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(1) EFrER®ESF(1996) . —pT76.
T (Aust) |=[1—(AuA & /h)4]"2 (6-3-21)

MEFL -V (1x) =1-x. — FEMETEARITR I N—, BERIEAETY,

BIBEFES T L BB —Him (1997). —p23.
AT . Re=11, , ,.J DA%, DII?, {DB*{Df*  A-§ (icd ,A*,~f%)
expl § dx*<@ce/ih>] -expl § dx' (B f*+%aB*B?) /ih]

o RTERE

RQ=1I, , ,./Degl- f DA%, [ DII?, DB® J DC* § DC*-expl | dx'<®Lor/if>] -

§ (ico ,A", ) -expl [ dx" (B f*+%aB*B®) /it] -exp[ | dx* xC*(x) -icd ,D,C*(x)/ih]
—  FEMAEET ENR TR, ARl C 9



[2] : Time & Energfy Uncertainty Relation by the Statistical Mathematics :
“Evolution Principle by Energy Fluctuation”.

Time domain Corelation Function is measure for function shape similarity intensity of ¥ (t)

and ¥ (t+A4 t),while the frequency domain representation give us deep insight on time and

energy uncertainty principle in state decaying. This is not dynamics,but mere a math principle.

(Dsemi macroscopic finite integral time duration: T (t) = [t-0T/2, t+0T/2].

@Fourier component of W (t):c(e;t)=@ah) 2§ +dul W (1) >exp (e u/ih)

(@State density: o (¢ ;t) =<c (e ;t)[c(e;t)>/0T

=0T 2720) " § rodu § 1odv<® () > ¥ (v)dexp (- e (u-v)/ih).

@Inverse Transform: | ..“d ¢ exp(-¢ Au/ik) o (¢ ;t)

=0T270) " § ropdu § rodv<® > W) [ o7deexp-e (Autu-v)/ih)

=D § rodu S rodv<T > W W)>§ (Autu—v) =00 " [ +du<W® (u) | ¥ (Au+u) >

(®modified Winer Kinchin Therem for non Equibrium Statistical Mechanics.
D' oduk® > P(Autru)>=T (Aust) = § "deexp(-¢ Au/ih) o (¢ ;t)
= o”de w(est)[1-ie Au/h-e Au®/h%/2+.. =1 +i<e >Au/h—<e > (Au/h)?/2+. ...

@M1Z| T (At;t) |20 and the meaning of Energy and Time uncertainty principle.
| T | the corelation function is measure for state decaying rate by time= At for initial
state=" (t)to final state=¥ (At+t). If AtA ¢ =h,then | T (At;t) | =0, which means
transition completion from initial state=" (t)to final state=" (t+A t).




APPENDIX3:Deriving FP Lagrangean by Path-Integral. 2017/4/10

Gauge Covariant Quantized Lagrangean must be with 0=ic d , D, ¢",which is kernel.
Feyman Path Integral, Variable transform and Jacobian in integral calculation are tools.

Consequently,we derive Faddev-Popov Lagrangean term in Gauge Field Quantization.
*This is alternative of [ 5] : Quantized Lagrangean of {C2.C2}<FP Gohst>.

*L.D.Faddeev and V.N.Popov:Pphys Lett.25B(1967)29.
“Feynman Diagram for The Yang-Mills Field”
**Feynman, R. P. (1948). Reviews of Modern Physics. 20 (2): 367-387.

"Space-Time Approach to Non-Relativistic Quantum Mechanics".

[1] : Schrodinger EQN Solution by Path-Integral.
(1iho T ()=H® T (t). — T+tAt)=[1+At/in) Ht)]T (1)

Difficulty of time & energy variable by uncertainty principle(UP) in Quantum Mechanics.

H (t)is energy observable,while (t) is time,which are ruled by UP(AE A t =h).Thereby,both
can not be determined simultaneously without O error.Discussion at here is to neglect the
fact(classical calculation),so It is inevitable to face some difficulty to derive definite result.

http://www.777true.net/img007-Quick-Guide-to-Quantum-Stochastic-Mechanics.pdf

== :time at here is mere events sequence parameters t;>t;-1,but not time value.
(20T (totn At=t) =[1+(At/ih) H (tot<n-1> A1) ] U (tet<n-1> A t))

P (tet<n=1>At)) =[1+(At/ih) H (tet<n—2> A t) JW (t+<n-2> A t))
........... U (tetAt) =[1+(At/ih) H(t+0 A t) J W (to+0. At=to)).

P (t) =n—oo[1+(At/ifn) H(t, ) ] X [1+(At/iR) H (t,2) ] X. ... X[1+(At/in) H(t) ] X
X [1+(At/ih) H(t) I X [1+ (A t/ih) H (to) ] ¥ (to) =S (t5te) ¥ (to)
R =<V (1) |S(t;t,) | W (t,) >=transition probability amplitude from ¥ (t,) =V (t) .

(3)Representation by (Q; P) Space and Momentum Observable’s Eingen Function Set.
(@)P [p>=-ih 9 4| exp(-pa/ih) >/V 2 rh)>.
<p’lp>=§ -="dgexp(p’q/ih) exp (-pa/ih) / 2w h) = 6 (p-p’).
bQla>=a"§ (a—a).
(c)alp>= §dq’ § (a-a)exp(-pa’/ih) >/V" (2 h)>=exp(-pa/ih) >/V (2 h)>.
pla>=§ «7da’§ (a=a)exp(pa’/ih) >/V (2 wh)>=exp(pa/ih)>/V (2 7h)>.
(d)unit operator 1= { dq|q><q| = { dq|p><p

>



http://www.777true.net/img007-Quick-Guide-to-Quantum-Stochastic-Mechanics.pdf

(4)QP representation of S(t;t,).
S (t 5 to) = j‘ dgy-1 ‘ An-17<dn-1 ‘ [1+ ( A t/lh) H (tnfl) :| j‘ dpn1 ‘ Pn-17<Pn-1 |
X j‘ dCIn*Z | Qn72><Qn72 ‘ [1+ ( A t/lh) H (tan) ] j‘ dpn*Z ‘ pn*2><pnf2 ‘ X

X Jdgjlap<a; | [1+(At/iR) H(t) ]  dp;lp><p;| X
X [daylap<a | [1+#(At/iR) H () ] § dPy|p><p; ]
X [ dao| qo><ao | [1+ (A t/ih) H (to) ] § dpo | po><po

X de—l‘Q—1><Q—1‘

S(tite) =TT;— "' §da;IT;=¢"" § dp;| an-1><a- |
XA j=0" Ka;| [1+(At/iR) H (£ 1 | p><psla; )

#<q;| [1+At/im) H (t5) ] [p><p;lai>=[Ka;lpp+ At/ik) <q;| H (t;) [p>1<p;l ;>
=[exp (=q;p;/ih) >/V @2 xnh) + (At/ik)<q;| H (t;) [p;>lexp(pjaj-1/ih) >/y (2 xh)
=exp (-pj<aj—a;-1>/ih) /2 h) + (At/ih) <q;| H (t;) |p;>lexp (pjai-1/ih) >/V (27 h)

= oxp Cpiar-az /i) /@A) [ 1~ (A 1/ih) <a; HL(;) [p]exn (pjas/in) >y @z h)]

% <usefurl formula: 1+ § X=exp (4 X)>

% % |pi>=-exp(-pja;/ih) /v Cnh). = <p'[p>=16 (pp).
-H(j) b2V (2mh)exp(pjq;/in)=J dq;H (a3 pj>-eXp(quj/ih) exp (-p;a’;/ih)

=@xnh) " exp[=(At//ih). pi(da;/dt) lexp[ (At/ih). H(q;p;) ]
=(@2nh) Lexpl-(At/ih)<¥8(q;;dq;/dt)>]. <usefurl formular: 1+ 6 X=exp (6 X) >

S(tite) =T1;— "' §da;IT;=¢"" § dp;|an-1><a-|
X A{IT =" (27 h) ™" exp[- (A t/ih) <Lajsda;/dt) >].
Z_Hj=o“'lf (dpi/27h) - |an-1><a-1|" exp[-J dt<&(q;;da;/dt) /ik>]

= ><i | [fDay J Dpj. exp[- J dt<(a;da/dt) /in>]. .. .. this is the orgin definition I!

(4)Quantum Amplitude =R;; by Feymann Path Integral .

S(t;te) =< [ ®Dg § Dp. exp[- [ 1o'dt<¥®(q;dq/dt) /ik>].
Reii =<f|S (t;te) |iD.

Operator part is |f><i|,the other are scalar term. This is not path-integral,but whole phase space one !.



[2] : Gauge Fixing by Path-Integral.
(DzCFE_%( 0 pAau_ ) VAau_fbaCAbuAcy)ZE_%Fauu Fau V.
£QFE$CF+$B: (lC) 7183 8 uAau +1/2 [0 BaBa.

(2)0=(ic) ' 9 ,A%,+ o 3B2.
The Euler Equation (2)must be gauge invariant by 8A%, .
(8)0=icd ,A*, +aB'=icd , (A", +8A",) +aB*=icd ,8A", =icd ,D,e"=0......

(4)Rcr=[£><i |1, ..« DA3, [ DII2,. exp[- § dx<%c( A3, 0 , A3,)/ih>].

(5)The Aim of Problem.

At first,note that gauge transform never change observable physics.

In above,the integration D A2, is to over-count due to gauge transformeoofreedom,thereby
gauge fixing by 6 (ico ,D,&") must be multiply the integral kernel to R cr .However the
compensation= A is simultaneously necessary toward being unity. § de § (ke) =1/k]|.

5)  1=II, , .S D& A-5 (ico ,D,&").

(6)Review on measure compensation=Jacobian in integral variable transform.
http://tutorial. math.lamar.edu/Classes/Calclll/ChangeOfVariables.aspx

= y=f>tL,t% ..., ty. & t*=gF)=f"GH". <a,b=1,2,3,...,\>

[T, dt*=1I,dy"-det| 0 g/ 9 y*| =II,dy"det| 0 £*/ 9 y"| .

I, §dt* s [f1 (e t5 ), £2C), . J=11y, S dy® 6 (v, v% . )det| 0 £%/ 0 y"| '=det| a £*/ ay"[ .
= 1=1II, fdt* 6 (f'(t', t%.,), (), . )det| 0 %/ 9 y"|. =| A =det| o £/ y"|....(6)

(7)Deriving A.

-------------------------------------------------------------------------------------------------------------------

ico ,D,e"=f"— ¢'=(ica ,D,) 'f
— I, De'=I1,Df"det| 4 {(icd ,D,) | 'f*}/d £’} [=,Df’-det| (ica ,D,) | "
— I, De"=TI,Df’det| (icd ,D,) |7 .o (7).
= 1=1I,,J D" 6 (icd ,D &) -det|(icd ,D,)|. = A=det|licd D,|....(7)

Above relation is to be changed as follows.This is very important.
= Note we take technic<(7)'> in following doing integration on variables ={&"; f*=f"(g) } .
1=11,, § Df*- 6 (-f)=I1, , § Df* 6 (ica , A", —f

=1, J A "“Df* 6 (ica , A", —1)A=1II,,J De* §(icd , A%, —1)-A.



http://tutorial.math.lamar.edu/Classes/CalcIII/ChangeOfVariables.aspx

(8)Gauss Fresnel Integral Formula< | dx-exp (-ax*/2) = (27 /a)>.

% [ dx-exp(-iax?/2) =4 (27 /ia) ; % § dx-exp(ix’/2a) =4 (27 ia).

J (2x/ia)= [ dB-exp(-ia(f/a+ B)?*/2) = [ dB -exp[-i (f*/2a+ Bf+%aB B)]
= [ dfexp[-i(f*/2a] § dB -exp[-i (Bf+%aB B)].

2n =4y (21 /ia) § dfexpli(f?/2a]= [ df { dB-exp[-i (Bf+%aB B)].

— 1=@Qzh) ' Jdf fdB exp[-i (Bf+%a BB)/ih]. <a=a/b; f'=f/a>

(8) 1=II,,SDf" JfdB* expl | dx*(B**+%aB*B") /ik].

By employing variable £*(&") ,we are to do integral on the delta function.

(9)Gauss Integral Formula with Grassmann number= {C?, C*}

https://en.wikipedia.org/wiki/Grassmann_integral

Grassmann number definition: C*-C*+-C*- C*=0.

*This is classical number-zation of anti-commutable spinor ¢ .
G+ ¢ px=1ih d (X’-x).
detA=TI, , § DC* { DC%xpl dx*-C*(x) AC* (%) .

(99 A=det|ic ,D,|=1II,,§DC § DC%xp[ § dx' xC*(x)+icd ,D,C*(x)/ih.

(10Total Quantized Lagragean of General Gauge Field.

I : Rep=|>< [, ., v f DA®, § DII?,. expl § dx<%c(A3,; 0 , AB,)/ih>].
I : A=det|icd ,D,|=1I,,J DC* J DC%xp[ J dx*: x C*(x) -icd ,D,C*(x)/ih].
I : 1=11,,fDe" f dB® 6 (icd ,A", —fDexp[ [ dx*(B**+%aB*B?) /ih]- A.

After all,multiplying (I)x( I )is to yield the total Lagrangean.

We do integration on the delta function by {D&?}.

Rar=1II, ,.,.. D&’ f DA®, [ DII?, { DB® [ DC* { DC*-exp[ § dx*<Lc/ih>]"

§ (ico ,A",—f") rexp[ § dx"(B*f*+%aB*B?) /if] -exp[ [ dx*- 5 C*(x) -ic o D, C*(x)/ik]
=1, , ».J DA%, f DII?, {DB" [ DT § DC*-exp[ J dx'<Lc/ih>]

cexpl [ dx"(icd ,A", B*+%aB*B®) /ii] exp[ | dx"- xE‘(x) “ico ,D,C"(x)/ih].
=1I. . ,.f DA%, { DII?, {DB®  DC" { DC*-

exp[ § dx*@ert+icd ,A", B+ %aB*B*+ xC"(x) *icd ,D,C*(x)>/ik].

10 Lor=Lor+icd ,A", B+ %aB*B*+ x(*(x) *icd ,D,C*(x).
zCFE_%FauV Fa,uvz_%l< ) uAavi 0 VAa,uifbaCAbu ACV)Z-



https://en.wikipedia.org/wiki/Grassmann_integral

