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The generated potential V_is the
{A"} y {(m“ )" (m12 )” } [C" } super periodic potential of order
(m21 )n (mzz )n

B

n

D

n

Gn’



Transfer matrix elements Super Periodic Potential: Transfer Matrix

Next- Tunneling

probability mements
Next » Applicationls_ _________________________________________________ 3
e kx
Anel I : Cnel
: |
: l
|
|
I | —ikx
L0 | I D e
b,e : .. N_times l {
i |
; |
' !
SRR RN RER AR Y Y l
J11ITTTE LT SRR 1
. |
Transfer matrix : 2 (NpDs, s, ol |
| (m,), =mpe 7 T]Uy 1) =Uy o)™ - 3G, .
|:And F . l:(mll )n (m12 )n :| |:Cn i| | p=1 £ :
3 |
Bn (m2| )n (m22 )n Dn : ”{ Nypsp _Zr:Np—lsp—l_ Zsp} :
I = = pr+l
/ ' ri G, =e 2(§)HU 4,) s Ny=0,s,= :
(mzz )n 3 (mu)n > (m21)n 7 (mlz )n : % |
______________________________________________ J
FRFERRRE S0 7 :
| L p=l M. Hasan, B.P. Mandal, Annals of
: (m 12 )n F i H UNp—l (gp) : Physics, 391 (2018), 240-262.



Transfer matrix elements Super Periodic Potential: Transfer Matrix

Next- Tunneling
probability Elemel‘ltS
Next -» Applications
n—1 n—1 n—1
gn\ e ”?n'?i.’l COs [[}_ — }f{ZLf\'}, —t I}Sp - Sn.}] H [-"ITJ'"J;.—](_:‘-EP) - Z Hr
p=1 p=1 r=1
— [-"rf\fn_ 1 —2'[:‘511—ﬂ ) cos k (i_*'i\rn—lgn—l — Sn )
Where,
n—1 n n—1
H, = cos [k( N5, — Z sp) |Un,—2(&) H Un—1(&p)
p=1 p=r-1 p=r+1
& a=Arg (m.,)
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Cantor-1/3 Potential

Cantor 1/3 potential:

G=1 *One-third of the segment from
the middle is removed at each
stage G.
*The height of black region is the
*The black region is rectangular
barrier potential.
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Rectangular SPP of order 4, N =2
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A (general) Cantor fractal potential of stage G is a rectangular super periodic
potential of order G.

Rectangular SPP of order 4, N =2

s=a L1 1 i i



Applications

et 2l datiines Super Periodic Potential: Applications

Next> Conclusions

v/ Our observations suggest that in general, symmetric self-similarity in

1D is the special case of super periodicity in 1D (yet to be proven
mathematically).

v/ By using SPP formalism we have derived the close form expressions
of transmission amplitude for general Cantor potential and standard
Smith-Volterra-Cantor (SVC-4) potential (M. Hasan, B.P. Mandal,
Annals of Physics, 391 (2018), 240-262.).
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Next— Conclusions Tunneling amplitude for standard Smith-Volterra-Cantor (SVC-4) potential of arbitrary stage G

G=0

G=1 I .
G=2 I L I |
G=3 Il I I I I
G=4 I =N En I N . I N N .

1/4¢ fraction from the middle is taken out at stage G in SVC fractal.

M. Hasan, B.P. Mandal, Annals of Physics, 391 (2018), 240-262.
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Tunneling amplitude for standard Smith-Volterra-Cantor (SVC-4) potential of arbitrary

stage G
L
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B | e P
| " \ ™ 'a " R g 53
-2 | \ ([ '\{ "ld"'\ 'f ‘.'l’ f '\ “‘f‘ 'l'|| ‘\u” ‘y' \ \\ ’fl : ' 3 ) 2__8
%F r] '\Hh Nl

V=10, L=10



Applications

Next— General features Super Periodic Potential: Applications

Next= Conclusions Tunneling amplitude for general Smith-Volterra-Cantor (SVC-p) potential of arbitrary stage G

L
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1/p° fraction from the middle is taken out at stage G in general SVC fractal.

G=4

‘Tunneling from general Smith-Volterra-Cantor potential’ by M.Hasan & B.P. Mandal (in preparation)
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1

T(N,,N,,....,N k)= ; 2
1+ ( [, | Uy DUy, 1 (E)ee {UNg_l{ﬁg(kzkg)}=0}]....UNJ_1(§J.) ..... Uy 1) )

If k=kg* is the transmission peak of SPP of order g then,

v Thisimplies that the transmission peaks of SPP of order ‘g’, is also the transmission peak of SPP of
order j’for any j> g.
v/ True for SPP of any unit cell with order j such thatj>g, {j,g}el".
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At
k=k *
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potential parameters V=50 (6 potential), s =1,s,=6, N =2,

N,=4
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1
T'(N,,N,;k)=
217 1/ T L ED UL L EY
potential parameters V=50 (6 potential), s =1,s,=6, N =2,
v N,=4
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v At transmission peak, k=k* of T(N,) , U, , (§,*) =0

7 UN1-1

v Near k=k*, &, changes sign due to cosine term with
k.

U, has N,-1 simple roots when Ez € [-1,1]. This
results in N_-1 transmission peaks near k=k*.

v/ The overall result is the (N,-1)+1=N, transmission
peaks due to super periodicity .
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Splitting of transmission peaks: Resonance band

potential parameters V=50 (6 potential), s =1,s,=6, N =2,

N,=4
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 The transmission peaks arising out of ~ '[==========Sfgessssscscccccnon- b Sy ]
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Potential parameters:

Unit cell: Rectangular barrier
V,=10, b=1,¢ =1.5,¢,=2.0
N.=2,N,=12
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> Starting with a unit cell, super periodicity
is the most general form of periodicity.

> Our observations suggest that in general,
symmetric self-similarity (in 1D) is the
special case of super periodicity (in 1D).
This is yet to be proven mathematically.
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Starting with a unit cell, super periodicity
is the most general form of periodicity.
Our observations suggest that in general,
symmetric self-similarity (in 1D) is the
special case of super periodicity (in 1D).
This is yet to be proven mathematically.

v/ By using SPP formalism we have derived the
expression for tunneling amplitude for
(general) Cantor and SVC potential.

v Super periodicity modifies the band structure
through allowed energy in the forbidden
zone.

Future plans:
*Extension of SPP to non-Hermitian potentials.

v/ Transmission peaks that arises due to

: lits d iodi

*Relation between the distribution of CPA points and SPP structure.
*Extension of SPP to fractional quantum mechanics
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Super Periodic d Potential:
Modulation of band structure and splitting of transmission peaks
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* Red curve is transmission probability for double delta potential.
* Blue curve is the transmission probability for the case when double delta potential as a whole repeats.
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Super periodic d potential of order 2 : Resonance band

|
1+{ | U (€U, (&)]

Transmission probability: T(N,, N,;k)=

If k=k* is a transmission peaks of Potential parameters V=50, s,=1,5,=6

Dirac comb then at k=k* S —
’ .
5; 7 _UNl—z(gl*)COS[k*(lel —5,)] . .

Near k=k* , £2 changes sign due to
cosine term with k.

U,,.; has N.-1 simple roots when &2 I
€ [-1,1]. This results in N.,-1 =tT
transmission peaks near k=k*.

The overall results is (N-1)+1=N,
transmission peaks due to super
periodicity .
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Super periodic d potential of order
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