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出版物の訂正補足通知。

2017/4/21.

⑴量子確率過程力学(1996).→p76.

|Υ(Δu;t)|＝[1－(ΔuΔε/ℏ)2]1/2. (6-3-21)

誤箇所☠：√(1-x2)＝1-x. → 詳細訂正内容は次 3 ページ、本筋結論は不変です。

⑸量子重力力学と最終統一場論(1997).→p23.

誤箇所☠：ＲQ＝Πa,μ,ν,x∫ＤＡa
 ∫ＤΠa

ν∫ Ｂ
a∫ fa‧Δ‧δ(ic∂μ 

a
μ-fa)

exp[∫dx4<ℒCＦ/iℏ>]‧exp[∫dx4(Ｂafa+½aＢaＢa)/iℏ]

→ 訂正内容

ＲQ＝Πa,μ,ν,x∫Dεa‧∫ＤＡa
 ∫ＤΠa

ν∫ Ｂ
a∫ Ca∫ Ca‧exp[∫dx4<ℒCＦ/iℏ>]‧

δ(ic∂μ 
a
μ-fa)‧exp[∫dx4(Ｂafa+½aＢaＢa)/iℏ]‧exp[∫dx4‧χCa(x)‧ic∂μ μC

a(x)/iℏ]

→ 詳細補足訂正内容は次ページ、本筋結論は不変です。



[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 Ψ(t)

and Ψ(t+Δt),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.

①semi macroscopic finite integral time duration:Ｔ(t)≡[t-□T/2,t+□T/2].

②Fourier component of Ψ(t):c(ε;t)≡(2πℏ)-1/2∫Ｔ(t)du|Ψ(t)>exp(εu/iℏ)

③State density:ω(ε;t)≡<c(ε;t)|c(ε;t)>/□T

＝(□T.2πℏ)-1∫Ｔ(t)du∫Ｔ(t)dv<Ψ(u)>|Ψ(v)>exp(-ε(u-v)/iℏ).

④Inverse Transform:∫-∞
∞dεexp(-εΔu/iℏ)ω(ε;t)

＝(□T2πℏ)-1∫Ｔ(t)du∫Ｔ(t)dv<Ψ(u)>|Ψ(v)>∫-∞
∞dεexp(-ε(Δu+u-v)/iℏ)

＝(□T)-1∫Ｔ(t)du∫Ｔ(t)dv<Ψ(u)>|Ψ(v)>δ(Δu+u-v)＝(□T)-1∫Ｔ(t)du<Ψ(u)|Ψ(Δu+u)>

⑤modified Winer Kinchin Therem for non Equibrium Statistical Mechanics.

(□T)-1∫Ｔ(t)du<Ψ(u)>|Ψ(Δu+u)>≡Υ(Δu;t)＝∫-∞
∞dεexp(-εΔu/iℏ)ω(ε;t)

=∫-∞
∞dεω(ε;t)[１-iεΔu/ℏ-ε2Δu2/ℏ2/2+..]=１+i<ε>Δu/ℏ-<ε2>(Δu/ℏ)2/2＋....

⑥|Υ(Δu;t)|＝[(1-<ε2>(Δu/ℏ)2/2))2＋<ε>2Δu2/ℏ2]1/2＋......

＝[1-<ε2>(Δu/ℏ)2＋<ε>2Δu2/ℏ2＋<ε2>2(Δu/ℏ)4/4)]1/2＋......

＝[1－(Δu/ℏ)2[<ε2>-<ε>2]1/2＋......＝[1－(ΔuΔε/ℏ)2]1/2＋......

⑦1 |Υ(Δt;t)| 0 and the meaning of Energy and Time uncertainty principle.
|Υ|the corelation function is measure for state decaying rate by time＝Δt for initial

state=Ψ(t)to final state=Ψ(Δt+t). If ΔtΔε＝ℏ,then |Υ(Δt;t)|＝0,which means

transition completion from initial state=Ψ(t)to final state=Ψ(t+Δt).

[２]:⑦Energy and Time Uncertainty Principle.
“Evolution Principle by Energy Fluctuation”.

ΔtΔE＝ℏ.

ΔE＝energy deviation in statistical ensemble.

Δt＝transition time in statistical ensemble by ΔE.



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

Gauge Covariant Quantized Lagrangean must be with 0＝ic∂μ μεa,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 {Ca.Ca}<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]：Schrödinger EQN Solution by Path-Integral.
⑴iℏ∂tΨ(t)＝Ｈ(t)Ψ(t). → Ψ(t+Δt)＝[1+Δt/iℏ)Ｈ(t)]Ψ(t)

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(ΔEΔt＝ħ).Thereby,both

can not be determined simultaneously without 0 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 tj>tj-1,but not time value.

⑵Ψ(t0+nΔt=t)＝[1+(Δt/iℏ)Ｈ(t0+<n-1>Δt)]Ψ(t0+<n-1>Δt))

Ψ(t0+<n-1>Δt))＝[1+(Δt/iℏ)Ｈ(t0+<n-2>Δt)]Ψ(t0+<n-2>Δt))

...........Ψ(t0+Δt)＝[1+(Δt/iℏ)Ｈ(t+0Δt)]Ψ(t0+0.Δt=t0)).

Ψ(t)＝n→∞[1+(Δt/iℏ)Ｈ(tn-1)]×[1+(Δt/iℏ)Ｈ(tn-2)]×....×[1+(Δt/iℏ)Ｈ(tj)]×

×[1+(Δt/iℏ)Ｈ(t1)]×[1+(Δt/iℏ)Ｈ(t0)]Ψ(t0)≡S(t;t0)Ψ(t0)

Ｒfi≡<Ψ(t)|S(t;t0)|Ψ(t0)>≡transition probability amplitude from Ψ(t0)→Ψ(t) .

⑶Representation by (Ｑ;Ｐ)Space and Momentum Observable’s Eingen Function Set.

⒜Ｐ|p>＝-iℏ∂q|exp(-pq/iℏ)>/√(2πℏ)>.

<p’|p>＝∫-∞
∞dqexp(p’q/iℏ)exp(-pq/iℏ)/(2πℏ)＝δ(p-p’).

⒝Ｑ|q>＝q’δ(q-q’).

⒞<q|p>≡∫dq’δ(q-q’)exp(-pq’/iℏ)>/√(2πℏ)>≡exp(-pq/iℏ)>/√(2πℏ)>.

<p|q>≡∫-∞
∞dq’δ(q-q’)exp(pq’/iℏ)>/√(2πℏ)>≡exp(pq/iℏ)>/√(2πℏ)>.

⒟unit operator 1≡∫dq|q><q|＝∫dq|p><p|；

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


⑷QP representation of S(t;t0).

S(t;t0)＝∫dqn-1|qn-1><qn-1|[1+(Δt/iℏ)Ｈ(tn-1)]∫dpn-1|pn-1><pn-1|

×∫dqn-2|qn-2><qn-2|[1+(Δt/iℏ)Ｈ(tn-2)]∫dpn-2|pn-2><pn-2|×

....

×∫dqj|qj><qj|[1+(Δt/iℏ)Ｈ(tj)]∫dpj|pj><pj|×

......

×∫dq1|q1><q1|[1+(Δt/iℏ)Ｈ(t1)]∫dP1|p1><p1|

×∫dq0|q0><q0|[1+(Δt/iℏ)Ｈ(t0)]∫dp0|p0><p0|

×∫dq-1|q-1><q-1|

S(t;t0)＝Πj＝-1
n-1∫dqjΠj＝0

n-1∫dpj|qn-1><q-1|

×{Πj＝0
n-1<qj|[1+(Δt/iℏ)Ｈ(tj)]|pj><pj|qj-1>}

*<qj|[1+Δt/iℏ)Ｈ(tj)]|pj><pj|qj-1>＝[<qj|pj>+Δt/iℏ)<qj|Ｈ(tj)|pj>]<pj|qj-1>

＝[exp(-qjpj/iℏ)>/√(2πℏ)＋(Δt/iℏ)<qj|Ｈ(tj)|pj>]exp(pjqj-1/iℏ)>/√(2πℏ)

＝exp(-pj<qj-qj-1>/iℏ)/(2πℏ)＋(Δt/iℏ)<qj|Ｈ(tj)|pj>]exp(pjqj-1/iℏ)>/√(2πℏ)

＝exp(-pj<qj-qj-1>/iℏ)/(2πℏ)[１＋(Δt/iℏ)<qj|Ｈ(tj)|pj>]exp(pjqj/iℏ)>√(2πℏ)]

＊<usefurl formula:1+δX＝exp(δX)>

＊exp(-pj<qj-qj-1>/iℏ)＝exp(-Δt.pj(dqj/dt)/iℏ).

＊＊|pj’>＝exp(-pj’qj/iℏ)/√(2πℏ).→ <p’|p>＝δ(p-p’).

<qj|Ｈ(j)|pj>√(2πℏ)exp(pjqj/iℏ)=∫dqj’Ｈ(qj;ｐj)δ(qj-q’j)exp(pjqj/iℏ)exp(-pjq’j/iℏ)

＝Ｈ(qj;pj).

＝(2πℏ)-1.exp[-(Δt//iℏ).pj(dqj/dt)]exp[(Δt/iℏ).Ｈ(qj;pj)]

＝(2πℏ)-1.exp[-(Δt/iℏ)<ℒ(qj;dqj/dt)>]. <usefurl formular:1+δX＝exp(δX)>

S(t;t0)＝Πj＝-1
n-1∫dqjΠj＝0

n-1∫dpj|qn-1><q-1|

×{Πj＝0
n-1(2πℏ)-n.exp[-(Δt/iℏ)<ℒ(qj;dqj/dt)>].

＝Πj＝-1
n-1∫dqjΠj＝0

n-1∫(dpj/2πℏ)‧|qn-1><q-1|
n.exp[-∫dt<ℒ(qj;dqj/dt)/iℏ>]

≡|f><i|∫Dqj∫Dpj.exp[-∫dt<ℒ(q;dq/dt)/iℏ>].....this is the orgin definition !!

⑷Quantum Amplitude＝Rfi by Feymann Path Integral .

S(t;t0)＝|f><i|∫-∞
∞Dq∫-∞

∞Dp.exp[-∫t0
tdt<ℒ(q;dq/dt)/iℏ>].

Rfii＝<f|S(t;t0)|i>.
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.
⑴ℒCＦ≡-¼(∂μＡa

ν－∂νＡa
 －fbacＡb

 Ａc
ν)

2≡-¼Ｆa
μνＦa

μν.

ℒＱＦ≡ℒCＦ＋ℒB＝(ic)-1  ∂  
 
 ＋½α 

   .

⑵0＝(ic)-1∂μＡa
μ＋αaBa.

The Euler Equation ⑵must be gauge invariant by δ a
μ.

⑶0＝ic∂μ 
a
μ＋α a＝ic∂μ( 

a
μ＋δ a

μ)＋α a＝ic∂μδ a
μ＝ic∂μ μεa 0......

⑷ＲCF≡|f><i|Πa,μ,x∫ＤＡa
 ∫ＤΠa

ν.exp[-∫dx4<ℒCＦ(Ａa
 ;∂νＡ

a
 )/iℏ>].

⑸The Aim of Problem.

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

In above,the integration ＤＡa
 is to over-count due to gauge transform∞freedom,thereby

gauge fixing by δ(ic∂μ μεa) must be multiply the integra kernel to ＲCF .However the

compensation Δ is simultaneously necessary toward being unity.∫dεδ(kε) 1/|k|.

⑸ 1 Πa,μ,x∫ εa‧Δ‧δ(ic∂μ μεa).

⑹Review on measure compensation=Jacobian in integral variable transform.

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

⇒ yb＝fb(t1,t2,...,tN).⇔ ta＝ga(yb)＝fa-1(yb). <a,b=1,2,3,...,N>

Πadt
a＝Πbdy

b‧det|∂ga/∂yb|＝Πbdy
b‧det|∂fa/∂yb|-1.

Πa∫dtaδ[f1(t1,t2,.),f2(.),.]=Πｂ∫dyｂδ(y1,y2,.)det|∂fa/∂yb|-1=det|∂fa/∂yb|-1.

⇒ 1＝Πa∫dtaδ(f1(t1,t2,.,),f2(.),.)det|∂fa/∂yb|.⇒ Δ＝det|∂fa/∂yb|....⑹

⑺Deriving Δ.

⑶0＝ic∂μ 
a
μ＋α a＝ic∂μ( 

a
μ＋δ a

μ)＋α a＝ic∂μδ a
μ＝ic∂μ μεa 0.....

ic∂μ μεa≡fa.→ εa＝(ic∂μ μ)
-1fa.

→ Πa, εa＝ΠbＤfb‧det|∂{(ic∂μ μ)|
-1fb}/∂fb}|＝ΠbＤfb‧det|(ic∂μ μ)|

-1．

→ Πa, εa＝ΠbＤfb‧det|(ic∂μ μ)|-1．.....................................⑺’.

⇒ 1＝Πa,x∫ εa‧δ(ic∂μ μεa)‧det|(ic∂μ μ)|. ⇒ Δ＝det|ic∂μ μ|....⑺

Above relation is to be changed as follows.This is very important.

☞:Note we take technic<⑺’> in following doing integration on variables＝{εa;fa＝fa(εa)}.

1＝Πa,x∫          ＝Πa,x∫      ic∂μＡ
a
μ－   

＝Πa,x∫Δ-1       ic∂μＡ
a
μ－    Δ＝Πa,x∫ εa‧  ic∂μＡ

a
μ－    Δ.

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


⑻Gauss Fresnel Integral Formula<∫dx‧exp(-ax2/2)＝√(2π/a)>.

＊∫dx‧exp(-iax2/2)＝√(2π/ia)；＊∫dx‧exp(ix2/2a)＝√(2πia).

√(2π/ia)＝∫dＢ‧exp(-ia(f/a＋Ｂ)2/2)＝∫dＢ‧exp[-i(f2/2a＋Ｂf＋½aＢＢ)]

＝∫dfexp[-i(f2/2a]∫dＢ‧exp[-i(Ｂf＋½aＢＢ)].

2π＝√(2π/ia)∫dfexp[i(f2/2a]＝∫df∫dＢ‧exp[-i(Ｂf＋½aＢＢ)].

→ 1＝(2πℏ)-1∫df∫dＢ‧exp[-i(Ｂf＋½αＢＢ)/iℏ]. <a＝α/ℏ; f'＝f/ℏ>

⑻ 1＝Πa,x∫Dfa∫dＢa‧exp[∫dx4(Ｂafa＋½aＢaＢa)/iℏ].

By employing variable fa(εa),we are to do integral on the delta function.

⑼Gauss Integral Formula with Grassmann number＝{Ca,Ca}

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

Grassmann number definition: Ca‧Ca＋Ca‧Ca＝0.

*This is classical number-zation of anti-commutable spinor ψ.

ψ*ψ＋ψψ*＝iℏδ(x’-x).

detＡ＝Πa,x∫ C
a∫ Caexp[∫dx4‧Ca(x)ＡCa(x)].

⑼ Δ＝det|ic∂μＤμ|＝Πa,x∫ C
a∫ Caexp[∫dx4‧χCa(x)‧ic∂μ μC

a(x)/iℏ.

⑽Total Quantized Lagragean of General Gauge Field.

Ⅰ：ＲCF≡|f><i|Πa,μ,ν,x∫ＤＡa
 ∫ＤΠa

ν.exp[∫dx4<ℒCＦ(Ａa
 ;∂νＡa

 )/iℏ>].

Ⅱ：Δ＝det|ic∂μＤμ|＝Πa,x∫ C
a∫ Caexp[∫dx4‧χCa(x)‧ic∂μ μC

a(x)/iℏ].

Ⅲ：1＝Πa,x∫Dεa∫dＢa‧δ(ic∂μ 
a
μ－fa)exp[∫dx4(Ｂafa＋½aＢaＢa)/iℏ]‧Δ.

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

We do integration on the delta function by {Dεa}.

ＲQF＝Πa,μ,ν,x∫Dεa‧∫ＤＡa
 ∫ＤΠa

ν∫ Ｂ
a∫ Ca∫ Ca‧exp[∫dx4<ℒCＦ/iℏ>]‧

δ(ic∂μ 
a
μ-fa)‧exp[∫dx4(Ｂafa+½aＢaＢa)/iℏ]‧exp[∫dx4‧χCa(x)‧ic∂μ μC

a(x)/iℏ]

＝Πa,μ,ν,x∫ＤＡa
 ∫ＤΠa

ν∫ Ｂ
a∫ Ca∫ Ca‧exp[∫dx4<ℒCＦ/iℏ>]

‧exp[∫dx4(ic∂μ 
a
μＢ

a＋½aＢaＢa)/iℏ]‧exp[∫dx4‧χCa(x)‧ic∂μ μC
a(x)/iℏ].

＝Πa,μ,ν,x∫ＤＡa
 ∫ＤΠa

ν∫DＢa∫ Ca∫ Ca‧

exp[∫dx4<ℒCＦ＋ic∂μ 
a
μＢ

a＋½aＢaＢa＋χCa(x)‧ic∂μ μC
a(x)>/iℏ].

⑽ ℒQF＝ℒCＦ＋ic∂μ 
a
μＢ

a＋½aＢaＢa＋χCa(x)‧ic∂μ μC
a(x).

ℒCＦ≡-¼Ｆa
μνＦa

μν≡-¼(∂μＡa
ν－∂νＡa

 －fbacＡb
 Ａc

ν)
2.

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

