| Paad 1zTRE 4%

: FRuXLJL Ao rkm\( 4 stivx Oima- Cﬁs‘.@{i{ a gm -
e has L camgrunbs w3 S cheese bals e
Se gk (B 6(5) 1 = (4).

%—-fe A ubfw‘l-lm wm}[r",(z;s'.

@f_‘ﬁf\*— Sg :It\i 82 y d \/M\L

) 4 1 DA seIM
(89 6y Te) o 55 1 rgw/mm“ 7 {my
A~ ;M?MYM"‘{

22 el &z = 2
N o= 5. *gg*g? :’E’§si

2
N o N e SN 1oy ) 1o 10
6 = (1o ‘)da‘t; o) :<c‘!> \ éz (Ob“(o’l)
:10

- i\gl,: %—(ﬂdﬁ-b = 74‘_-)%1 <o Qi Yo an &tfmkcqt;t
ot Sﬁl W Vadae %)1:,1 = ‘\:L.SL‘M—B = S--‘-;: :




A For Qm‘f}efl({ e o; {Ll Qanp.a W1 5
*ﬂﬂfa owe - Nisutdiom @A_A uw’fm'a. So tha GJ\MY&QJ&%

e £

— Tidtak'«d\’\'ﬁjtbhf@ C_MM“JLAE‘M" [8:;6,)1 = Z‘ 6{\;\‘ O)k y o7 SJ K? = ?_'lg .

CEDJ{};JGMS o{ SpPMsY Fodbe: RS
b . A LA iy P—‘M
RO = Lies, = lits, =k =<

=

M)\/\Uf'-/r QM\PMR}A{S . Ao
N , Lo [N A =
BEY - £ () D4 4 ([ &)

g,f;.‘ ,_\V) ‘\\)
=1
\ ¢
PENERETED %T(i . o
A R . 3 y AR »
TE R, E‘%*%(‘%\* 1
= _ﬂﬁos;& ~ 156 51“—;{*:



-‘\J;Du LLY‘@& ?50 s raka?l\]é\\ QE (9:”%7) )
R N S R A A
Fady = @b’y (sl gaamsg};..e’

/ Y SN A f
4@3@ sl e;'¢
~ 7 i o
S.W\&LQ‘A) "'UJS@ .

baki by bz b €0 4o o

’: o 0 ] A, i
D / - % --—}‘-'Mfi .J - G | ©
\ e ~¢ps 2l o ~| Ty L

é\/\x& SN AN arbi-éfar?l-.ﬁ)ﬁli@ }9}0\1*9)*01'3‘/
agt

\ ) ey . \
Rl () - (2 L)

—

| Lt a2 robats T .
I\\)ﬂtﬁ'f/;ﬂ o ;I_(J AV@Lﬁt,J/\ O{oeﬁ f_fi'z. ;mv’j, }J@,,L Oa_gé T‘o :‘m?.
oy igincd sEale! phase tactor of —1 is ool TS has rex!

&?;WMJJ {Msegpanr t

/ / " ;
C/-;" QW@:} EXC@’,B: "F’/M &éww) /’WQQ/QIA “?W‘B’” /Je {;{M (79

Jdﬂ



162 Theory of Angular Momentum

Let us now look at the time evolution of the state ket itself.
Assuming that the initial (¢ = 0) ket is given by (3.2.13), we obtain after
time ¢

la, 25 =051) =2+ 3¢+ |a) + e¥ 12—y~ |a).  (3.220)

Expression (3.2.20) acquires a minus sign at ¢ =27/, and we must wait
until ¢ =4m/w to get back to the original state ket with the same sign. To
sum up, the period for the state ket is swice as long as the period for spin

precession

2n

Tprecession — ﬂl ’ AwNNHNv

4

Tstate ket = v (3.2.21b)

Neutron Interferometry Experiment to Study 2 Rotations

We now describe an experiment performed to detect the minus sign
in (3.2.15). Quite clearly, if every state ket in the universe is multiplied by a
minus sign, there will be no observable effect. The only way to detect the
predicted minus sign is to make a comparison between an unrotated state
and a rotated state. As in gravity-induced quantum interference, discussed
in Section 2.6, we rely on the art of neutron interferometry to verify this
extraordinary prediction of quantum mechanics.

A nearly monoenergetic beam of thermal neutrons is split into two
parts—path A and path B; see Figure 3.2. Path 4 always goes through a
magnetic-field-free region; in contrast, path B enters a small region where a
static magnetic field is present. As a result, the neutron state ket going via
path B suffers a phase change e /%72, where T is the time spent in the
B # 0 region and w is the spin-precession frequency

g.eB

+
\:mn

(8,=-191) (3.222)

W=

for the neutron with a magnetic moment of g,eh /2m ¢, as we can see if we
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FIGURE 3.2. Experiment to study the predicted minus sign under a 27 rotation,
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compare this with (3.2.17), which is appropriate for the electron with
magnetic moment ef/2m c. When path A4 and path B meet again in the
interference region of Figure 3.2, the amplitude of the neutron arriving via
path B is

¢y =cy( B=0Q)e T2 (3.2.23)
while the amplitude of the neutron arriving via path A4 is ¢y, independent of

B. So the intensity observable in the interference region must exhibit a
sinusoidal variation

nomA HNEH+£. {3.2.24)
where § is the phase difference between ¢, and ¢, (B=0). In practice, T,
the time spent in the B # 0 region, is fixed but the precession frequency w is
varied by changing the strength of the magnetic field. The intensity in the
interference region as a function of B is predicted to have a sinusoidal
variation, If we call AB the difference in B needed to produce successive
maxima, we can easily show that

4o he

aB= eg, Ri’

(3.225)

where / is the path length,

In deriving this formula we used the fact that a 47 rotation is needed
for the state ket to return to the original ket with the same sign, as required
by our formalism. If, on the other hand, our description of spin § systems
were incorrect and the ket were to return to its original ket with the same
sign under a 27 rotation, the predicted value for A B would be just one-half
of (3.2.25).

Two different groups have cenclusively demonstrated experimentally
that prediction (3.2.25) is correct to an accuracy of a fraction of a percent.*
This is another triumph of quantum mechanics. The nontrivial prediction
(3.2.15) has been experimentally established in a direct manner.

Pauli Two-Component Formalism

Manipulations with the state kets of spin 4 systems can be conven-
iently carried out using the two-component spinor formalism introduced by
W. Pauli in 1926. In Section 1.3 we learned how a ket (bra) can be
represented by a column (row) matrix; all we have to do is arrange the
expansion coefficients in terms of a certain specified set of base kets into a

*H. Rauch et al., Phys. Lett. 544, 425 (1975); S. A. Werner et al., Phys. Rev. Letr. 35
(1975), 1053.




