwyt3faMowFJi0cslB0PSQJo5y0FFWMdCNBUOAx0vHGl5neuSdC0pDfqUlE+gEacupTjJSmXPPEiaib3Lg0hefQ8QXCiRMhoShi8Dr9wc4gVLkt81muWbVqVl5wHtgFqIKimq75oQfgOCBcYYak7NlWpPpJNhwzklacWJII4TEakp6GHAVE9pP8vBQeaGYA/VDoxxXM2d8dCQqknASedgZIjeSslpH/ab1Y+Wf9hPIoVoTj6SI/ZlCFMMsKDqggWLGJBggLqv8K8QjpjJROtKJDsGdPngfto5pdr9Vvj6uNiyKOMtgD++AQ2OAUNMAVaIIWwOABPIEX8Go8Gs/Gm/E+tZaMomcX/Cnj8xvTsKJL</latexit>

⇡Ni =
@L

@Ṅi

= 0

<latexit sha1_base64="Kmyb+vZCoorxwBwhq0v7ayJKBKA="></latexit>

⇡ij =
@L
@ ˙gij

6= 0

gij are dynamical 
What to do about N and Ni? 



Quantum General Relativity
<latexit sha1_base64="2xSCuipHiF5BK+shRO/UkP4mjHI="></latexit>

H =

∫
d
3
x
(
NH+N

i
Hi

)

Classical Hamiltonian Vanishes on Shell 
Physics does not depend on N or Ni 



Quantum General Relativity
<latexit sha1_base64="2xSCuipHiF5BK+shRO/UkP4mjHI="></latexit>

H =

∫
d
3
x
(
NH+N

i
Hi

)

Classical Hamiltonian Vanishes on Shell 
Physics does not depend on N or Ni 

Guesses
<latexit sha1_base64="36YPfe8CTsIbyf/NA71O5WnfjYA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqV6EopceK9gPaJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/Md3uQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NYyUYS2iORSdQOsKWeCtgwznHZjRXEUcNoJJndzv/NElWZSPJhpTP0IjwQLGcHGSu0GukEuGpQrbtXNgFaJl5MK5GgOyl/9oSRJRIUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SgSOq/TS7dobOrDJEoVS2hEGZ+nsixZHW0yiwnRE2Y73szcX/vF5iwms/ZSJODBVksShMODISzV9HQ6YoMXxqCSaK2VsRGWOFibEBlWwI3vLLq6R9UfVq1dr9ZaV+m8dRhBM4hXPw4Arq0IAmtIDAIzzDK7w50nlx3p2PRWvByWeO4Q+czx+TdI3W</latexit>

H = 0
<latexit sha1_base64="mO0rX5lmVAerlg8zpuyvXuzvwXM=">AAACJ3icbZBNS8MwGMfT+TbnW9Wjl+AQPMhoRaYXZehlxwnuBdZS0jTdwtK0JKkw6r6NF7+KF0FF9Og3MdsKus0HAn9+/+dJ8vz9hFGpLOvLKCwtr6yuFddLG5tb2zvm7l5LxqnApIljFouOjyRhlJOmooqRTiIIinxG2v7gZuy374mQNOZ3apgQN0I9TkOKkdLIM6/q8MFpSAodgXiPEXgJrRNY9zI6mhq/3GH62gDNYM8sWxVrUnBR2Lkog7wanvnqBDFOI8IVZkjKrm0lys2QUBQzMio5qSQJwgPUI10tOYqIdLPJniN4pEkAw1jowxWc0L8TGYqkHEa+7oyQ6st5bwz/87qpCi/cjPIkVYTj6UNhyqCK4Tg0GFBBsGJDLRAWVP8V4j4SCCsdbUmHYM+vvChapxW7WqnenpVr13kcRXAADsExsME5qIE6aIAmwOARPIM38G48GS/Gh/E5bS0Y+cw+mCnj+wevZKSw</latexit>

H|!→ = 0, Hi|!→ = ω|!→

Physics Does Not Exist State does not change in time or space



Quantum General Relativity
<latexit sha1_base64="2xSCuipHiF5BK+shRO/UkP4mjHI="></latexit>

H =

∫
d
3
x
(
NH+N

i
Hi

)

Classical Hamiltonian Vanishes on Shell 
Physics does not depend on N or Ni 

Guesses
<latexit sha1_base64="36YPfe8CTsIbyf/NA71O5WnfjYA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqV6EopceK9gPaJeSTbNtbDZZkqxQlv4HLx4U8er/8ea/Md3uQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NYyUYS2iORSdQOsKWeCtgwznHZjRXEUcNoJJndzv/NElWZSPJhpTP0IjwQLGcHGSu0GukEuGpQrbtXNgFaJl5MK5GgOyl/9oSRJRIUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SgSOq/TS7dobOrDJEoVS2hEGZ+nsixZHW0yiwnRE2Y73szcX/vF5iwms/ZSJODBVksShMODISzV9HQ6YoMXxqCSaK2VsRGWOFibEBlWwI3vLLq6R9UfVq1dr9ZaV+m8dRhBM4hXPw4Arq0IAmtIDAIzzDK7w50nlx3p2PRWvByWeO4Q+czx+TdI3W</latexit>

H = 0
<latexit sha1_base64="mO0rX5lmVAerlg8zpuyvXuzvwXM=">AAACJ3icbZBNS8MwGMfT+TbnW9Wjl+AQPMhoRaYXZehlxwnuBdZS0jTdwtK0JKkw6r6NF7+KF0FF9Og3MdsKus0HAn9+/+dJ8vz9hFGpLOvLKCwtr6yuFddLG5tb2zvm7l5LxqnApIljFouOjyRhlJOmooqRTiIIinxG2v7gZuy374mQNOZ3apgQN0I9TkOKkdLIM6/q8MFpSAodgXiPEXgJrRNY9zI6mhq/3GH62gDNYM8sWxVrUnBR2Lkog7wanvnqBDFOI8IVZkjKrm0lys2QUBQzMio5qSQJwgPUI10tOYqIdLPJniN4pEkAw1jowxWc0L8TGYqkHEa+7oyQ6st5bwz/87qpCi/cjPIkVYTj6UNhyqCK4Tg0GFBBsGJDLRAWVP8V4j4SCCsdbUmHYM+vvChapxW7WqnenpVr13kcRXAADsExsME5qIE6aIAmwOARPIM38G48GS/Gh/E5bS0Y+cw+mCnj+wevZKSw</latexit>

H|!→ = 0, Hi|!→ = ω|!→

Physics Does Not Exist State does not change in time or space

Ehrenfest’s Theorem
<latexit sha1_base64="7F1F5rKGwPIIlZ6TOW5bC8x1GG4=">AAAB/3icbZDLSsNAFIZPvNZ6iwpu3AwWwVVJRKobseimywr2Ak0ok+mkHTqZhJmJUGIXvoobF4q49TXc+TZO2yy09YeBj/+cwznzBwlnSjvOt7W0vLK6tl7YKG5ube/s2nv7TRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fw9tJvfVApWKxuNejhPoR7gsWMoK1sbr2ocex6HOKasiTM7pCznXXLjllZyq0CG4OJchV79pfXi8maUSFJhwr1XGdRPsZlpoRTsdFL1U0wWSI+7RjUOCIKj+b3j9GJ8bpoTCW5gmNpu7viQxHSo2iwHRGWA/UfG1i/lfrpDq89DMmklRTQWaLwpQjHaNJGKjHJCWajwxgIpm5FZEBlphoE1nRhODOf3kRmmdlt1Ku3J2Xqjd5HAU4gmM4BRcuoAo1qEMDCDzCM7zCm/VkvVjv1sesdcnKZw7gj6zPH8eSlKo=</latexit>

→H↑ = 0?



General Relativity
<latexit sha1_base64="uPiDd2rvDss8A8QMithjOT/mBC4=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0UQxJoUqW6EohtXpYJ9QJuGyWSSTjt5MDMRS+hnuPFX3LhQxG13/o3TNgutHpjLuefey517nJhRIQ3jS8stLa+sruXXCxubW9s7+u5eU0QJx6SBIxbxtoMEYTQkDUklI+2YExQ4jLSc4c203nogXNAovJejmFgB8kPqUYykkmz9zIdX8BTWemXoShVOYM2mikL3sUdV5tspHYznmQoDWy8aJWMG+JeYGSmCDHVbn3TdCCcBCSVmSIiOacTSShGXFDMyLnQTQWKEh8gnHUVDFBBhpbPDxvBIKS70Iq5eKOFM/TmRokCIUeCozgDJvlisTcX/ap1EepdWSsM4kSTE80VewqCM4NQl6FJOsGQjRRDmVP0V4j7iCEvlZUGZYC6e/Jc0yyWzUqrcnRer15kdeXAADsExMMEFqIJbUAcNgMETeAFv4F171l61D+1z3prTspl98Ava5Bs93Zzi</latexit>

g = →N2dt2 +Nidtdx
i + gijdx

idxj

<latexit sha1_base64="RiHh+rLgX4d6HE12Hb1t02pEiJ8=">AAACGnicbVDNS8MwHE3n15xfVY9egkPwNFqR6UUYevEgMsF9wFpGmqVbWJqGJBVG6d/hxX/FiwdFvIkX/xvTraBOHwQe771fkt8LBKNKO86nVVpYXFpeKa9W1tY3Nrfs7Z22ihOJSQvHLJbdACnCKCctTTUjXSEJigJGOsH4Ivc7d0QqGvNbPRHEj9CQ05BipI3Ut11P0H56ncEz6IUS4dQTSGqKGLzKvrk3iLUJ5Smnb1edmjMF/EvcglRBgWbffjfjOIkI15ghpXquI7Sf5ldjRrKKlygiEB6jIekZylFElJ9OV8vggVEGMIylOVzDqfpzIkWRUpMoMMkI6ZGa93LxP6+X6PDUTykXiSYczx4KEwZ1DPOe4IBKgjWbGIKwpOavEI+QaUibNiumBHd+5b+kfVRz67X6zXG1cV7UUQZ7YB8cAhecgAa4BE3QAhjcg0fwDF6sB+vJerXeZtGSVczsgl+wPr4AkcOgkw==</latexit>

⇡N =
@L

@Ṅ
= 0

<latexit sha1_base64="EgXNlO3p/ERh1HWtm1NftBNnhv8=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLR6kYounEhUsE+oClhMp20QyeTMDMRSsiXuPFX3LhQRHClf+MkDaitFwYO55x779zjRYxKZVlfRmlhcWl5pbxaWVvf2Nwyt3faMowFJi0cslB0PSQJo5y0FFWMdCNBUOAx0vHGl5neuSdC0pDfqUlE+gEacupTjJSmXPPEiaib3Lg0hefQ8QXCiRMhoShi8Dr9wc4gVLkt81muWbVqVl5wHtgFqIKimq75oQfgOCBcYYak7NlWpPpJNhwzklacWJII4TEakp6GHAVE9pP8vBQeaGYA/VDoxxXM2d8dCQqknASedgZIjeSslpH/ab1Y+Wf9hPIoVoTj6SI/ZlCFMMsKDqggWLGJBggLqv8K8QjpjJROtKJDsGdPngfto5pdr9Vvj6uNiyKOMtgD++AQ2OAUNMAVaIIWwOABPIEX8Go8Gs/Gm/E+tZaMomcX/Cnj8xvTsKJL</latexit>

⇡Ni =
@L

@Ṅi

= 0



General Relativity
<latexit sha1_base64="uPiDd2rvDss8A8QMithjOT/mBC4=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0UQxJoUqW6EohtXpYJ9QJuGyWSSTjt5MDMRS+hnuPFX3LhQxG13/o3TNgutHpjLuefey517nJhRIQ3jS8stLa+sruXXCxubW9s7+u5eU0QJx6SBIxbxtoMEYTQkDUklI+2YExQ4jLSc4c203nogXNAovJejmFgB8kPqUYykkmz9zIdX8BTWemXoShVOYM2mikL3sUdV5tspHYznmQoDWy8aJWMG+JeYGSmCDHVbn3TdCCcBCSVmSIiOacTSShGXFDMyLnQTQWKEh8gnHUVDFBBhpbPDxvBIKS70Iq5eKOFM/TmRokCIUeCozgDJvlisTcX/ap1EepdWSsM4kSTE80VewqCM4NQl6FJOsGQjRRDmVP0V4j7iCEvlZUGZYC6e/Jc0yyWzUqrcnRer15kdeXAADsExMMEFqIJbUAcNgMETeAFv4F171l61D+1z3prTspl98Ava5Bs93Zzi</latexit>

g = →N2dt2 +Nidtdx
i + gijdx

idxj

<latexit sha1_base64="RiHh+rLgX4d6HE12Hb1t02pEiJ8=">AAACGnicbVDNS8MwHE3n15xfVY9egkPwNFqR6UUYevEgMsF9wFpGmqVbWJqGJBVG6d/hxX/FiwdFvIkX/xvTraBOHwQe771fkt8LBKNKO86nVVpYXFpeKa9W1tY3Nrfs7Z22ihOJSQvHLJbdACnCKCctTTUjXSEJigJGOsH4Ivc7d0QqGvNbPRHEj9CQ05BipI3Ut11P0H56ncEz6IUS4dQTSGqKGLzKvrk3iLUJ5Smnb1edmjMF/EvcglRBgWbffjfjOIkI15ghpXquI7Sf5ldjRrKKlygiEB6jIekZylFElJ9OV8vggVEGMIylOVzDqfpzIkWRUpMoMMkI6ZGa93LxP6+X6PDUTykXiSYczx4KEwZ1DPOe4IBKgjWbGIKwpOavEI+QaUibNiumBHd+5b+kfVRz67X6zXG1cV7UUQZ7YB8cAhecgAa4BE3QAhjcg0fwDF6sB+vJerXeZtGSVczsgl+wPr4AkcOgkw==</latexit>

⇡N =
@L

@Ṅ
= 0

<latexit sha1_base64="EgXNlO3p/ERh1HWtm1NftBNnhv8=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLR6kYounEhUsE+oClhMp20QyeTMDMRSsiXuPFX3LhQRHClf+MkDaitFwYO55x779zjRYxKZVlfRmlhcWl5pbxaWVvf2Nwyt3faMowFJi0cslB0PSQJo5y0FFWMdCNBUOAx0vHGl5neuSdC0pDfqUlE+gEacupTjJSmXPPEiaib3Lg0hefQ8QXCiRMhoShi8Dr9wc4gVLkt81muWbVqVl5wHtgFqIKimq75oQfgOCBcYYak7NlWpPpJNhwzklacWJII4TEakp6GHAVE9pP8vBQeaGYA/VDoxxXM2d8dCQqknASedgZIjeSslpH/ab1Y+Wf9hPIoVoTj6SI/ZlCFMMsKDqggWLGJBggLqv8K8QjpjJROtKJDsGdPngfto5pdr9Vvj6uNiyKOMtgD++AQ2OAUNMAVaIIWwOABPIEX8Go8Gs/Gm/E+tZaMomcX/Cnj8xvTsKJL</latexit>

⇡Ni =
@L

@Ṅi

= 0

Treat N, Ni as parameters. So pick them : N = 1, Ni =0
<latexit sha1_base64="/IgblxMzK4psUV0WPy7BOJ1cZ8c="></latexit>

H =
1
→
ω

(
εijε

ij
↑

1

2
ε2

)
↑

→
ω(3)R



General Relativity
<latexit sha1_base64="uPiDd2rvDss8A8QMithjOT/mBC4=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0UQxJoUqW6EohtXpYJ9QJuGyWSSTjt5MDMRS+hnuPFX3LhQxG13/o3TNgutHpjLuefey517nJhRIQ3jS8stLa+sruXXCxubW9s7+u5eU0QJx6SBIxbxtoMEYTQkDUklI+2YExQ4jLSc4c203nogXNAovJejmFgB8kPqUYykkmz9zIdX8BTWemXoShVOYM2mikL3sUdV5tspHYznmQoDWy8aJWMG+JeYGSmCDHVbn3TdCCcBCSVmSIiOacTSShGXFDMyLnQTQWKEh8gnHUVDFBBhpbPDxvBIKS70Iq5eKOFM/TmRokCIUeCozgDJvlisTcX/ap1EepdWSsM4kSTE80VewqCM4NQl6FJOsGQjRRDmVP0V4j7iCEvlZUGZYC6e/Jc0yyWzUqrcnRer15kdeXAADsExMMEFqIJbUAcNgMETeAFv4F171l61D+1z3prTspl98Ava5Bs93Zzi</latexit>

g = →N2dt2 +Nidtdx
i + gijdx

idxj

<latexit sha1_base64="RiHh+rLgX4d6HE12Hb1t02pEiJ8=">AAACGnicbVDNS8MwHE3n15xfVY9egkPwNFqR6UUYevEgMsF9wFpGmqVbWJqGJBVG6d/hxX/FiwdFvIkX/xvTraBOHwQe771fkt8LBKNKO86nVVpYXFpeKa9W1tY3Nrfs7Z22ihOJSQvHLJbdACnCKCctTTUjXSEJigJGOsH4Ivc7d0QqGvNbPRHEj9CQ05BipI3Ut11P0H56ncEz6IUS4dQTSGqKGLzKvrk3iLUJ5Smnb1edmjMF/EvcglRBgWbffjfjOIkI15ghpXquI7Sf5ldjRrKKlygiEB6jIekZylFElJ9OV8vggVEGMIylOVzDqfpzIkWRUpMoMMkI6ZGa93LxP6+X6PDUTykXiSYczx4KEwZ1DPOe4IBKgjWbGIKwpOavEI+QaUibNiumBHd+5b+kfVRz67X6zXG1cV7UUQZ7YB8cAhecgAa4BE3QAhjcg0fwDF6sB+vJerXeZtGSVczsgl+wPr4AkcOgkw==</latexit>

⇡N =
@L

@Ṅ
= 0

<latexit sha1_base64="EgXNlO3p/ERh1HWtm1NftBNnhv8=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLR6kYounEhUsE+oClhMp20QyeTMDMRSsiXuPFX3LhQRHClf+MkDaitFwYO55x779zjRYxKZVlfRmlhcWl5pbxaWVvf2Nwyt3faMowFJi0cslB0PSQJo5y0FFWMdCNBUOAx0vHGl5neuSdC0pDfqUlE+gEacupTjJSmXPPEiaib3Lg0hefQ8QXCiRMhoShi8Dr9wc4gVLkt81muWbVqVl5wHtgFqIKimq75oQfgOCBcYYak7NlWpPpJNhwzklacWJII4TEakp6GHAVE9pP8vBQeaGYA/VDoxxXM2d8dCQqknASedgZIjeSslpH/ab1Y+Wf9hPIoVoTj6SI/ZlCFMMsKDqggWLGJBggLqv8K8QjpjJROtKJDsGdPngfto5pdr9Vvj6uNiyKOMtgD++AQ2OAUNMAVaIIWwOABPIEX8Go8Gs/Gm/E+tZaMomcX/Cnj8xvTsKJL</latexit>

⇡Ni =
@L

@Ṅi

= 0

Treat N, Ni as parameters. So pick them : N = 1, Ni =0

Propose

<latexit sha1_base64="/IgblxMzK4psUV0WPy7BOJ1cZ8c="></latexit>

H =
1
→
ω

(
εijε

ij
↑

1

2
ε2

)
↑

→
ω(3)R

<latexit sha1_base64="dch/hBuW/AwaLvYZLUXvQdcWm30=">AAACKHicbVDLSsNAFJ34rPUVdelmsAiuSqJS3YhFN11WsA9oYplMJu3QySTMTMQS8zlu/BU3Iop065c4abuorQcuHM69l3vu8WJGpbKskbG0vLK6tl7YKG5ube/smnv7TRklApMGjlgk2h6ShFFOGooqRtqxICj0GGl5g9u833okQtKI36thTNwQ9TgNKEZKS13zmkInEAin/rNTl9QRiPcYyVJfZfAKOpQr6D+cPUEnRKqPEUtrGZyd7Jolq2yNAReJPSUlMEW9a344foSTkHCFGZKyY1uxclMkFMX6cNFJJIkRHqAe6WjKUUikm44fzeCxVnwYREKXdjZWZzdSFEo5DD09mfuV871c/K/XSVRw6aaUx4kiHE8OBQmDKoJ5atCngmDFhpogLKj2CnEf6dyUzraoQ7DnX14kzdOyXSlX7s5L1ZtpHAVwCI7ACbDBBaiCGqiDBsDgBbyBT/BlvBrvxrcxmowuGdOdA/AHxs8vmoem8g==</latexit>

i
d|!→

dt
=

∫
d3xH|!→



General Relativity
<latexit sha1_base64="uPiDd2rvDss8A8QMithjOT/mBC4=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0UQxJoUqW6EohtXpYJ9QJuGyWSSTjt5MDMRS+hnuPFX3LhQxG13/o3TNgutHpjLuefey517nJhRIQ3jS8stLa+sruXXCxubW9s7+u5eU0QJx6SBIxbxtoMEYTQkDUklI+2YExQ4jLSc4c203nogXNAovJejmFgB8kPqUYykkmz9zIdX8BTWemXoShVOYM2mikL3sUdV5tspHYznmQoDWy8aJWMG+JeYGSmCDHVbn3TdCCcBCSVmSIiOacTSShGXFDMyLnQTQWKEh8gnHUVDFBBhpbPDxvBIKS70Iq5eKOFM/TmRokCIUeCozgDJvlisTcX/ap1EepdWSsM4kSTE80VewqCM4NQl6FJOsGQjRRDmVP0V4j7iCEvlZUGZYC6e/Jc0yyWzUqrcnRer15kdeXAADsExMMEFqIJbUAcNgMETeAFv4F171l61D+1z3prTspl98Ava5Bs93Zzi</latexit>

g = →N2dt2 +Nidtdx
i + gijdx

idxj

<latexit sha1_base64="RiHh+rLgX4d6HE12Hb1t02pEiJ8=">AAACGnicbVDNS8MwHE3n15xfVY9egkPwNFqR6UUYevEgMsF9wFpGmqVbWJqGJBVG6d/hxX/FiwdFvIkX/xvTraBOHwQe771fkt8LBKNKO86nVVpYXFpeKa9W1tY3Nrfs7Z22ihOJSQvHLJbdACnCKCctTTUjXSEJigJGOsH4Ivc7d0QqGvNbPRHEj9CQ05BipI3Ut11P0H56ncEz6IUS4dQTSGqKGLzKvrk3iLUJ5Smnb1edmjMF/EvcglRBgWbffjfjOIkI15ghpXquI7Sf5ldjRrKKlygiEB6jIekZylFElJ9OV8vggVEGMIylOVzDqfpzIkWRUpMoMMkI6ZGa93LxP6+X6PDUTykXiSYczx4KEwZ1DPOe4IBKgjWbGIKwpOavEI+QaUibNiumBHd+5b+kfVRz67X6zXG1cV7UUQZ7YB8cAhecgAa4BE3QAhjcg0fwDF6sB+vJerXeZtGSVczsgl+wPr4AkcOgkw==</latexit>

⇡N =
@L

@Ṅ
= 0

<latexit sha1_base64="EgXNlO3p/ERh1HWtm1NftBNnhv8=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRLR6kYounEhUsE+oClhMp20QyeTMDMRSsiXuPFX3LhQRHClf+MkDaitFwYO55x779zjRYxKZVlfRmlhcWl5pbxaWVvf2Nwyt3faMowFJi0cslB0PSQJo5y0FFWMdCNBUOAx0vHGl5neuSdC0pDfqUlE+gEacupTjJSmXPPEiaib3Lg0hefQ8QXCiRMhoShi8Dr9wc4gVLkt81muWbVqVl5wHtgFqIKimq75oQfgOCBcYYak7NlWpPpJNhwzklacWJII4TEakp6GHAVE9pP8vBQeaGYA/VDoxxXM2d8dCQqknASedgZIjeSslpH/ab1Y+Wf9hPIoVoTj6SI/ZlCFMMsKDqggWLGJBggLqv8K8QjpjJROtKJDsGdPngfto5pdr9Vvj6uNiyKOMtgD++AQ2OAUNMAVaIIWwOABPIEX8Go8Gs/Gm/E+tZaMomcX/Cnj8xvTsKJL</latexit>

⇡Ni =
@L

@Ṅi

= 0

Treat N, Ni as parameters. So pick them : N = 1, Ni =0

Propose

<latexit sha1_base64="/IgblxMzK4psUV0WPy7BOJ1cZ8c="></latexit>

H =
1
→
ω

(
εijε

ij
↑

1

2
ε2

)
↑

→
ω(3)R

<latexit sha1_base64="dch/hBuW/AwaLvYZLUXvQdcWm30=">AAACKHicbVDLSsNAFJ34rPUVdelmsAiuSqJS3YhFN11WsA9oYplMJu3QySTMTMQS8zlu/BU3Iop065c4abuorQcuHM69l3vu8WJGpbKskbG0vLK6tl7YKG5ube/smnv7TRklApMGjlgk2h6ShFFOGooqRtqxICj0GGl5g9u833okQtKI36thTNwQ9TgNKEZKS13zmkInEAin/rNTl9QRiPcYyVJfZfAKOpQr6D+cPUEnRKqPEUtrGZyd7Jolq2yNAReJPSUlMEW9a344foSTkHCFGZKyY1uxclMkFMX6cNFJJIkRHqAe6WjKUUikm44fzeCxVnwYREKXdjZWZzdSFEo5DD09mfuV871c/K/XSVRw6aaUx4kiHE8OBQmDKoJ5atCngmDFhpogLKj2CnEf6dyUzraoQ7DnX14kzdOyXSlX7s5L1ZtpHAVwCI7ACbDBBaiCGqiDBsDgBbyBT/BlvBrvxrcxmowuGdOdA/AHxs8vmoem8g==</latexit>

i
d|!→

dt
=

∫
d3xH|!→

Hamiltonian invariant under spatial co-ordinate transformations. 
Theory of massless gravitons



Constraints
<latexit sha1_base64="BSJTeSOCE3YSqS4+dmMg3a9Lb8k="></latexit>

i
ω|! (t)→

ωt
= H|! (t)→ =↑ d↓! (t) |H|! (t)→

dt
= 0

Initial State:
<latexit sha1_base64="2I/LaGeGQdT1hItQ2YKeTNYR0i4="></latexit>

→! (0) |H|! (0)↑ = 0 =↓ →! (t) |H|! (t)↑ = 0



Constraints
<latexit sha1_base64="BSJTeSOCE3YSqS4+dmMg3a9Lb8k="></latexit>

i
ω|! (t)→

ωt
= H|! (t)→ =↑ d↓! (t) |H|! (t)→

dt
= 0

Initial State:
<latexit sha1_base64="2I/LaGeGQdT1hItQ2YKeTNYR0i4="></latexit>

→! (0) |H|! (0)↑ = 0 =↓ →! (t) |H|! (t)↑ = 0

Classical GR:
<latexit sha1_base64="EX5Uz4zg9FlEZ79sjvkKQyqZ6JU=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8EiuCqJSHUjFF3oskJv0IYwmU7asZNJmJkINfRJ3LhQxK2P4s63cZp2oa0/DHz85xzOmT9IOFPacb6tldW19Y3NwlZxe2d3r2TvH7RUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxupvX2I5WKxaKhxwn1IjwQLGQEa2P5dunWz9jDBF2hRg6+XXYqTi60DO4cyjBX3be/ev2YpBEVmnCsVNd1Eu1lWGpGOJ0Ue6miCSYjPKBdgwJHVHlZfvgEnRinj8JYmic0yt3fExmOlBpHgemMsB6qxdrU/K/WTXV46WVMJKmmgswWhSlHOkbTFFCfSUo0HxvARDJzKyJDLDHRJquiCcFd/PIytM4qbrVSvT8v167ncRTgCI7hFFy4gBrcQR2aQCCFZ3iFN+vJerHerY9Z64o1nzmEP7I+fwAN4JK4</latexit>

Gij = Tij With initial: <latexit sha1_base64="11BvUr4eJWYNvblDCyVfge7xFuU=">AAACGHicbVDLSgNBEJyNrxhfqx69DAYhXuKuSPQiBD3oMUJekF3C7GQ2GTL7YKZXCEs+w4u/4sWDIl5z82+cJHvQJAUNRVU33V1eLLgCy/oxcmvrG5tb+e3Czu7e/oF5eNRUUSIpa9BIRLLtEcUED1kDOAjWjiUjgSdYyxveT/3WM5OKR2EdRjFzA9IPuc8pAS11zYuHbmo5QTJ2BPOhZDmS9wdwjm9xfaXRNYtW2ZoBLxM7I0WUodY1J04voknAQqCCKNWxrRjclEjgVLBxwUkUiwkdkj7raBqSgCk3nT02xmda6WE/krpCwDP170RKAqVGgac7AwIDtehNxVVeJwH/xk15GCfAQjpf5CcCQ4SnKeEel4yCGGlCqOT6VkwHRBIKOsuCDsFefHmZNC/LdqVceboqVu+yOPLoBJ2iErLRNaqiR1RDDUTRC3pDH+jTeDXejS/je96aM7KZY/QPxuQXFuyfMg==</latexit>

G0µ (0) = T0µ (0)



Constraints
<latexit sha1_base64="BSJTeSOCE3YSqS4+dmMg3a9Lb8k="></latexit>

i
ω|! (t)→

ωt
= H|! (t)→ =↑ d↓! (t) |H|! (t)→

dt
= 0

Initial State:
<latexit sha1_base64="2I/LaGeGQdT1hItQ2YKeTNYR0i4="></latexit>

→! (0) |H|! (0)↑ = 0 =↓ →! (t) |H|! (t)↑ = 0

Classical GR:
<latexit sha1_base64="EX5Uz4zg9FlEZ79sjvkKQyqZ6JU=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8EiuCqJSHUjFF3oskJv0IYwmU7asZNJmJkINfRJ3LhQxK2P4s63cZp2oa0/DHz85xzOmT9IOFPacb6tldW19Y3NwlZxe2d3r2TvH7RUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxupvX2I5WKxaKhxwn1IjwQLGQEa2P5dunWz9jDBF2hRg6+XXYqTi60DO4cyjBX3be/ev2YpBEVmnCsVNd1Eu1lWGpGOJ0Ue6miCSYjPKBdgwJHVHlZfvgEnRinj8JYmic0yt3fExmOlBpHgemMsB6qxdrU/K/WTXV46WVMJKmmgswWhSlHOkbTFFCfSUo0HxvARDJzKyJDLDHRJquiCcFd/PIytM4qbrVSvT8v167ncRTgCI7hFFy4gBrcQR2aQCCFZ3iFN+vJerHerY9Z64o1nzmEP7I+fwAN4JK4</latexit>

Gij = Tij With initial: <latexit sha1_base64="11BvUr4eJWYNvblDCyVfge7xFuU=">AAACGHicbVDLSgNBEJyNrxhfqx69DAYhXuKuSPQiBD3oMUJekF3C7GQ2GTL7YKZXCEs+w4u/4sWDIl5z82+cJHvQJAUNRVU33V1eLLgCy/oxcmvrG5tb+e3Czu7e/oF5eNRUUSIpa9BIRLLtEcUED1kDOAjWjiUjgSdYyxveT/3WM5OKR2EdRjFzA9IPuc8pAS11zYuHbmo5QTJ2BPOhZDmS9wdwjm9xfaXRNYtW2ZoBLxM7I0WUodY1J04voknAQqCCKNWxrRjclEjgVLBxwUkUiwkdkj7raBqSgCk3nT02xmda6WE/krpCwDP170RKAqVGgac7AwIDtehNxVVeJwH/xk15GCfAQjpf5CcCQ4SnKeEel4yCGGlCqOT6VkwHRBIKOsuCDsFefHmZNC/LdqVceboqVu+yOPLoBJ2iErLRNaqiR1RDDUTRC3pDH+jTeDXejS/je96aM7KZY/QPxuQXFuyfMg==</latexit>

G0µ (0) = T0µ (0)

What if
<latexit sha1_base64="zvID3lQcYiq1FaEvehalrsZHPZQ="></latexit>

→! (0) |H|! (0)↑ = J (x) ↓= 0?



Constraints
<latexit sha1_base64="BSJTeSOCE3YSqS4+dmMg3a9Lb8k="></latexit>

i
ω|! (t)→

ωt
= H|! (t)→ =↑ d↓! (t) |H|! (t)→

dt
= 0

Initial State:
<latexit sha1_base64="2I/LaGeGQdT1hItQ2YKeTNYR0i4="></latexit>

→! (0) |H|! (0)↑ = 0 =↓ →! (t) |H|! (t)↑ = 0

Classical GR:
<latexit sha1_base64="EX5Uz4zg9FlEZ79sjvkKQyqZ6JU=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8EiuCqJSHUjFF3oskJv0IYwmU7asZNJmJkINfRJ3LhQxK2P4s63cZp2oa0/DHz85xzOmT9IOFPacb6tldW19Y3NwlZxe2d3r2TvH7RUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYxupvX2I5WKxaKhxwn1IjwQLGQEa2P5dunWz9jDBF2hRg6+XXYqTi60DO4cyjBX3be/ev2YpBEVmnCsVNd1Eu1lWGpGOJ0Ue6miCSYjPKBdgwJHVHlZfvgEnRinj8JYmic0yt3fExmOlBpHgemMsB6qxdrU/K/WTXV46WVMJKmmgswWhSlHOkbTFFCfSUo0HxvARDJzKyJDLDHRJquiCcFd/PIytM4qbrVSvT8v167ncRTgCI7hFFy4gBrcQR2aQCCFZ3iFN+vJerHerY9Z64o1nzmEP7I+fwAN4JK4</latexit>

Gij = Tij With initial: <latexit sha1_base64="11BvUr4eJWYNvblDCyVfge7xFuU=">AAACGHicbVDLSgNBEJyNrxhfqx69DAYhXuKuSPQiBD3oMUJekF3C7GQ2GTL7YKZXCEs+w4u/4sWDIl5z82+cJHvQJAUNRVU33V1eLLgCy/oxcmvrG5tb+e3Czu7e/oF5eNRUUSIpa9BIRLLtEcUED1kDOAjWjiUjgSdYyxveT/3WM5OKR2EdRjFzA9IPuc8pAS11zYuHbmo5QTJ2BPOhZDmS9wdwjm9xfaXRNYtW2ZoBLxM7I0WUodY1J04voknAQqCCKNWxrRjclEjgVLBxwUkUiwkdkj7raBqSgCk3nT02xmda6WE/krpCwDP170RKAqVGgac7AwIDtehNxVVeJwH/xk15GCfAQjpf5CcCQ4SnKeEel4yCGGlCqOT6VkwHRBIKOsuCDsFefHmZNC/LdqVceboqVu+yOPLoBJ2iErLRNaqiR1RDDUTRC3pDH+jTeDXejS/je96aM7KZY/QPxuQXFuyfMg==</latexit>

G0µ (0) = T0µ (0)

What if
<latexit sha1_base64="zvID3lQcYiq1FaEvehalrsZHPZQ="></latexit>

→! (0) |H|! (0)↑ = J (x) ↓= 0?

Similar to Electromagnetism, can show:
<latexit sha1_base64="/afAWl98/JFD4KGSU7T86LNA2Vg=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQCiURqW6EooIuK/QFTQyT6aQdOpmEmYlQQj/Cjb/ixoUibl2482+ctgFr64ELZ865l7n3+DGjUlnWt5FbWl5ZXcuvFzY2t7Z3zN29powSgUkDRywSbR9JwignDUUVI+1YEBT6jLT8wdXYbz0QIWnE62oYEzdEPU4DipHSkmeWbrzUCRPo8GQEL2B95lWC9fv0evSreGbRKlsTwEViZ6QIMtQ888vpRjgJCVeYISk7thUrN0VCUczIqOAkksQID1CPdDTlKCTSTSdHjeCRVrowiIQuruBEnZ1IUSjlMPR1Z4hUX857Y/E/r5Oo4NxNKY8TRTiefhQkDKoIjhOCXSoIVmyoCcKC6l0h7iOBsNI5FnQI9vzJi6R5UrYr5crdabF6mcWRBwfgEBwDG5yBKrgFNdAAGDyCZ/AK3own48V4Nz6mrTkjm9kHf2B8/gAwvJ2x</latexit>

Gµω = Tµω + TD
µω

<latexit sha1_base64="GJMV9L07GbUSFyJvQdP2K6vlbo8=">AAACDHicbVDNSgMxGMzWv1r/qh69BIvgQcquSPUiFPXgsUL/oLuWbJptY5PsmmSFsuwDePFVvHhQxKsP4M23MW33oK0DgcnMfCTf+BGjStv2t5VbWFxaXsmvFtbWNza3its7TRXGEpMGDlko2z5ShFFBGppqRtqRJIj7jLT84eXYbz0QqWgo6noUEY+jvqABxUgbqVss1W+Tq7Sb0LsUnkP7CGZ32+VxCl1B7qFtUnbZngDOEycjJZCh1i1+ub0Qx5wIjRlSquPYkfYSJDXFjKQFN1YkQniI+qRjqECcKC+ZLJPCA6P0YBBKc4SGE/X3RIK4UiPumyRHeqBmvbH4n9eJdXDmJVREsSYCTx8KYgZ1CMfNwB6VBGs2MgRhSc1fIR4gibA2/RVMCc7syvOkeVx2KuXKzUmpepHVkQd7YB8cAgecgiq4BjXQABg8gmfwCt6sJ+vFerc+ptGclc3sgj+wPn8AVHiZ6A==</latexit>

TD
ij = 0, TD

0µ →= 0

Evolves like cold dark matter - no new particle, just a state of gravity



Conclusions



Quantizing Gauge Theories
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SEM =

Z
dtL

⇣
~A, ~̇A,A0

⌘ <latexit sha1_base64="kqkHDYz+ZDTfmlRABWch9mZ9tsk="></latexit>

SGR =

Z
dtL (gij , ˙gij , g0µ)

Analogy with Yukawa: Treat A0, g0µ  as some unknown but fixed operators  
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aspect of gauge invariance we actually care about 

<latexit sha1_base64="0HcREOMXrKZ8I1fI9a+iQ8WnTx4="></latexit>

Not d.o.f. =→ ωS

ωA0
|!↑ ↓= 0,

ωS

ωg0µ
|!↑ ↓= 0



Quantizing Gauge Theories
<latexit sha1_base64="gD9Vn3WNIRX3Ujaoe3f/UX1qIyY="></latexit>

SEM =

Z
dtL

⇣
~A, ~̇A,A0

⌘ <latexit sha1_base64="kqkHDYz+ZDTfmlRABWch9mZ9tsk="></latexit>
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Analogy with Yukawa: Treat A0, g0µ  as some unknown but fixed operators  
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Quantizing Gauge Theories
<latexit sha1_base64="gD9Vn3WNIRX3Ujaoe3f/UX1qIyY="></latexit>

SEM =

Z
dtL

⇣
~A, ~̇A,A0

⌘ <latexit sha1_base64="kqkHDYz+ZDTfmlRABWch9mZ9tsk="></latexit>

SGR =

Z
dtL (gij , ˙gij , g0µ)

Analogy with Yukawa: Treat A0, g0µ  as some unknown but fixed operators  

Can show that for these states, still get massless photon and graviton - the only physical 
aspect of gauge invariance we actually care about 

Further, by suitable redefinitions, can show that these choices only influence 
physics at the level of violations of constraints with “dark” backgrounds

“Dark Matter/Charge” : New cosmological observables 

<latexit sha1_base64="0HcREOMXrKZ8I1fI9a+iQ8WnTx4="></latexit>

Not d.o.f. =→ ωS

ωA0
|!↑ ↓= 0,

ωS

ωg0µ
|!↑ ↓= 0



Backup



Boundary Operator
<latexit sha1_base64="Vu9hmvW4alGtNo5DHf5qZ5p2UZ4=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0WoCCURrW6EUjddVrAPaEqYTCbt0MkkzEyEEvslbvwVNy4UEVzp3zhts6itBy4czrmXe+/xYkalsqwfI7eyura+kd8sbG3v7O6Z+wctGSUCkyaOWCQ6HpKEUU6aiipGOrEgKPQYaXvD24nffiBC0ojfq1FMeiHqcxpQjJSWXPOSQicQCKf+o9OQ1BGI9xkZp74awxtYqrsWPIN1twZP533XLFplawq4TOyMFEGGhmt+OX6Ek5BwhRmSsmtbseqlSCiK9bqCk0gSIzxEfdLVlKOQyF46fW8MT7TiwyASuriCU3V+IkWhlKPQ050hUgO56E3E/7xuooLrXkp5nCjC8WxRkDCoIjjJCvpUEKzYSBOEBdW3QjxAOi2lEy3oEOzFl5dJ67xsV8qVu4titZbFkQdH4BiUgA2uQBXUQQM0AQZP4AW8gXfj2Xg1PozPWWvOyGYOwR8Y378nW6FA</latexit>

i
d|!→
dt

= (H0 +HB)|!→

<latexit sha1_base64="4W3h/kpIohni36U8sYu+TESkhrw=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi1Y1QdNNlBfuAJoTJdNoOnUzCzESosfgrblwo4tb/cOffOG2z0NYDFw7n3Mu994QJZ0o7zre1tLyyurZe2Chubm3v7Np7+00Vp5LQBol5LNshVpQzQRuaaU7biaQ4CjlthcObid+6p1KxWNzpUUL9CPcF6zGCtZEC+7AWOOjRqyvmSSz6nKIr5AR2ySk7U6BF4uakBDnqgf3ldWOSRlRowrFSHddJtJ9hqRnhdFz0UkUTTIa4TzuGChxR5WfT68foxChd1IulKaHRVP09keFIqVEUms4I64Ga9ybif14n1b1LP2MiSTUVZLaol3KkYzSJAnWZpETzkSGYSGZuRWSAJSbaBFY0IbjzLy+S5lnZrZQrt+el6nUeRwGO4BhOwYULqEIN6tAAAg/wDK/wZj1ZL9a79TFrXbLymQP4A+vzB4Dlk/s=</latexit>

H0|!→ = 0

<latexit sha1_base64="0WzDKPlZMfgOfiYW0KpT07NW8kA="></latexit>

d→!|O|!↑
dt

= →!|[H0 +HB , O]|!↑ = →!|[H0, O]|!↑︸ ︷︷ ︸
0

+→!|[HB , O]|!↑

Local QFT - O needs to commute with HB

In any case, HB only knows about ADM mass - not totality of local dynamics



State Over All Time
<latexit sha1_base64="j0S7UhImcxadTqIaw2rdL4IXjNQ=">AAACGnicbVDLSsNAFJ34rPUVdelmsAi6KYlIdSMU3bisYFVoQplMbtrBySTM3Ail9jvc+CtuXCjiTtz4N05rFr4ODBzOOZe590S5FAY978OZmp6ZnZuvLFQXl5ZXVt219QuTFZpDm2cy01cRMyCFgjYKlHCVa2BpJOEyuj4Z+5c3oI3I1DkOcghT1lMiEZyhlbqufxu0jAg0Uz0J9IgGQiGNkVq5LwIJCe5goEWvj7tlqOvWvLo3Af1L/JLUSIlW130L4owXKSjkkhnT8b0cwyHTKLiEUTUoDOSMX7MedCxVLAUTDienjei2VWKaZNo+u9lE/T4xZKkxgzSyyZRh3/z2xuJ/XqfA5DAcCpUXCIp/fZQUkmJGxz3RWGjgKAeWMK6F3ZXyPtOMo22zakvwf5/8l1zs1f1GvXG2X2sel3VUyCbZIjvEJwekSU5Ji7QJJ3fkgTyRZ+feeXRenNev6JRTzmyQH3DePwHabKDJ</latexit>

|!→ =
∫

dt|” (t)→

<latexit sha1_base64="/WUxLSiAiYUjWOsRQvEHgzTm37A="></latexit>

|! (t)→ =
∑

j

ωje
→iEjt|j→

<latexit sha1_base64="sEZuORawYez997SegMF5uKSG9P0="></latexit>

|!→ =
∑

j

∫
dtωje

→iEjt|j→ =
∑

j

ωjε (Ej) |j→

<latexit sha1_base64="x8Jx7n58WA1AWwLnFGtspveLdWA="></latexit>

|! (t)→ =
∑

j

ωje
→iEjt|j→ = e→iEkt

∑

j

ωje
i(Ek→Ej)t|j→ ↑

∑

j

ωje
i(Ek→Ej)t|j→

<latexit sha1_base64="kS2xH/duj7SrPhVaQpqFSZP1TOE="></latexit>

|!→ =
∑

j

∫
dtωje

i(Ek→Ej)t|j→ =
∑

j

ωjε (Ek ↑ Ej) |j→



Homogeneous Universe
<latexit sha1_base64="soqZcoi6Oj3fxPRkZdfRKDKjLXU="></latexit>

gµ⌫ = �N (t)2 dt2 + a (t)2
�
dx2 + dy2 + dz2

�
Study homogeneous space-times in General Relativity 

Couple this to homogenous sources of matter, for e.g. rolling scalar field φ 
<latexit sha1_base64="of3C8rPooQ0kdY24EBr9XW1NlFc="></latexit>
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a (t) , ȧ (t) , N (t) ,� (t) , �̇ (t)

⌘
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Homogeneous Universe
<latexit sha1_base64="soqZcoi6Oj3fxPRkZdfRKDKjLXU="></latexit>
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<latexit sha1_base64="of3C8rPooQ0kdY24EBr9XW1NlFc="></latexit>

S =
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⇣
a (t) , ȧ (t) , N (t) ,� (t) , �̇ (t)

⌘

Classical Equations? 

2 FRW + 1 Scalar Field 

Gauge Symmetry: Time Reparameterization invariance



Classical Equations
<latexit sha1_base64="of3C8rPooQ0kdY24EBr9XW1NlFc="></latexit>

S =

Z
dtL

⇣
a (t) , ȧ (t) , N (t) ,� (t) , �̇ (t)

⌘

<latexit sha1_base64="U9CLWOL5NsOld/zMdTSJqsSEWjg="></latexit>
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= 0 =) @t

✓
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@ȧ

◆
� @L

@a
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✓
ä

a
+ · · · = 0

◆
2nd FRW Equation 

<latexit sha1_base64="uyiac+k7O1mycEos+BqCwsio1C8="></latexit>

@S

@�
= 0 =) @t

✓
@L
@�̇

◆
� @L

@�
= 0 i.e.

⇣
�̈+ · · · = 0

⌘
Klein Gordon 

<latexit sha1_base64="n+sg8BsOEfZTFo1TAAyimUdRma8="></latexit>
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Classical Equations
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a (t) , ȧ (t) , N (t) ,� (t) , �̇ (t)

⌘

<latexit sha1_base64="U9CLWOL5NsOld/zMdTSJqsSEWjg="></latexit>
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<latexit sha1_base64="uyiac+k7O1mycEos+BqCwsio1C8="></latexit>
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<latexit sha1_base64="n+sg8BsOEfZTFo1TAAyimUdRma8="></latexit>
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@N
= 0 =) @L

@N
= 0 i.e.

 ✓
ȧ

a

◆2

+ · · · = 0

!
1st FRW Equation 

(Hubble) 

Classical Solutions are over-constrained (3 equations for 2 variables) 

Solve: Klein Gordon + 2nd FRW with boundary condition from 1st FRW 



Quantum Theory
<latexit sha1_base64="soqZcoi6Oj3fxPRkZdfRKDKjLXU="></latexit>
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Quantum Theory
<latexit sha1_base64="soqZcoi6Oj3fxPRkZdfRKDKjLXU="></latexit>

gµ⌫ = �N (t)2 dt2 + a (t)2
�
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�

Physical Degrees of freedom: a(t), φ(t) 
Gauge Freedom: N(t)  

<latexit sha1_base64="of3C8rPooQ0kdY24EBr9XW1NlFc="></latexit>
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⌘

<latexit sha1_base64="DoRM0+lzj/KWbd3LExd7A1E9ekA="></latexit>

⇧a =
@L
@ȧ

,⇧� =
@L
@�̇

<latexit sha1_base64="UJfaZeMHRk3nVeuymV62Ax4RKE8=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwVRIpKoJQdONCpIJ9QBPCZDpph04mYWYilJB/ceOvuHGhFDcu/BcnbRBtPTBwOPfcO/ceP2ZUKsv6NEpLyyura+X1ysbm1vaOubvXllEiMGnhiEWi6yNJGOWkpahipBsLgkKfkY4/us7rnUciJI34gxrHxA3RgNOAYqS05JkXTpN66V0GL6ETCIRTJ0ZCUcScEKkhRiy9zbIfETr9SGl3brc8s2rVrCngIrELUgUFmp450e04CQlXmCEpe7YVKzfNR2NGsoqTSBIjPEID0tOUo5BIN53emMEjrfRhEAn9uIJT9XdHikIpx6Gvnfnmcr6Wi//VeokKzt2U8jhRhOPZR0HCoIpgHhjsU0GwYmNNEBZU7wrxEOmolI61okOw509eJO2Tmn1aq9/Xq42rIo4yOACH4BjY4Aw0wA1oghbA4Am8gDfwbjwbr8bE+JhZS0bRsw/+wPj6BpTppNk=</latexit>

⇧N =
@L
@Ṅ

= 0

Quantize These 

What to do with N? 



Hamiltonian Construction
<latexit sha1_base64="of3C8rPooQ0kdY24EBr9XW1NlFc="></latexit>

S =

Z
dtL

⇣
a (t) , ȧ (t) , N (t) ,� (t) , �̇ (t)

⌘

Construct Canonical Hamiltonian from this Lagrangian 
<latexit sha1_base64="S2pQBDaV72NTJWD0plnWAkPK+i4=">AAACHnicbVDLSgMxFM3UV62vqks3wSJUKGVG6mMjFN10VSrYB3TKkEkzbWjmQXJHKEO/xI2/4saFIoIr/RszbRfaeiDk5Jx7ubnHjQRXYJrfRmZldW19I7uZ29re2d3L7x+0VBhLypo0FKHsuEQxwQPWBA6CdSLJiO8K1nZHt6nffmBS8TC4h3HEej4ZBNzjlICWnPx5zanja1zHdgnXHNMWzIMiKWG7wZ30ioZ89khSOrElHwzh1MkXzLI5BV4m1pwU0BwNJ/9p90Ma+ywAKohSXcuMoJcQCZwKNsnZsWIRoSMyYF1NA+Iz1Uum603wiVb62AulPgHgqfq7IyG+UmPf1ZU+gaFa9FLxP68bg3fVS3gQxcACOhvkxQJDiNOscJ9LRkGMNSFUcv1XTIdEEgo60ZwOwVpceZm0zsrWRblyVylUb+ZxZNEROkZFZKFLVEU11EBNRNEjekav6M14Ml6Md+NjVpox5j2H6A+Mrx95Tp+3</latexit>

HN = N H0 (a,⇧a,�,⇧�)



Hamiltonian Construction
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<latexit sha1_base64="S2pQBDaV72NTJWD0plnWAkPK+i4=">AAACHnicbVDLSgMxFM3UV62vqks3wSJUKGVG6mMjFN10VSrYB3TKkEkzbWjmQXJHKEO/xI2/4saFIoIr/RszbRfaeiDk5Jx7ubnHjQRXYJrfRmZldW19I7uZ29re2d3L7x+0VBhLypo0FKHsuEQxwQPWBA6CdSLJiO8K1nZHt6nffmBS8TC4h3HEej4ZBNzjlICWnPx5zanja1zHdgnXHNMWzIMiKWG7wZ30ioZ89khSOrElHwzh1MkXzLI5BV4m1pwU0BwNJ/9p90Ma+ywAKohSXcuMoJcQCZwKNsnZsWIRoSMyYF1NA+Iz1Uum603wiVb62AulPgHgqfq7IyG+UmPf1ZU+gaFa9FLxP68bg3fVS3gQxcACOhvkxQJDiNOscJ9LRkGMNSFUcv1XTIdEEgo60ZwOwVpceZm0zsrWRblyVylUb+ZxZNEROkZFZKFLVEU11EBNRNEjekav6M14Ml6Md+NjVpox5j2H6A+Mrx95Tp+3</latexit>

HN = N H0 (a,⇧a,�,⇧�)

What is N? Different values of N yield different Hamiltonians 
Different physics? Gauge symmetry? 

N is like A0 - just pick some c-number function 
But still, different choices of N yield different Hamiltonians! 



Hamiltonian Construction
<latexit sha1_base64="of3C8rPooQ0kdY24EBr9XW1NlFc="></latexit>

S =

Z
dtL

⇣
a (t) , ȧ (t) , N (t) ,� (t) , �̇ (t)

⌘

Construct Canonical Hamiltonian from this Lagrangian 
<latexit sha1_base64="S2pQBDaV72NTJWD0plnWAkPK+i4=">AAACHnicbVDLSgMxFM3UV62vqks3wSJUKGVG6mMjFN10VSrYB3TKkEkzbWjmQXJHKEO/xI2/4saFIoIr/RszbRfaeiDk5Jx7ubnHjQRXYJrfRmZldW19I7uZ29re2d3L7x+0VBhLypo0FKHsuEQxwQPWBA6CdSLJiO8K1nZHt6nffmBS8TC4h3HEej4ZBNzjlICWnPx5zanja1zHdgnXHNMWzIMiKWG7wZ30ioZ89khSOrElHwzh1MkXzLI5BV4m1pwU0BwNJ/9p90Ma+ywAKohSXcuMoJcQCZwKNsnZsWIRoSMyYF1NA+Iz1Uum603wiVb62AulPgHgqfq7IyG+UmPf1ZU+gaFa9FLxP68bg3fVS3gQxcACOhvkxQJDiNOscJ9LRkGMNSFUcv1XTIdEEgo60ZwOwVpceZm0zsrWRblyVylUb+ZxZNEROkZFZKFLVEU11EBNRNEjekav6M14Ml6Md+NjVpox5j2H6A+Mrx95Tp+3</latexit>

HN = N H0 (a,⇧a,�,⇧�)

What is N? Different values of N yield different Hamiltonians 
Different physics? Gauge symmetry? 

N is like A0 - just pick some c-number function 
But still, different choices of N yield different Hamiltonians! 

Know: N doesn’t affect physics 



Schrodinger Equation
<latexit sha1_base64="TpbzOi9fo9u4LljGPwrKC/0JNBU="></latexit>

i
@|� (t)i

@t
= NH0|� (t)i

N is a c-number, different choices of N yield different Hamiltonians 



Schrodinger Equation
<latexit sha1_base64="TpbzOi9fo9u4LljGPwrKC/0JNBU="></latexit>

i
@|� (t)i

@t
= NH0|� (t)i

N is a c-number, different choices of N yield different Hamiltonians 

<latexit sha1_base64="exo0ZnLBmPbpq6JdJnlfkJ+Ejlw="></latexit>

i
1

N

@|� (t)i
@t

= H0|� (t)i
<latexit sha1_base64="SmzoAlRC49EUrE70mQ6dx/Upz6s=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5JIUS9C0YsnqWA/oA1ls9m0SzebsDtRSuxP8eJBEa/+Em/+G7dtDtr6YODx3gwz8/xEcA2O820VVlbX1jeKm6Wt7Z3dPbu839Jxqihr0ljEquMTzQSXrAkcBOskipHIF6ztj66nfvuBKc1jeQ/jhHkRGUgeckrASH27HPSAi4BlMMGX+BYH0LcrTtWZAS8TNycVlKPRt796QUzTiEmggmjddZ0EvIwo4FSwSamXapYQOiID1jVUkohpL5udPsHHRglwGCtTEvBM/T2RkUjrceSbzojAUC96U/E/r5tCeOFlXCYpMEnni8JUYIjxNAcccMUoiLEhhCpubsV0SBShYNIqmRDcxZeXSeu06p5Va3e1Sv0qj6OIDtEROkEuOkd1dIMaqIkoekTP6BW9WU/Wi/VufcxbC1Y+c4D+wPr8AUiek18=</latexit>

dt̃ = Ndt



Schrodinger Equation
<latexit sha1_base64="TpbzOi9fo9u4LljGPwrKC/0JNBU="></latexit>

i
@|� (t)i

@t
= NH0|� (t)i

N is a c-number, different choices of N yield different Hamiltonians 

<latexit sha1_base64="exo0ZnLBmPbpq6JdJnlfkJ+Ejlw="></latexit>

i
1

N

@|� (t)i
@t

= H0|� (t)i

Different choices of N correspond to different choices of time co-ordinate.  

<latexit sha1_base64="SmzoAlRC49EUrE70mQ6dx/Upz6s=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5JIUS9C0YsnqWA/oA1ls9m0SzebsDtRSuxP8eJBEa/+Em/+G7dtDtr6YODx3gwz8/xEcA2O820VVlbX1jeKm6Wt7Z3dPbu839Jxqihr0ljEquMTzQSXrAkcBOskipHIF6ztj66nfvuBKc1jeQ/jhHkRGUgeckrASH27HPSAi4BlMMGX+BYH0LcrTtWZAS8TNycVlKPRt796QUzTiEmggmjddZ0EvIwo4FSwSamXapYQOiID1jVUkohpL5udPsHHRglwGCtTEvBM/T2RkUjrceSbzojAUC96U/E/r5tCeOFlXCYpMEnni8JUYIjxNAcccMUoiLEhhCpubsV0SBShYNIqmRDcxZeXSeu06p5Va3e1Sv0qj6OIDtEROkEuOkd1dIMaqIkoekTP6BW9WU/Wi/VufcxbC1Y+c4D+wPr8AUiek18=</latexit>

dt̃ = Ndt

What are the classical equations of motion?  



Path Integral
<latexit sha1_base64="of3C8rPooQ0kdY24EBr9XW1NlFc="></latexit>

S =

Z
dtL

⇣
a (t) , ȧ (t) , N (t) ,� (t) , �̇ (t)

⌘

Physical Degrees of freedom: a(t), φ(t), Gauge Freedom: N(t)  

To get finite path integral, need to fix N(t) 



Path Integral
<latexit sha1_base64="of3C8rPooQ0kdY24EBr9XW1NlFc="></latexit>

S =

Z
dtL

⇣
a (t) , ȧ (t) , N (t) ,� (t) , �̇ (t)

⌘

Physical Degrees of freedom: a(t), φ(t), Gauge Freedom: N(t)  

To get finite path integral, need to fix N(t) 
<latexit sha1_base64="6P0GcTp4CFIOum41aG18mFmE7CU=">AAACHXicbVA9SwNBEN3z2/gVtbRZDIKFhDsJaiOINhYiCsYEkhDmNpNkyd7esTsnhiN/xMa/YmOhiIWN+G/cxBR+PVh4vDezM/PCRElLvv/hTUxOTc/Mzs3nFhaXllfyq2vXNk6NwLKIVWyqIVhUUmOZJCmsJgYhChVWwt7J0K/coLEy1lfUT7ARQUfLthRATmrmS/VWTNn5gB9yn9cJbynb4ajbsfue30jgZ9AxoDvIo1SRdCuhGTTzBb/oj8D/kmBMCmyMi2b+zY0RaYSahAJra4GfUCMDQ1IoHOTqqcUERA86WHNUQ4S2kY2uG/Atp7S428g9TXykfu/IILK2H4WuMgLq2t/eUPzPq6XUPmhkUicpoRZfg9qp4hTzYVS8JQ0KUn1HQBjpduWiCwYEuUBzLoTg98l/yfVuMdgrli5LhaPjcRxzbINtsm0WsH12xE7ZBSszwe7YA3tiz9699+i9eK9fpRPeuGed/YD3/gm5XKHB</latexit>

Ṅ = 0, enforce via Lagrange multiplier

<latexit sha1_base64="lWRMRZn4YdOGqpx2Fnny7Il72Pk="></latexit>

h�f , af |T (t2; t1) |�i, aii =
Z �(t2)=�f ,a(t2)=af ,N(t2)=N2

�(t1)=�i,a(t1)=ai,N(t1)=N1

D�DaDND�ei
R t=t2
t=t1

(L��Ṅ)



Path Integral
<latexit sha1_base64="of3C8rPooQ0kdY24EBr9XW1NlFc="></latexit>

S =

Z
dtL

⇣
a (t) , ȧ (t) , N (t) ,� (t) , �̇ (t)

⌘

Physical Degrees of freedom: a(t), φ(t), Gauge Freedom: N(t)  

To get finite path integral, need to fix N(t) 
<latexit sha1_base64="6P0GcTp4CFIOum41aG18mFmE7CU=">AAACHXicbVA9SwNBEN3z2/gVtbRZDIKFhDsJaiOINhYiCsYEkhDmNpNkyd7esTsnhiN/xMa/YmOhiIWN+G/cxBR+PVh4vDezM/PCRElLvv/hTUxOTc/Mzs3nFhaXllfyq2vXNk6NwLKIVWyqIVhUUmOZJCmsJgYhChVWwt7J0K/coLEy1lfUT7ARQUfLthRATmrmS/VWTNn5gB9yn9cJbynb4ajbsfue30jgZ9AxoDvIo1SRdCuhGTTzBb/oj8D/kmBMCmyMi2b+zY0RaYSahAJra4GfUCMDQ1IoHOTqqcUERA86WHNUQ4S2kY2uG/Atp7S428g9TXykfu/IILK2H4WuMgLq2t/eUPzPq6XUPmhkUicpoRZfg9qp4hTzYVS8JQ0KUn1HQBjpduWiCwYEuUBzLoTg98l/yfVuMdgrli5LhaPjcRxzbINtsm0WsH12xE7ZBSszwe7YA3tiz9699+i9eK9fpRPeuGed/YD3/gm5XKHB</latexit>

Ṅ = 0, enforce via Lagrange multiplier

<latexit sha1_base64="lWRMRZn4YdOGqpx2Fnny7Il72Pk="></latexit>

h�f , af |T (t2; t1) |�i, aii =
Z �(t2)=�f ,a(t2)=af ,N(t2)=N2

�(t1)=�i,a(t1)=ai,N(t1)=N1

D�DaDND�ei
R t=t2
t=t1

(L��Ṅ)

<latexit sha1_base64="BSDCRL5nGLsYnqUQjwt/ypACxG8="></latexit>

Ṅ = 0 =) N (t2) = N0, N (t1) = N0



Path Integral
<latexit sha1_base64="vo0XfbrFqD17tVDM30uNuwnr+N4="></latexit>

h�f , af |T (t2; t1) |�i, aii =
Z �(t2)=�f ,a(t2)=af

�(t1)=�i,a(t1)=ai

D�Daei
R t=t2
t=t1

(L̃(N0))

Can show that path integral over a(t), φ(t) are finite 

<latexit sha1_base64="ykKZnaYBmivqv+vJNGYsjRBfvZc="></latexit>

h�f , af |T (t2; t1) |�i, aii = eiP (�f ,af ,t2;�i,ai,t1;N0)



Path Integral
<latexit sha1_base64="vo0XfbrFqD17tVDM30uNuwnr+N4="></latexit>

h�f , af |T (t2; t1) |�i, aii =
Z �(t2)=�f ,a(t2)=af

�(t1)=�i,a(t1)=ai

D�Daei
R t=t2
t=t1

(L̃(N0))

Can show that path integral over a(t), φ(t) are finite 

<latexit sha1_base64="ykKZnaYBmivqv+vJNGYsjRBfvZc="></latexit>

h�f , af |T (t2; t1) |�i, aii = eiP (�f ,af ,t2;�i,ai,t1;N0)

Path Integral explicitly depends upon random choice N0 

But, redefine time to eliminate physical effects 



Path Integral
<latexit sha1_base64="vo0XfbrFqD17tVDM30uNuwnr+N4="></latexit>

h�f , af |T (t2; t1) |�i, aii =
Z �(t2)=�f ,a(t2)=af

�(t1)=�i,a(t1)=ai

D�Daei
R t=t2
t=t1

(L̃(N0))

Can show that path integral over a(t), φ(t) are finite 

<latexit sha1_base64="ykKZnaYBmivqv+vJNGYsjRBfvZc="></latexit>

h�f , af |T (t2; t1) |�i, aii = eiP (�f ,af ,t2;�i,ai,t1;N0)

Path Integral explicitly depends upon random choice N0 

But, redefine time to eliminate physical effects 

Action invariant under time reparameterization - fix end points, can pick arbitrary 
time parameterization in the middle 



Schwinger Dyson Equations
<latexit sha1_base64="lWRMRZn4YdOGqpx2Fnny7Il72Pk="></latexit>

h�f , af |T (t2; t1) |�i, aii =
Z �(t2)=�f ,a(t2)=af ,N(t2)=N2

�(t1)=�i,a(t1)=ai,N(t1)=N1

D�DaDND�ei
R t=t2
t=t1

(L��Ṅ)

<latexit sha1_base64="00wLH/5jj8Ygso6yCsi+J2jBna8=">AAACRHicbVDLSgMxFM34tr5GXboJFkGwlBkp6rLoxlVRsFboDOVOmrbBzIPkjlJKP86NH+DOL3DjQhG3YjoO1FYPBE7OOZebnCCRQqPjPFszs3PzC4tLy4WV1bX1DXtz61rHqWK8zmIZq5sANJci4nUUKPlNojiEgeSN4PZs5DfuuNIijq6wn3A/hG4kOoIBGqllN72kJ6inRLeHoFR8TzPhgHptLhGyW4nCRALGNpRobcKrjb1ayy46ZScD/UvcnBRJjouW/eS1Y5aGPEImQeum6yToD0ChYJIPC16qeQLsFrq8aWgEIdf+ICthSPeM0qadWJkTIc3U3xMDCLXuh4FJhoA9Pe2NxP+8ZoqdE38goiRFHrGfRZ1UUozpqFHaFoozlH1DgClh3kpZDxQwNL0XTAnu9Jf/kuvDsntUrlxWitXTvI4lskN2yT5xyTGpknNyQeqEkQfyQt7Iu/VovVof1udPdMbKZ7bJBKyvb2IPr0A=</latexit>

� ! �+ ��, a ! a+ �a,N ! N + �N



Schwinger Dyson Equations
<latexit sha1_base64="lWRMRZn4YdOGqpx2Fnny7Il72Pk="></latexit>

h�f , af |T (t2; t1) |�i, aii =
Z �(t2)=�f ,a(t2)=af ,N(t2)=N2

�(t1)=�i,a(t1)=ai,N(t1)=N1

D�DaDND�ei
R t=t2
t=t1

(L��Ṅ)

<latexit sha1_base64="00wLH/5jj8Ygso6yCsi+J2jBna8=">AAACRHicbVDLSgMxFM34tr5GXboJFkGwlBkp6rLoxlVRsFboDOVOmrbBzIPkjlJKP86NH+DOL3DjQhG3YjoO1FYPBE7OOZebnCCRQqPjPFszs3PzC4tLy4WV1bX1DXtz61rHqWK8zmIZq5sANJci4nUUKPlNojiEgeSN4PZs5DfuuNIijq6wn3A/hG4kOoIBGqllN72kJ6inRLeHoFR8TzPhgHptLhGyW4nCRALGNpRobcKrjb1ayy46ZScD/UvcnBRJjouW/eS1Y5aGPEImQeum6yToD0ChYJIPC16qeQLsFrq8aWgEIdf+ICthSPeM0qadWJkTIc3U3xMDCLXuh4FJhoA9Pe2NxP+8ZoqdE38goiRFHrGfRZ1UUozpqFHaFoozlH1DgClh3kpZDxQwNL0XTAnu9Jf/kuvDsntUrlxWitXTvI4lskN2yT5xyTGpknNyQeqEkQfyQt7Iu/VovVof1udPdMbKZ7bJBKyvb2IPr0A=</latexit>

� ! �+ ��, a ! a+ �a,N ! N + �N

<latexit sha1_base64="zsVkfHXevWzX4J/nXfDaSbw31lE="></latexit>
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| i = 0

<latexit sha1_base64="yKtYcYUZpraNInpRdN5jKDwWXXA="></latexit>

h |@t
✓
@L
@�̇

◆
� @L

@�
| i = 0

2nd FRW Equation 

Klein Gordon Heisenberg Picture 



Schwinger Dyson Equations
<latexit sha1_base64="lWRMRZn4YdOGqpx2Fnny7Il72Pk="></latexit>

h�f , af |T (t2; t1) |�i, aii =
Z �(t2)=�f ,a(t2)=af ,N(t2)=N2

�(t1)=�i,a(t1)=ai,N(t1)=N1

D�DaDND�ei
R t=t2
t=t1

(L��Ṅ)

<latexit sha1_base64="00wLH/5jj8Ygso6yCsi+J2jBna8=">AAACRHicbVDLSgMxFM34tr5GXboJFkGwlBkp6rLoxlVRsFboDOVOmrbBzIPkjlJKP86NH+DOL3DjQhG3YjoO1FYPBE7OOZebnCCRQqPjPFszs3PzC4tLy4WV1bX1DXtz61rHqWK8zmIZq5sANJci4nUUKPlNojiEgeSN4PZs5DfuuNIijq6wn3A/hG4kOoIBGqllN72kJ6inRLeHoFR8TzPhgHptLhGyW4nCRALGNpRobcKrjb1ayy46ZScD/UvcnBRJjouW/eS1Y5aGPEImQeum6yToD0ChYJIPC16qeQLsFrq8aWgEIdf+ICthSPeM0qadWJkTIc3U3xMDCLXuh4FJhoA9Pe2NxP+8ZoqdE38goiRFHrGfRZ1UUozpqFHaFoozlH1DgClh3kpZDxQwNL0XTAnu9Jf/kuvDsntUrlxWitXTvI4lskN2yT5xyTGpknNyQeqEkQfyQt7Iu/VovVof1udPdMbKZ7bJBKyvb2IPr0A=</latexit>

� ! �+ ��, a ! a+ �a,N ! N + �N

<latexit sha1_base64="zsVkfHXevWzX4J/nXfDaSbw31lE="></latexit>
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<latexit sha1_base64="yKtYcYUZpraNInpRdN5jKDwWXXA="></latexit>
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2nd FRW Equation 

Klein Gordon 

<latexit sha1_base64="QTCiczcb1TJFcc/TBr4ZSZl9rjM="></latexit>

h |@�
@t

� @L
@N

| i = 0
Tells you how λ evolves in the 

path integral - not 1st FRW 
Equation????? 

Heisenberg Picture 



Consequence of Schrodinger Equation
<latexit sha1_base64="/8gcsGzRY5tJFJb3Rg8yLLfEGEs="></latexit>

i
@|� (t)i

@t
= NH0|� (t)i =) dh� (t) |H0|� (t)i

dt
= 0

Identity, similar to Ehrenfest and Schwinger-Dyson 



Consequence of Schrodinger Equation
<latexit sha1_base64="/8gcsGzRY5tJFJb3Rg8yLLfEGEs="></latexit>

i
@|� (t)i

@t
= NH0|� (t)i =) dh� (t) |H0|� (t)i

dt
= 0

Identity, similar to Ehrenfest and Schwinger-Dyson 
<latexit sha1_base64="vSe/YQpcHhWJxiQE3TfU4NLbFas="></latexit>

h� (t) |H0|� (t)i = h� (t) |a3 @L
@N

|� (t)iCan Show:  



Consequence of Schrodinger Equation
<latexit sha1_base64="/8gcsGzRY5tJFJb3Rg8yLLfEGEs="></latexit>

i
@|� (t)i

@t
= NH0|� (t)i =) dh� (t) |H0|� (t)i

dt
= 0

Identity, similar to Ehrenfest and Schwinger-Dyson 
<latexit sha1_base64="vSe/YQpcHhWJxiQE3TfU4NLbFas="></latexit>

h� (t) |H0|� (t)i = h� (t) |a3 @L
@N

|� (t)iCan Show:  

<latexit sha1_base64="JHDTOIU20N17D8+CFhECMIewsXY="></latexit>

Thus:
dh�|a3 @L

@N |�i
dt

= 0

This is almost the 1st FRW equation - but not quite.  
1st FRW equation only satisfied up to overall constant 



Initial State

Create quantum states of a, φ 

<latexit sha1_base64="P+FBniV+NZIERva2ulTXVfom6Rg=">AAACJHicbVDLSgNBEJz1bXxFPXoZDEJEDbsiKohg9OIxgjGBbAyzk97NkNkHM71CWPIxXvwVLx584MGL3+Ik5qDGgoGiqpqeLi+RQqNtf1gTk1PTM7Nz87mFxaXllfzq2o2OU8WhymMZq7rHNEgRQRUFSqgnCljoSah53YuBX7sDpUUcXWMvgWbIgkj4gjM0Uit/wugpLdMdWr7N3DYLAlD9XepWRGtgCOpK8LFYpns/A64SQQe3W/mCXbKHoOPEGZECGaHSyr+67ZinIUTIJdO64dgJNjOmUHAJ/ZybakgY77IAGoZGLATdzIZH9umWUdrUj5V5EdKh+nMiY6HWvdAzyZBhR//1BuJ/XiNF/7iZiShJESL+vchPJcWYDhqjbaGAo+wZwrgS5q+Ud5hiHE2vOVOC8/fkcXKzX3IOSwdXB4Wz81Edc2SDbJIiccgROSOXpEKqhJN78kieyYv1YD1Zb9b7d3TCGs2sk1+wPr8AyAyh7Q==</latexit>

a = A+A†,⇧a = i
�
A�A†� <latexit sha1_base64="hsaVXEEsT8c4fkgtKf8jTYmXhwk="></latexit>

� = B +B†,⇧� = i
�
B �B†�

<latexit sha1_base64="r9UMioLHEeSEF8VwMAfcOtvrDIw="></latexit>

|�i = f
�
A,A†, B,B†� |0 >



Initial State

Create quantum states of a, φ 

<latexit sha1_base64="P+FBniV+NZIERva2ulTXVfom6Rg=">AAACJHicbVDLSgNBEJz1bXxFPXoZDEJEDbsiKohg9OIxgjGBbAyzk97NkNkHM71CWPIxXvwVLx584MGL3+Ik5qDGgoGiqpqeLi+RQqNtf1gTk1PTM7Nz87mFxaXllfzq2o2OU8WhymMZq7rHNEgRQRUFSqgnCljoSah53YuBX7sDpUUcXWMvgWbIgkj4gjM0Uit/wugpLdMdWr7N3DYLAlD9XepWRGtgCOpK8LFYpns/A64SQQe3W/mCXbKHoOPEGZECGaHSyr+67ZinIUTIJdO64dgJNjOmUHAJ/ZybakgY77IAGoZGLATdzIZH9umWUdrUj5V5EdKh+nMiY6HWvdAzyZBhR//1BuJ/XiNF/7iZiShJESL+vchPJcWYDhqjbaGAo+wZwrgS5q+Ud5hiHE2vOVOC8/fkcXKzX3IOSwdXB4Wz81Edc2SDbJIiccgROSOXpEKqhJN78kieyYv1YD1Zb9b7d3TCGs2sk1+wPr8AyAyh7Q==</latexit>

a = A+A†,⇧a = i
�
A�A†� <latexit sha1_base64="hsaVXEEsT8c4fkgtKf8jTYmXhwk="></latexit>

� = B +B†,⇧� = i
�
B �B†�

<latexit sha1_base64="r9UMioLHEeSEF8VwMAfcOtvrDIw="></latexit>

|�i = f
�
A,A†, B,B†� |0 >

<latexit sha1_base64="CmDG9iUvbrbO3KexHMEFAQ8oTOA="></latexit>

Choose h�|a3 @L
@N

|�i = 0 =) 1st FRW holds
<latexit sha1_base64="7ubch1XJooOXSN3tMCmqtw+mc+8="></latexit> 
dh�|a3 @L

@N |�i
dt

= 0

!



Initial State

Create quantum states of a, φ 

<latexit sha1_base64="P+FBniV+NZIERva2ulTXVfom6Rg=">AAACJHicbVDLSgNBEJz1bXxFPXoZDEJEDbsiKohg9OIxgjGBbAyzk97NkNkHM71CWPIxXvwVLx584MGL3+Ik5qDGgoGiqpqeLi+RQqNtf1gTk1PTM7Nz87mFxaXllfzq2o2OU8WhymMZq7rHNEgRQRUFSqgnCljoSah53YuBX7sDpUUcXWMvgWbIgkj4gjM0Uit/wugpLdMdWr7N3DYLAlD9XepWRGtgCOpK8LFYpns/A64SQQe3W/mCXbKHoOPEGZECGaHSyr+67ZinIUTIJdO64dgJNjOmUHAJ/ZybakgY77IAGoZGLATdzIZH9umWUdrUj5V5EdKh+nMiY6HWvdAzyZBhR//1BuJ/XiNF/7iZiShJESL+vchPJcWYDhqjbaGAo+wZwrgS5q+Ud5hiHE2vOVOC8/fkcXKzX3IOSwdXB4Wz81Edc2SDbJIiccgROSOXpEKqhJN78kieyYv1YD1Zb9b7d3TCGs2sk1+wPr8AyAyh7Q==</latexit>

a = A+A†,⇧a = i
�
A�A†� <latexit sha1_base64="hsaVXEEsT8c4fkgtKf8jTYmXhwk="></latexit>

� = B +B†,⇧� = i
�
B �B†�

<latexit sha1_base64="r9UMioLHEeSEF8VwMAfcOtvrDIw="></latexit>

|�i = f
�
A,A†, B,B†� |0 >

<latexit sha1_base64="CmDG9iUvbrbO3KexHMEFAQ8oTOA="></latexit>

Choose h�|a3 @L
@N

|�i = 0 =) 1st FRW holds

<latexit sha1_base64="Nfkh4GFbDteI3Fvq4H5pBsvHtug="></latexit>

Can h�|a3 @L
@N

|�i 6= 0?

<latexit sha1_base64="7ubch1XJooOXSN3tMCmqtw+mc+8="></latexit> 
dh�|a3 @L

@N |�i
dt

= 0

!



Consequence of Schrodinger Equation
<latexit sha1_base64="CmDG9iUvbrbO3KexHMEFAQ8oTOA="></latexit>

Choose h�|a3 @L
@N

|�i = 0 =) 1st FRW holds
<latexit sha1_base64="Nfkh4GFbDteI3Fvq4H5pBsvHtug="></latexit>

Can h�|a3 @L
@N

|�i 6= 0?

In classical physics, we demand 2 FRW + 1 KG equation to hold - so we 
restrict initial conditions to obey 1st FRW 



Consequence of Schrodinger Equation
<latexit sha1_base64="CmDG9iUvbrbO3KexHMEFAQ8oTOA="></latexit>

Choose h�|a3 @L
@N

|�i = 0 =) 1st FRW holds
<latexit sha1_base64="Nfkh4GFbDteI3Fvq4H5pBsvHtug="></latexit>

Can h�|a3 @L
@N

|�i 6= 0?

In classical physics, we demand 2 FRW + 1 KG equation to hold - so we 
restrict initial conditions to obey 1st FRW 

Quantum Dynamics 
<latexit sha1_base64="TpbzOi9fo9u4LljGPwrKC/0JNBU="></latexit>

i
@|� (t)i

@t
= NH0|� (t)i



Consequence of Schrodinger Equation
<latexit sha1_base64="CmDG9iUvbrbO3KexHMEFAQ8oTOA="></latexit>

Choose h�|a3 @L
@N

|�i = 0 =) 1st FRW holds
<latexit sha1_base64="Nfkh4GFbDteI3Fvq4H5pBsvHtug="></latexit>

Can h�|a3 @L
@N

|�i 6= 0?

In classical physics, we demand 2 FRW + 1 KG equation to hold - so we 
restrict initial conditions to obey 1st FRW 

Quantum Dynamics 
<latexit sha1_base64="TpbzOi9fo9u4LljGPwrKC/0JNBU="></latexit>

i
@|� (t)i

@t
= NH0|� (t)i

First order ODE - no issue with time evolving  
<latexit sha1_base64="zlx3ak6LgkW45jyebhHyV/fVAEg="></latexit>

h�|a3 @L
@N

|�i 6= 0



Violating 1st FRW
<latexit sha1_base64="8o5SxrSzdsglWRYtH/RpV4cGP5U="></latexit>

h�|a3 @L
@N

|�i = c

Quantum Dynamics: 
<latexit sha1_base64="TpbzOi9fo9u4LljGPwrKC/0JNBU="></latexit>

i
@|� (t)i

@t
= NH0|� (t)i



Violating 1st FRW
<latexit sha1_base64="8o5SxrSzdsglWRYtH/RpV4cGP5U="></latexit>

h�|a3 @L
@N

|�i = c

Quantum Dynamics: 
<latexit sha1_base64="TpbzOi9fo9u4LljGPwrKC/0JNBU="></latexit>

i
@|� (t)i

@t
= NH0|� (t)i

<latexit sha1_base64="vFPO1y69aBwPH1loKf9Q6CgnO8A="></latexit>

h�|@t
✓
@L
@ȧ

◆
� @L

@a
|�i = 0

<latexit sha1_base64="M4QpG9D99iKJoLvu4n1RFk6c6wI="></latexit>

h�|@t
✓
@L
@�̇

◆
� @L

@�
|�i = 0

Implied Classical Dynamics 

<latexit sha1_base64="7zgdrP0Mbs6i6t9HJsikpk4V/m8="></latexit>

h�| @L
@N

|�i = h�| c
a3

|�i

2nd FRW Equation 

Klein Gordon 

1st FRW but with “Dark” 
Matter 



Quantum “Dark” Matter
<latexit sha1_base64="8o5SxrSzdsglWRYtH/RpV4cGP5U="></latexit>

h�|a3 @L
@N

|�i = c

Create quantum states of a, φ 
Quantum Dynamics: Just 1 first order ODE (Schrodinger)  

No reason to constrain initial state! 

<latexit sha1_base64="P+FBniV+NZIERva2ulTXVfom6Rg=">AAACJHicbVDLSgNBEJz1bXxFPXoZDEJEDbsiKohg9OIxgjGBbAyzk97NkNkHM71CWPIxXvwVLx584MGL3+Ik5qDGgoGiqpqeLi+RQqNtf1gTk1PTM7Nz87mFxaXllfzq2o2OU8WhymMZq7rHNEgRQRUFSqgnCljoSah53YuBX7sDpUUcXWMvgWbIgkj4gjM0Uit/wugpLdMdWr7N3DYLAlD9XepWRGtgCOpK8LFYpns/A64SQQe3W/mCXbKHoOPEGZECGaHSyr+67ZinIUTIJdO64dgJNjOmUHAJ/ZybakgY77IAGoZGLATdzIZH9umWUdrUj5V5EdKh+nMiY6HWvdAzyZBhR//1BuJ/XiNF/7iZiShJESL+vchPJcWYDhqjbaGAo+wZwrgS5q+Ud5hiHE2vOVOC8/fkcXKzX3IOSwdXB4Wz81Edc2SDbJIiccgROSOXpEKqhJN78kieyYv1YD1Zb9b7d3TCGs2sk1+wPr8AyAyh7Q==</latexit>

a = A+A†,⇧a = i
�
A�A†� <latexit sha1_base64="hsaVXEEsT8c4fkgtKf8jTYmXhwk="></latexit>

� = B +B†,⇧� = i
�
B �B†�

Failure manifests classically as “dark” matter - though no real particle 
excitation there. Conservation implies super-selection sector. 

Can be positive or negative! 



Wheeler deWitt



Gauge Invariance
<latexit sha1_base64="yxXTLv3fCcbsZwAzBFig/dnBtm0=">AAACFHicbVDLSgMxFM34rPU16tJNsAhCocyIVJdVNy4VrC10SrmT3rahmcyYZAql9iPc+CtuXCji1oU7/8b0sdDWAyGHc84luSdMBNfG876dhcWl5ZXVzFp2fWNza9vd2b3TcaoYllksYlUNQaPgEsuGG4HVRCFEocBK2L0c+ZUeKs1jeWv6CdYjaEve4gyMlRpu/uE8UCDbAmmA9ynv0YdzmqeBhFAADUAkHXtNEg035xW8Meg88ackR6a4brhfQTNmaYTSMAFa13wvMfUBKMOZwGE2SDUmwLrQxpqlEiLU9cF4qSE9tEqTtmJljzR0rP6eGECkdT8KbTIC09Gz3kj8z6ulpnVWH3CZpAYlmzzUSgU1MR01RJtcITOibwkwxe1fKeuAAmZsj1lbgj+78jy5Oy74xULx5iRXupjWkSH75IAcEZ+ckhK5ItekTBh5JM/klbw5T86L8+58TKILznRmj/yB8/kDPTGdtQ==</latexit>

|Ai ⌘ |A+r↵iDirac:
Restrict to states that are invariant under gauge transformations

<latexit sha1_base64="GlQh/l8NdZHe/udxdRESJKJZDkg=">AAAB/nicbVBNS8NAEJ34WetXVDx5WSyCp5KIVC9C1YMeK9gPaEPYbDft0s0m7G6EEgv+FS8eFPHq7/Dmv3Hb5qCtDwYe780wMy9IOFPacb6thcWl5ZXVwlpxfWNza9ve2W2oOJWE1knMY9kKsKKcCVrXTHPaSiTFUcBpMxhcj/3mA5WKxeJeDxPqRbgnWMgI1kby7f0b9Igu/aw2Qh2JRY9TdIEc3y45ZWcCNE/cnJQgR823vzrdmKQRFZpwrFTbdRLtZVhqRjgdFTupogkmA9yjbUMFjqjyssn5I3RklC4KY2lKaDRRf09kOFJqGAWmM8K6r2a9sfif1051eO5lTCSppoJMF4UpRzpG4yxQl0lKNB8agolk5lZE+lhiok1iRROCO/vyPGmclN1KuXJ3Wqpe5XEU4AAO4RhcOIMq3EIN6kAgg2d4hTfryXqx3q2PaeuClc/swR9Ynz/BQJQV</latexit>

G|AP i = 0

G generates the gauge transformation



Gauge Invariance
<latexit sha1_base64="yxXTLv3fCcbsZwAzBFig/dnBtm0=">AAACFHicbVDLSgMxFM34rPU16tJNsAhCocyIVJdVNy4VrC10SrmT3rahmcyYZAql9iPc+CtuXCji1oU7/8b0sdDWAyGHc84luSdMBNfG876dhcWl5ZXVzFp2fWNza9vd2b3TcaoYllksYlUNQaPgEsuGG4HVRCFEocBK2L0c+ZUeKs1jeWv6CdYjaEve4gyMlRpu/uE8UCDbAmmA9ynv0YdzmqeBhFAADUAkHXtNEg035xW8Meg88ackR6a4brhfQTNmaYTSMAFa13wvMfUBKMOZwGE2SDUmwLrQxpqlEiLU9cF4qSE9tEqTtmJljzR0rP6eGECkdT8KbTIC09Gz3kj8z6ulpnVWH3CZpAYlmzzUSgU1MR01RJtcITOibwkwxe1fKeuAAmZsj1lbgj+78jy5Oy74xULx5iRXupjWkSH75IAcEZ+ckhK5ItekTBh5JM/klbw5T86L8+58TKILznRmj/yB8/kDPTGdtQ==</latexit>

|Ai ⌘ |A+r↵iDirac:
Restrict to states that are invariant under gauge transformations

Gauge symmetry of General Relativity is space-time translations

<latexit sha1_base64="GlQh/l8NdZHe/udxdRESJKJZDkg=">AAAB/nicbVBNS8NAEJ34WetXVDx5WSyCp5KIVC9C1YMeK9gPaEPYbDft0s0m7G6EEgv+FS8eFPHq7/Dmv3Hb5qCtDwYe780wMy9IOFPacb6thcWl5ZXVwlpxfWNza9ve2W2oOJWE1knMY9kKsKKcCVrXTHPaSiTFUcBpMxhcj/3mA5WKxeJeDxPqRbgnWMgI1kby7f0b9Igu/aw2Qh2JRY9TdIEc3y45ZWcCNE/cnJQgR823vzrdmKQRFZpwrFTbdRLtZVhqRjgdFTupogkmA9yjbUMFjqjyssn5I3RklC4KY2lKaDRRf09kOFJqGAWmM8K6r2a9sfif1051eO5lTCSppoJMF4UpRzpG4yxQl0lKNB8agolk5lZE+lhiok1iRROCO/vyPGmclN1KuXJ3Wqpe5XEU4AAO4RhcOIMq3EIN6kAgg2d4hTfryXqx3q2PaeuClc/swR9Ynz/BQJQV</latexit>

G|AP i = 0

G generates the gauge transformation

H generates time translation
<latexit sha1_base64="o9p2ulAHpwXH0Pytrx8bVBGkXLI=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5KIVC9C0UuPFewHNKFstpt26WYTdjdiif0rXjwo4tU/4s1/47bNQVsfDDzem2FmXpBwprTjfFuFtfWNza3idmlnd2//wD4st1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjG9nfueBSsVica8nCfUjPBQsZARrI/XtcgM9eU3FPInFkFN0jZy+XXGqzhxolbg5qUCOZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcDoteamiCSZjPKQ9QwWOqPKz+e1TdGqUAQpjaUpoNFd/T2Q4UmoSBaYzwnqklr2Z+J/XS3V45WdMJKmmgiwWhSlHOkazINCASUo0nxiCiWTmVkRGWGKiTVwlE4K7/PIqaZ9X3Vq1dndRqd/kcRThGE7gDFy4hDo0oAktIPAIz/AKb9bUerHerY9Fa8HKZ47gD6zPH1Ngk1g=</latexit>

H| i = 0



Gauge Invariance
<latexit sha1_base64="yxXTLv3fCcbsZwAzBFig/dnBtm0=">AAACFHicbVDLSgMxFM34rPU16tJNsAhCocyIVJdVNy4VrC10SrmT3rahmcyYZAql9iPc+CtuXCji1oU7/8b0sdDWAyGHc84luSdMBNfG876dhcWl5ZXVzFp2fWNza9vd2b3TcaoYllksYlUNQaPgEsuGG4HVRCFEocBK2L0c+ZUeKs1jeWv6CdYjaEve4gyMlRpu/uE8UCDbAmmA9ynv0YdzmqeBhFAADUAkHXtNEg035xW8Meg88ackR6a4brhfQTNmaYTSMAFa13wvMfUBKMOZwGE2SDUmwLrQxpqlEiLU9cF4qSE9tEqTtmJljzR0rP6eGECkdT8KbTIC09Gz3kj8z6ulpnVWH3CZpAYlmzzUSgU1MR01RJtcITOibwkwxe1fKeuAAmZsj1lbgj+78jy5Oy74xULx5iRXupjWkSH75IAcEZ+ckhK5ItekTBh5JM/klbw5T86L8+58TKILznRmj/yB8/kDPTGdtQ==</latexit>

|Ai ⌘ |A+r↵iDirac:
Restrict to states that are invariant under gauge transformations

Gauge symmetry of General Relativity is space-time translations

<latexit sha1_base64="GlQh/l8NdZHe/udxdRESJKJZDkg=">AAAB/nicbVBNS8NAEJ34WetXVDx5WSyCp5KIVC9C1YMeK9gPaEPYbDft0s0m7G6EEgv+FS8eFPHq7/Dmv3Hb5qCtDwYe780wMy9IOFPacb6thcWl5ZXVwlpxfWNza9ve2W2oOJWE1knMY9kKsKKcCVrXTHPaSiTFUcBpMxhcj/3mA5WKxeJeDxPqRbgnWMgI1kby7f0b9Igu/aw2Qh2JRY9TdIEc3y45ZWcCNE/cnJQgR823vzrdmKQRFZpwrFTbdRLtZVhqRjgdFTupogkmA9yjbUMFjqjyssn5I3RklC4KY2lKaDRRf09kOFJqGAWmM8K6r2a9sfif1051eO5lTCSppoJMF4UpRzpG4yxQl0lKNB8agolk5lZE+lhiok1iRROCO/vyPGmclN1KuXJ3Wqpe5XEU4AAO4RhcOIMq3EIN6kAgg2d4hTfryXqx3q2PaeuClc/swR9Ynz/BQJQV</latexit>

G|AP i = 0

G generates the gauge transformation

H generates time translation
<latexit sha1_base64="o9p2ulAHpwXH0Pytrx8bVBGkXLI=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5KIVC9C0UuPFewHNKFstpt26WYTdjdiif0rXjwo4tU/4s1/47bNQVsfDDzem2FmXpBwprTjfFuFtfWNza3idmlnd2//wD4st1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjG9nfueBSsVica8nCfUjPBQsZARrI/XtcgM9eU3FPInFkFN0jZy+XXGqzhxolbg5qUCOZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcDoteamiCSZjPKQ9QwWOqPKz+e1TdGqUAQpjaUpoNFd/T2Q4UmoSBaYzwnqklr2Z+J/XS3V45WdMJKmmgiwWhSlHOkazINCASUo0nxiCiWTmVkRGWGKiTVwlE4K7/PIqaZ9X3Vq1dndRqd/kcRThGE7gDFy4hDo0oAktIPAIz/AKb9bUerHerY9Fa8HKZ47gD6zPH1Ngk1g=</latexit>

H| i = 0
Universe is in an energy eigenstate



Conclusions



Conclusions

<latexit sha1_base64="TpbzOi9fo9u4LljGPwrKC/0JNBU="></latexit>

i
@|� (t)i

@t
= NH0|� (t)i

Opinion A Opinion B 
<latexit sha1_base64="o9p2ulAHpwXH0Pytrx8bVBGkXLI=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5KIVC9C0UuPFewHNKFstpt26WYTdjdiif0rXjwo4tU/4s1/47bNQVsfDDzem2FmXpBwprTjfFuFtfWNza3idmlnd2//wD4st1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjG9nfueBSsVica8nCfUjPBQsZARrI/XtcgM9eU3FPInFkFN0jZy+XXGqzhxolbg5qUCOZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcDoteamiCSZjPKQ9QwWOqPKz+e1TdGqUAQpjaUpoNFd/T2Q4UmoSBaYzwnqklr2Z+J/XS3V45WdMJKmmgiwWhSlHOkazINCASUo0nxiCiWTmVkRGWGKiTVwlE4K7/PIqaZ9X3Vq1dndRqd/kcRThGE7gDFy4hDo0oAktIPAIz/AKb9bUerHerY9Fa8HKZ47gD6zPH1Ngk1g=</latexit>

H| i = 0

<latexit sha1_base64="of3C8rPooQ0kdY24EBr9XW1NlFc="></latexit>

S =

Z
dtL

⇣
a (t) , ȧ (t) , N (t) ,� (t) , �̇ (t)

⌘



Conclusions

<latexit sha1_base64="TpbzOi9fo9u4LljGPwrKC/0JNBU="></latexit>

i
@|� (t)i

@t
= NH0|� (t)i

Opinion A Opinion B 

Pick N 
Redefine time to get physics 

independent of N 

1st FRW Equation only true up 
to constant 

Quantum “Dark” Matter 

Obey’s Dirac’s criteria 

Only static states…no time! 

<latexit sha1_base64="o9p2ulAHpwXH0Pytrx8bVBGkXLI=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5KIVC9C0UuPFewHNKFstpt26WYTdjdiif0rXjwo4tU/4s1/47bNQVsfDDzem2FmXpBwprTjfFuFtfWNza3idmlnd2//wD4st1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjG9nfueBSsVica8nCfUjPBQsZARrI/XtcgM9eU3FPInFkFN0jZy+XXGqzhxolbg5qUCOZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcDoteamiCSZjPKQ9QwWOqPKz+e1TdGqUAQpjaUpoNFd/T2Q4UmoSBaYzwnqklr2Z+J/XS3V45WdMJKmmgiwWhSlHOkazINCASUo0nxiCiWTmVkRGWGKiTVwlE4K7/PIqaZ9X3Vq1dndRqd/kcRThGE7gDFy4hDo0oAktIPAIz/AKb9bUerHerY9Fa8HKZ47gD6zPH1Ngk1g=</latexit>

H| i = 0

<latexit sha1_base64="of3C8rPooQ0kdY24EBr9XW1NlFc="></latexit>

S =

Z
dtL

⇣
a (t) , ȧ (t) , N (t) ,� (t) , �̇ (t)

⌘



The Classical Equations of Motion
Yukawa Theory

<latexit sha1_base64="8Vbl0TRh6Y3ATwEaTXkYy8Tiw4w="></latexit>

S �
Z

d4x� (x)� ̄ 

<latexit sha1_base64="Iq4R6GZhmPpJwpfzmW+MAkQGrpo=">AAACH3icbVDLSgMxFM3UV62vqks3wSK4KjMi1Y1Q1IUrqWgf0Cklk2ba0MxkSO6IZZg/ceOvuHGhiLjr35hpC2r1QOBwzn3kHi8SXINtj63cwuLS8kp+tbC2vrG5VdzeaWgZK8rqVAqpWh7RTPCQ1YGDYK1IMRJ4gjW94UXmN++Z0lyGdzCKWCcg/ZD7nBIwUrdYcYE9QHIp8bUEnGLXV4QmbkQUcCLwbfrNXWHG9kiKz7DdLZbssj0B/kucGSmhGWrd4qfbkzQOWAhUEK3bjh1BJ8lGU8HSghtrFhE6JH3WNjQkAdOdZHJfig+M0sO+VOaFgCfqz46EBFqPAs9UBgQGet7LxP+8dgz+aSfhYRQDC+l0kR8LDBJnYeEeV4yCGBlCqOLmr5gOiEkITKQFE4Izf/Jf0jgqO5Vy5ea4VD2fxZFHe2gfHSIHnaAqukI1VEcUPaJn9IrerCfrxXq3PqalOWvWs4t+wRp/AYv7oqY=</latexit>

Do Not
@S

@�
= 0

<latexit sha1_base64="mwrDfPW/r8pm1T9n/0W23d1XVxw=">AAACHXicbVDLSgMxFM34rPVVdekmWARXZUakuhGKunAlFawtdErJpLdtMJMMyR2xjP0RN/6KGxeKuHAj/o1p7cLXgYSTc+7l5p4okcKi7394U9Mzs3PzuYX84tLyymphbf3S6tRwqHEttWlEzIIUCmooUEIjMcDiSEI9ujoe+fVrMFZodYGDBFox6ynRFZyhk9qFvRDhBrMTTc800iENk76gYcRMFlatcG9309uQ90VomOpJoIfUbxeKfskfg/4lwYQUyQTVduEt7GiexqCQS2ZtM/ATbGXMoOAShvkwtZAwfsV60HRUsRhsKxtvN6TbTunQrjbuKKRj9XtHxmJrB3HkKmOGffvbG4n/ec0UuwetTKgkRVD8a1A3lRQ1HUVFO8IARzlwhHEj3F8p7zPDOLpA8y6E4PfKf8nlbikol8rne8XK0SSOHNkkW2SHBGSfVMgpqZIa4eSOPJAn8uzde4/ei/f6VTrlTXo2yA94758HnKE/</latexit>

Do Not � ̄ |�i = 0

Why?
<latexit sha1_base64="4RNvLbpACJbsv+NDi7e//PgW+0I=">AAACMXicbVDLSsNAFJ3UV62vqks3g0VwVRKR6kYouunCRQX7gCaEm+mkHTp5MDMRSsgvufFPxE0Xirj1J5y0RWrrgYHDuffcO/d4MWdSmebEKKytb2xuFbdLO7t7+wflw6O2jBJBaItEPBJdDyTlLKQtxRSn3VhQCDxOO97oLq93nqiQLAof1TimTgCDkPmMgNKSW27YMXNTm2tHHzJ8g21fAEntGIRiwLEdgBoS4Ol9li2o/Uj9mnKXid1yxayaU+BVYs1JBc3RdMuvegpJAhoqwkHKnmXGyknzDYTTrGQnksZARjCgPU1DCKh00unFGT7TSh/7kdAvVHiqLjpSCKQcB57uzA+Qy7Vc/K/WS5R/7aQsjBNFQzJb5Cccqwjn8eE+E5QoPtYEiGD6r5gMQUemdMglHYK1fPIqaV9UrVq19nBZqd/O4yiiE3SKzpGFrlAdNVATtRBBz+gNvaMP48WYGJ/G16y1YMw9x+gPjO8f+JeqpQ==</latexit>

⇡� =
@L
@�̇

= 0

λ not d.o.f.

Gauge Theory
<latexit sha1_base64="of3C8rPooQ0kdY24EBr9XW1NlFc="></latexit>

S =

Z
dtL

⇣
a (t) , ȧ (t) , N (t) ,� (t) , �̇ (t)

⌘

<latexit sha1_base64="b19AMOQHuOzFSdEdfSk3p6LLAJU=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6kKh6MaFSAX7gCaEyXTSDp0kw8xEKCE/48ZfcePCIoIrf8VJm0VtPTBwOPfcO/cenzMqlWV9G6WV1bX1jfJmZWt7Z3fP3D9oyzgRmLRwzGLR9ZEkjEakpahipMsFQaHPSMcf3eb1zjMRksbRkxpz4oZoENGAYqS05JlXDqde+pDBa+gEAuHU4Ugoihh0QqSGGLH0Psvm1H6stD33W9Azq1bNmgIuE7sgVVCg6ZkT3Y+TkEQKMyRlz7a4ctN8NmYkqziJJBzhERqQnqYRCol00+mVGTzRSh8GsdAvUnCqznekKJRyHPrama8uF2u5+F+tl6jg0k1pxBNFIjz7KEgYVDHMI4N9KghWbKwJwoLqXSEeIh2W0sFWdAj24snLpH1Ws+u1+uN5tXFTxFEGR+AYnAIbXIAGuANN0AIYvIA38AEmxqvxbnwaXzNrySh6DsEfGD+/nHylTw==</latexit>

⇡N =
@L
@Ṅ

= 0

N not d.o.f.

But:
<latexit sha1_base64="Jsucgl9idSqXDPoSeRzX0xxi8XU=">AAACC3icbZDLSgMxFIbP1Futt1GXbkKL4KrMiFQ3QtGNK6loL9AZSibNtKGZC0lGKEP3bnwVNy4UcesLuPNtzLQDausPgY//nJPk/F7MmVSW9WUUlpZXVteK66WNza3tHXN3ryWjRBDaJBGPRMfDknIW0qZiitNOLCgOPE7b3ugyq7fvqZAsCu/UOKZugAch8xnBSls9s4wcX2CSOjEWimGObic/fD1B58jqmRWrak2FFsHOoQK5Gj3z0+lHJAloqAjHUnZtK1Zuml1KOJ2UnETSGJMRHtCuxhAHVLrpdJcJOtROH/mR0CdUaOr+nkhxIOU48HRngNVQztcy879aN1H+mZuyME4UDcnsIT/hSEUoCwb1maBE8bEGTATTf0VkiHU2SsdX0iHY8ysvQuu4ateqtZuTSv0ij6MIB1CGI7DhFOpwBQ1oAoEHeIIXeDUejWfjzXiftRaMfGYf/sj4+Aa1v5oy</latexit>

@S

@N
= 0

<latexit sha1_base64="CkJXPtGHQpNpOqAsBqlE6ZFYDrA=">AAACGHicbZDLSsNAFIYn9VbrrerSzWARXNVEpLoRim5cSUV7gSaUyfSkHTqZhJmJUGIfw42v4saFIm67822ctgG1+sPAx3/O4cz5/ZgzpW3708otLC4tr+RXC2vrG5tbxe2dhooSSaFOIx7Jlk8UcCagrpnm0IolkNDn0PQHl5N68x6kYpG408MYvJD0BAsYJdpYneIRdgNJaOrGRGpGOL4dffP1CD+4tM9cSUSPAz7HdqdYssv2VPgvOBmUUKZapzh2uxFNQhCacqJU27Fj7aWTDZTDqOAmCmJCB6QHbYOChKC8dHrYCB8Yp4uDSJonNJ66PydSEio1DH3TGRLdV/O1iflfrZ3o4MxLmYgTDYLOFgUJxzrCk5Rwl0mgmg8NECqZ+SumfWKC0ibLggnBmT/5LzSOy06lXLk5KVUvsjjyaA/to0PkoFNURVeohuqIokf0jF7Rm/VkvVjv1sesNWdlM7vol6zxF/apn7U=</latexit>

@S

@N
|�i = 0

????????



Quantizing Gauge Theories
<latexit sha1_base64="gD9Vn3WNIRX3Ujaoe3f/UX1qIyY="></latexit>

SEM =

Z
dtL

⇣
~A, ~̇A,A0

⌘<latexit sha1_base64="xMVFBb1g4vGqU3oOfSdPsbWJZFQ="></latexit>

SMS =

Z
dtL (a (t) , ȧ (t) , N (t))

<latexit sha1_base64="kqkHDYz+ZDTfmlRABWch9mZ9tsk="></latexit>

SGR =

Z
dtL (gij , ˙gij , g0µ)

Analogy with Yukawa: Treat N, A0, g0µ  as some unknown but fixed operators  



Quantizing Gauge Theories
<latexit sha1_base64="gD9Vn3WNIRX3Ujaoe3f/UX1qIyY="></latexit>

SEM =

Z
dtL

⇣
~A, ~̇A,A0

⌘<latexit sha1_base64="xMVFBb1g4vGqU3oOfSdPsbWJZFQ="></latexit>

SMS =

Z
dtL (a (t) , ȧ (t) , N (t))

<latexit sha1_base64="kqkHDYz+ZDTfmlRABWch9mZ9tsk="></latexit>

SGR =

Z
dtL (gij , ˙gij , g0µ)

Analogy with Yukawa: Treat N, A0, g0µ  as some unknown but fixed operators  

<latexit sha1_base64="nLjNziK4t0MNHjJplkepGVSbaqI="></latexit>

Not d.o.f. =) @S

@N
|�i 6= 0,

@S

@A0
|�i 6= 0,

@S

@g0µ
|�i 6= 0



Quantizing Gauge Theories
<latexit sha1_base64="gD9Vn3WNIRX3Ujaoe3f/UX1qIyY="></latexit>

SEM =

Z
dtL

⇣
~A, ~̇A,A0

⌘<latexit sha1_base64="xMVFBb1g4vGqU3oOfSdPsbWJZFQ="></latexit>

SMS =

Z
dtL (a (t) , ȧ (t) , N (t))

<latexit sha1_base64="kqkHDYz+ZDTfmlRABWch9mZ9tsk="></latexit>

SGR =

Z
dtL (gij , ˙gij , g0µ)

Analogy with Yukawa: Treat N, A0, g0µ  as some unknown but fixed operators  

Can show that for these states, still get massless photon and graviton - the only 
physical aspect of gauge invariance we actually care about 

<latexit sha1_base64="nLjNziK4t0MNHjJplkepGVSbaqI="></latexit>

Not d.o.f. =) @S

@N
|�i 6= 0,

@S

@A0
|�i 6= 0,

@S

@g0µ
|�i 6= 0



Quantizing Gauge Theories
<latexit sha1_base64="gD9Vn3WNIRX3Ujaoe3f/UX1qIyY="></latexit>

SEM =

Z
dtL

⇣
~A, ~̇A,A0

⌘<latexit sha1_base64="xMVFBb1g4vGqU3oOfSdPsbWJZFQ="></latexit>

SMS =

Z
dtL (a (t) , ȧ (t) , N (t))

<latexit sha1_base64="kqkHDYz+ZDTfmlRABWch9mZ9tsk="></latexit>

SGR =

Z
dtL (gij , ˙gij , g0µ)

Analogy with Yukawa: Treat N, A0, g0µ  as some unknown but fixed operators  

Can show that for these states, still get massless photon and graviton - the only 
physical aspect of gauge invariance we actually care about 

Further, by suitable redefinitions, can show that these choices only influence 
physics at the level of violations of constraints with “dark” backgrounds

<latexit sha1_base64="nLjNziK4t0MNHjJplkepGVSbaqI="></latexit>

Not d.o.f. =) @S

@N
|�i 6= 0,

@S

@A0
|�i 6= 0,

@S

@g0µ
|�i 6= 0



General Relativity
<latexit sha1_base64="HuMfdW/DIDuqrXT2jWQbr0n4ae8=">AAACIXicbVDLSgMxFM3UV62vUZdugkUQhDIjProRim5cVrAP6Iwlk0nbtJnMkGTEMsyvuPFX3LhQpDvxZ8xMu9DWAwnnnnMvyT1exKhUlvVlFJaWV1bXiuuljc2t7R1zd68pw1hg0sAhC0XbQ5IwyklDUcVIOxIEBR4jLW90k/mtRyIkDfm9GkfEDVCf0x7FSGmpa1b73cQJYujwOIVXUFeWLlPoK+g/PSQ5P8lkOkxzhabZPUy7ZtmqWDngIrFnpAxmqHfNieOHOA4IV5ghKTu2FSk3QUJRzEhacmJJIoRHqE86mnIUEOkm+YYpPNKKD3uh0IcrmKu/JxIUSDkOPN0ZIDWQ814m/ud1YtWrugnlUawIx9OHejGDKoRZXNCngmDFxpogLKj+K8QDJBBWOtSSDsGeX3mRNE8r9kXl/O6sXLuexVEEB+AQHAMbXIIauAV10AAYPINX8A4+jBfjzfg0JtPWgjGb2Qd/YHz/AHmMo8Q=</latexit>

gµ⌫ = g0µdtdx
µ + gijdx

idxj

g0µ do not have conjugate momenta - fixed c-number functions



General Relativity
<latexit sha1_base64="HuMfdW/DIDuqrXT2jWQbr0n4ae8=">AAACIXicbVDLSgMxFM3UV62vUZdugkUQhDIjProRim5cVrAP6Iwlk0nbtJnMkGTEMsyvuPFX3LhQpDvxZ8xMu9DWAwnnnnMvyT1exKhUlvVlFJaWV1bXiuuljc2t7R1zd68pw1hg0sAhC0XbQ5IwyklDUcVIOxIEBR4jLW90k/mtRyIkDfm9GkfEDVCf0x7FSGmpa1b73cQJYujwOIVXUFeWLlPoK+g/PSQ5P8lkOkxzhabZPUy7ZtmqWDngIrFnpAxmqHfNieOHOA4IV5ghKTu2FSk3QUJRzEhacmJJIoRHqE86mnIUEOkm+YYpPNKKD3uh0IcrmKu/JxIUSDkOPN0ZIDWQ814m/ud1YtWrugnlUawIx9OHejGDKoRZXNCngmDFxpogLKj+K8QDJBBWOtSSDsGeX3mRNE8r9kXl/O6sXLuexVEEB+AQHAMbXIIauAV10AAYPINX8A4+jBfjzfg0JtPWgjGb2Qd/YHz/AHmMo8Q=</latexit>

gµ⌫ = g0µdtdx
µ + gijdx

idxj

g0µ do not have conjugate momenta - fixed c-number functions

Quantum Mechanics Guarantees: 
Gij = Tij



General Relativity
<latexit sha1_base64="HuMfdW/DIDuqrXT2jWQbr0n4ae8=">AAACIXicbVDLSgMxFM3UV62vUZdugkUQhDIjProRim5cVrAP6Iwlk0nbtJnMkGTEMsyvuPFX3LhQpDvxZ8xMu9DWAwnnnnMvyT1exKhUlvVlFJaWV1bXiuuljc2t7R1zd68pw1hg0sAhC0XbQ5IwyklDUcVIOxIEBR4jLW90k/mtRyIkDfm9GkfEDVCf0x7FSGmpa1b73cQJYujwOIVXUFeWLlPoK+g/PSQ5P8lkOkxzhabZPUy7ZtmqWDngIrFnpAxmqHfNieOHOA4IV5ghKTu2FSk3QUJRzEhacmJJIoRHqE86mnIUEOkm+YYpPNKKD3uh0IcrmKu/JxIUSDkOPN0ZIDWQ814m/ud1YtWrugnlUawIx9OHejGDKoRZXNCngmDFxpogLKj+K8QDJBBWOtSSDsGeX3mRNE8r9kXl/O6sXLuexVEEB+AQHAMbXIIauAV10AAYPINX8A4+jBfjzfg0JtPWgjGb2Qd/YHz/AHmMo8Q=</latexit>

gµ⌫ = g0µdtdx
µ + gijdx

idxj

g0µ do not have conjugate momenta - fixed c-number functions

Quantum Mechanics Guarantees: 
Gij = Tij

Classically:  
Gµν = Tµν + Hµν 

With: Hµν = H0µ
<latexit sha1_base64="Dj5v/HW3FH6z2Ds9NM7mpW9+Zsg=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclUR8bYSimy4r2Ac0MUymk3boZBLmIZTQhRt/xY0LRdz6Ee78GydtFtp64HIP59zLzD1hyqhUjvNtLS2vrK6tlzbKm1vbO7v23n5bJlpg0sIJS0Q3RJIwyklLUcVINxUExSEjnXB0k/udByIkTfidGqfEj9GA04hipIwU2BWPo5Ch+8yL9aQR5A16XE/gFXQCu+rUnCngInELUgUFmoH95fUTrGPCFWZIyp7rpMrPkFAUMzIpe1qSFOERGpCeoRzFRPrZ9IgJPDJKH0aJMMUVnKq/NzIUSzmOQzMZIzWU814u/uf1tIou/YzyVCvC8eyhSDOoEpgnAvtUEKzY2BCEBTV/hXiIBMLK5FY2IbjzJy+S9knNPa+d3Z5W69dFHCVQAYfgGLjgAtRBAzRBC2DwCJ7BK3iznqwX6936mI0uWcXOAfgD6/MH46CXmg==</latexit>

rµ
Hµ⌫ = 0



General Relativity
<latexit sha1_base64="HuMfdW/DIDuqrXT2jWQbr0n4ae8=">AAACIXicbVDLSgMxFM3UV62vUZdugkUQhDIjProRim5cVrAP6Iwlk0nbtJnMkGTEMsyvuPFX3LhQpDvxZ8xMu9DWAwnnnnMvyT1exKhUlvVlFJaWV1bXiuuljc2t7R1zd68pw1hg0sAhC0XbQ5IwyklDUcVIOxIEBR4jLW90k/mtRyIkDfm9GkfEDVCf0x7FSGmpa1b73cQJYujwOIVXUFeWLlPoK+g/PSQ5P8lkOkxzhabZPUy7ZtmqWDngIrFnpAxmqHfNieOHOA4IV5ghKTu2FSk3QUJRzEhacmJJIoRHqE86mnIUEOkm+YYpPNKKD3uh0IcrmKu/JxIUSDkOPN0ZIDWQ814m/ud1YtWrugnlUawIx9OHejGDKoRZXNCngmDFxpogLKj+K8QDJBBWOtSSDsGeX3mRNE8r9kXl/O6sXLuexVEEB+AQHAMbXIIauAV10AAYPINX8A4+jBfjzfg0JtPWgjGb2Qd/YHz/AHmMo8Q=</latexit>

gµ⌫ = g0µdtdx
µ + gijdx

idxj

g0µ do not have conjugate momenta - fixed c-number functions

Quantum Mechanics Guarantees: 
Gij = Tij

Classically:  
Gµν = Tµν + Hµν 

With: Hµν = H0µ
<latexit sha1_base64="Dj5v/HW3FH6z2Ds9NM7mpW9+Zsg=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclUR8bYSimy4r2Ac0MUymk3boZBLmIZTQhRt/xY0LRdz6Ee78GydtFtp64HIP59zLzD1hyqhUjvNtLS2vrK6tlzbKm1vbO7v23n5bJlpg0sIJS0Q3RJIwyklLUcVINxUExSEjnXB0k/udByIkTfidGqfEj9GA04hipIwU2BWPo5Ch+8yL9aQR5A16XE/gFXQCu+rUnCngInELUgUFmoH95fUTrGPCFWZIyp7rpMrPkFAUMzIpe1qSFOERGpCeoRzFRPrZ9IgJPDJKH0aJMMUVnKq/NzIUSzmOQzMZIzWU814u/uf1tIou/YzyVCvC8eyhSDOoEpgnAvtUEKzY2BCEBTV/hXiIBMLK5FY2IbjzJy+S9knNPa+d3Z5W69dFHCVQAYfgGLjgAtRBAzRBC2DwCJ7BK3iznqwX6936mI0uWcXOAfgD6/MH46CXmg==</latexit>

rµ
Hµ⌫ = 0

New cosmological observables 



Quantum Gauge Theories

Classical Field Theory 
(e.g. Electromagnetism)

Quantum Field Theory 

<latexit sha1_base64="bFG/wHdZLq2hhqtVIFkZALdpIWc=">AAACDXicbZDLSgMxFIYzXmu9jbp0E6yCqzIjUt0IVTcuK9oLdMaSyWTa0CQzJBmhDPMCbnwVNy4UcevenW9jehG09YfAx3/O4eT8QcKo0o7zZc3NLywuLRdWiqtr6xub9tZ2Q8WpxKSOYxbLVoAUYVSQuqaakVYiCeIBI82gfzmsN++JVDQWt3qQEJ+jrqARxUgbq2Pve5FEOPNCwjSCN/kPnd9lHk/zHJ5BB3bsklN2RoKz4E6gBCaqdexPL4xxyonQmCGl2q6TaD9DUlPMSF70UkUShPuoS9oGBeJE+dnomhweGCeEUSzNExqO3N8TGeJKDXhgOjnSPTVdG5r/1dqpjk79jIok1UTg8aIoZVDHcBgNDKkkWLOBAYQlNX+FuIdMPNoEWDQhuNMnz0LjqOxWypXr41L1YhJHAeyCPXAIXHACquAK1EAdYPAAnsALeLUerWfrzXoft85Zk5kd8EfWxzdDEpsH</latexit>

�S

�Aµ
= 0

<latexit sha1_base64="Cr+uExY/3+hdr29wpkgsWDqhgCw="></latexit>

Z =

Z
DAµeiS[A] =) �Z =

Z
DAµ

✓
�S

�Aµ

◆
�Aµ = 0



Quantum Gauge Theories

Classical Field Theory 
(e.g. Electromagnetism)

Quantum Field Theory 
<latexit sha1_base64="6wmav1Lb+YBrtNm+NwnoR4fbVv0=">AAAB7XicdVBNS8NAEN34WetX1aOXxSJ4Ckla23orevFYwX5AG8pmu23XbjZhdyKU0P/gxYMiXv0/3vw3btoKKvpg4PHeDDPzglhwDY7zYa2srq1vbOa28ts7u3v7hYPDlo4SRVmTRiJSnYBoJrhkTeAgWCdWjISBYO1gcpX57XumNI/kLUxj5odkJPmQUwJGavWAh0z3C0XHvqhVvHMPO7bjVL1SJSNeteyVsGuUDEW0RKNfeO8NIpqETAIVROuu68Tgp0QBp4LN8r1Es5jQCRmxrqGSmCV+Or92hk+NMsDDSJmSgOfq94mUhFpPw8B0hgTG+reXiX953QSGNT/lMk6ASbpYNEwEhghnr+MBV4yCmBpCqOLmVkzHRBEKJqC8CeHrU/w/aXm2W7HLN+Vi/XIZRw4doxN0hlxURXV0jRqoiSi6Qw/oCT1bkfVovVivi9YVazlzhH7AevsEHBGPgQ==</latexit>⇥

Need to Gauge Fix to define Path Integral 
<latexit sha1_base64="hcglnRi3aR07VAUcpq3eWn3MaRU=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSY1xiyLblxWsA9sQ5lMJ+2QySTMTIQS+hduXCji1r9x5984fQgqeuDC4Zx7ufeeMONMaYQ+rNLK6tr6RnmzsrW9s7tX3T9oqzSXhLZIylPZDbGinAna0kxz2s0kxUnIaSeMr2Z+555KxVJxqycZDRI8EixiBGsj3fXJmJI4wTIeVGvIRr7nu2cQ2eeeh1zHEOTWkV+Hjo3mqIElmoPqe3+YkjyhQhOOleo5KNNBgaVmhNNppZ8rmmES4xHtGSpwQlVQzC+ewhOjDGGUSlNCw7n6faLAiVKTJDSdCdZj9dubiX95vVxHflAwkeWaCrJYFOUc6hTO3odDJinRfGIIJpKZWyEZY4mJNiFVTAhfn8L/SbtuO57t3ri1xuUyjjI4AsfgFDjgAjTANWiCFiBAgAfwBJ4tZT1aL9brorVkLWcOwQ9Yb58Kr5Ev</latexit>X

<latexit sha1_base64="bFG/wHdZLq2hhqtVIFkZALdpIWc=">AAACDXicbZDLSgMxFIYzXmu9jbp0E6yCqzIjUt0IVTcuK9oLdMaSyWTa0CQzJBmhDPMCbnwVNy4UcevenW9jehG09YfAx3/O4eT8QcKo0o7zZc3NLywuLRdWiqtr6xub9tZ2Q8WpxKSOYxbLVoAUYVSQuqaakVYiCeIBI82gfzmsN++JVDQWt3qQEJ+jrqARxUgbq2Pve5FEOPNCwjSCN/kPnd9lHk/zHJ5BB3bsklN2RoKz4E6gBCaqdexPL4xxyonQmCGl2q6TaD9DUlPMSF70UkUShPuoS9oGBeJE+dnomhweGCeEUSzNExqO3N8TGeJKDXhgOjnSPTVdG5r/1dqpjk79jIok1UTg8aIoZVDHcBgNDKkkWLOBAYQlNX+FuIdMPNoEWDQhuNMnz0LjqOxWypXr41L1YhJHAeyCPXAIXHACquAK1EAdYPAAnsALeLUerWfrzXoft85Zk5kd8EfWxzdDEpsH</latexit>

�S

�Aµ
= 0

<latexit sha1_base64="Cr+uExY/3+hdr29wpkgsWDqhgCw="></latexit>

Z =

Z
DAµeiS[A] =) �Z =

Z
DAµ

✓
�S

�Aµ

◆
�Aµ = 0

<latexit sha1_base64="C6xf6GF/9hCiCasZ3suw9mQul4M="></latexit>

Z =

Z
DAµeiSgf [A] =) �Z =

Z
DAµ

✓
�Sgf

�Aµ

◆
�Aµ = 0



Quantum Gauge Theories

Classical Field Theory 
(e.g. Electromagnetism)

Quantum Field Theory 
<latexit sha1_base64="6wmav1Lb+YBrtNm+NwnoR4fbVv0=">AAAB7XicdVBNS8NAEN34WetX1aOXxSJ4Ckla23orevFYwX5AG8pmu23XbjZhdyKU0P/gxYMiXv0/3vw3btoKKvpg4PHeDDPzglhwDY7zYa2srq1vbOa28ts7u3v7hYPDlo4SRVmTRiJSnYBoJrhkTeAgWCdWjISBYO1gcpX57XumNI/kLUxj5odkJPmQUwJGavWAh0z3C0XHvqhVvHMPO7bjVL1SJSNeteyVsGuUDEW0RKNfeO8NIpqETAIVROuu68Tgp0QBp4LN8r1Es5jQCRmxrqGSmCV+Or92hk+NMsDDSJmSgOfq94mUhFpPw8B0hgTG+reXiX953QSGNT/lMk6ASbpYNEwEhghnr+MBV4yCmBpCqOLmVkzHRBEKJqC8CeHrU/w/aXm2W7HLN+Vi/XIZRw4doxN0hlxURXV0jRqoiSi6Qw/oCT1bkfVovVivi9YVazlzhH7AevsEHBGPgQ==</latexit>⇥

Need to Gauge Fix to define Path Integral 
<latexit sha1_base64="hcglnRi3aR07VAUcpq3eWn3MaRU=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSY1xiyLblxWsA9sQ5lMJ+2QySTMTIQS+hduXCji1r9x5984fQgqeuDC4Zx7ufeeMONMaYQ+rNLK6tr6RnmzsrW9s7tX3T9oqzSXhLZIylPZDbGinAna0kxz2s0kxUnIaSeMr2Z+555KxVJxqycZDRI8EixiBGsj3fXJmJI4wTIeVGvIRr7nu2cQ2eeeh1zHEOTWkV+Hjo3mqIElmoPqe3+YkjyhQhOOleo5KNNBgaVmhNNppZ8rmmES4xHtGSpwQlVQzC+ewhOjDGGUSlNCw7n6faLAiVKTJDSdCdZj9dubiX95vVxHflAwkeWaCrJYFOUc6hTO3odDJinRfGIIJpKZWyEZY4mJNiFVTAhfn8L/SbtuO57t3ri1xuUyjjI4AsfgFDjgAjTANWiCFiBAgAfwBJ4tZT1aL9brorVkLWcOwQ9Yb58Kr5Ev</latexit>X

Not the Same 
???????? 

<latexit sha1_base64="bFG/wHdZLq2hhqtVIFkZALdpIWc=">AAACDXicbZDLSgMxFIYzXmu9jbp0E6yCqzIjUt0IVTcuK9oLdMaSyWTa0CQzJBmhDPMCbnwVNy4UcevenW9jehG09YfAx3/O4eT8QcKo0o7zZc3NLywuLRdWiqtr6xub9tZ2Q8WpxKSOYxbLVoAUYVSQuqaakVYiCeIBI82gfzmsN++JVDQWt3qQEJ+jrqARxUgbq2Pve5FEOPNCwjSCN/kPnd9lHk/zHJ5BB3bsklN2RoKz4E6gBCaqdexPL4xxyonQmCGl2q6TaD9DUlPMSF70UkUShPuoS9oGBeJE+dnomhweGCeEUSzNExqO3N8TGeJKDXhgOjnSPTVdG5r/1dqpjk79jIok1UTg8aIoZVDHcBgNDKkkWLOBAYQlNX+FuIdMPNoEWDQhuNMnz0LjqOxWypXr41L1YhJHAeyCPXAIXHACquAK1EAdYPAAnsALeLUerWfrzXoft85Zk5kd8EfWxzdDEpsH</latexit>

�S

�Aµ
= 0

<latexit sha1_base64="Cr+uExY/3+hdr29wpkgsWDqhgCw="></latexit>

Z =

Z
DAµeiS[A] =) �Z =

Z
DAµ

✓
�S

�Aµ

◆
�Aµ = 0

<latexit sha1_base64="C6xf6GF/9hCiCasZ3suw9mQul4M="></latexit>

Z =

Z
DAµeiSgf [A] =) �Z =

Z
DAµ

✓
�Sgf

�Aµ

◆
�Aµ = 0



Quantum Gauge Theories
<latexit sha1_base64="5nknDc9Xt3071TIAIF0/U8S9kJA="></latexit>

i
@|� (t)i

@t
= H|� (t)i

Dynamical Equation



Quantum Gauge Theories
<latexit sha1_base64="5nknDc9Xt3071TIAIF0/U8S9kJA="></latexit>

i
@|� (t)i

@t
= H|� (t)i

Dynamical Equation

Can only imply:
<latexit sha1_base64="NRiPN3hT//+YlE9Wo3ldDSCnJ9I="></latexit>

h �S
�Ai

i = 0 =) h@
~E

@t
�r⇥ ~B � ~Ji = 0



Quantum Gauge Theories
<latexit sha1_base64="5nknDc9Xt3071TIAIF0/U8S9kJA="></latexit>

i
@|� (t)i

@t
= H|� (t)i

Dynamical Equation

Can only imply:
<latexit sha1_base64="NRiPN3hT//+YlE9Wo3ldDSCnJ9I="></latexit>

h �S
�Ai

i = 0 =) h@
~E

@t
�r⇥ ~B � ~Ji = 0

Constraint Equations?

Imposed by hand - does not follow from Schrodinger
<latexit sha1_base64="eqAbO6o3gu6+zEbemsXSkb/ZRYU="></latexit>⇣
~r · ~E � J0

⌘
|�i = 0



Quantum Gauge Theories
<latexit sha1_base64="5nknDc9Xt3071TIAIF0/U8S9kJA="></latexit>

i
@|� (t)i

@t
= H|� (t)i

Dynamical Equation

Can only imply:
<latexit sha1_base64="NRiPN3hT//+YlE9Wo3ldDSCnJ9I="></latexit>

h �S
�Ai

i = 0 =) h@
~E

@t
�r⇥ ~B � ~Ji = 0

Constraint Equations?

Imposed by hand - does not follow from Schrodinger
<latexit sha1_base64="eqAbO6o3gu6+zEbemsXSkb/ZRYU="></latexit>⇣
~r · ~E � J0

⌘
|�i = 0

First order ODE - can time evolve states that violate constraint

Does anything go wrong? i.e. massless photon?





Electromagnetism

A0  does not have a conjugate momentum - fixed c-number function

<latexit sha1_base64="KBfAHDw9Gm1b7DtiETYeXo5Vezk=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiCEJJxNtGaHXjsoK9QBvDZDJph84kYWYilpCdG1/FjQtF3PoK7nwbp20W2vrDwMd/zuHM+b2YUaks69sozM0vLC4Vl0srq2vrG+bmVlNGicCkgSMWibaHJGE0JA1FFSPtWBDEPUZa3uBqVG/dEyFpFN6qYUwcjnohDShGSluuuVtz0y5PMngBa64FfQXhoSYK/Ye7lGauWbYq1lhwFuwcyiBX3TW/un6EE05ChRmSsmNbsXJSJBTFjGSlbiJJjPAA9UhHY4g4kU46viOD+9rxYRAJ/UIFx+7viRRxKYfc050cqb6cro3M/2qdRAXnTkrDOFEkxJNFQcKgiuAoFOhTQbBiQw0IC6r/CnEfCYSVjq6kQ7CnT56F5lHFPq2c3ByXq5d5HEWwA/bAAbDBGaiCa1AHDYDBI3gGr+DNeDJejHfjY9JaMPKZbfBHxucPqVqXSw==</latexit>

Aµ = A0dt+Aidx
i



Electromagnetism

A0  does not have a conjugate momentum - fixed c-number function

Quantum Mechanics

(Ampere’s Law)

<latexit sha1_base64="KBfAHDw9Gm1b7DtiETYeXo5Vezk=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiCEJJxNtGaHXjsoK9QBvDZDJph84kYWYilpCdG1/FjQtF3PoK7nwbp20W2vrDwMd/zuHM+b2YUaks69sozM0vLC4Vl0srq2vrG+bmVlNGicCkgSMWibaHJGE0JA1FFSPtWBDEPUZa3uBqVG/dEyFpFN6qYUwcjnohDShGSluuuVtz0y5PMngBa64FfQXhoSYK/Ye7lGauWbYq1lhwFuwcyiBX3TW/un6EE05ChRmSsmNbsXJSJBTFjGSlbiJJjPAA9UhHY4g4kU46viOD+9rxYRAJ/UIFx+7viRRxKYfc050cqb6cro3M/2qdRAXnTkrDOFEkxJNFQcKgiuAoFOhTQbBiQw0IC6r/CnEfCYSVjq6kQ7CnT56F5lHFPq2c3ByXq5d5HEWwA/bAAbDBGaiCa1AHDYDBI3gGr+DNeDJejHfjY9JaMPKZbfBHxucPqVqXSw==</latexit>

Aµ = A0dt+Aidx
i

<latexit sha1_base64="uYfWKG+qrUaE1cyWxcYSFcoeKiQ=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtRGKgoirCvYBTRom00k7dCYJMxOhhGzd+CtuXCji1j9w5984abPQ1gPDHM65l3vv8WNGpbKsb6O0sLi0vFJeraytb2xumds7LRklApMmjlgkOj6ShNGQNBVVjHRiQRD3GWn7o6vcbz8QIWkU3qtxTFyOBiENKEZKS54JnRgJRRHzUocnGbzu5T+kGbyAt72UZp5ZtWrWBHCe2AWpggINz/xy+hFOOAkVZkjKrm3Fyk3zKZiRrOIkksQIj9CAdDUNESfSTSeXZPBAK30YREK/UMGJ+rsjRVzKMfd1JUdqKGe9XPzP6yYqOHdTGsaJIiGeDgoSBlUE81hgnwqCFRtrgrCgeleIh0ggrHR4FR2CPXvyPGkd1ezT2sndcbV+WcRRBntgHxwCG5yBOrgBDdAEGDyCZ/AK3own48V4Nz6mpSWj6NkFf2B8/gDz35nc</latexit>

@µF
µi = J i

<latexit sha1_base64="QRXu7wqQJ/f16hj1r8LO9ja1mp4=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtRGKgoirCvYBTRom00k7dCYJMxOhhGzd+CtuXCji1j9w5984abPQ1gPDHM65l3vv8WNGpbKsb6O0sLi0vFJeraytb2xumds7LRklApMmjlgkOj6ShNGQNBVVjHRiQRD3GWn7o6vcbz8QIWkU3qtxTFyOBiENKEZKS54JnRgJRRHzUocnGbzu5T+0MngBb3uplXlm1apZE8B5YhekCgo0PPPL6Uc44SRUmCEpu7YVKzfNp2BGsoqTSBIjPEID0tU0RJxIN51cksEDrfRhEAn9QgUn6u+OFHEpx9zXlRypoZz1cvE/r5uo4NxNaRgnioR4OihIGFQRzGOBfSoIVmysCcKC6l0hHiKBsNLhVXQI9uzJ86R1VLNPayd3x9X6ZRFHGeyBfXAIbHAG6uAGNEATYPAInsEreDOejBfj3fiYlpaMomcX/IHx+QNE3Zlq</latexit>

@µF
µ0 = J0(Gauss’s Law)



Electromagnetism

A0  does not have a conjugate momentum - fixed c-number function

Quantum Mechanics

(Ampere’s Law)

<latexit sha1_base64="KBfAHDw9Gm1b7DtiETYeXo5Vezk=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiCEJJxNtGaHXjsoK9QBvDZDJph84kYWYilpCdG1/FjQtF3PoK7nwbp20W2vrDwMd/zuHM+b2YUaks69sozM0vLC4Vl0srq2vrG+bmVlNGicCkgSMWibaHJGE0JA1FFSPtWBDEPUZa3uBqVG/dEyFpFN6qYUwcjnohDShGSluuuVtz0y5PMngBa64FfQXhoSYK/Ye7lGauWbYq1lhwFuwcyiBX3TW/un6EE05ChRmSsmNbsXJSJBTFjGSlbiJJjPAA9UhHY4g4kU46viOD+9rxYRAJ/UIFx+7viRRxKYfc050cqb6cro3M/2qdRAXnTkrDOFEkxJNFQcKgiuAoFOhTQbBiQw0IC6r/CnEfCYSVjq6kQ7CnT56F5lHFPq2c3ByXq5d5HEWwA/bAAbDBGaiCa1AHDYDBI3gGr+DNeDJejHfjY9JaMPKZbfBHxucPqVqXSw==</latexit>

Aµ = A0dt+Aidx
i

<latexit sha1_base64="uYfWKG+qrUaE1cyWxcYSFcoeKiQ=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtRGKgoirCvYBTRom00k7dCYJMxOhhGzd+CtuXCji1j9w5984abPQ1gPDHM65l3vv8WNGpbKsb6O0sLi0vFJeraytb2xumds7LRklApMmjlgkOj6ShNGQNBVVjHRiQRD3GWn7o6vcbz8QIWkU3qtxTFyOBiENKEZKS54JnRgJRRHzUocnGbzu5T+kGbyAt72UZp5ZtWrWBHCe2AWpggINz/xy+hFOOAkVZkjKrm3Fyk3zKZiRrOIkksQIj9CAdDUNESfSTSeXZPBAK30YREK/UMGJ+rsjRVzKMfd1JUdqKGe9XPzP6yYqOHdTGsaJIiGeDgoSBlUE81hgnwqCFRtrgrCgeleIh0ggrHR4FR2CPXvyPGkd1ezT2sndcbV+WcRRBntgHxwCG5yBOrgBDdAEGDyCZ/AK3own48V4Nz6mpSWj6NkFf2B8/gDz35nc</latexit>

@µF
µi = J i

<latexit sha1_base64="QRXu7wqQJ/f16hj1r8LO9ja1mp4=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtRGKgoirCvYBTRom00k7dCYJMxOhhGzd+CtuXCji1j9w5984abPQ1gPDHM65l3vv8WNGpbKsb6O0sLi0vFJeraytb2xumds7LRklApMmjlgkOj6ShNGQNBVVjHRiQRD3GWn7o6vcbz8QIWkU3qtxTFyOBiENKEZKS54JnRgJRRHzUocnGbzu5T+0MngBb3uplXlm1apZE8B5YhekCgo0PPPL6Uc44SRUmCEpu7YVKzfNp2BGsoqTSBIjPEID0tU0RJxIN51cksEDrfRhEAn9QgUn6u+OFHEpx9zXlRypoZz1cvE/r5uo4NxNaRgnioR4OihIGFQRzGOBfSoIVmysCcKC6l0hHiKBsNLhVXQI9uzJ86R1VLNPayd3x9X6ZRFHGeyBfXAIbHAG6uAGNEATYPAInsEreDOejBfj3fiYlpaMomcX/IHx+QNE3Zlq</latexit>

@µF
µ0 = J0(Gauss’s Law)

<latexit sha1_base64="hcglnRi3aR07VAUcpq3eWn3MaRU=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSY1xiyLblxWsA9sQ5lMJ+2QySTMTIQS+hduXCji1r9x5984fQgqeuDC4Zx7ufeeMONMaYQ+rNLK6tr6RnmzsrW9s7tX3T9oqzSXhLZIylPZDbGinAna0kxz2s0kxUnIaSeMr2Z+555KxVJxqycZDRI8EixiBGsj3fXJmJI4wTIeVGvIRr7nu2cQ2eeeh1zHEOTWkV+Hjo3mqIElmoPqe3+YkjyhQhOOleo5KNNBgaVmhNNppZ8rmmES4xHtGSpwQlVQzC+ewhOjDGGUSlNCw7n6faLAiVKTJDSdCdZj9dubiX95vVxHflAwkeWaCrJYFOUc6hTO3odDJinRfGIIJpKZWyEZY4mJNiFVTAhfn8L/SbtuO57t3ri1xuUyjjI4AsfgFDjgAjTANWiCFiBAgAfwBJ4tZT1aL9brorVkLWcOwQ9Yb58Kr5Ev</latexit>X
<latexit sha1_base64="6wmav1Lb+YBrtNm+NwnoR4fbVv0=">AAAB7XicdVBNS8NAEN34WetX1aOXxSJ4Ckla23orevFYwX5AG8pmu23XbjZhdyKU0P/gxYMiXv0/3vw3btoKKvpg4PHeDDPzglhwDY7zYa2srq1vbOa28ts7u3v7hYPDlo4SRVmTRiJSnYBoJrhkTeAgWCdWjISBYO1gcpX57XumNI/kLUxj5odkJPmQUwJGavWAh0z3C0XHvqhVvHMPO7bjVL1SJSNeteyVsGuUDEW0RKNfeO8NIpqETAIVROuu68Tgp0QBp4LN8r1Es5jQCRmxrqGSmCV+Or92hk+NMsDDSJmSgOfq94mUhFpPw8B0hgTG+reXiX953QSGNT/lMk6ASbpYNEwEhghnr+MBV4yCmBpCqOLmVkzHRBEKJqC8CeHrU/w/aXm2W7HLN+Vi/XIZRw4doxN0hlxURXV0jRqoiSi6Qw/oCT1bkfVovVivi9YVazlzhH7AevsEHBGPgQ==</latexit>⇥ <latexit sha1_base64="wc851pJkY0HPHS31pCNEZDycPKk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiTiayMUBXFZwT6giWEynbRDJ5MwMxFKyC+48VfcuFDErTt3/o2TNqC2HhjmcM693HuPHzMqlWV9GaWFxaXllfJqZW19Y3PL3N5pyygRmLRwxCLR9ZEkjHLSUlQx0o0FQaHPSMcfXeZ+554ISSN+q8YxcUM04DSgGCkteWbNiZFQFDEvtbIf7oRJBq/u8h9aGTyHlmdWrbo1AZwndkGqoEDTMz+dfoSTkHCFGZKyZ1uxctN8AmYkqziJJDHCIzQgPU05Col008lFGTzQSh8GkdCPKzhRf3ekKJRyHPq6MkRqKGe9XPzP6yUqOHNTyuNEEY6ng4KEQRXBPB7Yp4JgxcaaICyo3hXiIRIIKx1iRYdgz548T9qHdfukfnxzVG1cFHGUwR7YBzVgg1PQANegCVoAgwfwBF7Aq/FoPBtvxvu0tGQUPbvgD4yPb7vCnOo=</latexit>

@0@µF
µ0 = 0



Electromagnetism

A0  does not have a conjugate momentum - fixed c-number function

Quantum Mechanics

(Ampere’s Law)

<latexit sha1_base64="KBfAHDw9Gm1b7DtiETYeXo5Vezk=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiCEJJxNtGaHXjsoK9QBvDZDJph84kYWYilpCdG1/FjQtF3PoK7nwbp20W2vrDwMd/zuHM+b2YUaks69sozM0vLC4Vl0srq2vrG+bmVlNGicCkgSMWibaHJGE0JA1FFSPtWBDEPUZa3uBqVG/dEyFpFN6qYUwcjnohDShGSluuuVtz0y5PMngBa64FfQXhoSYK/Ye7lGauWbYq1lhwFuwcyiBX3TW/un6EE05ChRmSsmNbsXJSJBTFjGSlbiJJjPAA9UhHY4g4kU46viOD+9rxYRAJ/UIFx+7viRRxKYfc050cqb6cro3M/2qdRAXnTkrDOFEkxJNFQcKgiuAoFOhTQbBiQw0IC6r/CnEfCYSVjq6kQ7CnT56F5lHFPq2c3ByXq5d5HEWwA/bAAbDBGaiCa1AHDYDBI3gGr+DNeDJejHfjY9JaMPKZbfBHxucPqVqXSw==</latexit>

Aµ = A0dt+Aidx
i

<latexit sha1_base64="uYfWKG+qrUaE1cyWxcYSFcoeKiQ=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtRGKgoirCvYBTRom00k7dCYJMxOhhGzd+CtuXCji1j9w5984abPQ1gPDHM65l3vv8WNGpbKsb6O0sLi0vFJeraytb2xumds7LRklApMmjlgkOj6ShNGQNBVVjHRiQRD3GWn7o6vcbz8QIWkU3qtxTFyOBiENKEZKS54JnRgJRRHzUocnGbzu5T+kGbyAt72UZp5ZtWrWBHCe2AWpggINz/xy+hFOOAkVZkjKrm3Fyk3zKZiRrOIkksQIj9CAdDUNESfSTSeXZPBAK30YREK/UMGJ+rsjRVzKMfd1JUdqKGe9XPzP6yYqOHdTGsaJIiGeDgoSBlUE81hgnwqCFRtrgrCgeleIh0ggrHR4FR2CPXvyPGkd1ezT2sndcbV+WcRRBntgHxwCG5yBOrgBDdAEGDyCZ/AK3own48V4Nz6mpSWj6NkFf2B8/gDz35nc</latexit>

@µF
µi = J i

Classically
<latexit sha1_base64="+USwm0wC4EuQdIeLTP5ccBz+H0M=">AAACG3icbVDLSgMxFM3UV62vUZdugkUQhDJTfG2EoiDSVQX7gM44ZNK0Dc1khiQjlGH+w42/4saFIq4EF/6NmWkX2nog5OSce7m5x48Ylcqyvo3CwuLS8kpxtbS2vrG5ZW7vtGQYC0yaOGSh6PhIEkY5aSqqGOlEgqDAZ6Ttj64yv/1AhKQhv1PjiLgBGnDapxgpLXlm1YmQUBQxL3GCOIXX99kNHa75BazrV8aOYN1LemnupZ5ZtipWDjhP7Ckpgykanvnp9EIcB4QrzJCUXduKlJtkczEjacmJJYkQHqEB6WrKUUCkm+S7pfBAKz3YD4U+XMFc/d2RoEDKceDrygCpoZz1MvE/rxur/rmbUB7FinA8GdSPGVQhzIKCPSoIVmysCcKC6r9CPEQCYaXjLOkQ7NmV50mrWrFPKye3x+Xa5TSOItgD++AQ2OAM1MANaIAmwOARPINX8GY8GS/Gu/ExKS0Y055d8AfG1w/DcaFA</latexit>

@µF
µ⌫ = J⌫ + Jµ

d
<latexit sha1_base64="rYCPSs8EKTZGpUkIfBb9zbXHGqY="></latexit>

With: Jµ
d =

�
J0 (x) , 0, 0, 0

� <latexit sha1_base64="uKVOa4lbN3KeuwfABdFv8w2pUQ0=">AAACGHicbVDJSgNBEO1xjXGLevTSGAS9xBlxuwiiF/EUwSRCJoaenpqksWehu0YIw3yGF3/FiwdFvObm39hZDpr4oODxXhVV9bxECo22/W3NzM7NLywWlorLK6tr66WNzbqOU8WhxmMZq3uPaZAighoKlHCfKGChJ6HhPV4N/MYTKC3i6A57CbRC1olEIDhDI7VLB64IzR7Q1A0U45mfZz7mroQA924eMjtv+9RVotPFfXpObdoule2KPQSdJs6YlMkY1Xap7/oxT0OIkEumddOxE2xlTKHgEvKim2pIGH9kHWgaGrEQdCsbPpbTXaP4NIiVqQjpUP09kbFQ617omc6QYVdPegPxP6+ZYnDWykSUpAgRHy0KUkkxpoOUqC8UcJQ9QxhXwtxKeZeZgNBkWTQhOJMvT5P6YcU5qRzfHpUvLsdxFMg22SF7xCGn5IJckyqpEU6eySt5Jx/Wi/VmfVpfo9YZazyzRf7A6v8AmoWfcA==</latexit>

=) d

dt

�
J0
d

�
= 0

<latexit sha1_base64="QRXu7wqQJ/f16hj1r8LO9ja1mp4=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtRGKgoirCvYBTRom00k7dCYJMxOhhGzd+CtuXCji1j9w5984abPQ1gPDHM65l3vv8WNGpbKsb6O0sLi0vFJeraytb2xumds7LRklApMmjlgkOj6ShNGQNBVVjHRiQRD3GWn7o6vcbz8QIWkU3qtxTFyOBiENKEZKS54JnRgJRRHzUocnGbzu5T+0MngBb3uplXlm1apZE8B5YhekCgo0PPPL6Uc44SRUmCEpu7YVKzfNp2BGsoqTSBIjPEID0tU0RJxIN51cksEDrfRhEAn9QgUn6u+OFHEpx9zXlRypoZz1cvE/r5uo4NxNaRgnioR4OihIGFQRzGOBfSoIVmysCcKC6l0hHiKBsNLhVXQI9uzJ86R1VLNPayd3x9X6ZRFHGeyBfXAIbHAG6uAGNEATYPAInsEreDOejBfj3fiYlpaMomcX/IHx+QNE3Zlq</latexit>

@µF
µ0 = J0(Gauss’s Law)

<latexit sha1_base64="hcglnRi3aR07VAUcpq3eWn3MaRU=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSY1xiyLblxWsA9sQ5lMJ+2QySTMTIQS+hduXCji1r9x5984fQgqeuDC4Zx7ufeeMONMaYQ+rNLK6tr6RnmzsrW9s7tX3T9oqzSXhLZIylPZDbGinAna0kxz2s0kxUnIaSeMr2Z+555KxVJxqycZDRI8EixiBGsj3fXJmJI4wTIeVGvIRr7nu2cQ2eeeh1zHEOTWkV+Hjo3mqIElmoPqe3+YkjyhQhOOleo5KNNBgaVmhNNppZ8rmmES4xHtGSpwQlVQzC+ewhOjDGGUSlNCw7n6faLAiVKTJDSdCdZj9dubiX95vVxHflAwkeWaCrJYFOUc6hTO3odDJinRfGIIJpKZWyEZY4mJNiFVTAhfn8L/SbtuO57t3ri1xuUyjjI4AsfgFDjgAjTANWiCFiBAgAfwBJ4tZT1aL9brorVkLWcOwQ9Yb58Kr5Ev</latexit>X
<latexit sha1_base64="6wmav1Lb+YBrtNm+NwnoR4fbVv0=">AAAB7XicdVBNS8NAEN34WetX1aOXxSJ4Ckla23orevFYwX5AG8pmu23XbjZhdyKU0P/gxYMiXv0/3vw3btoKKvpg4PHeDDPzglhwDY7zYa2srq1vbOa28ts7u3v7hYPDlo4SRVmTRiJSnYBoJrhkTeAgWCdWjISBYO1gcpX57XumNI/kLUxj5odkJPmQUwJGavWAh0z3C0XHvqhVvHMPO7bjVL1SJSNeteyVsGuUDEW0RKNfeO8NIpqETAIVROuu68Tgp0QBp4LN8r1Es5jQCRmxrqGSmCV+Or92hk+NMsDDSJmSgOfq94mUhFpPw8B0hgTG+reXiX953QSGNT/lMk6ASbpYNEwEhghnr+MBV4yCmBpCqOLmVkzHRBEKJqC8CeHrU/w/aXm2W7HLN+Vi/XIZRw4doxN0hlxURXV0jRqoiSi6Qw/oCT1bkfVovVivi9YVazlzhH7AevsEHBGPgQ==</latexit>⇥ <latexit sha1_base64="wc851pJkY0HPHS31pCNEZDycPKk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiTiayMUBXFZwT6giWEynbRDJ5MwMxFKyC+48VfcuFDErTt3/o2TNqC2HhjmcM693HuPHzMqlWV9GaWFxaXllfJqZW19Y3PL3N5pyygRmLRwxCLR9ZEkjHLSUlQx0o0FQaHPSMcfXeZ+554ISSN+q8YxcUM04DSgGCkteWbNiZFQFDEvtbIf7oRJBq/u8h9aGTyHlmdWrbo1AZwndkGqoEDTMz+dfoSTkHCFGZKyZ1uxctN8AmYkqziJJDHCIzQgPU05Col008lFGTzQSh8GkdCPKzhRf3ekKJRyHPq6MkRqKGe9XPzP6yUqOHNTyuNEEY6ng4KEQRXBPB7Yp4JgxcaaICyo3hXiIRIIKx1iRYdgz548T9qHdfukfnxzVG1cFHGUwR7YBzVgg1PQANegCVoAgwfwBF7Aq/FoPBtvxvu0tGQUPbvgD4yPb7vCnOo=</latexit>

@0@µF
µ0 = 0



Electromagnetism

A0  does not have a conjugate momentum - fixed c-number function

Quantum Mechanics

(Ampere’s Law)

New cosmological observables 

<latexit sha1_base64="KBfAHDw9Gm1b7DtiETYeXo5Vezk=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiCEJJxNtGaHXjsoK9QBvDZDJph84kYWYilpCdG1/FjQtF3PoK7nwbp20W2vrDwMd/zuHM+b2YUaks69sozM0vLC4Vl0srq2vrG+bmVlNGicCkgSMWibaHJGE0JA1FFSPtWBDEPUZa3uBqVG/dEyFpFN6qYUwcjnohDShGSluuuVtz0y5PMngBa64FfQXhoSYK/Ye7lGauWbYq1lhwFuwcyiBX3TW/un6EE05ChRmSsmNbsXJSJBTFjGSlbiJJjPAA9UhHY4g4kU46viOD+9rxYRAJ/UIFx+7viRRxKYfc050cqb6cro3M/2qdRAXnTkrDOFEkxJNFQcKgiuAoFOhTQbBiQw0IC6r/CnEfCYSVjq6kQ7CnT56F5lHFPq2c3ByXq5d5HEWwA/bAAbDBGaiCa1AHDYDBI3gGr+DNeDJejHfjY9JaMPKZbfBHxucPqVqXSw==</latexit>

Aµ = A0dt+Aidx
i

<latexit sha1_base64="uYfWKG+qrUaE1cyWxcYSFcoeKiQ=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtRGKgoirCvYBTRom00k7dCYJMxOhhGzd+CtuXCji1j9w5984abPQ1gPDHM65l3vv8WNGpbKsb6O0sLi0vFJeraytb2xumds7LRklApMmjlgkOj6ShNGQNBVVjHRiQRD3GWn7o6vcbz8QIWkU3qtxTFyOBiENKEZKS54JnRgJRRHzUocnGbzu5T+kGbyAt72UZp5ZtWrWBHCe2AWpggINz/xy+hFOOAkVZkjKrm3Fyk3zKZiRrOIkksQIj9CAdDUNESfSTSeXZPBAK30YREK/UMGJ+rsjRVzKMfd1JUdqKGe9XPzP6yYqOHdTGsaJIiGeDgoSBlUE81hgnwqCFRtrgrCgeleIh0ggrHR4FR2CPXvyPGkd1ezT2sndcbV+WcRRBntgHxwCG5yBOrgBDdAEGDyCZ/AK3own48V4Nz6mpSWj6NkFf2B8/gDz35nc</latexit>

@µF
µi = J i

Classically
<latexit sha1_base64="+USwm0wC4EuQdIeLTP5ccBz+H0M=">AAACG3icbVDLSgMxFM3UV62vUZdugkUQhDJTfG2EoiDSVQX7gM44ZNK0Dc1khiQjlGH+w42/4saFIq4EF/6NmWkX2nog5OSce7m5x48Ylcqyvo3CwuLS8kpxtbS2vrG5ZW7vtGQYC0yaOGSh6PhIEkY5aSqqGOlEgqDAZ6Ttj64yv/1AhKQhv1PjiLgBGnDapxgpLXlm1YmQUBQxL3GCOIXX99kNHa75BazrV8aOYN1LemnupZ5ZtipWDjhP7Ckpgykanvnp9EIcB4QrzJCUXduKlJtkczEjacmJJYkQHqEB6WrKUUCkm+S7pfBAKz3YD4U+XMFc/d2RoEDKceDrygCpoZz1MvE/rxur/rmbUB7FinA8GdSPGVQhzIKCPSoIVmysCcKC6r9CPEQCYaXjLOkQ7NmV50mrWrFPKye3x+Xa5TSOItgD++AQ2OAM1MANaIAmwOARPINX8GY8GS/Gu/ExKS0Y055d8AfG1w/DcaFA</latexit>

@µF
µ⌫ = J⌫ + Jµ

d
<latexit sha1_base64="rYCPSs8EKTZGpUkIfBb9zbXHGqY="></latexit>

With: Jµ
d =

�
J0 (x) , 0, 0, 0

� <latexit sha1_base64="uKVOa4lbN3KeuwfABdFv8w2pUQ0=">AAACGHicbVDJSgNBEO1xjXGLevTSGAS9xBlxuwiiF/EUwSRCJoaenpqksWehu0YIw3yGF3/FiwdFvObm39hZDpr4oODxXhVV9bxECo22/W3NzM7NLywWlorLK6tr66WNzbqOU8WhxmMZq3uPaZAighoKlHCfKGChJ6HhPV4N/MYTKC3i6A57CbRC1olEIDhDI7VLB64IzR7Q1A0U45mfZz7mroQA924eMjtv+9RVotPFfXpObdoule2KPQSdJs6YlMkY1Xap7/oxT0OIkEumddOxE2xlTKHgEvKim2pIGH9kHWgaGrEQdCsbPpbTXaP4NIiVqQjpUP09kbFQ617omc6QYVdPegPxP6+ZYnDWykSUpAgRHy0KUkkxpoOUqC8UcJQ9QxhXwtxKeZeZgNBkWTQhOJMvT5P6YcU5qRzfHpUvLsdxFMg22SF7xCGn5IJckyqpEU6eySt5Jx/Wi/VmfVpfo9YZazyzRf7A6v8AmoWfcA==</latexit>

=) d

dt

�
J0
d

�
= 0

<latexit sha1_base64="QRXu7wqQJ/f16hj1r8LO9ja1mp4=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtRGKgoirCvYBTRom00k7dCYJMxOhhGzd+CtuXCji1j9w5984abPQ1gPDHM65l3vv8WNGpbKsb6O0sLi0vFJeraytb2xumds7LRklApMmjlgkOj6ShNGQNBVVjHRiQRD3GWn7o6vcbz8QIWkU3qtxTFyOBiENKEZKS54JnRgJRRHzUocnGbzu5T+0MngBb3uplXlm1apZE8B5YhekCgo0PPPL6Uc44SRUmCEpu7YVKzfNp2BGsoqTSBIjPEID0tU0RJxIN51cksEDrfRhEAn9QgUn6u+OFHEpx9zXlRypoZz1cvE/r5uo4NxNaRgnioR4OihIGFQRzGOBfSoIVmysCcKC6l0hHiKBsNLhVXQI9uzJ86R1VLNPayd3x9X6ZRFHGeyBfXAIbHAG6uAGNEATYPAInsEreDOejBfj3fiYlpaMomcX/IHx+QNE3Zlq</latexit>

@µF
µ0 = J0(Gauss’s Law)

<latexit sha1_base64="hcglnRi3aR07VAUcpq3eWn3MaRU=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSY1xiyLblxWsA9sQ5lMJ+2QySTMTIQS+hduXCji1r9x5984fQgqeuDC4Zx7ufeeMONMaYQ+rNLK6tr6RnmzsrW9s7tX3T9oqzSXhLZIylPZDbGinAna0kxz2s0kxUnIaSeMr2Z+555KxVJxqycZDRI8EixiBGsj3fXJmJI4wTIeVGvIRr7nu2cQ2eeeh1zHEOTWkV+Hjo3mqIElmoPqe3+YkjyhQhOOleo5KNNBgaVmhNNppZ8rmmES4xHtGSpwQlVQzC+ewhOjDGGUSlNCw7n6faLAiVKTJDSdCdZj9dubiX95vVxHflAwkeWaCrJYFOUc6hTO3odDJinRfGIIJpKZWyEZY4mJNiFVTAhfn8L/SbtuO57t3ri1xuUyjjI4AsfgFDjgAjTANWiCFiBAgAfwBJ4tZT1aL9brorVkLWcOwQ9Yb58Kr5Ev</latexit>X
<latexit sha1_base64="6wmav1Lb+YBrtNm+NwnoR4fbVv0=">AAAB7XicdVBNS8NAEN34WetX1aOXxSJ4Ckla23orevFYwX5AG8pmu23XbjZhdyKU0P/gxYMiXv0/3vw3btoKKvpg4PHeDDPzglhwDY7zYa2srq1vbOa28ts7u3v7hYPDlo4SRVmTRiJSnYBoJrhkTeAgWCdWjISBYO1gcpX57XumNI/kLUxj5odkJPmQUwJGavWAh0z3C0XHvqhVvHMPO7bjVL1SJSNeteyVsGuUDEW0RKNfeO8NIpqETAIVROuu68Tgp0QBp4LN8r1Es5jQCRmxrqGSmCV+Or92hk+NMsDDSJmSgOfq94mUhFpPw8B0hgTG+reXiX953QSGNT/lMk6ASbpYNEwEhghnr+MBV4yCmBpCqOLmVkzHRBEKJqC8CeHrU/w/aXm2W7HLN+Vi/XIZRw4doxN0hlxURXV0jRqoiSi6Qw/oCT1bkfVovVivi9YVazlzhH7AevsEHBGPgQ==</latexit>⇥ <latexit sha1_base64="wc851pJkY0HPHS31pCNEZDycPKk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiTiayMUBXFZwT6giWEynbRDJ5MwMxFKyC+48VfcuFDErTt3/o2TNqC2HhjmcM693HuPHzMqlWV9GaWFxaXllfJqZW19Y3PL3N5pyygRmLRwxCLR9ZEkjHLSUlQx0o0FQaHPSMcfXeZ+554ISSN+q8YxcUM04DSgGCkteWbNiZFQFDEvtbIf7oRJBq/u8h9aGTyHlmdWrbo1AZwndkGqoEDTMz+dfoSTkHCFGZKyZ1uxctN8AmYkqziJJDHCIzQgPU05Col008lFGTzQSh8GkdCPKzhRf3ekKJRyHPq6MkRqKGe9XPzP6yUqOHNTyuNEEY6ng4KEQRXBPB7Yp4JgxcaaICyo3hXiIRIIKx1iRYdgz548T9qHdfukfnxzVG1cFHGUwR7YBzVgg1PQANegCVoAgwfwBF7Aq/FoPBtvxvu0tGQUPbvgD4yPb7vCnOo=</latexit>

@0@µF
µ0 = 0



Backup



Quantizing Gauge Theories
Yukawa Theory

<latexit sha1_base64="8Vbl0TRh6Y3ATwEaTXkYy8Tiw4w="></latexit>

S �
Z

d4x� (x)� ̄ 

<latexit sha1_base64="Iq4R6GZhmPpJwpfzmW+MAkQGrpo=">AAACH3icbVDLSgMxFM3UV62vqks3wSK4KjMi1Y1Q1IUrqWgf0Cklk2ba0MxkSO6IZZg/ceOvuHGhiLjr35hpC2r1QOBwzn3kHi8SXINtj63cwuLS8kp+tbC2vrG5VdzeaWgZK8rqVAqpWh7RTPCQ1YGDYK1IMRJ4gjW94UXmN++Z0lyGdzCKWCcg/ZD7nBIwUrdYcYE9QHIp8bUEnGLXV4QmbkQUcCLwbfrNXWHG9kiKz7DdLZbssj0B/kucGSmhGWrd4qfbkzQOWAhUEK3bjh1BJ8lGU8HSghtrFhE6JH3WNjQkAdOdZHJfig+M0sO+VOaFgCfqz46EBFqPAs9UBgQGet7LxP+8dgz+aSfhYRQDC+l0kR8LDBJnYeEeV4yCGBlCqOLmr5gOiEkITKQFE4Izf/Jf0jgqO5Vy5ea4VD2fxZFHe2gfHSIHnaAqukI1VEcUPaJn9IrerCfrxXq3PqalOWvWs4t+wRp/AYv7oqY=</latexit>

Do Not
@S

@�
= 0

<latexit sha1_base64="mwrDfPW/r8pm1T9n/0W23d1XVxw=">AAACHXicbVDLSgMxFM34rPVVdekmWARXZUakuhGKunAlFawtdErJpLdtMJMMyR2xjP0RN/6KGxeKuHAj/o1p7cLXgYSTc+7l5p4okcKi7394U9Mzs3PzuYX84tLyymphbf3S6tRwqHEttWlEzIIUCmooUEIjMcDiSEI9ujoe+fVrMFZodYGDBFox6ynRFZyhk9qFvRDhBrMTTc800iENk76gYcRMFlatcG9309uQ90VomOpJoIfUbxeKfskfg/4lwYQUyQTVduEt7GiexqCQS2ZtM/ATbGXMoOAShvkwtZAwfsV60HRUsRhsKxtvN6TbTunQrjbuKKRj9XtHxmJrB3HkKmOGffvbG4n/ec0UuwetTKgkRVD8a1A3lRQ1HUVFO8IARzlwhHEj3F8p7zPDOLpA8y6E4PfKf8nlbikol8rne8XK0SSOHNkkW2SHBGSfVMgpqZIa4eSOPJAn8uzde4/ei/f6VTrlTXo2yA94758HnKE/</latexit>

Do Not � ̄ |�i = 0



Quantizing Gauge Theories
Yukawa Theory

<latexit sha1_base64="8Vbl0TRh6Y3ATwEaTXkYy8Tiw4w="></latexit>

S �
Z

d4x� (x)� ̄ 

<latexit sha1_base64="Iq4R6GZhmPpJwpfzmW+MAkQGrpo=">AAACH3icbVDLSgMxFM3UV62vqks3wSK4KjMi1Y1Q1IUrqWgf0Cklk2ba0MxkSO6IZZg/ceOvuHGhiLjr35hpC2r1QOBwzn3kHi8SXINtj63cwuLS8kp+tbC2vrG5VdzeaWgZK8rqVAqpWh7RTPCQ1YGDYK1IMRJ4gjW94UXmN++Z0lyGdzCKWCcg/ZD7nBIwUrdYcYE9QHIp8bUEnGLXV4QmbkQUcCLwbfrNXWHG9kiKz7DdLZbssj0B/kucGSmhGWrd4qfbkzQOWAhUEK3bjh1BJ8lGU8HSghtrFhE6JH3WNjQkAdOdZHJfig+M0sO+VOaFgCfqz46EBFqPAs9UBgQGet7LxP+8dgz+aSfhYRQDC+l0kR8LDBJnYeEeV4yCGBlCqOLmr5gOiEkITKQFE4Izf/Jf0jgqO5Vy5ea4VD2fxZFHe2gfHSIHnaAqukI1VEcUPaJn9IrerCfrxXq3PqalOWvWs4t+wRp/AYv7oqY=</latexit>

Do Not
@S

@�
= 0

<latexit sha1_base64="mwrDfPW/r8pm1T9n/0W23d1XVxw=">AAACHXicbVDLSgMxFM34rPVVdekmWARXZUakuhGKunAlFawtdErJpLdtMJMMyR2xjP0RN/6KGxeKuHAj/o1p7cLXgYSTc+7l5p4okcKi7394U9Mzs3PzuYX84tLyymphbf3S6tRwqHEttWlEzIIUCmooUEIjMcDiSEI9ujoe+fVrMFZodYGDBFox6ynRFZyhk9qFvRDhBrMTTc800iENk76gYcRMFlatcG9309uQ90VomOpJoIfUbxeKfskfg/4lwYQUyQTVduEt7GiexqCQS2ZtM/ATbGXMoOAShvkwtZAwfsV60HRUsRhsKxtvN6TbTunQrjbuKKRj9XtHxmJrB3HkKmOGffvbG4n/ec0UuwetTKgkRVD8a1A3lRQ1HUVFO8IARzlwhHEj3F8p7zPDOLpA8y6E4PfKf8nlbikol8rne8XK0SSOHNkkW2SHBGSfVMgpqZIa4eSOPJAn8uzde4/ei/f6VTrlTXo2yA94758HnKE/</latexit>

Do Not � ̄ |�i = 0

Why?
<latexit sha1_base64="4RNvLbpACJbsv+NDi7e//PgW+0I=">AAACMXicbVDLSsNAFJ3UV62vqks3g0VwVRKR6kYouunCRQX7gCaEm+mkHTp5MDMRSsgvufFPxE0Xirj1J5y0RWrrgYHDuffcO/d4MWdSmebEKKytb2xuFbdLO7t7+wflw6O2jBJBaItEPBJdDyTlLKQtxRSn3VhQCDxOO97oLq93nqiQLAof1TimTgCDkPmMgNKSW27YMXNTm2tHHzJ8g21fAEntGIRiwLEdgBoS4Ol9li2o/Uj9mnKXid1yxayaU+BVYs1JBc3RdMuvegpJAhoqwkHKnmXGyknzDYTTrGQnksZARjCgPU1DCKh00unFGT7TSh/7kdAvVHiqLjpSCKQcB57uzA+Qy7Vc/K/WS5R/7aQsjBNFQzJb5Cccqwjn8eE+E5QoPtYEiGD6r5gMQUemdMglHYK1fPIqaV9UrVq19nBZqd/O4yiiE3SKzpGFrlAdNVATtRBBz+gNvaMP48WYGJ/G16y1YMw9x+gPjO8f+JeqpQ==</latexit>

⇡� =
@L
@�̇

= 0

λ not d.o.f.



Quantizing Gauge Theories
Yukawa Theory

<latexit sha1_base64="8Vbl0TRh6Y3ATwEaTXkYy8Tiw4w="></latexit>

S �
Z

d4x� (x)� ̄ 

<latexit sha1_base64="Iq4R6GZhmPpJwpfzmW+MAkQGrpo=">AAACH3icbVDLSgMxFM3UV62vqks3wSK4KjMi1Y1Q1IUrqWgf0Cklk2ba0MxkSO6IZZg/ceOvuHGhiLjr35hpC2r1QOBwzn3kHi8SXINtj63cwuLS8kp+tbC2vrG5VdzeaWgZK8rqVAqpWh7RTPCQ1YGDYK1IMRJ4gjW94UXmN++Z0lyGdzCKWCcg/ZD7nBIwUrdYcYE9QHIp8bUEnGLXV4QmbkQUcCLwbfrNXWHG9kiKz7DdLZbssj0B/kucGSmhGWrd4qfbkzQOWAhUEK3bjh1BJ8lGU8HSghtrFhE6JH3WNjQkAdOdZHJfig+M0sO+VOaFgCfqz46EBFqPAs9UBgQGet7LxP+8dgz+aSfhYRQDC+l0kR8LDBJnYeEeV4yCGBlCqOLmr5gOiEkITKQFE4Izf/Jf0jgqO5Vy5ea4VD2fxZFHe2gfHSIHnaAqukI1VEcUPaJn9IrerCfrxXq3PqalOWvWs4t+wRp/AYv7oqY=</latexit>

Do Not
@S

@�
= 0

<latexit sha1_base64="mwrDfPW/r8pm1T9n/0W23d1XVxw=">AAACHXicbVDLSgMxFM34rPVVdekmWARXZUakuhGKunAlFawtdErJpLdtMJMMyR2xjP0RN/6KGxeKuHAj/o1p7cLXgYSTc+7l5p4okcKi7394U9Mzs3PzuYX84tLyymphbf3S6tRwqHEttWlEzIIUCmooUEIjMcDiSEI9ujoe+fVrMFZodYGDBFox6ynRFZyhk9qFvRDhBrMTTc800iENk76gYcRMFlatcG9309uQ90VomOpJoIfUbxeKfskfg/4lwYQUyQTVduEt7GiexqCQS2ZtM/ATbGXMoOAShvkwtZAwfsV60HRUsRhsKxtvN6TbTunQrjbuKKRj9XtHxmJrB3HkKmOGffvbG4n/ec0UuwetTKgkRVD8a1A3lRQ1HUVFO8IARzlwhHEj3F8p7zPDOLpA8y6E4PfKf8nlbikol8rne8XK0SSOHNkkW2SHBGSfVMgpqZIa4eSOPJAn8uzde4/ei/f6VTrlTXo2yA94758HnKE/</latexit>

Do Not � ̄ |�i = 0

Why?
<latexit sha1_base64="4RNvLbpACJbsv+NDi7e//PgW+0I=">AAACMXicbVDLSsNAFJ3UV62vqks3g0VwVRKR6kYouunCRQX7gCaEm+mkHTp5MDMRSsgvufFPxE0Xirj1J5y0RWrrgYHDuffcO/d4MWdSmebEKKytb2xuFbdLO7t7+wflw6O2jBJBaItEPBJdDyTlLKQtxRSn3VhQCDxOO97oLq93nqiQLAof1TimTgCDkPmMgNKSW27YMXNTm2tHHzJ8g21fAEntGIRiwLEdgBoS4Ol9li2o/Uj9mnKXid1yxayaU+BVYs1JBc3RdMuvegpJAhoqwkHKnmXGyknzDYTTrGQnksZARjCgPU1DCKh00unFGT7TSh/7kdAvVHiqLjpSCKQcB57uzA+Qy7Vc/K/WS5R/7aQsjBNFQzJb5Cccqwjn8eE+E5QoPtYEiGD6r5gMQUemdMglHYK1fPIqaV9UrVq19nBZqd/O4yiiE3SKzpGFrlAdNVATtRBBz+gNvaMP48WYGJ/G16y1YMw9x+gPjO8f+JeqpQ==</latexit>

⇡� =
@L
@�̇

= 0

λ not d.o.f.

Gauge Theory
<latexit sha1_base64="of3C8rPooQ0kdY24EBr9XW1NlFc="></latexit>

S =

Z
dtL

⇣
a (t) , ȧ (t) , N (t) ,� (t) , �̇ (t)

⌘

<latexit sha1_base64="b19AMOQHuOzFSdEdfSk3p6LLAJU=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6kKh6MaFSAX7gCaEyXTSDp0kw8xEKCE/48ZfcePCIoIrf8VJm0VtPTBwOPfcO/cenzMqlWV9G6WV1bX1jfJmZWt7Z3fP3D9oyzgRmLRwzGLR9ZEkjEakpahipMsFQaHPSMcf3eb1zjMRksbRkxpz4oZoENGAYqS05JlXDqde+pDBa+gEAuHU4Ugoihh0QqSGGLH0Psvm1H6stD33W9Azq1bNmgIuE7sgVVCg6ZkT3Y+TkEQKMyRlz7a4ctN8NmYkqziJJBzhERqQnqYRCol00+mVGTzRSh8GsdAvUnCqznekKJRyHPrama8uF2u5+F+tl6jg0k1pxBNFIjz7KEgYVDHMI4N9KghWbKwJwoLqXSEeIh2W0sFWdAj24snLpH1Ws+u1+uN5tXFTxFEGR+AYnAIbXIAGuANN0AIYvIA38AEmxqvxbnwaXzNrySh6DsEfGD+/nHylTw==</latexit>

⇡N =
@L
@Ṅ

= 0

N not d.o.f.



Quantizing Gauge Theories
Yukawa Theory

<latexit sha1_base64="8Vbl0TRh6Y3ATwEaTXkYy8Tiw4w="></latexit>

S �
Z

d4x� (x)� ̄ 

<latexit sha1_base64="Iq4R6GZhmPpJwpfzmW+MAkQGrpo=">AAACH3icbVDLSgMxFM3UV62vqks3wSK4KjMi1Y1Q1IUrqWgf0Cklk2ba0MxkSO6IZZg/ceOvuHGhiLjr35hpC2r1QOBwzn3kHi8SXINtj63cwuLS8kp+tbC2vrG5VdzeaWgZK8rqVAqpWh7RTPCQ1YGDYK1IMRJ4gjW94UXmN++Z0lyGdzCKWCcg/ZD7nBIwUrdYcYE9QHIp8bUEnGLXV4QmbkQUcCLwbfrNXWHG9kiKz7DdLZbssj0B/kucGSmhGWrd4qfbkzQOWAhUEK3bjh1BJ8lGU8HSghtrFhE6JH3WNjQkAdOdZHJfig+M0sO+VOaFgCfqz46EBFqPAs9UBgQGet7LxP+8dgz+aSfhYRQDC+l0kR8LDBJnYeEeV4yCGBlCqOLmr5gOiEkITKQFE4Izf/Jf0jgqO5Vy5ea4VD2fxZFHe2gfHSIHnaAqukI1VEcUPaJn9IrerCfrxXq3PqalOWvWs4t+wRp/AYv7oqY=</latexit>

Do Not
@S

@�
= 0

<latexit sha1_base64="mwrDfPW/r8pm1T9n/0W23d1XVxw=">AAACHXicbVDLSgMxFM34rPVVdekmWARXZUakuhGKunAlFawtdErJpLdtMJMMyR2xjP0RN/6KGxeKuHAj/o1p7cLXgYSTc+7l5p4okcKi7394U9Mzs3PzuYX84tLyymphbf3S6tRwqHEttWlEzIIUCmooUEIjMcDiSEI9ujoe+fVrMFZodYGDBFox6ynRFZyhk9qFvRDhBrMTTc800iENk76gYcRMFlatcG9309uQ90VomOpJoIfUbxeKfskfg/4lwYQUyQTVduEt7GiexqCQS2ZtM/ATbGXMoOAShvkwtZAwfsV60HRUsRhsKxtvN6TbTunQrjbuKKRj9XtHxmJrB3HkKmOGffvbG4n/ec0UuwetTKgkRVD8a1A3lRQ1HUVFO8IARzlwhHEj3F8p7zPDOLpA8y6E4PfKf8nlbikol8rne8XK0SSOHNkkW2SHBGSfVMgpqZIa4eSOPJAn8uzde4/ei/f6VTrlTXo2yA94758HnKE/</latexit>

Do Not � ̄ |�i = 0

Why?
<latexit sha1_base64="4RNvLbpACJbsv+NDi7e//PgW+0I=">AAACMXicbVDLSsNAFJ3UV62vqks3g0VwVRKR6kYouunCRQX7gCaEm+mkHTp5MDMRSsgvufFPxE0Xirj1J5y0RWrrgYHDuffcO/d4MWdSmebEKKytb2xuFbdLO7t7+wflw6O2jBJBaItEPBJdDyTlLKQtxRSn3VhQCDxOO97oLq93nqiQLAof1TimTgCDkPmMgNKSW27YMXNTm2tHHzJ8g21fAEntGIRiwLEdgBoS4Ol9li2o/Uj9mnKXid1yxayaU+BVYs1JBc3RdMuvegpJAhoqwkHKnmXGyknzDYTTrGQnksZARjCgPU1DCKh00unFGT7TSh/7kdAvVHiqLjpSCKQcB57uzA+Qy7Vc/K/WS5R/7aQsjBNFQzJb5Cccqwjn8eE+E5QoPtYEiGD6r5gMQUemdMglHYK1fPIqaV9UrVq19nBZqd/O4yiiE3SKzpGFrlAdNVATtRBBz+gNvaMP48WYGJ/G16y1YMw9x+gPjO8f+JeqpQ==</latexit>

⇡� =
@L
@�̇

= 0

λ not d.o.f.

Gauge Theory
<latexit sha1_base64="of3C8rPooQ0kdY24EBr9XW1NlFc="></latexit>

S =

Z
dtL

⇣
a (t) , ȧ (t) , N (t) ,� (t) , �̇ (t)

⌘

<latexit sha1_base64="b19AMOQHuOzFSdEdfSk3p6LLAJU=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6kKh6MaFSAX7gCaEyXTSDp0kw8xEKCE/48ZfcePCIoIrf8VJm0VtPTBwOPfcO/cenzMqlWV9G6WV1bX1jfJmZWt7Z3fP3D9oyzgRmLRwzGLR9ZEkjEakpahipMsFQaHPSMcf3eb1zjMRksbRkxpz4oZoENGAYqS05JlXDqde+pDBa+gEAuHU4Ugoihh0QqSGGLH0Psvm1H6stD33W9Azq1bNmgIuE7sgVVCg6ZkT3Y+TkEQKMyRlz7a4ctN8NmYkqziJJBzhERqQnqYRCol00+mVGTzRSh8GsdAvUnCqznekKJRyHPrama8uF2u5+F+tl6jg0k1pxBNFIjz7KEgYVDHMI4N9KghWbKwJwoLqXSEeIh2W0sFWdAj24snLpH1Ws+u1+uN5tXFTxFEGR+AYnAIbXIAGuANN0AIYvIA38AEmxqvxbnwaXzNrySh6DsEfGD+/nHylTw==</latexit>

⇡N =
@L
@Ṅ

= 0

N not d.o.f.

But:
<latexit sha1_base64="Jsucgl9idSqXDPoSeRzX0xxi8XU=">AAACC3icbZDLSgMxFIbP1Futt1GXbkKL4KrMiFQ3QtGNK6loL9AZSibNtKGZC0lGKEP3bnwVNy4UcesLuPNtzLQDausPgY//nJPk/F7MmVSW9WUUlpZXVteK66WNza3tHXN3ryWjRBDaJBGPRMfDknIW0qZiitNOLCgOPE7b3ugyq7fvqZAsCu/UOKZugAch8xnBSls9s4wcX2CSOjEWimGObic/fD1B58jqmRWrak2FFsHOoQK5Gj3z0+lHJAloqAjHUnZtK1Zuml1KOJ2UnETSGJMRHtCuxhAHVLrpdJcJOtROH/mR0CdUaOr+nkhxIOU48HRngNVQztcy879aN1H+mZuyME4UDcnsIT/hSEUoCwb1maBE8bEGTATTf0VkiHU2SsdX0iHY8ysvQuu4ateqtZuTSv0ij6MIB1CGI7DhFOpwBQ1oAoEHeIIXeDUejWfjzXiftRaMfGYf/sj4+Aa1v5oy</latexit>

@S

@N
= 0

<latexit sha1_base64="CkJXPtGHQpNpOqAsBqlE6ZFYDrA=">AAACGHicbZDLSsNAFIYn9VbrrerSzWARXNVEpLoRim5cSUV7gSaUyfSkHTqZhJmJUGIfw42v4saFIm67822ctgG1+sPAx3/O4cz5/ZgzpW3708otLC4tr+RXC2vrG5tbxe2dhooSSaFOIx7Jlk8UcCagrpnm0IolkNDn0PQHl5N68x6kYpG408MYvJD0BAsYJdpYneIRdgNJaOrGRGpGOL4dffP1CD+4tM9cSUSPAz7HdqdYssv2VPgvOBmUUKZapzh2uxFNQhCacqJU27Fj7aWTDZTDqOAmCmJCB6QHbYOChKC8dHrYCB8Yp4uDSJonNJ66PydSEio1DH3TGRLdV/O1iflfrZ3o4MxLmYgTDYLOFgUJxzrCk5Rwl0mgmg8NECqZ+SumfWKC0ibLggnBmT/5LzSOy06lXLk5KVUvsjjyaA/to0PkoFNURVeohuqIokf0jF7Rm/VkvVjv1sesNWdlM7vol6zxF/apn7U=</latexit>

@S

@N
|�i = 0



Quantizing Gauge Theories
Yukawa Theory

<latexit sha1_base64="8Vbl0TRh6Y3ATwEaTXkYy8Tiw4w="></latexit>

S �
Z

d4x� (x)� ̄ 

<latexit sha1_base64="Iq4R6GZhmPpJwpfzmW+MAkQGrpo=">AAACH3icbVDLSgMxFM3UV62vqks3wSK4KjMi1Y1Q1IUrqWgf0Cklk2ba0MxkSO6IZZg/ceOvuHGhiLjr35hpC2r1QOBwzn3kHi8SXINtj63cwuLS8kp+tbC2vrG5VdzeaWgZK8rqVAqpWh7RTPCQ1YGDYK1IMRJ4gjW94UXmN++Z0lyGdzCKWCcg/ZD7nBIwUrdYcYE9QHIp8bUEnGLXV4QmbkQUcCLwbfrNXWHG9kiKz7DdLZbssj0B/kucGSmhGWrd4qfbkzQOWAhUEK3bjh1BJ8lGU8HSghtrFhE6JH3WNjQkAdOdZHJfig+M0sO+VOaFgCfqz46EBFqPAs9UBgQGet7LxP+8dgz+aSfhYRQDC+l0kR8LDBJnYeEeV4yCGBlCqOLmr5gOiEkITKQFE4Izf/Jf0jgqO5Vy5ea4VD2fxZFHe2gfHSIHnaAqukI1VEcUPaJn9IrerCfrxXq3PqalOWvWs4t+wRp/AYv7oqY=</latexit>

Do Not
@S

@�
= 0

<latexit sha1_base64="mwrDfPW/r8pm1T9n/0W23d1XVxw=">AAACHXicbVDLSgMxFM34rPVVdekmWARXZUakuhGKunAlFawtdErJpLdtMJMMyR2xjP0RN/6KGxeKuHAj/o1p7cLXgYSTc+7l5p4okcKi7394U9Mzs3PzuYX84tLyymphbf3S6tRwqHEttWlEzIIUCmooUEIjMcDiSEI9ujoe+fVrMFZodYGDBFox6ynRFZyhk9qFvRDhBrMTTc800iENk76gYcRMFlatcG9309uQ90VomOpJoIfUbxeKfskfg/4lwYQUyQTVduEt7GiexqCQS2ZtM/ATbGXMoOAShvkwtZAwfsV60HRUsRhsKxtvN6TbTunQrjbuKKRj9XtHxmJrB3HkKmOGffvbG4n/ec0UuwetTKgkRVD8a1A3lRQ1HUVFO8IARzlwhHEj3F8p7zPDOLpA8y6E4PfKf8nlbikol8rne8XK0SSOHNkkW2SHBGSfVMgpqZIa4eSOPJAn8uzde4/ei/f6VTrlTXo2yA94758HnKE/</latexit>

Do Not � ̄ |�i = 0

Why?
<latexit sha1_base64="4RNvLbpACJbsv+NDi7e//PgW+0I=">AAACMXicbVDLSsNAFJ3UV62vqks3g0VwVRKR6kYouunCRQX7gCaEm+mkHTp5MDMRSsgvufFPxE0Xirj1J5y0RWrrgYHDuffcO/d4MWdSmebEKKytb2xuFbdLO7t7+wflw6O2jBJBaItEPBJdDyTlLKQtxRSn3VhQCDxOO97oLq93nqiQLAof1TimTgCDkPmMgNKSW27YMXNTm2tHHzJ8g21fAEntGIRiwLEdgBoS4Ol9li2o/Uj9mnKXid1yxayaU+BVYs1JBc3RdMuvegpJAhoqwkHKnmXGyknzDYTTrGQnksZARjCgPU1DCKh00unFGT7TSh/7kdAvVHiqLjpSCKQcB57uzA+Qy7Vc/K/WS5R/7aQsjBNFQzJb5Cccqwjn8eE+E5QoPtYEiGD6r5gMQUemdMglHYK1fPIqaV9UrVq19nBZqd/O4yiiE3SKzpGFrlAdNVATtRBBz+gNvaMP48WYGJ/G16y1YMw9x+gPjO8f+JeqpQ==</latexit>

⇡� =
@L
@�̇

= 0

λ not d.o.f.

Gauge Theory
<latexit sha1_base64="of3C8rPooQ0kdY24EBr9XW1NlFc="></latexit>

S =

Z
dtL

⇣
a (t) , ȧ (t) , N (t) ,� (t) , �̇ (t)

⌘

<latexit sha1_base64="b19AMOQHuOzFSdEdfSk3p6LLAJU=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6kKh6MaFSAX7gCaEyXTSDp0kw8xEKCE/48ZfcePCIoIrf8VJm0VtPTBwOPfcO/cenzMqlWV9G6WV1bX1jfJmZWt7Z3fP3D9oyzgRmLRwzGLR9ZEkjEakpahipMsFQaHPSMcf3eb1zjMRksbRkxpz4oZoENGAYqS05JlXDqde+pDBa+gEAuHU4Ugoihh0QqSGGLH0Psvm1H6stD33W9Azq1bNmgIuE7sgVVCg6ZkT3Y+TkEQKMyRlz7a4ctN8NmYkqziJJBzhERqQnqYRCol00+mVGTzRSh8GsdAvUnCqznekKJRyHPrama8uF2u5+F+tl6jg0k1pxBNFIjz7KEgYVDHMI4N9KghWbKwJwoLqXSEeIh2W0sFWdAj24snLpH1Ws+u1+uN5tXFTxFEGR+AYnAIbXIAGuANN0AIYvIA38AEmxqvxbnwaXzNrySh6DsEfGD+/nHylTw==</latexit>

⇡N =
@L
@Ṅ

= 0

N not d.o.f.

But:
<latexit sha1_base64="Jsucgl9idSqXDPoSeRzX0xxi8XU=">AAACC3icbZDLSgMxFIbP1Futt1GXbkKL4KrMiFQ3QtGNK6loL9AZSibNtKGZC0lGKEP3bnwVNy4UcesLuPNtzLQDausPgY//nJPk/F7MmVSW9WUUlpZXVteK66WNza3tHXN3ryWjRBDaJBGPRMfDknIW0qZiitNOLCgOPE7b3ugyq7fvqZAsCu/UOKZugAch8xnBSls9s4wcX2CSOjEWimGObic/fD1B58jqmRWrak2FFsHOoQK5Gj3z0+lHJAloqAjHUnZtK1Zuml1KOJ2UnETSGJMRHtCuxhAHVLrpdJcJOtROH/mR0CdUaOr+nkhxIOU48HRngNVQztcy879aN1H+mZuyME4UDcnsIT/hSEUoCwb1maBE8bEGTATTf0VkiHU2SsdX0iHY8ysvQuu4ateqtZuTSv0ij6MIB1CGI7DhFOpwBQ1oAoEHeIIXeDUejWfjzXiftRaMfGYf/sj4+Aa1v5oy</latexit>

@S

@N
= 0

<latexit sha1_base64="CkJXPtGHQpNpOqAsBqlE6ZFYDrA=">AAACGHicbZDLSsNAFIYn9VbrrerSzWARXNVEpLoRim5cSUV7gSaUyfSkHTqZhJmJUGIfw42v4saFIm67822ctgG1+sPAx3/O4cz5/ZgzpW3708otLC4tr+RXC2vrG5tbxe2dhooSSaFOIx7Jlk8UcCagrpnm0IolkNDn0PQHl5N68x6kYpG408MYvJD0BAsYJdpYneIRdgNJaOrGRGpGOL4dffP1CD+4tM9cSUSPAz7HdqdYssv2VPgvOBmUUKZapzh2uxFNQhCacqJU27Fj7aWTDZTDqOAmCmJCB6QHbYOChKC8dHrYCB8Yp4uDSJonNJ66PydSEio1DH3TGRLdV/O1iflfrZ3o4MxLmYgTDYLOFgUJxzrCk5Rwl0mgmg8NECqZ+SumfWKC0ibLggnBmT/5LzSOy06lXLk5KVUvsjjyaA/to0PkoFNURVeohuqIokf0jF7Rm/VkvVjv1sesNWdlM7vol6zxF/apn7U=</latexit>

@S

@N
|�i = 0

????????



Classical and Quantum Gauge Theories

Classical Field Theory 
(e.g. General Relativity)

<latexit sha1_base64="Uhp3YBx6Ql3IQVzSt6Y6Tgmn0qM=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSNUHTjsqK9QGcsmTTThiaZIckIZZhXcOOruHGhiFt37nwb03YEbf0h8PGfczg5fxAzqrTjfFmFpeWV1bXiemljc2t7x97da6kokZg0ccQi2QmQIowK0tRUM9KJJUE8YKQdjC4n9fY9kYpG4laPY+JzNBA0pBhpY/XsihdKhFOvT5hG8Cb7ocFd6vEEeiLJMngOHdizy07VmQougptDGeRq9OxPrx/hhBOhMUNKdV0n1n6KpKaYkazkJYrECI/QgHQNCsSJ8tPpRRk8Mk4fhpE0T2g4dX9PpIgrNeaB6eRID9V8bWL+V+smOjzzUyriRBOBZ4vChEEdwUk8sE8lwZqNDSAsqfkrxENkItImxJIJwZ0/eRFax1X3pFq7rpXrF3kcRXAADkEFuOAU1MEVaIAmwOABPIEX8Go9Ws/Wm/U+ay1Y+cw++CPr4xtfZpyy</latexit>

�S

�gµ⌫
= 0



Classical and Quantum Gauge Theories

Classical Field Theory 
(e.g. General Relativity)

<latexit sha1_base64="Uhp3YBx6Ql3IQVzSt6Y6Tgmn0qM=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSNUHTjsqK9QGcsmTTThiaZIckIZZhXcOOruHGhiFt37nwb03YEbf0h8PGfczg5fxAzqrTjfFmFpeWV1bXiemljc2t7x97da6kokZg0ccQi2QmQIowK0tRUM9KJJUE8YKQdjC4n9fY9kYpG4laPY+JzNBA0pBhpY/XsihdKhFOvT5hG8Cb7ocFd6vEEeiLJMngOHdizy07VmQougptDGeRq9OxPrx/hhBOhMUNKdV0n1n6KpKaYkazkJYrECI/QgHQNCsSJ8tPpRRk8Mk4fhpE0T2g4dX9PpIgrNeaB6eRID9V8bWL+V+smOjzzUyriRBOBZ4vChEEdwUk8sE8lwZqNDSAsqfkrxENkItImxJIJwZ0/eRFax1X3pFq7rpXrF3kcRXAADkEFuOAU1MEVaIAmwOABPIEX8Go9Ws/Wm/U+ay1Y+cw++CPr4xtfZpyy</latexit>

�S

�gµ⌫
= 0

Quantum Field Theory 
<latexit sha1_base64="eyiOS5117WebtSvWVud3TzzOSFY="></latexit>

Z =

Z
Dgµ⌫eiS[g] =) �Z =

Z
Dgµ⌫

✓
�S

�gµ⌫

◆
�gµ⌫ = 0



Classical and Quantum Gauge Theories

Classical Field Theory 
(e.g. General Relativity)

<latexit sha1_base64="Uhp3YBx6Ql3IQVzSt6Y6Tgmn0qM=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSNUHTjsqK9QGcsmTTThiaZIckIZZhXcOOruHGhiFt37nwb03YEbf0h8PGfczg5fxAzqrTjfFmFpeWV1bXiemljc2t7x97da6kokZg0ccQi2QmQIowK0tRUM9KJJUE8YKQdjC4n9fY9kYpG4laPY+JzNBA0pBhpY/XsihdKhFOvT5hG8Cb7ocFd6vEEeiLJMngOHdizy07VmQougptDGeRq9OxPrx/hhBOhMUNKdV0n1n6KpKaYkazkJYrECI/QgHQNCsSJ8tPpRRk8Mk4fhpE0T2g4dX9PpIgrNeaB6eRID9V8bWL+V+smOjzzUyriRBOBZ4vChEEdwUk8sE8lwZqNDSAsqfkrxENkItImxJIJwZ0/eRFax1X3pFq7rpXrF3kcRXAADkEFuOAU1MEVaIAmwOABPIEX8Go9Ws/Wm/U+ay1Y+cw++CPr4xtfZpyy</latexit>

�S

�gµ⌫
= 0

Quantum Field Theory 
<latexit sha1_base64="eyiOS5117WebtSvWVud3TzzOSFY="></latexit>

Z =

Z
Dgµ⌫eiS[g] =) �Z =

Z
Dgµ⌫

✓
�S

�gµ⌫

◆
�gµ⌫ = 0

<latexit sha1_base64="6wmav1Lb+YBrtNm+NwnoR4fbVv0=">AAAB7XicdVBNS8NAEN34WetX1aOXxSJ4Ckla23orevFYwX5AG8pmu23XbjZhdyKU0P/gxYMiXv0/3vw3btoKKvpg4PHeDDPzglhwDY7zYa2srq1vbOa28ts7u3v7hYPDlo4SRVmTRiJSnYBoJrhkTeAgWCdWjISBYO1gcpX57XumNI/kLUxj5odkJPmQUwJGavWAh0z3C0XHvqhVvHMPO7bjVL1SJSNeteyVsGuUDEW0RKNfeO8NIpqETAIVROuu68Tgp0QBp4LN8r1Es5jQCRmxrqGSmCV+Or92hk+NMsDDSJmSgOfq94mUhFpPw8B0hgTG+reXiX953QSGNT/lMk6ASbpYNEwEhghnr+MBV4yCmBpCqOLmVkzHRBEKJqC8CeHrU/w/aXm2W7HLN+Vi/XIZRw4doxN0hlxURXV0jRqoiSi6Qw/oCT1bkfVovVivi9YVazlzhH7AevsEHBGPgQ==</latexit>⇥
Need to Gauge Fix to define Path Integral 



Classical and Quantum Gauge Theories

Classical Field Theory 
(e.g. General Relativity)

<latexit sha1_base64="Uhp3YBx6Ql3IQVzSt6Y6Tgmn0qM=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSNUHTjsqK9QGcsmTTThiaZIckIZZhXcOOruHGhiFt37nwb03YEbf0h8PGfczg5fxAzqrTjfFmFpeWV1bXiemljc2t7x97da6kokZg0ccQi2QmQIowK0tRUM9KJJUE8YKQdjC4n9fY9kYpG4laPY+JzNBA0pBhpY/XsihdKhFOvT5hG8Cb7ocFd6vEEeiLJMngOHdizy07VmQougptDGeRq9OxPrx/hhBOhMUNKdV0n1n6KpKaYkazkJYrECI/QgHQNCsSJ8tPpRRk8Mk4fhpE0T2g4dX9PpIgrNeaB6eRID9V8bWL+V+smOjzzUyriRBOBZ4vChEEdwUk8sE8lwZqNDSAsqfkrxENkItImxJIJwZ0/eRFax1X3pFq7rpXrF3kcRXAADkEFuOAU1MEVaIAmwOABPIEX8Go9Ws/Wm/U+ay1Y+cw++CPr4xtfZpyy</latexit>

�S

�gµ⌫
= 0

Quantum Field Theory 
<latexit sha1_base64="eyiOS5117WebtSvWVud3TzzOSFY="></latexit>

Z =

Z
Dgµ⌫eiS[g] =) �Z =

Z
Dgµ⌫

✓
�S

�gµ⌫

◆
�gµ⌫ = 0

<latexit sha1_base64="6wmav1Lb+YBrtNm+NwnoR4fbVv0=">AAAB7XicdVBNS8NAEN34WetX1aOXxSJ4Ckla23orevFYwX5AG8pmu23XbjZhdyKU0P/gxYMiXv0/3vw3btoKKvpg4PHeDDPzglhwDY7zYa2srq1vbOa28ts7u3v7hYPDlo4SRVmTRiJSnYBoJrhkTeAgWCdWjISBYO1gcpX57XumNI/kLUxj5odkJPmQUwJGavWAh0z3C0XHvqhVvHMPO7bjVL1SJSNeteyVsGuUDEW0RKNfeO8NIpqETAIVROuu68Tgp0QBp4LN8r1Es5jQCRmxrqGSmCV+Or92hk+NMsDDSJmSgOfq94mUhFpPw8B0hgTG+reXiX953QSGNT/lMk6ASbpYNEwEhghnr+MBV4yCmBpCqOLmVkzHRBEKJqC8CeHrU/w/aXm2W7HLN+Vi/XIZRw4doxN0hlxURXV0jRqoiSi6Qw/oCT1bkfVovVivi9YVazlzhH7AevsEHBGPgQ==</latexit>⇥
Need to Gauge Fix to define Path Integral 

<latexit sha1_base64="SmywzQdX0JF1efoc65BseJCii7g="></latexit>

Z =

Z
Dgµ⌫eiSgf [g] =) �Z =

Z
Dgµ⌫

✓
�Sgf

�gµ⌫

◆
�gµ⌫ = 0

<latexit sha1_base64="hcglnRi3aR07VAUcpq3eWn3MaRU=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSY1xiyLblxWsA9sQ5lMJ+2QySTMTIQS+hduXCji1r9x5984fQgqeuDC4Zx7ufeeMONMaYQ+rNLK6tr6RnmzsrW9s7tX3T9oqzSXhLZIylPZDbGinAna0kxz2s0kxUnIaSeMr2Z+555KxVJxqycZDRI8EixiBGsj3fXJmJI4wTIeVGvIRr7nu2cQ2eeeh1zHEOTWkV+Hjo3mqIElmoPqe3+YkjyhQhOOleo5KNNBgaVmhNNppZ8rmmES4xHtGSpwQlVQzC+ewhOjDGGUSlNCw7n6faLAiVKTJDSdCdZj9dubiX95vVxHflAwkeWaCrJYFOUc6hTO3odDJinRfGIIJpKZWyEZY4mJNiFVTAhfn8L/SbtuO57t3ri1xuUyjjI4AsfgFDjgAjTANWiCFiBAgAfwBJ4tZT1aL9brorVkLWcOwQ9Yb58Kr5Ev</latexit>X



Classical and Quantum Gauge Theories

Classical Field Theory 
(e.g. General Relativity)

<latexit sha1_base64="Uhp3YBx6Ql3IQVzSt6Y6Tgmn0qM=">AAACEXicbZDLSgMxFIYz9VbrbdSlm2ARuiozUtSNUHTjsqK9QGcsmTTThiaZIckIZZhXcOOruHGhiFt37nwb03YEbf0h8PGfczg5fxAzqrTjfFmFpeWV1bXiemljc2t7x97da6kokZg0ccQi2QmQIowK0tRUM9KJJUE8YKQdjC4n9fY9kYpG4laPY+JzNBA0pBhpY/XsihdKhFOvT5hG8Cb7ocFd6vEEeiLJMngOHdizy07VmQougptDGeRq9OxPrx/hhBOhMUNKdV0n1n6KpKaYkazkJYrECI/QgHQNCsSJ8tPpRRk8Mk4fhpE0T2g4dX9PpIgrNeaB6eRID9V8bWL+V+smOjzzUyriRBOBZ4vChEEdwUk8sE8lwZqNDSAsqfkrxENkItImxJIJwZ0/eRFax1X3pFq7rpXrF3kcRXAADkEFuOAU1MEVaIAmwOABPIEX8Go9Ws/Wm/U+ay1Y+cw++CPr4xtfZpyy</latexit>

�S

�gµ⌫
= 0

Quantum Field Theory 
<latexit sha1_base64="eyiOS5117WebtSvWVud3TzzOSFY="></latexit>

Z =

Z
Dgµ⌫eiS[g] =) �Z =

Z
Dgµ⌫

✓
�S

�gµ⌫

◆
�gµ⌫ = 0

<latexit sha1_base64="6wmav1Lb+YBrtNm+NwnoR4fbVv0=">AAAB7XicdVBNS8NAEN34WetX1aOXxSJ4Ckla23orevFYwX5AG8pmu23XbjZhdyKU0P/gxYMiXv0/3vw3btoKKvpg4PHeDDPzglhwDY7zYa2srq1vbOa28ts7u3v7hYPDlo4SRVmTRiJSnYBoJrhkTeAgWCdWjISBYO1gcpX57XumNI/kLUxj5odkJPmQUwJGavWAh0z3C0XHvqhVvHMPO7bjVL1SJSNeteyVsGuUDEW0RKNfeO8NIpqETAIVROuu68Tgp0QBp4LN8r1Es5jQCRmxrqGSmCV+Or92hk+NMsDDSJmSgOfq94mUhFpPw8B0hgTG+reXiX953QSGNT/lMk6ASbpYNEwEhghnr+MBV4yCmBpCqOLmVkzHRBEKJqC8CeHrU/w/aXm2W7HLN+Vi/XIZRw4doxN0hlxURXV0jRqoiSi6Qw/oCT1bkfVovVivi9YVazlzhH7AevsEHBGPgQ==</latexit>⇥
Need to Gauge Fix to define Path Integral 

<latexit sha1_base64="SmywzQdX0JF1efoc65BseJCii7g="></latexit>

Z =

Z
Dgµ⌫eiSgf [g] =) �Z =

Z
Dgµ⌫

✓
�Sgf

�gµ⌫

◆
�gµ⌫ = 0

<latexit sha1_base64="hcglnRi3aR07VAUcpq3eWn3MaRU=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFSY1xiyLblxWsA9sQ5lMJ+2QySTMTIQS+hduXCji1r9x5984fQgqeuDC4Zx7ufeeMONMaYQ+rNLK6tr6RnmzsrW9s7tX3T9oqzSXhLZIylPZDbGinAna0kxz2s0kxUnIaSeMr2Z+555KxVJxqycZDRI8EixiBGsj3fXJmJI4wTIeVGvIRr7nu2cQ2eeeh1zHEOTWkV+Hjo3mqIElmoPqe3+YkjyhQhOOleo5KNNBgaVmhNNppZ8rmmES4xHtGSpwQlVQzC+ewhOjDGGUSlNCw7n6faLAiVKTJDSdCdZj9dubiX95vVxHflAwkeWaCrJYFOUc6hTO3odDJinRfGIIJpKZWyEZY4mJNiFVTAhfn8L/SbtuO57t3ri1xuUyjjI4AsfgFDjgAjTANWiCFiBAgAfwBJ4tZT1aL9brorVkLWcOwQ9Yb58Kr5Ev</latexit>X

Not the Same 
???????? 

Quantum 
Supremacy 



Hamiltonian Construction
<latexit sha1_base64="DoRM0+lzj/KWbd3LExd7A1E9ekA="></latexit>

⇧a =
@L
@ȧ

,⇧� =
@L
@�̇

Quantize These 

<latexit sha1_base64="ONOf4CdRRX2HXd7Yucvkccqet5Q=">AAACDnicbZDLSsNAFIYn9VbrLerSzWApuJCSSFE3QtGNywr2AkkIk+mkHTqZhJmJUEKfwI2v4saFIm5du/NtnKRZaOsPAz/fOYcz5w8SRqWyrG+jsrK6tr5R3axtbe/s7pn7Bz0ZpwKTLo5ZLAYBkoRRTrqKKkYGiSAoChjpB5ObvN5/IELSmN+raUK8CI04DSlGSiPfbDjoFLod6mdo5sEr6LjJmJYktwWkvlm3mlYhuGzs0tRBqY5vfrnDGKcR4QozJKVjW4nyMiQUxYzMam4qSYLwBI2Ioy1HEZFeVpwzgw1NhjCMhX5cwYL+nshQJOU0CnRnhNRYLtZy+F/NSVV46WWUJ6kiHM8XhSmDKoZ5NnBIBcGKTbVBWFD9V4jHSCCsdII1HYK9ePKy6Z017fNm665Vb1+XcVTBETgGJ8AGF6ANbkEHdAEGj+AZvII348l4Md6Nj3lrxShnDsEfGZ8/Tj6aZQ==</latexit>

[a,⇧a] = [�,⇧�] = i

<latexit sha1_base64="P+FBniV+NZIERva2ulTXVfom6Rg=">AAACJHicbVDLSgNBEJz1bXxFPXoZDEJEDbsiKohg9OIxgjGBbAyzk97NkNkHM71CWPIxXvwVLx584MGL3+Ik5qDGgoGiqpqeLi+RQqNtf1gTk1PTM7Nz87mFxaXllfzq2o2OU8WhymMZq7rHNEgRQRUFSqgnCljoSah53YuBX7sDpUUcXWMvgWbIgkj4gjM0Uit/wugpLdMdWr7N3DYLAlD9XepWRGtgCOpK8LFYpns/A64SQQe3W/mCXbKHoOPEGZECGaHSyr+67ZinIUTIJdO64dgJNjOmUHAJ/ZybakgY77IAGoZGLATdzIZH9umWUdrUj5V5EdKh+nMiY6HWvdAzyZBhR//1BuJ/XiNF/7iZiShJESL+vchPJcWYDhqjbaGAo+wZwrgS5q+Ud5hiHE2vOVOC8/fkcXKzX3IOSwdXB4Wz81Edc2SDbJIiccgROSOXpEKqhJN78kieyYv1YD1Zb9b7d3TCGs2sk1+wPr8AyAyh7Q==</latexit>

a = A+A†,⇧a = i
�
A�A†� <latexit sha1_base64="hsaVXEEsT8c4fkgtKf8jTYmXhwk="></latexit>

� = B +B†,⇧� = i
�
B �B†�



Hamiltonian Construction
<latexit sha1_base64="DoRM0+lzj/KWbd3LExd7A1E9ekA="></latexit>

⇧a =
@L
@ȧ

,⇧� =
@L
@�̇

Quantize These 

Fully non-linear General Relativity - no “free” theory with “free” kinetic term 

<latexit sha1_base64="ONOf4CdRRX2HXd7Yucvkccqet5Q=">AAACDnicbZDLSsNAFIYn9VbrLerSzWApuJCSSFE3QtGNywr2AkkIk+mkHTqZhJmJUEKfwI2v4saFIm5du/NtnKRZaOsPAz/fOYcz5w8SRqWyrG+jsrK6tr5R3axtbe/s7pn7Bz0ZpwKTLo5ZLAYBkoRRTrqKKkYGiSAoChjpB5ObvN5/IELSmN+raUK8CI04DSlGSiPfbDjoFLod6mdo5sEr6LjJmJYktwWkvlm3mlYhuGzs0tRBqY5vfrnDGKcR4QozJKVjW4nyMiQUxYzMam4qSYLwBI2Ioy1HEZFeVpwzgw1NhjCMhX5cwYL+nshQJOU0CnRnhNRYLtZy+F/NSVV46WWUJ6kiHM8XhSmDKoZ5NnBIBcGKTbVBWFD9V4jHSCCsdII1HYK9ePKy6Z017fNm665Vb1+XcVTBETgGJ8AGF6ANbkEHdAEGj+AZvII348l4Md6Nj3lrxShnDsEfGZ8/Tj6aZQ==</latexit>

[a,⇧a] = [�,⇧�] = i

<latexit sha1_base64="P+FBniV+NZIERva2ulTXVfom6Rg=">AAACJHicbVDLSgNBEJz1bXxFPXoZDEJEDbsiKohg9OIxgjGBbAyzk97NkNkHM71CWPIxXvwVLx584MGL3+Ik5qDGgoGiqpqeLi+RQqNtf1gTk1PTM7Nz87mFxaXllfzq2o2OU8WhymMZq7rHNEgRQRUFSqgnCljoSah53YuBX7sDpUUcXWMvgWbIgkj4gjM0Uit/wugpLdMdWr7N3DYLAlD9XepWRGtgCOpK8LFYpns/A64SQQe3W/mCXbKHoOPEGZECGaHSyr+67ZinIUTIJdO64dgJNjOmUHAJ/ZybakgY77IAGoZGLATdzIZH9umWUdrUj5V5EdKh+nMiY6HWvdAzyZBhR//1BuJ/XiNF/7iZiShJESL+vchPJcWYDhqjbaGAo+wZwrgS5q+Ud5hiHE2vOVOC8/fkcXKzX3IOSwdXB4Wz81Edc2SDbJIiccgROSOXpEKqhJN78kieyYv1YD1Zb9b7d3TCGs2sk1+wPr8AyAyh7Q==</latexit>

a = A+A†,⇧a = i
�
A�A†� <latexit sha1_base64="hsaVXEEsT8c4fkgtKf8jTYmXhwk="></latexit>

� = B +B†,⇧� = i
�
B �B†�

But, can still construct Hilbert space with Fock states of A, B - these are 
operator level statements independent of kinetic terms of the theory 

<latexit sha1_base64="ifQY1vW3YSYCZ6BMr0OIjd2Nd9k=">AAACJnicbZBNS8NAEIY3flu/qh69LBbBg5REinopVL14rGBVaGrZbKdxcbMJuxOxpP01XvwrXjxURLz5U9zWCH4NLDy87wyz8waJFAZd982ZmJyanpmdmy8sLC4trxRX185NnGoODR7LWF8GzIAUChooUMJlooFFgYSL4OZ45F/cgjYiVmfYS6AVsVCJruAMrdQuVg/7rq+ZCiXQKnV36OFV5ndYGIIefHf63hf7CHeYUUBeHrSLJbfsjov+BS+HEsmr3i4O/U7M0wgUcsmMaXpugq2MaRRcwqDgpwYSxm9YCE2LikVgWtn4zAHdskqHdmNtn0I6Vr9PZCwyphcFtjNieG1+eyPxP6+ZYveglQmVpAiKfy7qppJiTEeZ0Y7QwFH2LDCuhf0r5ddMM4422YINwft98l843y17e+XKaaVUO8rjmCMbZJNsE4/skxo5IXXSIJzck0cyJM/Og/PkvDivn60TTj6zTn6U8/4BMnykcQ==</latexit>

A|0i = 0, A†|0i = |1i etc.



Electromagnetism



Outline
1. Electromagnetism 

2. Mini Superspace 

3. General Relativity 

4. Cosmological Consequences 

5. Conclusions 



Do we need Hilbert space Restriction?
All we care about is we want a causal theory with a massless photon

<latexit sha1_base64="FU0V5Sg5ZqrPtToMNYAPgrC/Gdw=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9SJUvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDf1W09cGxGrRxwn3I/oQIlQMIpWat30XHJN3F6p7FbcGcgy8XJShhz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDuWKhpx42ezcyfk1Cp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2d9IXmDOXYEsq0sLcSNqSaMrQJFW0I3uLLy6R5XvGqlerDRbl2m8dRgGM4gTPw4BJqcA91aACDETzDK7w5ifPivDsf89YVJ585gj9wPn8AWB2OSA==</latexit>

A0 = 0
<latexit sha1_base64="SDTcjTBH6j/UeqnG7TiBkgTJtIc="></latexit>

H =

Z
d
3
x
1

2

�
E

2 +B
2
�
+ ~A. ~J +HJ



Do we need Hilbert space Restriction?
All we care about is we want a causal theory with a massless photon

<latexit sha1_base64="FU0V5Sg5ZqrPtToMNYAPgrC/Gdw=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9SJUvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDf1W09cGxGrRxwn3I/oQIlQMIpWat30XHJN3F6p7FbcGcgy8XJShhz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDuWKhpx42ezcyfk1Cp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2d9IXmDOXYEsq0sLcSNqSaMrQJFW0I3uLLy6R5XvGqlerDRbl2m8dRgGM4gTPw4BJqcA91aACDETzDK7w5ifPivDsf89YVJ585gj9wPn8AWB2OSA==</latexit>

A0 = 0
<latexit sha1_base64="SDTcjTBH6j/UeqnG7TiBkgTJtIc="></latexit>

H =

Z
d
3
x
1

2

�
E

2 +B
2
�
+ ~A. ~J +HJ

<latexit sha1_base64="W1TCWdvve2pCsgfZ1rtDT+tG6nE="></latexit>

| (t)i = e
�iHt| (0)i =

 
1 + iHt+

(iHt)2

2
+ . . .

!
| (0)i

Want to know if there is a photon mass operator at some order



Do we need Hilbert space Restriction?
All we care about is we want a causal theory with a massless photon

<latexit sha1_base64="FU0V5Sg5ZqrPtToMNYAPgrC/Gdw=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9SJUvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDf1W09cGxGrRxwn3I/oQIlQMIpWat30XHJN3F6p7FbcGcgy8XJShhz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDuWKhpx42ezcyfk1Cp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2d9IXmDOXYEsq0sLcSNqSaMrQJFW0I3uLLy6R5XvGqlerDRbl2m8dRgGM4gTPw4BJqcA91aACDETzDK7w5ifPivDsf89YVJ585gj9wPn8AWB2OSA==</latexit>

A0 = 0
<latexit sha1_base64="SDTcjTBH6j/UeqnG7TiBkgTJtIc="></latexit>

H =

Z
d
3
x
1

2

�
E

2 +B
2
�
+ ~A. ~J +HJ

<latexit sha1_base64="W1TCWdvve2pCsgfZ1rtDT+tG6nE="></latexit>

| (t)i = e
�iHt| (0)i =

 
1 + iHt+

(iHt)2

2
+ . . .

!
| (0)i

Want to know if there is a photon mass operator at some order
<latexit sha1_base64="ZpYEutzmS7Q+0By191N2l8RbE7U=">AAACIXicbVDLSgMxFM3UV62vUZdugkUQhDIjUrtsddNlBfuAzlDupJk2NJMZkoxSSn/Fjb/ixoUi3Yk/Y/pY2NYLIYdzzuXee4KEM6Ud59vKbGxube9kd3N7+weHR/bxSUPFqSS0TmIey1YAinImaF0zzWkrkRSigNNmMLif6s0nKhWLxaMeJtSPoCdYyAhoQ3XsUgV7kvX6GqSMn3EFX2FPQMABe8CTvvlYZPagCleXjNWOnXcKzqzwOnAXII8WVevYE68bkzSiQhMOSrVdJ9H+CKRmhNNxzksVTYAMoEfbBgqIqPJHswvH+MIwXRzG0jyh8Yz92zGCSKlhFBhnBLqvVrUp+Z/WTnVY8kdMJKmmgswHhSnHOsbTuHCXSUo0HxoARDKzKyZ9kEC0CTVnQnBXT14HjeuCWywUH27y5btFHFl0hs7RJXLRLSqjKqqhOiLoBb2hD/RpvVrv1pc1mVsz1qLnFC2V9fMLmV6imA==</latexit>

A ! A+r↵ =) H ! H
<latexit sha1_base64="xqjB1bb/d559zWH68GyKRvfIMw0=">AAACCXicbVDLSgMxFM3UV62vqks3wSK4GmZEqrhqFcRlBfuAdiiZNG1DM8mQ3BHL0K0bf8WNC0Xc+gfu/BvTx0JbD1w4nHNvcu8JY8ENeN63k1laXlldy67nNja3tnfyu3s1oxJNWZUqoXQjJIYJLlkVOAjWiDUjUShYPRxcjf36PdOGK3kHw5gFEelJ3uWUgJXaedwC9gDptdIh7xgc9xUoiSNizAUe4bJbbucLnutNgBeJPyMFNEOlnf9qdRRNIiaBCvtO0/diCFKigVPBRrlWYlhM6ID0WNNSSSJmgnRyyQgfWaWDu0rbkoAn6u+JlETGDKPQdkYE+mbeG4v/ec0EuudBymWcAJN0+lE3ERgUHseCO1wzCmJoCaGa210x7RNNKNjwcjYEf/7kRVI7cf2iW7w9LZQuZ3Fk0QE6RMfIR2eohG5QBVURRY/oGb2iN+fJeXHenY9pa8aZzeyjP3A+fwCAJ5mO</latexit>

Forbids photon mass: A.A



Do we need Hilbert space Restriction?
All we care about is we want a causal theory with a massless photon

<latexit sha1_base64="FU0V5Sg5ZqrPtToMNYAPgrC/Gdw=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9SJUvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDf1W09cGxGrRxwn3I/oQIlQMIpWat30XHJN3F6p7FbcGcgy8XJShhz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDuWKhpx42ezcyfk1Cp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2d9IXmDOXYEsq0sLcSNqSaMrQJFW0I3uLLy6R5XvGqlerDRbl2m8dRgGM4gTPw4BJqcA91aACDETzDK7w5ifPivDsf89YVJ585gj9wPn8AWB2OSA==</latexit>

A0 = 0
<latexit sha1_base64="SDTcjTBH6j/UeqnG7TiBkgTJtIc="></latexit>
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<latexit sha1_base64="W1TCWdvve2pCsgfZ1rtDT+tG6nE="></latexit>

| (t)i = e
�iHt| (0)i =

 
1 + iHt+

(iHt)2

2
+ . . .

!
| (0)i

Want to know if there is a photon mass operator at some order
<latexit sha1_base64="ZpYEutzmS7Q+0By191N2l8RbE7U=">AAACIXicbVDLSgMxFM3UV62vUZdugkUQhDIjUrtsddNlBfuAzlDupJk2NJMZkoxSSn/Fjb/ixoUi3Yk/Y/pY2NYLIYdzzuXee4KEM6Ud59vKbGxube9kd3N7+weHR/bxSUPFqSS0TmIey1YAinImaF0zzWkrkRSigNNmMLif6s0nKhWLxaMeJtSPoCdYyAhoQ3XsUgV7kvX6GqSMn3EFX2FPQMABe8CTvvlYZPagCleXjNWOnXcKzqzwOnAXII8WVevYE68bkzSiQhMOSrVdJ9H+CKRmhNNxzksVTYAMoEfbBgqIqPJHswvH+MIwXRzG0jyh8Yz92zGCSKlhFBhnBLqvVrUp+Z/WTnVY8kdMJKmmgswHhSnHOsbTuHCXSUo0HxoARDKzKyZ9kEC0CTVnQnBXT14HjeuCWywUH27y5btFHFl0hs7RJXLRLSqjKqqhOiLoBb2hD/RpvVrv1pc1mVsz1qLnFC2V9fMLmV6imA==</latexit>

A ! A+r↵ =) H ! H
<latexit sha1_base64="xqjB1bb/d559zWH68GyKRvfIMw0=">AAACCXicbVDLSgMxFM3UV62vqks3wSK4GmZEqrhqFcRlBfuAdiiZNG1DM8mQ3BHL0K0bf8WNC0Xc+gfu/BvTx0JbD1w4nHNvcu8JY8ENeN63k1laXlldy67nNja3tnfyu3s1oxJNWZUqoXQjJIYJLlkVOAjWiDUjUShYPRxcjf36PdOGK3kHw5gFEelJ3uWUgJXaedwC9gDptdIh7xgc9xUoiSNizAUe4bJbbucLnutNgBeJPyMFNEOlnf9qdRRNIiaBCvtO0/diCFKigVPBRrlWYlhM6ID0WNNSSSJmgnRyyQgfWaWDu0rbkoAn6u+JlETGDKPQdkYE+mbeG4v/ec0EuudBymWcAJN0+lE3ERgUHseCO1wzCmJoCaGa210x7RNNKNjwcjYEf/7kRVI7cf2iW7w9LZQuZ3Fk0QE6RMfIR2eohG5QBVURRY/oGb2iN+fJeXHenY9pa8aZzeyjP3A+fwCAJ5mO</latexit>

Forbids photon mass: A.A

Hilbert space restriction not needed - sufficient Hamiltonian symmetry

No Gauss Law since no restriction on initial state



Quantization of Electromagnetism

Opinion A 
(Dirac)

Opinion B 
(Team B)

Gauge Invariance of States
<latexit sha1_base64="yxXTLv3fCcbsZwAzBFig/dnBtm0=">AAACFHicbVDLSgMxFM34rPU16tJNsAhCocyIVJdVNy4VrC10SrmT3rahmcyYZAql9iPc+CtuXCji1oU7/8b0sdDWAyGHc84luSdMBNfG876dhcWl5ZXVzFp2fWNza9vd2b3TcaoYllksYlUNQaPgEsuGG4HVRCFEocBK2L0c+ZUeKs1jeWv6CdYjaEve4gyMlRpu/uE8UCDbAmmA9ynv0YdzmqeBhFAADUAkHXtNEg035xW8Meg88ackR6a4brhfQTNmaYTSMAFa13wvMfUBKMOZwGE2SDUmwLrQxpqlEiLU9cF4qSE9tEqTtmJljzR0rP6eGECkdT8KbTIC09Gz3kj8z6ulpnVWH3CZpAYlmzzUSgU1MR01RJtcITOibwkwxe1fKeuAAmZsj1lbgj+78jy5Oy74xULx5iRXupjWkSH75IAcEZ+ckhK5ItekTBh5JM/klbw5T86L8+58TKILznRmj/yB8/kDPTGdtQ==</latexit>

|Ai ⌘ |A+r↵i
<latexit sha1_base64="NTdZgvogtDldayVxoKivkGmPFTs="></latexit>

G|A0
P i = JD (x) |A0

P i

Massless photon

Requires Symmetry of Hamiltonian
<latexit sha1_base64="ZpYEutzmS7Q+0By191N2l8RbE7U=">AAACIXicbVDLSgMxFM3UV62vUZdugkUQhDIjUrtsddNlBfuAzlDupJk2NJMZkoxSSn/Fjb/ixoUi3Yk/Y/pY2NYLIYdzzuXee4KEM6Ud59vKbGxube9kd3N7+weHR/bxSUPFqSS0TmIey1YAinImaF0zzWkrkRSigNNmMLif6s0nKhWLxaMeJtSPoCdYyAhoQ3XsUgV7kvX6GqSMn3EFX2FPQMABe8CTvvlYZPagCleXjNWOnXcKzqzwOnAXII8WVevYE68bkzSiQhMOSrVdJ9H+CKRmhNNxzksVTYAMoEfbBgqIqPJHswvH+MIwXRzG0jyh8Yz92zGCSKlhFBhnBLqvVrUp+Z/WTnVY8kdMJKmmgswHhSnHOsbTuHCXSUo0HxoARDKzKyZ9kEC0CTVnQnBXT14HjeuCWywUH27y5btFHFl0hs7RJXLRLSqjKqqhOiLoBb2hD/RpvVrv1pc1mVsz1qLnFC2V9fMLmV6imA==</latexit>

A ! A+r↵ =) H ! H

Pick A0 (e.g. any c-number function)

<latexit sha1_base64="YMc4dW3zCp3FCQLHcORxLAFmcNI="></latexit>
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Quantization of Electromagnetism

Opinion A 
(Dirac)

Opinion B 
(Team B)

Gauge Invariance of States
<latexit sha1_base64="yxXTLv3fCcbsZwAzBFig/dnBtm0=">AAACFHicbVDLSgMxFM34rPU16tJNsAhCocyIVJdVNy4VrC10SrmT3rahmcyYZAql9iPc+CtuXCji1oU7/8b0sdDWAyGHc84luSdMBNfG876dhcWl5ZXVzFp2fWNza9vd2b3TcaoYllksYlUNQaPgEsuGG4HVRCFEocBK2L0c+ZUeKs1jeWv6CdYjaEve4gyMlRpu/uE8UCDbAmmA9ynv0YdzmqeBhFAADUAkHXtNEg035xW8Meg88ackR6a4brhfQTNmaYTSMAFa13wvMfUBKMOZwGE2SDUmwLrQxpqlEiLU9cF4qSE9tEqTtmJljzR0rP6eGECkdT8KbTIC09Gz3kj8z6ulpnVWH3CZpAYlmzzUSgU1MR01RJtcITOibwkwxe1fKeuAAmZsj1lbgj+78jy5Oy74xULx5iRXupjWkSH75IAcEZ+ckhK5ItekTBh5JM/klbw5T86L8+58TKILznRmj/yB8/kDPTGdtQ==</latexit>

|Ai ⌘ |A+r↵i
<latexit sha1_base64="NTdZgvogtDldayVxoKivkGmPFTs="></latexit>

G|A0
P i = JD (x) |A0

P i

Massless photon

Requires Symmetry of Hamiltonian
<latexit sha1_base64="ZpYEutzmS7Q+0By191N2l8RbE7U=">AAACIXicbVDLSgMxFM3UV62vUZdugkUQhDIjUrtsddNlBfuAzlDupJk2NJMZkoxSSn/Fjb/ixoUi3Yk/Y/pY2NYLIYdzzuXee4KEM6Ud59vKbGxube9kd3N7+weHR/bxSUPFqSS0TmIey1YAinImaF0zzWkrkRSigNNmMLif6s0nKhWLxaMeJtSPoCdYyAhoQ3XsUgV7kvX6GqSMn3EFX2FPQMABe8CTvvlYZPagCleXjNWOnXcKzqzwOnAXII8WVevYE68bkzSiQhMOSrVdJ9H+CKRmhNNxzksVTYAMoEfbBgqIqPJHswvH+MIwXRzG0jyh8Yz92zGCSKlhFBhnBLqvVrUp+Z/WTnVY8kdMJKmmgswHhSnHOsbTuHCXSUo0HxoARDKzKyZ9kEC0CTVnQnBXT14HjeuCWywUH27y5btFHFl0hs7RJXLRLSqjKqqhOiLoBb2hD/RpvVrv1pc1mVsz1qLnFC2V9fMLmV6imA==</latexit>

A ! A+r↵ =) H ! H

Exist states of EM with Gauss law violation 
Theory of massless photon, background charge - no new degrees of freedom

Pick A0 (e.g. any c-number function)

<latexit sha1_base64="YMc4dW3zCp3FCQLHcORxLAFmcNI="></latexit>
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