Heka na pasrnegame cuctemMa € Tpy HMBa B nambaa KoHdurypauma v Heka aa
pPasnoXum BbIIHOBaATa PYHKUMA B amnabateH 6asunc

(1) =c.(Dy, +C, (O, +C; (D,

V2 ¢ v, W, W3 — nnabareH 6basunc
]
T A
XaMuUnToHusHa B NpUONmMXeHne Ha BbpTsLLLaTa ce
BbIHa €
Q. _
Q, 0 Q) O
Crokc 1
Mamn H (t) =3 Q (1) 2A() Q)
0 Q. (t) 0
Vs
]
Q (1), Q) nawmn, Ctoke Q (t)=-d,.E (t)/7

Pabwu yectotute Q. (t)=—d,,.E (t)/7

A(t) e eqHODOTOHHUAT AETYHUHT



ToecT ypaBHeHue Ha LWpboguHrep B anabateH 6asuc e

O] [ 0 0 0 o
Sem|=10,0 a0 0.0 0
ot | 0 100 0 |o®

¢ (1),4,(t), 4, (t)— Apunabaten 6asuc (cobeTBeHn BekTopu Ha H(t) )

v (1) =a_(t)4_(t) +a, (e (D +a, (D, (1)

Bpb3kaTta mexay agnabateH n gnabateH 6asunc e

a_(t) =c;sinJ(t)cosep(t) —c,sing(t) +c, cosp(t) cos $(t)

a,(t) =c,cos3(t)—c,sin(t) - TbMHO cbeTOAHME

a, (t) =c,;sin $(t)sin p(t) + c, cos p(t) + ¢, sin p(t) cos 3(t)

tan 2¢(t) = itt) tan $(t) = ( ) Q(t) = \/Qi (1) + Q2 (t)

A(t) Q)



ésin¢

ypaBHeHue Ha LWWpbognHrep B gnabateH 6asunc

¢, (1) |
I— C, (t)

oo

0
79, (1)
0

3Q,(t)
A(t)
7O (1)

0 |[a@®]
%Qs (t) CZ (t)
0 |[cs(t)]

ypaBHeHue Ha LWWpboanHrep B agnabareH 6asuc

|1 i Osi i __ _
d a ~(dcotg 16sing 1@ a
ia a, |=|—-10sing 0 —-10cos¢ || a,
B —i¢ 1dcosg —21Qtang B
YcnoBua 3a agnabaTtHa eBonouuns
<<1iQcotg fcosg| << 1Qtan ¢ ‘¢ <<1Qcot¢ + tan ¢|




ésin¢

ypaBHeHne Ha LWWpboauHrep B anabarteH b6asunc

¢, (1) |
I— C, (t)

oo

0
79, (1)
0

782, (1)
A(t)
7€ (1)

74 (1)

0

0

e®]

C, (1)

| G(1) |

ypaBHeHue Ha LWWpboanHrep B agnabareH 6asuc

a
dt| °
a

[1Qcotg O
= 0 0
0

0 —3Qtang | a

0
0

YcnoBua 3a agnabaTtHa eBonouns

<< zQcotg

écos;b

<< 3Qtang ‘¢

<<1Qcot¢ + tan ¢|




AanabartHa esonoumsa

1Qcotg O 0
ia a, |= 0 0 0 a,
a 0 0 —3Qtang || a

YcnoBua 3a agnabaTtHa eBonouuns

gsin g| << 1 Qcot ¢ 0Cos ¢ <<1Qlcotg+tan g

<<zQtang ‘gb

AKO nmame ap,ma6aTHa eBoJsiouna n NbpBoHaA4ariHoO cmMme cCamMmo B TbMHOTO
CbCTOAHNME, TO CNCTEMAaTa € BUHAalrlm B TbMHOTO CbCTOAHUE

a,(t) =c,cos(t)—c,sinF(t) - TbMHO cbCTOSIHME




[MbNHO NpexBbpNsiHE Ha 3aceneHoCTTa OT OCHOBHO CbCTOSIHWE

B Kpank&

0e3 ga ce 3acenBa MEXOUHHOTO CbCTOSAHNE

Ycnosus: AgnabatnHim YCNOoBUA N KOHTPaAUHTYUTUBHA Hapep,6a Ha nMmnyricnte

PesynTtatn. Bucoka epekTUBHOCT Ha NpexBbpslidHe Ha 3aCernicHOCTTa

ObsacHenmne: g, (t) =c, cosd(t) —c,sin(t) - TbMHO CbCcTOAHNE
tan 3(t) = Q (1) /Q (1)
¥, v, ¥,
] _\ ]
I - - +
Vs Vs Vs
+ ]
W, Y Vi
(—0)=0 F(0) =712
8y (—0) =¢, a, (o) = —¢,

TbMHO CbCTOSAHME

TbMHO CbCTOSAHME
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NMpeanmctBa Ha CTUPAIT

* I3uAN0 NpexBbpridHe Ha 3aCeNeHoCT Mexay ¥ W v,
 He 3acenBa CbCTOAHUE Vv,
(OsymepHo Xurnbepmoego rnpocmpaHcmeo)

e YCcTOMYMBA TEXHUKA . He e yyBCTBUTENHA KbM (popmaTa u
rorleMmmuHara Ha uMmnyncure

* HE U3NCKBaA TOYHa nijiow, Ha NMNyJricnTe



Mpu nornbLuaHe Ha OOTOH OCBEH eHeprna atoma npuaobusa n umnync p = ik



Mpu nornbLuaHe Ha OOTOH OCBEH eHeprna atoma npuaobusa n umnync p = ik

Mpu n3nbyBaHe Ha POTOH aToMa OTHOBO nNpuaodusa umnync P = fik



[pn nornbLiaHe Ha POTOH OCBEH eHeprisa atoMa npuaobusa n umnync p = fik
Mpu n3nbyBaHe Ha POTOH aToMa OTHOBO nNpuaobusa umnync P = 7k

ATOoMeH pasgenute, ATOMEH UHTEPdEPOMETBP



[pn nornbLiaHe Ha POTOH OCBEH eHeprusa atoMa npuaobusa n umnync p = fik
Mpu n3nbyBaHe Ha POTOH aToMa OTHOBO npuaobusa umnync P = 7k

ATOoMeH pasgenute, ATOMEH UHTEPdEPOMETBP

ATomun Ha Ne

D2 — I
c/ O~ oOF O~
m=-1 m=0 m=+1 m=+2

O6w npugodut umnync  Ap = 47k
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1) FonsmMa edpekTUBHOCT Mpu NpeHoca Ha 3acerieHOCT NoHeXe He Ce U3NCKBa TOYHa
NSIOW, Ha UMMYSiCa U Pe30HaHC; =  BCUYKKM aToMu npunaobmsBaT egHakbB UMMYNC



NpeanmMcTBa npen atoMeH MHTepdepoMeTbP € ABe HUBA:

1) FonsmMa edpekTUBHOCT Mpu NpeHoca Ha 3acerieHOCT NoHeXe He Ce U3NCKBa TOYHa
NSIOW, Ha UMMYSiCa U Pe30HaHC; =  BCUYKKM aToMu npunaobmsBaT egHakbB UMMYNC

2) CTUMynupaH npexoq —>  HSAMaMme CryyYanHO U3nbyBaHe 1 MPOM3BOISIHA MNOCOKa
Ha NPMOOOUTUAT UMNYynC



NpeanmMcTBa npen atoMeH MHTepdepoMeTbP € ABe HUBA:

1) FonsmMa edpekTUBHOCT Mpu NpeHoca Ha 3acerieHOCT NoHeXe He Ce U3NCKBa TOYHa
NSIOW, Ha UMMYSiCa U Pe30HaHC; =  BCUYKKM aToMu npunaobmsBaT egHakbB UMMYNC

2) CTumynupaH npexogq =  HAMame Cry4yanHo n3nbyBaHe M NPOou3BOSIHa NOCOKa
Ha NPMOOOUTUAT UMNYynC

3) NpnoobmnBaHe Ha 4 MbTU MNO-roNsIM UMMNYSC CPpaBHEHWE C aTOM C [Be HUBA



EnekTpomMarHutHa nHayumpaHa npospadHoct (ENIM)

Ako CTOKC NoneTo e CUnHo, To cuctemaTa € B TbMHO CbCTOSIHME
N cnegoBaTesiHo He 3aceriBa CbCTOAHME ¥, TOEeCT cpeparta

i v,
A ]
T cTaBa npo3payHa
Qp Qs |darkstate> = QS |l//1> _ QP |l//3>
Vs
]

Y




Yactnuen CTUPATI

a,(t) =c, cosJ(t) —c,sinJ(t)

- TbMHO CbCTOAHUE




Yactnuen CTUPATI

Q, ()

a,(t) =c,cosI(t)—c,sinJ(t) - TbMHO cbCTOSIHME tan 9(o0) =

QS (w)




Yactnuen CTUPATI

Q, ()
QS (w)

a,(t) =c,cosI(t)—c,sinJ(t) - TbMHO cbCTOSIHME tan 9(o0) =

F(—0) =0
dy (_OO) =G




Yactnuen CTUPATI

a,(t) =c, cosJ(t) —c,sinJ(t)

- TbMHO CbCTOAHUE

F(—0) =0
a,(—0) =,

Q (o0
tan 9(o0) = Qp((oo))
F(0) =

a,(c0) =C,cosa —c,Sina



YactnueH CTUPAT

a,(t) =c,cos3(t)—c,sinJ(t) - TbMHO cheTOAHME tan $(w) = zp((oo))
9(o0) =0 F(0) =
ao (_OO) = Cl

a,() =c cosa —c,Sina

Qp(t) = Qpsinae "0/

_ 272 —(t—1)%/T?
Qs (1) = Qoe " + Qg cosa e T
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Time (units of 1)



ypaBHeHue Ha LLpboamHrep 3a pesoHaHcHa A cuctema

[ eu(®) ]

dt

cy(t)
C, (1)

| C3(1) |

0

0

=1 Q, (1)

Q,(1)
0
Q(t)

0
€, ()
0

C, (1)

JLcs(®)

CMeHAME NMpoMeEeHITIUBUTE

C, (1) = w(t),
C, (1) =iv(t),
C5(t) =-u(t)

ypaBHeHne Ha lWpbognHrep npemmnHasa B ypaBHeHMe Ha brnox

e
v(t) =

| w(t) ]

0
Q,(t)
0

_Qs (t)
0
Q,(t)

0
_QP (t)
0

Tu”

v(t)

[ w(t) |

Phys. Rev. A 73, 053402 (2006).
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Frenet—Serret formulas

From Wikipedia, the free encyclopedia

"Binormal” redirects here. For the category-theoretic meaning of this word, see Normal morphism.

In vector calculus, the Frenet-Serret formulas describe the kinematic properties of a particle which moves along a continuous,
differentiable curve in three-dimensional Euclidean space R More specifically, the formulas describe the derivatives of the so-
called tangent, normal, and binormal unit vectors in terms of each other. The formulas are named after the two French
mathematicians who independently discoverad them: Jean Frédéric Frenet, in his thesis of 1847, and Joseph Alfred Serret in
1851. Vector notation and linear algebra currently used to write these formulas was not yet in use at the time of their discovery.

The tangent, normal, and binormal vectors, often called T, N, and B, or collectively the Frenet-Serret frame or TNB frame are
defined as follows:

® T is the unit vector tangent to the curve, pointing in the direction of mation.
= Nis the derivative of T with respect to the arclength parameter of the curve, divided by its length.
= Bis the cross product of T and M.

The Frenet—Serret formulas are

i_r: N
5

N = _gT

o +7B

‘f% = —TN
=

where dids is the derivative with respect to arclength, K is the curvature and 1 is the torsion of the curve. This formula effectively
defines the curvature and torsion of a space curve.

Contents [hide]

1 Frenet—Serret formulas
1.1 Frenet—Serret formulas in n dimensions
2 Proof






STIRAP In waveguides



Paspalakis, Optics Communications 258, 30 (2006)
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Silberberg et al. PRL 101, 193901 (2008)



Intuitive contraintuitive

Silberberg et al. PRL 101, 193901 (2008)



Fractional STIRAP in waveguides

L,=95mm

[nput (I)

Center (C)

Output (O)
L=100mm

Longhi et al. Appl. Phys. Lett. 95, 261102 (2009)
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Multiple STIRAP

“In the on-resonance case, an adiabatic-transfer state always exists for an odd
number of states while it never exists for an even number of states”

Vitanov, PRA 58, 2295 (1998)



DarkState = (V,,V,,..Vy_;,Vy )"

Vo =0

(-1)"
2k+l — TQsz,s ‘" 'QZk—1,2k92k+2,2k+3 oo 'QN—l,N

Vitanov, PRA 58, 2295 (1998)



Quantum popul.
dynamics

W,

p, f34 M5
Ys
Y3

W4

N states coupled by coherent laser
fields in resonance

Schrodinger equation for the population
amplitudes :

d
i—A(t) = H(t) - A(t)
dt
A, (b): Population amplitude in state n
O, 1(1):  Rabi frequencies between states n and n+1
0 e 0 0 0 [Aq(t)]
" Q1 2(t) 0 0( ) Q2.3(t) 0 0( ) 0 As(t)
Hty=| o t 0 5.4(t 0
0 0 o) 0 usm| AD= 33(’5)
0 0 0 Q) 0 4(t)
| As(2)

VS. Waveguide

optics
I

WG 1
I C12(2)

WG 2
C2,3(2)

WG 3
I | C3.4(2)

WG 4

I | c:5()

WG 5

Propagation z

Propagation of a monochromatic wave in
a waveguide array.

Coupled mode theory (coupling between
nearest neighbors) :

d
i—A(z) = H(z) - A(z2)
dz
A (2): Mode amplitude in waveguide n
Chn+1(2):  Coupling constant between waveguides n
and n+1
0  Cia(2) 0 0 0 [ A (2)
H(z) Cl’é(z) Co(z) 02’8(2) C’O(z) 8 A2(2)
00 G 0 castn) | 2B = f’gzg
0 0 0 Cy5(2) 0 4
| As(2)

Equivalence between the temporal dimension in quantum
physics and the spatial dimension in optics




Planar N-fold achromatic
beam splitter



DarkState(z =0)=(1,0,0,0,0,0,0)"

WG |/
(Input)

WG B
(Buﬁer)‘___

WGs1to N

(array)
Z >

DarkState(z =L)=(0,0,-1,0,1,0,-1)'

C. Ciret, V. Coda, A. Rangelov, D. Neshev, and G. Montemezzani,
“Planar achromatic multiple beam splitter by adiabatic light transfer”



Intensity (a.u.)
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When N=4 (even numbers of waveguides in the array) there is no adiabatic
transfer state (dark state)
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Waveguide number

When N=5 (odd numbers of waveguides in the array), but intuitive order
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When N=5 (odd numbers of waveguides in the array) and contraintuitive order
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STIRAP analogy by Longhi:
Third-harmonic is generated by direct conversion without the intermediate
generation of the second-harmonic field.

second-harmonic generation (@ + o = 2w )+ sum-frequency generation (o + 2w = 3w)

.dA

i—2 kKA A +oA

i dgzw =kA2 +20A, Ay,
VA

dA;

i w
dz

=3cA, A,

S. Longhi, Opt. Lett. 32, 1791 2007.



Normalized Power
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S. Longhi, Opt. Lett. 32, 1791 2007.



THG efficiency

3(1").
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UD

» z [em] Y - lem]
1 . = ]
—— Intmtn.re scheme ] ...-:""""';._ Counter-intuitive
**** scheme
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Spatial offset o [cm]

S. Longhi, Opt. Lett. 32, 1791 2007.




1792  OPTICS LETTERS / Vol. 32, No. 13 / July 1, 2007
X 4 AE
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Fig. 1. Schematic of a nonlinear waveguide with a QPM
grating design for adiabatic THG. The transverse pattern-
ing of the grating, with domain reversal at the shaded re-
gions corresponding to d(x,y,z)=-1, provides mode-overlap
control and tailoring of the coupling terms oy(z) (upper
grating) and x(z) (lower grating). The dotted rectangular
region corresponds to the channel waveguide.

Ny




Three Wave Mixing Processes can be Cascaded

Wy = W1 T Wyq




Coupling Strengths Control via Pump Focusing can be Combined
with a Less-Challenging Modulation Pattern for Quasi Phase

Matching
Pump2 ~—__ D 1| ____—"Pumpl
512 — — | \1
5 ’/_’_ \Ql
—_—
Q,<< Q) Q,>>0),

G. Porat and A. Arie, J. Opt. Soc. Am. B 29, 2901 (2012).
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...now you don't !

Thanks to tiny, carefully placed metal reds and rings, metamaterials can bend light around an
object. If light can’t reach it, we can't see it. To date scientists have only been able to make
things disappear in the microwave range of frequencies, but it wouldn't be a physics
illustration without an observer or an apple.




Seismic Invisibility Cloak

« Concentric plastic rings are
installed underground in the
top if three feet if soil.

« Harder layers are further

: : from the building. Each time
Y i | . the wave hits a softer layer it
" ' is deflected off its initial
path.

« Once past the building the
wave can continue on their
path.

LAY

.
F
—*"

i

"LELSENLD "

; OSAKA UNIVERSITY



acoustic sensors 222

important

é—’_ structure

metamaterial
(hollow cylinders)

vibroprobe
(or earthquake)



Sensitive three components Five meters deep  Source :
velocimeters (green grid) 320 mm holes - Frequency : 50 Hz
- Horizontal displacement : 14 mm
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