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2 x 2 RLPRBSENTATION OF REMO (RELATIVISTIC EFFECTIVE MASS OPERATOR) FOR

BEADYCNS

S. ko HUSAIN, ZEYAD D. M. AL-XURDI, SYED ARIFVKAMA%f‘and LIAQUAT ALI

Department of Physics, University of Karachi
Karachi-32, Pakistan. '

2 x 2 representation of relativistic effective mass operator
(S. A. Kamal, J. Nat. Sci. Math. 20(1980)15) for bradyons
has been studied in detail using different combinations of
Pauli spin matrices.

The concept of relativistic effective mass has been introduced by one
1 ‘ N
of the authors . Physical significance and properties of relativistic
, 1,2
effective mass operator (REMO) are described elsewhere ., This concept

led to a useful transformation for changing any luxon equation to the
corresponding bradyon equationl’B. Quantum mechanical treatment of the
relativistic effective mass operator (REMO) leads to some results which
are not explained by the special theory of relativity;’h. In this paper
we examine in detail the 2 x 2 representation of REMO by using different

combinations of Pauli spin matrices. Usefulness of each of these

%
Revised and updated English translation of the paper (in Urdu) presented
during the Scientific Society of Pakistan's.19th Annual Science

Conference, Quaid-i-Azam University, Islamabad (Pakistan), September
1979«

.t
Lepartment of Physiecs, Indiana University
Blocmington, Indiana ﬂ?hOS, U.S.A.

1

Homepage: https://www.ngds-ku.org/kamal
e-mail: profdrakamal@gmail.com — corresponding author


:%20https:/www.ngds-ku.org/Papers/C05.pdf
https://orcid.org/0000-0002-1711-4827

representations in different velocity ranges is also discussed.

The equation relating the energy E and momentum p of a bradyom: having

proper mass m_ can be written as’

2 28 2 L
© (1) E = pc 4m¢

2 .
Recalling that E = mc , tre above equation can be rearranged as

4 : 1
(2) o) b (m2 - moz) 2(:

Therefore a bradyon of zass m moving with velocity v can be consicdered as
2 2.3 2 2.4

a luxon of mass (m =~ ) )° moving with velocity c. (m - m )* iss

called 'relativistic effective mass's The following equation is szatisfied

by such particles

4 £ 2 2 2
= pPc
(3) ; P
2 232, o R
where Ef = (m -m “)2%c is the relativistic effective energy. Usiing
m=m(1L-v /cz)—i, we can write
o
g 2% 2% %
= @ -n = m(c/v =1
(L) m, = (@ -n) R B )

Introducing spin we can write the relativistic effective mass

operator (REMO) as
4 M = S m + S m
(5) ‘ 1 oA
where ;Sl and O are the —atrices satisfying the conditions
. 2 i

(6) .2 =1 = -322, BtV 5 D



] R S m - S mo can also be taken as REI0 i‘or.bradyons with the same

conditions imposed on S‘l and S . For spin % particles q"i
¢ . and i .,G_ and i¢g ,¢_ and ig , g and ig- ,0. and 10~ can be
2 33 14 -2 s AR, 221 3

taken as 0‘1 and G‘z'respectively where g—'s are Pauli spin matrices.

The properties of REMO using d—l and io’; as Sl and S have been
: 5 2

discussed by one of the authors . We shall examine the properties of

and ig—,
2

PEMO using all possible combinations of Pauli matrices . The following

simplifications are used to list the properties in tabular form.

' 2, 2.}
(7a) (1-m, /m ) = K
p, 2.k
(70) 1+(1-mo/m) = 14K = L
‘The properties are:
- ; 2 2
(i) .Eigenvalues: In 2ll cases the eigenvalues come out to be +(n - m )
2 2
and ~(m -m %.
- A o
(ii) Plane wave solutions: The plane wave solutions of
: M = m + S m
® Y o= (5 da)y
where
(9) \? = {\.\}J} H J = 1,2
and
- (10) \\) = u_exp (i/A)(p.r - Et)
J J
are obtained in different cases. Taking uz-.t = A, (¢ is for positive amd

negative energies), the values of u, are obtained as



Table 1
S.%o. C S u
i 2 12
1 o ig” (@ +m e (E )
5 2 o ft x
2 . 2..-1
2 a 103— mc (Eft -imc 2) At
. 2 2, =1
3 6‘3 10'; moc (Efi - mc ) )..t )
: 2 22,-1
L a, 1@'3— ‘mc (Efi - imoc ) A:
5 _ 25 2,
0—3 10; m c .in mc .-Ai
6 G- ilm =m Yoo (B )k
0—5 2 0o £¥r +

—— -

(1iii) Probability density: The probability density is givem by

(11) || ?

= 0L u +u_u
12 2

2
Applying the condition || = 1, we get the value of normal “zation

constant \At\for different combinations of S 1 and 3.
2

Table 2
S.No. 8\1 82 9|2 ™ ]
1 S 2m(m—m)-1\A:12 (m --m )%(2m) 2
2 6 g 2(a,|? (2)72
3 e 2|as\? ()2
Lo ooy g 2a,|? (2)




. 2i. 12 e

5 T iG; 2.u(m/mo) 1A (:no/m)(21.,,') ¥
& "
6 0‘5_. igr 2n(m 4 mo)-l\At\ (= + mo)z(Z:':n) *

The above entries show that cases 2, 3 and L are of no interesst
because the probability is constant for all the velocities. In czase S
\\1','\2 = 2‘A+\2 at v = 0. As v approaches c, !\Vlz approaches infinitty. The
particle has now a greater tendency to travel with the velocity cof light.
One way to make \\y\ finite at v = ¢ is to choose ‘Ai‘: 0. Now !1:\\1'2 =0
for 211 v £ c. Therefore this case actually represents luxons. I'n case 6,

2 2
Wtz » \Ai\z at Vs 0 and \\\"J\ = 2\iA:\ at v = c. In this case trhe
_probability density remains finite for all values of v (Oévéc).. There

is an increasing tendency of prokability as v increases. Therefa:re case 6
3.9

is a representatlon of high speed partlcles. As discussed elsewh:ere s

case 1 represen‘bs low speed particles. \KV\ 2\A+\ at v = 0. Ams v

approaches zero, N}\ approaches infinity. Therefore probability- decreases
as v increases. The infinity in case 1 is removed by introducing: an

1
uncertainity factor *7, Also note that there is a non-zero probz>bility

for the massive particles travelling with the velocity of light.. This

point is further discussed elsewherel’h

(iv) Expectation values: Using the values of ‘At\ given in table: 2, the

expectation value in each case comes out to be

(12) L0 = 3 (m2 -m 2)%

o]

6

(v) Calculation of uncertainities: Using the relation of Robert:son



(1) INVCRDEE S

avlmcaia : 2 M,
vie calculate the uncertainities of S‘l and 82,. Sl and 4, 82 and ¥

_Table 3
s 5. S AS AS AS A AY Al
) 1 %2 1 7% 1 2
2 R
; d;. 1@2‘ > mo/m >mo /m >
4
2 0’; 1(5; }K }mo\ >/::._.
3 (Y; 10; 20 >0 >/0
2 2
N o 10; >m /m >m° /m fo- m
nlL/ nL z)L/m .
5 d—é 10-2- > m } )m X
6 Gy 07 \ﬁ /m >nm 2/n >
2 1 Z 0o Z" o Z o
Therefore we note that except for case 3, S{L and 82, g and N, S and
a 2

M camnot be determined simultaneously. In all these cases

T *
(1) .8 = 1 8.5, =1
Note that
_ T t
(15) M = (Sm+?d R) = Slm - 82m°

is another representation of R=MO.

A L x L representation of REMO has alsd been obtained and its propertie
758
are discussed elsewhere . A definition of REMO can also be given for
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tachyons based on Feinberg's theory
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