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Design and simulation of NOT optical gate using GST phase change material on
InP substrate at wavelength of 1.55 pm

Alireza Malek Mohammad, Mahmoud Nikoufard ,and Mostafa Rahimi

Department of Nanoelectronics, Research Institute of Science and
Nanotechnology, Kashan University, Kashan

alirezal234malekmohammad1234@gmail.com, mnik@kashanu.ac.ir ,and
Mostafa75ra@gmail.com

Abstract-With the rapid advancements in technology and the growing demand for speed and efficiency in data
processing and transmission, various scientific and engineering fields are seeking innovative solutions to overcome
the limitations of electronic systems. One of these advanced solutions is the use of optical technology in the design
and fabrication of logic gates. GST is one of the most commonly used phase-change materials, and in this article,
it has been employed in the design of a NOT optical gate. In this study, the proposed plasmonic optical switch
structure is first analyzed using COMSOL software, and the optimal thickness for each layer is determined. This
structure is then utilized as a key component in designing a ring resonator. Furthermore, the resonance wavelength
of the proposed ring resonator in each phase of the GST material is calculated, demonstrating that, at this
wavelength, the ring resonator functions as a NOT optical gate.

Keywords: Germanium Antimony Telluride (GST), Indium Phosphide, Optical switches, 1.55 pm wavelength.
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Laser beam shaping via self-phase modulation

Behnaz Salman, Aliasghar Ajami
Faculty of Physics, Semnan University, Semnan, Iran.
ajami@semnan.ac.ir, benbensoli1376@gmail.com

Abstract- This article examines beam shaping through self-phase modulation (SFM) in Kerr media. In SFM, the
propagation of a high-intensity laser beam through a nonlinear medium causes a change in the refractive index,
resulting in phase changes in the propagating laser beam. In this study, diffraction patterns for a Gaussian beam
passing through a Kerr medium are calculated using the Fresnel diffraction integral. The medium with a negative
nonlinear refractive index is positioned at various locations after the beam waist, and the laser power is adjusted
to achieve a maximum nonlinear phase change of ©. Under these conditions, a ring distribution is observed in the
far field. At a specific distance of 1.5 times the Rayleigh length from the beam waist, the intensity at the center of
the diffraction pattern is about 12% of the maximum intensity of the surrounding ring, which represents the
darkest center for a nonlinear phase change of n. Additionally, a nonlinear phase change corresponding to an odd
multiple of  leads to the formation of a diffraction pattern consisting of bright rings surrounding a dark center.
The results of this study emphasize the importance of the nonlinear refractive index and wavefront curvature in
the formation of unique diffraction patterns and demonstrate the effectiveness of the self-phase modulation

phenomenon for beam shaping and intensity control in optical systems.

Keywords: Self-phase modulation, Beam shaping, Nonlinear refractive index, Kerr medium, Fresnel diffraction
integral
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Introduction

Beam Shaping involves altering the intensity
distribution of a laser beam to achieve a desired profile.
This can be accomplished through various optical
elements such as lenses, mirrors, and diffractive optics.
Beam shaping can be achieved via altering the wavefront
by controlling the phase of light across the beam via self-
phase modulation (SPM) which is induced by the beam
itself. SPM as a nonlinear optical effect occurs when an
intense laser beam passes through a medium, causing
changes in the phase of light due to the intensity-
dependent refractive index of the medium. For Kerr
medium the change in refractive index is proportional to
the square of the electric field strength, making it more
pronounced at higher laser intensities. Therefore, SPM
phenomenon can be used to create complex wavefront
patterns leading to real-time beam shaping for purposes of
intensity adjustments, compensating for aberrations,
optical limiting, and optimizing performance [1, 2].
Furthermore, the nonlinear refractive index of a medium
can be determined by studying diffraction patterns in the
far-field taking benefit of SFM [3].

SFM occurs due to changes in the refractive index of the
medium through which an intense laser beam propagates.
Generally, the refractive index depends on the light
intensity, allowing it to be expressed as a power series of

intensity.
n(1)=n, +n, 1 +n,1% +... )
where Mo is the linear refractive index, "2 is the third-

order nonlinear refractive index and ™4 is the fifth-order
nonlinear refractive index. When an intense focused
Gaussian laser beam propagates through a thin nonlinear
medium, the wavefront alters due to the radially
nonuniform change in refractive index inducing self-
focusing or self-defocusing effect, depending on whether
the nonlinear refractive index is positive or negative. The
electric field exiting the nonlinear sample is given by
E.(X,Y2) = E (XY, 2)exp[iAD(X',y',20] ()
where E, is the electric field incident on the sample,
A® =KLAN with k the wave number, L the sample
thickness and An is the refractive index change (e.g. for a
Kerr medium An=n,l).

The electric field distribution of a light beam transmitted

through a nonlinear medium can be determined using the
Fresnel diffraction integral.

1 i Foo e ' oo
E(y.2)=—e™ [ [ E(x.y.2)

(o002 y-1)7?)

xe dx'dy'

)

where d=2-7"is the distance between the nonlinear
sample and the observation plane.

The intensity distribution on the observation plane can
thus be calculated using Eq. (4) when a Gaussian beam

passes through a nonlinear medium.
0C+y%) .k )2 N2
oo p e (x4 (y-y)?)
_ eIA(Dwte w(z) e 2d dx|d 1|
1(x,y,2) =1, LI y
4)
n,Ce,ESW, . . .
where |, = 64500 s the on-axis intensity at sample

22%d*w?

position, w, is the beam waist radius and v is the beam
radius on the sample entrance.

In Eq. (4) AD,, =k (x*+y?)/2R(z) +kLAn, Where
R(z) is the radius of wavefront curvature, represents the

total phase consisting of two contributions: the first part
depends on wavefront curvature, and the second part is
influenced by changes in the refractive index. The total
phase of the wavefront depends on the signs of both
contributions which can be positive or negative.

The diffraction pattern of a Gaussian beam transmitted
through a nonlinear medium is generally a set of rings
which have been observed and reported by many
researchers [4].

2. Results and discussion

The diffraction pattern of a Gaussian beam transmitted
through a Kerr medium with a nonlinear refractive index
of n,=-5x10° w*cm? was calculated on an

observation screen located 500 mm away from the beam
waist using Eq. (4). The laser wavelength and the beam
waist radius were set to 532 nm 50 um respectively. The
on-axis phase change at each sample position given by
A®(z) =kLn,I(z)in which 1(z)=2P/zw(z)*> and
w(z) denotes the beam radius can be controlled by

adjusting the laser power P. Figure 1 illustrates a
comparison between diffraction patterns causing by
AD(z)=-rzrad when the nonlinear medium is

positioned at various positive z-positions. The pattern
consists of a bright thick ring around a central dark spot
but the central brightness defined by 1, x100/I,,,

varies based on sample position due to changes in
curvature radius of the wavefront.

The central brightness of each pattern was determined and
plotted versus sample position as shown in Fig. 2.
Numerical calculations indicate that when the sample is
positioned at z =1.5z, (z, is the Rayleigh length), the

centre of the pattern exhibits minimum brightness,
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resulting in a donut-shaped beam profile. In Fig. 3(a) the
diffraction pattern of the Gaussian beam is compared with
the main beam profile for the case of
A®(z=15Z.)=r rad. For better visualization, the

pattern was plotted 3D as shown in Fig. 3(b). In this
configuration the central intensity is approximately 12%
of the peak intensity observed in the bright surrounding
ring.

The characteristic of self diffraction rings depends on the
interplay between wavefront curvature and nonlinear
refractive index changes resulting in two distinct
scenarios. When the wavefront curvature and nonlinear
refractive index change share the same sign, their effects
are constructive, leading to an increase in the total phase
of the propagating beam. This constructive scenario is
seen when a converging beam traveling through a negative
nonlinear refractive index medium or a diverging beam
passing through a positive nonlinear refractive index
medium. In this case, the self-diffraction pattern observed
on the screen appears with a bright centre surrounded by
thin bright rings, and the overall intensity distribution zone
becomes significantly more compact [5].

On the other hand, when the signs are opposite, their
influences cancel each other out. This occurs when a
converging beam propagating through a positive nonlinear
refractive index medium or a diverging beam passing
through a negative nonlinear refractive index medium. In
this case, the self-diffraction pattern on the observation
screen appears with a dark centre surrounded by thick
bright rings [6, 7].

1.0 —z=072,

0.9 --- z=08Z,
§ 0.8 - z=1Z,
2 07]--z=152, f!
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Fig. 1. patterns for different sample positions.
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Fig. 2. Central brightness of the patterns.

Adjusting the on-axis phase change by varying
laser power causes deformation in the diffraction
pattern, revealing additional bright rings with
either a dark or bright centre. In Fig. 4, the

patterns corresponding to on-axis phase shifts of
37 and 5rare compared with the main beam
profile. As can be seen, the pattern consists of
two rings for phase shift of 37 and three rings
for 5z. These results support a correlation
between phase shift and number of ring N,
represented by the relationship N = (A® + z) /22

1.0J—Nonarictea .
- - - ot X

0.9. L

.y 5 4 3 240 1 2 3 46
(a) Radial axis (mm)

Intensity
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ok & e u oy e R

1.000
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4 3 2 40 1 2 3 4
(b) X-axis (mm)

Fig. 3. Comparison between the main beam profile and the
diffraction pattern (a) and the 3D donut shape profile of
diffracted beam (b).
3. Conclusion

The diffraction pattern of a Gaussian beam
through a Kerr medium was analysed using the
Fresnel diffraction integral. Scanning the sample
after the beam waist, while adjusting laser power

for a consistent phase shift A®(@)=7rad
revealed a donut-shaped known as vortex beam

profile at certain positions of Z=15Z=  This
pattern, with central brightness reduced to about
12%, is valuable in applications like laser
material processing, where structured beam
profiles enhance precision and effectiveness.
Additionally, an induced on-axis phase shift of

APL5Z5)=—(N -D7 produces a series of N
bright rings around a dark centre.

1.0 n

42 9 8 3 0 3 6 9 12
Radial Axis (mm)
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Fig. 4. Comparison diffraction patterns for different on-
axis phase change.
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Optimization of frequency conversions based on four-wave mixing in hybrid
metal-dielectric nanostructures

Fatemeh Peymani, Neamat A. Jafari, Ali Bahari
Department of Physics, Faculty of Basic Science, University of Lorestan, Khorramabad, Iran
f.peymanil992@gmail.com, jafary_68@yahoo.com, alibahari2@yahoo.com

Abstract- At subwavelength scales of radiation, such as the nanometer, the optimal generation condition of nonlinear
optical phenomena is the presence of resonance at both the input and output wavelengths. In this study, numerical
calculations show that the presence of metal hemi-cylinders in a metal-dielectric hybrid nanostructure creates multi-
resonant spectral responses at specific wavelengths due to surface plasmon resonances (SPRs), which do not exist in the
absence of plasmonic materials. By calculating the efficiency of different degenerate and non-degenerate states of the
four-wave mixing (FWM) phenomenon at resonant peaks, it was observed that the efficiency of some states has increased
significantly compared to others. These results indicate that hybrid nanostructures can optimize and enhance the efficiency
of nonlinear optical processes by utilizing SPR properties.

Keywords: Nonlinear optics, four-wave mixing, surface plasmon resonances, finite element method, hybrid nanostructu
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Objects detection in the image using deep neural network

Faezeh Mahdimaleki, Mohammadreza Jafarfard, Babak Zare
Department of Physics, Iran University of Science and Technology, Tehran, Iran
Faezeh_mahdi76@physics.iust.ac.irmrjafarfard @iust.ac.ir, bzarer@iust.ac.ir

Abstract - In order to identify a specific object in an image, in addition to detecting its presence in the image, we
need to accurately locate it in the investigated image. In this article, by applying artificial intelligence and deep
neural network approach, the study and investigation of object detection in images has been done. Deep learning
with the help of neural networks can provide the possibility of simultaneous classification and location of objects.
On the other hand, approaches based on deep neural network use Convolutional Neural Network (CNN) for object
recognition, where the features of the object in the image do not need to be defined and extracted separately, and
this work is done automatically by Convolutional Neural Network.

Keywords: Object Detection, Deep Learning, Neural Network, Convolutional Neural Network, YOLO Model

sy iRy VoY 5 YOA anin


mailto:bzarer@iust.ac.ir

VEY ot YA 9 VY ol nl eyl ies ool pl o g ole
gy Yo

S il dnis

SIS iz gl Ve v o0ld degamme C b gl ol yo
oIS iy ol i el Sy Ve exY e olel booas
590 (50ols LY+ atws dw o SBolay ST g glad L S,
TN+ g (pgas Yoo) (ow,liel gools 7Y+ (jugas Yo o)
(V) S s ol ot 0 (pgas Vo) sialesl ool

wloals 0ol ioles ool degame polal 3l (sldiges

GO ez IS i 0 ol A ooy dcgazes jl diges g0 ) Ko
yellow ; white red green blue s oo

sle Joo 4y ceed a5 YOLO Jow pinier asend 1 allie ol jo
Wl 5,00 Plao glp YU asis Sy syl g
JolS 0 09y cidialgilS A S Tl ansl 0 oolicil
ol SXS Koo Al G & (6395 pr 9 § 095 (o0 Jlos]
s3a> Jloiml a5 B (550 b amz o Jslo 2 sl g 958 o0
b o] 3l Jloio] Cppizmod g il 4zl sgzg Ll 4o 5 o5
& s O Oy e Djge 4|, C i gl DS (gl
Sl Jobos p 0090700 3 2B SG 35 10 45 (590 530S
2020 aseid | s b Wl oo aSll ol 0.5 18 S
Pc a5 .l W h iy X Pe) lase & Jolis = o lyls Jolo
Jobo 4 S 4z 35 50 Slaie Y g Xsdazr (liebl 0y
ity JolS e 4y G x50 5 el W g h g aS
Gk Olaebl o b (5550 4z )0 503 S92 g pac b S92

Sgds 00l Lis (V) alal,

confidence score = p(object) * IOUtrutn ")
pred

o oL VG o5L b e b 59>g Jlax>I p(object) ] yo a5

S92 Sl I0OUtrutn g (s o S99 pac oaids ;lide )ams
pred

Ol ) (28ly (550 axx Lol (o Lhaw (50 dnx L]
SXSEX slally oS jguili S Jow cpl (29,5 000 o0

doddo

@ Jlezms poal So gy 4 sl nglad (318 059l
gl sl by 4l spe pgad S 4 pbowss ol
Slshells a5 9557 oo Dbl pgai ol 51 aphe SMBI (55
wl) Gl (oD (AT pgal ganTalb alex
Sl ngal S ST e L2l (eghan (B9a g b, s S5
Srobeed o Cuload LSS deimy 5 0350 <l
Sloogar K10 5 Cdl oS5, il (S5 aile Lol sla
b gonnaid 5l oS5 el panas [Vogs e iy
5 5 Shbl )3 G50 dm e o GBSOl
0nld 1) e 5 LlS S0 oSl o] LS bl
BRI PR P S5l Joe S5 a8 el 55 Tacl o ST e
G295 b shol sle (Sig oobol 2 Joe Ol )5S0l a4l 5
st B ST o0 gal )0 g s £9,0 (L2 ooy o
RSN DS AP P I | § REL RV O -GN
sla Joo glons )3 aziips )l (@Y (S plales &y08
SHPPL (sras 4Gl Gree 550k Al 2 e od A
WY (GOl pras A S 0507 e ool
FB o ld gl asgeme LTy (695)9 nopal (SislglS
Gl Sy b aii ) gl asgeze o sl xSk
S o Sias slo ads olul Lzals L pleol gl 4Y 0157 s
b S o SaS ko 4 5 08l LalS |, lolona g Lozl
2N 5 oS Jate plod Y oS Laix 1) nee slo g
Wlst B ol sage 1, odd zlyiil gla Sy ples g5l
Joe IV]ass” s ales (255 1y 00bb3lo sl S
S5 T 90 & (SBglglS Sl by s oD pardd gl
el (sl al> 0 93 (sl o580 g (sl Al po S5 (sl o555
y sbedl e Tl sl al e 55 slo o2 oS0 o 05071 oo
adl sLodl s bgy o sl WoMS pg0 dl> o )0 w9 Ao
SPPNet RCNN sla Jow auile .aiiS co gy addo | ous
Sy sle o255 5. R-FCN FasterRCNN FastRCNN .
h ased jo Jial sla (B i job 4 sl al> o
sl Joo asle wams o0 bl 1) gon dab 5 g

[¥] CornerNet.RetinaNet .SDD .YOLO

VoY ) Y04 dsiia



VE-Y cpoe YA 9 WY ol nlclhes ol pl oo g ole
Sy OYle

Jow & Sloe ol
plril (i Ll 5 (90l sl 00l acgaze b Jao (3590
Sl b gpslas uslal ool yesd b e )sSl 05l o0
).) 45)5LuLo.Q 0).1..}) <* 6&9)5 U‘B...C =b ‘) Jw&u 9\°~><9\°'
s)9el 8,55 Yo oo YOLOVBN oiSee sumline (F) S
sl g5 b (gon Al (g0 dax e Sid gllas aluly
e yliel g 6;3)'5,@7 sleools o1y s> (DFL) 258 B8l
Como e Sl e oyl ol e alS glalisdle L6 sl
5 A0 5 /0 alin] o> s A9V (MAP) .Sl Lawsgie
rizzan sl ¢ B wliwlas 10 7AYo awgie Cono
JAAF a5 & s (R) S5 3 JLne 9 (P) o lna
w‘ o..)s..j /QQ/A 9

traindt o5 metricsirecision| 0} metricsirecalin]

s Lecs0 "
aso Lon- nssas
ey 125- nesn oasa
. » o.Fs 03900
030 o : neo o500
ass ., ot n387s
.55 aae I RS oam
valbon_oss walfcls_Joss valil_foss Inetrics/nARSOLE) et s/mABSD A5(0)
o8 nso P
a3s 088
05
noss
wn s
oa o
s i
as ™
0 o
D2~ Ve 076 092
PO FOR R R B3

's‘f’)'?"—‘ 0,99 Ve b ol jlasg b tas jloges:) IS
>l oo Jain 5 Slerl s Gl bl jo Coro anule b
Colis 05 g0 Sloul Jlg3l 8 —Coro Jove 0SS 4 bl
S o0 5 50 (AP) g Coro lgie a1y g o) g5
bugie Coro plpln . Cwl VB - o aiien glel 8 5 S
e el cplicwl Vay Sop Sl 8 slbesgase sled jo
0315 s | Sgzrge 5l 0,18 alod L Jate 45 Canl )]
b atee) (50 )0 (o5 o sl T ot 9
& eSles T ly oS o e (NS 50 (6l 1) AP L
w0l )3 b (WS slad (gl gomie (0 a5 LAY ok o oS
0L ol abinl o bwgie Come oSl pled caimslis

| Qo y0

e Bl Sldes 5l oolainl b wculys o el (B x5+ C)
Ol (s Bdo haid 5 zild 1) Lol lo axzr (NMS) yiSTa

[0logs o baa> = 3 y2 lp ) o
J9me A oy yaseid 03086 3l YOLO iie asus
dw Jolss Jow pl (g lems V) S 4y g3l (aiS o oolaiul
188 gt o sl yuo g 50,5 (1,88 gt S Ceoud
Lol CSPDarknets3 G o)l |, Sy gl pcwl aalsg oS
iz G oY Jsile b 4 saaz Jaile olyen 4 oads
S 2945 dgb o oolatul (C2F) 1 lglgils aSlils 9o b (gl al> yo
B Jlislay g 00,5 oSy e bl L1 YU v sl
5 0 oS5 ep bl ead zlsinl et lawgy a5 Jglate
S5l el 59 05l (65 Sgliite 5 5 oz sla (Shg
Joo gl dis o Gln g Sy sle skl e
Joe S 5l YOLO piiiin asens oS oo oolainl s oo auseis
ooy @y il el wlide plaS o aS wouls las

30 G A GgewyS ) 9 Gl db e b WS e
[F’]ASGQ ooliiul calizes (glaojlosl b el awseis

Corutotuk

cat ComviModule DarknetBottiensck

Backbone

&) Joo cp 5 S8 a5 YOLOVEN jl allas ol jo 3,k 5
Y VPA Jols g ail o YOLO i aseus 5l oald
el 00l oolal ol gl Yo - FEYY

VaY 3 ¥F dniia



VEY ot YA 9 VY ol nl eyl ies ool pl o g ole
gy Yo

[3] S.S. A Zaidi, M. S. Ansari, A. Aslam, N. Kanwal,
M. Asghar, and B. Lee, "A survey of modern deep
learning based object detection models," Digital
Signal Processing, vol. 126, p. 103514, 2022.

[4] Z. Zou, K. Chen, Z. Shi, Y. Guo, and J. Ye, "Object
detection in 20 years: A survey," Proceedings of the
IEEE, vol. 111, no. 3, pp. 257-276, 2023.

[5] J. Redmon, "You only look once: Unified, real-time
object detection,” in Proceedings of the IEEE
conference on computer vision and pattern
recognition, 2016.

[6] D. Reis, J. Kupec, J. Hong, and A. Daoudi, "Real-
time flying object detection with YOLOV8," arXiv
preprint arXiv:2305.09972, 2023.

Precision-Recall Curve

blue 0.958
green 0.995
—— red 0,995
—— white 0.995
0.8 —— yellow 0.995
= all classes 0.993 MAP@0.5

0.0 02 0.4 06 0.8 1.0
Recall

S o e ¥ S8
29N 9y p JRe 0dd fow e (295 Sl (0) S8
2B o jsliie 4y oo gl 5l Gy oS Sl (ool
W ez LI pgal 2 Nigd o 0dls Joo 4 0 Slacy
ol 4 Gliwdsl (o o wo o e b aS wll o s o sl

o o aLlAS

cgolpiinn Jae yo o ooly (aseis sbdl diges Y S

=

3
Lt Ay (piglgils cmac aSLS Gl eolaiul b allie ol o
3,90 Dglaie byl sl Lo gl mlaislo s jglas jo sl
Jae a0 Lt ool ey @l 2855 sy g vy
sobos Wilgs o0 A5l s oKl Jawgio 80 ool (e
A0 aseis |y pelal jo i s sl

a2y
[1] k. L. Masita, A. N. Hasan, and T. Shongwe,
"Deep learning in object detection: A review," in
2020 International Conference on Artificial
Intelligence, Big Data, Computing and Data
Communication Systems (icABCD), 2020:
IEEE, pp. 1-11.

[2] F. Jalled and 1. Voronkov, "Object detection using
image processing," arXiv preprint
arXiv:1611.07791, 2016.

VoY YY) dsia



5 olpl Sogigs g Sl il a5 uaSog ow asl alie

é@/{ Olnl Seigiss (5,98 g (gwoigee (il 5 ranain
L.

yowgy OYlas

o S sl j0 a0 VP SO 10900l (6,10 o p gmad dilol ol4b

SLbT (25 3192 (S H3lS dgrmme
S b 095 g O, pole gedzme il Sl (Sixio oISl
m_kavosh@mut-es.ac.ir, ashtian972@gmail.com

A aod pglai ddgi (llei g Wigdh oo ASL ()10 2 gl 5O A play byl (lgieds a0 YFv ()98 railolu - ouS
G +OY o 0908 wd ol g B3I S 50 4250 TP+ (6510 0 g gl dilolo G el (1] 50 )l 1y (2Bl (yloj o YL Ba b g
WIS T 9 S Al S0 (635 0 43395 b (59,5 4] Q5 dibol (nl el (qwae g glail g1l Jold g oa (2l a0 VY
SSo3lail 3l colasiw!l b dilolw ¢l o Slos (oS o0 oS (5 p0 jg5 0090X0 JO 1 gudl CordnS Sgudy Ay A5 Sl 00l LSS (59,5
S (2399 Olgie 4 wilgs (oo diloliw 45 ABd o0 (LS S .l 438,551,855 9590 ¢ 1 4T 03Il el g (2 LdS (uilS 13

O S 5148 coliwl 090 9095 a0 Y Fe

95995 V7 (2598 « Sy 92061 (6,10 0 g guai' dilobiw caz 3 ¥Fe (5,00 2 2 gl (Sl ygily 29l —0lg ks

Designing a panoramic catadioptric imaging system in the visible spectrum region

Masoud Kavash Tehrani, Javad Arabi Ashtiani
Department of Physics, University Complex of Modern Applied Sciences, Malek-ashtar University of
.Technology, Iran

m_kavosh@mut-es.ac.ir, ashtian972@gmail.com

Abstract- 360-degree optical systems are advanced imaging tools and can produce omnidirectional and high-precision
images in real time. In this research, a 360-degree imaging system was designed in the direction of the horizon and the
vertical field of view between +53 and -17 degrees and includes mirror and lens components. This system consists of a
spherical mirror with a central aperture, a flat mirror, and five spherical lenses that help improve the image quality
in the visible light range. The performance of this system has been evaluated using spatial frequency measurement

and beam spot size analysis. The results show this system can be used as a 360-degree automotive camera.

Keywords: 3600 automotive camera, 360° imaging, catadioptric imaging system, Panoramic images
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A simple scheme for generation of various cat-like states via quantum nonlinear
optical processes

Azadeh Noury, Mohammad Kazem Tavassoly
Optics and Laser Group, Faculty of Physics, Yazd University, Yazd
a.noury@stu.yazd.ac.ir; mktavassoly@yazd.ac.ir

Abstract- Generation of nonclassical states is a necessary requirement for quantum science and technologies. In this
respect, Schrodinger cat states that are quantum superpositions of coherent states with equal amplitude and opposite
phases, are of great importance. In this paper, a theoretical scheme is employed to generate cat-like states with the
help of the connection between quantum and nonlinear optics. Actually, by considering the input beams as charge
coherent, squeezed coherent, coherent squeezed, photon-added coherent and trio coherent states, the output beams
are obtained as corresponding cat-like states. To achieve such states, cross-Kerr or generalized cross-Kerr interactions

are employed .

Keywords: Cross-Kerr interaction, Schrodinger cat state, Charge coherent state.

sy A VoY 3I¥PP asia



VEY ot YA 9 VY el nl eyl ies ol s

gy Yo

D G5 bl v Sy ¢ oyl b N ol o o8
55 6oags Sl pl ol d g 8 ae g3 50 baggisd Slass o

WS o0 3o ) (6 laeo g DY slee
ad|e >ad—§|§ 0)yg >
(a'a-b'v)|<,a), , =alé.q), - ®

» BS BlSCa55 sl 5l yses 5l € 9 B (695,8 lana

b & == (6+iB) 3 B’ = = (B+i€) % w5

2 2

wilgsge BSy g0 Bl &) ydems (6l (555595 g oo
0, Selioly po b 3 caumo Jlanl G Juld o el yus 5
556 JUESl a8 e allpresd (oSl e SO ol
gdee Jlosl z; S0 Nlos Lawgs ailels VL 555k

Ups (0) = exp(ion), )
o 315 oYL so5b 50 Gl v slaws Slae Nl e as
olas 1) o Saelusl 5 o Sicle olo e 318 B! 0 5 ool
s basS (b ly o,Suelusly e (55585 51 ans o0
Ot 48lipess Jlie S iS00 pom dd e (a8 laes
@l Sy onl (Selale a0 0 7 |§: Q>a,d 9 |1>b’
S o0 (B p) oo

s Hy =hia'ad'db™, ®)
Py Aiye )Epdy b caliie (Sadcds ol o ol 0
JRPEERE JRPEHUNETEIE SN RIS A
lags 2 50 31 m Ologe Sl [0 Flaslass 518 s 0 990

el 5 590 4 BS,

1 .
|Wout >le = | 5’ q>a,d ﬁ (|1>b |0>c' +1 |O>b’ |1>C')’ (;)
S5il o 05 s emnsglis Yl olas 3 alex oy
ool ol YL 593L 51 O jgee ko dlox (rgd 5 (Sl
L pgm aipe buzmo 5l jgee 5l G Ol Sl oy Jsow
g o 03l Hlis 3 SIS Kles
Uy (1) = exp(-ixta‘ad 'db"'b’). )

doddo

Sl ogilsS sla pinnp 45 Kuog,d 45 slacll>
slaShy wiws and by Gl el b ugen
0l55 s a5 il ol aims o Lt 055 5l 558 SendIS il
e g5 ds ol Wit 0t e ud Syl slaal b o
S Sy & JehSHn 5 93 sy e sl
Glosg Cunal b azgi D ].\;.a»esn 395 (S 9ldie SudS yue
LY Y1 s segiilyS Slowbre 5 Sledlbl yo ol ol a5
S ol juigle miw Bl Sl eslal b allas ol o
4 @Blipresd pye did e (Jad 5id L S 5 518 eaies JUi]
L oesies e L ble wibea S sl oy
L aS 6,50 asleas 5 calites slacdl> a4 o)LL jo wlasls
SgeaS Cde a) 5,5 s 0,Lal Wlond odsi o ls> b (ypa
(Glazs 4 b

ailol gy

ookl b L wsileas 5 slacdls adss allie (nl )5 Lo o
. [1]w| \Jiw Je e.).;l::\jl)l o)|5>).|o

[1)p D,
y
BSI o b r BS2
[0) »Y = g 1 4 »[ D
‘ L8] K
b
\ 4
/
X(3) /
|f, q>a — .

aye s e Lo S 8 sazao JUisl Ky ol (slo g b 1) S

D Dl Lo 5T g8 9 B0 Bl yy 90 il puosd pom

@ bl (699,8 logi p wds oo lid V SS aS 48 Lo
U PEPE I VAR ST PEPE S USSR JETE RIS
iy 5 Dyge 4 &5 witen d oy Aae 0 5k Gugten

D9 50

| ny
|§ Q>a, ;\/W| +q >a,d M

VoY )YV dsiia



e oBils () Sigigh (5,9l g (cwaipe il ST emade g ol Sigigh o Sl el i8S eSS g (o
VFeY et VA 5 VY ‘Ql).ll O s ao‘ﬁl Calo g

Sy OYle

et e Sl g Sl 9=% (Y)Y abal, o 51 >

g 2ly> 5 090 4 BS, p9d Sigs p 5l gy j5ue

V@) =302}, 4150, ), [0).

2

1 .
“Lie0) —il-&0) )0 1) ..
2(|é: >a,d I| é: >a,d)| >b | >° O\f)

i8] 51 a8 el o] Sl OF) alal, s ol ala
osian Sl 5 2,5 55 b ool D L 5555
AU el =2 (£0), +1[-£0), ) HsebSim b
Sl 3 s sim e &y Dy g sl Sl ol

~ 20600, —il-60),,) IS b opses

35 4 Bign | S ol 5 osliial by s, et &
b0 0ad yogan glacdl by ,Blie aileds F glacl
as r@)‘OM )....: @LM OP9eR g 003)5105)5.9 u"’S"\“‘" ‘wsm
aelol 5 Je (6l s oy s (gl oo allie ol 4o
ogian sl L blie sadads aslea S slacdl>

‘OJ.;)L?

Ve (@) =5 e08), #l-20.£) 1), [0,

-3 0e8),~-.£))[0), 1),
(o)

L), 4l 0},

l//SC ,out (%)>

BS,

1 .
GG RCR R,

‘u.;9..\.o.m o..ﬁ)l.? 9

|V/CS,0ut (”)>BSZ = %(|§’a>a +|§’ _a>a)|1>b” |0>c”

~5 (.0, | =) [0), 1),
Ay

>y 5 sasas Jlasl A8l pwors Jiliie S S eR J...)L’

1 idatad'dot
.0)= 5 € e, 1), [0

+i eigﬁ |§1 q)a,d |O>b’ |1>C')’ )

)°J='.)'¢’)9*"4-.’Yl-.’4-'4-.“)‘q=051(t=7[ Q—J)f)-‘m)ol;

1 o
|ﬂ,9>:_(|_§’0>a, |1> ’|O>c’+|ela|§‘0>a, |0> ’|1>c’)'
ﬁ d17/b alY) @

4wy 4 € 5 b sl ‘Bsz S gy jee b

. 1 A ~ 1
godd o 8" =—"(&'+ib") sb"'=—
N A NG

Wigd oo Jloel Wb abasl ) jo 55 &l s Do cpl JSI 5o

1 :
9100 = 7= (1), [0)e- +110),: [1)..).

(0’ +i¢")

)

1 .
0,1, —>—((0),|1),+i|1),10),).
0),, |1). ﬁ|>b|>c 1), 10), .

3955 3] o Ol Sl (D) el 5 Yl Lals, (5,50 |

Wl Cad a4y Syge @ 882 3 g

Vardas, = (=50}, ~¢12.0), )11 [0},

(60, +€160),)10), 1),
Y
o yst 25 4 4 (V) alaly 0 O=7 bl by

Var @), =5 (8.0, +1=.0), I 0)..

i
—5(£.0),,=[€.0), )|0),.[1)...
ay)
Ly 05835 1 a8 ams o olis OF) abul, o sl alex
T35 b rgted Sl )8 (295 $ip 0ad gle)] D,
Sl )0 (Za g 05 g5k ] DZ by Sy ol

VoY 5 FFA daiia



VEY ot YA 9 VY el nl eyl ies ol s

gy Yo

[3] [3] S--W. Lee and H. Jeong, Near-deterministic
quantum  teleportation and  resource-efficient
quantum computation using linear optics and hybrid
qubits, Physical Review A—Atomic, Molecular, and
Optical Physics, 87 (2), p. 022326 (2013).

[4] [4] H. Solki, A. Motazedifard and M. H. Naderi,
Improving photon blockade, entanglement, and
mechanical-cat-state generation in a generalized
cross-Kerr optomechanical circuit, Physical Review
A, 108 (6), p. 063505 (2023).

[5] [5] Y. Guo, Multi-mode cross-Kerr interaction and
three-qubit all-optical logic gates in a triple
electromagnetically induced transparency system,
The European Physical Journal D, 67, p. 1-7 (2013).

[6] [6] R. de J Ledn-Montiel and H. Moya-Cessa,
Generation of squeezed Schrodinger cats in a tunable
cavity filled with a Kerr medium, Journal of Optics,
17 (6), p. 065202 (2015).

[7]1 [7] S. L. Chao, B. Xiong and L. Zhou, Generating a
Squeezed-Coherent-Cat State in a Double-Cavity
Optomechanical System, Annalen der Physik, 531
(11), p. 1900196 (2019).

-1z, +ile-a) )0, [0

T
l//CS,out (E)> I (\ A)

BS,

~2(.a), ~il.-a),)|0), 1,
Slewloes 10 a5 Col ;S5 a5 p3Y ol 0 (820 sdel G @
b0 coddlz wgtan ol b blite asleds 5 glacl>
Fyore Jlite S 1S wn 5l 039381059558 (wgden 9 ugen
b pies slactle b llize asslet § slocdlo sl s 5
el o0y o0l bl ppens Llite S S pay jl b 5

_
.
S o AR

RIS 53 Susgpt 45 sl sl slesp )5 4 4z L
Ol g Sl 6ol SN 95 agiilsS slacs y5ld
W8S Ojgo (omebliseg xS Gl (SedS 8 slacdl>
3 allie cpl o sadads asbay S sbaadl> [y fle
b oalio cpl jo londs ades Solite (slajbs, 4 s axiS
Sl sloolSiole;l jo aS ool (5 ki o,lg o G 5l ool
Mgt & B8ge Cel (silwoslel BB (2, @y 0jgal (saslsS
g p e bl IS aible ;o s b asibeay 5 slacl>
> SO Jol SBgs |0>05 |l>b Iy (69958
56 sams JUi! ,3b cov b ol Sebae dg odnipa e
o g 485 13 albpeens Blie S AiSman
a5 aes oo lis b Olawbre WS oo jaue pgo BlSg
Alte axleay 5 sl o 550 bl (29,5 Slagin
Oogdhed (g oddl> w0adl>  wgden lacdls L

REGUEW- LS'L’M 9 )Lf ‘oo”’_éb}?p

a2 o

[1] [1] C. C. Gerry and P. L. Knight, Introductory
guantum optics (Cambridge university press,
2023).

[2] [2] M. Bergmann and P. van Loock, Quantum error
correction against photon loss using multicomponent
cat states, Physical Review A, 94(4), p. 042332
(2016).

VoY ) YP4 ania



5 olpl Sogigs g Sl il a5 uaSog ow asl alie

é@/{ Olnl Shgisd (5,0l8 g (qwaige il ST aemiin
” e .

sy Ylie

gDl diwgs diwd ©y3gi0 30 il e iedad 1 p9d A po Snigo )l ddgi  Smnly
SO Sl g0

Gl (e (Flowy bl (g yars Al
Oyl blp s oy bw J oKl casly pole suSiils (S jud 09,5
jafary_68@yahoo.com, f.peymanil992@gmail.com, alibahari2@yahoo.com

Sgodly Olgo 3l YKo (CS) diwgy—dstmsd 0,595l o sl SHG) pg0 4 po Suige)ld dalgi emay (Gidghy nl 50 — euaS
A (SN S (uilS 13 (CS 0,59l (had ()98 Gy drmlomo b ol oud (o 12 ((95akomw) Y ConsSid b S 8150 9 BUb)
o 8 )0 SHG oy Al (00 665 sl (il 3 (0] 53 (b lidiog i1 (G La Gluae (Subidguso g i3] 45 ol o0
b aS awd o0 Lid SHG Wad g @598 2 (699 195 iubad Pl (o 32 cCalid )0 ol o0 dwlno (g uld (Wil )8 (il (532l 90
@ blypd Judo 4 (s iudad )0 (o pogdle albl- (o0 J 55 Ll 090 A o Sigo)ld 23595 9 003b (63958 19 e gl S
Soylnl done 4 (k29 BB 5ob s Wilgh o0 HI (ol gl bl o (g e 003k 51510 SHG ooy (b (Fgowdly slaovgais

S oS U S 3 wiilo (5595

gl alad dguzmo polie by «pgd i po Suign)ld dlgi (A (Fgouwdly (waid (s e 5595 slonay —efly wuls

Dependence of Second Harmonic Generation on the Polarization of the Radiation
Light in Core-Shell Plasmonic-Dielectric Nanoparticles

Neamat A. Jafari, Fatemeh Peymani, Ali Bahari
Department of Physics, Faculty of Science, Lorestan University, Khoram-abad, Iran

jafary 68@yahoo.com, f.peymanil992@gmail.com, alibahari2@yahoo.com

Abstract- In this research, the phenomenon of second-harmonic generation (SHG) is investigated for a core-shell (CS)
nanosphere composed of plasmonic (Au) and high refractive index dielectric (Si) materials. By calculating the linear
optical response of the CS nanosphere, the resonance frequency is determined that the enhancement and confinement
of electromagnetic fields are extreme in this frequency. Finally, investigating the effect of the incident light polarization
on the distribution and intensity of the SHG shows that the efficiency and distribution of the second-harmonic are
controllable by changing the angle of the incident light polarization. Moreover, in linear polarization, the SHG
phenomenon has more efficiency due to the alignment of surface plasmon resonances. The results of this work can

significantly contribute to improving optical devices such as nano-sensing.

Keywords: Nonlinear optical phenomena, surface plasmon resonances, second-harmonic generation, finite element.



e oBils () Sigish (5,5Li8 g (cwaipe el S remade g ol ] Sigigh o Sl el eSS g (o
VFeY et VA 5 VY ‘Ql).ll O s ‘Q|).3| Caio g

gy Yo

S Jo

b et Sl o3l ¢ altslojl i 5 5,55 Lilsy b 2
IY] o)l pditans abal, SoSUl ol o b S5 b
blo Jds ar S Slgo- Sgeadly (o5 5 O B5L conlnle
Sul Gl el ailyd oo suais et (6590 Al os
Corols (nl a5 0ul 095 5l o 3 (gbolineg SISl loe
G 35 42,5 IS 43 SHG ouyay 003l sialdl g wilgi oo
Uoay 3l oolial b Izl 0,950 s aab gl 45 olyCews
Cix ( SaS|y slaakic mhaw [F] 0aiST, lael JS oo
U3 4 g 00d drslme 689,959 Eoady o>y (SDgal>
ol 00 s A5 0590 (GRS uilS )5

Oyt a8 Z j9me sl jo 5Ll mse sl IS ek
o] 05t co o5 5

E(a))zExe—i(a)[JrkoZ)X\_l_Eye—i(a)tJrkOZJr(p)y\ o

Toe gl W B g gge lop sl coi i o kg B &S
oSl Gl addie 90 o 3B WS 9 5 wiis b
Ly 9 X <\.DJ§.A 99 GLQM‘O 6)'.")'.’ S0 O MLGA u.m.:l)
g waly> 59 pls (ialad Glo zge @ = i% ljl
9 )ua dosle 6&‘5.4 5&550 w).s.w )b aS ol )liu;‘
I3l a5 55 58 o 5 ol (sitls Julo s (55l
s 5L pd jlade g aila 093 ez 0 1) pgd A je
WSl el olml ol L ceplply ol oo yao ] o>
Ol awy Lo 4 olge e jo il oo o8 (pl oSS
Oimdad G olou | ey a7 ouldy 4l Sl G, Conols ol (o]
D9 o0 iy ) O jgods 45 39d o pgd A yo xlan
_ (s) .

P. (20) = &, 13 (0, 0,20)  E; (0) *E (@) -
. . vy a4 (8)
sl cnl sl p9d di o (o (L8 ndy H5uil ' &S
prv 9vap ‘)(de.l.o.? A ‘_;l)lo '.Q.o a)fiw \>|9.o )
A oy Jobe cud g a0V g P il aS 04d azgi abl oo
(_g)jo)‘..b\ )L.\M u,oLw‘ » REGUIW- L)—‘ » b}.o.c 9 C_‘a.w 6)‘9A
Ko oz icuzs OB 5 (sl gl addge (pl ol

doddo

Sgasla adgi oot 18 59008 Jleas Slaosssy (S
oS82 L 998 90 s Jald a5 bl e (SHE) pgo 4 e
lee )3 gbior Splp 90 AL (P o a adyl e
b b ef sl yshs 5l oolitul b el SHG ooy (55s,So
3 LD sgi o owyp KDP wiile YU s 1é cosls
Lo LT 5550 o3l s s Lol (605 5700 ol ol
cde 4 6l oliie )0 45 lo sl alax ) il o (ySan ot
L SHG oway 4 e adlyy (Lo S pazin (5595 Loly>
Se Sl pgeadl (o5 5 sla)lislagl ol Jodas 033l
-l 33l legen 6 5e, 54 b ol Lugil gl il o
Slasais Cde ay Sgendly Slge gl 3 (oucblisieg iSUl slo
SV (s pé Cools (izmen 5 SPRS) (xhw Ggendly
SHG ey ys8abons il Vb oSy ey 15 by S 250160 g
ol g (ol Sas (b 51[2] wigd e Jshee 00ili L
ol ik g wiin i 4y o Lo s Lgil
Sl a s oom wles s (LBB 5 (cenblisneg 2SI
o slaggedsk @l 1) wnais Lol ool Gl
4 9 00905 malals SUO3 E g8 g (Fre Sl aS o calids
il s ol sl 5 Jsine 033l b SHG
5 @259 il zoedsb n ol cle 4 Lo lislugil jo aSlxl|
koo (63958 59 (Al @l (SH) p9o a4l o Siga b ou
Dol et S Gles oo adsl 5 iedad peks 5 SRS LI
L oo ool 5o oulel e pculls | SH @595 0925
Silodd g (o) @ Sgue polic due g, l eslial
oo asbo SO Sl g0y gouwdly CS 0,5 53l S 5ISHG ouyay
b awlio b laol cwl oud aisloy eSdw 5 b
@ (5398 b, (smwyd 5l (LB sadalxl sla, IS L saslcasoa
ik o5 b s sl 00 ol el o 433,515
L3, ol ovalin Cya sl 00l owy SH LS, ((609,8 45
63958 9 ekl s ce>p SHoomsy ool Sl
ol 0l sy g dlins

VY 3PV daia



e oBils () Sigish (5,5Li8 g (cwaipe el S remade g ol ] Sigigh o Sl el eSS g (o
VFeY et VA 5 VY ‘Ql).ﬂ O s ‘Q|).3| Caio g

Sy OYle

0
400 600 800 1000 1200
A (nm)

(SIS USE (53558 558 Esedsb e (D9l phaie o ) S
olSsd (T (YY) Gl oz Seoms o050 5 005: CS 0S5l IS )b
i o bt Ty (asl zge Liukid g 5 il sliul) clazse
U g (S e (55 9S8 (1) aolas 4 a5 L
ool o Bib jladlioe S350 SHG ool )0 pudiee 9l
o olal bd() JS) oS5 cnl s ik mul
x>l 0 el zeeJeb G R =50nm, d =23nm
-T Jdo a5 0ed o cdalin A =800nm S0 F g,
(SIS slaoddss Sl (AU (e gedly lassais
4 bgyye Sloslre 1 el o252 (omad 5 swwbline
o ploxil (gagais S 2 cnl plp g9 (WIS B 6l e SHG
L [#] 31 e gileand s, Cono aS 05l d>gi
ools oyLas [A] 5o saplonl sla 5 b oselcamsds gl dwslis

ol 00
— @ =180 (deg)

121 " —— =90 (deg)
180 r 0
121

270
4 bgiye S5y o ogei 30 4l o E (20) Sor kB @ Y S
S Slgzen [A] (L3 sla)l5 mls b a5 cal Y sl jo Jas iolad
Ol 005 Sbles a5 el (g pls b osiao Glis 508 jloges
Sl Y g X sl g5 50 (b Ggendly

SHG oy 033k 5 @98 » adsl uad SIS owy p x
L 4.‘>9.s Ls s 00 R )L‘i ;.9){..}‘ ,.»...:U la SH L»ﬁ 09.7L§

SH S SIl hage Soi s () 5 (V) JS5 slalsgas
L & Oy 4 S g 0099 518 WS b6 E (200) sns

[E*(2a)|(a.u.)
© O WO wo ©

@l ol 65 4 b s g «xsls SHG (o1, b o ey
1#] siib e 385 yo aKioles] =L L.»).m o] Cawddy
3,5 15,5 SHG sl 4l (ol 5 Ll )3 e bl (ms

58 s0 Ol 25 ©)zod Gialad aled aluly (Gl pby el ot
*) P, (20) = &, 1), (0, 0, 20)E } (@) 5(r —R)

9 az gl ilige (oS loge a2 Sges adlis B, oS
s (o yud ki (] oS WS g0 08T 595 (sl @l oS
il p30 A5 o Giedad (pl a5 Cenl ST 015 925 b e o
oles po 1y T Jgare gy 4 ol sd 5 0092 (dome e
Sirolulypd Beb 20 p )5 4 goue (o sl b3t e
JUis 4 g (aw b2 o pgo ad e Jiadid (pl Bl e
e 55 Sl lage cles lodilze 1o Siwsnl 5 o
b 5 5le Lasgs onds &) Joo 5l el Lo ys o0 3525 4
e 0l ol e dle 4 allpeni 55 Lyl

V] el ons lo p5 g0

AE, (20) = —gin P (20)
g )

Gy g 50 (S S lage gwlos sloadlye Lolis AE, a5
o cwlos addie V, o) dare SO uSUlge b

gy 50 bt e Gludad (Goges adlie P,y Glie )l p
51 oalitl b plol s il o (7 aloles) oo 30 o5 i

Rl Ol oo sgamme polie b, 5o crd (3 Jge,8 O )lee
Slge 13 (5,9 ped Ay sod Yy Caros Sy (550 Lul D
Dy 052 (835 yo ()

g o
“id LGS 0,591l G )y 00,90 0,393L (V) S ay azgi Ly

S sl A gge b oSk slatagy 5 M I sl

el XY dmmio jo iudad gl s o (S Sl

VY 5IPVY dnia



e oBils () Sigish (5,5Li8 g (cwaipe el S remade g ol ] Sigigh o Sl el eSS g (o
VFeY et VA 5 VY ‘Ql).ll O s ‘Q|).3| Caio g

gy Yo

[3] N. C. Panoiu, et al., “Nonlinear optics in plasmonic
nanostructures”, J. Opt., Vol. 20, No. 8, pp. 083001,
2018.

[4] U. Inan, R. Marshall, Numerical Electromagnetics:
The FDTD Method, Cambridge, 2011.

[5] W. Greiner: Classical Electrodynamics, Springer,
New York, 1998.

[6] Neamat A. Jafari, Ali Bahari, “Optimization of
second harmonic generation in Au/Si core-shell
nanoparticles”, Photonics and Nanostructures -
Fundamentals and Applications, Vol. 47, pp. 100972,
2021.

[7] K. N. Reddy, et al, “Revisiting the Boundary
Conditions for Second-Harmonic Generation at
Metal-Dielectric Interfaces”, J. Opt. Soc. B., Vol. 34,
No. 9, pp. 1824-1832, 2017.

[8] zJ. Yang, et al, “Efficient second-harmonic
generation in gold-silicon core shell nanostructures”,
Opt. Express, Vol. 26, No. 5, pp. 5835-5844, 2018.

PEQRO) Sin sl oSs Bk sladlbe el
A ol ol dewlbre B WS iz p a5 je0 4zl
iedad 4 s Jas podad 3 eduay (pl ool a5 sl iansd
Lahes Olgee |y 2ol cal Jods ol i g9 b 59200
G b G Sl o (e (gl slasass oy,

o,
1.24
El
Sl‘l
)
£ 10
0.9
0O 15 30 45 60 75 90
o (deg)
s s i EQRw) . . .
Oimhad 5B S ey 590 las o ( )g;)}-.’)b}“ R

aS az 90 5 0 sagly o el asin a5 jsblen . il 8
@ ol ade a5 ooy SLuSs polie slls S (ol il o a3 jidad
238 0y 05 9l o))

—as 353956 51 SHG snyay (gilwand o9 (g ol 5o
yolie goae (g, 5l eolainl b S Sl g0 Sgodly diwgy
plxl (L8 sla )5 L zuls cpl anolio b .ol ools peudgd Sgaone
somly plol sl 00l 036 IS bl gy Coro 0ul
Sl oas 0old ylid g gy ol g5 yiadad 4y SHG onyay
0925 9 033L Olgi oo adsl jg8 Jiadad gl ki Sl slinul b oS
Gy ol s 5] ged S5 1) pg 4 e gl o8
o35l Sl iile (5,95 (sl 3] S9ee S Oliess

Dy oy g oelide ;o dlge JLSle (g 50 (eizren

by
[1] R .W. Boyd, Nonlinear Optics, Fourth Edition,
Academic Press, 2020.

[2] J. Shi et al, “Efficient Second Harmonic Generation

in a Hybrid Plasmonic Waveguide by Mode
Interactions”, Nano Lett., Vol. 19, No. 6, pp. 3838-
3845, 2019.

VY 5IPVY daia



5 olpl Sogigs g Sl il a5 uaSog ow asl alie
Olnl S5398 (559U g (qwiige il 45T (remain

g1 Yo

JE o5 Glowdly jo (oweS —Campd (mdly 3 Gl (S50 g5 (ow )y y

B9 9lo 0ol Folo alaae
Nl a1 oIKEINS cagly pole 0aSEIIS (S 5 09,
d_raoufi@yahoo.com m.sadeghzadeh2012@gmail.com,
Al ouly 10 5y JIz o5 (Glowsdly 50 jLic] alold § & jad Cos j (cawgS — o ()5 (S 095 oy p 4 Al (- ounS
ol aall JYL g ) e 518 Comopp @l Gl 381l S9ab 4t )5 15 50 il (99 (653 Ol dild 45 (> 50 w00 (LS i
ol PIL 98 (oo @l (58,5 15 50 Ll b (Byb 51wl 092 Lowwdly 5o Liil alold alS (rzrod 9 (653 (Sl 0g5 w08 50
el 0091 LoDy o HLAS! alold galS pomod 9 53 (FPB0g5 ©ya8 50 Jul38l vl ) loue ald

LoDy (uilS 3 )3 Do ((owgS o yp (ol 55 o FglTR9S —ojlg unls

Investigation of self-focusing of the Hermit-Gaussian laser pulse radiation in under
dense plasma

Mostafa Sadeghzadeh, Davood Raoufi
Physics department, Faculty of Basic Sciences, Bu-Ali Sina University, Hamedan, Iran;
m.sadeghzadeh2012@gmail.com, d_raoufi@yahoo.com

Abstract- The paper investigated the phenomena of self-focusing power and propagation distance of self-focusing in
underdense plasma using Hermit-Gaussian laser pulse. In our research, we revealed that the self-focusing is stronger
and propagation distance of self-focusing decreases as the Hermit mode indexed value increases from 0 to 1 and higher,
regardless of Initial amplitude of electric field of Hermit-Gaussian. In other condition, we observed that the self-
focusing is stronger and propagation distance of self-focusing decreases as the Initial amplitude of electric field of

Hermit-Gaussian increases, by keeping fixed of Hermit mode indexed value.

Keywords: Self-focusing, Hermit-Gaussian laser pulse, Laser intensity, Plasma frequency.
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Efficiency Assessment of the Angular Spectrum Method in Tight Focusing

Ali Rafiee ', Ehsan Ahadi Akhlaghi %, Faegheh Hajizadeh'*
"Department of Physics, Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan, Iran

20ptics Research Center, Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan, Iran
alirafiee@iasbs.ac.ir, e.a.akhlaghi@iasbs.ac.ir, hajizade@iasbs.ac.ir

Abstract- In this study, the accuracy and efficiency of the angular spectrum method for simulating the propagation of
the electric field of a light beam in high numerical apertures have been evaluated. To validate this method, its results
have been compared with a reliable analytical approach. The intensity distribution of electric fields simulated using
the angular spectrum method and the analytical method has been analyzed and compared in high numerical apertures.
Furthermore, variations in the full width at half maximum (FWHM) across different numerical apertures have been
investigated. The findings show that the angular spectrum method exhibits high accuracy in simulating propagation
in high numerical apertures and demonstrates good agreement with the analytical approach. Thus, this method can

be employed as an effective tool for simulating light propagation in strongly focusing optical systems.

Keywords: Angular Spectrum Method, Electric Field, High Numerical Aperture, Intensity Distribution, Light
Propagation, Simulation.
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Investigating impacts of dust events on the surface temperature of the
atmosphere in the Arabian Desert using sun photometer data

Mahsa Jahangiri', Hamid R. Khalesifard'>
"Department of Physics, Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan, Iran.
2Center for Research in Climate Change and Global Warming (CRCC), IASBS, Zanjan, Iran.

Abstract- Earth's surface air temperature changes can be affected by dust events, especially in arid and semi-arid
regions. This study investigates the impact of dust events on the surface temperature of the Earth's atmosphere in
the Arabian Desert using sun photometer data from three stations: Bahrain, KAUST Campus, and Solar Village.
The correlation between dust events and temperature variations was evaluated by analysis of the aerosol optical
depth at 870 nm and the Angstrom exponent using measurements at 440 and 870 nm. Results indicate that during
warmer months, dry weather conditions in desert regions lead to increased dust activity, while in winter, higher
humidity reduces these events. Case studies reveal an inverse correlation between AOD and temperature. These
findings confirm the role of dust in climate change and its regional impacts on atmospheric radiation equilibrium.

Keywords: AERONET, Angstrom Exponent, Dust, Optical Depth, Sun Photometer.
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Simulation of Composite Mandrel in Fiber Optic Hydrophone for Increasing
Sensitivity

Kazemi, Reza!; Pakarzadeh, Hassan'; Kalate Seyfari, Abbas!
! Department of Physics, Shiraz University of Technology, Shiraz

Abstract- In this article, the simulation and investigation of composite mandrel in optical string hydrophones is
discussed. The design of this structure is done using Comsol software. The mandrel structure is based on a composite
mandrel (both metal and plastic), with the inside as metal and the outside as plastic. In this design, the material of the
mandrel is aluminum (Al) and its cover is polyurethane (PU), which is immersed in water and under the influence of
the sound wave, which simulates its displacement and strain. In the next part, the results are simulated and checked
for different thicknesses of the aluminum layer to investigate the device sensitivity.

Keywords: Fiber Optic Sensor, Fiber Optic Hydrophone, Composite Mandrel, Sensitivity.
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Dynamics of quantum Fisher information for a coupled two-level atoms embedded
in anisotropic photonic crystals

S. Nafise Mousavi, Shahpoor Saeidian, Ghasem Naeimi
Physics Faculty, Institue for Advanced Studies in Basic Sciences, Zanjan, Iran
na.mousavi@iasbs.ac.ir, saeidian@iasbs.ac.ir, ghnaeimi@iau.ac.ir

Abstract- In this paper, we investigate the dynamics of quantum Fisher information for a coupled two-level system
embedded in a three-dimensional anisotropic photonic crystal. First, the time evolution of the system’s density matrix
is analytically obtained using the Laplace transforms method. Then we explore the effects of the initial relative phase
and the detuning between each atom’s upper-level transition frequency and the photonic bandgap cutoff frequency on
the time evolution of the quantum Fisher information in the system. We demonstrate that anisotropic photonic crystals
can be employed as non-Markovian environments to controlling and preserve quantum information over a long time.

Keywords: Coupled two-level atoms, Anisotropic photonic crystals, Quantum Fisher information.
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The effect of unit cell geometry on the absorption spectrum of metamaterial
structures in the terahertz region

Farrokhi, Zahra ; Pakarzadeh, Hassan
z.farrokhi@sutech.ac.ir & pakarzadeh@sutech.ac.ir

In this article, the effect of changing the geometry structure and geometric parameters such as the thickness of the
layer and changing the radii and length of the rods, in order to change the behavior of the spectrum, the number
of absorption peaks, the amount of absorption and the absorption bandwidth of the structure is investigated. In
this article, geometrical effects such as thickness and height are discussed in order to change the bandwidth, change
the structure and change the behavior. The design of this structure consists of five layers, from bottom to top: gold
metal, dielectric layer of dimethylsiloxane (PDMS), polypolyvanadium layer, dielectric layer of
polydimethylsiloxane (PDMS) and VO2-graphene mixed structure layer. , the results show that changing the
geometry of the structure and geometric parameters increases the number of absorption peaks, increases the
absorption rate, reduces the absorption bandwidth and changes the behavior of the spectrum in the form of a
frequency shift and It is used in fields such as biosensors, switching devices, etc.

Keywords: Absorber structure, Metamaterials, Terahertz and Unit cell.
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Simulation of Second-Harmonic Generation in ITO material under epsilon-near-
zero conditions and comparing to the normal case

Hassan Pakarzadeh, Zahra Firouzi

Department of Physics, Shiraz University of Technology, Shiraz, Iran.
pakarzadeh@sutech.ac.ir, zahraafirozi7676@gmail.com

Abstract- This article investigates the simulation of second-harmonic generation (SHG) in ITO material under epsilon-
near-zero (ENZ) conditions and compares the obtained results with the normal case. By simulating in both normal
and ENZ cases, the SHG behavior of ITO has been analyzed. The results show that in the ENZ case, the efficiency of
SHG increases significantly, which is due to changes in the nonlinear response of the material and complicated optical
interactions. This is particularly important in the field of nonlinear optics and optical sensors.

Keywords: epsilon-near-zero, indium-tin-oxide, Second-Harmonic Generation simulation.
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Experimental Evaluation of Reduced Graphene Oxide/Gold Nanocomposite Thin Film Optical
Sensor

*Majid Taheri

Plasma and Nuclear Fusion Research School, Nuclear Science and Technology Research Institute,
Tehran
*Corresponding e-mail: majidtaheri61@yahoo.com

Abstract- In this paper, the optical response of reduced graphene oxide/gold nanocomposite thin film has been
experimentally studied. These films are prepared by depositing of a colloidal solution graphene oxide and gold
nanoparticles on glass substrates using centrifuge deposition method. The nanocomposite thin film has been
characterized using UV-visible spectrometer, fourier transform infrared spectroscopy and scanning electron
microscope images. The UV-visible spectrum of the nanocomposite thin film shows an absorption peak at the
wavelength of 540 nm, which indicates the formation of graphene oxide/gold nanocomposite. Fourier transform
infrared spectroscopy results indicate that gold nanoparticles are placed between graphene oxide sheets in the
annealed nanocomposite thin film. The optical sensing behavior of the thin films are studied under CW laser
irradiation at 630 nm. The results show that the time response of the reduced graphene oxide/gold nanocomposite
thin film is improved in compared to the thin film of graphene oxide and reduced graphene oxide due to presence
gold nanoparticle in the nanocomposite.

Keywords: Graphene Oxide, Optical Response, Laser Ablation, Nanoparticles.
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Hyperspectral Imaging Ability to Improve the Accuracy of Measurement of Vegetation Indices with a
Focus on Eliminating the Spectral Effect of leaf Veins
Maisam Shokri', Ahmad Darudi’, Alireza Yousefi’
1. Department of Physics, Faculty of Science, University of Zanjan, Zanjan, Iran,
Maisam.shokri@znu.ac.ir
2. Department of Plant Production and Genetic Engineering, Faculty of Agriculture, University of
Zanjan, Zanjan, Iran

Plant health monitoring is one of the important factors in sustainable agricultural management, but the limitations
of traditional spectroscopy methods, such as low spatial resolution, reduce the accuracy of plant indices.
Hyperspectral imaging (HSI), as an innovative technology, allows for the recording of high-resolution spatial and
spectral data. This technique allows for the removal of structures such as veins by analyzing pixels by pixels, which
improves the accuracy of vegetation indices. In this paper, the effect of removing pixels related to veins on
increasing the accuracy of vegetation indices was investigated. The results showed that the removal of these pixels
reduces spectral noise, improves data stability, and increases the efficiency of non-invasive monitoring of plant
physiological and chemical characteristics. These achievements play an important role in optimizing agricultural
productivity.

Keywords: Hyperspectral Image Calibration, Hyperspectral Imaging, Leaf Reflection Spectrum, Plant Indices.
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Refractive Index measurement using a fiber Bragg grating based on thin
Filament

Shiva Mohammadaliyan, Soodabeh Nouri Jouybari

Abstract- Fiber Bragg Gratings (FBGs) are widely used in spectroscopy, measurement of acceleration,
temperature, strain, and refractive index. Among the refractive index measurement methods, filament-based
optical fiber is an efficient method due to its small dimensions, lower costs and high accuracy compared to other
structures and other sensors. In this article, by designing an optical fiber based on alternating filament structures,
a highly accurate sensor for measuring the refractive index is presented and simulated with Lumerical Finite-
Difference Time-Domain (FDTD) method. It has been observed by the simulation results that the designed
filament-based optical fiber shows a significant sensitivity to the refractive index changes. For the x-polarized
fundamental mode (TM), the sensitivity equals to 22.4 nm/RIU in the wavelength range of 400 to 450 nm and in
the wavelength range of 450 to 510 nm it equals to 25.3nm/RIU, respectively.

Keywords: FBG (Fiber Bragg Grating), Filament fiber, refractive index senso
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Investigation and simulation of the self-healing properties of OAM beams
encountering obstacle

Mahas Moghanibashi Najaf abadi, Shakiba Mosavat Shahreza, Seyed Ayoob Moosavi
Malek Ashtar university of technology, Faculty of modern applied science
Email: m.moghanibashi80@gmail.com , shakibamosavat@gmail.com , ayoobm63@gmail.com

Abstract- Self-healing beams have attracted much attention in the field of optics due to their unique ability to
reconstruct the intensity profile after passing through obstacles. In this paper, the self-healing behavior of Bessel
and Laguerre beams, as orbital angular momentum (OAM) carriers, is studied and compared with Gaussian and
simple circular beams. In order to evaluate the self-healing ability, a stripe mask was placed as an obstacle in the
path of the beams and the beam propagation process at different distances was simulated using MATLAB
software. The results show that both Bessel and Laguerre beams have significant self-healing ability; in contrast,
simple Gaussian and Annular beams have diffraction effects in other parts of the beam and around the beam.

Keywords: Bessel beam, Laugger beam, orbital angular momentum, self-healing.
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Numerical simulation of the effects of radiofrequency ablation on liver tissue
using a novel electrode in cancer treatment

Fahimeh Hamzavi!, Mohammad Javad Karimi', Mahdi Bahadoran'
'Department of Physics, Shiraz University of Technology, Shiraz, Iran
f.hamzavi@sutech.ac.ir, karimi@sutech.ac.ir, bahadoran@sutech.ac.ir

Abstract- Thermal ablation is an effective treatment for liver cancer that uses heat to destroy cancerous tumors.
One of the thermal ablation techniques is radiofrequency ablation, which uses an electrode to eliminate cancerous
tumors. In this study, a novel electrode was designed and evaluated with the aim of destroying large spherical
tumors, which we have named the "Norfolk pine electrode (NPE)'". The ablation volume and destruction of
cancerous tissue using this electrode were assessed and compared with the umbrella electrode design used in
previous studies. The results showed that our introduced NPE layout provided a faster and more effective
destruction than the umbrella electrode layout.

Keywords: Electrode, Liver cancer tissue, Destruction of cancerous tissue, Radiofrequency ablation.
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Generation Hybrid Photon Squeezed State

Mohammad Bohloul !, Zhila Shah Ali !, and Parvaneh Najmadi?
"Department of Physics, Tabriz University, Tabriz, Iran
2 Department of Mathematics, Payame Noor University, P. O. Box 19395-3697, Tehran, Iran.

Abstract- In this article, we generate a hybrid squeezed state using a non-balanced beam splitter, a nonlinear Kerr
medium, and a detector. This hybrid state is produced from the superposition of a vacuum squeezed state and a
two-photon added squeezed state. If the beam splitter is a 50-50 balanced one, the final state consists solely of the
added two-photon squeezed state. We then examine the non-classical statistical properties of this state by analyzing

the Mandel parameters, photon number distribution, and Wigner function.

Keywords: Mandel parameter, photon number distribution function, Wigner function, squeezed hybrid state, non-
classical states
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Performance enhancement of inverted perovskite solar cell with TizC, MXene

additive in the absorber layer
Mahsa Moradbeigi' 2, Mohammad Razaghi!
'University of Kurdistan, Faculty of Engineering, Sanandaj, Iran
2University of Kurdistan, Faculty of Science, Sanandaj, Iran
m.moradbeigi@uok.ac.ir, m.razaghi@uok.ac.ir

Abstract- In this paper, a perovskite solar cell with an inverted structure of ITO/PTAA/MAPbDI3/Ce/BCP/Cu has
been designed and modeled. Based on the results obtained, the efficiency of this reference structure is 19.56%. In
order to further adapt the energy levels of the constituent materials of this structure, reduce the recombination
rate, and engineer the perovskite/electron transport layer interface, the two-dimensional TizC: MXene material
was added to the absorber layer. In this proposed structure, the efficiency was improved to 20.29%. The results
obtained from the two reference and proposed structures showed that by changing the band alignment between
the perovskite absorber layer and the electron transport layer and increasing the collection of charge carriers with
the help of the TizC2 MXene additive, the efficiency increases to 3.73%.

Keywords: Perovskite Solar Cell, Inverted Structure, Efficiency, Additive.
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Asymptotic analysis in semiconductor lasers subjected to two external cavities

using the characteristic equation and numerical solution
Khosro Mabhouti, Tannaz Fakhim Esmaeeliyan

Kh.mabhouti@urmia.ac.ir , t.fakhim@urmia.ac.ir

Abstract- In this article, the nonlinear dynamics of a semiconductor laser subjected to two external cavities is investigated.
It is shown that the impact of the phase of each cavity can be effective in determining the stability and dynamic type of
laser output intensity. This is how the dynamics of the laser changes from stable to unstable or vice versa. Using the
stability analysis of the laser rate equations in the presence of two external cavities, we obtain a ratio between the intensity
of the optical feedback between these two external cavities in order to create a stable performance. As a result, when first
cavity provides conditions for creating unstable operation for the laser, the second cavity can change its unstable operation
to stable one. In stability analysis of the rate equations, the stable responses for the field, amplitude and population
inversion have also been calculated and the results have been investigated with the help of numerical solution in the time
and frequency range.

Keywords: Dual optical feedback, Feedback Phase, External cavity, semiconductor laser, characteristic equation.
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Real-Time Non-Contact Detection and Quantification of Urine
Turbidity Using an Nephelometry Technique
Ayda Sarkaki'*", S.Mohammad Aliabadi', M.Reza Rashidian?, Mina Mayeli! and N.Papi !
Reasearch and Development department, Exypnos Medical, Mashhad, Iran’
Ferdowsi University of Mashhad, Mashhad, Iran>

Aydasarkai@um.ac.ir, smaliabadi@exypnosemedical.com, rashidianvaziri@um.ac.ir,
mmayeli@exypnosmedical.com

Abstract- Turbidity, a measure of liquid cloudiness from suspended particles, is a key diagnostic indicator in
urinalysis. In urine, turbidity can arise from sources like blood cells, crystals, and debris. Traditional methods rely
on subjective visual inspection, limiting precision and quantification. This study introduces nephelometry as a
novel, quantitative approach to detect hematuria (blood in urine), alongside other clinical parameters and can
assist in the early detection of hematuria. By measuring light scattering, our nephelometry-based device accurately
quantifies urine turbidity, surpassing the limitations of visual assessments. Prototype results show improved
diagnostic accuracy and sensitivity, particularly for low-level hematuria alongside other clinical parameters,
marking a significant advancement in clinical diagnostics.

Keywords: Urine turbidity, Hematuria, Urine Analysis, Nephelometry, scattering
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Introduction

Urine analysis includes both microscopic and
macroscopic  examination. Macroscopic urine
analysis involves evaluating the odor, color, and
turbidity of the urine[1,2]. The turbidity of urine can
increase due to the presence of cellular debris, casts,
crystals, and other particles. Substances such as
blood (both red and white blood cells), hemoglobin,
cholesterol, albumin, leukocyte esterase, nitrites,
ketones, bilirubin, and urobilinogen, which are
typically absent in urine, can also contribute to its
cloudiness. Conditions like cystitis, diabetes,
gonorrhea, chlamydia, kidney stones,
pyelonephritis,  urethritis,  kidney  failure,
trichomoniasis, and prostatitis are linked to turbid
urine. Other factors that can cause cloudy urine
include hydration status, urinary tract infections,
kidney infections and stones, sexually transmitted
infections, vulvovaginitis, diet, and diabetes.[3-5]

Monitoring urine parameters such as volume and
turbidity becomes even more crucial after surgical

procedures [6,7]. Currently, urine turbidity is
measured visually, and if any turbidity is observed,
the samples are sent to clinical laboratories for
further examination, which is a time-consuming
process (Figure 1). Low levels of turbidity are not
detectable by the naked eye. Changes in urine
turbidity can indicate various issues, as previously
mentioned, and continuous monitoring of these
parameters can simplify the screening process.
Given the importance of measuring urine turbidity,
Padilla and colleagues designed a device that
detects urine turbidity using a turbidity sensor and
an Arduino board. This test device was specifically
designed for male urinary system [8] This model
guantitatively measures urine turbidity, but it uses a
contact method that is not feasible for use in a
hospital environment. Mithya et al. proposed using
an Arduino-based device to measure turbidity in
liquids, including urine. The Arduino turbidity
sensor functions like a photometer, detecting
suspended particles by measuring transmitted and
scattered light [9] In this study, urine turbidity was
guantified once again; however, due to the contact-
based method and the requirement for sterility, it is
not feasible for use in clinical settings. This device
is based on scattering and has an error limit of two
percent. Its innovation lies in employing a non-
contact and Real time method for measuring urine
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turbidity through nephelometry and quantifying
urine turbidity and hematuria for screening and
diagnosis. Accurate measurement of urine turbidity
can facilitate future research and development.

Figure 1. A sample of a hematuria case under the
microscope

Materials and Methods

Nephelometry is a method used to measure the
scattering of light by particles in a liquid or gas. The
technique relies on the principle that light scatters in
different directions when it passes through a sample
containing particles. The intensity of the scattered
light correlates with the concentration and
properties of the particles in the sample. In
nephelometry, the NTU (Nephelometric Turbidity
Unit) is a common parameter used to quantify the
turbidity of a liquid sample. It represents the
scattering of light by suspended particles in the
sample. The NTU value is obtained by measuring
the intensity of scattered light at 90 degrees relative
to the incident light beam. Higher NTU values
indicate greater turbidity or cloudiness in the sample
[10]:

Iy =1, (1)

Where (Is) represents the intensity of scattered light,
10) is the initial intensity of the incident light, b is a
constant related to the scattering properties of the
particles in the sample, and NTU is the turbidity
value. As the turbidity (NTU) increases, the
intensity of scattered light decreases exponentially.
The device designed in this work, operates on the
principle of nephelometry, as illustrated in the
overall schematic shown in Figure 1. It incorporates
an infrared laser diode with a wavelength of 850
nanometers, paired with a TSL230 detector, and
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utilizes a 90-degree scattering angle to measure
turbidity( Figure 2).

The device developed for this study operates on the
principle of nephelometry, utilizing an infrared laser
diode with a wavelength of 850 nanometers,
coupled with a TSL230 detector. It employs a 90-
degree scattering angle to accurately measure
turbidity.

For testing, a container with a capacity of 10
milliliters was used (Figure3). A total of 30 urine
samples were analyzed, categorized into two
groups: samples from healthy individuals and
samples from those diagnosed with hematuria. Each
sample underwent five test iterations, with 3
microliters of the individual’s own blood added to
the urine sample using a specialized sampler for
each iteration. The testing was conducted under
sterile conditions, ensuring minimal contamination
risk. Given the necessity for urine tests to be
performed on fresh samples, all testing adhered to
strict protocols to maintain sample integrity.

Laser beam - - - . I B = - )

i light
I Aperture l '

Transmitted

. Scattered
LENS s light

Detect (TSL230)

Figure 2. Schematic of the employed
nephelometry system.

L

Figure 3. A representative urine sample for
testing.
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Result

The findings of this study underscore the efficacy of
our nephelometry-based device in the accurate
detection and quantification of urine turbidity.
Utilizing a non-contact, real-time measurement
approach, the device provided robust and objective
data on turbidity levels in urine samples. In Figure
4, as the sample volume increases, the NTU also
increases proportionally. This suggests that healthy
urine samples become more turbid as the blood
tested increases. The linear trend indicates a
consistent behavior in healthy individuals. Indeed,
for healthy individuals, the turbidity of urine tends
to follow a predictable pattern. Any deviations from
this trend might be indicative of underlying health
conditions.

In Figure 5 , the nephelometric results for a
hematuria patient is shown. Like the healthy
individual’s graph, this one also shows an
increasing trend of NTU with sample volume. Both
graphs demonstrate that turbidity (NTU) tends to
rise as the volume of urine tested increases.
However, the NTU values in this hematuria case are
likely significantly higher than those in the healthy
individual’s graph. Hematuria indicates blood in the
urine, which contributes to increased turbidity. This
explains the elevated NTU values. Clinicians can
interpret this graph as abnormal due to the presence
of blood, whereas the healthy graph represents
expected behavior.

The study findings revealed that the device
effectively detected hematuria and accurately
guantified its severity. Moreover, the device
identified cases of hematuria that were
imperceptible to the naked eye, demonstrating
substantial NTU changes even when visually
undetectable. Notably, the device exhibited a
minimal systematic error of 2% and a standard error

of 1.72 NTU, underscoring its precise quantification
of urine turbidity and its low measurement error.
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Figure 4. Relationship between Nephelometric
Turbidity Units (NTU) and sample volume for a
healthy individual.
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Figure 5. Correlation between NTU and sample
volume in hematuria patients.

Conclusion

In conclusion, the device demonstrates a robust
ability to detect urine turbidity of hematuria even at
levels undetectable by the naked eye. Its real-time
analysis and precise quantification of urine turbidity
enable effective monitoring and comparison with an
individual's baseline samples, allowing for detailed
tracking of urinary changes over time. Notably, the
device allows for intra-patient comparisons of
nephelometric measurements, with numerical
changes in turbidity potentially providing more
accurate  indicators  for  further  clinical
investigations. Beyond hematuria, the device shows
promise for measuring other critical biomarkers
such as albumin and creatinine. This advancement
could significantly enhance diagnostic precision
and research capabilities in urinary health, offering
a valuable tool for both clinical evaluation and
investigative studies. This device has successfully
transitioned urine turbidity evaluation from a
qualitative to a precise quantitative method and,
with future technological advancements, could aid

in identifying the primary causes of turbidity.
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A study on the effect of Critical electric current on creating instability
in the performance stability in the performance stability of class B
lasers

Mabhouti, Khosro; Mona Mehrpoo

Physics Department, Faculty of Sciences, Urmia University, Urmia.

Abstract- In class B lasers, electric current can lead the laser performance to the critical point of stability . First,
the unstable performance can provide the possibility of the growth of side modes, therefore the performance of
the main and central mode of the laser is affected . in this study, we investigate the conditions that the replace
electric current in the laser rate equations affect the laser performance and provide the possibility of creating the
Hopf point in the laser dynamics . As a result , using the obtained characteristic equation, it can be seen that after
the Hopf conditions, the unstable operation replace the stable operation of the laser and leaves the continuous
wave dynamics . in this study, we investigate the conditions that the replaced electric current in the laser rate
equations affect the laser performance and provide the possibility of creating the Hopf point in the laser dynamics.

Keywords: class B laser , characteristic equation , Hopf point , Bifurcation diagrams
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