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An iron-based chalcogenide compound, FeTe;_,Se, (FTS), has recently attracted
attention as a potential candidate for a readily available platform for hosting the
exotic topological superconducting (TSC) phase on its surface. In its 3D sample
the co-existence of the strong topological insulating (TI) phase and cylindrical Fermi
sheets provide the two necessary ingredients for the TSC phase on its surface - i) the
topologically protected helical surface states and ii) the intrinsically induced s-wave
pairing from the bulk superconductivity.

The strong TI phase in the FTS alloy is crucially dependent on the relative
composition ratio between Te and Se atoms. The topological F'TS sample, FeTe 55Se 45,
that is widely studied for having the highest critical temperature (T.) in this class,
interestingly, lies close to the topological-trivial phase boundary (estimated to be close
to x = .5 as observed by a recent experiment [1]). Furthermore, due to its alloy nature
a typical sample of FTS suffers from spatial inhomogeneity in Te/Se composition at
multiple length scales ranging from few nm to 100 pm. Thus, in a topological F'TS

sample there might be patches where the phase is driven out of its topological natures



due to the local deficit of Te composition induced by Te/Se fluctuations. Such trivial
domains would be scattered throughout the sample - hence, we call such a phase a
topological domain disordered phase. The trivial domains in such a disordered sample
would inflict inhomogeneity in the topological surface state (T'SS) density distribution
which we study in Chapter 2 of this thesis. After carefully exploring the effects of
topological domain disordered phase in an effective model of FT'S, we conclude that the
non-topological domains on the surface are characterized by suppressed local density of
states (LDOS) surrounded by ridges of enhanced LDOS throughout the energy range
of the Dirac dispersion of the T'SS. Moreover, the appropriately scaled LDOS at various
energies within the Dirac window collapse on each other for a given disordered sample
which, as we show, is in stark contrast to the case of conventional chemical potential
disorder. Hence, these features are expected to appear in measurements of tunneling
conductance such as in scanning tunneling spectroscopy (STS) of the FTS surface when
the sample is not in the superconducting phase.

Another kind of exotic modes, namely the helical Majorana modes, appear in the
2D TSC phase at a linear defect when the TSC gap on either side differs by a phase
difference of 7 from the other side - thus, forming a 7 shifted Josephson junction (JJ)
on the TSC surface. Signatures of such helical Majorana modes have been observed
by a recent tunneling experiment on the surface of FTS. In FTS such signatures are
characterized by the non-zero flat density of states (DOS) in an STS measurement at a
crystalline domain wall (DW) which is associated with the in-plane half-unit-cell-shift
(HUCS) of the lattice. Such non-zero flat DOS within the SC gap which is consistent

with the existence of linearly dispersing 1D modes is absent in the non-topological



FeSe sample - hinting towards the topological origin of the same in FTS. Even though
the TSC phase on the surface is expected in FTS, the origin of a 7 shifted order
parameter that is crucial to accommodate the helical Majorana modes at the DW, is
yet to be fully understood. In chapter 3 of this thesis we propose a mechanism that
stabilizes a m-junction at the HUCS domain wall when the intrinsic superconducting
pairing is of s1 character as is the case for bulk FTS superconductivity that consists of
hole-like pockets around I' and electron-like pockets around M point of the Brillouin
zone (BZ). We argue that if the DW induces inter-pocket transmission between the
I and M pockets strongly enough, the coupling between the order parameters (OPs)
of the two pockets (I' and M) is also enhanced. Since the s nature of the pairing
implies an intrinsic 7w-phase difference between the OPs associated with the I" and
M pockets, strong DW-induced coupling between them can stabilize a Josephson
junction with w-phase shift. We explore the possibility of such m-junction in FTS
by constructing an effective model of the Fermi surface of FTS and computing the
Bogoliubov-de-Gennes (BdG) spectrum with s. pairing at the HUCS DW. Varying
our model parameters within the regime of the observed FTS Fermi surface we find
that for a wide range of parameters the m-junction accommodates Andreev bound
states (ABSs) that have lower occupied energies than those for trivial O-phase shifted
junction. Simultaneous numerical computation of the DW-induced scattering problem
reveals that the strong inter-pocket transmission strength is positively correlated with
the stability of the m-junction, supporting our proposed mechanism for the 7-junction
stability as described earlier. Such w-Josephson junctions can in principle be detected

using superconducting quantum interference device (SQUID) using either a mesoscopic



device or corner junction.

In the next chapter 4 of the thesis we consider another setup of Josephson junction
(JJ) consisting of an interacting one-dimensional quantum wire sandwiched between
two semi-infinite SC leads of conventional s-wave pairing. The low energy Physics of
such interacting 1D system which is known as Luttinger liquid (LL) is controlled by
the two decoupled sets of eigen modes - namely, the charge and spin density waves.
The SC leads in such a JJ thus allow easy access to the charge degrees of freedom
in the LL - also known as plasmons which can also be probed optically using near
field optical microscopy [2, 3]. An interesting aspect of an S-LL-S setup is that the
NS interface blocks the flow of spin current due to the perfect Andreev reflection
at low energies. Hence, the spin modes of the LL would typically be obscure to a
transport measurement due to the aforementioned spin-charge decoupling. Hence, a
conductivity measurement would not be able to detect the spin degrees of freedom if
they are separated from the charge modes. However, we note that the impurity induced
back-scattering processes which involve low energy but large momentum transfer can
couple the spin and charge densities in the LL and we study the signatures of such spin-
charge coupling in the electromagnetic (EM) response measurements. In our numerical
evaluation which incorporates the impurity potential perturbatively and we calculate
the resultant EM absorption spectrum using linear response theory which is measurable
in a similar S-LL-S setup. We find that the signatures of back-scattering induced
spin-charge coupling appear in the absorption spectrum as excitation peaks at the
energies that are associated with the spin excitations of the LL. Tuning the total

density of the 1D system and hence the Fermi momentum we find a regime where the



spin peaks are roughly of equal amplitude as that of the charge peaks. Since in a 1D
wire the density can be tuned by means of gating [3], such regime is accessible to a
transport measurement. In that regime tuning the Coulomb interaction strength one
can distinguish the charge peaks as they shift on the energy axis whereas the spin
peaks are insensitive to such interaction strength variation. We conclude that such
impurity induced signatures of spin modes can thus be probed in an S-LL-S setup by
investigating the EM response of the sample in a conductivity measurement.

In the last chapter 5 of the thesis we go beyond the regime of linear response
formalism that is discussed in relation to the EM response of the S-LL-S setup in the
previous paragraph and consider the optical response up to second order in the applied
EM field. A fundamental feature of non-linear response is its non-equilibrium nature
which is absent in linear responses. Such non-equilibrium character is manifested as the
out-of-time-ordered correlators (OTOC) in response theory associated with the second
power of the applied EM field magnitude. Such correlators for a generic interacting
system cannot be described using the standard Feynman diagrams, rather one requires
its non-equilibrium extension which is known as the Keldysh formalism. We focus on
this non-equilibrium nature of the response by considering the bulk photovoltaic effect
(BPVE) in a non-centrosymmetric system where we include electron-phonon (e-ph)
coupling as the mode of relaxation. Considering the semi classical limit where the e-ph
scattering is stronger than the applied field strength we show how the contribution of
the OTOC appears in the BPVE induced DC current measurement when the system
is illuminated by an inhomogeneous profile of optical intensity similar to the case of

a irradiation on a finite portion of the sample. We also introduce the Floquet master



equation approach to treat the e-ph coupling quantum mechanically and demonstrate
a shift in the scaling of the DC response from quadratic to linear in the limit of the

e-ph coupling strength being much smaller than the applied EM field.
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Chapter 1

Outline of the thesis

In this introductory chapter we briefly outline the contents that are covered in
the subsequent chapters of the thesis.

The potential of the topological qubits in performing fault-tolerant quantum
computation has enhanced efforts for searching new materials with novel topological
character as well as understanding the exotic signatures that are associated with them.
To realize the fault-tolerant quantum computation a new platform has emerged in the
past decade or so in the form of the three-dimensional strong topological insulator
(TI) phase which is characterized by a Z, invariant. The 2D surface of such a TT hosts
topologically protected helical surface states which upon induction of s-wave pairing
provides a platform for realizing topological qubits at the magnetic vortex cores. In that
regard an iron-based chalcogenide compound, FeTe;_,Se, (FTS), has attracted great
attention due to the existence of the strong TT phase [4, 5, 6] as well as the intrinsically
induced s-wave pairing on its surface from the bulk superconductivity [7, 8, 6, 9].

However, the strong T1 phase in this material is controlled by the relative Te/Se
composition percentage [5]. For example, FeTe; ,Se, with z = 0 (i.e., FeSe) is
topologically trivial whereas the widely studied sample with x = .45, i.e., FeTe 555€ 45
hosts the strong TT phase. The alloy nature of this material gives rise to inhomogeneity

in the Te/Se composition throughout the sample. Along with that the sensitivity of



the topological phase to the Te/Se composition gives rise to a possible scenario where a
topological F'TS sample bears regions of trivial domains. The implication of such trivial
domains in an overall topological sample near the surface can be quite interesting. The
effects of such topological domain disordered phase is studied in Chapter 2 which is
based on [10].

The topological superconducting (TSC) phase that exists on the surface of FTS
when the sample is in the strong TI phase provides the possibility of another exotic
phase boundary at linear defects when the TSC gaps on both sides of the defect differ
by a phse of w. Such m-shifted Josephson junction (JJ) on the TSC phase captures
helical Majorana modes that linearly disperse along the junction boundary. In a recent
experiment [11] using scanning tunneling spectroscopy (STS) on the surface of FTS
signatures of such helical Majorana modes have been found at a crystalline domain
wall (DW) associated with half-unit-cell-shift (HUCS) of the lattice across the DW.
The flat non-vanishing density of states (DOS) within the SC gap as observed at the
DW - is consistent with the existence of the 1D dispersing helical Majorana modes.
In addition, absence of such features when the sample is not in the topological phase,
e.g., in FeSe, hints at the topological nature of the signature. However, given the TSC
phase on the surface, the appearance of helical Majorana modes along a linear defect
requires the TSC gap to flip sign across the defect [12]. In other words, the HUCS DW
must accommodate a m-junction which naturally gives rise to the question regarding
its origin. In Chapter 3 we provide a mechanism favoring such a m-junction along
with its numerical justification in an effective model of F'T'S layer which is based on a

manuscript [13].
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BMbmH iQ b

kKXR AMi"Q/m+iBQMiQ bi'QM; iQTQHQ:B+ HBMbmH

AMi?Bb +? Ti2 r2 BMp2biB; i2i?2bB;M im 2b Q7 i?2iQTQH
T? b2 r?B+? Bb +? ° +i2 'Bx2/ #v i 'BpB H /QK BMb b+ ii2 2/ i?"
b KTH2X am+? T? b2 KB;?i 'Bb2 BM iQTQHQ:Bt,d2HHQV b
UhaV r?2°2 i?2 b KTH2 bmz2' b 7°QK +QKTQbBiBQM ~m+im iE
T? b2 Qmi Q7 BibiQTQHQ;B+ HM im 2 HQ+ HHv- i?mb-+"2 iBM
i72 b KTH2X h?2 "2bmHib T 2b2Mi2/ BM i?Bb +? Ti2 mByX# b2/ Q
AM i?2°22@/BK2MbBQMDb i?2 iQTQHQ;B+ H TH/ [E\Bp + BBNDIM C
BMbmH iQ b+ M#2 +? ° ZiBEp2/BEMIQM i "2 /QMQiR/v
(RBX g2 rBHH /2}M2 i?2b2 BMp "B Mib b?Q iHv- #mi H2i mb # B2-
+H bb2b bbQ+B i2/rBi? i?2 TQbbB#H2 p Hm2b Q7 i?2 7Qm  BM
h?2 BMbmH iQ b rBi?
BV=1 "2 +H bbB}2/ bbi'QM; iQTQHQ;B+ HBMbmH iQ b Uh
BBMO M/isims=1 "2+ HH2/r2 F hAb-
M/

BBBY:=0 "2iQTQHQ;B+ HHvi'BpB HBMbmH iQ b i? i "2 2]



h?2 bi'QM; hA T? b2 ?2Qbib bm 7 +2 bi i2bi? i "2 iQTQHQ;I
IBbQ /2> BM/m+2/ HONKHBM iB@WI“("v- 2p2M i?Qm;? i?2 r2 F h.
bm 7 +2 bi i2b QM +2°i BMbm' 7 +2b i?2v "2 MQi BKKmM2 iQ bn
i?72 bi"QM; hAb i?2bm 7 +2 bi i2b-BM BM@TH M2 KQK2MimK b~
HQ+F2/ ?2HB+ H/BbT2'bBQM rBi? bBM;H2 .B° + TQBMi 2M+HC

"2°vT? b2 2M+HQDb2/ #v i?2 62 KB "+ +? ° +i2 ' Bb2b i?72 MQI
iQTQHQ:B+ HHV T Qi2+i2/ bHQM: bi?2 bvbi2K K BMi BMb i?2
hAbi?2 62 KB "+b 2M+HQb2 2p2M MmK#2 Q7 iBK2@ 2p2'b H BI
i?72bm'7 +2""BHHQMBM xQM2 U"wV r?B+? 2bmHibBM bm 7 +2
QZ Q y 2[mBp H2MiHvX h?Bb BM im M /2bi " Qvb i?2 iQTQHQ;

/BbQ /2  BM/m+2/ HRBX HBx iBQM (

KXRZRBMp "B Mib

h?2Z, BMp "B Mib K2MiBQM2/ #Qp2+ M #2 2tT 2bb2/ BM i2 K
*2p2°b HTQH "Bx iBQM Uh_SV K i'B+2b ii?2 iBK2 2p2°b H BN
Q7 i?2 #mHF # M/ By +*QMBR/2  i?2 j. "w Q7 i?2 h_a bvbi2K M
i72°2 23 TQBMibi? i "2BMp "B MimM/2 h_a M/ i?mb-i?2 #
KmHIiBTH2b Q7 irQV @ 7QH//2;2M2" i2 ii?Qb2 TQBMib r?B+? 7¢

T B bX h?2h_AJbBMi?2"w+ M#2 2T 2b2Mi2/ b

(n1by + nzby + n3bs) UkXRV

NI =

r?2b "2i?2 "2+BT Q+ HH iiBEDAX+iQ b M/

h?2 7Qm" BMpy:B MEb/-2}M2/ BM i2 Kb Q7 i?2 bB;M Q7 i?2 S7
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bm+7? ij@nii /2MQi2b i?2 T2 'BQ/B+ T i Q7 i?2 "HQ+?2r p2 bQHmMIB
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AM //BiBQM iQ i?2 h_a- B7 i?2 bvbi2K HbQ Q#2vb bT iB
i?7Z, BMp "B Mib /2i2"KBMBM; i?2 hAT? b2b #2+QK2 T “iB+mH °
T 2b2M+2 Q7 BMp2 bBQM BWMK2i +%-hi22 M #2 2tT 2bb2/ b T Q/r
T "Biv 2B;2M p Hm2b Q7 i?2 "HQ+? bi i2b Q7 i?2 Q++mTB2/ # M

+?QBRR;8p2M #v

P = om( i) UkX8V

m=1
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*QK#BMBMKAMK XBI Bb 2 bviQ b22i? i bvbi2KrQmH/ #2 |
U=1Vr?2Mi?2 MmK#2" Q7 Q// T "Biv2B;2M bi i2b +QK#BMBM;
h?Bb + Bi2 "B Bb "2H iBp2Hv 2 bB2 iQ i2bi 7Q° ;Bp2M K i2'B
+?2+FBM; QMHV i?2 T "Biv 2B;2M p Hm2b Q7 i?2 Q++mTB2/ K M
?v# ' B/Bx iBQM rBi? mMQ++mTB2/ # M/bi F2 TH +2 pB # M/ + (
Ai im Mb Qmi i? i 1 +2i BM T2 +2Mi ;2 Q7 p2 ;2 h2fa2 +QKT
62h2,a2 M Q// T "Biv M/ M2p2M T "Biv# M/ ?2vZ BBBW2b?BQM; |

'Bp2b 'Bb2iQ i?2 bi'QM: hA T? bRM¥M i?Bb K i2'B H (

kXRXk hQTQHQ:B+ HbmT2 +QM/m+iBpBivQMi?2b

b r2 /Bb+mbb2/i? i i?2 ?2HB+ Hbm 7 +2 bi i2b 2 T 'Qi2+
r?2M i?2 #mHF TQbb2bb2b i?72 bi'QM; hA T? b2- Bi T°'QpB/2b
iQTQHQ:B+ H bmT2 +QM/m+iBM; Uha*V T? b2X PM i?2 bTBM
/IBbT2 bBQMr?2M MQ /2 T  K2i2 " Q72p2MT 'BivBbBM/ m+2/
T? b2Bb MQM@i'BpB HiQTQHQ:B+ HT? b2 Q7 K ii2  r?B+? Bl
Z BMp 'B Mir?B+? /2MQi2b i?2 MmMK#2" Q7 +?B°  HJ DQ " M +
rBi? p +mmKX am+? ha*T? b2+ M HbQ +QMi BM x2 ' Q2M2" ;v
KQ/2 + HH2/J DQ ' M x2'Q KQ/2 BMbB/2 K :M2iB+ pQi2tX ii
i?2 ha* ; T Bb FBHH2/ M/ i?7mb 2z2+iBp2Hv 7Q Kb ?QH2 BMbI
i?72M ++QKKQ/ i2b ; TH2bb KQ/2b ii? i BMi2 7 +2X A7 i?2 pQ
h=2e- x2°Q 2M2 ;v bi i2 Bb i TT2/ rBi?BM i?2 pQ i2t +Q 2X am

KQ/2 UJwJV #QmM/ ii?2 pQ'i2t +Q 2 Bb Q7 ;"2 i BMi2 2bi b Bj



b [m#Bi 7Q  i?2 Tm TQb2 Q7 6 mHi iQH2> Mi[m MimK +QKTmi
"2 #QmM/ i i?2 pQ i2t +Q 2b b HQM: b i?2 pQ iB+2b 2 bm{-
2 +? Qi?2  i?2 +Q "2bTQM/BM; [m MimK bi i2 Bb T'Qi2+i2/ b H
i72 JwJb "2 MQi HHQr2/X h?mb i?2 HQ+ HBx2/ JwJb T QpB/2
QM r?B+? +QKTmi iBQM + M #2 T2 7Q K2/ #v # BI/BM; i?2 pQ il
/B # iB+ HHvV rBi?Qmi /2bi QVBM; i?2 +Q?2 2M+2 Q7 i?2 [m Mir
h?mb-j.bi’QM; hAb T QpB/2 ;"2 iTH i7Q K#v T QpB/BM;

/IBbT2 ' bBQM QM r?B+? bmT2 +QM/m+iBpBiv+ M #2 BM/m+2/X

kXRXj h?2bi QM; hAT? b2 BM 6ha

AMi?262@# b2/ +?2 H+Q;2MB/2 aDKEhQMMiI/I2B2R2H+Q;2M iQ

+ M #2i°2 i2/ 2[mBp H2MiHvVX h?2 bi'm+im 2 Q7 K i2°B H BM j.
Hv2'b Q7 6ha bi +F2/ QM iQT Q7 2 +? Qi?2 rBi? i?2 Hv2 b r
r2z F BMi2" Hv2 +QmTHBM; K MB72bib Bib2H7 b i?2 M2;HB;B:
Q7@TH M2 /B 2+iBQM +QKT "2/ iQ i?2 BM@TH M2 KQK2MimK
# M/bX h?2 K i2°'B HBbiBK2@ 2p2°b HbvKK2i'B+ M/ 2p2M i?Q
i? i +QMi'B#mi2 iQ bmT2 '+QM/m+iBpBiv- i?2°2 Bb "2;BQM BM
IQTQHQ;B+ H# M/ ; Tr?B+? T°Q/m+2b T Qi2+i2/ ?2HB+ H bm

?22°2X .m2 iQ iBK2@  2p2'b H bvKK2i'v Uh_aV Q7 i?2 bvbi2K i-
iQTQHQ:B+ HT? b2 + M #Z#BMbBB2M#ly f2PM2/ BM 2 "HB2 T ° ;
//IBIBQMiQ h_a-6ha HbQ TQbb2bb2b BMp2 BBEN/pbVEK KI2b v N/

#2 2tT 2bb2/ b T Q/m+i Q7 i?2 T "Biv2B:2Mp Hm2b Q7 ? H7 C



Q++mTB2/ # M/bkE&BM 1[X

kXRX9 " M/ BMp2 bBQM BM 6ha

hQ mM/2 bi M/i?2 NQBINGpi “BpBliHH2i mb ZQ# Mb /@M T22bBQM
r?B+? Bbb+?2K iB+ HHK®WRQPE BMi@B#XM/b 272  iQi?2 + b2r?2
Bb MQ bTBM@Q #Bi +QmTHBM; UaP*VX h?2irQ # M/b ? p2 QTT
BX2X- ii?2 h_AJb i?2 T "Biv 2B;2M p Hm2b bbQ+B i2/ rBi? i?
iQ 2 +? Qi?2 X aT2+B}+ HHv- i?2 T "Biv 7Q  i?2 bi i2b Q7 i?2
+QM/m+iBQM # MTQiBiM2- Bb Q//- r2 rQ K@ iv TRHEI MBIr?B +? Bb /m
iQ Bib bvKK2i'v T°'QT2 iB2b mM/2" Qi iBQM ii?2 ?B;? bvKK2i"
2 M/ i?2 # M/-i? i TT2 b #2HQQBMi?22 b 2p2M T “Biv 2B;2M p
i?2 h_AJb- r2 + HH,i#BM/X b ?BMi2/ #v i?2 /Qii2/ HBM2b- rBi-
i72b2 irQ # M/b + Qbb 2 +? QIZHBMQXI ;PiM22 aP* ?2v# B/Bx2b i
. TQT2Mb mT M/ B7 i?2 62 KB H2p2H HB2b BM i?2 ; T- i?2 bvbi
LQr 7Q  i?2 +QM/m+iBQM # M/ i?2 T "Biv 2B;2MTIQBMRb?B22p 2
T2~2+ibBibt?  +i2°r?2°2 bi?2ZTT@BMi Bb Q// /pp 2 PQ BHiR X
aBM+2 i HH Qi?2 h_AJbi?2 Q++mTB2/ # M/b? p2 2p2M T “Biv
/Bz2 2Mi Qi iBQM H bvKK2i'B2bV-Zi Q@M TK BALBWMD2 B Mi
MOQM®@i'BpB H ++@XBM: iQ 1[X

b/2b+ B#2/ #Qp2 i?2 BMp2 bB@M QBMi B4V 2KIRRBb+2Mi
# M/ + QbbBM; #2ir22M i?2 Q// M/ 2p2M T "Biv # M/b b b?QrM

BM 6ECX¥R .6h # b2/ 2H2+i"QMB+ bi'm+im 2 T°QpB/2b BMbB;?i E
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K2+? MBWKX ( AM 62a2 i?2 T@ivT2 # M/ Bb ? b ?B;?2° p2 ;2 2
IBb+QMM2+i2/ 7 QK i?2 /@ivT2 p H2M+2 # M/X b "2bmHi i?2
Bb /@ivT2 7Q" 62a2 r?B+? Bb +H bbB}2/ b iQTQHQ;B+ HHv i’
0123 =0X qBi? h2 /IQTBM; i?2 T@ivT2 # M/ Bb b?B7i2/ /QrMr /b
/@ivT2 p H2ZM&«BX% M/2MQm;? h2 +QM+2Mi’ iBQM i?2v 2p2Mim
b?QrM BMKeBIWX aP* QT2Mb mT i?2 "2[mB 2/ ; TiQ ? p2 M BMb)
Aiim Mb Qmi i? ii?2 T@ivT2 # M/ BM 6ha Bb Km+? KQ 2 /BbT2
/I@ivT2 # M/ 7°QK i?2 .6h # b2/ # M/ bi'm+im 2X h?mb-i?2 "2H
i?72 h2fa2 iQKb TT2 b iQ #2 F2v BM /2i2°KBMBM; i?2 iQTQHQ
E22TBM; BM KBM/ i?2 "QH2 Q7 h2 +QKTQDbBIiBQM BM /2i2 KBME
Bi Bb i?mb BKTQ i Mi iQ mM/2 bi M/ i?2 iQTQHQ;B+ H @ i Bp
TMM+iBQBIMQER ha2 7Q° 2tT2 ' BK2Mi H Tm TQb2bX AM KQbi Q7
i?72 b KTH2 +Q "2REQ48Xb hi@Bb Bb #2+ mb2 i?2 bmT2 +QM/m+iE
iI2KT2 iMBbLi?2?2B722043KV ii?Bb +QKTQbBIiBQM mM/2" K#B2I
>Qr2p2°- BM "2+2Mi 2tT2 ' BK2Mi + "B2/ QmR B MHi ? 22" bQKQTAP2p 2
Q7 #QKK 1KK "2 r?2°2i?2 2H iBp2 h2fa2 +QKTQbBiBQM p 'B
iQ BM?QKQ;2M2Biv bbQ+B i2/rBi? i?2 HHQVM im2Q7i?2K i
Q7 i?2iQTQHQ;B+ Hbm 7 +2 bi i2b UhaaV bbQ+B i2/ rBi? i?2
T? b2 #QmM/ v #2ir22M i?2 i'BpB H M/ iQTQHQ;B+ H T? b2
p BQmb bTQib Q7 i?2 b KTH2r b K2 bm 2/ HQ+ HHv #v 2H2+i (
Ul.aV M/ i?2 +QKTQbBIiBQM r b +Q "2H i2/ rBi? i?2 T ' 2b2M+.
bbQ+B i2/ rBi? i?2 iQTQHQ;B+ H M/ i'BpB HT? b2bX h?2 2tT:
T? b2 #QmM/ v HB2b T 2+ 'BQmbHvV +HQb2 iQ i?2xi¥T™B% H b KT

RR



kXRX8 hQTQHQ:B+ H/QK BM /BbQ /2 2/ T? b2

h?2 b+2M "BQ M2 " i?22 T? b2 #QmM/ v #2+QK2b BMi2 2Di
++QmMi i?2 h2fa2 /2MbBiv BM?QKQ;2M2Biv BM i?2 b KTH2X h
h2fa2 +QKTQbBiBQM Bb b22M BM ahJ iQTQ; kB Xba@MieB b KTH?2
Bb p2'v +HQb2 iQ i?2 iQTQHQ:B+ H@i'BpB H T? b2 #QmM/ “v-
"Bb2 iQ "2;BQMb Q7 i?2 b KTH2 r?2°2 i?2 h2fa2 +QKTQbBiBQN\
iQTQHQ;B+ HHv i'BpB H +QKTQbBiBQM 7Q° #mHF b KTH2X
""QQF? p2MHB# Z+iHV bmTTQ ib i?Bb 7 +i r?2°2 i?2 +QKTQbBi
#HQ+EMQIm 2 Vp 'B2/ +QMbB/2" #HvBM H ;2 b KTH2X h?:
BM " i?2  bK HH2  }2H/ Q7 pB2r b?Qrb +QKTQbBiBQM ~m+im
b+ H2 Q7 #BOIKX am+? BM?QKQ;2M2Biv KB;?i HQ+ HHv /"Bp2 i7
iQTQHQ:B+ HT? b2 M/i?2 2bmHi Mii'BpB HT i+?22b rQmH/ #2
Q7 i?2 b KTH2 ;BpBM; 'Bb2iQ /BbQ'/2°2/ T? b2 @ r2 + HH bm-
/IBbQ /2 2/ T? b2 bBM+2 i?2 /BbQ /2  2z2+iBp2Hv Hi2 b i?2 iQ
T 2+Bb2HV i?2 iQTQHQ;B+ H; TfK bbi2'K BM /BbQ /2 2/ K M

PM2 + M BK :BM2 i?2 BKTHB+ iBQMb Q7 bm+? iQTQHQ:B-
+QMbB/2 'BM; Bib 2z2+i QM i?2 bm' 7 +2 bi i2bX G2i mb +QMbl
“2:BQMb QM i?2 b KTH2@bm 7 +2 ‘2 i'BpB H +'2 iBM; /QK BM
"2;BQMbX 6Q  bBKTHB+Biv H2i mb +QMbB/2  i? i i?2 H v2  #2H
b 2tT2+i2/ B7 i?2 +QKTQbBIiBQM r2°2 ?QKQ:2M2QmbX AM i?
+H2 M+ b2i?22bm 7 +2 bi i2brQmH/ HbQ #2 BM?QKQ:2M2Qmb

bm'7 +2 @ bT2+B}+ HHv i?2v rQmH/ #2 2T2HH2/ #vi?2 i BpB H

Rk



rQmH/ #2 pQB/2/ #v i?2 bm 7 +2 bi i2b M/ BM i?Qb2 "2;BQMb i
i?72 iQT H v2' BMiQ i?2 M2ti H v2 X 6°QK i?2 iQTQHQ:B+ H T? |
"2;BQMb rQmH/ 2z2+iBp2Hv bBKmH i2 i?2 p +mmK BM i?Bb + b2
iQTQHQ:B+ Hbm 7 +2 bi i2 /2MbBiv rQmH/ #2 F2v bB:M im 2 I
T? b2X h?mb- KQiBp i2/ #vi?2 TQbbB#BHBivQ7 bm+? /BbQ /2
r2 BMp2biB; i2i?2 "2bmHi Mi haa bB;M im 2b BM i?Bb +? Ti2 X
hQ bBKmH i2 i?2 iQTQHQ:B+ H /BbQ /2°2/ T? b2 BM 6ha r2

M 2z2+iBp2 KQ/2H Q7 i?2 bi'QM; hA T? b2 7Q° +H2 M b KTF
/BbQ /2  TQi2MiB HiQ bT iB HHv p 'v QM2 Q7 i?2 KQ/2H T "

# M/ BMp2 bBQMBM i?22H2+i QMB+ bi m+im 2-r?B+? 2z2+iBp.

Q7 i'BpB H "2:BQMb BM i?2 iQTQHQ:B+ Hb KTH2X

kXk *QMbi m+iBQM Q7 i?2 2z2+iBp2 KQ/2H > KBHiQ

>2°2r2+QMbi'm+i M2z2+iBp2KQ/2H7Q i?2bi'QM;:hAT? b
2 "HB2'i?2# M/BMp2'bBQMBM i?Bb K i2'B HQ++m b /m2iQ ?v
M/ T@ivT2# M/ HQMh1td-i?2 2H2p Mi K MBAQH H#BMAHM/2b
reB+? ?2 p2 Q #Bi H M;mH, =KQKMiK# M/ rBi? Q #Bi H M;mH
KQK2MilnK0X *QK#BMBM; i?2 bTBM /2; 2@,Q.7#7 M/D/ Q& iR 2

K MB7QH/ rBi? iQi H M;mH= IKGH2MIBK2;1=2X h?2 bTBM@ Q #B
+QOMTHBM; i?mp=bTHBIMBZQH/ BMiQ irQ b2T "~ i2 M;mH ~ KQK2N
j,= 322, 1=2X PM i?2 Qi?2" ?o,M# M2 HQM; rBi? bTBM +QKTQb2b

K MB7QH# Q¥=2X h?2 # M/ + QbbBM; ? TT2Mb #2ir22M i?2 irQ b

Rj



6B:m 2 KKZX& M/ /BbT2'bBQM 7 @K-TR" KXR/ZH K2i2 p Hm2b /2b+
BMi?2i2ti-rBi?QmiaP* U/ b2290+BIMpQ M- BXRQ2XH- M/ rBi? aP* Ut
+m p2V "2 b?2QrMX *"QbbBM; #2ir22M /@ivT2 Mj(fT@iNT2 # M/I

U/ b?2/VX >v# B/Bx iBQM #2ir22M i?2K pB aP* QT2Mb mT ; T

M;mH ~ KQKZIMimHK=2 @ i?72 /@ivT2 # M/ #2BM; 2p2M mM/2 T |
1?72 T@# M/ Bb Q// 11?22 h_AJbX h?2 aP*#2ir22MKiMBr@QH/b
7Q K/@ivT2 M/ T@ivT2 # M/b ;Bp2b Bb2 i@ =M BMEMHbLBM,; ;

Q.- HB2 #Qp2i?2 62 KB H2p2H M/ TQbbB#Hv BMi2 B2+ib rBi°
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# M/X aBM+2i?Qb2irQ K MB7QH/b "2BM/Bz2 2Mi M;mH ~ KQK
2v# B/Bx2 i?2KX 6Q° Qm  2z2+iBp2 KQ/2H 2Q32pR MBZBHM Qb2 i
i?22v/Q MQii F2T 'iBMi?2 iQTQHQ;B+ H# M/ BMp2 bBQM i? i
"2T°2b2Mi3?220=2 b2+iQ " #v i?2 S mMHBYKXi " BMW22 H #2H i?2 T "Biv
b2+iQ b #v MQi?2 b2i Q7 S mMHB KYiX8h2B 23NGI /288 M/ Q//
P@ivT2V T "Biv # M/b "2, HcE#2HM2, #v 1 "2bT2+iBp2HVX AM K
"B;Q°Qmb ;°QmT i?2Q 2B+ MW PBHQMip i2T7 2b2Mi iBQM i i?2
MZ TQBMib BM .6h # M/ bkRXnAiMi2Eb # bBb /2b+ B#2/ #Qp2r

KQ/2H bBKBH " iQi?2 "2 "M2pB;@>m;?2b@w? M; U">wV KQ/2H i
BMp2 KKBQM2AH #Q" i2/ #2HQrX

Pm KQ/2H7Q  6ha '2bT2+ibBMp2 bBQMbvKK2i'v M/ h_aXt
Bb /2b+ B#2/ #v i?Z BM2i?RQSBH#2 i bT +2 /2b+ B#2/ #Qp2X h?.
iBK2 "2p2°b H bvKK2i'v Uh_aV Bb /2b+ BH#/rg22 ®2BQT22 iQ"
+QKTH2t +QMDm; iBQM QT2 iQ'X //BiBQM HHv i HQM;r p2 H
C, "Qi iBQM H bvKK2i'v "QmM/ i?2 x@ tBbX :Bp2M i?2 2T 2b?2
KQK2MimK b2+jG" #iv M/ ++Q /BMsRjZ- i?€, QT2  iQ  + M #2
2T 2b2MIQE#V “2=d "X

g2 7Q+mb QM i?2 bK HH BMI@kH MY KBM2Mi?R # M/ BMp2'tL
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