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[Abstract]
Alternative Method for Deriving Canonical Commutation Relations

In the previous note [S. Uchiyama, “On Derivations of Canonical
Commutation Relations”, Hokusei Review, Junior College, 16 (2018) 13-
25], a mathematical model of a classical mechanical system capable
of reproducing quantum-mechanical probabilities was proposed.
The model is based on the idea that a quantum-mechanical state
corresponds to a periodic trajectory in a classical mechanical phase
space. The quantities therein that correspond to the amplitudes
of the wave function were considered as values of functionals of a
periodic trajectory at the corresponding periodic trajectory. An
observable was realized as a linear mapping of a linear space
spanned by these functionals. The linear mapping was induced from
an infinitesimal transformation on a set of periodic trajectories, which,
in its turn, was induced from the Hamiltonian vector field with the
observable physical quantity. In the present note, an alternative
realization of an observable as a linear mapping is proposed by
reconsidering the concept of U(1)-lift. In this realization, the Lie
algebra of classical physical quantities is preserved.

JEMIRBLE % 3 C MBI R THH RS &
LR, ZOWHNERNEOMZERE Q TED
T QBY YTV r T4y 7Sk TH L L

LIREOT Vv T ERFIREELEHIRL
T, HHRMYHESHIEEHRIIED L H I
BT HONEhEELEL, ThbOMRIBE
A IEHESHRBAFRISHE D & & R Lie B % TR
HF3bHZEmimlic, AT, UQ)-) 7
DFNZDOWTEZEL, 1IZBWTEESR
2boLiiEd b S —od Lie R ERIET
BAIGERET %o

x5 BUY % < BREE LM EAER L7245,

T2, QNOREMIMEYE 2o WT, 20O
W#T, e95E, /852 —%— OHGABI
BI%L 0 1CE 5T, a®U)-V 7 F o* 25K
WCEoTEFRKEINS,

aww:(mma%m)7 te[0,Tal.
(1)

o T aNDVLOPDIREOANPHIE S N

HEVIHRNERBT A7-0IEAI D

DT, ) =1 L%bt DLEDIRE a(t)

F—U— 8 EFPROMES, BNLR EIREE, EESRE AR

Key words : Quantum-mechanical Probability, Hidden Variables, Periodic Trajectories, Canonical Commutation Relations



€ 2 W K0

PHEENTWE L W) T 2RI L Twa,
DX Rt 3BEEBMD VFHDT, £H)vo
TREOT7T oy TVE, UM)-Y7 ko i
T LRSI NG, bo LIFEIZE D &,
{a@)ereWM”=1,temJu} (2)
EVIIRBOHEASE UN)-Y 7 a* 13ET,
722l CORBGOEEF at) BED L
BEATHBEINTVSENFE T, o FFRHL
T, ZOEAIL, o DJFESBWIEDL
Wk 6T (1), PSERROA U AHERSED X5
I L CELLDOTH-T, M
WIEOEZ T TRIREL VD TH S,
(1] T, ¢q 12IE, ZIpFRIEHFRB Y
BEv) LU EOSEIEIIRI NP5 72,

O = s, (F1) — Bloe(fe)) 3)
L) HRDD &,
egf(stF(a) = egk + )‘SF[Q] (4)

YD 08 (TR 2 B % B LT AT S
nibtwnwz s, 22T,

1 (T
pr:4iﬁMme» (5)
To Jo
E L7 COERETIE, LiefWBZEHRAT 5 &
I R E EHIEEEONIBIE, m=nDd
En— oo DWRTHLN 1] ZOEFFEE
REFZET S0k BERERS% T
b Lie R 2 BRAET A0 EoN5 2 L%
PFCRE

2. U)-U7 b bOES

Q WORHMBLE o © U(1)-1U 7 M, i
ME25 2 5B 6o (t) ZEDDHZ ETERT
EDD, do 13 a DAL, BIZIE o 258E0IRE
POEREINTHR NI ZO#EEDIR
BAEEIURGETHEERHZEIILE) »
0, o QNORIINHLEL LT, ¢4 ldo
WCAHAFTHEEZ L. CL D% QLD
EOFEMEELT, ANZIEOEKELT

17 7 (%4 55 )

Gao(t) = )\t/du p(u)C(a(u))
S\ /du p(uyuD(o(w)) (6)

EVIHIBRTERSNDLREL L) 22
T, p:R— RIZFHDHELGEEKT,

/ dup(u) =1 (7)
R

272y dDET b Gk, FLik ZjHICT
272012, Q LOBE C D allifio7zpll&
5%

Clal = fiu pw)Cla@w) — (8)

DEHIZLITLITEL,

da,o (1)
dt

BDT, TD ¢oo(t) &t OBIFHFHEINEG
o T0waBDT, U(1)-9 7 oM
DEMZETTLTWhD, o OILY FHoE W,
Guo(0) DIEDFENE V) 221 TH Do FERE,
o LLTID ¢y, ZIHT S L,

= )\/du p(u)C(a(uw)) >0 (9)

a*(t) = (a(),e o) e 0,T.]  (10)

Elbo v & QWD o LIZFOREIINHLE &
L, ¢ar(t) ZfEo/zadU1)-) 7 M o™
TRZI. AL,
¢a,a (t) - Qba,’y(t)
= 2 [ p(wyu (Dlo(w)) - Dl ()

DT,

Q% = 12\ fiu p(Wu(D(e(w)=D((w) o*
(11)
LRBMOHTHb



ISR b 9 — D OB )TEEIZOWT

21 NINWPZT7oDH3EHNHBED
U1)-U7 k

aPPHEA:Q-RENINVII=T VL
L72HETHALEE, Xa%k AKX DAERS
NIV =Ty -T2 MVGETHE,

a(t) = Exp tX a(a(0)) (12)

THbo

BL A(a(0) =0%56, $XRTDEITON
TA(alt)=0Th b, cZIEDFEHKELT,
Al =A+c B L,

A'(a(0)=c#£0 (13)
THY, Xp=Xa+X.=X4 DT,
a(t) = Exp tX 4/ (a(0)) (14)

Thbo

PoT, FRBEOEMMIE o, (@ =
1, ,N) 22 50ThhIE, —ilzk
)T EHL,

A(e;(0)) #0 (15)
ERELTE v, HIZ, ¢
¢ > —min{A(a1(0)),---, A(an(0))} (16)
ERBEINITENTE, i=1,-- ,NIIHLT
A'(a;(0)) >0 (17)
ThobDT, —Hek) il
Aa;(0)) > 0 (18)

EARE L TR W,
bao(t) DEFRDC EDRIDEI B AL
T5EHI,

bao(t) = AA(a(0))
_oa /du p(wud(o(w)) (19)

Lk bo

AZaDNINVIZTXELIZOERNDS,
Ala(0) iFa PMRFTEHIZANF—LEZ S
N, BN 27/ (VA (a(0))) TIREIT 5.,
AM(a(0) BREL BB E, o 1 a lZEIH
BT HREEZRTT v TNERT LI
ho ZOMG, HMIERIZES &P
SN,

2.2. NIIWbZTF2 - 7—-ICE>TERE
Sh-BHBNEHED U1)-) 7 b

F:Q—-R%ZQ LoOWELIRERBEL,
F2oERENSE Q L7 0— ExpsXp 12
X0, adb Q OFEMHLE

ExpsXp(a)(t) := ExpsXrp(a(t)) (20)
PO N Lo GLIREMHIZT 272012,
o, = ExpsXp(a) (21)

E#FELZEIZT A,

CDa, DUV 7 FERDOLIITERKL
£9o Sk o=a; LLT70—D@&H (s D
HoN5) ouEL LT, B

Gy (1)
Xt / dup(u)C(BxpsXr(a(w)  (22)
~ 2\ [ duplu)uD(Exp Xr(a(w))

EL X9 qﬁ%a% () \3FkRH RIS T 2
THE% 50D T, ZD720HIC

C = (Exp(—s)Xp)*A (23)

EBITIE T TH L. FEE,

dpa, o (1)
——2— = )A(«(0)) >0 (24)
dt
ThHb, ¥z, D=A LBk
00,5 (1
Js

— / dup(u)u{F, AHExpS X (a(u)))



€ 2 W K0

LB DT,

Db, (1)
Js

= —)\/dup(u)u{F,A}(ag(u))
_ / dup(u)uf A, F}(cvg (u))

= /\/dup(u)u(d;i(u»

- A/du% (p(U)uF(ag(U)))
—)\/dup(U)F( ag(u))
7)\/dud€l—(uu)uF(Oé (u))

— —/\/dup(U)F(ag(u))

—5/ ().

wEDOFEETIE, plu) FHERHERETH -
72DT, limy, 400 p(u) =0 2 H\W 72,
05 = =05 PEHESNTWIZ[1] DT,

s=0

[N}

m\o

B o ExpsX p(a)
eEfcstp(a) _eﬁk g

_ ¢a57a% (fE:stF(a)) + E(¢£; (fi;))
= Pag.ay (f5,) + Elde (fer)

2 [ dup()Fag(w) s
+)\/dudz(5)uF(ag(u)) s

d Xps «
= A0 (0) = (f57 s s

d
+ £E(¢5g (fer)) |s=0 s+ O(s?)
CHBME, & DA

dp(u)
A / duTuF(a% (u))

U
d
+ 2 B0 (fer) ls=o (25)

d XpsX p(a
= AA(00(0)) = (5,7 )0 = 0

Zii7z 3 E) R bDTH L% 5,

a, @«6@0)&%,

17 7 (%4 55 )

B
GExstF(a)

_ %k+x/mmmﬁugw»s+owﬂ
= 0 + AFlag] s+ O(s%) (26)

B b, [1] OB SN,

3. THIYPEEOREERAD
X b

1] THo72& 912, Q WO JHMIKHLE D
U(1)-1 7 b o DI la*] D53

pla’] = lfa*]e’’] (27)

ZEZL) WEDXMR , BIZOVWT, ae

la] 1 a 7ZZHRAF L C,

o] = 1(Bj]e) (28)

&% X9 BIFADOFEIBETH 5 [1]. 0[a]

FU)-9Y 7k a* OPLBEELT,

Ola*] = 05 (29)

Rl 83 %0 o 1, a2 TR, dao

DX HZHNORFEINNHE o ICHEFEL D B D

1Zh 5,
0la*] = O]« o] (30)

DEIIDERDLIENTE 5,

3.1. MEEKOES

— I o & U(1)-1) 7 2 BEREUHIS S
®EEHE LT, ZRIHTBIEH F %

1 dp[ExpsXp(a”)]

o] = 5 PEEEEE0 L (3
X TEHT DL, FIRIMEEHRTHL,
lo*] = l[o] TH 2 &I % pla*] 75 2B

ERorEm 2 g E LT, F ORI E ) %
BORTH L. 3 (25) B D T2 ot 12
DWTIE, (26) DY SLOD T,



EHESRBIR D ) — D DB FFEITONT

F(p)[]
- %diso[Expsme*mszo
T, dim@Q
- / 6 Xr-n"(ag)
Xez@[a ]
+Fag] pla]. (32)

ZZT, () iQ(D%Fﬁ R EERL, BAR
i, (gt Q) = (g gL,
P, 7pd1mQ/2) Thobo T2 plu) =
nH(p(u)) & L, Z5oftiE p = ag TEHL
HbDET 5,

2 (25) DI D ViFz 7 ot IZoWTIE, &
D& I B 0E—RIIIIAHTH 5,

3.2. MEEHKOEK

G:Q—-R%ZQLOWONLRENE, v&
FRGA=F =L LT,

1 OF (p)[ExpvXa(a®)]

GoF(p)at) = 5 OEPXG]
(33)
THAHDT,
G o F(p)[a]
_1d
i dv
1 T dim@ 51[ ]
a Z ph( u)|p ExpvXg(ao)

< Xp -1 <Expvxc<ao><u>>)e lEsprXe(e)]
B U .
+ zAF[Exp§Xg(a%)] oExpvXa(a )}} lv=0

L% %0 FlExpsXg(ag)] @ 1/2 1ZHEELT

Lo
Z i
GoF(p }
i p[ExpsXp o ExpvXg(a )]‘
i\ Ovds et

EVIOFREERLEEZOND, £)ERDHT

LN TEB7290I21E, ExpsXroExpvXg(a)
DUQ)-Y 7 PHREDLHITERSNIITR
WRLFTERL L ). il Z2ffiHicd 572
Iz, T T
0. = BxpsXpla),  (34)
a, = ExpouXe(a) (35)

HRTHELEI,
E36

¢ExstF (ay),Exps Xp (a% ) (t)
= ¢ [ dup()C(ExpsXe(an(w)

—2) / dup(u)uD(Expng(@% (w)))

EWVIRTHHLEEZERTHAI ) O F
D, 0 = ExpsXp(ay) &L TAHL,
¢ExstF(av),Exp%XF(a%)(t) (B3 5% % i %ﬁ
BEMERTRINRER L% WDT, 207
bol

C = (Exp(—v)Xg o Exp(—$)Xp)*A (36)

BT

d
aQSExstF (av),Exp§ XF(a

= A (a(0)) > 0

It Thsbo FEE,

(1)

v
2

Thb, $72, D=ALBLL,

8¢Exstp(av),Exp%Xp (a%)(t)
Js

=—\ / dup(u)u{F, A}(ExngF(a% (u)))

Thb, TLT,

82¢ExstF(au),Exp%XF(a% ) (t)
Ov0s =0

:_g / dup(w)u{G, {F, A}}(ay (u))

-(‘\%60
3T,



2 & K0 H175 GEESE 5 )

8; g Xe(a)

02 oy = 0% 3.3. LieREERET BRI

ExpsX
- d)ExstF(aq ), ExszF(oz )(f P F(a))

+E((;5g;),,, (fg;,u))

Hio (37) ZMEL T, KEfFbo

(iX)* G o F(p)[a’]

= banay U5+ B(0g fg;.)) _ PolBxpsXr o BxpoXalal)]
Ovds T
+)\/dup(u)F(a%(u))s /dwa din:Q 521[,0}
+)\/du /;(s)uF(a%( ))s 0P (u (w)
Lo x Xp o' (a(w) X o (a(w)
—>\A(av( ))dS (f5] ottty )|8=03 % e 0[]
d
S ) , , o +0 2 7, dimQ
ds (d)f“(ff“)) ls=08 + O(s7) / Z 5 Xr-n*(a(u))
THHND, f;w DIFATD % e i0[a*]
dp('u) T, dim@
A / du=—uF(ay (u)) / M - (a(u))
d
+ £E<¢£é~“(f§;~”)) |s=0 (37) X z/\G[a] eilo]
d xpsX r(a, -
= M0 (0)) - () +M§{G,F}[a1 elo”]
=0 + iAF[o]
s . L, dim@
il ENET B L, /d 66”/)] (a(w))eie[a*]
agistp(av)

+iAF[a] MG[a] wla*].
_— +)\/dup(u)F(a%(u))s+O(32)

= 0%+ NF[Expg Xo ()]s + O(s%)

LY, pExpsXroExpvXg(a*)] & s T
Wor L7k &1, FlExpYXg(a)] OEHAAT
é\_kﬁ)bﬁxéo



ISR b 9 — D OB )TEEIZOWT

AV dpH(u)
% ezﬂ[a ]
+ L LG F0] gl

I\ 2 ’ ol pla

11— N
~ S TROTlo] o]

1 2 T, dimQ@Q (Sl[p]

— [ — T .M

« eiG[a*]

]' T *

+—{G, FHla] ¢lo]

1 v *
=—{G, F}(¢)la").
ZHDXHICLT, Lie RExRET 2HIEE
e OIE () SN,

72, A=1/heBVWT, G=p;, F=¢
LB, EEREEARIE LN,

4. FmMEBE

U(1)-17 s O BRI B % 855 2 L
T, (37) % (25) ALY B U(1)-1 7 M2k
VT, B E o 205 B; ~OBEBIZBIT
BRI 00 % ALY, iR
F @GR E ~ns€5 b9 —2o0)ik
BdHbHIEDNRENTZ. ZOBIBERIZ, W
SIROKE X [[a*] 25 a ZHARET B pla?]
D MIGZEH LT, (37) % (25) DALY B
U(1)-) 7 MZBWT Lie R xR T %0

IE (25) 1% (37) D v = 0 DFFZGE
HOT, FEid (37) 2RET ST TRV,
ExpsXr o ExpvXg o ExprXg(a*) D& 912
=00 7u—%ERLLEICED L) B5kM
BN B 01%, KEETH 525, BRI
—ALTEZ ) TH %,

PRGE (25) X FERIHFWRIETH 5, L)
DX, ceRELT, Fli=F+ckThL,

/ dup(u) F' (g ()
_ / dup(u) F(ovg (u)) + ¢
<H BN,
/ dup(u)F' (s (u))

dp(u)
+/du T uF'(ag (u))

_ / dup(u)F(ag (u))
41/du@%%Ldﬁang
THHENEThE, I,
/ dup(u)u{ A, F(ag (u))
_ / dup(u) F(cvg (u))

—/dudl;(;) uF (oo (u))

ThbI L,
{A, F'} ={A, F}

I0HEH. 2FD, (25) D

dp(u)
/duqu(a(u))

DX F OEBDENEEATEY, ZF0E
WA EL DAL B 0D as NDEBOFHE
WA [ ISR T B L VI IEL R > TS
PO TH5b,

QLEo7a—DONINI=T Y FOERD
HEWE, 73R E TS 0D,
ERICBITAVMHOTIE, TOERDEN
EELI Lo T VWA, (1) TEHLE (4)
i, H% Q Fo 7 u—sE R E
FoZ e 2EHE LD, ThdmTfbiwn
) BED O BERDO—D %O d LA\,



2 W RO B 175 (BB 55 7)

BE

(1] Pl 8, EfE B R OB DT,
AL SRR R 2 R AL S R 16,

13-25 (2018) .



	空白ページ
	空白ページ



