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1s at 1272, 1809, and 2382 keV is not clear. Based
;:v:ts decay p;ttern: this new 30-s act;vity appears to
represent the dg . proton orbital {n 145Tn,

“Operated by Union Carbide Corp. under Contract No.
W-7405-eng-26 with the U.S. Department of Energy.

=+Research supported in part by the U.S. Department of |,
Energy and the Robert Welch Foundation.

An Analvtic Expression for the Pulse-heicht
lElz?er:truﬂ" of a Scintillation Detector.J.V.KANE JR

J.V.Kane and Co. Wynnewood,PA.19096--A NaI(Tl)
detector exposed to Cesium 137 garma-rays has a
pulse-height spectrun given by P(H'N’x)'XN(I—X)"'K

es C(M,N) where M and X have the values 300,000
ana 0.0 respectively. Using a level I 4k TRS-£0
computer this expression has been calculated with
the following program: X
100 D=0:E=1:P=0.01/(1-0.01) :G=300000:E=0
110 E=E*F* (G-D)/(D+1) :D=D+1

- 112 IF E LT 16384 GOTO 120.

114 E=E/2:B=BE+1:G0TO 112,

120 P.D,E,E:GOTO 110 This calculation gives a
FWEM of 4.2%. Measurment gives 7%. This suggests
that the early dynode stages of the photomultip-
lier are responsible for considerable loss of
resolution and that substantial improovement can
be obtained. . salyis

PO - “emee

JE10 . 2D Multiple Event Image Intensifier Scintilla-
tion Ion Detector.” E.E. Wegner, P. ‘nx:Lebergei'. BNL -
A 25 mn diameter three stage imsge intensifier* with a
light gain of 85,000 has been adapted for the x-y posi-

- tion detecticn of low enmergy wultiple heavy ion events.
The input fibre optic plate of the image intensifier
wvas coated with a cloie packed monolayer of 1 micron
P11 phospbour grains.* The scintillation light is am
plified and appears on the output fibre optic plate as
"small green intense light spots. A sensitive televi-
sion camera system displays the events on a monitor for
observation and photographic recording and a microcom=
puter system digitizes the coordinates of the events
for analysis on a large computer. This detector is
currently employed in the study of Coulomb explosion of
accelerated complex molecules. Examples of typical
data will be shown and the limitations of this systen
and future prospects will be discussed.

1. « Varo Inc., Electron Devices Div., Garland, Tx 75040
2. Grant Scientific Corp., Bx 11729, Columbia SC 29211

% :
Research supported by the U.S. Department of Energy.

JE11 Leak Checking a Superconducting Cyclotron Cryo-
stat with L

quid Belium,* H.W. LADMER, M.L. MALLORY,

D.R. POE, Michigan State University.—Large superconduct~
ing magnets are now being developed in many areas of
nuclear physics and will soon become an everyday tool

of nuclear physicists. Successful operation of these $
ragnets requires nev technologies and engineering techni-
ques. In the process of building a superconducting
cyclotron, a method has been developed for finding

ultra small helium leaks with liquid belium. The method
consists of correlating helium leak rate in the cryostat
vacuun jacket with the level of liquid helium. A change
in the helium leak rate as the leak channel is covered

or uncovered by liquid helium is clearly detected.

Single phase liquid compared to gaseous helium at the
same temperature would be expected to flow about twice

as freely, but the opposite effect is observed. This
decrease is attributed to two phase helium being trans-
ported through an ultra small channel. Using this

aethod detection of greater than three magnitudes beyond

the present state of the art at room te; rature c.
an
be achieved. i

-
National Science Poundation Grant No. Phy 78-22696.

JE12 THE EFFECTS ON ITao PILM OF PROTON
BOMBARDMENT PRODUCED BY A CYCLOTRON.* E. C.
Hammond, Morgan State University-- The impend-

ing space shuttle flight with its variety of
Astronomical Research facilities requires a g
profile of the fogging effects on IIao film pro=
duced by proton bombardment caused by the solar
wind and stellar wind. The experimental—data
is limited. The fogging of the film caused by
such bombardment produces uncertainties in the
results attained when the film is ultizately
developed. To develop a quantitative as well
as a qualitative understanding of the proble=,
our research group has used the University of
Maryland Sectored Isochronous Cyclotron to mea-
sure quantitatively the effects of proton in-
teraction with the ITao f£ilm. Several thick-
nesses of shielding were tested to simulate

the orbital radiation effects on the IZao £ilm.
These studies will assist the Goddard ‘encineer
and scientist to determine the possible shield-
ing recuirements in the canstruction and engi-
neering of the film carrier to be used in the
space shuttle.

*Work supported by a grant from NASA, Goddard
Space Flight Center, Greenbelt, Maryland.

SESSION JF: WEAK AND ELECTROMAGNETIC

,and A.A. Hahn et al., Bull.Am. Phys.Soc.

INTERACTIONS -

Thursdey moming, 29 January 1881 ~

Nassau Suite Room B 2t 9:00 AM. W

R. C.:Larsen, presiding P
JF1 ' Limits on CP Invariance Violation in Kf,

Decaxs,' S.R. BLATT, M.K. CAMPBELL, J.K. BLACK,

M.P. SCEMIDT, H. KASHA, R.K. ADAIR, Yale University;
W.M. MORSE, L.B. LEIPUNER and R.C. LARSEN, Brockhavez
National Laboratory--we have cozpleted the first phase
of the measurement of the polarization of u+ from the
decay x* + '°v’vu. The polarization in the CP violazing
cirection P, x P, is 0.00142 + 0.00203. - The ratic of
the normal to the transverse polarization is 0.0198

* 0.0025, giving a value of I=f = 0.052 * 0.066, based
on 1.1 x 10° events, cbtained in one week of running.
We will report on our latest findings, including the

second phase of the experiment. This work was done at
the Brockhaven AGS.

*Work supported by the U.S. Departrment of Energy.

JF2. . New Limits on Neutrino Oscillation Para=eters.
J.L. VOILLEGMIER,F. BOERM,J.F. CAVAIGNAC,F.v.FEfl IIZSCE, -
A.A. BAEN,E.E. EENRIRSON,D:E.ROANG, E.KWON, R.L. MOSS-
BAUER and B.VIGNDS. Caltech®, ILL and ISNXX Grencble,
T.U. Munich™X, -— The electron-antineutrino spectri
hfu been measured at 8.7 n from the core of the ILL
fission reactor using the reaction V_p+e*n. The obserwed
peutron correlated positron spectrus is compared with
:hgoreyical predictions based on the fission electrom
spectrum measured in ref. 1, If neutrino oscillations of

uxz:cergai;aty vere observed and a limit of
A'-.(nx-ﬁ,?«?.lb ev? 2(901 cl) can be set assuming full
mixing. Limits for A? for a range of mixing angles will
be presented, '
Supported by *US DOE, ™French 1n2 P3

ngcemn Ministry of Res. and Techn,

1) K. Schreckenbach et al., Phys. Lett, to be published,

this issue.

;;-53 . Absolute Measurement of the Beta Spectru= from
U Fission as a Basis for Reactor Neutrinmo eriments
W
x.scmam;‘xycn. J.L.VUILLEUMIER. Caltech™, TIL Grenocile,
+ —=The beta spectrum of fission gtoducu
from the thermal meutron induced fission 0£23°0 has been
measured on line at the ILL Teactor with & magnetic

Bull. Amer. Phy. Soc. 26 (1), 47: abstract#JF8




7

Bu

‘a prediction from these =odels for a more accurate deter-

J2See other abstract, this ceeting, for refs.on fluid model

spectrozeter. Iz the energy rasge frez E -2.(_) to

$.0 MeV the spectru= was detercined per Iission with an
accurzcy of S52. The cexicuz exposure tize vas three days.
ztiozs the results of Davis et al.!

+ -ng recent calcu

te wi the present vork withic the quoted errors.
.uc experirentzl electron spectrus was ccaverted to the
correspeading V, spectriz o forz a basis for neutrino
experi s at reactors?).

supported by *US DOE, **Gerzan Ministry of Res. and
Techn. .
1) 3.R. Davis et al., Phys. Rev. Cl9, 2259 (187%)
2) F. Boeh= et al., Phys. Lett. B (subzitted) and

J.L. Vuilleuzier et zl., Bull. A=. Phys. Scc. , this
issue.
JF4 Neutriro issfon and Recoil Enmergv in K-Capture

Reacticzs - a C ous Ccincicdence. W.M. EONIG, Western
Austrasian Institute of Techanclogv, S. Bectley, £102,
Western Australia. ——wnen Be’ goes to Li7 by K-capture

by other integers derived from the=, and especially by
the ictegral powers of the integer 2. In particular if
M' is the mass of a nucleus expressed in-units of the
electron rest mass, then

¥'(z,N) = 21%4/32-4 D(Z,N), where D(2,N) is a relatively
s=3ll quantity. This makes the ¥'(Z,N) remarkable
nuzbers in the binary scale of nc:ation!. Here I wish
to point out that the very accurztely known pure number
g in quantum electrodynazics is givea by :

g/l2 -1m= 19/214 = 0.0011596680,

which differs from the best experimental value by only
about 10 ppm. Note the occurrence of the number 2

in both of these expressions. M:re generally it seems
to be true that from my point of view y, is the right
unit for expressing nuclear magnetic moments.

1}:.}:. Witzer, Space-Time a2nd Microphysics--A New

Synthesis, University Press of Azerica, Washingtonm,
DC 1979.

a neutrino is ezitted &nd the reccil enmergy, easily cal-
culated, 1s 57.3 ev. Using fluld oodels* for the funda-
cental particles and for space, the electroa in orbit
before K-capture neutrino exzissioca consists of a bubble
of charge surrounding the nucleus inside of which both
the nucleus and the field binding energy is located. The
ez field distribution inside the sphere is the neutrino
itself. This electron neutrino =ass is the fonisation
potential of hydrogen with a zass equivalent of 13.595ev.
The difference in ground state ioafsation energy between |
Li7 and Be7-as given in co=mon tables is 57.413 ev and is

mination of the energy of this decay and with the predict-
io2 that the electren neutrino mass equivalent {s 13.595
ev. The Muon neutrino mazss equivalent would be 206.8 tires
this, or 2811.45 ev. This neutrinc model cakes neutrinos
electrocagnetic waves and may resolve sowe’ of the coscol- |
ogical problezs on neutrino flux.

JFS Massive Neutrino and the Anomalous Magnetic Moment |
of the Muon. A. ROSADO and A. ZEFEDA, fentro de Inves- |

tigacicn del IPN . Recently the possibility oi & non- |
Zero rass of the neutrino has been considered by some 1

JF8 The Possibility of Massive Particles
Trzvelling witn the velocCizy OI L gnt.

S. ARIF KEAMAL, Indiana J. =loorington.-Special
tneory of relativity suggesis taat no massive
particle can travel witn ize velocity of light
Tois paper discusses the conditions in which a
massive particle can travel with the velocity
of light. Using free particle Dirac equation,
uncertainities between velocity and Loreantz
factor as well as between velocity and energy
of a Dirac electron are cziculated which are
non-zero. Therefore an accurate determination
of velocity would make Lorentz factor and
enerzy indeterminate. Por electron emergies

of 5 GeV and 200 GeV, it is ghown that tne
uncertainity in velocity {s greater than the
difference between the velocity of light and
toe velocity expected froz- relativistic
relation for that energy. 3y quantum mechanic-
al treatzent, it is sacwn that the probability
of existance of particles having v = ¢ is
ron-zero. The relativistic relation of mass is
modified s0 that mass is zon-infinite at v = ¢
in the light of uncertairity relationse.

authors. In such a case the neutrino might have an
znomalous magnetic moment, Ky. In this work we dis-
cuss the effect of K, on the 2nomalous magnetic moment
of the muon, K,. The bound for K, obtained from our
calculations is less restrictive than that obtained
from astrophysical considerations.

JF6 u + evwy and Magnetic Moment of the Neutrino.

J.L. ARAUZ and A. ZEPEDA, Centro ce Investigacion del

IPN . On the basis of recent indications about a nonvan-
ishing neutrino mass we speculate about the possibility
of an anomalous magnetic moment of the neutrino and com-
pute its effect in the radiative muon decay. We analyze
the phcton and electron spectra as well as the angular
distributions in order to isclate the characteristics
due to the neutrino magnetic moment.

JF7

Quantux Electrodvnazics and My Space-Time Mapic
Numbers. ENOS E. WITMER, University of Pennsvlvania.-—-

The vriter has pointed out that the masses of nuclei and
elecentary particles are dominated by pure nuzber ratios
involving the integers 3 and 4, vhich are respectively
the nuzber of dimensions of space and space-tize, and

SESSION KA: SYNMPOSIUM OF THE DIVISION OF PARTICLES Al
OBSERVED IN e~ COLLISIONS

JF9 Experimental Test of Quantum Mechanics
and Special Relativity in -igh Energy Physics,

Marilyn E. Noz, New York (riv. and Y. S. Kim,
Univ. of Maryland. Spacetime diagram is used
to describe Heisenberg's position-momentum
uncertainty and Dirac's C-nurber time-energy
uncertainty relation. A Lcrentz transformation
is applied the spacetime diagram. The resultin:
Lorentz deformation of the probability distri-
bution is shown to exhibit the Lorentz transfor
mation property of relativistic extended -hadron:
It is shown that this way of combining quantum
mechanics and relativity leads to the resplutiol
of the puzzles in Feynman's parton model.? It
pointed out that this mecranism can explain the
the form factor behavior znd the jet phenomenon
It is shown also that this particular approach
corresponds to Dirac's “instant form* quantum

mechanics¢ based on the representations of the
Poincare group. 8 s

Y. S. Kim and M. E. Noz, Phys. Rev. D 15, 335
(1977). : -
2P. A. M. Dirac, Rev. Mcc. Phys. 21, 392 (1949).

ND FIELDS: STRONG AND WEAK INTERACTION PHENOMENA

Thursdey afternoon, 29 January 1981; Sutton Baliroom Nocth at 2:00 P.M.; N. P. Samios, presiding

KA 1 Meson Spectroscopy Using Hadronic Psi Decays. G. GIDAL, Lawrence Berkeley Laboratory. (40 rin.)

KA 2 Decays of B Mesons Observed at CESR. F. SANNES, Rutgers University. (50 min.)

KA 3 What Do We Want to Learn from the Study of B Mesons? N. CABIBBO

47
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, New York University and University of Rome. (50 min.)




Complete Document: https://www.ngds-ku.org/Papers/C10.pdf
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to show that massive particles can travel vii

arguzent in favor of this concept can be given by consideratl

ratisn of Tirze

equation. Using the uncertainity relation of .’-’.obertsonl,

INYS IS 0

i = 3 matrices, it can be shown
and noting that d”?’*-%dx_ 0 for Dirac natrices,

that

(1) Ao(,LAFS >

14*;@@>\

Using free particle solution of Dirac equation for positive energies

\_\JJ = uj GxP(l/H)(xPx + pr + ZPZ -Et), J= 1:2:3sh

where u, = 1, u, = 0, u, = sz(E+ + m ©

one obtains

- . 2,-1
o) 1, w = <:(p:‘t + 1py)(E+ +mc )

(2) Adxﬁﬂi‘) > o lE,

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

Bull. Amer. Phy. Soc. 26 (1), 47: abstract#JF8
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Using p =nmv , & = mc2 and taking the limit '
SIDE P, S WVo5 B, = € tne limit as v approzches c, we get

(in this case mo/m is negligible)

(3) Axxz;55>/

which is non-zero and so [E;c( [§¥5j> 0. c9< is the velocity

i
operator znd <<;G$> represents. (1 - v /c )2. £S V approaches ¢, an

‘ 3
accurate deteraination of - °<x makes f& uncertain and vice versa .

1

.he*e;ore m (L -v /02) * becomes indeterminate as v aporoaches c¢. This
result is not restricted to Dirac's case but it has general validity.
Similarly uncertainity between c<x_ and Dirac Hamiltonian HD can also
be czlculated using Robertson's relation . Therefore

=

(L) Dot NHy o e(E, +med) R ® K22)%
where
: 2y & © 2,2 2 2. 2 2
(- 2 - p ) K = p (E C 2 1 O o ) < P C (p +p - D )
Xy 2 + o) v - B

Replacing o, OY vx/c, HD by E and taking the limit as v approaches c, we

have
F N R N O R R H
vnere we have used

(approx.)

)
+
<
+
<
"

Using

Py"* Py = (E/c)-Bmyc -p

Bull. Amer. Phy. Soc. 26 (1), 47: abstract#JF8



(O)A vV j;?c(ZAAE)(vV/c)Z X} + (vzz/c2) i (Vih/cgvy2)-- (mOQCh/Ezjxl

Consider 200 CeV electrons oroduced at Fermilab. Supnose that the

focusing system is 3m awzy {ron viie produaction erea. vV, = 3 X 106 r/s
" : :
(approx.), x = 3m, t = 10 's. The bear is focused to 2 space of 3 microns.

Therefore y = 2 = 3 x 10 m, Vy=V, = ¥/t = 2/t = 3 x 102 n/s.

-
L

Substituting these values in (5) we get
(1 Av  p  (0a2/r

where AE is in GeV. To obtain minimum uncerteinity in velocity we use
maXimum uncertainity in energy (5% of the actual value). Therefore

/AAE = 10 GeV and so

Av. > (L9 x 10'3) n/s

For E = 200 GeV, c - = (9.75 x 10-3) m/s obtained from the relation

Vx
m=m (1 - vx2/c2)'%. Therefore an accurate determination of Hy makes
°<)( indeterminate and vice versae.

Let us look into the matter from a different angle. Usually luminal
frames are not given a physical meaning (even if mathematical use of I
1infinite momentum frames' is possible) i.e. massive luxons are excluded «
From infinite momentum frames the space-time should appear as

bidimensional space, projection of a suitable 3-dimensional hypersurface
onto a plane normal to luminal ray directioﬁ. According to Recami and

Mignani on such a plane, both objects and photons appear immobile. This

is in contradiction to the fact that photons cannot be brought to rest

Bull. Amer. Phy. Soc. 26 (1), 47: abstract#JF8



in any frame. However the problem can be sblved by considerinz the T
that time also transforms in such frames and.the observed speed of
photons is zgain equal to c.

Let us on the contrary try to give physiczl mezning even to luzinal
frames (V = ¢), trying to understand how they will see the world. Let us
consider 'massive luxons' and ;n'order to derive how their properties
will appear, let us for instance derive their observable exvoressions
by lookihg at usual massive particles from luxon frame. This idea is
further supparted when we calculate the propabilities of such nassive
luxons and these are finite.

Consider a luxon frame of reference. If a particle has velocity u in

the laboratory frame of reference, we have from the velocity transformations

(82) v, = (ux -V - :xv/cz)-l
(8b) vy = u (1 - V2/02)5(1 - uxv/cz)-l
(8¢) v, = u (1 - V2/c2)%(1 - ux'\7/c2)_1

(V is the velocity of the frame moving in the positive x-direction), we
get v, = -c, vy =V, = O (because V = ¢). This holds only if U Z ¢ (The
case u_ = ¢ corresponds to luxons and is discussed before). Thus all

particles whether massive or massless except those having ux = Cc are
observed to be travelling with the velocity of light in the negative
x-direction. A particle of non-zero rest mass observed to be travelling
- with the velocity of light can be given the name 'nooron!' (or 'photo-
particle') . The velocity of a nooron can be 4c or -c depending on the

particular boost (luminal boost) chosen.

Note that in the one electron Dirac theory, the eigenvalues of the

Bull. Amer. Phy. Soc. 26 (1), 47: abstract#JF8
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(9) o -m

0 .

nj-

b essed as +c(m2 -m 2) The
Therefore the romentum mv can 2lso be express + 0 )
particle having mass nm moving with velocity v can be considered as a

particle hafing mass (m2 -m 2)3 moving with —elocity #c. Note that the
; o :

2

1
2 =
oarticle is now expressed as eguivalent luxon of mass (m” - m “)“. Also

.
2\3 R , 2 2
(m2 - m )2 azproaches zero as maess m tends to m (m™ - ) )
0. i

[N (Xe]

is czlled
tpelativistic effective mass'. In this case the equation of a particle

can be vritien in a form similar to luxon equation

: 2 2 2
(10) Eeff = ¢cp
2 2 2.1
where Eeff =c (m - m )2 is 'relativistic effective energy'. All

particles satisfy the above equation. For luxons m, =0 and so m becomes

relativistic effective mass. Relativistic effective mass is denoted by
C s 2, 2\—%
Do Using m = mo(l - v /c%) 2 we have
2 2

) my, = @ -=n ) = mo(‘:2/v2_1)~%

wj-

Note that meff/m = v/c. We can state 'luxon-bradyon transformation' by

s
use of relativistic effective mass :

£ny luxon equation can be changed to equivalent bradyon equation provided

mass of luxon in the equation is revlaced by relativistic effective mass

of bradyon.

For example consider the luxon equation )\ =‘h(mc)_1. Replacing m by

S dle . 2,2 -2
relativistic effective mass mo(c /¥¢ = 1)72 and simplifying we get

i = 1
)\ = h(c2/v2 - 1)2(moc) o h(1 - \rz'/cz)é(m‘:,v)-1

Bull. Amer. Phy. Soc. 26 (1), 47: abstract#JF8



vhich is de 3roglie relation for massive particles (bradyons).
Introducing the concept of spin the 'relativistic effective mass

operator! (RED0) can be written as

ax )
i Vo = @& \
52_ = -1, 1§1+S.b\=o. If we write 20 as
2 2.3 2, L 2.3
¥ = (n° =z )% = (E/c -n )2
( o) (8°/ .

H is Haziltonian operator), it is not of the form required by the

general laws of the quantum theory on account of its being gquadratic

bad

in H. The wave equation must be lin in the operator ¢/0t or E,

9

otherwise a conserved probability function cannot be defined . Therefore

we have to accept (12) as the correct expression for REMO. For spin

Wik

particles 2 x 2 matrices satisfying the zbove properties are Y and i

6o

d_z_ and i¢, , 6"3 and iO—\ and so on where g 's are Pauli spin zmatri

¥ = Q\m - S;mo can also be tzken as RZ¥0 with the same conditions imposed
. Si = the moment m i

on S' and Sz Since p = CR_ce» momentum operator c(g\ - Sz o) is

defined in terms of quantities vfh.ich are same in all coordinate systexs

(which may be oblique to one another) which are at rest with respect to

10
each other. In another paper the author has discussed the properties of
13,12
REMO. Ali obtained L x l representztion of RENO.

Introducing the two component wavefunction L\)(‘f,t) = [\VJ (;,t)];

j = 1,2 we can vrite (12) as

(13) ny = (5= +&m) @
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Plane wave solutions can be written as

- " _1 -
Wylr,t) = u, exp if (pyx + P, + p3x3‘- Et)

cher il e ’ : R
where uj are complex constants. Substituting this in (13) and using gl
= G_l 5 SL = 103 ve obtain

2
(lba,b) E u_ =-(me+mdeu ' =0; (m-m 2 E =
o 3 ( O)c u'l Lefqu —

err’y 5= 0

S s 3 2 2 2 :
The ceterminant of coefficients (Eeff -m ch +m cb) vanishes by
definition of E o @nd so nmon-trivial solution of (1L) exists. Since

* e
= +c2(n® - m02)2

Eeff » there are both positive and negative energy states.
Therefore
2 -1
(152) Upy = (m - mo)c (:‘efi‘:) A: (from 142)
(15b) = E . m-n)Tc? a (from 1Lb)
(15¢) v, = A

Therefore the probability of existance of any massive particle at speed

v is given by

(16) \x\z\" = 2n (m- mo)-l \Atkz

wj-

2 -1
Using m = mo(l -v /c2) we get the following results

%
(2) as v approaches zero, H}\ approaches infinity
L 2
() at v=c, |Y['= 2{a]
~ Result (a) shows that there is infinite probability for a massive
particle to be at rest which is physically inadmissible.

Pesult (b) shows that there is a finite non-zero probebility of existance
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of massive particles travelling with the v‘elocity of light.

This shows that particles of infinite mass can exist (from the concept

of classical relativity).

Let us examine why gi = a'g, ((; = i G’z'_ is used for RIM0 and is this

the best choice. Al-Kurdi discussed in detzil the 2 x 2 representztion
of 2240 and obtained probability densities for different choices of

matrices. The results are -

choice of matrices probability density
S. No. £\ o A

1 oy idg 2n(n - mo)_l {A:\2

2 o, i03 2 \at|?

3 5 X g 2 \axl?

L @, i, B i) F

b I§

g 03 103 2a/m ) [ + (@ - m %/a®)*]ps)®
6 S i 2nlm &ma) LlAs)"

Case 1 has been treated by the author. Cases 2, 3 and i are of no interest
because the probability is constant for all the velocities. In case S,
\W\Q': 2\AI\2 at v = 0. As v approaches c, \L\)\lapproaches infinity.
Therefore in contrary to case 1, the particle has now a greater tendency

2
to travel with the velocity of light. One way to make |4\ finite at'v=c

2

is to choose |A4|-= O. Therefore |W{'= 0 for all v £ c. Therefore this
case actually represents luxons. Another way to get rid of infinities in

case 1 and case 5 is discussed in the next paragraph. In case 6, \Ml.'-:
\hg|2 st v = 0 ana ("= 2Ja,|? 2t v = c. In this case the probability
density remains finite for/Values of v (Oévéc). There is an increasing

tendency of probability as v increases. Therefore case 6 is a
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representation of high speed particles whereas case 1 represents low
speed particles (because probability increases as v decreases).
It was pointed out earlier that an accurate determination of velocity
makes (1 - ve/cz)% indeterminate. To incorporate this uncertainity we
; ::Lntroduce a-parameter P(mo,v) vhich is positi—e and gives uncertainity in

velocity. The formulz for mass.can be written as

an : .m = m°[1 - v2{‘°(mo,v)}2/c2l~%

For simplicity we write P instead of P(mo,v). Eq. (16) then becomes
8 Z 2.2, 2,3]1-1 2
(18) W™ = 2 b -@-ve7eH%|™ {a,)

As m approaches zero, P(mo,v) tends to unity. This is the case of luxon.
If m £ 0, P(mo,v) can be taken as unity for intermediate values of
velocity. As v approaches zero, P(mo,v) approaches infinity such that nm
is very nearly equal to m at v = 0. This is because of the fact that we
cannot say that velocity is exactly zero (uncertainity principle).
Therefore v P(mo,v) does not vanish and \\.\/\L renains finite as v tends
to zero. As v approaches the velocity of light, P(mo,v) approaches a
value very nearly equal to but slightly less than unity. Therefore m is
very large but does not become infinite at v = c. 1\V|?‘remains .finilte at

2.
Vv = c. Such a choice of P(mo,c) also removes infinity in case S. ‘W\ in

case 5 becomes non-infinite at v = c. The most suitable case (case 6) is

" also very conveniently described after the introduction of P(m ,v). This
o

is because infinity in the expression of mass m = m (1 - v2/c2)-% at
o

Vv = ¢ is removed.
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Using the modified expression of momentum p = mPv, it can be shoﬁn
that for 106 GeV protons (1 - ?) &£ 0.4k x 10_12. It.is suggested that
the deviation of P(mo,v) from unity at both the limits v =0 and v = ¢
should be small for smaller values of mb and large for larger values of

m_. This effect was not observed in the case 3f fundamental particles
o

15

because the contribution of P(mo,v) for low values of m° is negligible

Therefore we come to the conclusion that the energy

22, 2 -
T = moc2(1 - P v%/c ) 2

does not become infinite as v aporoaches c. If we replace V (the velocity
of the frame) by PV in Lorentz tranformation equations, the interval

(xk(i) - Xk(z))zi k =1,2,3,L in Minkowski space remains invariant and

hence these modified expressions form a Lorentz grouplé.
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