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- path integrals suffer grievously from a serious defect. They do not permit a discussion of
spin operators or other such operators in a simple and lucid way. They find their greatest use
in systems for which coordinates and their conjugate momenta are adequate. Nevertheless, spin
is a simple and vital part of real quantum-mechanical systems. It is a serious limitation that
the half-integral spin of the electron does not find a simple and ready representation. It can
be handled if the amplitudes and quantities are considered as quaternions instead of ordinary
complex numbers, but the lack of commutativity of such numbers is a serious complication.
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1(s) = a1 +sin(2ck ™ s[€))|€] 7N (—€ 00 + €,03)
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R3I3 x R3I3
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LREDD L

Bju(e,0) = zu(e,0), aulr,0)= 2L u(r ) BL jE=123,

1 Oxk
Oru(z,0) = u(x,0), Fmu(z,d) = E%u(x,@) HL I,m=1,2,3.
10U,
h&y, N .
[ékajj]f = Z0jk, [y O] 4 = E(Slmn

e A ofE# p(A) %

p(A) =1 bL AnA— 1 —BEOMELZEA HIERH,
0 bL ANZA—N—BHOBHLLEA R ERNSE
&L, RIS & ZH1 7 (graded commutator) [+ -] %

(3) [A,B] = AB — (~1)r VPP B A,

LED D, T2 &, SCCR(=super canonical commutation relation) 253K £ % :

o A 1-p(X,)p(Exk) L p(X1)p(Ek)
[[EK;XJ]]:<_,) (-) 5JK ’fﬂb J7K:17...’6_

7 7

FiC

Hu(z,0) = (2rh) 22k / dédmda’ o’
M313 x R3I3

« eih_l(wfw/\§>+ik_1<979'|ﬂ'>7_((é-’ 0 ‘; 0’ ’ w)u(x’, 9/)7

Gu(z,0) = z%kg/

ROI3 x ROI3

- / 0+0
drd etk (0—0 |”>aj( —; ,7r)u(x,9'),

0+ 6

Bu(z, ) = zgk?’/

MOI3 x ROI3

dwd@’eik_l(e_e/mﬂ( ,w)u(x, 0.

Fermion D&t : Liouville * 5 Heisenberg ~ ‘

{%@(t) S CON NN {m%@f’@) = [ 1) 7,
(0) = (X, 5),

~H

¢ (0) = ¢.

A8 Fermion 1669 % Heisenberg fifCTH V. fillab X7 OREREFE ) 2R A Feynman O3K® & 7%
MolcbDTH DL, 450 EHED LD Feynman OF X HOHFMEIZZNRERLE > TR -7 b ERD
N3, AIRAESRAE O ARG {0} Z WA= N—F R, € DBADLIAMETEZ O RSTOHERTH S ).,

ZE Xk
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