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Abstract

The work is a theoretical treatment of canonical i-wave and action. Fundamental equations of

Quantum mechanics have been considered for canonical wave and action. Canonical field and canonical field
operator has been considered. Quantities are obtained in the terms of poisson bracket of action. Canonical
eigenvalue equations have been formulated with the consideration of poisson bracket eigenvalue equation.
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1. Introduction

The present work is a theoretical study of canonical y-wave and action. Quantum mechanical

operators do not depend upon the choice of variable of wave function. Therefore,
fundamental equations of quantum mechanics remain unchanged in canonical treatment.
These are simply replaced with canonical wave function. The comparing of these equations
with canonical wave transformation provides us some further equations in canonical field
theory. Comparing of canonical results with second quantization principle provides second
quantized equations. Interpretation of poisson bracket operator and canonical action leads us
to formulate canonical eigenvalue equations.

2. Canonical 1)-wave

Let consider the canonical i-wave

V=0(q,,Pyst) = eXp[% S(q,> pa,t)j (2.1

with canonical action S(q,, p,,t) . The exact prime of (g, p,,t) 1s given

d
G Pt =§w(qa P HH G (2.2)

Consider Saurav equation for canonical (q,,p,,t) [1]

d 0 ih
_¢(Qaapaat):_w(qa>pa:t)__viw(qaapa:t) (23)
dt ot m



One obtains
ih_,
"), . V(s past) =0 (2.4)

which is Saurav equation for canonical (q,, p,,t). Consider (2.2) for operator values of

v(q,,p,,t), Quantum mechanical poisson bracket [4] and expectation of equation:

<%{b(qa,pa,r)>=<§f¢(qa,pa,r)>+<{ﬁ,¢}ﬁa,%> 2.5)

Similarly, consider (2.4) for quantum mechanical poisson bracket and expectation of
equation:

NN lh 20 % _
(.0}, 0 )+ 2 (V20 pa0) =0 (26)
here @i is quantum mechanical Laplacian operator [1]
Ve =%{[v251+%[va512} 2.7)

Second quantization principle for ¢ (q,, p,.t) is given [4]

<{H¢}pq )= Z%K[f, )+ T<w>} (2.8)
One obtains

B ey . . s

AVl pon) + (.01 )+ (D)= 2.9)

which is second quantized Saurav equation for v (q,, p,,t). Consider the poisson bracket of
77Z}(qoz > pa > t)

B foH ey oH oy
AY=1{H, %}, _{ﬁpa e apa} (2.10)

with classical poisson bracket operator [4]

A={H, |, 2.11)

Consider it for my equation (2.4), one obtains



[AﬂVij 0(d,rPos1) =0 (2.12)
m
Consider poisson bracket eigenoperator equation [4]

A=At (2.13)
with quantum mechanical poisson bracket operator

A=, (2.14)

One obtains

PO oH o) oH &1
sz{H,w}pa,%:{aﬁ % % aﬁ} (2.15)

Consider it for (2.6) canceling for expectation, one obtains

[;Hﬂ@ij WG past)=0 (2.16)
m

(2.12) and (2.16) are my equations for canonical field theory with canonical field
v(q,,p,-t) and canonical field operator fp(qa s Dyot).

3. Canonical action

Let consider canonical action
S::S(qa’pa’t) (31)

The exact prime of S(q,,p,,t) 1s given

d 0
—8(q,,P,-1)=—5(q,,p,,t) +1H,S 3.2
2 5@as P == 8@, pust) \H.S}, . (3.2)

Consider my equation [1]

v S2 .
a5 _ o5 ST _ihge g (3.3)
dt ot m m

One obtains

m—ﬂwm—{ms} =0 (3.4)

m m Pasba



which is my equation for canonical action. Consider (3.2) for operator values of action,
Quantum mechanical poisson bracket and expectation of equation:

<%S*(q,,,pa,r)>=<§5(q,,,pa,t)>+<{F1,S}ﬁa,éa> (3.5)

Similarly, consider (3.4) for expectation of equation, Quantum mechanical poisson bracket
and operator values of action, gradient and Laplacian:

<{ﬁ’§}ﬁa,@a>:<M>—ﬁ<[@§§]> (3.6)

m m

Second quantization principle for S(q,, p,,t?) is given [4]

(1.3), .. ) =212 81 )+ 7(3)] (67)

One obtains

0 (3.8)

v,S1? z{< } in jes g
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Consider the classical form of second quantization principle [4] and assume the expectation

as the eigenvalue of its operator, one obtains

VST ifn o :
—* - —T,5]. +TQ(——[V:S5]=0 3.9
2 {7.8) }2m[ ] (3.9)

with action eigenvalue Q [1].

4. Canonical action-Classical quantities

Lagrangian in the terms of S(q,, p,,?) is given

d 0 0
=8(q,,p, 1) ==8(q,,p,.0)+L(q,,q,.t) ——S(q,,p,t 3.10
dt(qap)at(qp) (qq)az(qp) (3.10)

Consider (3.2), one obtains
0 :
5P+ HSY, = L4054, =0 (4.2)

which is my equation for Lagrangian. Hamilton-Jacobi equation for S(g,, p,,?) is given



0
ES(qa’pa’t)-i_H(qa’pa’t):O (4'3)

Consider (3.2), one obtains
d
ES(qa, Pus)+H(q,,p,.0)—{H,S}, . =0 (4.4)

which is my equation for Hamiltonian. Consider kinetic energy in terms of S(q,, p,,t) [1]

0 ) d
_S(qa:paaz)+2T(qaat)__S(qa>pa&t):0 (45)
ot dt

Consider (3.2), one obtains
1.8}, . —2T(4,.0)=0 (4.6)

which is my equation for kinetic energy. Consider potential energy in terms of S(q,,p,.?)

[1]
0 d
_S(qa:paaz)+2V(qaat)+_S(qa>paat)=O (47)
ot dt

Consider (3.2), one obtains

2§S(qa, Pus)+2V(q,.0)+1H,S}, . =0 (4.8)

which is my equation for potential energy. The exact prime of S(q,,p,,¢t) with differential
rule is given

d 0 0 . 0 .
—8(4,>0,:1)==8q Py ) +—8q,, Py 4, +—8(q,,P,-0) P, 4.9)
dt ot 0 b

a a

Consider from classical theoretical physics

0
_S(qa’pa’t)_pazo (410)
oq,,
9 S(q,.p,u0)+q, =0 @.11)
op,

Consider (3.2), one obtains

{H.S}, = Puds —duP. (4.12)



with a formal differential rule, one obtains

? i{‘I_a} T (4.13)

5. Canonical eigenvalue formalism

Since poisson bracket is a first-order differential operation. One obtains poisson bracket
eigenvalue equation;

AV, pyst) =%[AS(qa,pa,t>] V(g Port) 5.1)

{H, S}, o 0y Do) =—ilH WY, (5.2)

Consider (4.6), one obtains
. ih
TG 00> Pas )+ H W, =0 (5.3)
Similarly, consider (4.2), one obtains [1]
. ., 0 .
L@usdus D Past) + 0, post) + IHUH U, =0 (5.4)
Consider (4.4), one obtains
: L d
H(qaapa ’t)z/}(qaapa at) + lh{Ha,l/]}pa,qa - lhaw(qaapa 5t) =0 (55)
Consider (4.8), one obtains [1]
. 0 ih
V(@ 00 Past) =i —40(q o Pas) = H Y, =0 (5.6)

Consider (4.13), one obtains

d{ 4, ,
pnzz E(ZJQﬁ(qa,pa,t)+lh{H,¢}pa!q” =0 (57)

We obtain following canonical eigenvalue equations:

(034D s Dast) = A > G s DU(G s Do) (5.8)



H(qys Pos)V(Gys Pos) = E(q s P )@ s Do) (5.9)
T(Gys)(qys Post) = T(q s DY(q s P o) (5.10)

V(s 0G5 Pos) = V(G 0G5 P 51) (5.11)

with operators;

L(q,.q,.t)=—ihd, —ihA = il in{H, }

- - (5.12)
~ . . Ld .

H(q,, pa,t)zzhdt—zhAzzhE—zh{H, b, (5.13)
. ih in

T(qa’t):—EA:—?{H’ }pa,qa (514)
; . ih ., O ih

V(qa,t):zh6,+?A:zh5+?{H, b (5.15)

where a =(4,¢,7,v....) are eigenvalues of their corresponding operators and ¢(q,, p,,t) 1s
canonical eigenfunction.
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