W
NEVWAEPPrEACH, O INE.SOlUIONT O
& the Dirac eguation

r\r effectlve approach for the solution: of the three
rljmeh Dirac equation: for local interactions, which
WE have Intreduced recently, is reviewed. The merit of
BUIIET C apprioach! is in producing Schrodinger-like eqguation
SO LIE spinor components that could simply be solved by
: r':gaer:respondence with well-known exactly solvable non-
,——--"‘I’E|atIVIStIC problems. Taking the nonrelativistic limit will
= reproduce the nonrelativistic problem. The approach has
peen used successfully in establishing the relativistic
extension of all known classes of exactly solvable non-
relativistic problems. These include the Coulomb,
Oscillator, Scarf, Poschl-Teller, Woods-Saxon, etc.




T
SNNEcEnt decades: remarkable progiessHies
JUimEn knewledde and technology. Large

collzlgorztldns =r Eors af rlea
=Xamples in Physics: unprecedented

WiseoVEries and findings (e.g. materials,
BRpElticles, information theory, etc.)

~ o Working as individuals on simple problems
Un-rewarding.

® Exact solutions are (debatable) “trivial™
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SRLBWEVET, exact, solutions, are, inpPea RO s
soneeptlal understanaing off PaysIcs:
SHEGKRNERNMpPrEVIRENReHEISsancaMUmErcal
MELIOHS T Solving complicated problems.

2 alytlc SOIULIONS or approximations of some
r : I|st|c problems.

(SUSYQM -+ potentlal algebra + PCT P
“shape invariant Potentials”

e Exactly, conditionally exactly, quasi exactly
solvable problems.




.
Physical Theories .

( Rel. Quan. ] Rel-at_ivistic
\Physics Physics

| |

Quantum Classical

<

Physics Physics




")

E,

Zlr 1(_Z Y
Coulomb _5( n+l +1)
Oscillator L' @ (2n+1+3/2)
Morse —A(24+A)e ¥ +24%e7" _/172(14//1_”)2
2 2 2
Hulthén —Ae ™ [(1-e) I 2
8\ n+l
Rosen-Morse I B tanh(Ar) —é(A + /1)+ _ 2“_2 (4/A- n)2 _ (B/A)*
2 cosh”(Ar) 7 Z(A//”L—n)z
Eckart Beoth(Ar) + (A - /1)% A (4/A+n) - (B/A)
2 sinh”(Ar) 9 2(A//1+n)2
_aycosh(Adr) 1o 4y2 1 2
Rosen-Morse I1 A(A 2 ) sinh(1r)? * o) (A 2 ) sinh(Ar)’ —%(A/ﬂ + n)2
A)sinh(Ar) 11 o 2 1 2
Scarf + 2)cosh(/1r)2 S| 4= (3/2)" + 24] cosh(ir)’ _’%( Al A~ n)2

Poschl-Teller

1

1 A
——(4A+4
( ) cosh®(Ar)

A)—
sinh(Ar)* 2




e W
REIgVistic extension, however, remaiREd o
NBRg time only. partlally developed

<a ct solttlons of Pirzle ge(tizitle), ey tigie]
enly: for the; Dirac-Coulomb problem.

989 Moshinsky and Szczepaniak solved
i B Dirac-Oscillator (linear in r).

= 5S0(2,1)

o Relativistic: Dirac-Coulomb + Dirac-Oscillator
+ P77 = 777
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SeoniluEnt Hypergeometric (oscillatorFclassis

c-Coqumb Dlrac Oscillator, Dirac-
Mors* _ —

> "_érgeometric (Resen-Morse) class:
J -Starf, Dirac-Eckart, Dirac-Hulthén,

= Pirac-Rosen-Morse I, Dlrac Rosen- Morse II,
—- = Dlrac Poschl-Teller

® No-name class:
Dirac-Woods-Saxon, ???7?




Parameters

nr) W(r) D7 Relation

Dirac-Coulomb Z/r 0 sin” (Z/k) K=y +DZ°
Dirac-Oscillator 0 o’r 0 k=1,-1-1
Dirac-Morse —Be™ —Ae™ +1/r sin (DB/A) A’ =y’ +D'B’
Dirac-Rosen-Morse I Btanh(ur) Atanh(ur)+1/r sin” (DB/4) A’ =u’+D'B’
Dirac-Eckart Bcoth(ur) Acoth(ur)+1/r sin"(DB/A) A’ =y’ +D'B’
Dirac-Rosen-Morse 11 0 Acoth(ur)—Ccsch(ur)+1/r 0 EE—
Dirac-Scarf 0 A tanh(ur) + C sech(ur)+1/r 0 SN
Dirac-Poschl-Teller 0 — A tanh(ur) — C coth(ur) +1/r 0 SN

. ) -B A il 2 _ 2 2
Dirac-Woods-Saxon ——® o +1/r sin (DB/4) A*=u*+D'B
Dirac-Hulthén 5 £1/r —sin” (DB/4)  A? = 4 + D'B’

e —1 e —1




PNHEVElativiStic two-point Green's fURGEHoR..
PIRSOME Off thESEsySteEms Wererobtained.
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(ihyﬂaﬂ—mc)W:O {7 }=26"
h=m=1
Zrest D=hfme=ljc D=0
(z;/“a — )w 0

electromagnetic a %a _|_ le A minimal

coupling substitution

iy"(9,+iD4,)-D" |y =0
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» Dirac-Coulomb: V' (r)= 77/” ,W(r)=0
» Dirac-Oscillator: V(r)=0, W(r)=n"r
» S-wave Dirac-Morse:
k=—1LV(r)=A4e™", W(r)=Be™ +%
» S-wave Dirac-Poschl-Teller:
k=-1,V(r)=0, W(r)= Atanh(nr)+1

B =n’ + DA’
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eliminating one spinor component in favor of
the other gives a second order differential
equation. This will not be Schrodinger-like (i.e.,

it contains first order derivatives) unless 7= 0.
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U(7) =exp(+ Dro,)
Viry=&W(r)+«x/r]

C—e+(1D)DE(W +K) D[nngc(WJrlTC)_

KD[Hf+C(W+’7‘)+%} ~C—e+(Im)DE(W +K)

C =cos(Dr) = \/1 -D&°

J

sin(Dr) =+Dé

(¢7 (1))
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e=1+DE, C=1-+D¢’
= ¢ : D" >0
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Dirac-Coulomb Problem



The Dirac-Coulomb Problem
Viry=&|W(r)+x/r|

W=0->V=¢,x/r=Zr
E=7/k

C:\/l—(DZ/I()2
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