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Studying the phenomenon of electromagnetically induced transparency in a M
type four level system in two semi-classical and semi-quantum approaches

Saeedeh Ghaempanah, Hassan Ranjbar Askari, Zahra Raki
Department of Physics, Vali-e-Asr University, Rafsanjan

Abstract- In this article, the M- type four level system under radiation of two control fields and one probe field is considered. By
using of dipole approximation and rotating wave approximation methods, the total Hamiltonian of the system is calculated. Next,
by solving of the time evolution equations of the density matrix components and using of the relation between polarization and
electric field, the real and imaginary parts of susceptibility coefficients of system is obtained. Then by using of real and imaginary
parts of susceptibility coefficients of system, the effect of system parameters on the electromagnetically induced transparency in
two semi-classical and semi-quantum approaches is investigated.

Keywords: Semi-quantum approach, four-level system, electromagnetically induced transparency, quantized electromagnetically
fields

YAD

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://opsi.ir/article-1-1293-en.html

[ Downloaded from opsi.ir on 2025-07-15]

VYA poge VEY

0 0 0 Q,
ol 0 2(a-n,) 0 Q,
H=-— )
2 0 0 2(8,-8,) 9
Q 9 Q-2

Il 55 US4 a7 ey (98 caolas 5l oslanal b
i 1
)=—— H ’ - Fl (‘“)
p=—H.p]-3iT.p}
olie &8 > Vol bl J5 Ssilals 5l eslaal 4
welise ooty o5 yge 4 S8z e ile

L . 5 i B ~
P = (I (AP _Acl)_712)p12 +E(Qpp42 _Qc1p14) <)

s i )
p13 :(I (Ap _ACZ)_yl?v)pl:i +E(Qpp43 _QC2,O14) (a)

: Lo .. ~ -
Pu= (IAp _714)1014 +E(Qp (,044 _pu)_chplz _QCZIOH)(?)
o ile polie plo oo sho 5 Py =1 &Sl o)L
Giars b b g 00, U |y c¥oles (Ll el o JE=
() Jolss ez 5 08 a5 B 5 Sigls 5 305,
et amEa e 50 L
1390 o0 ALy ) D9 & Py Sl 5o
Q, (8, -4, -ix,)(a, -4, -iY,)

Py = . )

et e -

. W)
- =] (A -A -iY
[4] F(a,-a, i)
1SS lage g il (o sadal) 4 4z g5 L
p(t)=e.7"E () )

Sl po (B> g eshge lalwend ol yo

Mg o0 Ayl 55 D yg0 A

1 2N ﬁfAz 4QQc27/12+RQ}/14+RQEZ}/13
Im;(“(wp)= : — ()
& h W
2N [t 2
,U14‘ S
Re @ ) :—(—j ay)
2 (@) o W

9 Sl p> uxly 0 il g slealls JE> N

Mg g0 iy 5 Dygeds Sy W R Q slayal

"WVon Neumann

\AF

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

doddo —)

Pl Sopd ple ) lazls o oole b 9 iSen
e o3le by g 95 GliSeRy 09l g0 (o S
W cdlal a5l L Gleenyy
OB ats 0gbioe EITY Lozl 4 L) purbliies 2SI
or & Alide lagan S b Sglite Slge )3 oL
maSle g sy pl (g9, p ailele alize sle )l 5L
S 58 als EIT Lol sla Sig 5l S [¥o ]l
J{RRGIVE ERVR VA A K C RV RIS VRG] I SV IS VR RO
b zae g b ol oS0 o s EIT
6ol oo 5 dasxe plos i pl a5 0S5 oolaiul
.[\"]o)lo i g Caiue )0

S dod L2y Y

siAl slailp LM Jae il seslss albole S
JAS e 53 b 2Spmn o [4) 5 [3) [2) (1)
oS e So 9 (@ 5 B slooslay L) (S
s S Ll 50 ) S8 &jge 4 (@) seley L) (S
WS

|4}

g 37
Y13
12

9 JAS e 90 b 1S ap 0 M e 55l ez alele 1) S0

S M S5 plae S
sl delus (o soulss sae (K =P,C;,C,) A,
J{SC N O SR

abgiye ol el
o 1) @ [§) 515 calaly &5 (52,34 Yy ool
5 9 OBz e s 5 (ol 90 a5 5l eoliial L
) Do @ Oldee - @il (Fab cax
Q, - Eo: /u;zl‘ 0, E ‘/ulla‘ Q- Eoe. ﬂ;;;‘ o

/] h ]
g g0 03,9] Cawdds o IS 4 ailelw JS Selala
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