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Koc School’s

Academic
Marathon”

"Academic Marathon" is a new initiative that
discovers students' potential through an
immersing and challenging event. Academic
Marathon is not only about the championship
but also about extending students' limits in
academic learning and exploring their own
potentials.

The Academic Marathon International Final for
the year of 2020 was concluded on January
31st, 2021 online. Competitors won both
individual and team awards at the AM 2020.
This year, 26 different countries participated in
the online competition with 601 competitors in
17 different subjects.

The whole competition was conducted online.
The competitors took the material-based
objective test for the final round in two hours
(specially formatted for online) on January 31st
to answer the 100 multiple-choice questions,
which test their abilities to learn and
understand new knowledge of advanced
academic theories. Through the tests, students
showed their comprehending and learning
abilities as well as harvest new knowledge
through the event itself.

Team Awards

- 1st place in Chemithon
- 1st place in Psychothon

Individual Awards

- 2nd place in Chemiton - Yalgin Tur

- 4th place in Chemiton - Kerem Dilmen

- 6th place in Chemiton - Cansu Ozdemir
- 7th place in Chemiton - Azra Naz Akinci
- 10th place in Chemiton - Elis Aksu

- 10th place in Chemiton - Emir Bay

- 15th place in Chemiton - Yagmur Yetkin

- 3rd place in Biothon - Mine Metin
- 6th place in Biothon - Asli Tavasl

- 3rd place in Physithon - Asya Ulger

- 7th place in Physithon - Zeynep Karahasan
- Oth place in Physithon - Asli Cihangir

- 12th place in Physithon - Mehmet Efe Cig
+ 12th place in Physithon - Seniz Ayca Firtina
- 20th place in Physithon - Beste Baban

- 1st place in Psychothon - Defne Ece Yavuz
- 1st place in Psychothon - Mina Bengi Aral
- 4th place in Psychothon - Duru Kaya

- 11th place in Psychothon - Su Yesildere

- 13th place in Psychothon - Sila Sozeri

Source:
Marathon descriptions are taken from Academic Marathon’s own
sources https://mainbucket.learningfirst.cn/am/AM%20Results.pdf
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Covid-19 Hakkinda
Dogru Bilinen
Yanliglar

Yanhs: Evcil hayvanlardan koronavirls bulasir.

Dogru: Evcil hayvanlarimizin ya da sokak
hayvanlarinin insandan insana bulagsma
kabiliyetini kazanmis bu koronavirlsu
bulastirmada herhangi bir roli yoktur.

Yanhs: Cocuklar hasta olmazlar.

Dogru: Cocuklar da Covid 19 gecirebilir.
Ustelik semptomlari bulunmayan ¢ocuklar
tastyici olup hastaligi yetiskinlere de tasiyabilir.

Yanhs: Ek vitamin kullanimi Covid 19'a karsi
korur.

Dogru: Vitamin ilaglarinin, cesitli besin
takviyelerinin ve bitkisel Grtnlerin immun
sistemi kuvvetlendirdigi bilgisi tamamen
yanhstir. Normal fizyolojik durumumuzda bu
sistem tam dengede durur, hi¢bir ilag veya
maddenin bagisiklik kuvvetlendirici etkisi
yoktur.

Yanhs: Kullanilan maskeler mikrodalga
firnlarda dezenfekte edebilir.

Dogru: N95 maskeler icinde metal pargalar

zarar gorebilir. Bazi kumas maskeler yikanabilir.

Yikanamiyorsa dezenfekte edilerek glines
goren temiz bir yerde birkag giin
havalandirarak tekrar kullanilabilir.

Yanhig: Sebze ve meyveler sabunlu suyla
ytkanmali.

Dogru: Yiyeceklerle koronavirls bulagsmaz
clinkl midemizdeki asit korona virtsin
6lmesine yol acar. Dolayisiyla sebze ve
meyveleri bu sekilde temizlenmesi cok fazla
onerilmiyor. Sadece suyla surterek yikamak
yeterlidir.

Yanhsg:Antikor testi pozitif olan bir kisi
enfeksiyon gecirdigi icin bir daha gegirmez.

Dogru: Antikor testinin pozitif olmasi sadece
hastaligi gecirmis oldugumuzu gosterir. Ancak
yeniden hasta olmaktan korudugunu gdsteren
yeterli bir kanit henliz bulunmamaktadir.

Yanhs: Acik alanda sadece ben maske taksam
cevremdekiler takmasa da olur.

Dogru: Fiziksel mesafeye dikkat
edilmediginde ve karsilikli iki kisiden birinin
maske takmamasi durumunda bulasma olasihigi
ylzde 5 iken, her iki kisinin maske takmasi ve
fiziksel mesafeye uymasi durumunda bulas riski
olmayacaktir. Virisiin damlacik yoluyla ve yakin
temasla bulastigi gerceginden yola ¢ikarak her
bireyin maske kullanmasi ve fiziksel mesafeye
dikkat etmesi ve uyum gostermesi bulagin
yayihiminin 6nline gececektir.

Yanhs: Sarimsakli su, alkol, tuzlu su, cesitli
antiseptik gargaralar gibi sivilarin bogaz ya da
burun mukozasina uygulanmasi koruyucudur.

Dogru: Kesinlikle koruyucu degildir. Bu
uygulamalar, mukoza bitinliguni bozarak
virtslerin bu bolgelerdeki hiicrelere
tutunmasini kolaylastirabilir.

Yanhs: Sicak uygulama, sauna, nem ya da
soguk uygulama virUsleri yok eder.

Dogru: Virlsler 56 derecede 6lir ama bu
sicakhkta kendi hiicrelerimizin icindeki
proteinler de denatire olarak hicrelerimizin
olimune yol acar.

Yanhs: Virtslerin canli olarak kalabilmesi icin
mutlaka canli hiicrelere ihtiyac yoktur.

Dogru: ihtiyaclari vardir. Kargo yolu ile veya

uzaktan satin alinan cesitli Grinlerle bulagsma
olasiligi ¢ok zayif, hatta olanaksizdir.

Naz Yoruk
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Covid-19 viriisiinde etkili asilar
4 ana kategoriye ayrilmaktadir:

* RNA temelli asilarda virlisiin tamami yerine,
genetik bilgisini tastyan RNA zincirinden kritik
bir kisim, "spike proteini” viicuda enjekte
ediliyor.

e VViral vektor asilarinda da yine gen teknolojisi
kullanilarak, virGsin tasidigi genetik materyalin
bir kismi, baska bir viris icine yerlestiriliyor ve
vicuda enjekte ediliyor.

e Etkisiz hale getirilmis veya zayiflatiimis bir
virs formunu kullanan agilarda, hastaliga
neden olmamakla birlikte yine de bir bagisiklik
tepkisi olusturan zayiflatilmis virtsler viicuda
enjekte ediliyor.

* Protein parcalarini ve kabuklarini kullanan
asilar da hem Covid-19 virtslnd taklit eden
hem de glvenli bir sekilde bagisiklik tepkisi
olusturacak genelleikle modifiye proteinleri
insana enjekte ediyor.

Moderna ve
Pfizer Asilari:

Rna temelli agilar
Pfizer-BioNTech ve
Moderna asisi virtsin
“spike proteini”
olusturmak icin genetik
talimatina dayaniyor.
Asl, hiicrelerimizin
protein yapmak icin
okudugu genetik materyal olan haberci RNA'yi
kullanir. Kisaca mRNA olarak adlandirilan
molekil kirilgandir ve dogrudan viicuda
enjekte edilirse dogal

enzimlerimiz tarafindan parcalara ayrilir. Agiy
korumak icin Moderna, mRNA'yi lipit
nanopartikillerinden olusan yagli kabarciklara
sarar. Kliniklerde gerceklestirilen deneylere
gore Moderna %94.1, Pfizer %95 oraninda etki
gostermistir.

Johnson & Johnson

Asisi:

Viral vektor asisi
Johnson & Johnson
asisi, Pfizer ve Moderna
asist ile ayni temellere
sahiptir. Ancak,
proteindeki bilgiyi tek
sarmalli RNA'da
depolayan Pfizer ve
Moderna asilarinin aksine, ¢ift sarmalli DNA
kullanir. Ayrica bu asida, koronavirtiste bulunan
“spike proteinini”

Adenovirus 26 adli baska bir virise eklenmistir.
Asida, hiicrelere girebilen ancak iglerinde
cogalamayan veya hastaliga neden olmayan
degistirilmis bir adenovirts kullaniimistir.
Arastirmalara gore Johnson & Johnson asisi
%74 oraninda bir etki gostermistir

Sputnik V ile Oxford Asilar:

Viral vektor asilar

Viral vektor bazli asilar, aslinda antijen
icermemesi, bunun yerine bunlar Gretmek icin
vicudun kendi hiicrelerini kullanmalari
bakimindan geleneksel asilarin cogundan
farkhdir. Bunu, virs ylzeyinde bulunan
COVID-19 “spike proteinini” insan hicrelerinde
antijen Uretilmesi icin genetik kodu iletmek
Uzere degistirilmis bir virls (vektor) kullanarak
yaparlar. Agi, hiicreleri enfekte ederek ve onlara
blyuk miktarlarda antijen tGretmeleri talimatini
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verir, daha sonra bir bagisiklik tepkisini
tetikleyerek, belirli patojenlerle, 6zellikle
virtslerle dogal enfeksiyon sirasinda
olanlari taklit eder. Sputnik V ve Oxford
Astrazeneca asilari da bu yontemi temel
alinarak Uretilmistir ve basari seviyeleri
sirayla %92 ve %70 seklindedir.

CoronaVac Asisi:

Zayiflatilmig viriis asisi

CoronaVac, kuduz gibi bircok iyi

bilinen asida

basariyla kullanilan daha

geleneksel bir agi yontemidir.

Ciddi bir hastalik tepkisi riski

olmadan viicudun bagisiklik

sistemini virise maruz birakmak

icin oldurilmus veya zayiflatiimig

virlsu asl halinde kullanarak calisir.

Ancak, aginin dinyanin farkli

yerlerindeki etki seviyesi degismektedir,
Turkiye'de %91.25 iken Endonezya'da
%65.3 seklindedir. Brezilya'da yapilan
arastirmalar sonucunda ilk olarak asinin etki
seviyesi %78 olarak belirlenmis olsa da 2021
yilinin basindaki bir arastirma bu degerin
aslinda %50,4 oldugunu kanitlamistir.

Novavax Asisi:

Protein bazl asi

Novavax sirketi, NVX-CoV2373 adli protein
bazli bir koronaviris asisi gelistirdi. Novavax
asisl, bagisiklik sistemine “spike proteinlere”
karsi antikorlar yapmayi 6greterek calisir. As,
modifiye edilmis bir “spike” genini bakuloviris
adi verilen farkl bir virise eklendikten sonra
insana enjekte edilmesiyle tamamlanir. Enfekte
hicreler, koronavirls ylzeyinde yaptiklari gibi,
kendiliginden bir araya gelerek sivri uglar
olusturan “spike proteinler” Uretti. Asinin etkisi
%96.6 olarak baslasa da virlisiin mutasyon
gecirmesiyle bu deger %86.3 olarak
degismistir.

Ada Ucar/10

‘ Al

ID-19
SCINE

Kaynakca:

e https://ourworldindata.org/covid-vaccinations

® https://www.nytimes.com/interactive/2020/health/moderna-
covid-19-vaccine.html

® https://www.gavi.org/vaccineswork/what-are-protein-subunit-
vaccines-and-how-could-they-be-used-against-covid-19

® https://www.nytimes.com/interactive/2020/health/johnson-
johnson-covid-19-vaccine.html

® https://www.bbc.com/turkce/haberler-dunya-55092070

® https://www.nytimes.com/interactive/2020/health/novavax-covid
-19-vaccine.html
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Fonksiyonel Tip, hastaligin nasil
ve neden ortaya ciktigini belirler
ve her birey icin hastaligin temel
nedenlerini ele alarak saghg:
iyilestirir.

Hastalik Dedektifleri: Fonksiyonel tip;
optimal sagliga ulastirmayi hedefleyen,
bireysel, hasta merkezli, bilim, temel alan bir
yaklagimdir. Her hastanin yasam tarzi, genetik
ve biyokimyasal bilgileriyle ilgili verileri
dikkatlice toplayarak hastaya 6zel tedavi plani

el Bl &y Ganafl Yatkinh o s

yapar. Amac hastanin sikayetlerine sebep olan
kok nedene ulasarak hastaligi tedavi etmektir.
Fonksiyonel tip, glinimizde on planda olan
geleneksel tibbin gelecegidir. Viicudu,
sistemlere ayirip bagimsiz organlar toplulugu
olarak degil, bir bitlin olarak gorur. Hasta
merkezli olarak kurulmus bir dal olsa da

hastalarin sikayetleri tedavide asil amag
degildir.

Hedeflenen ¢6ziim, hastanin sikayetini
kaynaklandiran tim sistemi tedavi etmek ve bu
vesileyle de gelecekte bu sikayetin ya da
benzerlerinin yeniden dogmasini dnlemektir.
Yani yalnizca semptomlari tedavi etmek yerine,
sorunun kaynagina odaklanir. Fonksiyonel tip
uzmani vicudun kendini iyilestirme glcini
aciga cikarmak icin gereken yol haritasini
cizmek, gelecek destegi planlamak ve
yonetmeyi hedeflemektedir.

Tedavi yontemlerine ornekler:
Akupunktur:

Akupunktur, ilag kullanimi gerekmeksizin,
vicudun belirli bolgelerine 6zel ignelerin
uygulanmasiyla organlarin fonksiyonlarini
dizenlemede kullanilan bir fonksiyonel tip
uygulamasidir.

Ozonterapi:

Ozon terapisi U¢ adet oksijenden olusan ozon
gazinin kullanimi ile hayata gecirilen bir tedavi
yontemidir. bagisikli sistemini reglle ettigi,
viicudun oksijen kapasitesini arttirdigi ve
dolasim sistemini destekledigi icin diyabet,
dolasim bozukluklari ve nérovejetatif hastalar
tarafindan kullanilabilir

Otoimmiin hastaliklara farkh
yaklagimlar:

Guntmuzde geleneksel tip otoimiin
hastaliklarin sebebine bir cevap bulamamistir
ancak fonksiyonel tip bu probleme farkl bir
bakis agisi ile baktigindan belirli sebepler
sunulabilmektedir. One surllen birkag sebep:
sizdiran veya gecirgen bagirsak, kronik stres ve
enfeksiyonlar, toksinlere maruz kalip detoksine
edememe ve besin hassasiyeti seklindedir.

Bagirsak gecirgenliginin aciklamasi:

Ince bagirsagimiz bag, kas ve epitel doku
olarak t¢ farkl katmandan olugsmaktadir. Cesitli
nedenlerle ve uzun zamanda bagirsaklarimizin
bu yapisinda bozukluklar olusabilmektedir. Bu
bozukluklar, bagirsaklarimizin besinleri dogru
sekilde emilimini engellemekte, sindirimi
tamamlanmamis besinlerin, toksik atiklarin ve
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bakterilerin bagirsak duvarini gecerek damara
ulagsmasina neden olmaktadir. Bunun
sonucunda, bagisiklik sistemimiz yabanci
olarak tanimladigi bu maddelere karsi
mucadeleye baslayarak, tim vicudumuzda
kalici inflamasyona sebep olur. Baska bir
anlatimla, viicuda giren ve damarda olmamasi
gereken, aslinda zararli olmayan besin parcalari
olsa bile, her turli yabanci maddelerle
otomatik olarak micadele baslatilir.

Fonksiyonel tip bakis acisiyla, bu sorunun besin
alerjileri, migren, astim, kronik

yorgunluk, artrit, egzama gibi ¢ok

cesitli hastaliklara neden

olabilecedi distinilmektedir. Bazi ii

durumlarda viicudun kendi
hicrelerine saldirmasi ile
sonuglanan bu durum (tiroid
hastaliklari), giderek kotilesen bir
sureci baglatabilmektedir.
Bagisiklik sistemini stirekli baski X &
altinda ve bir bakima kendi el o
hicreleri ile savas halinde oldugu =gy
icin de, pek cok hastalikta = B
bagisiklik sistemini baskilayan S/
ilaglar kullanilmasi gerekmektedir. _j,.
Fonksiyonel tip bakis acisi, temel

sorun olarak buldugu aksakhg

gidererek viicudun kendi dengesine gelmesini
saglamaya calismaktadir ve bu amacla tip
biliminin tim bilgilerini kullanmayi
hedeflemektedir. Temel bakis acisi, olusan
hastaligin semptomlarinin giderilmesi icin ilag
kullanilmasi degil, kok nedene ulasarak
problemin tamamen ortadan kaldirilmasidir.

Beynin viicutla ¢cok
sila bir
baglantisinin
oldugu ve
birbirlerini

derinlemesine

sekillendirdikleri
giiniimiizde biliniyor. Viicut
sistemlerinden birinin basi dertte
ise bu durum beyni de etkiliyor.

Bu yiizden fonksiyonel tip

kullanilarak sistemdeki
bozukluklar gidermenin
viicudumuzla beraber beyne de
yardimci olduguna inaniliyor.

Fonksiyonel Tibbin en iinlii
doktorlarindan olan Dr. Mark
Hyman, Fonksiyonel Tip
doktorunun yaptiklarini su
sekilde dzetler:

“Yaptigim sey ashinda
cok basittir. llk adim
kotii seyleri disar
_ atmaktir. Dengesizlige
. neden olan seyler, besin
i« ° * degeri fakir ve islenmis
© *  gudalar, toksinler,
alerjenler, enfeksiyon ve

’ stres. Sizi rahatsiz eden
e = seyleri ortadan
o kaldirmaktir. Ayaginiza
& 10 adet civi batmissa,

birini cikarip bir aspirin

cakap, kendinizi iyi
hissedeceginizi umut
edemezsiniz. Tiim civileri
cikarmaniz gerekmektedir, ve
sadece birini cikartmak sizi daha
iyi yapmaz.”

Ada Ucar /10, Belis Yener / 10

Kaynakga:

¢ https://www.mind.org.uk/information-support/drugs-and-
treatments/complementary-and-alternative-therapies/list-of-compl
ementary-alternative-therapies/

¢ https://www.huffpost.com/entry/healing-autoimmune-conditions
-with-functional-medicine_b_58dd5a6aed4b0fa4c09598738#: ~:text
=Functional%20medicine%20healthcare%20providers%20treats,re
versing%20the%20process%200f%20autoimmunity.
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"y
1 Her giininsan
bedeninden ortalama
kac olii deri hiicresi diigser?
A- 300 milyon
B- 400 milyon \
C- 500 milyon
2 Gokteki en parlak yildizin adi nedir?
A- Sirius
B- Polaris
C- Arcturus
3 Hangi hayvanin kulaklan dizinde bulunur?
A- Kelebek
B- Cekirge
C- Hamam bocegi
4 Miknatis yapiminda hangi nadir

toprak elementi kullanilir?

A- Neodimyum
B- Prometyum
C-  ltriyum

5 Yagmur damlalan yere ortalama
saatte ka¢ km hizinda diiser?

A- 11
B- 44
cC- 77

6 insan viicudunda bulunan bakteri
hiicrelerinin insan hiicrelerine orani
ortalama kactir?

A- 8:1
B- 10:1
C- 121

-

DL

7 Gaz halinde renksiz olan oksijenin sivi
halindeki rengi nedir?

A- beyaz
B- vyesil
C- mavi

8 Isigin Giines'ten Diinya'ya ulagmasi
ortalama ne kadar zaman alir?

A- 8salise
B- 8saniye
C- 8 dakika

9 Gram basi en ¢ok kaloriye sahip olan
makro besin hangisidir?

A-  lipid

B- protein

C- karbonhidrat

10 Sakiz gibi cignenebilen elementin
adi nedir?

A- Toryum
B- Indiyum
C- Molibden

g4'v'D'D'd'v'V’'d 'V D uelyeuy dens)d



A New “$SuerT
SLEEPER”’ GENE

Has BEEN
DiseOVYERED

Sleep is a complicated concept, lots of
branches of science are still trying to discover
this concept. There is a saying that “You should
sleep at least 8 hours” but according to a
research made back in 2009 by neurology
professor Ying-Hui Fu it is discovered that gene
mutation can affect your sleep duration. The
mutation in DEC2 seems to work by releasing
the breaks on orexin production. This gene
controls orexin level, which is the hormone that
maintains wakefulness. Fu said “These are not
people who've trained themselves to wake up
early. They're born this way.” The people who
have this mutation in their gene can fully
function with an average of 6.25 hours.

Koc¢ Science Cope

After 10 years of research, scientists have
discovered a second “short sleep” gene. In this
new study, it is discovered that a family
included three successive generations of
natural short sleepers, none of them having the
DEC2 mutation. Researchers used a technique
called linkage analysis, which is to pinpoint the
exact chromosomal location of the mutation.
They identified a single-letter mutation in a
gene known as ADRB1 which is similar to the
mutation in DEC2, both of the mutations are
linked to natural short sleepers. After research
and experiments, scientists have discovered
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that the protein encoded by the ADRB1 gene
has played a role in a variety of essential
biological processes. Lab-grown cells and mice
had been genetically engineered with an
identical mutation in ADRB1. Then it was found
that the ADRB1 gene was found at a high rate
in the brainstem region responsible for sleep
control. They think that genes with mutation
function differently because it has been seen
that the mutant version is deteriorating quicker
than the non-mutant version.

This hypothesis was confirmed, the researchers
used a technique that involves modifying cells
called "optogenetics” so that they can be
activated by light. When the light is
concentrated on neurons, the pons is alerted
and had ADRB1 expression. It was observed
that when these neurons were triggered, the
mouse woke up instantly. When the mouse was
experiencing non-REM sleep, normally in the
non-REM phase neurons are not normally
activated, it was seen that these neurons
supported wakefulness, and also they have
discovered that the genes with the mutation
were more easily activated than the
non-mutant version.

As a result, it was seen that in the mice that
have a mutation in their ADRB1 gene, the ratio
of wakefulness-promoting to sleep-promoting
neurons really alters than the generation that
has no mutation. After these experiments, the
researchers have found that mutation in ADRB1
helps to make it easier to awaken and stay
awake longer.

Fu said “Today, most people are chronically
sleep-deprived. If you need eight to nine
hours, but only sleep seven, you're

sleep-deprived” These natural short sleepers
do not suffer from any kind of sleep
deprivation or any health issues associated
with sleep deprivation. Short sleepers are more
likely to be more optimistic, more energetic,
and better multitaskers. Also, they have higher
pain tolerance, they do not suffer from jet lag
and researchers have thought that natural short
sleepers may live longer. Fu said, "By studying
them, we hope to learn what makes for a good
night's sleep so that all of us can be better
sleepers leading happier, healthier lives.”

Nida Yalinbas/ 10

Resources:

® https://www.ucsf.edu/news/2018/03/410051/scientists-discover
-how-gene-mutation-reduces-need-sleep

® https://www.ucsf.edu/news/2019/08/415261/after-10-year-search
-scientists-find-second-short-sleep-gene

10 ——
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The NASA Twins Study

s it possible to age faster than your identical
twin? Most people would directly oppose this
idea. After all, how could two people with the
exact same genetic structure age differently?

The NASA Twins Study conducted in March
2015 suggested that this is in fact possible. In
this experiment astronaut, Scott Kelly spent 340
days in space while his identical twin brother,
Mark Kelly, remained on Earth. This study was a
very unique opportunity for NASA. Since
identical twins have a very similar genetic
makeup, they also have very similar physical
appearances. By observing the changes in the
twins’ bodies caused by their surrounding
environments, scientists gained a better

understanding of the effects of long-term
space travel on the human body. (NASA, 2019)

The main goal of this experiment was to
investigate the physical, cognitive and
molecular changes that can happen to an
astronaut’s body after spending time in space.
NASA had 10 teams focusing on 10 different
areas. However, there were 3 main findings
brought to us by this research that has had and
will continue to have a major effect on the
future of science. These 3 areas are telomeres,
immunome (immune system), and gene
expression.

11

Before talking about the first major finding, it's
important to know what telomeres are.
Telomeres are special features found at the
ends of each strand of DNA (also known as
deoxyribonucleic acid; a nucleic acid found in
the cell's chromosomes that contains the cell's
coded genetic instructions). Our chromosomes
are protected by telomeres, just like jump
ropes are protected by plastic handles.

They protect our chromosomes from damage
or fusing with nearby chromosomes.
(Healthline, 2018) Telomere lengths normally
shorten as the person ages. However, they
can also shorten depending on other factors
such as stress, lifestyle changes and
environmental exposure.

One of the most eye-catching revelations of
this experiment was the length of Scott's
telomeres. During his stay in space, Scott's
telomeres appeared to lengthen, presumably
due to his healthy diet and regular exercise.
But once he came back to Earth, his telomeres
shortened and returned to base-line length
merely within hours from his arrival. The
findings are expected to contribute to a better
understanding of the effects of spaceflight on
the aging process, as well as better
countermeasures to protect crew health. They
can also help in minimizing the effects of
disease and ageing on humans on Earth.
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The second finding is about the immune
system or “immunome”. During the
experiment Scott received three flu shots, each
of them one year apart. He got the first one on
Earth, the second in space and the third back
on Earth. The findings showed that Scott's
reaction to the vaccine was appropriate, even
to the one he got in space. This finding is very
significant since it showed that the immune
system reacted properly in space. Meaning that
if a vaccine was ever to be needed in a
long-duration space mission, it would have a
proper effect on the person. These results are
expected to give us a better understanding of
how humans adapt to spaceflight and they may
be useful in the development of new
treatments. (NASA, 2019)

The last major finding is about gene
expression. Gene expression is a fundamental
process of life that connects the information
that is encoded inside the gene to the final
function of the gene product. (ScienceDirect,
2014) The samples that were taken from Scott
before, during and after his stay in space
showed some changes in gene expression.

Although Mark also experienced some
changes in his gene expression, they were
relatively normal and much different than
Scott’s. Upon his return to Earth, 93.1% of these
changes turned back to normal while a small
subset lingered. The damage in his DNA was
associated with exposure to radiation.

These results express the way that the human
body can react to hostile environments like
space and help researchers better understand
how environmental stressors impact gene
function, resulting in a better understanding of
physiological processes in space. Chemical
changes in DNA and RNA caused by
spaceflight can alter the role of genes involved
in biological processes such as metabolism
and immune system functions. This study
compares shifts in DNA and RNA methylation
(the biological process in which methyl groups
are added into RNA/ DNA) in one astronaut
over the course of a one-year space trip to his
twin brother on Earth. The findings are
expected to reveal patterns of gene expression
in astronauts, improvements in their regulation
in space, and other genetic changes brought
on by space travel. An improved understanding
of the effect of stressors on RNA and DNA
methylation can increase the duration of
space-travel for future missions. It could also
be beneficial in the creation of new therapies
and preventative measures for health
conditions on Earth.

The revelations from the Twins Study have
contributed to human health both on Earth and
in space and it will continue to shine a light on
similar studies in the future. It broadened our
understanding of long-term space travel and
opened up new opportunities for astronauts
alike. This study that NASA conducted with
Scott and Mark Kelly was an invaluable first, but
it definitely won't be the last of its kind.

Lal Tiitiinciioglu / 9
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Yasamin Kodunu Yeniden Yazma

1) Genetik Makas CRISPR-Cas?

DNA'mizda yani butin bilgilerimizi barindiran
molekilde degisiklik yapilabildigini distndn.
Genetik hastaliklar tedavi etme imkani

saglayabilecegi gibi yenilik¢i kanser
tedavilerine de katkisi olurdu. Emmanuelle
Charpentier ve Jennifer Doudna’nin
gelistirdigi, 2020 Kimya Nobel Oduli'nd alan
“genetik makas” bu hayali gercege
donustiriyor. Yasayan hicrelerin DNA'sinda
belirli ve hassas degisiklikler yapmaya izin
veren bu arag, 6nceden belirlenmis bir
bolgedeki herhangi bir DNA molekilind
kesebilecek sekilde kontrol edilebiliyor.
Simdiden kalitsal g6z hastaliklari ve orak hiicre
anemisi, beta talasemi gibi kan hastaliklarinin
tedavisinde CRISPR/Cas9 kullanmak icin klinik
denemeler yapiliyor. Bunlarin yaninda bitki
genomlarinda degisiklik yapma imkani
sundugundan kif, hasere ve kurakhiga dayanikli
Urtnlerin de gelistirilmesini sagladi. Ancak bu
bulusun farkli amaglar icin de kullanilabilecek
olmasi, 6rnegin genetik olarak degistirilmis
embriyo olusturmak, etik agidan kaygilara yol
aciyor. Kesin olan ise bu bulusun herkesi
etkileyecek olmasi.

https://www.nobelprize.org/prizes/chemistry/2020/press-release/
https://www.bbc.com/turkce/haberler-dunya-54447208

2) Al ile kanser hiicrelerinin
tanimlanmasi

Sagliklr hiicre ile kanser hiicresi mikroskopta
benzer gozikebildiginden ayirt etmek her
zaman kolay degildir. Ancak
hicrelerin icindeki pH seviyesi ayirt
edici bir ozelliktir. Kanser hiicrelerinin
pH seviyesi genellikle saglikh
hiicrelerden daha fazla olmaktadir.
Bu 6zelligi kullanan arastirmacilar
hicrenin asitlik seviyesini analiz
ederek kanser olup olmadigini
belirleyen bir teknik gelistirdi. Yapay
zeka kullanilarak %95'in Gzerinde
dogruluk orani olan bu test, yaklasik
yarim saatte tamamlaniyor. Yontem,
pH'a duyarli bir boya olan bromtimol
mavisinin canli hiicrelere
uygulanmasina dayaniyor. Her hiicre
boyaya farkli tepki verdiginden yapay
zeka tabanli bir algoritmayi
kullanarak hiicre 6zellikleri ¢ikarilip analiz
edilebiliyor. Tim bunlar hiicreleri canli tutarken
gerceklestirilebiliyor.

https://www.news-medical.net/news/20210317/Al-based-techniqu
e-determines-cancer-cells-by-their-acidity.aspx

3) Havadan icme suyuna:
Skysource Wedew

Kiresel isinmadan ve cevre kirliliginden su her
zamankinden daha degerli olmus durumda.
Diinyada yaklasik 1
milyar insan su
kithgr cekmekte. Bu
soruna ¢ozdm igin
gelistirilen makine,
etraftaki sicak
havayi toplayip
bunu sogutma
tankinda sogutarak ‘
yogusma islemini gerceklestiriyor. Islem sonrasi
toplanan hava suya dénerken cesitli filtrelerden
gecerek icilebilir hale getiriliyor. Biyokutle
enerjisiyle calisan makine; cevredeki odunlari,
hindistan cevizi kabuklarini ve diger organik
atiklari enerji kaynagi olarak kullaniyor.
Cevrede organik atik bulunmuyorsa glines

13
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panelleri ve yerlesik bir batarya ile de
calisabiliyor. Wedew ile hava durumuna bagl
olarak gtinde 113 litre ile bin 135 litre arasinda
su Uretmek mimkin oluyor.

https://www.skysource.org/

4) Yeni nesil giines enerjisi
panelleri
Surdurulebilir
enerji
kaynaklarinin
onemi her glin
artiyor. Glnes
panelleri de en
yaygin
yontemler
arasinda. Bu
nedenle yeni
uretilen sekizgen seklinde aynali giines
panelleri, yilin en iyi buluslarindan. Bulusu
yapan firmanin kurucusu, yeni teknolojilerini
soyle ozetliyor: "Sekizgen seklindeki panellerin
Gzerinde icerisinde 100 bin adet motorlu ve
bilgisayar kontrolli ayna bulunuyor. Bu aynalar
glnes 1s1gini yaklasik 40 metre yikseklikteki bir
kulenin tepesinde bulunan dev blyutece
yonlendiriyor. Bu kulede, onlarca gliines
panelinden yansiyan isinlar yogunlasiyor ve
yaklasik 2000 fahrenhayt (34.44 bin derece) isi
elde ediliyor." ‘

j

https://www.solarpaces.org/ oheat—%ommercializes—the—dlr—1 000

c-solar-receiver-centrec

5) Viicut 1sisindan elektrik
lireten yiiziik

% am 18 mm

Ydziklerin Efendisi'nden ¢cikmisa benzeyen bu
ylUzuk, viicut 1sisi ve ortamdaki havanin isi
farkini kullanan termoelektrik jeneratéorler
sayesinde elektrik elde edebiliyor. Her
santimetrakaresi yaklasik 1 volt enerji Greten
cihaz, hasar goérdiginde kendini de
onarabiliyor. Bu 6zelligi, yapisindaki gimus
nanoparcaciklara katilan polimin adi verilen
ozel bir polimer sayesinde oluyor. Polimin,
yirtildiginda kendini diizeltebiliyor. Cihazin tim
parcalarinin geri donusturdlebilir olmasi da
baska bir glizel 6zelligi. Vicudu bataryaya
donustiren yuzik, dijital saatlere glic vermeye
yetecek kadar enerji Uretiyor.

https://advances.sciencemag.org/content/7/7/eal:?%§86
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FOTOGRAF KARIKATUR SERGISI
Gectigimiz yil siirecinde global pandemi dolayisiyla §
herkes evlere kapanmak zorunda kaldi ve
normallesme sireci kapsaminda disar ¢ikabilmenin
insanlar icin ne kadar da 6nemli oldugu anlasiimis
oldu. Maske gibi gereklilikler pandeminin semboli
haline geldi ve hayatimizin biiyiik bir parcasi oldu.

Bu zorlu dénemde sosyal hayat da olumsuz
etkilendi ve normal kavraminin tanimi degisti.

Biitiin bu olaylarin etkisi altinda herkesin kreatif
disa donimleri oldu. Bundan hareketle, derginin
bu bélimiinde yer verdigimiz “Life in Pandemic”
adli fotograf ve karikatir sergisinde okulumuzdaki
sanatseverlerin calismalarini bir araya

getirmis olduk.

Naz Yorik / 11
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CHEMISTRY CLUB

The main purposes of the Chemistry Club are
to learn the chemistry behind show
experiments and to teach others. We believe
experiments are one of the biggest reasons
people’s interest in science. Therefore, we aim
to encourage people to enjoy science through
these show experiments. In the 2019-2020
academic year, we conducted the Elephant
Toothpaste Experiment, the Blue Bottle
Experiment, the Pharaoh’s Serpent Experiment,
the Burning Money Experiment, and many
more. Furthermore, we designed posters
explaining the chemistry and mechanism
behind the experiments.

At the same time, we prepared posters and
informative articles about significant days for
the chemistry world, such as the Mole Day, and
shared them with our school. In the 2019-2020
academic year, we were planning to carry out
these demonstration experiments in the
pyramid of our school and share the scientific

explanations of the experiment with our
friends, but we had to postpone this event due
to the pandemic.

We want to bring this idea to life when
face-to-face activities restart. When face-to-face
meetings were canceled in the 2020-2021
academic year due to pandemic conditions, we
decided to create a website called Oganesson
in order to adapt to the changing conditions.
We shared the videos of the demonstration
part of the experiments that we carried out on
this site, the materials, the procedure, and the
scientific explanation of the experiments. Our
aim is to inform a wider audience by explaining
and visually demonstrating these experiments.

[=] iy (=]

Derin Ak /12

18



Koc¢ Science Cope

EHKENI RN

Have you ever wondered how we can today tell
whether a painting was really painted by an
artist; Picasso, for instance, is thought to have
painted an estimate of 13.500 paintings in his
lifetime. Can that really be possible? Or are
there multiple Picassos?

As science has progressed over the years,
chemists have developed techniques that can
help identify if a painting is a fake or an
original. Although even these modern-day
techniques cannot tell if a painting was, for a
100% certainty, painted by someone in
particular, it can follow the traces of clues to
draw a strong conclusion.

There are three versions of the painting titled
“Bedroom in Arles” by the infamous painter
Van Gogh; one of the paintings is in the Van
Gogh Museum in Amsterdam, one is in the Art
Institute of Chicago, and the last one is in
Musée d'Orsay in Paris. Interestingly, from the
letters that he wrote to his brother Leo, it was
understood that Van Gogh himself painted all
three. Even though there was no forgery
mystery about these paintings, many people
before have tried, (and failed) to take
advantage of an artist who has a unique style.
Forgeries of pieces are oftentimes of those
who can be distinguished to be correspondent
to the style of a well- known artist.

One example of these types of forgeries is the
Otto Wacker case. Not with the previously
mentioned paintings, but with others, a
German art dealer named Otto Wacker
became famous for selling and commissioning
the paintings of Van Gogh. With his forgeries,
he even managed to convince the greatest Van
Gogh experts that the paintings he was selling
were genuine and the experts even supplied
certificates of authenticity to document that. He
had claimed that a Russian had bought the
paintings, transferred them to Switzerland
illegally, and commissioned an illegal agent to
sell them. The experts believed the need for
the initial buyer in Russa’s wish to remain
anonymous given the fact that he would have
been living in the Soviet Union at the time.
Some respectful galleries bought these
paintings, believing the story that Wacker
made up. Even after Wacker's fraud was

discovered, experts couldn’t actually
distinguish the fake ones from the originals.
Controversy was resolved when two siblings
named Monica and Michael Jong inherited one
of these paintings in question. In the year 2000,
they took this painting to a Canadian scientist
named Marie-Claude Corbeil, and she used a
technique called as the X-ray technique on the
canvas and the mystery was once and for all
solved... it was a fake!

The X-rays are a form of electromagnetic
radiation that is invisible to our eyes. Just as
doctors use the X-rays, when focused on a
canvas it could determine the structure of the
canvas beneath the paint. The lighter areas of
the X-ray image indicate where the X-ray was
absorbed and the dark areas are where it
passes through. The bones in our body absorb
the X-rays, thus appearing white. The case with
the canvas is no different. The canvas is
composed of threads that are perpendicular to
each other. The scientist Marie-Claude saw
exactly that when she X-rayed the painting in
question: an ordinary canvas. Though from the
letters that Van Gogh sent his brother, it was
discovered that Van Gogh, in reality, used what
is called an “asymmetrical canvas”. A canvas,
which contains a different number of horizontal
and vertical threads. So, in conclusion, the X-ray
method unfortunately proved that the painting
that Monica and Michael Jong owned couldn’t
have been an original Van Gogh.

Another very famous fraud case is the Pollock
Case. After Jackson Pollock, an expressionist
artist from the United States in the 50's passed
away, many paintings that were claimed to be
his surfaced. He was even named as one of the
most faked artists ever in history. Especially,
when the Upper East Side gallery Knoedler &
Co. was accused of selling over
80-million-dollar worth of fake Abstract
Expressionist paintings, the case became one
of the biggest scandals in the history of the art
market. Alex Matter found 32 paintings that
were claimed to be the works of Jackson
Pollock. He got help from an expert named
James Martin in order to establish the
authenticity of the paintings. Carefully, by using
a surgeon'’s scalpel Martin removed paint chips
that were as thin as a strand of hair. With the
samples he obtained from the paintings, he
utilized a technique called Fourier Transform
Infrared, FTIR in short.

SRDASS Y NI RGNS
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The radiation used in the FTIR technique is
infrared light, and when infrared light is
absorbed by compounds they vibrate. With the
amount of this vibration, by the FTIR method,
which bonds are present in the compound can
be determined. The FTIR spectrum is recorded
between the electromagnetic radiation range
of 400-4000cm-1. When it is passed through a
sample, a printout of the spectrum which
shows the frequencies that were absorbed is
created. The troughs in the printout represent
wavenumbers at which radiation is absorbed.
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The segment of the spectrum below 1500 cm-1
is called the ‘fingerprint region’ and it is
characteristic of the molecule as a whole. The
fingerprint region, as its name also suggests, is
unique for all compounds, so the comparison
of this region with infrared spectra in databases
can be used to identify unknown molecules.

Martin solved this mystery by comparing the
fingerprint region. When he compared the
spectra of samples from the 32 paintings, he
found that a pigment that was used in the
paintings couldn’t have been used by Pollock.

10 of the paintings in question had pigments
that matched the color that is commonly known
as the “Ferrari red” for which FTIR spectrum is
given above. The Ferrari red was patented in
the early 1980’s. Jackson Pollock died in
1956... so the paintings were discovered to be
frauds.

Chemistry can be a part of our lives in the most
unexpected ways. These methods, named as
the X-ray method and the Fourier Transform
Infrared method involving chemistry, for
example, were used to authenticate some
paintings. The fact that these interesting
discoveries were made in the light of chemistry
is proof alone that there is so much more to
discover when it comes to science.

Cansu Ozdemir/ 11
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Gonrad Challenge & the
Project “Energency”

CON=AD

CHALLENGE

The Conrad Challenge is an US based annual,
multi-phase innovation and entrepreneurship
competition that encourages young adults to
participate in designing the future through
purpose-driven education. Each year, teams of
2-5 students, ages 13-18, from around the
world create products and/or services to
address some of the most pressing global and
local challenges. They become entrepreneurial
problem-solvers, addressing challenging
social, scientific and societal issues through
utilizing their creativity and critical-thinking
skills.

This year we, as a team of five, participated in
the challenge with a project aiming to provide
emergency electricity supply for disaster areas
and immigrant camps. Our project “Energency”
benefited the flow battery technology to build
the durable, scalable and quick-deployed that
is much needed in crisis situations.

Energency creates value in the
energy industry in specific to
fast and portable energy
supply to emergency sites
such as refugee camps and
natural disaster areas. The

% industry practice for similar
situations is usually the pursuit
of establishing power infrastructure,
which is delayed and thus ineffective in
implementing such emergencies. Temporary
solutions are limited and only include solutions
such as the usage of liquified petroleum gas,
which is both dangerous and insufficient in
terms of the energy it provides. Energency, on
the other hand, becomes a fast, effective and
sustainable tool by integrating the innovative
technology of flow-batteries and solar panels
to the solution. For the aforementioned crucial

— 21

usages, Energency would aspire as a business
by contracts with governments,
non-governmental organizations (NGOs) and
intergovernmental organizations (IGOs).
Furthermore, our product would be highly
convenient for recreational use as in events like
festivals, concerts, campsites etc. and in any
other organization away from electrical
infrastructure requiring sufficient power supply
for a short period of time.

Our product, Energency, relies on the basic
principles of a redox flow battery (RFB). The
final product is a combination of 3 main
components: the cells, the hive and a solar
panel system. Both the hive and the cells will
be transported to the target area in case of an
emergent energy requirement. The Cells are
rechargeable unit flow-battery, which will be
distributed among people and the Hive is a
tanker containing the required electrolytes for
recharging the flow batteries and recharges the
discharged liquids via the solar panels at the
top. Energency Hive is integrated with a
photovoltaic solar panel array to provide
off-grid charging solutions. We have limited
space on top of the hive. Therefore, we had to
use the space we got in the most efficient
manner. Due to our space constraints, we have
decided on using monocrystalline solar panels
for their high efficiency.
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The basic concept of the cell is a redox flow
battery consisting of two storage parts, an
ion-exchange membrane in between those
parts, a direct current converter, and one
positive, one negative, in total two electrolytes:
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the basic components of a flow battery. Two
storage parts separate the positively and
negatively charged electrolytes and the
selective ion exchange membrane in between
maintains the charge neutrality condition for
each half-cell. The anode and cathode
compartments are separated and a specific
amount of that solutions interact via ion
exchange membrane. There, redox reactions
occur and a direct current converter makes use
of the electronegativity difference between the
negative and positive electrolyte solutions to
generate electricity.

Model of the “Cell”

3D Model of the “Hive”

Redox (reduction-oxidation) is a type of
chemical reaction which causes atoms to alter
their oxidation states.
The reduction is the
gain of electrons,
whereas oxidation is
the loss of electrons.
Reduction and
oxidation occur
simultaneously,
causing the redox
reaction. In Energency, the flow batteries which
make use of redox reactions are used. Flow

batteries use similar principles when compared
to other conventional chemical batteries such
as lithium-ion and lead-acid batteries. These
batteries all have electrolytes which consist of
chemical potential energy converted into
electrical energy via ion exchange. These
electrolytes in flow batteries are not stationary
unlike conventional batteries. Moreover, the
scalability of energy of the flow batteries
enables us to tailor the need for our business.

Yal¢in Tiir / 11
Ahmet Emre Giicer/ 11
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CARBON FOOTPRINT

The term “carbon footprint” has become
popular over the past years. People started to
become aware of the environmental danger
we are facing due to the greenhouse gas
(GHGs) emissions. As this notion became more
prominent, people become interested in
learning the definition and the effects of
carbon footprint. GHGs emission is a real
problem for the environment and the
eco-system. The humans are the most
prominent contributor to the problem, and
have the responsibility to fix it. Thus, it is
important for everyone to understand the
GHGs and know what to do in order to
decrease GHGs emission.

WHAT IS CARBON FOOTPRINT?

Carbon footprint commonly defined as a
certain amount of gaseous emission that is
associated with human activities and relevant
to climate change (Carolyn C. Pertsova, 2007).
However, there is no consensus on how to
measure or quantify carbon footprint. Even
though carbon dioxide (CO:z) makes up the
vast majority of greenhouse gas emissions, it is
important to understand other GHGs as well.
GHGs include carbon dioxide, methane (CHz),
nitrous oxide (N20) and fluorinated gases.
These gases are released during combustion
of fossil fuels and natural gas. The methane and
nitrous oxide in the atmosphere are able to
trap the heat up to 114 years thereby causing
global warming and contribute to the climate
change (US Environmental Protection Agency).
Accumulation of these GHGs can also lead to
the suffocation of living creatures that depend
on oxygen. Furthermore, fluorinated gases,
gases that are solely caused by human
activities, can stay in the atmosphere longer
than other GHGs, lasting for thousands of years
in some cases (EPA, 2020). Fluorinated gases
are solely human-made and caused by human
activities.

CALCULATION OF CARBON FOOTPRINT

Another important factor is how the carbon
footprint is measured and quantified. The basic
and well-known way to measure the carbon
footprint is by undertaking the GHGs emission
and life-cycle assessments. As for the
individuals there are multiple online platforms
that help to calculate the carbon footprint.
Biggest issue with calculation of carbon
footprint is that this calculation usually
accounts only for direct emissions and exclude
the indirect ones (Carolyn C. Pertsova, 2007).
Nowadays the way the companies calculate
their carbon footprint is by only calculating the
direct emission and emission from purchased
energy with less focus on supply chain and
indirect emissions. The known average data for
direct emission is only the 14% of the total
supply chain carbon emissions and when the
input from the purchased energy is added it
will be up to 26% of the total supply chain
carbon emissions (Matthews et al., 2008). This
data shows that the calculations we have for
the carbon footprints might not always be
accurate after all.

CAUSES OF GHGS EMISSION

GHGs are the fundamental elements of the
carbon footprint. First of all, even though some
causes of certain greenhouse gases are
naturally occurring, human activities, especially
since the Industrial Revolution, have had a very
significant role in the production of these
gases. The biggest human made factors in the
production of these gases are power plants,
residential building and road transportations as
well as energy industry processes and losses,
iron and steel manufacturing, coal mining,
chemical and petrochemical industries (Liu,
Guo, & Xiao 2019). Deforestation, forest
degradation, land usage, livestocks,
agricultural soils, etc. by affecting the
environment to change also contributes to
GHGs emissions.

Another prominent cause is the burning of
fossil fuels. Surveys and observations have
been made to detect the rise in greenhouse
gas over time and the main drivers of the
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GHGs emission. As of 2017, the CO: levels
were equivalent to 142%, Methane levels were
up to 253% and Nitrous oxide was 121% of
what they were in pre-Industrial Revolution. In
the last 25 years there has been an increase of
33% in the emission caused mainly by energy
driven consumption of human activities (such
as burning fossil fuels and destroying the
carbon absorbing forests) which increases
GHGs emission and lead to global warming
(Liu, Guo, & Xiao 2019). As for the main drivers
of this emission, the resultants were separated
into four sub-effects at both country and
industry level. One the most effective drivers of
them all was the rapid global economic
growth. However, there could be a significant
amount of reduction by the help of the
technological innovations and the
improvement of the electric efficiency.
Secondly, it was found that the causes may vary
based on country-level. While the effects of the
investments were overwhelming to developing
countries than to developed countries, net
export effects were much greater in developed
countries.

This suggests the vast amount of the pollution
in developing countries. Moreover, China and
India are the countries that take the lead in the
production of CO2 and CHa, however the
change in N20 is still positive in some countries
due to agriculture. Lastly, cluster analysis shows
the relation between gross domestic product
and the growth in GHGs emission between
different countries (Liu, Guo, & Xiao 2019). As
to elaborate the main drivers for each building
block of GHGs, the excessive amount of CO: in
the atmosphere is mainly caused by burning
fossil fuels, deforestation and cement
production. It should be noted that COz is a
naturally occurring gas and it is essential to life
because it is the output of cellular respiration
and used in photosynthesis. Methane is mainly
released in oil, coal and natural gas industries.

People started to use natural gas for the reason
it contains less COy, it should be taken into
notice that methane is more hazardous to the
environment since it can trap the heat better
than CO.. Nitrous oxide is mainly produced by
fuel combustion. As for the fluorinated gases,
being used as refrigerants, aerosol propellants,
foam blowing agents, solvents, and fire
retardants are some of the fundamental causes.
Unfortunately, even though it is known that
these substances are ozone-depleting, they are
still being used widely across the globe. They
are also used in industry (perfluorocarbons are
used as byproducts of aluminum production
and used in manufacturing of semiconductors),
and transmission and distribution of electricity
(EPA, 2020).

HOW TO REDUGE CARBON FOOTPRINT

There are so many ways for one to reduce their
footprint with doing so much to little work. Of
course, in order to achieve this reduction, we
have to make some sacrifices from our comfort
for the good of the environment. Before
starting to reduce your carbon footprint, one
should find out their initial footprint. Here are
some things you might want to know before
calculating your carbon footprint:
approximately how many hours you take in
transportation by vehicles or plane, the
average energy usage at home, the amount of
money spent in shopping and the composition
of your diet. (The New York Times, How to
reduce your carbon footprint Livia
Albeck-Ripka)
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As for how to reduce the carbon footprint there
are multiple things one can do. You can start
eating less meat (the reason why experts say
that cutting of red meat is more
environmentally healthy is because in
production lots of feed, water and lands are
used), start driving less and cycling/walking
more, if possible, fly less, waste less. In your
home you might also want to be more cautious
with heat, lights and appliances, learn and start
recycling, be energy efficient, dress/shop
sustainably. After doing all these, you might
also want to contribute to this reduction by
knowing your facts about the topic, join climate
action groups for if we want to change
something we must do it as a whole, as a
society, always inform the others and never
hold back from speaking up about this topic.
(The New York Times, How to reduce your
carbon footprint Livia Albeck-Ripka)

Top options for reducing your carbon footprint
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We should really start taking this matter into
our hands. GHGs emission is a serious problem
for the environment and living species, and the
real reason why this has become such an
important problem is because of humans. We
need to solve this problem that we have
created. There variety of things one can do to
contribute and to help our planet. The key is to
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understand the carbon footprint before the
point of no return. We should start changing
our actions. Little changes, such as eating less
meat or driving less may need some sacrifices
from our comfort, but we should be more than
willing to make these sacrifices to protect the
environment, the world: our home. We should
also inform other people about this because
this matter is such a big issue, that we cannot
deal with it if we don't do it together. Even
though the term has become almost a
buzzword in the media across all over the
world and people have finally started
becoming more aware of the situation, there
are still people who don't really know the
reality and some who don't take partin itto
solve this problem. As sad as this is, we have to
accept that this is a real problem and we have
to do as much as we can to solve it. GHGs
emission may have become a huge problem,
but it still is not too late to turn back from
it if we start to take this matter into our

hands.
Zeynep Naz Oksiiz / 9
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WHY DOES I'T
HAPPEN?

Snow is white, beautiful, and because of its
high absorbance of sound, it is mostly
associated with a pure, peaceful environment.
However, research shows that unfortunately,
sound is not the only thing snow absorbs, and
it is almost like a sponge when it comes to
sucking up dangerous pollutants from the air. It
turns out snow might not be as pure as initially
thought.

4

Snow pollution happens when snow absorbs
toxic chemicals from the air while first falling
and later on the surface. Most of the gases that
snow absorbs come from car exhausts and
other fossil fuels, meaning that snow particles
become a tightly packed ball of poison.
Scientists and researchers from McGill
University tested how snow reacts with
pollutants by exposing it to a car exhaust in a
frozen glass sphere built in the lab. It was
concluded that although diverse types of gases
are affected differently by varying levels of
cold, itis certain that snow is highly absorbent

to chemicals. Other studies
also found out that snow
alters nanoparticles from
airborne particulate matter,
which are associated with
numerous health problems
such as lung inflammation
and heart diseases. Colder
temperatures, especially
temperatures below zero
increase the density of
nanoparticles in polluted
air, and they also increase
the risk of said conditions if
snow in those areas is
consumed.

One other concern when it
comes to air pollution
during winter is the cold and dry air combined
with more than usual use of fuels. During
summer, warm air rises and carries most
pollutants with it, but during winter cold air
sinks while bringing all the toxic gases with it
and creating a layer of toxic smog. This is called
winter inversion, and it is a threat in areas with
high concentrations of toxic gases.

Furthermore, due to the lack of moisture in
chilly weather, the chances of pollutants being
washed away decreases as well. Dry air has
fewer cleansing properties than moisturized air,
which means with the combination of already
elevated levels of air pollution, there is a higher
chance of seeing irritation and breathing
difficulties. Although snow might absorb
considerable amounts of pollutants, it still isn't
enough to say the air is clean during winter as
more fossil fuels are consumed to keep our
houses warm, making both the air and the
snow more polluted.

Snow pollution and air pollution during winter
might be dangerous, but that doesn’t mean
that it is impossible to enjoy snowfall. As long
as there isn't a noticeable smog and snow isn't
directly consumed, most areas are safe to enjoy
winter.
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WHY IS SNOW
POLLUTION
DANGEROUS
FOR THE
ENVIRONMENT?
Enjoying the snow is
mostly okay in winter;
however, that being
said, snow pollution
still poses many concerns
for the environment.
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Once the pollutants are inside the snow, 51 the reduction of which gases. Itis also

they may go through chemical transformations
to create additional gases with varying levels of
toxicity. Research shows that even after just one
hour the concentration of chemicals such as
benzene (C6H6), toluene (C7H8), ethylbenzene
(C8H10), and xylenes (C8H10) increase
significantly while several hazardous
compounds also become noticeable. Some of
these newly formed chemicals might also get
released back to air or water once the snow
melts, posing serious health issues and
environmental concerns. These gases are also
known as the BTEX gases, and they are known
for their easily contaminating chemical
properties, for example, they can easily mix
into groundwater and air. The dangers of even
a little exposure to those gases include skin
irritation, nervous system problems such as
tiredness, dizziness, and headache, and
respiratory problems. Long-time exposure is a
much more critical concern as it can affect the
liver, kidney, and blood systems. That is why
even though enjoying snow is possible during
winter, it is still best to be cautious of the
potential dangers that may come afterwards
and prevent snow pollution from happening.
How to prevent snow pollution?

Almost like any type of pollution, preventing
snow pollution boils down to decreasing the
usage of harmful gases and fossil fuels. Since
snow pollution is specifically tied to the
number of nanoparticles and concentration of
car exhaust gases in the air, it might also help
to study how each toxin reacts with snow under
different conditions. That way, it would be
possible to identify the most harmful ones for
the environment, and which areas should focus
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important to optimize engines; moreover, even
if fossil fuels are going to be used, creating
new formulations that do not react as strongly
with snow might help prevent the dangers of
snow pollution.

Elif Mavis / 10
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The GChemistry of
Eternal Youth:

Key Ghemicals
for Anti-Aging

Have you ever wondered how time passes so
quickly? It is definitely a fact that time waits for
no one, it goes by so rapidly and without any
consent. One can easily feel disappointed and
concerned about the changes their body goes
through as they get older, therefore scientists
started working on reducing the physical
changes as much as possible by searching the
chemistry behind preserving our youth.
Whether it is the “youth vaccine”, “anti-aging
creams” (usually the preference) or taking
supplements, people’s biggest wish nowadays
is to discover how to achieve the young, elastic
and hydrated skin which helps the skincare

industry maintain their position as one of the
highest earning businesses in the world. The
studies done by the University of California San
Francisco, show that genetic nuances only
affect 10% of the skin’s overall youthful
appearance, so itis all up to the person itself to
defy old skin and preserve their healthy self.
Here are a few of the chemicals that will give
the help needed as the guide to look ageless
and their structural and physicochemical
properties.

Alpha-Lipoic Acid (C,H,,0,S,) is classified as
an organosulfur compound that has been
synthesized in various microorganisms, plants,
animals and humans. Most importantly, it is one
of the main cofactors of multi-enzyme
complexes in mitochondria. It boosts the
cellular energy, prevents aging and moisturizes
skin. It also helps to activate crucial
antioxidants and provides skin with Coenzyme
Q10 (C,H,0,), which is one of the most
important antioxidants that reduce

deteriorating. It has various well-known
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enantiomers (molecules that have the mirror
images of each other) such as S-Lipoic Acid
and R-Lipoic Acid. It is found in vegetables like
broccoli, spinach, tomato, peas and cabbage.
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Coenzyme Q10 (Cs9H9004) is a lipid-soluble
biomolecule that is present in the mitochondria
of many animals and within some bacteria. The
10 time repetition of isoprenyl (CH =C(CH,)-
CH=CH=-) in the formula detects the number
10 in the name. It shows differences between
species, the common version is the Coenzyme
Q10 for humans however rats have shown
properties to have Coenzyme Q9 in their
bodies. The isoprenyl group that repeats ten
times helps the mobility, interaction with
membrane proteins. Without containing
sufficient amounts of Coenzyme Q10, the body
loses its ability to produce decent amounts of
collagen (C,.H,,N,,O,,) and elastin

65" 102
(C,,H,N,O,) which are two of the most

im2|504r?ar?t chemicals for retaining the moisture
of skin. It is usually present in every cell of the
body, however, the amount is scarce without
consuming it from elsewhere. It is present in
fishes like sardine and mackerel and also in
vegetables such as broccoli, mushrooms,

spinach and soya beans.
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Hyaluronic Acid [(C, ,H,,NO, )n]: Hyaluronic
acid is one of the most well-known chemicals
that aid anti-aging, therefore manufacturers
from all over the world spend months on
creating the best HA solutions in the market.

It is known for moisturizing the skin, while also
preserving supple and hydrated. Its well-known
property comes from its being a non-sulfated
glycosaminoglycan (GAG), which gives the
molecule the unique ability to bind with H O
molecules. The [(C, ,H,,NO,,)n] molecule is
known to be composed of repeating polymeric
disaccharides of D-Glucuronic Acid and
N-acetyl D-glucosamine linked by glycosidic
bonds. The glucose-based structure of the
molecule creates its tendency to bind with
water and to form strong hydrogen bonds with
it which keeps the moisture inside the skin.
Despite the simplicity of the chemical structure
of the molecule, it has been observed that it
has various physicochemical properties, its
polymers appear in many configurations and
shapes according to their size, salt
concentration and pH value. Board-certified
dermatologist Dr. Fayne Frey states that
“Compared to other polymers, hyaluronic has
the greatest ability to hold water,” which is why
it is an important factor in keeping hydration.
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N i
|f 'I I
oo il (The chemical
e structure of
. hyaluronic acid)
(C14H21NO11)n

Niacinamide (CsHsN20): It is the active form of
Vitamin B3 and is the component of
nicotinamide adenine dinucleotide (NAD)
which is found in all living cells. It is also
referred as Nicotinamide and it is a pyridine
carboxamide which means that it is a pyridine
(colorless liquid) but one of its hydrogens are
swapped with a carboxamide group.
Niacinamide appears to be a white powder
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and it has a role of being an anti-inflammatory
agent, an antioxidant and a cofactor. It aids the
body in cell signaling, DNA signaling and the
conversion of carbohydrates into protein and
lipids. Niacinamide is a very crucial vitamin for
the functioning of the body, as well as blocking
melanin from coming to the surface of skin and
brightening the dark spots.

(The chemical
structure of
Niacinamide)
(C.H.N.O)

6 6 "2
Vitamin C (C,H,O,). Also known as Ascorbic
Acid, Vitamin C is a water-soluble vitamin. It is
an antioxidant that prevents environmental
pollutants and UV rays from affecting the skin
and it is also contributing to the formation of
collagen (C,.H,,N.,;O,,) in skin, teeth, bones
and capillaries. These UV rays, pollutants and
lacking the activation of important chemicals
like collagen, are the most predominant
reasons why the skin shows age quicker than it
should and why it deteriorates unexpectedly.
Ascorbic acid additionally helps fight bacterial
infections, detoxifying reactions and Dr. Eric
Bravermen from PATH Medical Center further
explains the benefits of Vitamin C, by revealing
that “Vitamin C increases skin’s collagen,
making it appear plumper while reducing signs
of wrinkles and fine lines.” It could be taken
from eating citrus fruits or many vegetables.
Vitamin C cannot be produced within the
human body so it has to be provided within the
diet.

S TR (The chemical

“ | structure of

- =N Vitamin C)
(CHO,)

Overall, the chemical properties of the given

5 molecules provide the ability to preserve the
health of skin and help activate the skin cells to
give its visually pleasing appearance. If all are
being consumed regularly, its long-term effects
will be visual to the human eye as the skin cells
get older.

Mina Tasan/ 10
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s it possible to go faster than the light?

Have you ever run so fast that you just couldn’t
follow the objects around you? Or saw
someone running across the street and had to
step aside to not hit him. Maybe he missed the
school bus. Maybe he was late to work. Maybe
he just needed to use the gentle’s. One thing
for sure is that he was fast.

Then, what is the max speed someone can get?
At the 2009 World Athletics Championships
final in Berlin, Usain Bolt broke the record for
100 meters dash by finishing in just 9.58
seconds’. Now that's fast. He is now holding
the title of the world's fastest person of all time.
But what if we could go faster than him. Faster,
the fastest. Light is currently the fastest thing in

the universe with a speed of 299,792,458
meters per second?. The Sun is 150 million
kilometers away from the Earth and light takes
just eight minutes and 20 seconds to travel that
fard. That is nowhere near Usain Bolt's record.
Can you imagine going that fast? We could go
anywhere anytime. Everyone would be like
Flash from the DC universe. But the question is,
can we go faster than that?

When we think about it, it seems impossible.
Einstein also thought the same in his theory of
relativity. Just like he predicted, time ran slower
for the moving clocks. So, the faster something
travels, the more massive it gets, and the more
time slows, until you finally reach the speed of
light, at which point time stops altogether. And
if time stops, well so does speed.

In Einstein s famous equation e=mc2where “e”
is energy, “m" is mass and “c” is the speed of
light, the ||ght speed is constant which means
mass and energy are directly proportional. This
is also why time slows down for faster and
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bigger objects. Since the speed of light is so
high, it will require an unimaginable amount of
mass to reach the speed of light. According to
this logic, nothing can travel faster than the
speed of light4.

However, scientists of course denied this
theory and made some experiments for that. In
September 2011, physicists Antonio Ereditato
and Dario Autero shocked the world with the
OPERA (oscillation project with
emulsion-tracking apparatus) project. The
experiment timed neutrinos, subatomic
particles which have no particular charge and
have a mass near-zero®, produced at CERN, as
they arrived 730 kilometres away at OPERA's
underground detector at the Gran Sasso
National Laboratory in Italy. High-precision
atomic clocks stationed at each end of the
beam were synchronized using the Global
Positioning System (GPS). The team reported in
September 2011 that neutrinos arrived at Gran
Sasso 60 nanoseconds faster than a light beam
would doé. Unfortunately, it turned out the
OPERA result was wrong. A timing problem
had been caused by a poorly connected cable
that should have been transmitting accurate
signals from GPS satellites.

Another attempt was made by William Bertozzi
at the Massachusetts Institute of Technology
(MIT), early 1960s. He experimented with
accelerating electrons at greater and greater
velocities. Because the electrons have a
negative charge, it is possible to propel, or
rather repel them by applying the same
negative charge to a material. The more energy
applied, the faster the electrons will be
accelerated. It is possible to imagine that we
could just increase the energy, applied to reach
the required speed of 300,000km/s, but it turns
out that electrons can't move that fast.
Bertozzi's experiments found that using more
energy didn't simply cause a directly
proportional increase in electron speed’.

Theories about going faster than light are also
made for quantum level. Tachyons, as an
example, are hypothetical particles with
imaginary masses which can travel faster than
light speed. They presumptively exhibit the q

unusual property of increasing in speed as
their energy decreases and require infinite
energy to slow down to the speed of light.
However, there is no experimental evidence
about the existence of tachyons. Because a
tachyon would always travel faster than light, it
would not be possible to see it approaching.
After a tachyon has passed nearby, an observer
would be able to see two images of it,
appearing and departing in opposite
directions. These properties of tachyons are
inconsistent with the known laws of physics,
making most physicists believe that
faster-than-light particles cannot exist8.

In the end, it is safe to say we cannot go faster
than light with today’s technology. Maybe one
day, with something that has infinite mass and
energy, it would be possible to exceed the
speed of light. But until someone disproves,
keep running.

Berzah Ozan Bal/ 10
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ANOTHER SUN

The use of fossil fuels has been a great debate
for a long time, but in terms of resolution there
haven't been any significant steps taken.
However, when the whole world got locked
down due to the Covid-19 pandemic and there
was no need for energy as much as in normal
times, the world recognized how the
environment has altered for the good. The
center of the virus Wuhan has had an
approximate decrease of 360umol/m?2 of NO2
density—which is a dramatic decrease—in the
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The change in NO2 density in Wuhan in a year

Chinese New Year in 2020. In the industrial
giant China, the overall carbon emissions have
declined 25 percent and nitrogen dioxide
emissions were reduced approximately 50
percent due to several reasons such as the
closure of factories and less usage of vehicles
among the country. Therefore, the 2015 Paris
Agreement has become extremely crucial.
More than 110 countries have signed the
agreement such as developed countries like
Finland and Austria have promised to go
carbon-zero until 2035 and 2040 respectively.
The majority of other countries have agreed to
go carbon-zero until 2050, but only the
industrial giant China has promised to go
carbon-zero until 2060. Even though the world
has promised to give up its most productive

energy source, the energy will still be an issue.
To resolve this problem, countries are
developing new ways to generate a great
amount of electricity from energy conversions.
Depending on the statistics of a global
demographic website, the estimated
population of the world will be about 10.1
billion in 2060. Which energy source will satisfy
the necessity of energy when fossil fuels are
out of the game? The answer for that question
is fusion energy.

Fusion power is a type of power generation
derived from two over-heated atoms. These
light atoms are heated up to 150 million
Celsius degrees and gain great velocities. Due
to that high velocity, the atoms collide with
each other, thus forming a heavier nucleus and
releasing a greater amount of energy during
the process. This nuclear process is called
fusion reaction and the machines that make
this reaction possible and harness the energy
are called fusion reactors.

There are a variety of benefits for this new
sustainable energy source. For instance, the
most intriguing benefit is that the fusion
reactors don't have greenhouse gas emission
such as CO2 and NO2-but only helium. It
occupies less land than other energy facilities
including both renewable and non-renewable
sources, thus increasing free space and
reducing visual pollution. Another beneficial
aspect of fusion energy is that it is safer.
Compared to nuclear power plants, the fusion
reactors have no risk of meltdown at all. Japan
has experienced the detrimental
consequences of a core meltdown in
Fukushima power plantin 2011, but with fusion
reactors, there is no such risk. Moreover, in
fusion facilities there isn't any long-lived
radioactive waste as a byproduct of the
reaction. This is a great benefit since it lowers
the potential of harming the environment and
decreasing the odds of an undesirable
mutation in the organisms. Furthermore, there
is an abundant source of fusion fuel on planet
Earth. The main energy source is deuterium
and tritium-isotopes which are found in sea
water-and are able to be derived from lithium.
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Therefore, there is enough fusion fuel for
approximately the next 100 million years.
Fusion reactions release nearly 4 million times
as much as the chemical reactions occurring
with coal, gas, or natural gas and 4 times more
energy than nuclear fission reactions, thereby
having the opportunity to generate much more
energy than usual energy sources. By
generating greater amounts of energy, there
will be a greater amount of generated
electricity between 1 and 1.7 gigawatt-nearly
powering up 300.000-370.000 houses-the cost
for electricity and technology would drop
down and people would have more access to
technology as well as electricity. The last
benefit of the fusion energy is that it can
produce on-demand energy, meaning that
since it is safer, it could be built close to where
the electricity is needed.

Due to the countless benefits of the fusion
energy some countries such as China and
Korea have decided to build their fusion
reactors and
since they are
extremely hot,
they are named
§ as “artificial sun”.
China has been
building their
artificial sun since
_ : 2006 and they
HL-2M TOKAMAK managed to turn
it on in 2020 for the first time. The HL-2M
Tokamak is a nuclear fusion reactor that heats
up to 150 million degrees—which is nearly 10
times hotter than the sun’s core— ; however, the
super-magnetic cooling mechanism keeps it
running. The reactor applies powerful
magnetic fields to the contained loop of hot
plasma that heats up the isotopes inside and
their velocity increases, thereby generating
energy from their movement. With this high
velocity, the fusion -fusing two nuclei of two
atoms- occurs and generates huge amounts of
energy without generating large amounts of
nuclear waste.

The reactor is built under the International
Thermonuclear Experimental Reactors(ITER), a

coalition of countries that have nuclear power
plants, and the successful activation of this
fusion reactor has encouraged other nations to
try the artificial sun. Korea has built and tested
their artificial sun that heats up to 100 million
degrees. The Korean Superconducting
Tokamak Advanced Research (KSTAR) was
tested in November 2020 and it gave
successful results. The feature that
distinguishes the KSTAR from HL-2M is that it is
capable of keeping the hottest and most
unstable state of the isotope, the plasma state,
for 20 seconds giving it a longer time to
harness the energy. After these successful
attempts of using the first artificial suns in the
east, ITER also decided to shine up the west.
They have decided to build the next artificial
sun in France which is expected to be
completed in 2025.

Fusion energy is a great source for humanity in
many ways. Countries are trying to use this safe
and clean energy source for humanity that will
save the environment from detrimental effects
as well protecting them with this safer solution.
The artificial suns are the reactors that harness
that energy and are humanity's newest and
brightest solution for the future.

Furkan Baylav/ 10
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FORGE ?

We have all seen Newton’s Law F=ma. When
seen such a statement, one wonders, fine, force
is equal to mass times acceleration; however,
what exactly is force? Surely, we are measuring
something when we hang objects on
dynamometers. Of course, this question can
easily be answered by saying, well, we measure
the object's mass times its acceleration. What
this implies is that Force is “ma” and nothing
else, that force has no other meaning than
being something equal to “ma". This suggests
that the statement F=ma is a definition, not a
relation. It does not say that Force as an
independent entity is equal to mass times
acceleration, rather states that force is mass
times acceleration. This was what | had found

comfort in thinking, that F=ma was a
statement that defined force - notice
that the word choice is not actually
important, if force really does not have
an independent meaning, then another
word such as gibblygobbly could as
well have been used

But this was not the case either. Because
the word “force” means something, and
“gibblygobbly” does not. It is not an
arbitrary thing that is the subject of this
equation, and the term “force” does
actually have a meaning. Apart from ma,
we use other intuitive descriptions of
force. A quick search through google
and you can come across this definition:

"any action that tends to maintain or
alter the motion of a body or to distort
it" (force | Definition & Formula, 2009)

And of course, there is the famous
“push or a pull”

Now, this is entirely different from
saying F=ma is a mere definition.
Because when we say that Force is the
mass times the object's acceleration,
and accept it as a definition, we presume that
Force is nothing else. But this sentence
suggests that it also has a physical meaning, an
interaction, and interactions are elements of
the physical world, thus force should have a
physical origin. And this does not fit with the
“definition” that is F=ma, which is a
mathematical statement.

To understand this better, one can look at
acceleration. The equation could be
rearranged to the form a=F/m. In this case, are
we defining acceleration to be force divided by
mass? No, we are not. Acceleration has its own
definition that is unrelated to the equation
a=F/m, the rate of change of velocity. Therefore
the value this law holds in terms of acceleration
is not a definition, but a relation. So does force
have its own separate definition?
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Richard Feynman’s commentary on this
matter suggests:

“The real content of Newton's laws is this: that
the force is supposed to have some
independent properties, in addition to the law
F=ma but the specific independent properties
that the force has were not completely
described by Newton or by anybody else, and
therefore the physical law F=ma is an
incomplete law.” (Feynman, Leighton, and
Sands, 2015)

So what do these previous paragraphs
actually mean?

F=ma is not actually a definition, and Force is
not just ma, but what force is, apart from ma,
we don't actually know. And that is unsettling
because force is what we all learn in basic
physics classes and it is in essence what we
base our understanding of physics on. The fact
that there lies some ambiguity in such an
essential concept seems rather odd, to which

Feynman, again, answers:

“The student may object, “l do not like this
imprecision, | should like to have everything
defined exactly; in fact, it says'in some books
that any science is an exact subject, in which
everything is defined.” If ygu insist upon a
precise definition of force, you will never get it!
First, because Newton's,Second Law is not
exact, and second, because in order to
understand physical laws you must understand
that they are all someé kind of approximation.”
(Feynman, Leighton,to and Sands, 2015)

References:
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the mysterious redadlity

What lies beyond the clouds? What lies
beyond the blue atmosphere that has
fascinated the human mind all these years?
What makes space so enchanting and
mysterious at the same time?

Since long before humanity can remember,
humankind worked on space. Predicted,
inferred, put out theories... Although
nowadays most of them cannot be considered
efficient, it is known that the knowledge they
gathered build up to our fascinating research
and theories about this magnificent reality. It is
estimated that 2,400 years ago, the
Babylonians originated their horoscopes from
space. Since then research about space has
never stopped. Human kind, as an outcome of
their feeling of curiosity, studied the idea of
astrology or attempted to find the God that
they believed was hidden beyond their vision.

They looked up to the sky and questioned. For
example, Galileo Galilei, a scientist who highly
promoted the scientific revolution in the 17th
century, endorsed the “Copernican Theory”,
stating that the sun is located in the center
while other planets, including our own, revolve
around it. This forms the basis of our so-called
knowledge of the Milky Way. Unfortunately, he
was sentenced to lifetime imprisonment in
1633. Consecutive to Galileo, Descartes is an
honorable mention with his own work in
philosophy and astronomy which repeatedly
supported the scientific revolution in the 17th
century. He stated that space is Euclidean in

e i A (7,

structure, infinite, flat, and not empty. However,
none of these people could do what Isaac
Newton did as he created the fundamental
laws of physics and gravity which laid the
foundation of research until the 20th century.
He established his first law in 1687 through his
book, Philosophiae Naturalis Principia. These
and many more scientists of the 17th century
all had a very significant impact on the
scientific riot. With this background knowledge,
let's move on to what makes it so
mind-blowing.

As it is pretty obvious, something about space
enchanted the human mind and caused many
people to be interested in finding out more
about it, but what more is there to even find out
about? We have the Sun, the Earth, even the
Milky Way. What do we need more? It is known
for a fact that only 4 percent of the visible
universe is discovered. Imagine what lies
beyond our knowledge. It is so mysterious,
astonishing, and horrifying if you think about it.
Let me put out some interesting facts:

1. The Sun makes up 99 percent of our solar
system’s mass. Imagine how small the Earth is
in comparison to the mass of the solar system,
perhaps how insignificant us, humans, are in
regarding the formation of the mass of the
solar system.

2. One Venus day is longer than one Venus
year. This is about its significant rotation and
size. Planet day refers to the time it takes for a
planet to revolve around its own axis which is,
for Venus, 243 days. Planet year refers to the
time it takes for the planet to revolve around
the Sun which is almost 225 days. Hence, a year
is not always bigger in quantity than a day if
you think about it. Not if you are on Venus.

3. In Saturn and Jupiter, it might be raining
millions of pounds of diamonds every year.
The atmosphere has such high heat and
pressure that it might squeeze carbon to form
diamonds. What a lovely planet that would be...

4. Venus orbits in the opposite direction than
all the other planets in our Solar System. Its axis
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is estimated to be flipped by the Sun'’s
gravitational pull.

5. Itis possible to fit all the planets in the Solar
System between the Moon and the Earth. The
average distance from the Moon to the Earth is
4,392 km. In addition, all the planets put side
by side will resultin a 380,008 km long shape,
leaving us with an extra of 4,392 km.

00 kem ar 238,555 miles

Awerage distance batween the Earth and the Moon - 34

6. A perilous crash is going to occur in 4 billion
years between the Milky Way and the
Andromeda Galaxy. Fortunately, the Earth is
not going to be destroyed. In fact, the galaxy
product of this collusion has been named as
Milkomeda/Milkdromeda. What a relief...

| agree that these facts are unpredictable but
still don’t explain why humankind is so
attracted to space. Why humankind studied
space is directly related to their curiosity, which
is an intrinsic quality that makes humans so
unique. One way we, humans, differ from any
other species is our so-called feeling of
curiosity. We get curious about something,
then we do research and then come to a
conclusion. However, when it comes to space,
it is not so trivial. When you are studying space
there is no way for you to come to a significant
conclusion. Space is a concept, you can't touch,
feel or look at unless you put on a spacesuit or
launch a shuttle to understand its most detailed
equations and that takes a lot of courage.
Looking at the first five shuttle launches, there
is a one in five odds for the shuttle to be
destroyed and for the astronaut to die in it.

Hence, it must be very interesting to wonder if
one is going to be floating gloriously in space

or dead at the end of the day the space shuttle
launches. A very selfless sacrifice is what

astronauts are doing for the whole of mankind.
Why people are willing to take that risk is a
question | can't answer though Chris Hadfield
did in his TED talks. He delivered a speech
about an astronaut floating through space
without his ability to see because of an
accident (fortunately, he was able to recover
after he completed the spacewalk). | advise you
to listen to that because he talked about how
real danger and fear contradict, meaning you
actually can overcome any risk by showing
determination and courage. Another reason for
humans' interest in space might be their
survival instinct. Currently NASA, the most
well-known company studying the space, is
attempting to find another planet where
humans can colonize as there is a very high
probability for the Earth to deplete its
resources very soon. “Is there a way for us to
solve this?” is a question NASA is working on.
Hopefully, there is.

To conclude, space is so terrifying due to its
mysterious side but enchanting at the same
time that caused the human mind to be
interested in it all these years. Even though
studying in space takes a lot of courage some
people are still willing to take the risk. Still, why
space has attracted so many human minds
revolve as a mystery; but it is clear that curiosity
and survival instinct make a really big part of it.
“The Earth is the cradle of humanity, but
mankind cannot stay in the cradle forever”,
Konstantin Tsiolkovsky. Maybe life is more than
just being on Earth...
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https://www.youtube.com/watch?v=JipLCxRBHaQ
https://mashable.com/article/sun-stars-space-facts/
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Nuclear Physics
and Its Usages

What is exactly nuclear
physics?

To put it simply, nuclear physics is a field of
science that studies atomic nuclei and their
constituents and interactions. Nuclear physics
also shouldnt be mistaken for atomic physics,
which studies the atom as a whole, including its
electrons.But before diving deeper into the
world of fission, fusion, nuclei, and radiation,
we need to understand the basics of the
subject.

What's the history behind it?
Which scientists played an
important role in the creation
of nuclear physics?

The history of nuclear physics as a discipline
distinct from atomic physics starts with the
discovery of the electron by J.J Thomson in
1897, therefore proving that the atom had an
internal structure. In the years that followed,
Marie Curie, Pierre Curie, Ernest Rutherford,
and many others took great strides in
expanding the knowledge about the subject.
Around the 1920s, Arthur Eddington
anticipated the discovery and mechanism of
nuclear fusion processes in stars, in his
research paper. Up until that point, the source
of stellar energy, which can be defined as the
energy radiating from a star, was a complete
mystery; Eddington correctly speculated that
the source was the fusion of hydrogen into
helium, liberating enormous amounts of
energy.

In conclusion, our exponential development in
nuclear physics was a result of brilliant
scientists, assumptions and predictions. Now
that we have gotten the basics out of the way,
we can look deeper into the topic and the
series of processes behind how the smallest
particles in the universe interact with each
other.

Nuclear Fusion

Perhaps one of the most astonishing natural
events that take place in the universe is the
birth of stars. Away out there in space there are
huge clouds of dust and gas, and if one of
those clusters of dust and gas is massive
enough, it collapses under its gravity. After a
million years later, the center of the cluster gets
denser and hotter, and eventually, the particles
of gas and the dust start to stick together
instead of repelling each other due to the
extreme temperature and pressure in a process
we now call nuclear fusion.

To summarize, nuclear fusion is a reaction in
which two or more atomic nuclei are combined
to form one or more different atomic nuclei
and subatomic particles. The reason why stars
are able to generate massive amounts of
energy is due to the fusion of lighter elements
such as hydrogen to heavier elements, such as
helium.

However, a substantial energy barrier of
electrostatic forces must be overcome before
fusion can occur. At large distances, the naked
nuclei repel each other because of the
repulsive electrostatic force between positively
charged protons. If two nuclei can be brought
close together, fusion can occur with the effect
of quantum tunneling. To put it simply,
quantum tunneling is a phenomenon in physics
where particles and wave functions are able to
pass through barriers. In other words, particles
can travel through walls, if they're thin enough.
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Fission

Nuclear fission is a process in which a heavy
nucleus, when bombarded with neutrons, splits
into two nuclei of nearly equal mass with the
release of enormous amounts of energy. So
while fusion reactions make heavier elements,
fission reactions split these heavy elements into
lighter ones.

The graph shows the average binding energy,
which exemplifies the minimum energy that
would be required to disassemble the nucleus
of an atom per nucleon (nucleon means
protons and neutrons). As you can see, the
higher the number of nucleons in an element
are, the higher the binding energy needed (up
to Fe). Consequently, this means that elements
such as hydrogen and helium are easily fusible
since they need less energy to bind together.
On the other hand, iron is the most tightly
bound, and stable. The reason why the binding
energy slowly decreases for elements heavier
than iron is that they become less stable and
more available for nuclear fission.

If we were to look at the graph below, we
would be able to see that uranium, particularly
uranium-235 is able to yield the most amount
of energy from its own fission which is why we
use uranium in our nuclear reactors as well as
nuclear weapons.
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Applications of
Nuclear Physics:

Nuclear Weapons

Perhaps the most famous application of
nuclear physics is the creation of nuclear
weapons or otherwise known as weapons of
mass destruction. In fission weapons a mass of
fissile material is forced into supercriticality
(when an element is subject to tremendous
amounts of temperature and pressure),
allowing an exponential growth of chain
reactions, bursting out tremendous amounts of
energy. The other basic type of nuclear
weapon produces its energy by the means of
fusion. These types of bombs, more commonly
referred to as Hydrogen Bombs, are much
more destructive than warheads that utilize
fission.
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Nuclear Power Plants

Nuclear power is the use of nuclear reactions
that release nuclear energy to generate heat,
which most frequently is then used in steam
turbines to produce electricity. Presently, the
vast majority of electricity from nuclear power
is produced by the fission of uranium and
plutonium although scientists all around the
world are actively researching how fusion
reactions can be used to generate electricity.
Around 10% of the global energy supply
comes from nuclear power plants.

41

Medical Applications

Nuclear medicine and radiology are the whole
of medical techniques that involve radiation or
radioactivity to diagnose, treat and prevent
disease. While radiology has been used for
close to a century, “nuclear medicine” began
approximately 50 years ago. Today, about
one-third of all procedures used in modern
hospitals involve radiation or radioactivity.
These procedures are among the best and
most effective life-saving tools available, they
are safe and painless and don't require
anesthesia, and they are helpful to a broad
span of medical specialties, from pediatrics to
cardiology to psychiatry. X-Rays, MRl scanners,
CAT scans each utilize nuclear technology.

Gediz Doganca/9
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Thanks to legendary astronomer Edwin
Hubble's work in 1925 we know that the
universe is expanding. However, even after
almost 100 years astronomers still can’t
precisely measure the rate of its expansion
(also known as the Hubble constant). Especially
for the last 20 years scientists have argued over
methods of measurements and the
astronomical community was fiercely divided
around this single issue.

Before getting into the controversy
surrounding the Hubble constant we first have
to understand the expansion of the universe
and what exactly the Hubble constant is.

Even before Hubble’s works there was lots of
evidence pointing at an expanding universe.
Firstly, after Einstein released his general
theory of relativity some scientists went on to
apply the theory for the whole universe and
saw that it resulted in not a static but a dynamic
cosmos, which means that the universe should
be in some way changing shape. At the time
many, including Einstein, thought that this was
indeed a mistake in general relativity and there
was no way the universe would be expanding.
After it was confirmed that the universe was
really expanding Einstein called his speculation
his biggest mistake, since he could have
maybe won another nobel prize for proving the
expansion of the universe through his
equations.

Besides general relativity, the most important
evidence pointing at an expanding universe is
the fact that galaxies are moving away from us.
But how do we know this? Well, there is a
phenomenon in physics called the doppler
shift. The general idea is that, if the source of a
wave is moving the waves in front of the
moving object compress and have higher
frequencies while the waves behind the object
are farther apart from each other which lowers
their frequency. A perfect example for the
doppler effect is a moving ambulance. If an
ambulance ever passes next to you with its
alarm on you'll notice that when it is moving

towards you the sound waves compress and
you hear a higher frequency sound, but when it
is moving away from you the sound becomes a
lower frequency.
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This concept is one of the most useful tools in
astronomy, as it enables us to calculate the
speed at which astronomical objects are
moving towards or away from us. Even though
we used sound waves in our example the
doppler shift also applies to electromagnetic
waves. If a sun that has an original colour of
yellow moves towards us it will appear with a
color that is closer to blue end of the emw
spectrum since blue has a higher frequency,
but if it moves away from us it will appear as a
color closer to red end of the emw spectrum
since red has a lower frequency. This is the
reason why we call astronomical objects
moving away from us as “redshifting” and those
moving towards us as “blueshifting”. However,
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When Hubble looked at the sky he noticed one
crucial thing. Almost every galaxy he saw was
redshifting, meaning they were moving away
from the milky way. The most straightforward
explanation for such a thing would be that our
galaxy has some sort of special repelling force
that is pushing other galaxies away. However,
Hubble noticed another crucial detail. Galaxies
that were farther away from us were moving
even faster than those near us. These two
observations lead Hubble to conclude that the

universe is not static but in a state of expansion.

Let us summarize these ideas through a clever
analogy.

Imagine the
universe being a

balloon. Therefore, Y 4cm .
we can imagine b : -
the expansion of “_E_ :;f ; "
our universe as the =3 N 2iem _#'-.Ef'
expansion of the e

balloon.

Let's draw a point on the balloon and assume
that as the milky way. We can also draw two
other points that are respectively 1 and 2 cm
away from our initial point and imagine that
those are two other galaxies. Finally, let's blow
inside the balloon and expand our universe.
After doing this you'll notice that the other two
galaxies moved away from us, but more
importantly while the closer one only moved 1
cm the other one moved a total of 2 cm.

As you can see, our galaxy doesn’t have some
kind of special magical force that repels other
galaxies, it is actually the universe itself that is
expanding.

o= Hl After this discovery Hubble
went on to publish his famous
law.

v = rewesrional sefortiy of gofany
H, = Mol comstant

i = dbsumice o galege

Which relates the distance of a galaxy from us,
to its recessional velocity. The equation is fairly
simple with one important component, the
Hubble Constant or in other words the
expansion rate of the universe.
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During his research Hubble calculated the
constant to be 500 km/s/Mpc, which was an
extremely bad estimation. However, through
years of research we were able to shrink down
the uncertainty and find an accurate and
precise answer. Well, to tell the truth we found
two different precise answers.

The graph above shows how scientists were
able to pinpoint the Hubble constant over the
years. The blue region shows how the Cepheid
star technique has become more precise over
the years and the Black region shows how the
cosmic microwave background method has
become more precise over the years. Our
technology has enabled us to make more and
more precise measurements as time went on.
However, the bad news is that different types of
measurements (represented by different
colours on the graph) gave different values for
the Hubble constant. Obviously, teams from
each method of measurement claim that their
method is more accurate, which has divided
the astronomical community and left scientists
with no clear and true answer.

Overall, the Hubble constant is a great and
exciting example of science. It was a great
breakthrough many years ago and it is still an
exciting mystery waiting to be discovered.

Eli Morhayim / 11
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The Life and Discovery of
Cecilia Payne-Gaposchkin

Cecilia Payne-Gasposchkin was a British born,
American astronomer and astrophysicist who
suggested that the real composition of stars
was mostly made of hydrogen and helium.
Throughout her life, she has faced various
challenges, mostly because of her gender, but
she still managed to overcome those
challenges and carry her discovery to the
future. She was persistent, passionate about
science and research, and followed her dreams
against all odds. She is one of the greatest
astronomers in history and her story is a very
inspiring one.

Figure 1:
https://www.harvardmagazine.com/2020/05/feature-vita-cec
ila-payne-gaposchkin

€arly Lifec and €ducation

Cecilia was born in Wendover, England as
Cecilia Helena Payne in 1900. Cecilia's father
died when she was four years old and her
mother was forced to raise the family on her
own. Her mother decided to move to London
with Cecilia, when Cecilia was 12. She
continued her education, which she had begun
in her hometown Wendover, in London.
Although her interest was in science, Cecilia
Payne was also a talented musician like her
father Edward John Payne. While she was
attending St Paul's Girls' School, she was urged

by Gustav Holst, who taught music at the
school, to pursue a career in music, but she
continued to focus on science.

Her brilliance and passion for science earned
her a scholarship for college education. In
1919, she started her studies at the Newnham
College which was one of just two colleges for
women at the Cambridge University. She
started her studies in botany but she was also
very much interested in other sciences. A
lecture by Arthur Eddington which she
attended ignited her interest in astronomy.
Later, she was able to meet Professor
Eddington on an open night for the public held
by the Cambridge Observatory. She told
Professor Eddington about her interest in
astronomy and that in fact she wanted to
become an astronomer. Professor Eddington
saw her potential, encouraged her ambition
and invited her to use the Observatory's library,
with access to all the latest astronomical
journals. This was a turning point for Cecilia
Payne and opened the world of astronomical
research to her. However, astronomy was still
seen as a branch of mathematics at that time
and she was unable to change her major field
of study to astronomy but she was done with
botany. She changed her major to physics, with
all the astronomy classes she could take on the
side.

Unfortunately, being a woman was a major
disadvantage in the academic world back then.
Realizing that her only real career option in the
United Kingdom was to become a teacher and
there were more opportunities for a woman to
work in astronomy in the United States than in
Britain, Cecilia started looking for opportunities
that would enable her to move to the United
States. This is how she met Harlow Shapley, the
new director of the Harvard College
Observatory, who offered her a graduate
fellowship where he had just established a
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graduate program in astronomy. She became
the second student to receive this fellowship. In
1923, she left England for the United States,
where she made her discovery and lived for
the rest of her life.

“The Most Brilliant PhD
Thesis €Ever Written in
Astronomy”

So, what was her discovery? Cecilia discovered
that the true composition of the Sun and all
stars were similar and were mostly made of
hydrogen and helium which was against the
common scientific belief at the time. She owed
her discovery to the science of spectroscopy,
which is the study of spectra (light).

In order to understand how Cecilia made the
discovery, we first have to talk about
Electromagnetic radiation. Electromagnetic
radiation is a form of energy that can travel in
space and is present everywhere around us. It
can take many forms such as radio waves,
microwave, infrared light, visible light,
ultraviolet, x-ray and gamma rays all of which
are ordered according to their wavelengths in
the Electromagnetic spectrum. The type of
electromagnetic radiation that has the highest
wavelength, will have the lowest energy; as the
higher the frequency of the wavelength is, the
more energy it will carry. Visible light, which is
the spectrum of light that the naked human eye
can see, is only a small part of the
electromagnetic spectrum and astronomers
generally use nanometers as the unit for
measuring wavelength.
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Figure 2:

https://www.pngkey.com/maxpic/u2t4rs5w7r5w7t4r5/

The light (electromagnetic radiation) coming
from a star, such as the Sun, can be used in
order to learn about the elements forming that
star. Throughout centuries, scientists have
discovered various methods to examine these
lights in order to better-understand the
composition of the stars. The works of many
scientists related to this field, such as the works
of Kirchhof and Bunsen, has made it possible
to identify the different elements by comparing
their wavelengths to samples we have present
on Earth. Thus, making it possible to analyze
wavelengths of light (spectral lines) coming
from stars and learn about their composition
with the study of spectroscopy.

Moreover, the way these scientists were able to
analyze the composition of stars was by
looking at the absorption lines in their light
spectrum. These absorption lines are the result
of various elements, present in the composition
of stars, that absorb different wavelengths of
light. By comparing these lines, present in
some wavelengths, to the lines that different
elements caused, which was observed in a
laboratory setting, scientists were able to make
accurate guesses about the composition of
stars. At the time, these studies revealed that
the elements found in the composition of a star
were the same as or similar to the elements
that make up the Earth’s crust, with similar
percentages. Hence, scientists assumed that
most stars were made up of heavy elements
such as iron.

Types of Spectra
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Figure 3:
https://slidetodoc.com/chapter-4-spectroscopy-kirchhoffs-fir
st-law-t-hot/
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Harvard College had a relatively long history of
working on stellar spectra and by the time
Cecilia Payne arrived for her studies, they most
probably had the World's largest archive on
this topic. The stars were classified into seven
types according to their spectra: O, B, A, F, G, K
and M; with O being the hottest and M being
the coolest. Here, Cecilia Payne immediately
began working on her Ph. D. thesis about
stellar spectra, for which she used the work of
an Indian astrophysicist Meghnad Saha.
Meghnad Saha had developed an equation,
called the Saha equation, that could be used in
order to calculate the ionization levels of the
elements forming a star and Saha’s work
helped Cecilia develop a different
understanding about stars.

Cecilia came up with the idea that the variation
in stellar spectra was not due to different
amounts of the elements, but it was rather due
to the different ionization levels of the atoms in
a star and also the different surface
temperatures of the stars. According to her
calculations, the composition of elements in
different kinds of stars were nearly the same
and they were abundant in hydrogen and
helium rather than heavy metals. Thus, as most
of the mass of the universe consisted of stars,
the majority of the mass of the universe
consisted of these two lightest elements,
hydrogen and helium; and other elements only
took up a small portion of the total mass.
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Figure 6:
https://www.youtube.com/watch?v=Y5VU3Mpbabl

However, sadly, Payne's calculations and
conclusion were shocking to the scientific
community at that time, since it was still
commonly believed that the composition of
the stars were similar to Earth, consisting of
heavier elements. Professor Henry Norris
Russell at Princeton who was a leading
academician of the field, claimed that Cecilia’s
results were “clearly impossible.”. Unfortunately,
Cecilia, who needed to protect her career
especially as a woman in academic life, was
forced to insert a statement in her thesis that
said her calculations were “almost certainly not
real.”

On the other hand, even though these various
challenges, Cecilia was able to receive her
Ph.D. But as Harvard did not grant doctoral
degrees to women, Payne received her first
Ph.D. in astronomy from Radcliffe College for
her thesis, “Stellar Atmospheres: A contribution
to the observational study of high temperature
in the reversing layers of stars”. Later on, her
thesis would be defined by many scientists as
“The Most Brilliant PhD Thesis Ever Written
in Astronomy”. In the following years she
published her thesis as a book “Stellar
Atmospheres” and within a few years it was
understood that her calculations and
conclusion were correct. Professor Russell also
reached the same results in 1929.
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The Passion for Rescarch
Unfortunately, although Payne worked as a
professor, meaning she had undertaken all the
duties of one like lecturing, conducting
research and advising students, she was not
appointed as one. Harlow Shapley also thought
that she deserved to be appointed as a
professor but the University did not give
academic positions to women and they were
very strict about that policy. Thus, Cecilia was
working as a technical assistant to the director
of the observatory and was paid a low salary.

On the other hand, Cecilia was not a person
who would easily give up. With great passion
and persistence, she continued her studies
facing all kinds of challenges. She wrote and
published several books and in 1938, she was
appointed as the Philips Astronomer, an officer
of Harvard. Whereas, Harlow Shapley had to
convince the University administration that her
appointment as the Philips Astronomer would
not make her a member of the college faculty.
Although she was named a lecturer in
astronomy and taught courses, those courses
were not listed in the Harvard catalog for many
years. Finally, in 1956 Cecilia Payne became a
full professor and first woman Chair of the
Department of Astronomy, where she
continued to publish and wrote several other
books.

In 1976, the American Astronomical Society
awarded her the prestigious Henry Norris
Russell Prize. In her acceptance speech, she
spoke of her lifelong passion for research and
said; "The reward of the young scientist is the
emotional thrill of being the first person in the
history of the world to see something or
understand something. Nothing can compare
with that experience.”

Arda Deniz Altinok / 9
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The Mystery of the
Order in the Universe

&8 JACORIN ( BIIP BESF Corkls

Have you ever looked upon the sky on a
cloudless night and wondered how all stars
and planets stay on the very spot, away from
Earth? Or have you ever thought about the
logic beyond the term “gravitation”, that we all
are familiar with from our schools? All of these
questions, this mystery can be answered by a
single term that Newton came up with under
an apple tree: “gravity”.

There is an order in the universe, everything
goes according to this order. Galaxies consist
of millions of planets, meteoroids, and stars all
around the universe. Each one of them has its
path. In other words, the universe is a marathon
that has millions of participants who are in
continuous motion. At this point, everything
seems crystal clear however mankind could not
resist the charm of questioning and
discovered the reason for this
continuous motion; gravity. As for lexical
meaning, gravity is “the force that
attracts a body towards the centre of the
earth, or towards any other physical
body having mass.” In other words,
everything that possesses a mass
experiences a potential gravitational
force. For example, there is a gravity
force between me and the computer
that | am currently using. There is also a
gravity force between planets which
explains the logic behind galaxies. As
you all can reckon, most of the galaxies

have a central star or Supermassive blackhole
that all objects revolve around. In our Solar
System, it is the Sun for example. All planets,
Earth, Mars, revolve around the Sun
continuously. That is a consequence of
gravitational force between the Sun and other
planets. But why cannot Earth or other planets
be the center instead of the Sun? Why does the
Sun take hold of all planets? At this exact point,
Newton’s gravitational law steps in.

Newton's gravitational law is a revolution for
physics. It states that every particle in the
universe attracts every other particle with a
force. This force is directly proportional to the
multiple of their masses and inversely
proportional to the square of the distance
between their centers. It is denoted as

F= G x™2% where G symbolizes the
gravitational constant, the universal constant
used while calculating the attraction between
two masses. In other words, as the masses of
the particles increase, gravitational force
increases, and as the distance between them
increases gravitational force decreases. To
observe this change, this force needs to be
high. For example, we are not able to observe
the force between us and a pencil since the
masses are too low for a visible change.
Considering the constant value of G, which is
6.67x 10-11, it can be concluded that the mass
of at least one object needs to be too high in
order to observe a change by bare eyes. To
exemplify, we can observe the force between a
pencil and the earth when the pencil is
dropped from a desk. It goes directly to the
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floor and we call this the effect of gravitation.
You cannot observe this change in space
because the force in space is much less
compared to this one since the distance
between the pencil and a great mass in space
is too much. Thus, we can conclude that the
force on pencil and earth are the same but
Earth does not move because of its inertia.

Now, there is a question that | haven't
answered up to that point: Which factor
decides the direction of this force? The answer
is simple as it is typed: mass. The higher mass
object establishes supremacy over another one
which ends up as the less mass object rotating
around the other. The main reason that the
higher mass object stays still can be explained
by the formula F=ma, which shows the inverse
proportion between mass and acceleration.
Thus, higher mass causes lower acceleration.
This explains the reason for the Sun being the
center of our galaxy.

49

In conclusion, gravity has a crucial role in the
order of this endless mystery. There may be
lots of things that we have not discovered in
the universe but thanks to Newton, we know
one thing for sure; gravitational force
constitutes the base of the universe

Ardil ORCEN /10
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Heat

Engines and
Thermodynamic

Cycles

To understand the process under
our cars’ hood or inside mega
turbines we should be looking at
heat engine concepts such as Carnot
Heat Engine. Before that let’s begin
with some primary knowledge.

Thermodynamics is a branch of physics that is
concerned with the relationship between heat,
work, temperature, and energy. First trials to
understand the relationship between these
terms began with the work of Robert Boyle and
Robert Hooke about pressure-volume
correlation in 1656. Works of other scientists
like Gay-Lussac have continued and
accelerated with the invention of the
thermometer in the 17th century. During the
18th century, different engines such as the
Newcomen engine and Watt engine were
used. Affected by those engine designs, Sadi
Carnot, who is regarded as the founding father
of thermodynamics, published his book
“Reflections on the Motive Power of Fire” in
1824, marking the beginning of
thermodynamics as a modern discipline.

Laws of Thermodynamics

The First Law of Thermodynamics explains the
change in internal energy (temperature) and
work done by the system. (positive work)

The first law is based on the conservation of
energy in heat and thermodynamics.
Conservation of energy states that the energy
in a system remains constant. For example, a
powerplant burning coal to produce electricity

uses this law while converting heat into electric
energy and conserving the total energy.

The change in internal energy of a system is equal to
the heat added to the system minus the work done by
the system.

AU=Q-W

Change in Heat added Work done
internal 1 the system by the systam
enargy

The Second Law of Thermodynamics is about
the direction of spontaneous processes, the
entropy of the system. In nature, entropy tends
to remain the same or increase. The change in
entropy ASis equal to the heat transfer
AQdivided by the temperature T. While in
reversible processes final entropy is equal to
initial entropy, in irreversible processes final
entropy is bigger than initial. Moreover, it
defines the maximum amount of efficiency in
an engine.

The universe tends to create chaos with
entropy. For example, as you know a glass of
water is more disordered than a glass of ice
cubes since a liquid is more disordered
compared to a solid. A glass of ice tends to
melt and become a liquid in nature. This can be
thought of as an example of an entropy
increase in nature.

WHICH IS MORE DISORDERED?
THE GLASS OF ICE CHIPS OR
THE GLASS OF WATER

Definition of Heat Engine
and PY Diagrams

Heat engines are machines that use heat to do
work according to the laws of thermodynamics.
So, heat engines convert thermal energy to
mechanical energy. These engines are now
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used in a variety of applications such as
gasoline and diesel engines, steam turbines,
and jet engines.
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Heat engines are usually illustrated on a PV
diagram. These diagrams include various
engine cycles that made up the process of
work done in the engine. It is important to
know the concept behind the P-V diagrams
since they visualize the thermodynamic cycles
in an engine while it is working.

These diagrams can include four
processes: isothermal, isobaric, isochoric,
adiabatic.
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For example, the most efficient engine, the
Carnot heat engine, includes isothermal and
isentropic (reversible adiabatic) cycles. The P-V
diagrams are close loops. The area inside the
loop represents the amount of work done.

Carnot Heat Engine

|dealized by Sadi Carnot, Carnot Heat Engine is
the most efficient engine. In order to approach
the Carnot efficiency, the processes involved in
the heat engine cycle must be reversible and
involve no change in entropy. This means that
the Carnot cycle is an idealization since no real
engine processes are reversible and all real
physical processes involve some increase in
entropy.

For example, the most efficient four-stroke
diesel engine, Wartsila-Sulzer RTA 96-C, has an
efficiency of over 50%. Moreover, gas turbines
are also efficient engines with efficiency up to
61% by General Electric. In contrast, most
piston engines have a range of 20% to 30%
efficiency.

Carnot Engine is composed of two isothermal
and two adiabatic processes. In the first
process, isothermal expansion of gas takes
place. The gas does work on the surrounding
while the temperature is kept constant. Then, in
a reversible adiabatic process thermal
insulation is present, avoiding any heat transfer
from outside. The gas expands by doing work
on surroundings, while cooling. After the
adiabatic process, another isothermal process
happens. In this case, the surroundings do
work on gas. The gas is further compressed in
the last process of adiabatic.

Camnot (ldeal) Heat Cycle P-V Diagram
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Other Examples of
Heat Engines

Otto Cycle

Otto Cycle is a cycle used in four-stroke
engines which run our cars. The first person to
build a working four-stroke engine, a stationary
engine using a coal gas-air mixture for fuel, was
German engineer Nicolaus Otto. Today the
four-stroke principle is commonly known as the
Otto cycle and four-stroke engines using spark
plugs often are called Otto engines.

It is related to the ideal gas law that is PV=nkT,
where P is pressure, V is volume, n is a number
of moles of gas, k is Boltzman constant and T is
temperature. In a car engine, the fuel enters the
cylinder, and then it is adiabatically
compressed. Adiabatic compression results in
the volume decrease while the pressure and
temperature increase. When compression is
complete, the spark plugs ignite the fuel, which
then increases the temperature and pressure at
a constant volume. Power stroke, which makes
the gas expand adiabatically, results in a
sudden drop in the pressure and temperature.
This reaction is the source of power that runs
our cars. Finally, exhaust fumes are released,
decreasing the pressure and starting the cycle
with new fuel.

Brayton Cycle

Brayton Cycle is named after American
engineer George Brayton. Although it was first
used in Brayton Piston Engine, now it is used in
the explanation of gas turbine cycles. Gas
turbine engines create power from burning
fuel in a combustion chamber and using the
fast-flowing combustion gases to drive a
turbine-like the high-pressure steam drives a
steam turbine. Brayton Cycle begins with
adiabatic compression. In adiabatic
compression, the air is drawn into the turbine
and compressed in the compressor stage.
Secondly, isobaric ignition takes place in which
fuel is mixed with the high-pressure air and
burned at constant pressure. In adiabatic
expansion hot gases expand in the turbine
stages. In isobaric exhaust, hot gases are
ejected into the environment.

Brayton Heat Cycle PV Diagram
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Stirling Engine Heat Engine Processes Summary

The Stirling engine was Corbition Heat Heat
invented in 1816 by Robert Type GycleerwsJCumprﬁsiun Addition | EXPansion Rejaction
Stirling Who sought to create an Camel  |sentropic solhermal  |isentropic |isothermal
alternative to the steam External Stirling  [isothermal ~ fsometric  isothermal  [isometric
engines due to the fact that Combustion| Ericsson [isothermal  |sobaric isothermal  |isobaric
boilers of steam engines often {Closed Rankine

exploded due to the high Cyocle) (Steam) [ocicbatic }sobanc adiabatic  [isobaric
steam pressures used. It was a Stoddard [adisbatic  fsobaric adiabatic  [sobaric
C|Osed-C>{C|e ethma‘l . Lenoir none somelric  |isentropic  [isobaric
combustlon engine just |!ke the Internal | Otto (Petrol) |adisbatic  [sometric  |adiabalic  |sometric
qunqt Engine. Th.e yvorklng Combustion | Alkinson [adiabatic isometric adiabalic isometric
principle of the St'rl'ng Engine (Open Miller |adisbatc  fsometric  ladiabalic  |isometric
was based on Charle; Law Cycle) Diesel |adiabatic sobaric adiabatic  |sometric
which states the relationship Brayton (Jet) adiabatic _ jsobaric _ |adiabalic _|sobaric

between volume and
temperature.

There are 3 major configurations of Stirling
Engine: Alpha, Beta, Gamma. In general, the
working principle of the Stirling Engine is
based on the volume increase and decrease of
the gas, which is held in a variable volume
container and constructed from a movable
piston in a cylinder closed at one end. This
fluctuation in volume will cause the piston to
move out and in. Repeated heating and
cooling will cause a reciprocating movement of
the piston. This movement can be converted to
rotary motion using a conventional connecting
rod and a crankshaft.

Emir Erman/ 11

Alpha Beta
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