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If the coefficients of primary aberrations are written in terms of seidel sums, the primary wavefront aberration function becomes,
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surface plots of the wavefront deformation in comparison to the ideal reference sphere. The shape of the
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OZET

Albert Einstein'in EPR Paradoksunu ortaya atmasinin ardindan, John Archibald Wheeler'in kuantum mekanigi alanindaki dnemli katkilari, 6zellikle de gecikmis secim deneyi, bu sorularin tzerine daha fazla isik tuttu. Wheeler'in 6ncu-
ligunde gelistirilen Gecikmis Secim Kuantum Silgisi deneyleri, 1sigin ¢ift yarik deneyinde sergiledigi garip davranislari anlamak amaciyla tasarlandi. Deney, dlcim zamanlamasinin sonuglari tGzerindeki etkileri inceledi ve kuantum sis-
temlerinde dlcumiun nasil bir degisiklik yarattigini anlamamiza yardimci oldu. Bu deneyin, Bell Teoremlerine ve ardindan gelen kuantum dolasiklik Gzerine yapilan ¢alismalara nasil bir katkida bulundugunu anlamak, Wheeler'in kuan-
tum mekanigine getirdigi onemli perspektifleri vurgular. Wheeler, kuantum diinyasinin dogasini sorgulayan bu deneyin yani sira, kara delikler, kara delik radyasyonu ve cekim teorisi gibi diger konulardaki calismalariyla da taninmis bir
fizikci olarak one cikti. John Clauser ve diger fizikcilerle birlikte yuritulen deneyler, bu temel calismalari gliclendirdi ve kuantum mekanigi alaninda derinlesen bir anlayisa katkida bulundu. Bu ¢alismalarin toplami, Clauser'in 2022’de
Nobel Fizik Odili'ni almasinda etkili oldu, ve bu 6diil, kuantum mekanigiyle ilgili yapilan bu temel arastirmalara verilen bir onur ifadesi olarak karsimiza cikmaktadir.

GiRiS
1935 yilinda Einstein, Boris Podolsky ve Nathan Rosen, kuantum mekaniginin eksik bir fiziksel teori oldugunu
iddia etmek amaciyla bir distince deneyini tanittilar. Bu deney, daha sonra John Archibald Wheeler tarafindan
gelistirilen "gecikmeli secim" deneyine kadar uzanan bir dizi diisunsel asamayi iceriyordu. Einstein ve digerleri,
bu distince deneyi araciligiyla, kuantum mekaniginin belirli durumlar icin eksik veya yetersiz oldugunu ileri
surduiler. Bu baglamda, "EPR Paradox" olarak da bilinen bu dislince deneyi, kuantum mekaniginin temel

prensipleriyle ilgili derin disliince ve tartismalarin baslamasina yol acti. Wheeler'in gecikmeli secim deneyi ise
kuantum mekanigi Gzerine yapilan bu tartismalara yeni boyutlar ekledi.

Wheeler'in gecikmis secim deneyi, Wheeler tarafindan 1978 yilinda énerilen kuantum fiziginde bir diistiince
serisi deneyidir. Bu deneyin asil amaci fotonun dalga ya da parcacik olarak mi davranacagini net olarak gozlemek
Uzerinedir. Bu deney serilerinin bircok ornegi vardir. Bunlardan birkaci da laboratuvar girisimolceri, evrensel
girisimolcer ve hem evrensel hem de laboratuvar imkanl bir cift yarik deneyi tabanli deney 6lcim
duzenekleridir.

Biz ise bu calismamizda sizlere 1999 yilinda Yoon-Ho Kim, R. Yu, S. P. Kulik, Y. H. Shih ve Marlan O. Scully
tarafindan ilk kez raporlanan ve Wheeler gecikmis secim deneyi alternatifi olarak ortaya cikan bir deney
dizeneginden bahsedecegiz. Bu deney dlizenegi hem meseleyi anlamamiz acisindan hem de olaylara yeni bir
bakis acisi saglamamiz acisindan Uzerinde durulmasi gereken 6nemli bir deney dizenegidir.

DENEY DUZENEGI
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Sekil 1. Gecikmis secim kuantum silgi deneyi kurulumu. Dedektér DO hareketlidir.

KUANTUM SUPERPOZISYON VE DOLANIKLIK

Deney asamalarindan bahsetmeden 6nce bu iki kuantum kavramini sizlere kisaca anlatmak istiyorum.

Kuantum siiperpozisyonu, kuantum nesnelerinin, Schrodinger'in dalga fonksiyonu tarafindan tanimlanan
olasiliklar dahilinde ayni anda farkh kuantum durumlarinda bulunabilme yetenegidir.

Kuantum fiziginde sliperpozisyon durumunu temel haliyle asagidaki vektor ifadesi ile temsil edebiliriz. (a ve B
bir olasilik degerine tekabll etmektedir.)

W) = a|0) + B|T)
jaf* + [B]* =1

Kuantum dolaniklik ise ayni sistemden ciftler halinde olusturulan kuantum parcaciklarinin 6rnegimizde
fotonlarin kuantum durumlarinin birbirine bagimli olmasi durumunu ifade eder. Bu durumda, foton
ciftlerinden biri ol¢cllduglinde, diger foton aninda ve uzaktaki bir noktada da ilgili 6zelligin degerini alir. Bu
durumu daha aciklayici bir sekilde disiinmek icin, iki fotonun birbirinden kilometrelerce uzakta oldugunu ve
dolanikli olduklarini hayal edebiliriz.

Kuantum fiziginde dolaniklik durumunu foton polarizasyon degerlerinin Dikey (V) ve Yatay (H) oldugunu
varsaydigimizda asagidaki vektor ifadesi ile temsil edebiliriz.

W) = S(H)1 V)2 + V)1 ]H)2)

DENEY ASAMALARI

Deneyimizde glclu bir lazer kaynagindan cikan ana fotonlarimiz 6nce cift yariktan gecerek stiperpoze olmakta
ve iki ayri olasilik durumu meydana getirmektedir. Bu iki ayrim sonucunda fotonumuz dogrusal olmayan bir
BBO kristalinden de gecerek birbiriyle bagintili iki ayri dolanik fotona ayrilacaktr.

Bu iki dolanik fotonlardan birini sinyal (signal) fotonu, digerini de aylak (idler) fotonu olarak isimlendiriyoruz.
Bu iki foton dolanik oldugu icin baslangicta fazlari, frekanslari ve enerjileri aynidir. Dizenekte toplamda 4 tane
birbirinden farkli yollara sapmis fotonlar gérmektesiniz. Ancak bunlarin yalnizca 2 tanesi dogru olmak
zorundadir ¢uinku cift yarik haznesi, ana fotonu ikiye bolmez yalnizca tek foton icin iki ayri olasi yol tayin eder.
BBO kristali ise basit bir deyimle spontane bir sekilde ana fotonu, ikiz yavru fotona bdler.

Bu olaylar sonucunda olusan ikiz fotonlar dolanik olduklarindan olasi sinyal fotonlarimiz DO dedektériine
geldiginde aylak fotonlara bagimh bir desen kaydi olusturacaktir, bu kaydi gozlemlemeden once aylak
fotonlardan birini D3 veya D4 dedektortu yardimiyla olctugimuzde ise anlik olarak ana fotonun da hangi
yariktan gectigi hakkinda bir bilgi sahibi olmus olacagiz. Bu durumda ise DO dedektorimuzde (parazitler
filtrelendigi taktirde) tek yarik deseni belirecektir.

Ancak slirecin devaminda aylak fotonlar “Isin Ayiricidan” (BS) %50 olasilikla karsiya gecip D1 veya D2
dedektoriine gelirse ana fotonun hangi yariktan gectigi yol bilgisini de beraberinde silmis olacagiz haliyle bu
durumda DO dedektoriinde (parazitler filtrelendigi taktirde) girisim deseni belirecektir.

Son olarak ozetlemek gerekirse bu deneyde DO dedektoriindeki desenin olusumunda aylak fotonlar
geciktirilerek kaydedilen sonucun aylak fotonlarin yapacagi hareketlere bagli sekilde zaman farki dinlemeden
islendigini ancak diger dedektor verileri olmadan da tek basina okunamadigini gozlemliyoruz.

DENEY SONUCLARI

DO correlated with D3 or D4
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-
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Sekil 2. Gecikmis secim kuantum silgi deneyi DO 6lcum desenleri.

Sonuc olarak baktigimizda DO dedektoru diger dedektorlere bagl olarak farkl sonuclar vermektedir. Bu
sonuclara gore secimlerin gecikmesinden yola ¢ikarak klasik fizik sezgisinde diisinmemizin yanhs oldugu
kanisina variriz. Bu noktada su yoruma dahi gidebiliriz parcaciklar dolanik olduklari zaman bizim evrenimizin
uzay ve zaman kurallarini hice sayarak birbiri ile iletisim kurmakta ve birbirlerine etki edebilmektedirler. Fakat
bu sistemin benzerini kullanarak zaman makinesi ttrevleri yapilamamaktadir bunun sebepleri de kuantum
fiziginin 6lcim probleminde yatmaktadir ve giinimuzde de hala bu gizem ¢6ziilememistir.
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Bu calismamizda integre edilebilirlik Uzerine yogunlasildi ve agirlikli olarak KDV denklemi lizerine arastirma yapildi. Diferansiyel denklemlerin

cozumleri yapildi ve grafiklerle desteklend.i.

KDV( Korteweg-De Vries) DENKLEMI

d3u
u; + buu, 9.3 =0

Bu denklem, bir dalga yayillimini modellemek icin kullanilir. u fonksiyonu,

zaman (t) ve uzay (x) degiskenlerine bagli olarak dalga profilini ifade eder.

KdV denklemi, integrabilite 6zelligi ile dne c¢ikar.

*Integrabilite, bu denklemin belirli matematiksel 6zelliklere sahip olmasini
saglar.

*Bu dzellik, KdV denkleminin analitik olarak ¢ézulebilir olmasini ve 6zel dalga
cozumlerine (solitonlar) sahip olmasini saglar.

Soliton Cozuimu:

u(x, t) = %sech"z(g (x — ct — xp))

Bu ¢c6zim, KdV denkleminin soliton ¢6zimunu ifade eder. Burada c,

solitonun hizini temsil eder ve 0x0, baslangic konumunu belirtir.

Kink Coziimu:

NG

cosh AZ(\/?E(x—ct—xO))

u(x,t)=-2

Bu c6zim, denklemin kink ¢c6zimunu ifade eder.
Non-linear Schrodinger (NLS) Denklemi:

09 1_aY” 2, =
! ox 2 0x? +Pltd =0

Bu denklem, kuantum mekaniginde ve optikte bircok uygulama alanina
sahiptir. ¢ genellikle bir dalga fonksiyonunu temsil eder ve bu denklem,

dalga paketlerinin evrimini ve etkilesimini modelleyen bir matematiksel
ifadedir.

Kadomtsev-Petviashvili (KP) Denklemi:

2
du, + buu, + Uy, +3a“uy,

Bu denklem, iki uzay degiskenine (x ve y) sahip iki boyutlu bir denklemdir ve
belirli hidrodinamik durumlari ve plazma dalgalarini modelleme yetenegine
sahiptir. a bir parametredir.

KdV Equation: Single-soliton solution

1j ﬂ
0.8‘_
0.6
H(K,t)04_'
0.2 ) \
() Ap— T P— 7T T r r T °© 1
-20 -10 0 10 20 30

X

Modifiye KdV Denklemi
Deniz Dalgalarinin Modellenmesi

Bu denklem, belirli bir deniz kenarindaki dalga yuksekliklerini ve dalga
profillerini tanimlayabilir. € ve 6, su dalgalarinin o6zelliklerini ve cesitli
faktorlerin etkisini temsil eden parametrelerdir.

Klasik Kdv Denkleminin ¢ozimii

3 u
U + 6uux @ =0

KdV Equation: Two-soliton solution
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Applications to Finite and Infinite Dimensional Systems

The Lorenz System : simple models of hydrodynamic turbulence

X =o(y - x)
Y =pX—XZ-Y
z =Xy - bz,

in the case of initial conditions 0 =1/2, b =1, p =0 The system is integrable

Painlevé 6zelligi Nedir

y(t)'=y(t) ; Klasik Euler denklemi.

y'=y*+t;
Painlevé 6zelligini gostermek icin biraz modifiye edilmistir.

y(t) = tan(t+C) olarak bulunur.

t = O durumu icin y’ = y*2 Bu diferansiyel denklem y=0 ¢c6zimunu
icerir. Ancak bu c6zim t ile degismedigi icin t noktasindaki bir
singularite degildir.
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Dusuk maliyeti, kolay kurlenme ve islenme Ozellikleri, katki maddeleriyle uyumlu olmasi gibi avantajlari epoksinin endustriyel sektorde
kullaniimasinin temelini olusturmaktadir. Bu calismada, epoksi matrisine gumus (Ag) partikullerin eklenmesiyle epoksinin iyonlastirici radyasyon

zirhlama performansinin artiriilmasi hedeflenmistir. Ag katki agir
Ba-133 (81 keV ve 356 keV) ve Cs-137 (662 keV) radyoaktif no
(MAC), yari deger kalinligi (HVL) ve ortalama serbest yol (MF

11 % O’'dan %32'ye kadar degistiriimistir. Deneysel calisma, Nal(Tl) dedektoru,
ta kaynaklari kullanilarak gerceklestiriimistir. Orneklerin kitle azaltma katsayisi
P) degerleri hem deneysel olarak hem de WinXCom vyazilimiyla teorik olarak

belirlenmigtir. Deneysel ve WIinXCom bulgulari incelendigin de arasinda yuksek uyum gozlemlendi. Yuksek konsantrasyonda Ag partikullerinin
eklenmesinin, dusuk enerijili fotonlara karsi epoksinin radyasyon onleme yetenegini artirdigi ortaya cikarildi.

KOMPOZITLERIN HAZIRLANMASI

Epoksi recinesi Sertlestirici

e - f r:;l 2 s
=) wE G

2x 1x j 296K'de 15dk Kahplama Epoksi
\ karistirma

Epoksi Reginesi/Sertlestirici
2x:1x

Bisfenol A-epiklorohidrin epoksi
recinesi ve isoforon diamini, 2:1
oraninda karistirildi. Cozelti 15
dakika  boyunca karistirildi.
Ardindan c¢ozelti, ayni yaricapta
ancak farkl yuksekliklere sahip
Iki silindirik kaliba dokuldu ve 24
saat boyunca kurumaya
birakildi. Ayni adimlari izleyerek

DENEYSEL & TEORIK

MAC-Deneysel (cm?g1) MAC-WinXCom (cm?4g)

Numune 81 keV | 356 keV | 662 keV | 81 keV | 356 keV | 662 keV
Epoksi 0173 | 0.099 0.077 | 0.182 | 0.108 | 00835
Epoksi/%2 Ag | 0.223 | 0.102 0.077 | 0.230 | 0.109 | 0.0834
Epoksi/%4 Ag | 0.266 | 0.105 0.079 | 0.277 | 0.109 | 0.0832
Epoksi/ %8 Ag | 0.353 | 0.109 0.081 | 0.372 | 0.110 | 0.083
Epoksi/%16 Ag | 0.529 | 0.112 0.082 | 0.563 | 0.111 | 0.082
Epoksi/%32Ag | 0.887 | 0.117 0.082 | 0.944 | 0.114 | 0.081

Epoksi Recinesi

kompozitler de hazirlandi.

G

==

296K'de 15 dk
karistirma

Sertlestirici
- J

296K'de 20 dk karistirma

v Epoksinin MAC degerleri, her foton enerjisi icin gumus katkisinin
artmasiyla hiyerarsik olarak arttigindan, gumus katkisinin saf
epoksinin radyasyon zirhlama kabiliyetini artirdigi sonucuna
varilabilir.

v' 81 keV icin yuksek MAC degerleri, gelen radyasyonu zayiflatma
icin baskin fotoelektrik sogurmayla iligkilendirilir.

v' 662 keV icin diusuk MAC degerleri, Compton sacilma olasilhiginin

arttigi seklinde degerlendirilir.

8-k

EpoksifAg Kaliplama

Kompozit

Numune p (gcm3)
Saf Epoksi 1.10952
Epoksi/ %2 Ag 1.111481
Epoksi/ %4 Ag 1120852
Epoksi/ %8 Ag 1.174551
Epoksi/ %16 Ag 1.275377
Epoksi/ %32 Ag 1.343998

v' Ayrica, WinXCom tarafindan belirlenen deneysel sonuclar ve
teorik bulgular uyum icindedir..

DENEY DUZENEGI

Gama 1sinI spektrometresi, bir Nal(TI)
sacllma dedektoru (3x3 ing) ve hir
fotocogaltici tupunden olugsmaktadir.
Kristal genellikle 13’Cs'nin 662 keV
zirvesinde %7 Dbelirtiimis ve bir Nal(Tl)
kristali icin 1sitk bozunma suresi sabiti
yaklasik 0.23 ps'dir. Numuneler, caplari
2 cm olan ve farkli kalinliklara sahip
0.893-1.234 cm arasindaki 133Ba ve
137Cs radyoaktif nokta kaynaklari
tarafindan uretilen kollimath y-i1sinlari
onunde konumlandirildi. Dar bir 1sin

e B

Ph g
mple o
i *:l L2 \P

700 mm

geometrisi kullanilarak, lineer zayiflatma
katsayilari (m) hesaplandi. Analiz,
Maestro 32 yazilim programi kullanilarak
gerceklestirildi. _
TEORIK METOT

Teorik hesaplamalar, X-isini ve gama isinlari icin bilesiklerin ve
karisimlarin tesir kesitlerini ve kutle azaltma katsayilarini belirlememizi
saglayan WinXCom yazilimi kullanilarak gerceklestirildi.

Bilgisayar

N EERERTTTN

Epoksi/ %32 Ag kompozitin

RADYASYON ZIRHLAMA PARAMETRELERI

MAC, malzemenin gelen radyasyonun yogunlugunu ne kadar zayiflatabilecegini olgcen

bir degerdir ve lineer zayiflatma katsayisi (p (cm™)) ile kutle yogunlugu (p) oraniyla

tanimlanir.

HVL, gelen radyasyonun yogunlugunu yariya indiren emici malzeme kalinliklarini cm

cinsinden ifade eder.

MFP, ayni zamanda lineer zayiflatma katsayisinin tersidir ve malzemede herhangi bir

etkilesim olmaksizin radyasyonun seyahat edebilecegi uzunlugu temsil eder.

lyi bir radyasyon zirhlama malzemesi igin, MAC'In yiiksek olmasi, HVL
ve MFP'nin mumkun oldugunca dusuk olmasi beklenir.

N MAC (cm2g) MAC degeri, bazi geleneksel
umune :
81 keV | 356 keV | 662 keV | | lyonlastiric radyasyon
Aliiminyum 0.222 0091 kalkan ] malzemeleriyle
Bakir 0,795 | -~ | 0,089 ggr;”a@t'&g‘\j/'g'”da’ ?1 léle\li—'
raligindaki
Tugla 0,105 | 0,080 arafiginda
—— 0104 | 0075 fotonlara karsi Ag iceren
Gimento ’ ’ epoksi kompozitin radyasyon
Beton — | 0102 | 0,080 |'yalkanlama Ustinliglne
Epoksi/ %32 Ag| 0,887 | 0,117 | 0,082 | sahiptir, 6zellikle 81 keV ve
356 keV'deki fotonlara karsi.
zugluk{cml 81 keV
] '-.HVL-DeneyseI MFP-Deneysel | Uzunluk (cm) 356 keV
54 | - HVL-WinXCom - e . o -.HVL-DenevseI MFP-Deneysel |
] ] k-HVL-WinXCom B ViFP-WinXCom ‘
4 - 8
;- ;.
2; "
E 4_.
1 II | :
y i
8 16 32
Ag Konsantrasyon (%) i 8 16 39
Uzunluk (cm) 662 keV P
G — [l [l
Jd0hhk | v HVL ve MFP degerleri, gimus
. katkisinin artmasiyla kademeli
- olarak azalir.
” v 81 keV'deki keskin HVL ve MFP
L azalmalari, etkili radyasyon
2 zirhlanmasina baglanir.
. 8 16 32
Ag Konsantrasyon (%)
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PVA-PVP KOMPOZITLERININ MEKANIK OZELLIKLERI UZERINDE CARPAZ BAGLANMA SICAKLIGI VE CARPAZ BAGLANMA SURESININ ETKILERI
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OZET

Gilinliimizde gittikce 6nem kazanan doku miihendisligi alaninda organ iiretimi ve hasarli dokulari onarimi gibi iyilestirmeler icin Ustiin 6zelliklere sahip malzemelerin gelistiriimesi arayisinda 6ne cikan
Polivinilpirolidon (PVP) ve Polivinil Alkol (PVA) polimerlerinin beraber sentezlenmesi ile liretilen bu kompozitlerin capraz bag sicakligi ve capraz bag siiresinin malzemelerimiz tGzerindeki etkilerini
incelendi. Hazirlanan o6rneklerin fiziksel tayinleri sonucunda Gerilme (Stress) ve Gerinim (Strain) verileri ile elastikiyet katsayisi (Young Modiilii) bulundu ve malzemenin en uygun fiziki formu icin
gereken bag sicakligi ile bag siiresi arasindaki mekanizma incelendi.

GIRIS FIZIKSEL ANALIZ SONUCLARI

Polyvinilpirolidon (PVP) suda ¢6ziinebilen, biyouyumlu, toksik olmayan, kimyasal olarak inert

ve renksiz bir polimerdir. Polivinil Alkol (PVA) benzer sekilde suda c¢oziinebilen, renksiz, - e - e
kokusuz ve diisiik toksisitesi nedeniyle cesitli tibbi uygulamalarda kullanilan, ve ayni zamanda | 100°C 20 Dakika |  120°C 20 Dakike
diinyada iiretilen en yiiksek hacimli sentetik recinedir [1]. PVA ve PVP'nin biyouyumlulugu,

biyolojik olarak parcalanabilirligi, toksik olmamalari ve kanserojen olmamalari, islenmelerinin
kolayligi gibi avantajlar nedeniyle Biyomedikal miihendisligi, organ dokusu iiretimi ve ilag
sektoriinde kullanimi ¢cok yaygindir. PVA'nin hidroksil grubu ve PVP'nin proton kabul eden
karboksil gruplarinin baglanmasi sonucunda olusan iiriinler yapisal mekanik o6zelliklere,
kontrollii ¢oziiniirliige ve hiicre canliigina elverisli polimerik bir iskele olusturmak icin idealdir
[2]. Tartarik asit polimerlerin sentezi icin uyumlu bir monomer / komonomer olmakla beraber
bircok meyveden elde edilebilir. Yaygin olarak bulunabilen ve nispeten ucuz olan tartarik asit, b
polimer sentezimizde kullaniimistir. Son olarak kompozite katilan gliserol ise polimerler ile | I I I S S I
basarili bir biyouyumluluk sergiler ve bugiine kadar ila¢ dagitimi, doku implantlari ve anti- 20 40 60 80 100 20 40 60 80 100
bakteriyel 6zellikteki uygulamalar icin kullanilmaktadir [3]. Bu aragtirmada PVA, PVP tartarik S TRAIN (o) = IRAIRAZYE

asit ve gliserin kullanilmasinin temel amaci, biyouyumlu aplikasyonlar icin toksik olmayan, Grafik-1 Grafik-2

hiicre cogalmasina ve biiylimesine elverisli bir ortam saglayarak, bu malzemelerin potansiyel

kullanim alanlarini incelemek oldu [4]. Kompozitlerimizin sicaklik altinda capraz baglanmasi S e
sonucunda polimerlerimizin fiziksel 6zellikleri 6nemli 6lciide artmis oldu. Bu olusan yeni | A 100°CzoD:_|<:kZ
kimyasal baglar, polimer zincirlerini birbirine baglayarak malzememizin mekanik [ —
dayaniklihgini, sicaklik direncini ve kimyasal direncini arttirdi. Bu o&zellikler, capraz —— 1200 20 Dadka
baglanmanin polimer tabanli malzemelerin kullanim alanini genisletmesini ve o6zellikle

biyomedikal, elektronik ve malzeme bilimi gibi bircok alanda 6nemli olmasini saglar. Bu

arastirmanin temelinde de capraz baglanma sicakligi ve capraz baglanma siiresinin uretilen
kompozitler Gizerinde etkisini incelemek yatmakta.

[w]
(4]
l

STRESS (MPa) o
STRESS (MPa) o

25 -

STRESS (MPa) o

DENEY TASARIMI
PVA / PVP / Gliserin / Tartarik Asit’in Sentezi:

1
100

STRAIN (%)
«  Polivinil Alkol (CAS 9002-89-5) ve Polyvinilpirolidon (CAS 9003-39-8) ayri ayr saf su icinde Grafik-3
80°C'de 60 dakika boyunca karistirildi. » ' . L
Ornek Strain € ylizde (%) Stress o (Mpa) Young modiilii (Pa)
« Homojen bir sekilde karigsan PVA ve PVP birlestirilerek ayni kapta 20°C’ye diisene kadar 90
dakika boyunca karistirildi. 100°C 5 dakika 1.26231 18.11848 14.35309
« Ardindan oda sicakligina gelen polimerlerin icerisine ayrn bir beherde su ile 20°C'de 100°C 10 dakika el BEnit PR
kanstirlmaya birakilan Tartarik Asit eklenerek 45 dakika boyunca karismaya birakildilar. 100°C 20 dakika 2.65088 11.96951 4.51529
« Sonrasinda az miktarda Gliserin karismis polimer ve asidin icerisine damlatilarak 20°C’'de 120°C 5 dakika 1.99876 12.92996 6.46899
30 dakika boyunca homojen bir sekilde karismaya birakildi. 120°C 10 dakika 4.11091 12.88901 3.13531
« Ardindan kansim petri kaplarina ince bir katman olacak sekilde dokiilerek etiivde 24 saat 120°C 20 dakika 4.27386 12.45086 2.91325
boyunca kurutuldu. Tablo-1
ablo-

* Son olarak kuruyan kompozitler 100°C ve 120°C'de olmak lizere etiiv icerisinde 5 - 10 - 20

dakika olacak sekilde termal olarak capraz baglandi. SONUQLAR VE TART|§ MA

Grafik-3'te de goriilebilecegi gibi, kullanilan malzemelerimiz icin capraz bag sicakligi ve siiresi
kompozitin fiziksel 6zellikleri iizerine etkisi degiskendir. Kompozitin elastisitesini arttirmak icin

Etiivd kari| badl K Hlerimiz 5x25 bovutlarda kesilerek yliksek sicakliklar yerine capraz bag siiresini arttirmak daha verimli malzemelerin iiretiimesinde
uvaen gcikariian ve capraz baglanana kompozitierimiz -oxsomm boyutiarda kesiiere rol oynayabilir. 5 dakikalik 6rnekler en zayif ve elastik olmayan sonuclarn verirken, 10 ve 20

Universal Testmgv Machine yard|rtu .|Ie g“erllme ve gerinim tesvtlerlne tab.H .tutulo.lu. Capraz dakikalik o6rnekler elastisitelerini arttirarak gerinime karsi olan direncini arttirdiklari
baglanmaya baglh parametrelerimiz silire ve sicaklik oldugundan elimizdeki 6 farkl

malzemenin her birinden beser adet 6rnek kesilerek her bir 6rnegin ortalamasi alindi.
Ardindan elde edilen verilen OriginLab uygulamasina aktarilarak 100°C ve 120°C icin capraz
baglanma siiresinin yer aldigi Grafik-1 ve Grafik-2 olusturuldu. Ardindan her bir 6rnegin
elastisite modiiliiniin hesaplanmasi icin kopma noktasindan merkeze olan mesafenin %5'lik
dilimi alinarak grafigin egimi, yani Young Modiilii hesaplanmis oldu.

Fiziksel Karakterizasyon ve Young Mod(ili’'niin Bulunmasi:

goziikmektedir.

Kompozit icerisindeki gliserin yerine baska gliseritler, tartarik asit yerine baska asitler ile deneyler
tekrarlanabilir. Boylece (iretilen yeni kompozitler birbiri ile kiyaslanabilir, biyomedikal alandaki
kullanimlan genisletilebilir ve insanlgin gittikce énemle ihtivac duydugu doku onarmi, organ
Gretimi gibi alanlar icin ¢igir agicr kesiflere yol acabilir.

E

cekme gerilmesi o F/A, FL,
€

Birim sekil degistirme N AL/Lg NG

Tiim kompozitlerin tek bir grafikte goéziiktigi Grafik-3 eklenerek biitiin capraz baglanma

sicakligina ve capraz baglanma siiresi ile birlikte Young modiiliiniin hesaplandigi degerler
Tablo-1'e eklendi.
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INTRODUCE

Nowadays, our energy needs are increasing, meaning that we will need
more energy to meet our basic needs 1n various sectors and in our homes.
In order to meet this increasing demand, 1t 1s inevitable to turn to
sustainable and environmentally friendly energy sources. Our main
energy sources are; fossil fuels, renewable energy sources, hydrogen
energy and nuclear energy

EXPERIMENT

In the experiment, the fuel core 1in nuclear reactors was designed using
Mncp. Graphite coated uranium cell and non-graphite coated uranium cell
were designed. The effect of neutrons was examined in designed cells ,the
fuel core was shot with a three neutrons and this situation was examined.

Cell 1

NUCLEAR ENERGY

Nuclear energy is the energy obtained as a result of nuclear reactions.
The nucleus of the atom contains both protons and neutrons. Energy is
released when any change occurs in the nucleus of an atom. There are
two basic types of nuclear reactions

FUSION

In both cases, there 1s a difference between the reacting and exiting
masses. The mass difference 1s converted into heat energy. Heat
vaporizes a circulating liquid, such as water 1n nuclear reactors. The
resulting steam produces mechanical energy by rotating turbines.
Turbines are usually powered by a generator.

QGreen: electronc
Red: neutrons
Blue: photons

SMR

Developing nuclear reactor designs generally aim to be smaller 1n size,

modular, safe, produce less waste and produce more efficient energy.
Condenser Although the power output of SMRs 1s significantly less than a full-scale
nuclear power station, they can be more easily manufactured and
transported to where they are needed.

NUCLEAR REACTORS

Nuclear reactors work on the principle of fission. Neutrons play an
important role 1n nuclear reactors and enable the production of energy in
reactors by 1nitiating nuclear fission reactions. Nuclear fragments are in
a very mobile state and emit neutrons, photons, electrons and other
subatomic particles. The emitted neutrons can then cause new fissions,
resulting 1n more neutrons, and so on. It creates such a continuous,
self-sustaining chain reaction. A large amount of energy 1s released in
his process, and this energy forms the basis of nuclear power systems.

a neutron’s life of deceleration

equilibrium

CONCLUSION

Most experts continued to believe that nuclear energy could be a safe
power source, as the nuclear energy accidents that had occurred were

IlIl]llllIlIllb

E dg/dE [cm™¥s, arb. scale]

i BLRA B B B B B B b

1 keV 1 Me 1 GeV
epithermal/fast Vapo high-energy
neutrons neutrons

All reactors have a central zone containing a core, fuel, fuel cladding,
coolant and moderator. Fission energy in a nuclear reactor 1s produced
in the core. The neutrons emitted in fission are very energetic, with
average energies around two million electron volts. Neutrons lose
energy when scattered or collided with nuclei in a reactor, they lose
energy most efficiently by colliding with light atoms such as hydrogen
and deutertum. Neutrons occur until the reactor reaches thermal
equilibrium at energies of a few hundredths of an electron volt.

mainly caused by human errors rather than some internal factors.
However, there 1s one condition for concluding that nuclear energy 1s
generally a safe form of energy. The facilities that will produce this
power must be designed, constructed and operated to high standards by
knowledgeable, well-trained professionals, and a regulatory mechanism
ust be 1n place to implement these standards.
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RADYASYON KORUYUCU GIYSILER iCiN BARYUM OKSIT NANOPARTIKUL KATKILI POLYESTER
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OZET

Bu calismada kiitlece %0-20 araligindaki BaO nanopargaciklarina (NP) sahip Polyester/BaO nanokompozitlerinin (NC) gama isini perdeleme kapasitesi incelenmistir. Polyester, giyim
kumaslarinda yaygin olarak kullanildigi icin ana matris olarak se¢ilmistir. Polyesterin diuisiik atom numarali elementlerden olusmasi sebebiyle radyasyonun zararh etkilerini zirhlama kabiliyetini
arttirmasi icin ve gama isini perdeleme performansini gelistirmek icin, birlikte ¢cokeltme yontemiyle sentezlenen BaO NP'lerden yararlanilmistir. NC'lerin gama i1sin1 zirhlama performanslari, bir
Nal(Tl) dedektorii ve 133Ba, 13’Cs ve °Co radyoaktif kaynaklari kullanilarak deneysel olarak belirlenen kiitle zayiflama katsayisi (MAC), yari deger katmani (HVL) ve ortalama serbest yol (1) ile
incelendi. Tim deneysel veriler degerlendirildiginde, BaO NP katkisinin artmasiyla polyesterin radyasyondan korunma yeteneginin arttigi, en ciddi iyilesmenin ise 81 keV gibi dusiik enerjili

iyonlastirici radyasyonda oldugu sonucuna varildi.

GiRiS

Kursun ve kursun tiirevleri yiiksek toksik etkiye sahip bir malzeme grubu oldugundan;
mevcut ¢calismalar, niikleer tesislerde ve saglik merkezlerinde kullanilan X ve gama isinlarini
zayiflatmak icin kullanilabilecek hafif, ucuz, toksik olmayan ve etkili yeni iyonlastirici
radyasyon koruyucu malzemelerin gelistiriimesine odaklanmistir. Bu agidan bakildiginda,
polimerler esneklik, disuk maliyet ve hafiflik gereksinimlerini karsilayan iyi adaylardir.
Ancak, disiik atom numarali element igerikleri nedeniyle, ancak yliksek atom numarali
elementler veya bilesiklerle takviye edildiklerinde iyonlastirici radyasyona karsi zirhlama
olusturabilirler. Bu noktadan hareketle, bu ¢calismada polimer olarak polyesterin yukarida
bahsedilen avantajlari ile toksik olmayan BaO NP'lerin iyonlastirici radyasyon zirhlama islevi
birlestirilerek polyester bazl bir zirh elde edilmesi amaclanmuistir.

MALZEMELER VE DENEYSEL DETAYLAR

Kompozitlerin Ana Matrisi: Polyester
1940'l yillarda gelistirilen polietilen tereftalat (PET) polimerinin liretilmesi ile sentetik bir

Sistem Na(l)Tl dedektorii, buna bagl elektronik sistemler (foto ¢ogaltici tiip, amplifikatorler
analog-dijital sinyal doniistiirticii ve ¢cok kanalli analizor gibi) ve MAESTRO yaziliminin yuiklii
oldugu bir bilgisayardan olusmaktadir. Diisiik (81 keV ve 356 keV), orta (662 keV) ve yiiksek
enerjili (1173 keV ve 1332 keV) gama-isinlarinin kaynagi olarak '*3Ba, '3’Cs ve %°Co 'dan

DENEYSEL DUZENEK

olusan li¢ noktasal radyoaktif kaynak kullaniimistir.
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Bilgisayar

Deneylerde, gama isinlarinin gelen (/,) ve iletilen (/) siddetleri 6l¢ilmiistiir. Beer- Lambert

b = —

115mm

yasasi kullanilarak 6rneklerin MAC, HVL ve A degerleri hesaplanmistir.

I = Iy exp(—pux)

m(cm?) lineer zayiflatma katsayisidir ve x absorbe edici ortamin kalinhigidir.

elyaf turi olan polyester elde edilmistir. Polyesterler dayanikli, esnek, kolay
sekillendirilebilir ve uygun maliyetli olduklari icin kompozitlerde kullanilmaktadir.
Kompozitlerin Katki Partikulii: BaO NPs
Nano baryum oksit partikiillerinin tiretim semasi asagidaki gibidir [1]
- =
HCI KOH '
700 RPM, 90°C de 240 450°C ye ayarlanan kil
dakika boyunca karistirildi. firninda 4 saat pigirildi.
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SONUC
Kiatle Zayiflatma Katsayisi (MAC) cm?/g
Numune Foton Enerjisi 81 keV 356 keV 662 keV 1173 keV 1332 keV
Saf Polyester 0.1934 0.1058 0.0779 0.0607 0.0568
Polyester/%2.5 BaO 0.2426 0.1029 0.0781 0.0611  0.0566
Polyester/%5.0 BaO 0.3122 0.1068 0.0791 0.0612  0.0567
Polyester/%610.0 BaO 0.4413 0.1088 0.0794 0.0607 0.0561
Polyester/%20.0 BaO 0.7506 0.1110 0.0794 0.0609 0.0567
2 81 keV MAC ve HVL degerleri dikkate
104 Bl s ey alindiginda, saf polyester olduk¢a dusuk
- | MAC (0.1934 cm2/g) ve yiiksek HVL (3.125
8 H};gg@ cm) degerlerine, yani en disiik atom
E 7 | numarasi element igerigine atifta bulunan
; o zayif radyasyon kalkani yetenegine sahiptir.
+ 4_' Bununla birlikte, BaO nanoparc¢acik, yani
_ yiuksek Z elementi ilavesi, polyesterin
2] radyasyondan korunma kabiliyetini onemli
- Olclide gelistirmektedir (%20 ilavesi igin
0- Y BE & e a5 MAC= 0.7506 cm2/g ve HVL=0.884 cm)
Ba0) concantrstion (wth) Ancak, artan foton enerjilerinde, o6zellikle
18 1173 ve 1332 keV'de artan BaO
16 nanoparcacik katkisina ragmen, ne MAC
" = 385,16k.fe\<, degerinde onemli bir artis ne de HVL
> Rty degerinde énemli bir diisiis kaydedilmistir.
_ [ 1332 keV Bu davranis | icin de gecerlidir. 1 dusiik
g e foton enerjilerinde nanoparcacik katkisi ile
S kisalirken, yuksek foton enerjilerinde bu
6 - saglanamamistir. Bu nedenle lretilen
4- kompozitlerin 81 keV gibi disuk enerijili
5 fotonlarn zayiflatmada daha basarili oldugu
i sonucuna variimistir.
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ABSTRACT

This thesis pioneers the investigation of In(ll) and In(lll) chloride doping for nickel oxide thin films in perovskite solar cells as to our knowledge there is no prior literature that has explored this aspect. The research introduces
a solution-based, glove-box-free fabrication approach for such solar cells utilizing inorganic nickel oxide hole transport layers. Examining the impact of In(ll) and In(lll) chloride dopants on NiO, thin films, it was observed that
In(Il) doping resulted in higher current densities. In contrast, In(lll) doping exhibited an increase in open-circuit voltage and an improvement in the fill factor, indicating superior solar cell performance. These enhancements are

suggested to be associated with increased hole concentration and improved lattice integration.

INTRODUCTION

* Importance of Perovskite Solar Cells and Charge Transport Layers

Perovskite solar cells, named after the Russian mineralogist Perovskit, have gained significance due to their
unique crystalline structure, with a general formula of ABX3. In 2009, CH3NH3;PbX3 perovskites were introduced
as light absorbers in solar cells, with modest efficiency~4% [1]. By 2013, perovskite solar cells achieved PCEs as
high as 15% [2] and now boosted to 25.7% [3] earning recognition as one of the top 10 breakthrough
technologies.

e Qutstanding light-harvesting

e High dielectric constant

* Balanced electron-hole mobilities

» Adaptability to flexible devices & fabrication at low T (<150°C)
* |low-cost, high-efficiency solar cells

vy 4
Zh Fosisl
] »/

A = A cation - methylammonium, formamidinium
B = A big inorganic cation - usually lead
X3= A slightly smaller halogen anion - usually chloride or iodide

Fig. 1. Schematics showing the layer-by-layer device structure of a typical PSC and crystals of perovskite [4].

While perovskite light absorbers play an important role in solar harvesting, the success of the solar cell
depends on additional layers, such as electron and hole transport layers (HTL). These layers are essential for
the stable and efficient devices. Their effectiveness is related to the crystal structure, chemistry, electronic
and optical properties, and compatibility with the perovskite synthesis process.

Various materials, including polymers like PEDOT:PSS have been employed as HTLs in inverted planar PSCs.
The unmatched work function between PEDOT:PSS and lead iodide perovskites further limits photovoltaic
parameters, notably open-circuit voltage. In contrast, inorganic p-type semiconductors offer higher stability.
CuSCN, Cu,0, CusS, CuO, Cul, Co0O,, Cu,BaSnS,, and NiO, demonstrate transparency and favorable energy level
alignment with many perovskites. NiO,, stands out, with PCEs overreaching 20%, comparable to the highest
achieved with organic HTLs in inverted PSCs.

* Doping of NiO, HTLs

NiO, Hole Transport layers | = , |
Doping of NiO, in perovskite solar cells reported with

* Advantages various dopants such as Cu, Ag, Co, Zn, alkali or
v’ Suitable Work Function and Band Gap alkaline-earth metals; Li, Sr, and rare-earth ions Y,
v' Adaptable Synthesis Methods La. Doping not only enhances these electrical
v’ Efficient Hole Extraction properties but also influences band alignment with
v' High Transparency the perovskite light absorber layer and may impact
v’ Stable Crystal Structure its crystallinity. P-type doping boosts conductivity
v’ Long-Term Stability but is accompanied by undesired transmittance
o Disadvantages loss. Alkali and alkaline-earth metala have a
o Low Intrinsic Conductivity negligible impact on transmitting but provide less
o Energy Level Offset effective conductivity enhancement compared to p-
o Charge Recombination type dopants [5].

o Require Conductivity Adjustment

* Preparation of Nickel Oxide Solution

EXPERIMENTAL 124 mg of nickel acetate tetrahydrate salt is mixed
. . . with ethanol (5 ml) to form a 0.1 M solution. To
* Device Fabrication enhance dissolution, diethanolamine (30 pl) is

added. The solution is stirred for 1 hour at 65°C
using a magnetic stirrer. Prior to use, it is filtered
through a filter with a pore size of 0.45 pm.

* Doping of NiO, with In(ll) and In(lll) Additives:
Indium(ll) chloride (185.72 g/mol) and Indium(lll)
trichloride (221.18 g/mol) are separately added to the
pure nickel oxide solution in predetermined
amounts and the solutions are stirred at 65°C.

S T L I O T O

* Fabrication of NiO, Films:

ethanol The filtered solution is deposited onto cleaned ITO-
. coated glass substrates using a spin-coater at 4000
“\.InCl, rpom for 30 s. After the first layer is dried at 70°C for

5

90 s, coating is repeated. Finally, samples are
annealed in an oven at 450°C for 30 minutes.

| R (

Tetrahyrate structure
of indium tricloride

.“‘ o |

70°C 90 s 450°C 30 min
Fig. 2. Preparation of NiO, solution and doping TR
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solution

Fig. 3. Formation of NiO, HTLs

* Device Fabrication

1.4 mM Pbl, and 1.4 mM MAI are added to GBL (gamma-butyrolactone). The solution is stirred on a heated
magnetic stirrer at 90°C for at least 12 hours. Before use, it is filtered through a 0.45 um PVDF filter.ITO-
coated NiOy carriers are kept at 100°C on a heated plate. The perovskite solution is also kept at 90°C on a
heated magnetic stirrer. The hot solution is dropped onto the warm ITO/NiO, films, covering the entire
surface. Using a spin-coater, the rotation process starts according to coating parameters, and after a
specific time, 100 ul of toluene is dropped toward the center. After washing, the perovskite structure is
visibly formed, and complete crystallization is achieved by annealing on the heated plate at 100°C for 20
minutes. Room temperature should not exceed 19°C, and humidity should not exceed 65%. For ETL, 20 mg
PCBM is mixed with 1 ml chlorobenzene on a heated magnetic stirrer at 45°C for at least 2 hours while for
HBL 0.5 mg BCP is mixed with 1 ml ethanol at room temperature on a magnetic stirrer for at least 2 hours.
These ETL and HBL Layers are covered on the perovskite immediately without filtration. The PCBM solution
is first coated at 2000 rpm for 35 s and dried at 90°C for 90 s. The BCP solution is then coated at 4000 rpm
for 40 s. The production of the cells is completed with the Ag metal contact vaporization over a mask
around 100 nm [@].

RESULTS AND DISCUSSION 4 - J——
The UV-visible spectrophotometry analysis of ITO/NiO, = ,-/ "S.Sx_.-_—ffff S e -
(Fig4), samples revealed consistently high & 54 _ ,-’./",- ________
transparency across the solar spectrum promoting 2 o] l?" _» |
utilization of insolation. Notably, In(lll) doping showed & {/J
a minor reduction in transmittance, suggesting a E 75':J”','"
limited impact on transparency. This indicates the & 70 1
viability of NiO,, even with doping, for inverted PSCs. a | s
In Fig 5. increased absorbance was observed in 1 —=-NioxIn(ll) I
optical absorption curves, similarly recorded by UV- 01 ... NiOx:In(lll)
visible spectroscopy, across ITO/NiO,/perovskite 55 —_—

400 500 600 700 800

samples. In(lll) doping demonstrated a distinctive
increment in absorbance. Furthermore, band gap of
the perovskite was found to be consistent with
literature, ~1.55 eV.

90

Wavelength (nm)
Fig. 4. Optical transmittance curves of NiO, HTLs

Light current-voltage curves, recorded under simulated
s | sunlight (AM 1.5 G), are presented in the Fig. 6 for
W 1 champion cells. In(ll) doping led to higher current
S i . | densities, while In(lll) expanded the open-circuit voltage
s {777 S 1 value, accompanied by a notably enhanced fill factor. The
%60' \"-:;\.\1’ | table provides solar cell parameters and parasitic
§ . "'~.\'\'.‘ 1 resistances calculated based on the inverse slopes in the
O 1 relevantregions.
N — mégi-m(u) .‘.\- N — T
----- NiOx:In(lll) ‘-\:' ~. 4 ~ [ - s z:g;ln(”)
30400 - - ~— s o nl NE 20-;:;::““.”\-?\;. ....... NiOx:In(I11) -
Wavelength (nm) ‘é "'\-\\ N
Fig. 5. Absorbance curves of perovskite layers on NiO, > L e \.\ .
i %
Even though In(ll) doping led to higher current g - \-\_'\ |
densities, open-circuit voltage remained consistent 5 \.\'\
with undoped NiO,. In(lll) doping resulted in a 3 - X\
notable increase in the open-circuit voltage, L 1
indicating improved charge separation. The desired ' \-\\.
effect of In(lll) doping was evident in shunt 00'0 a2 U+ 908 08 a o 12
resistance, which probably will contribute to Voltage (V)
enhanced device stability. Notably, the series Fig. 6. Light current voltage curves of the champion cells.

resistance was found to be the lowest for In(lll)
doping, further  optimizing the  electrical

characteristics of the solar cell. Voc  Jsc FF PCE  Reies Rehunt
— .= NiOx ' ' Ref 921 182 047 7.88 19.2 151.7
linear fit for R, 1

20 linear fit for R | In(ll) 921 223 046 945 159 1111
o ot | In(l) 1027 188 0.68 13.12 9.1  526.3

Table 1. Solar Cell Parameters of Champion Cells

Indium belongs to the post-transition metals group with two
| R main oxidation states: In(l1) and In(ll1). In(ll) compounds are less
ol | frequently encountered compared to their In(lll) counterparts.
In(11) chloride is prone to engaging in redox reactions, wherein
0 - : indium experiences an oxidation state change from +2 to +3.
il v N In(Ill) chloride is more stable and commonly participates in
linear fit for Reeres 1 various chemical reactions, functioning as a Lewis acid by
| accepting electron pairs. A Lewis acid refers to a chemical
| species capable of accepting an electron pair from another
{ molecule, ion, or Lewis base to establish a coordinate covalent
bond. The collaborative interaction between the Lewis base and
the Lewis acid serves to passivate Pb2* and PbX3- antisite
defects, enlarge perovskite grain size, and enhance charge-
_'__,,r\;'iOX:m'(,,,)' — “carrier separation and transport. This, in turn, contributes to an
20 e S | overall improvement in device efficiency.

For a clear exploration of doping effects, additional experiments
like XPS, UPS, and Hall measurements are required. Despite
In(I11) exhibits promising potential as a candidate for NiO, HTLs
in CH3NH3Pbl; solar cells. The superior performance of In(lll) is
likely associated with heightened hole concentration hence

S 1 mobility, potentially indicating better integration into the NiO,
. - - : - : lattice compared to In(ll). Exploring co-doping with varying In(ll)

0,0 0,2 0.4 0,6 0,8 1,0 1.2 ) -
Voltage (V) and In(lll) contents stands out as a fascinating path for future
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Fig. 7. Linear fits for parallel and series resistance calculation. Ff€search.
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ABSTRACT

Superconductivity, a unique and captivating phenomenon observed in certain materials, involves the complete absence of electrical resistance and the
expulsion of magnetic fields. First discovered in 1911, superconductors hold immense promise for diverse applications, ranging from efficient energy
transmission to cutting-edge technologies like quantum computing. This presentation provides a concise overview of the fundamental principles of
superconductivity, emphasizing its potential impact on various fields.

SUPERCONDUCTIVITY
PRINCIPLES

A superconductor iIs a material that can conduct
electricity or transport electrons from one atom to
another with no resistance. . Low temperature is crucial
for reducing resistivity because the vibrations of ions In
the material (phonons) act as a source of resistivity. The
decrease In temperature leads to a reduction in ion
vibrations, resulting in lower resistance. |

Superconductor

Electrical resistivity

Temperature (K)

Superconductors are the material having almost zero
resistivity and behave as diamagnetic below the
superconducting critical temperature. and the material
exhibits the property of perfect diamagnetism. This
means that it expels the magnetic field from within
itself. The expulsion of the magnetic field Is the key
difference between superconductivity and perfect
conductivity because, In perfect conductivity, you
would expect the magnetic field to remain constant. In
contrast, In superconductivity, the magnetic field is
consistently zero. [1] |
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A A A A A A T
Magnetic Line
of Force
r/“’_\
)< > Superconducter
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Heike Kamerlingh Onnes and i §
the discovery of |
superconductivity.
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. A terse entry for 8 April 1911 in
Heike Kamerlingh Onnes notebook

s  Superconductivity

mf ] 56 records the first observation of

INVESTING ABOUT OTHER
ELEMENTS

Soon after mercury, most of the other elements In the
periodic table were investigated, and their critical
temperatures were identified, as shown in Figure (1). It was
observed that another external influencing factor that can
promote superconductivity in materials Is pressure, as some
elements In the periodic table require pressure to exhibit
superconductivity (see Figure (1)).
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Figure (1): The elements in the periodic table that
exhibit superconductivity with (in yellow) and without
(in blue) pressure are shown. For each element, the
critical temperature (Tc In Kelvin) and the required
pressure are included.

THE MEISSNER EFFECT

Meissner Effect

m Above the Critical
Transition Temperature

ran:
(‘T'c), the magnetic field

goces through ' .
m Below the Te, the ‘l .]

magnetic field goes

around it

In 1933, Walter Meissner and Robert Ochsenfeld
discovered that a superconductor repels magnetic fields.
This Is the principle upon which the electric generator
operates. But, In a superconductor the induced currents
exactly mirror the field that would have otherwise
penetrated the superconducting material causing the
magnet to be repulsed. This Is what's called the Meissner
Effect. [2]

BCS THEORY
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John Bardeen

John Schrieffer

Leon Cooper

Nobel Prize 1972 for theory from 1957 which explained
conventional superconductors

In 1957, three American scientists, John Bardeen,
Leon Cooper, and John Schrieffer wrote the BCS
Theory. It explained superconductivity at low
temperatures close to absolute zero for elements and
simple alloys. It fails however as temperatures
Increase and materials get more complex. BCS
suggests that electrons team up In cooper pairs.

In 1908, a Dutch scientist, Onnes, succeeded in liquefying
helium, opening up a new frontier in low-temperature
physics research. Three years later, in 1911, at the Leiden
laboratory, Onnes was studying the temperature
dependence of specific electrical resistance in a sample of
mercury(Hg) when he witnessed a sudden drop in the
resistance of the sample to zero at a temperature close to
T, and 1t remains immeasurably low at all accessible
temperatures below T.

Cooper pairs are two electrons that appear to ""team
up" In accordance with theory despite the fact that
they both have a negative charge and normally repel
each other. (Named for Leon Cooper.) Below the
superconducting transition temperature, paired
electrons form a condensate which flows without
resistance. However, since only a small fraction of the
electrons are paired, the bulk does not qualify as
being a ''boseeinstein condensate'*[3]

TYPES OF SUPERCONDUCTORS

©
2 B
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=
e R superconducting

Temperature TC Temperature TC

Another important factor in superconductivity Is the
magnetic  field, which can suppress the
superconductive effect in most materials. In general,
superconductivity Is present mostly in diamagnetic
materials. The magnetic properties of materials can
be influenced by the magnitude of the magnetic field.
There are two types of superconductors, namely type
| and type Il, which differ in their response to
magnetic fields. Type | superconductors are
diamagnetic and abruptly lose their diamagnetic
properties at some magnetic threshold and
eventually their superconductivity, while type Il
superconductors have mixed states of
superconductive and normal states in a range of
magnetic fields. Type Il superconductors usually

D0SSESS higher critical temperatures
compared to Type I.
NOBEL PRIZES

m Superconductivity (BCS-Theory)

. D. son
“m Josephson Effects + Tunneling L. Esaki

2003 | Contributions to Superconductivity | V. L. Ginzburg
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m Spontaneous Symmetry Breaking Y. Nambu

SOME OF THE NOTABLE
APPLICATIONS
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CONCLUSION

In conclusion, in this presentation a brief background
about superconductivity including the history,
fundamental principles, different types, and some
notable applications of it has been presented.
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management strategies, recognizing the unpredictable nature of market behavior. Statistical modeling, rooted in physics, contributes to the reliability of mathematical models in physics and artificial intelligence, addressing uncertainty and
optimizing parameterization. On the other hand, Big data analytics, coupled with physics-based statistical methods, transforms consumer behavior analysis, allowing businesses to personalize recommendations, conduct A/B tests, and improve
marketing strategies. Concepts like elasticity and risk sensitivity, derived from physics principles, prove valuable in financial analysis, improving risk management strategies and enhancing the reliability of price forecasts. Additionally, technologies

like Arduino in Industry 4.0 and loT applications, as well as the foundational principles of distributed systems in blockchain, showcase the direct application of fundamental physics in optimizing production processes, increasing efficiency, and

ensuring secure and transparent digital ledgers.

Blockchain: Distributed Systems Basics

Centralized vs Decentralized vs Distributed Network: An Overview

0 @
@\ (P n” i
B\ (/PR / 8

0.—.; V. %
®

6o6e ©o

Decentralized Network Distributed Network

Distributed systems basics provide a way of modeling interactions and collaboration between
computers, similar to how things work in the physical world. This approach is important for
blockchain technology, which relies on a secure and distributed structure. The foundation allows
computers in a network to work together, ensuring transparency and reliability in creating a secure
digital ledger, or blockchain. The idea is akin to how particles interact in physics or how systems
function cohesively. Understanding distributed systems helps blockchain manage complexity and

applies to making interactions trustworthy and efficient in large-scale organizations.
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Big data analytics and physics fundamentals are combined with statistical models to understand
consumer behavior on online shopping platforms. This approach provides the possibility to
increase customer satisfaction and optimize marketing strategies for businesses through
personalized recommendations, A/B tests and experiments. As a result, the integration of
consumer behavior analysis, big data and physics-based statistical methods offers a competitive

advantage to the business world.

Brownian Motion

Brownian Motion
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In the world of finance, Brownian motion is used to model random asset price movements,
providing the basis for financial forecasting models. These models can be used effectively in
areas such as risk management and option pricing to help understand and manage

uncertainty in financial markets. Moreover, the Brownian movement emphasizes that market

SUMMARY

The integration of fundamental physics concepts into the business world plays a crucial role in various domains. Let's talk about Brownian motion, employed in financial modeling, aids in forecasting asset price movements and enhances risk

FIZIK BOLUMU
THE PLACE OF FUNDAMENTAL PHYSICS IN THE BUSINESS WORLD

Resat Gokay CELIK 12022091
Danisman: Prof.Dr. Orhan OZDEMIR

Environment-Specific Elasticity and Sensitivity

Price Elasticity In A Nutshell

Price elasticity measures the responsiveness of the quantity demanded or supplied of a good to a
change in its price. It can be described as elastic, where consumers are responsive to price changes, or
inelastic, where consumers are less responsive to price changes. Price elasticity, therefore, is a measure
of how consumers react to the price of products and services.

Price >

Inelastic

P Elastic

o
>

Q Quantity

FourWeekMBA

Elastic behavior and risk sensitivity are concepts used to understand how the prices of financial
assets respond to certain factors. Just as the principles of elasticity in physics reflect the
tendency of materials to return to their original shape after deforming under force, financial
assets exhibit a similar elastic response to certain factors. These concepts can deepen
understanding by using the fundamentals of physics to improve risk management strategies in

financial analysis and make price forecasts more reliable.

Al LLM Statistic Modelling

Statistical modeling addresses the uncertainty and error margins of mathematical models in
physics, making them more reliable and generalizable. This modeling process is used in artificial
intelligence applications to deal with uncertainty, perform parameter optimization and evaluate
predictive power. In this context, statistical modeling plays an important role as a fundamental

tool in the fields of physics and artificial intelligence.

Ardunio: Industry 4.0 & Internet of Things (loT)

2. USB PORT 3. USB TO SERIAL CHIP

4. DIGITAL PINS

5. ANALOG PINS

1. MICROCONTROLLER

Arduino provides a platform that can be used in industry 4.0 and Internet of Things (loT)
applications. With sensors, data collection and connectivity capabilities, businesses can
develop Arduino-based projects to monitor and optimize production processes and increase

efficiency.
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HOT OR NOT? EXAMINING THE ANTI-SOLVENT WASHING TEMPERATURE IN PLANAR PEROVSKITE SOLAR CELLS

UMIT ARI 18022068
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This thesis addresses a noteworthy gap in the literature about the optimization of anti-solvent washing temperature during perovskite film formation. The perovskite solution, containing MAI and Pbl, in GBL, undergoes
toluene anti-solvent washing during spin coating. Toluene's lower polarity compared to GBL boosts perovskite crystallization by eliminating surplus GBL. Investigating three washing temperatures (hot, cold, and room
temperature) aims to establish a versatile method for tailoring perovskite film morphology. Results indicate the superiority of cold washing, producing higher-quality layers and superior device performance. Cold-washed cells
exhibit the highest open circuit voltage and fill factor, with a slight decrease in current density. Analysis of shunt and series resistances highlights a desired reduction in series resistance for cold-washed cells, contributing to
improved performance. Despite the need for additional statistical data and measurements (AFM, SEM, XRD), the findings underline the potential of cold washing to enhance cell efficiency.

Washing with toluene in different temperatures
Why Perovksite solar cells? The literature lacks optimization on the temperature of anti-solvent washing therefore investigating the
Perovskites are a family of materials that have shown potential for fabrication process based on washing temperature is valuable. Our perovskite solution containing MAI and
high performance and low production costs in PV era. Pbl, dissolved in gamma-butyrolactone (GBL) with a ratio of 1.4mM:1.4mM. During spin coating of this
Perovskite solar cells (PSCs) have shown remarkable progress in recent years , perovskite precursor, anti-solvent washing is done by toluene which is a common aromatic hydrocarbon
with rapid increases in efficiency of about 3% in 2009 to over 25% today. [1] 2 & and less polar than GBL thus resulting in rapid crystallization of the perovskite by removing excess GBL.
= Wi ¥ Here we employed hot (75°C) cold (15°C) and room temperature (25°C) in the anti-solvent washing route to
A By investigate the perovskite formation and bring a universal approach to customize perovskite film
Structure of Perovskite 2 INBA | morphology and crystallinity. _ ’}I ~
A = An organic cation - A VNN a R = =
methylammonium (CH3zNH3*) or : g 5'4 & » “»
formamidinium (NH,CHNH,*) TR %'g]‘ =
B = A big inorganic cation - usually I QY ‘\\?i% I
lead(I1) (Pb2*) |
X3= A slightly smaller halogen anion - -
usually chloride (CI) or iodide (I") Fig. 1. Crystals of perovskite, crystal structure [3] and photograph of flexible PSC [4].
Properties of Perovskite
= Wide Band Gap (adjustable band gap) N - - _
- High Absorption Coefficient Fig. 7. Deposition of perovskite layers with different washing temperatures.
= Carrier MOb”ity Fig. 2. Band gap engineering of perovskite (FAPbI Br,_, films with different y values) [5]
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Cold-washed layers’ absorbance is slightly increased
Fig. 6. Configuration of solar cell structure and energy level alignment [10] around 550 nm Compared to RT-washed cells, while
400 500 600 700 800 o0  hot-washed cells exhibited a higher absorbance after
Wavelength (nm) 550 nm towards longer wavelengths. Band gap values
* ITO (indium-doped tin oxide) glass substrates. (ultrasonically cleaned by acetone and isopropyl alcohol. Fig. 9. Absorbance spectra of the perovskite layers. were found to be consistent with the literature with a
* Nickel oxide (NiOx) hole transport layers. (spin-coated, annealed 450 C [10]) slight deviation for hot-washed layers.
* CH3NH3Pbl; (methylammonium lead triiodide) perovskite absorber layers. (MAlI and Pbl, dissolved in
gamma butyro|actone at 75 C overnight. Perovskite precursor is Spin-coated through one-step anti- Statistical data with a various number of repeated experiments and AFM, SEM, and XRD measurements
solvent washing with three different temperatures of toluene) are required to comment precisely. Yet, cold washing is thought to be a good prospect for improving cell
- [6,6]-phenyl-C61-butyric acid methyl ester (PCBM) organic electron transport layers. (spin-coated 20 efficiency and the mechanism behind that should be examined.
mg/ml in chlorobenzene)
* Bathocuproine (BCP) hole-blocking layers. (spin-coated 0.5 mg/ml in ethanol) REFERENCES
* Ag metal contacts. (thermally evaporated ~ 100 nm, masked with an area of 1 cm2) [1] https://www.energy.gov/eere/solar/perovskite-solar-cells [3] https://www.ossila.com/pages/perovskites-and-perovskite-solar-cells-an-
introduction[4]https://www.chemistryworld.com/news/first-building-integrated-deployment-shows-perovskite-solars-growing-maturity/3009953.article [5] 5. Zhu, Weidong, et al.
. . . . . . . o . "Microstructure engineering of metal-halide perovskite films for efficient solar cells." Emerging Solar Energy Materials. IntechOpen, 2018. [6]. Kajal, Priyanka, Kunal Ghosh, and
EXCEpt for Ag evaporatlon, all fabrication steps were carried out in ambient air under >55% RH and 17-20°C environment Satvasheel Powar. "Manufacturing techniques of perovskite solar cells." Applications of Solar Energy (2018): 341-364. [10] Moeini Alishah, Hamed, et al. "Effect of bathocuproine
temperatu re. concentration on the photovoltaic performance of NiOx-based perovskite solar cells." Journal of the Mexican Chemical Society 65.2 (2021): 149-160.
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Enerji Depolama Sistemlerine Yonelik Katkili Nikel Ferrit Nanoparcaciklarin Sentezi ve Dielektrik Ozelliklerinin Gelistirilmesi
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OZET

Gunumuzde giderek artan enerji tiketimine ¢oziim getirmek amaciyla, daha verimli enerji depolama aygitlarinin gelistiriimesi bilimsel calismalarda éncelikli alanlar arasinda yer almaktadir. Bu baglamda, yeni ve verimli enerji
depolama sistemlerinin tasarlanmasi icin 6ncelikle malzemelerin elektriksel 6zelliklerinin arastirilmasina ve gelistiriimesine ihtiya¢c duyulmaktadir. Bu calismada, pil, stiperkapasitor gibi enerji depolama sistemlerine yonelik
cihazlarda kullanimlari bakimindan avantajli olan yuksek enerji depolama yetenegine sahip farkh oranlarda bakir katkili nikel ferrit nano parcaciklar ortak coktirme yontemi ile sentezlendi. Hazirlanan 6rneklerin fiziksel ve
kimyasal yapilarinin incelenmesinde Fourier Transform Infrared (FTIR) Spektroskopisi, Alan Emisyonlu Taramali Elektron Mikroskobu (FE-SEM), X-Isini Kirinim Yontemi (XRD); Dielektrik ozelliklerin tayini icin Empedans Spektroskopi
teknigi kullanildi. Farkl oranlarda katkilandirilmis Nikel Ferrit Nanoparcaciklarin (CuxNil-xFe204) frekansa bagh kompleks dielektrik ve alternatif akim (ac) iletkenlik mekanizmalari incelendi.

GIRIS
Ferrit nanoparcaciklar dikkat ceken optik, manyetik ve elektriksel 6zellikleri nedeniyle kapsamli bir sekilde
arastinldigindan fonksiyonel malzemeler arasinda onemli bir yere sahiptir. Elverisli 6zellikleri nedeniyle
sensorler, yuksek frekansli cihazlar, enerji depolama sistemleri, tibbi cihazlar, veri depolama sistemleri basta
olmak lzere cesitli alanlarda potansiyel uygulamalari bulmaktadir.
Spinel ferritler (MFe,0,) yapisindadir ve M metal elementini temsil etmektedir. Bilesikte M: Kobalt, Magnezyum,
Demir, Bakir, Nikel, Cinko olabilir [1]. Spinel ferritler, nano 6lcekte siper paramanyetizma, degisim sapmasi, spin
egilimi, ve T-T ve O-0 intra alt tabaka stiperdegisim etkilesmeleri bakimindan genellikle blyuk 6lceklerde elde
edilmesi zor olan birka¢ olay sergilerler. Spinel ferritlerin dielektrik ve manyetik ozellikleri kristal boyutlari
tarafindan kontrol edilir. Bu nedenle nanoparcaciklarin sentez asamasinda parcacik boyutu, sinterleme sicakligi,
katkilama orani, bilesenlerin kimyasal orani gibi parametreler, ferritlerin 6zellikleri Gzerinde etkili olmalari
bakimindan 6nem tasir. Kristal yapisina bagli olarak spinel ferritler normal spinel, ters spinel ve karmasik spinel
olarak uge ayrilirlar. Malzemenin kristal yapisinda M metalinin MFe, katyon yapisindaki dagilimi etkili rol
oynamaktadir.
Spin ferritler arasinda nikel ferrit nanoparcaciklar, ilimli etkili anizotropisi, karsilastirilmali distik koersivitesi,
yuksek doygunluk manyetizasyonu ve oda sicakliginda yari iletken davranisi nedeni ile 6nem kazanmislardir [2].
Nikel ferrit nanoparcaciklar, elverisli dielektrik 6zellikleri nedeniyle basta enerji depolama sistemleri olmak Gzere
bircok potansiyel kullanim alanina sahiptir. Diger taraftan, uygun metaller ile katkilama yapilarak bu
malzemelerin manyetik, dielektrik ve manyetostriktif ozelliklerinin modifikasyonu mumkin olmaktadir. Bu
durum katki metalinin yapisina ve spinel yapidaki katyon yonelimine bagli olarak belirlenmektedir.
Bu projede enerji depolama sistemlerinde kullanilabilicek, yiksek dielektrik o6zelliklere sahip katkili nikel ferrit
nanoparcaciklarin gelistirilmesi hedeflenmistir. Calismamizda, bakir atomlari katki metali olarak kullanilarak,
nikel ferrit nanoparcaciklarin bakir oranina bagli olarak yapisal ve dielektrik 6zelliklerinin degisimi incelenmistir.

MALZEME ve METODLAR

Cu,Ni, ,Fe,O, Ferrit Nanoparcaciklarin Sentezlenmesi:

CuxNil-xFe204 ferrit nano-parcaciklar, farklh substitlisyon oranlarinda (x = 0.0, 0.2, 0.4, 0.6 ,0.8 ve 1.0) ortak
coktlirme (co-precipition) yontemiyle sentezlendi.

- amonyak

Cu(NO3)2 6H20 " [eKlendi
Ni(NO3)2 6H20 —’ *

Fe(SO4) 7H20 '

\ pelet

halindeki numuneler manyetik
Nnumuneler karistiricida karnistirilir, oda
hazir sicakliginda sogumaya

birakarak distile su ve etanol ile
yikanir.

o 4—|

900°C'de 6 saat
tavliandi

Bir gece
kurutulan
numuneler
havanda
dov uliir

Toz haldeki numuneler pelet
haline getirilir

Empedans Analizér Olciimleri:

Dielektrik/Empedans olclimleri, Novocontrol Technologies Alpha-AN analizori ile oda sicakliginda 10 Hz—10 MHz
frekans araliginda alindi.

Sekil 1. Nanopargaciklarin FE-SEM gériintiileri sirasiyla, x=0 (NiFe,0,), x=0.2 , x=0.4, x=1.0 (Cu Fe,O,)
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Nikel ferritlerin FESEM goruntileri, parcaciklarin nanometre mertebesinde, yaklasik olarak ayni boyutta ve kiresel sekilli
oldugunu gostermektedir. Bakir atomlarinin artarak nikel ile yerdegistirmesiyle tanecik boyutlarinin ve tanecikler arasi
bosluklarin arttigi goruldu.

Nikel ferritlerin XRD analizi, kubik spinel ferrite ait karakteristik pik desenlerini sergilemektedir. Ni, ,Cu,Fe,0, serisinde x = 0.6
kadar orneklerin kirinim desenleri yine tek fazli saf spinel yapiyi dogrulamaktadir. Bununla birlikte, x =0.8 ve x=1.0
orneklerinde belirlenen ek pikler Cu-Fe safsizlik fazina atfedilmektedir. Bu durum, NiFe,O, kristal érgusiinde oktahedral
bolgedeki daha kiicik Ni2* (0,69 A) katyon iyonlarinin daha biyik Cu?* (0,73 A) katyonlar ile yerdegistirmesinden
kaynaklanmaktadir. Buna gore, bakir icerigi arttikca deneyde kullanilan sinterleme sicakhiginin kararli fazlar tGzerinde etkisinin
yeterli olmadigi gorilmektedir [3].

Orneklerin FTIR desenlerinde 600-400 cm™ aralifindaki karakteristik pikler sirasiyla kristal yapinin tetrahedral ve oktahedral
bolgelerindeki Metal-Oksijen titresim baglarina karsilik gelmektedir. Bu durum tim o6rneklerin spinel ferrit yapida oldugunu
dogrulamaktadir. Tetrahedral mod titresimleri, oktahedral titresim modundan daha ylksektir. Bu durum tetrahedral kafes M-
O bag uzunluklarinin oktahedral kafes bag uzunlarindan daha kisa olmasi ile agiklanmaktadir. Bakir orani arttik¢a, tetrahedral
bag titresim piki 612 den 581 cm™* dogru, oktahedral bag titresim piki 425 den 421 cm™ dogru kayma vermektedir.
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Sekil 2. Nanoparc¢aciklarin FT-IR ve XRD desenleri

KOMPLEKS DIELEKTRIK ve ILETKENLIK FONKSIYONLARININ ANALIzi
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Sekil 3. Nanopargaciklarin dielektrik sabiti (€’) ve dielektrik kayip faktorii (€”) frekansa bagl degisimi

Tdm orneklerin dielektrik sabitinin ve dielektrik kayip faktorinun dusitk frekanslarda artan frekansa bagh olarak hizla
azaldigi; yuksek frekanslarda ise bu degisim oraninin azalarak yaklasik frekanstan bagimsiz bir davranis gosterdigi
belirlendi. Bu dielektrik davranis ferritlerin yapisindaki tanecik ve tanecik sinirlarinin etkin rol oynamasina bagli olarak
degisen bir mekanizmanin varligini gostermektedir ve literatur ile uyumludur [3]. Bu mekanizma, Koop’s teorisiyle
uyumlu olan Maxwell-Wagner ara yuzey tipi kutuplanma ile aciklanabilir [4].

e Tim orneklerde iletkenligin  frekansa  bagli
degisiminin Jonscher’s power ilkesi ile uyumlu olarak,
dusuk frekans bolgesinde frekanstan bagimsiz;
yiksek frekans bolgesinde ise frekansla ylksek
degisim gosteren iki bolgeden meydana geldigi
goruldi. Bu durum, yuksek frekanslarda artan yuk
mobilitesine bagli olarak iletkenligin artmasi ile
aciklanabilir.

e Diger taraftan Ni-iyonlarinin Cu-iyonlariyla

yerdegistirmesinin  nano  boyutlu  taneciklerin

topaklanmasini arttirdigi sonucuna varabiliriz. Nikel
atomlari oktahedral bolgede bulunurken, bakir
atomlarinin  her iki bolgede katyon dagilimi
gostermesi, dielektrik davranisi ve iletkenligi 6nemli

Olctde etkilemektedir.

Bununla birlikte, ylizey polarizasyonunun ve dc

iletkenliginin degisimi, Cu2+ iyonlarinin artmasiyla,
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Sekil 4. Nanopargaciklarin AC iletkenliginin frekansa bagli degisimi  ®

x € (f=10Hz) €"(f=10Hz) € (f=100Hz) €" (f=100Hz) Sqc (S/cm) .. .
0  197E+02  4.17E+03  8.43E+01  4.13E+02 2.32E-08 Fe2+ yUk tastyicilarini lokalize eden Cu2+ ve Fe2+
02  187E+03  147E+04  2.86E+02 1.70E+03 8.22E-08 iyonlari arasinda kararli elektrik baglarinin olusmasi
04 181E+02  2.00E+03  7.20E+01  2.15E+02 1.12€-08 ) . : -
0.6 5.94E+02  3.95E+03  151E+02  4.52E+02 2.22E-08 ve boylece direncin artmasiyla da agiklanabilir.
0.8  4.74E+02  3.13E+03  1.06E+02  3.52E+02 1.76E-08
1 6.08E+02  221E+03  1.79E+02  3.01E+02 1.27E-08
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