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ASISTAN(LAR)

DERSIN AMACI

Bu dersin amaci, 6grenciler i¢in kristal yapinin geometrik ve simetrik temellerini (Bravais orgiiler,
birim hiicre, Miller indisleri, ters 6rgii ve Brillouin bolgeleri) kavratmak; kirinim yasalar1 ve
deneysel yontemlerle yapi-6zellik iliskisini baglamak; 6rgii titresimleri ve fonon kavrami lizerinden
1s1l davranisi (Einstein-Debye) agiklamak; serbest elektron gazi modelleri (Drude—Sommerfeld),
Fermi istatistikleri ve durum yogunlugu ile iletim, siklotron hareketi ve Hall olay1 gibi tasiyici
dinamigini kuramsal ve sayisal olarak analiz ederek kristal malzemelerin elektriksel/isil
ozelliklerini nicel bi¢cimde ¢oziimleyebilecek yetkinlige ulagtirmaktir.

DERSIN ICERIGi

Kristaller, kusurlar, 6rgii 6teleme vektorleri; Bravais orgiileri, birim hiicre se¢imi, Wigner—Seitz
hiicresi; 2B/3B orgiiler, simetri islemleri, nokta ve uzay gruplari; kristal dogrultu/diizlemleri, Miller
indisleri ve diizlemler arasi uzaklik. Ters uzay, orgii ve Brillouin bolgeleri; Bragg yasasi, Laue
kosullar1, kirmim deneyleri ve yap1 carpam. Orgii titresimleri, monoatomik/diatomik zincirlerde
dagilim bagmtilari, akustik/optik modlar, fononlar ve 1sil &zellikler (Einstein—Debye, 1sil
iletkenlik). Serbest elektron gazi (klasik ve kuantum), Fermi enerji ve dagilimlari, 3B durum
yogunlugu; iletkenlik, alan altinda tasiyici hareketi, siklotron frekansi ve Hall etkisi; seg¢ilmis
uygulamali 6rnek ve kisa siavlarla pekistirme.

DERS KiTABI / MALZEMESI /
ONERILEN KAYNAKLAR

Ders Kitaba:

Dikici, Mustafa. Katihal Fizigine Giris. 3. Baski, Se¢kin Yaymeilik, 2013.

Zorunlu Kaynaklar:

[1] Kittel, Charles. Katihal Fizigine Giris. (Ceviren: Giilsen Onengiit, Demir Onengiit). 8. baskidan
¢eviri, Palme Yayinevi, 2014.

[2] Akat, Ercliment. Katihal Fizigi Temelleri. 2. Baski, Papatya Yayncilik, 2012.

Ders Ogrenim Ciktilari Bu dersi basariyla tamamlayan 6grenciler,
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Katilar1 ve basit kristal yapilari siiflandirabileceklerdir.
Kristal yapili katilarda baglanma tiirlerini tanimlayabileceklerdir.

Kristalin 1s1l/elektriksel 6zellikleri ile yapisi arasindaki iliskiyi izah edebileceklerdir.

Metallerin fiziksel 6zelliklerini serbest elektron modeliyle agiklayabileceklerdir.

Katilarmn ~ 6zelliklerini  anlayabilmek ig¢in matematiksel temelleri gelistirmis
olabileceklerdir.

DEGERLENDIRME SiSTEMIi

| Etkinlikler Say1 Katki Pay1

| Devam/Katilm: H H

| Laboratuvar: H H

| Uygulama (Sozlii Sinav): H H

| Arazi Calismasi H H

Derse Ozgii Staj

Kisa Sinavlar/Stiidyo Kritigi:
e icerik: Smav haftasina kadar islenen konularin tiimiinii kapsayan
kapsamli sorularin sorulmast

1. Format: Yiiz yiize. Coktan se¢meli kisa smav (5-10 dakika) 4 0.4
1. Detayh Degerlendirme Kriterleri:

-Derste islenen teorik konular ile ilgili problemleri ¢dzebilme

‘ Odev: H H
‘ Sunum/Jiiri H H
| Proje: H H
Ara Smavlar:
e icerik: Smav haftasina kadar islenen konularin tiimiinii kapsayan
kapsamli sorular
1. Format: Yiiz yiize. Smav (100 dakika)
2 %56
e  Detayh Degerlendirme Kriterleri:
-Dersin temel kavramlarmin anlasildiginin gosterilmesi
-Teorik konularla ilgili problemlerin ¢oziilebilmesi
-Teorik diisiinme siireclerinin yiiriitiilmesi
Final:
e icerik: Dersin tiim igerigini kapsayan kapsamli sorular
e  Format: Yiiz yiize. Sinav (100 dakika)
1 %4
e  Detayh Degerlendirme Kriterleri: 7040
-Derste iglenen tiim konularin derinlemesine kavranmis oldugunun
gosterilmesi
-Ileri diizey problem ¢dzme becerilerinin kullanilabilmesi
| Dénem ici Calismalarin Basari Notuna Katkisi H %60
| Final Sinavinin Basar1 Notuna Katkisi %40
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TOPLAM H %100
HAFTALIK KONULAR VE iLGILi ON HAZIRLIK CALISMALARI
HAFTALAR KONULAR On Hazirhik
Konu Anlatimi: Kristaller, Kristal Yapi, Kristal Orgii ve Orgii
Oteleme Vektorleri.
Sif-i¢i Uygulama (5 dk.): Kristaller, Kristal Yapi, Kristal Kusuru Kristaller, Kristal Yapi, Kristal Kusu

Kristal Orgii ve Orgii Oteleme Vektérlerine iliskin drneklemelerinin

1 aptirilmas: konularmin okunmasi. Kaynak: Ders Kitab,
pap ' 25-28.
Smif-i¢ci Tartisma (5 dk.): Kristaller, Kristal Yap1, Kristall
IKusuru kavramlarinin katilarin uygulama alanlartyla ilgili tartismanin|
apilmasi.
Konu Anlatimi: Bravais Orgii, Birim Hiicre, Birim Hiicre Segimi,
llkel Birim H}lcre, Slmetl.'l. I.(a}./gls1? Ilkel O.lm'flyan Qrgu 11e" Brayals Kristaller, Kristal Yap, Kristal Kusury
Olmayan Orgii Arasindaki Iliski, Wigner-Seitz Ilkel Birim Hiicresi. e e et e
kavramlarina iligkin 6n bilgilerin hatirlanmasi
Siif-ici Uygulama (5 dk.): Bravais Orgii, Birim Hiicre, Birim Hiicre ;g etkinlestirilmesi. Kaynak: Ders Kitab, 254
Secimi, Ilkel Birim Hiicre, Simetri Kaygisi, Ilkel Olmayan Orgii ile L - . . ..
. P Lol . .o .. Bravais Orgili, Birim Hiicre, Birim Hiicre
2 Bravais Olmayan Orgili Arasindaki Iligki, Wigner-Seitz Ilkel Birim| Secimi, flkel Birim Hiicre, Simetri Kaygisi
Hiicresi konularinin uygulama yaptirilmas. flkel Olmayan Orgii ile Bravais Olmayan Orgii
Simif-i¢i Tartiyma (5 dk.): Bravais Orgii, Birim Hiicre, Birim Hiicre A{asm(.lakl Hiski, ngper-Seltz Hk.?l., B1r1_
e .. . . . ; o Hiicresi konularmi igeren bolimleri
Secimi, Ilkel Birim Hiicre, Simetri Kaygisi, Ilkel Olmayan Orgii ile okunmasi. Kavnak: Ders Kitabi. 28-32
Bravais Olmayan Orgii Arasindaki iliski, Wigner-Seitz ilkel Birim| - haynag. > )
Hiicresi farkli 6rneklere iliskin tartismanin yapilmasi.
Konu Anlatimi: iki- ve Ug-Boyutlu Kristal Orgii Tipleri, Simetri
islemleri, Nokta Gruplari, Uzay Gruplar.
Sinif-ici Uygulama (5 dk): Bravais Orgii, Birim Hiicre, Birim Hiicre Krlgtallg r, Kristal Yapt kavramlar.ma 1].1 s.km on
i . . . ) : P bilgilerin hatirlanmas1 ve etkinlestirilmesi.,
Secimi, Ilkel Birim Hiicre, Simetri Kaygisi, Ilkel Olmayan Orgii ile .
. —_— R, 0 . Kaynak: Ders Kitabi, 25-32.
3 Bravais Olmayan Orgii Arasindaki Iliski, Wigner-Seitz Ilkel Birim| iki- ve Ug-Boyutlu Kristal Orgii Tipleri
Hiicresi 1 tiril . ) o) ’
terest uygulamasinin yapriimast Simetri Islemleri, Nokta Gruplari, Uzay|
Simif-ici Tartisma (5 dk.): Bravais Orgii, Birim Hiicre, Birim Hiicre Gliu plari Kkonull?‘n]r)ll Ié({'ergn B t:‘c())lumlerm
Secimi, Tlkel Birim Hiicre, Simetri Kaygisi, Ilkel Olmayan Orgii ile okunmasl. Kaynak: Ders Kitabt, 32-40.
Bravais Olmayan Orgii Arasindaki iliski, Wigner-Seitz ilkel Birim
Hiicresi yapisinin tartigilmasi.
Konu Anlatimi: Kristal Dogrultu ve Diizlemleri, Miller indisleri, Ayni Kristal Yap1 ve Iki- ve Ug-Boyutlu Orgii
Miller indisli Kristal Diizlemleri Arasindaki Uzaklik. Tipleri, Simetri Islemleri, Nokta Gruplar,
Uzay Gruplarma iligkin  6n  bilgilerin|
Simf-ici Uygulama (5 dk): Kristal Dogrultu ve Diizlemleri, Miller hatirlanmasi. Kaynak: Ders Kitabi, 25-40.
Indisleri, Ayn1 Miller Indisli Kristal Diizlemleri Arasindaki Uzaklik| Kristal Dogrultu ve Diizlemleri, Mille
uygulamasinin yaptirtlmasi. Indisleri, Kristal Diizlemleri Arasindaki
4 Uzaklik  konularimi  igeren  bdliimlerin
Sinif-i¢i Tartisma (5 dk.): Farkli kristal yapilardaki Kristal Dogrultul okunmasi. Kaynak: Ders Kitabi, 41-44.
¢ C yap g YT . N
ve Diizlemleri, Miller Indisleri, Ayn1 Miller Indisli Kristal Diizlemleri Kisa Smav 1: (Iki- ve U¢-Boyutlu Kristal Orgii
Arasindaki Uzaklik uygulamalarinin tartigilmast. Tipleri, Bravais Orgii, Kristal Dogrultu Ve
Diizlemleri, Miller Indisleri, Kristal
Kisa Smnav 1 (15 dk.): Ders sonunda, derste islenen konulari igeren bir| Diizlemleri Arasindaki Uzaklik) Kaynak: Ders|
kisa sinavin yapilmasi. Kitabi, 32-44.
Konu Anlatimi: Basit Olmayan Kristal Yap1 Ornekleri, Cisim
Merkezli Kiibik (Bec) Yapi, Yiiz Merkezli Kiibik (Fcc) Yapi ve
gi(lfelrllgrrl, Ilkel Birim Hiicre Ornekleri, Ideal Kristal Yapi, Amorf Kristaller, Kristal Yapt kavramlarma iliskin on
priar. bilgilerin hatirlanmas1 ve etkinlestirilmesi.
Simif-igi Uygulama (5 dk.): Basit Olmayan Kristal Yapi Ornekleri, g:;?agirr?:r:nl(g??s‘t’j8;;4'1 Ornekleri. Cisiml
Cisim Merkezli Kiibik (Bcc) Yapi, Yiiz Merkezli Kiibik (Fcc) Yapi ve mayan p 7 .
5 Merkezli Kiibik (Bcc) Yapi, Yiiz Merkezli

digerleri, ilkel Birim Hiicre Ornekleri, Ideal Kristal Yapi, Amorf
Yapilar hakkinda uygulamanin yapilmasi.

Simif-ici Tartisma (5 dk.): Basit Olmayan Kristal Yap1 Ornekleri,
Cisim Merkezli Kiibik (Bcc) Yapi, Yiiz Merkezli Kiibik (Fcc) Yap: ve
digerleri, Ilkel Birim Hiicre Ornekleri, Ideal Kristal Yapi, Amorf]
[Yapilarin uygulama alanlarinin tartisiimasi.

Kiibik (Fcc) Yap1 ve digerleri, ilkel Biri
Hiicre Ornekleri, Ideal Kristal Yapi, Amor
Yapilar  konularin1  igeren  bdliimlerin
okunmasi. Kaynak: Ders Kitabi, 45-53.
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Konu Anlatimi: Kristal Baglari, Baglanma Enerjisi, Bagka Cekici
Etkilesmeler, [yonik Bag, Kovalent Bag, Metalik Bag, Hidrojen Bagi.

Sinif-i¢i Uygulama (5 dk.): Kristal Baglari, Baglanma Enerjisi, Bagkal
Cekici Etkilesmeler, Iyonik Bag, Kovalent Bag, Metalik Bag, Hidrojen
Bag1 {izerine uygulamanin yaptirilmasi.

Smf-i¢i Tartisma (5 dk.): Kristal Baglari, Baglanma Enerjisi, Itici
Etkilesme, Pauli Ilkesi, Cekici Etkilesme {iizerine tartigmanin|
lyapilmast.

Kisa Smav 2 (15 dk.): Ters yiiz edilmis 6grenme (flipped learning)
lyontemi gergevesinde, ders basinda, 6grenciye verilen 6n hazirlik]
gorevinde yer alan konulari iceren bir kisa siavin yapilmasi.

Kristal Baglari, Baglanma Enerjisi tanim ve|
ozelliklerinin ~ 6nceden  okunulmasi  ve]
ogrenilmesi. Kaynak: Ders Kitabi, 54-76.
Kisa Smav 2 i¢in 6n hazirlik: (Ters yiiz edilmis|
ogrenme  (flipped  learning)  yOntemi
cercevesinde, ders basinda, dgrenciye verilen|
6n hazirhk goérevinde yer alan konular)
Kaynak: Ders Kitabi, 28-76.

Konu Anlatimi: Kirinim, Kirinim Deneylerinde Kullanilan Ismnlar, X-
Isinlari, Notronlar, Elektronlar, Bragg Kirmim Yasasi, Deneysel
Kirmim Yontemleri, Fourier Uzay1 veya Ters Uzay, Kristal Orgii ve
Ters Orgii Oteleme Vektorleri, Laue Kirmnim Sartlari, Brillouin
IBolgeleri, Bazin Fourier Analizi, Atomik Yap1 Carpani.

Simf-ici Uygulama (5 dk.): Kirinim, Bragg Kirinim Yasasi, Deneysel
IKirnim Yontemleri, Dogrusal Orgiiniin Ters Orgiisii ve Brillouin|
IBolgesi ile ilgili uygulamanin yaptirilmasi.

Sinif-i¢i Tartisma (5 dk.): Kirinim, Kirinim Deneylerinde Kullanilan|
Isinlar, Dogrusal Orgiiniin Ters Orgiisii ve Brillouin Bolgeleri
hakkinda gorsel ve deneysel sunumlar gosterilerek tartigilmasi.

Kirmim, Kirmmm Deneylerinde Kullanilan]
Isinlar, X-Isinlari, Notronlar, Elektronlar,
Bragg Kirinim Yasasi, Deneysel Kirinim
Yontemleri, Fourier Uzay1 veya Ters Uzay,
Kristal Orgii ve Ters Orgii Oteleme Vektorleri,
Laue Kirmmim Sartlari, Brillouin Bdlgeleri,
Bazin  Fourier Analizi, Atomik Yapi
Carpani1 konularini igeren boliimleri
okunmasi. Kaynak: Ders Kitabi, 81-117.

IAra Smav 1

Sinav haftasina kadar islenen konularin]
tiimiiniin tekrar edilmesi.

Konu Anlatim:

Orgii Titresimleri, Siirekli Ortam, Genellestirilmis Hooke Yasasi,
Kesikli Ortam: 1; ilkel Birim Hiicresinde Bir Atom Bulunan Kristal
Orgii icin Hareket Denklemi: Dalga Denklemi, Daginim Bagntisi ve|
Grup Hizi, Faz Hiz1 ve Grup Hizi, Bir-Boyutlu ve Ilkel Birim|
Hiicresinde Bir Atom Bulunan Kristal Orgii i¢in Durum Yogunlugu.

Simif-ici Uygulama (5 dk.): Orgii Titresimleri, {lkel Birim Hiicresinde
Bir Atom Bulunan Kristal Orgii I¢in Hareket Denklemi: Dalgal
Denklemi, Daginim Bagmtisi ve Grup Hizi, Siirekli Ortamin Dagimim
Bagintist ile Kesikli Orgiiniin Dagmim Bagintismnin Karsilastiriimasi
konularinda uygulama yaptirilmast.

Smif-i¢i Tartisma (5 dk.): Orgii Titresimleri, {lkel Birim Hiicresinde|
Bir Atom Bulunan Kristal Orgii I¢in Hareket Denklemi: Dalgal
Denklemi, Dagimim Bagintist ve Grup Hizi kavramlarmm ve farkli
uygulamalarimin tartigilmasi.

Orgii Titresimleri, Stirekli Ortam,|
Genellestirilmis Hooke Yasasi, Kesikli Ortam:
1; Ilkel Birim Hiicresinde Bir Atom Buluna
Kristal Orgii Icin Hareket Denklemi: Dalg
Denklemi, Daginim Bagintist ve Grup Hizi,
Faz Hiz1 ve Grup Hizi, Bir-Boyutlu ve Ilkel
Birim Hiicresinde Bir Atom Bulunan Kristal
Orgii I¢in Durum Yogunlugu konularmi igeren|
bolimlerin okunmasi. Kaynak: Ders Kitabi,
123-153.

Konu Anlatimi: Kesikli Ortam: 2

ilkel Birim Hiicresinde Tki Atom Bulunan Kristal Orgii Igin

Hareket Denklemlerinin Coziimii ve Daginim Bagmtilari, Akustik ve
Optik  Modlar, Durum  Yogunlugu, Orgii Titresimlerinin
Kuantumlanmasi, Fonon Momentumu Kristal Momentumu.

Simif-i¢i Uygulama (5 dk.): Ilkel Birim Hiicresinde Bir veya Iki Atom|
Bulunan Kristal Orgii I¢in Hareket Denklemlerinin Céziimii ve|
IDaginim Bagmtilar izerine uygulamanin yaptirtlmast.

Simif-i¢i Tartisma (5 dk.): {lkel Birim Hiicresinde Bir veya ki Atom|
Bulunan Kristal Orgii I¢in Hareket Denklemlerinin Céziimii ve
Daginim Bagintilarinin farkl 6rneklemelerinin tartigiimast.

Kisa Smav 3 (15 dk.): Ters yiiz edilmis 6grenme (flipped learning)
lyontemi gergevesinde, ders basinda, 6grenciye verilen 6n hazirlik]
gorevinde yer alan konulari igeren bir kisa sinavin yapilmasi.

Orgii Titresimleri, {lkel Birim Hiicresinde Bi
Atom Bulunan Kristal Orgii igin Hareke
Denklemi ¢oziimlerine iligkin 6n bilgilerin|
hatirlanmasi. Kaynak: Ders Kitabi, 123-153.
flkel Birim Hiicresinde Iki Atom Bulunan|
Kristal Orgii Igin Hareket Denklemlerinin
Coziimi ve Dagmim Bagmtilari, konularmi
iceren bolimlerin okunmasi. Kaynak: Ders|
Kitabi, 155-169.

Kisa Smav 3 igin 6n hazirlik: (ilkel Biri
Hiicresinde Bir veya Iki Atom Bulunan Kristal
Orgii I¢in Hareket Denklemlerinin Coziimii ve|
Dagmim Bagmtilar1) Kaynak: Ders Kitabi,
123-169.

Konu Anlatimi: Termal Ozellikler, Ozis1 Modelleri, Klasik Ozist
Modeli, Einstein Modeli, Debye Modeli, Termal Iletkenlik.

Siif-ici Uygulama (5 dk.): Termal Ozellikler, Ozis1 Modelleri,
Klasik Ozis1 Modeli, Einstein Modeli, Debye Modeli, Termal
iletkenlik uygulamasinin yaptirilmasi.

Klasik 6z1s1 modelinin, Harmonik salinici
kavramlarina iligkin 6n bilgilerin arastirilarak]
hatirlanmast.

Termal Ozellikler, Ozis1 Modelleri, Klasi
Oz1s1 Modeli, Einstein Modeli, Debye Modeli,
Termal fletkenlik konularini iceren béliimlerin|
okunmasi. Kaynak: Ders Kitabi, 173-191.
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Smf-i¢i Tartiyma (5 dk.): Diisiikk ve yiiksek sicakliklarda Ozs1
Modelleri, Klasik Ozist Modeli, Einstein Modeli, Debye Modeli
konularinin kargilastirilmasina iligkin tartisgmanin yapilmasi.

12

Konu Anlatimi: Serbest Elektron Gazi, Klasik Serbest Elektron Gazi|
IModeli, Drude Serbest Elektron Gazi Modeli ve Ohm Yasasi, Kuantum
IMekanigine Dayal1 Serbest Elektron Modeli.

Simif-ici Uygulama (5 dk.): Serbest Elektron Gazi, Klasik Serbest]
Elektron Gaz1 Modeli, Drude Serbest Elektron Gazi Modeli ve Ohm|
Yasas1, Kuantum Mekanigine Dayal1 Serbest Elektron Modeli {izerine|
uygulama yaptirilmasi.

Sinif-i¢i Tartisma (5 dk.): Klasik Serbest Elektron Gazi Modeli ve|
IKuantum Mekanigine Dayali Serbest Elektron Modeli tartigmasinin|
lyapilmast.

Kisa Sinav 4 (15 dk.): Ders sonunda, derste islenen konulari i¢eren bir
kisa sinavin yapilmasi.

Serbest Elektron Gazi, Klasik Serbest Elektron|
Gazi Modeli, Drude Serbest Elektron Gazi
Modeli Ve Ohm Yasasi, Kuantum Mekanigine]
Dayali Serbest Elektron Modeli konularini
iceren bolimlerin okunmasi. Kaynak: Ders
Kitab1, 195-208.

Kisa Smav 4: (Termal Ozellikler, Ozs
Modelleri, Klasik Ozisi Modeli, Einstein|
Modeli, Debye Modeli, Termal letkenlik)
Kaynak: Ders Kitabi, 173-191.

13

Konu Anlatimi: Fermi Enerjisi, Dagilim Fonksiyonlari, Bose-Einstein|
IDagilimi, Fermi-Dirac Dagilimi.

Smif-ici Uygulama: (5 dk) Fermi Enerjisi, Dagilim Fonksiyonlart,
Bose-Einstein Dagilimi, Fermi-Dirac Dagilimi iizerine uygulamal
lyaptirilmasi.

Sinif-i¢i Tartisma: (5 dk.) Fermi Enerjisi, Dagilim Fonksiyonlari,
Bose-Einstein Dagilimi, Fermi-Dirac Dagilimi uygulamalarinin|
tartismasinin yapilmasi.

Fermi Enerjisi, Dagilim Fonksiyonlari, Bose-
Einstein Dagilimi, Fermi-Dirac
Dagilimi konularini igeren boéliimlerinj
okunmasi. Kaynak: Ders Kitabi, 207-208.

14

Konu Anlatimi: Ug-Boyutlu Serbest Elektron Gazi, Fermi Yiizeyi,
IDurum Yogunlugu, Serbest Elektron Gazinin Ozisisi, Etkin Kiitle.

Simif-ici Uygulama: (5 dk) Ug-Boyutlu Serbest Elektron Gazi, Fermi
IYiizeyi, Durum Yogunlugu, Serbest Elektron Gazmin Ozisisi, Etkin|
Kiitle uygulamasinin yaptirilmast.

Kuantum Fizigi dersinde anlatilan temell
konulara iligkin 6n bilgilerin hatirlanmasi.
Ug-Boyutlu Serbest Elektron Gazi, Fermi
Yiizeyi, Durum Yogunlugu, Serbest Elektron
Gazinm Ozisis1, Etkin Kiitle konularini igeren
boliimlerin okunmasi. Kaynak: Ders Kitabu,
216-219.

15

Konu Anlatimi: Serbest Elektron Gazmin Iletkenligi, Elektrik Alan|
icinde Hareket ve Ohm Yasasi, Manyetik Alan icinde Hareket ve
Siklotron Frekansi, Magnetik Alan I¢inde Hareket ve Hall Olayu.

Sinif-ici Uygulama (15 dk.): Serbest Elektron Gazimnin Iletkenligi,
Elektrik Alan Icinde Hareket ve Ohm Yasasi, Manyetik Alan Icinde]
Hareket ve Siklotron Frekansi, Magnetik Alan I¢inde Hareket ve Hall
Olay1 lizerine uygulama yaptirilmasi.

Smif-ici Tartisma (5 dk.): Hall olaymm farkli uygulamalardaki
sonuglarinin konugulmasi.

Serbest Elektron Gazinin Iletkenligi, Elektrik
Alan Iginde Hareket ve Ohm Yasas1, Manyetik]
Alan I¢inde Hareket ve Siklotron Frekansi,
Magnetik Alan icinde Hareket ve Hall Olay1
konularmi  igeren bdliimlerin  okunmast.|
Kaynak: Ders Kitabi, 220-226.

16

IFinal

Islenen konularin tiimiiniin tekrar edilmesi.

AKTS iSYUKU TABLOSU

Etkinlikler

Toplam Isyiikii

Ders Saati

’ Say1 ’ Siiresi (Saat)
L

2

28

Laboratuar

Uygulama

Arazi Calismasi

Sinif Dis1 Ders Calismasi

Derse Ozgii Staj

Odev

Kiiciik Sinavlar/Stiidyo Kritigi
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Projeler

Sunum / Seminer

Ara Sinavlar (Sinav Siiresi + Sinav
Hazirhk Siiresi)

Final (Sinav Siiresi + Sinav Hazirhk
Siiresi)

Toplam T yiikii:

Toplam s yiikii / 30(s):

AKTS Kredisi:
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FACULTY / GRADUATE SCHOOL

COURSE INFORMATION FORM

Faculty of Arts and Sciences

DEPARTMENT / PROGRAMME

Physics

TITLE OF COURSE

Solid State Physics 1

CODE

F174101

LOCAL CREDIT

3

ECTS

LECTURE HOUR / WEEK

PRACTICAL HOUR / WEEK

LABORATORY HOUR / WEEK

PREREQUISITE

None

SEMESTER

Fall

COURSE LANGUAGE

English, Turkish

LEVEL OF COURSE

First Cycle

COURSE TYPE

Elective @ Bachelor Programme in Physics

COURSE CATEGORY

Major Area Courses

MODE OF DELIVERY

Face-to-Face

OWNER ACADEMIC UNIT

Department of Physics

COURSE COORDINATOR

Merih SERIN

ASSISTANT(S)

COURSE OBJECTIVES

This course aims to provide students with an understanding of the geometric and
symmetric foundations of crystal structure (Bravais lattices, unit cell, Miller indices,
reciprocal lattice, and Brillouin zones); to connect structural and property relationships
through diffraction laws and experimental methods; to explain thermal behavior via lattice
vibrations and the concept of phonons (Einstein—Debye models); and to enable theoretical
and numerical analysis of carrier dynamics—such as conduction, cyclotron motion, and
the Hall effect—through free electron gas models (Drude—Sommerfeld), Fermi statistics,
and density of states. Ultimately, the course aims to equip students with the competence
to quantitatively analyze the electrical and thermal properties of crystalline materials.

COURSE CONTENT

Crystals, defects, and lattice translation vectors; Bravais lattices, unit cell selection, and
the Wigner—Seitz cell; 2D/3D lattices, symmetry operations, point and space groups;
crystal directions/planes, Miller indices, and interplanar spacing. Reciprocal space, lattice,
and Brillouin zones; Bragg’s law, Laue conditions, diffraction experiments, and the
structure factor. Lattice vibrations, dispersion relations in monoatomic/diatomic chains,
acoustic/optical modes, phonons, and thermal properties (Einstein—-Debye models, thermal
conductivity). Free electron gas (classical and quantum), Fermi energy and distributions,
3D density of states; conductivity, carrier motion under fields, cyclotron frequency, and
the Hall effect; reinforced with selected applied examples and short quizzes.

RECOMMENDED OR REQUIRED
READINGS

Coursebook:
Dikici, Mustafa. Katihal Fizigine Giris. 3rd ed., Seckin Publishing, 2013.
Required Readings:

[1] Kittel, Charles. Katihal Fizigine Giris. (Editors: Giilsen Onengiit, Demir Onengiit).
Translated from the 8th ed., Palme Publishing, 2014.
[2] Akat, Erctiment. Katihal Fizigi Temelleri. 2nd ed., Papatya Publishing, 2012.
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Upon successful completion of the course, students will be able to

1. Classify solids and simple crystal structures.

2. Describe the types of bonding in crystalline solids.

Course Learning Outcomes ) ) ) ) )
Explain the relationship between the thermal/electrical properties of a crystal

and its structure.
Explain the physical properties of metals using the free electron model.

Develop the mathematical foundations for understanding the properties of
solids.

EVALUATION SYSTEM

| Activities Number Percentage of Grade

| Attendance/Participation: H H

| Laboratory H H

| Application (Oral Examination): H H

| Field Work H H

| Special Course Internship (Work Placement) H H

Quizzes/Studio Critics:
e  Content: Comprehensive questions covering all topics addressed up
to the exam week

e  Format: Face-to-face multiple-choice quiz (5-10 minutes) 4 %4

o  Detailed Assessment Criteria:

-Ability to solve problems related to the theoretical topics covered in
the course

| Homework Assignments: H H

‘ Presentations/Jury: H H

| Project: H H

Midterms:

e  Content: Comprehensive questions covering all topics addressed up to
the exam week

e  Format: Face-to-face written exam. (100 minutes).

e Detailed Assessment Criteria: 2 %56
-Demonstration of understanding of the fundamental concepts of the
course

-Ability to solve problems related to theoretical topics
-Ability to carry out theoretical reasoning processes

e Content: Comprehensive questions covering the entire content of the
course

. . 1 %40

e  Format: Face-to-face written exam. (100 minutes).

‘ Seminar/Workshop H H ‘
o  Detailed Assessment Criteria:
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-Ability to apply advanced problem-solving skills
-Demonstration of a thorough understanding of all topics
covered in the course

Percentage of In-Term Studies H

Percentage of Final Examination H

TOTAL H

WEEKLY SUBJECTS AND RELATED PREPARATION STUDIES

WEEKS

COURSE OUTLINE

Related Preparation

ILecture: Crystals, Crystal Structure, Crystal Lattice,
and Lattice Translation Vectors.

In-Class Practice (5 min.): Provide examples of
crystals, crystal structure, crystal defects, and lattice]
translation vectors.

In-Class Discussion (5 min.): Discuss the concepts of]
crystals, crystal structure, and crystal defects in their
application to solids.

Reading the topics "Crystals, Crystal Structure, Crystal
Defect." Source: Coursebook, pp. 25-28.

Lecture: Bravais Lattice, Unit Cell, Unit Cell
Selection, Primitive Unit Cell, Symmetry Concern,
Relationship Between Non-Primitive and Non-Bravais|
ILattice, Wigner-Seitz Primitive Unit Cell.

In-Class Practice (5 min.): Bravais Lattice, Unit Cell,
Unit Cell Selection, Primitive Unit Cell, Symmetry
Concern, Relationship Between Non-Primitive and|
INon-Bravais Lattice, Wigner-Seitz Primitive Unit Cell.

In-Class Discussion (5 min.): Bravais Lattice, Unit
Cell, Unit Cell Selection, Primitive Unit Cell,
Symmetry Concern, Relationship Between Non-
Primitive and Non-Bravais Lattice, Wigner-Seit7
Primitive Unit Cell. Discussion on different examples.

Recall and activate prior knowledge of the concepts of
crystals, crystal structure, and crystal defects. Source:
Coursebook, pp. 25-28.

Read the sections on Bravais Lattice, Unit Cell, Unit
Cell Selection, Primitive Unit Cell, Symmetry Concern,
the Relationship Between Non-Primitive and Non-
Bravisian Lattice, and the Wigner-Seitz Primitive Unit
Cell. Source: Coursebook, pp. 28-32.

Lecture: Two- and Three-Dimensional Crystal Lattice]
Types, Symmetry Operations, Point Groups, Space
Groups.

In-Class Exercise (5 min): Bravais Lattice, Unit Cell,
[Unit Cell Selection, Primitive Unit Cell, Symmetryj|
Concern, Relationship Between Non-Primitive and
Non-Bravisian Lattice, Wigner-Seitz Primitive Unit
Cell Exercise.

In-Class Discussion (5 min): Bravais Lattice, Unif]
Cell, Unit Cell Selection, Primitive Unit Cell,|
Symmetry Concern, Relationship Between Non-
Primitive and Non-Bravisian Lattice, Discussion of the
Wigner-Seitz Primitive Unit Cell Structure.

Recalling and activating prior knowledge of crystals
and crystal structure concepts. Source: Coursebook, pp.
25-32.

Reading the sections on Two- and Three-Dimensional
Crystal Lattice Types, Symmetry Operations, Point
Groups, and Space Groups. Source: Coursebook, pp.
32-40.

Lecture: Crystal Directions and Planes, Miller Indices,
Distance Between Crystal Planes with the Same Miller
Index.

In-Class Practice (5 min): Crystal Directions and|
Planes, Miller Indices, Distance Between Crystal Planes|
with the Same Miller Index practice.

In-Class Discussion (5 min): Discussion of Crystall
IDirections and Planes, Miller Indices, Distance
Between Crystal Planes with the Same Miller Index
practice in different crystal structures.

Quiz 1 (15 min): A quiz covering the topics covered in|

class at the end of the lesson.

Recalling preliminary information on Crystal Structure
and Two- and Three-Dimensional Lattice Types,
Symmetry Operations, Point Groups, and Space
Groups. Source: Coursebook, pp. 25-40.

Reading the sections on Crystal Directions and Planes,
Miller Indices, and Distances Between Crystal Planes.
Source: Coursebook, pp. 41-44.

Quiz 1: (Two- and Three-Dimensional Crystal Lattice
Types, Bravais Lattice, Crystal Directions and Planes,
Miller Indices, Distances Between Crystal Planes)
Source: Coursebook, pp. 32-44.
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Lecture: Examples of Non-Simple Crystal Structures,)
Body-Centered Cubic (Bcc), Face-Centered Cubic
(Fcc), and Others, Examples of Primitive Unit Cells,|
[deal Crystal Structures, Amorphous Structures.

In-Class Practice (5 min.): Application of Non-Simple]
Crystal Structures, Body-Centered Cubic (Bcc), Face
Centered Cubic (Fcc), and others, Examples of
Primitive Unit Cells, Ideal Crystal Structures, and|
IAmorphous Structures.

In-Class Discussion (5 min.): Examples of Non-
Simple Crystal Structures, Body-Centered Cubic (Bcc),
[Face-Centered Cubic (Fcc), and Others, Examples of]
Primitive Unit Cells, Ideal Crystal Structures, and|
Discussion of the Applications of Amorphous
Structures.

Recalling and activating prior knowledge of crystals
and crystal structure concepts. Source: Coursebook, pp.
28-44.

Reading the sections on Non-Simple Crystal Structure
Examples, Body-Centered Cubic (Bcc) Structure, Face-
Centered Cubic (Fcc) Structure, and others, Primitive
Unit Cell Examples, Ideal Crystal Structure, and
Amorphous Structures. Source: Coursebook, pp. 45-53.

ILecture: Crystal Bonding, Binding Energy, Other
Attractive Interactions, Ionic Bonding, Covalent]
IBonding, Metallic Bonding, Hydrogen Bonding.

In-Class Practice (5 min.): Practice on Crystal
Bonding, Binding Energy, Other Attractive]
Interactions, lonic Bonding, Covalent Bonding,
Metallic Bonding, and Hydrogen Bonding.

In-Class Discussion (5 min.): Discussion on Crystal
Bonding, Binding Energy, Repulsive Interactions, the
IPauli Principle, and Attractive Interactions.

Quiz 2 (15 min.): A quiz covering the topics covered in|
the preliminary assignment given to students at thej
beginning of the lesson.

Pre-reading and learning the definitions and properties
of Crystal Bonds and Binding Energy. Source:
Coursebook, 54-76.

Pre-preparation for Quiz 2: (Topics covered in the
preliminary preparation task given to the student at the
beginning of the course, within the framework of the
flipped learning method.) Source: Coursebook, 28-76.

ILecture: Diffraction, Rays Used in Diffraction|
Experiments, X-Rays, Neutrons, Electrons, Bragg's|
Law of Diffraction, Experimental Diffraction Methods,
[Fourier Space or Reciprocal Space, Crystal Lattice and|
Reciprocal Lattice Translation Vectors, Laueg]
Diffraction Conditions, Brillouin Zones, Fourier
lAnalysis of a Base, Atomic Structure Factor.

In-Class Practice (5 min.): Diffraction, Bragg's Law of]
Diffraction, Experimental Diffraction Methods, Linear
Lattice Reciprocal Lattice, and Brillouin Zones will be
practiced.

In-Class Discussion (5 min.): Visual and experimental
presentations will be shown and discussions will bej
conducted on diffraction, Rays Used in Diffraction|
Experiments, Linear Lattice Reciprocal Lattice, and
Brillouin Zones.

Reading the sections on Diffraction, Rays Used in
Diffraction Experiments, X-Rays, Neutrons, Electrons,
Bragg's Law of Diffraction, Experimental Diffraction
Methods, Fourier Space or Reciprocal Space, Crystal
Lattice and Reciprocal Lattice Translation Vectors,
Laue Diffraction Conditions, Brillouin Zones, Fourier
Analysis of the Base, Atomic Structure Factor. Source:
Coursebook, pp. 81-117.

Ara Sinav 1

Repetition of all topics covered until the exam week.

Lectures: Lattice Vibrations, Continuous Media,
Generalized Hooke's Law, Discrete Media: 1; Equation
of Motion for a Crystal Lattice with One Atom in 4
Primitive Unit Cell: Wave Equation, Dispersion
Relation, and Group Velocity, Phase Velocity and
Group Velocity, Density of State for a One-
IDimensional and Primitive Unit Cell.

In-Class Practice (5 min.): Lattice Vibrations,
Equation of Motion for a Crystal Lattice with One Atom)
in a Primitive Unit Cell: Wave Equation, Dispersion|
Relation, and Group Velocity, Comparison of the]
Dispersion Relation for a Continuous Medium and the
Dispersion Relation for a Discrete Lattice.

In-Class Discussion (5 min.): Lattice Vibrations,|
Equation of Motion for a Crystal Lattice with One Atom)|
in a Primitive Unit Cell: Wave Equation, Dispersion|

Lattice Vibrations, Continuous Media, Generalized
Hooke's Law, Discrete Media: 1; Equation of Motion
for a Crystal Lattice with One Atom in Its Primitive
Unit Cell: Wave Equation, Dispersion Relation and
Group Velocity, Phase Velocity and Group Velocity,
Density of State for a Crystal Lattice with One Atom in
Its Primitive Unit Cell. Source: Coursebook, 123-153.
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Relation, and Group Velocity, and discussion of various|
applications.

Lecture: Discrete Media: 2

Solution of the Equations of Motion and Dispersion|
Relations for a Crystal Lattice with Two Atoms in a
Primitive Unit Cell, Acoustic and Optical Modes,
IDensity of States, Quantization of Lattice Vibrations,|
IPhonon Momentum, and Crystal Momentum.

In-Class Practice (5 min.): Solution of the Equations|
of Motion and Dispersion Relations for a Crystal Lattice
with One or Two Atoms in a Primitive Unit Cell.

In-Class Discussion (5 min.): Solution of the
Equations of Motion and Dispersion Relations for 4
Crystal Lattice with One or Two Atoms in a Primitive]
[Unit Cell. Discussion of different examples of the
Equations of Motion and Dispersion Relations.

Quiz 3 (15 min.): A quiz covering the topics covered in|
the preliminary assignment given to the student at thej
beginning of the lesson, using the flipped learning
method.

Recalling preliminary information on Lattice
Vibrations and Solutions of the Equations of Motion for
a Crystal Lattice with One Atom in the Primitive Unit
Cell. Source: Coursebook, pp. 123-153.

Reading the sections on Solutions of the Equations of
Motion and Distribution Relations for a Crystal Lattice
with Two Atoms in the Primitive Unit Cell. Source:
Coursebook, pp. 155-169.

Preparation for Quiz 3: (Solutions of the Equations of
Motion and Distribution Relations for a Crystal Lattice
with One or Two Atoms in the Primitive Unit Cell)
Source: Coursebook, pp. 123-169.

Lecture: Thermal Properties, Specific Heat Models,
Classical Specific Heat Model, Einstein Model, Debye
IModel, Thermal Conductivity.

In-Class Practice (5 min.): Practice on Thermall
IProperties, Specific Heat Models, Classical Specific]
IHeat Model, Einstein Model, Debye Model, Thermal
Conductivity.

In-Class Discussion (5 min.): Discuss comparing
Specific Heat Models, Classical Specific Heat Model,
Einstein Model, and Debye Model at low and high|
temperatures.

Review and recall prior knowledge of the classical
specific heat model and harmonic oscillator concepts.

Read the sections on Thermal Properties, Specific Heat
Models, the Classical Specific Heat Model, the Einstein
Model, the Debye Model, and Thermal Conductivity.
Source: Coursebook, pp. 173-191.

Lecture: Free Electron Gas, Classical Free Electron
Gas Model, Drude Free Electron Gas Model and Ohm's
Law, Quantum Mechanics-Based Free Electron Model|

In-Class Practice (5 min.): Practice on the Free
Electron Gas, Classical Free Electron Gas Model,
IDrude Free Electron Gas Model and Ohm's Law, and|
Quantum Mechanics-Based Free Electron Model.

In-Class Discussion (5 min.): Discussion of the
Classical Free Electron Gas Model and the Quantum|
IMechanics-Based Free Electron Model.

Quiz 4 (15 min.): A quiz covering the topics covered in|
class at the end of the lesson.

Reading the chapters containing the topics of the Free
Electron Gas, the Classical Free Electron Gas Model,
the Drude Free Electron Gas Model and Ohm's Law,
and the Quantum Mechanics-Based Free Electron
Model. Source: Coursebook, pp. 195-208.

Quiz 4: (Thermal Properties, Specific Heat Models,
Classical Specific Heat Model, Einstein Model, Debye
Model, Thermal Conductivity) Source: Coursebook,
pp- 173-191.

Lecture: Fermi Energy, Distribution Functions, Bose-
Einstein Distribution, Fermi-Dirac Distribution.

In-Class Practice (5 min.): Practice on Fermi Energy,
IDistribution Functions, Bose-Einstein Distribution, and|
Fermi-Dirac Distribution.

In-Class Discussion (5 min.): Discuss applications of
Fermi Energy, Distribution Functions, Bose-Einstein|
IDistribution, and Fermi-Dirac Distribution.

Reading the sections containing the topics Fermi
Energy, Distribution Functions, Bose-Einstein
Distribution, Fermi-Dirac  Distribution.  Source:
Coursebook, pp. 207-208.

Lecture: Three-Dimensional Free Electron Gas, Fermil
Surface, Density of States, Specific Heat of Free
Electron Gas, Effective Mass.

In-Class Practice (5 min): Three-Dimensional Free]
[Electron Gas, Fermi Surface, Density of States, Specific|
IHeat of Free Electron Gas, Effective Mass Practice.

Recalling preliminary information on the fundamental
topics covered in the Quantum Physics course.

Reading the sections covering the Three-Dimensional
Free Electron Gas, Fermi Surface, Density of States,
Specific Heat of the Free Electron Gas, and Effective
Mass. Source: Coursebook, pp. 216-219.

Lecture: Conductivity of Free Electron Gas, Motion in|

lan Electric Field and Ohm's Law, Motion in a Magnetic|

Reading the sections containing the topics Conductivity
of Free Electron Gas, Motion in an Electric Field and
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Field and Cyclotron Frequency, Motion in a Magnetic| Ohm's Law, Motion in a Magnetic Field and Cyclotron
Field and the Hall Effect. Frequency, Motion in a Magnetic Field and the Hall
Effect. Source: Coursebook, pp. 220-226.

In-Class Practice (15 min.): Practice on Conductivityj

of Free Electron Gas, Motion in an Electric Field and

Ohm's Law, Motion in a Magnetic Field and Cyclotron|

[Frequency, Motion in a Magnetic Field and the Hallj

Effect.

In-Class Discussion (5 min.): Discuss the implications|
of the Hall effect in various applications.

16 [Final Repetition of all topics covered.

ECTS WORKLOAD TABLE

e
Activities Number Duration Total Workload
(Hour)

Course Hours H 14 H H 28

Laboratory

Application

Field Work

Study Hours Out of Class

Special Course Internship (Work Placement)

Homework Assignments

Quizzes/Studio Critics

Project

Presentations / Seminar

Mid-Terms (Examination Duration + Examination Prep. Duration) H 16

Final (Examination Duration + Examination Prep. Duration) H 15

Total Workload:

Total Workload / 30(h):

ECTS Credit:
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Ders Odrenim Ciktis1 & Program Ciktis1 Matrisi

PS:-I Temel bilimler ve fizik

alanindaki kuramsal bilgilerini akademik
diizeyde analiz, yorum ve problem
¢oziimiinde kullanabileceklerdir. / Use
their comprehensive theoretical
knowledge in fundamental sciences and
physics for analysis, interpretation, and
problem-solving at an academic level.

1)
1
1
1
I~

PQ-Z Uygulamali bilgilerini fiziksel
siireglerin -~ modellenmesi,  deneysel
tasarim ve problem ¢oziimiinde etkili ve
amaca yonelik bigimde
kullanabileceklerdir. / Apply their -
practical knowledge effectively and
strategically in modelling physical
processes, experimental design, and
problem-solving.

Pg-3 Kuramsal ve/veya deneysel

bilgilerini karmasik fizik problemlerinin
¢Oziimiinde etkili bigimde kullanarak, bu
problemlere yonelik uygun analiz ve
modelleme yontemlerini secip
uygulayabileceklerdir. / Use their - -
theoretical and/or experimental
knowledge effectively in solving
complex physics problems by selecting
and applying appropriate analysis and
modelling methods for these problems.

(BN

I

(9]
1

[[9)]
[[9)]
1

Pg-4 Disiplinlerarasi bir yaklagimla,
farkli alanlarda edinmis olduklari
bilgileri sentezleyebileceklerdir.  / _ _ 3 3 4
Synthesise knowledge acquired from - = = = -
different  disciplines  through an
interdisciplinary approach.

PC-5  Fizik biliminin temel ve
uygulamali alanlarinda edindikleri bilgi
birikimlerini ve  kuramsal analiz,
deneysel uygulama ve sayisal modelleme
ve hesaplamali fizik araglarint kullanma
ve gelistirme becerilerini, kuramsal fizik,
niikleer fizik, yogun madde fizigi, yiiksek
enerji fizigi, nanoteknoloji,
yenilenebilir/alternatif enerji
teknolojileri, ileri malzeme tasarimi,
niikleer teknoloji ve kuantum
teknolojileri ~ gibi  disiplin-i¢i  ve
disiplinleraras1 uzmanlik alanlarinda
geligtirebileceklerdir. /  Advance their
acquired knowledge in the fundamental
and applied fields of physics and their
skills in theoretical analysis,
experimental application, numerical
modelling and using and developing
computational physics tools in both
disciplinary and interdisciplinary areas of
specialisation such as theoretical physics,
nuclear physics, condensed matter
physics, high energy  physics,
nanotechnology, renewable/alternative
energy technologies, advanced materials

1
1
1
1
(F°N
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design, nuclear technology, and quantum
technologies.

PS ‘-6 Fizik alaninda yaygin olarak

kullanilan en az bir programlama dili ile
bilgisayar ve yapay zeka teknolojilerini,
problemleri ¢6zmek, veri analizi yapmak
ve simiilasyonlar gergeklestirmek igin
etkin bigimde kullanabileceklerdir. / Use - = = = -
at least one programming language and
computer and artificial intelligence
technologies widely employed in physics
for problem-solving, data analysis, and
simulations.

PC-7 Fizik ve ilgili alanlardaki

bilimsel ve teknolojik gelismeleri
izleyebilecek, kariyer firsatlarini
degerlendirerek  kisisel ve mesleki
gelisim hedeflerini belirleyebilecek ve bu
hedeflere ulasmak i¢in hayat boyu
O0grenme stratejilerini
kullanabileceklerdir. / Follow scientific = = = = =
and technological developments in
physics and related fields, assess career
opportunities, identify personal and
professional development goals, and
adopt lifelong learning strategies to
achieve these goals.

PC-8 Bilimsel aragtirmalarin1 ~ ve
mesleki faaliyetlerini yiiriitiirken
dogabilecek hukuksal sonuglart ve
toplumsal etkileri dikkate alarak mesleki
etik ilkeler, kalite standartlari ile evrensel
degerler dogrultusunda ve sosyal
sorumluluk bilinci ve adalet duygusuyla
hareket edebileceklerdir. / Act with a = - = = =
sense of social responsibility and justice
and in accordance with professional
ethical principles, quality standards, and
universal values by taking into account
potential legal and societal consequences
of their scientific research and
professional activities.

PS ‘-9 Bireysel olarak ya da takimlarda
etkin bicimde ¢aligabileceklerdir. / Work
effectively both independently and as
part of a team.

1w
1
1
1
1

PC-10 Fizik alaninda giivenilir bilgi
kaynaklarina ulasarak literatiir taramasi
yapabilecek ve akademik arastirma
tasarlayip yiiriitebileceklerdir. /Access
reliable sources of information, conduct - - = = -
literature reviews, and design and carry
out academic research in the field of
physics.

PS‘-II Fizik konularini, teorileri,

aragtirmalart ve problem ¢6ziimlerini,
fizik terminolojisi kullanarak tim
paydaslara Tiirkce ve Ingilizcede sozlii
ve yazili olarak etkili bigcimde
aktarabileceklerdir. / Effectively
communicate topics, theories, research,
and problem solutions in physics to all
relevant stakeholders using appropriate

10

I~

I~

I~
1
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physics terminology, both orally and in
writing, in Turkish and in English

PS ‘-12 Laboratuvar ¢alismalarinda,

bilimsel veri toplayarak teknik ve/veya
bilimsel raporlar hazirlayabilecek ve
mevcut raporlar1 yorumlayabileceklerdir.
/ Collect scientific data during - - - - -
laboratory work, prepare technical and/or
scientific reports and interpret existing
reports
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