
Deriving the Feynman Path Integral
[QFT Path Integral Formulism)

Propagator - some matrixelement which

evolves in time from a state

IX) to (X:
Probability of particle propagating

over
some

time.

IX) -I'

k(x, X, i) =(x' "**, x) from

[1xxx) =1 (completeness)

Astate 4(X,i) evolves in the IV's basisas

4 (x) =(x') 2
- iHT, 4(r=0

=(dx(x)e-
+

(x) xx)Y20K

=(dx k(x, x,T) 4(X,t=0)

I actsas the "Green'sFunction"tothe SE.

Insert a complete setof energy eigenfunctions:
(Yn(x) =(nIxL)



k(x, X,i =2 <xIn') <n'le
-"*

n) <n1x)
nin

Suni
- eEnt <In'n) (nIX)

= eEnT(xIn) (n/x)

-Zeit (x) 4n(X) SpectreRepresentatee

Furthermore:

12xix,i) =(x) (e- **),X)
~ arbitrary, take

N-> b.

=) ... (dx...dx, x' e*/Xr)

<X-e-HIXve) ... (Xe**XL

Inserting completeness (dX: (XiL(Xil
N-l times for N-l orthogonal

basisstates.

Introduce:

XIPL
=ne px T =- ix T =E == =ist

(k =c =1)



Insertcompleteness of momention space:

k(x, x, i) =(dX-...dx,) dPr ... dPo (XIPr)
<Pr 2'"** (XL (XrlPv-z...

Our Hamiltonian H is H =E+Vix).
Then ett-ete" = 2

(A+)
=
eA-(1 + +R(i))

For lime, these error correction ferme vanish so we can

jet ignore
them far now.

=/dxr,...dx, (dPur.... Do ei*(Dri
2-i-ivx (-) (Xr-ilPr-z)...

--(E(x) =xx))
Recall 2*K) =(1+ +E +..)k3 =21

t
no longer a matrix

their element; justa number...

iPrX'-i() -vxn() L -iPvXN-

-(dx ...dx, (dPur ... Dot L

I
e

..

2π

↑
keeps repeating

=(dx ...dx) dPre ...Do i e
"Pri(X-Xue-ie-ivxweil...



Forgetpotential term (e-Vixwi) E) and focus on momenta

term:

k(x, x,5) =(dP- i exp[-i +iPr(X- xre
How do we do this? Analytic Continuation (Wick Rotation, 4-time)

(12 == +=-it)
-(dc-+ :P(X-xri

~ Gaussian! Good.

-For ex- (I-Pre,(X- xwil)3

And complete the square in Pay:

-(*) -(Pr - (X-X)) - -x)

e-x
ei

du= dPE

which repeats a times for (dP....dPo, where we may

also re-introduce our potential term

=(dX-....dx,(drz... Dod expl-x
exp[-iV(Xr-i)st] (Xw/Pure) ...



And take outall following N=2 integrals:

=/dXw ...dX. (2)explainrolls...
And re-subbing At:ist for 12:

=(dx ...dx, (ist)* exp[ist( E-vaxn]]...
which is justthe discretized Lagrangian (talking N- x)

- #/X) = (is)( exp[ist(***-v(xn]] den
Feyumen Path Integral

which is the Feguman Path Integral.

'' determines the number of paths.

We desire paths which minimize the action,so

talking N-X paths recovers the most likely path

the particle would take,since XYe***L isa

sprobability) matrix element between States (X) -> Ix'.


