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tŀǊœŀŎƤƪ IƤȊƭŀƴŘƤǊƤŎƤƭŀǊƤ ǾŜ !ƭƎƤœƭŀǊƤ ¸ŜǊŜƭ !ƭǘȅŀǇƤ ǾŜ !Ǌ-Ge 
4ŀƭƤǒǘŀȅƤΣ !ǊŀƭƤƪ нлно

RhodotronTipi ElektronIƤȊƭŀƴŘƤǊƤŎƤƭŀǊƤ
Tœƛƴ¢ŀǎŀǊƤƳVe Simülasyoņ ŀȊƤƭƤƳƤ



wƘƻŘƻǘǊƻƴ ¢ƛǇƛ IƤȊƭŀƴŘƤǊƤŎƤ 

ÅWŀŎǉǳŜǎ tƻǘǘƛŜǊ ǘŀǊŀŦƤƴŘŀƴ мфуф ȅƤƭƤƴŘŀ 
ǘŀǎŀǊƭŀƴŘƤ

ÅTƭƪ ǇǊƻǘƻǘƛǇΣ /9! {ŀŎƭŀȅΩŘŜ мффн ȅƤƭƤƴŘŀ 
üretildi

ÅMeV mertebesinde elektron demeti 
üretimi için ideal 

ÅYƻŀƪǎƛȅŀƭ ǎƛƭƛƴŘƛǊƛƪ wC ƪƻǾǳƐǳ
Å5ŜǾƛǊ ƳƤƪƴŀǘƤǎƭŀǊƤ

2
A NEW TYPE OF RF ELECTRON ACCELERATOR: THE RHODOTRON , Jacques POTTIER 



Bir Rhodotronǳƴ IƤȊƭŀƴŘƤǊƳŀ tŜǊƛȅƻŘǳ 

Tƭƪ ƘƤȊƭŀƴŘƤǊƳŀTœ ƪƻǊǳƳŀ TƪƛƴŎƛ ƘƤȊƭŀƴƳŀ5ŜǾƛǊ aƤƪƴŀǘƤǎƤ 
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wƘƻŘƻǘǊƻƴ ¢ŀǎŀǊƤƳƤ

YƻǾǳƪ ¢ŀǎŀǊƤƳƤ !ƪƤǒ  ŜƳŀǎƤ

4ŀƭƤǒƳŀ ŦǊŜƪŀƴǎƤ 
belirlenmesi

f ( )˂

tƻǘǘƛŜǊΩƛƴ ƻǇǘƛƳƛȊŜ 
ƪŀǊŀƪǘŜǊƛǎǘƛƪ ŘŜƐƛǒƪŜƴƭŜǊ 
tablosundaki pŘŜƐŜǊƛ 

seçimi 

Basit kovuk
(R1, R2, h)

{ƛƳǸƭŀǎȅƻƴ ŀǊŀœƭŀǊƤ ƛƭŜ 
ǊŜȊƻƴŀƴǎ ŦǊŜƪŀƴǎƤ 
ŘƻƐǊǳƭŀƴƳŀǎƤ

Tœ ǎƛƭƛƴŘƛǊƛƴ ƪŜǎƛƭŜǊŜƪ Z 
ŘŜƐŜǊƛƴƛ ƻǇǘƛƳƛȊŀǎȅƻƴǳ

YƻǾǳƪ ŘǳǾŀǊƭŀǊƤƴŘŀ ƎǸœ 
ƪŀȅōƤƴƤ ŀȊŀƭǘƳŀƪ ƛœƛƴ ǎƛǾǊƛ 
ƪǀǒŜƭŜǊƛƴ ȅǳǾŀǊƭŀƴƳŀǎƤ όZ 

optimizasyonu)
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wƘƻŘƻǘǊƻƴ ¢ŀǎŀǊƤƳƤ

.ŀǎƛǘ YƻŀƪǎƛȅŜƭ YƻǾǳƪ IŜǎŀǇƭŀǊƤ

f = 107.5 MHz f = 180 MHz
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wƘƻŘƻǘǊƻƴ ¢ŀǎŀǊƤƳƤ

Kesikli Kovuk

f = 107.5 MHz f = 180 MHz
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wƘƻŘƻǘǊƻƴ ¢ŀǎŀǊƤƳƤ

aƤƪƴŀǘƤǎ ¢ŀǎŀǊƤƳƤ

wƘƻŘƻǘǊƻƴ ǘƛǇƛ ƘƤȊƭŀƴŘƤǊƤŎƤƭŀǊŘŀ ƳƤƪƴŀǘƤǎƭŀǊ ŜƭŜƪǘǊƻƴ ŘŜƳŜǘƛƴƛ ƛǎǘŜƴƛƭŜƴ ȅǀǊǸƴƎŜŘŜ ǘǳǘƳŀƪ ŘƤǒƤƴŘŀ ŘŜƳŜǘƛ 
ƪƻǾǳƪǘŀƪƛ wC ƛƭŜ ǎŜƴƪǊƻƴƛȊŜ ŜǘƳŜƪ ƛœƛƴ ƪǳƭƭŀƴƤƭƤǊƭŀǊΦ 5ŜƳŜǘƛƴ ŘƤǒŀǊƤŘŀ ƎŜœƛǊŘƛƐƛ ǎǸǊŜΣ ƪƻǾǳƐŀ ǘŜƪǊŀǊ ƎƛǊŘƛƐƛƴŘŜ 
ƪŀȊŀƴŀŎŀƐƤ ŜƴŜǊƧƛȅƛ ƳŀƪǎƛƳƛȊŜ ŜŘŜŎŜƪ ǒŜƪƛƭŘŜ ŀȅŀǊƭŀƴƳŀƭƤŘƤǊΦ
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wƘƻŘƻǘǊƻƴ ¢ŀǎŀǊƤƳƤ

aƤƪƴŀǘƤǎ ǘŀǎŀǊƤƳƤ ƛœƛƴ ƴǘ˂ŜƪƴƛƐƛ

±ŀǊǎŀȅƤƳ Υ Ǿ Ғ Ŏ 

ƴ Ҕ м ƘŀŎƛƳŎŜ ǾŜǊƛƳǎƛȊΣ ƴ Ґ м ŀƭƤǊǎŀƪΥ
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wƘƻŘƻǘǊƻƴ ¢ŀǎŀǊƤƳƤ

Y!I±9[ŀōΩŘŀ ǀƴ ǘŀǎŀǊƤƳ

Y!I±9[ŀōΩŘŀ млтΦр aIȊ ǊŜǎƻƴŀƴǎ ŦǊŜƪŀƴǎƤƴŘŀ œŀƭƤǒŀŎŀƪ ōƛǊ ǊƘƻŘƻǘǊƻƴ ƪƻǾǳƐǳ ǸǊŜǘƛƭƳŜȅŜ ƪŀǊŀǊ ǾŜǊƛƭŘƛΦ
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wƘƻŘƻǘǊƻƴ ¢ŀǎŀǊƤƳƤ

mƴ ǘŀǎŀǊƤƳƤƴ /{¢ ǎƛƳǸƭŀǎȅƻƴƭŀǊƤ

Å Ein = 40 keV
Å RF güç = 40 kW

Å Faz gecikmesi = 15
Å9ƴƧŜƪǘǀǊ ŀǘŜǒƭŜƳŜ ǎǸǊŜǎƛ Ґ м ƴǎ

TƪƛƴŎƛ ƎŜœƛǒǘŜ ŘŜƳŜǘ ŘŀǾǊŀƴƤǒƤ ŦŀȊ ǳȅǳƳǳƴǳƴ ƪƻǊǳƴŀƳŀŘƤƐƤƴƤ ƎǀǎǘŜǊƛȅƻǊΦ
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wƘƻŘƻǘǊƻƴ ¢ŀǎŀǊƤƳƤ

mƴ ǘŀǎŀǊƤƳƤƴ ƎŜƭƛǒǘƛǊƛƭƳŜǎƛ

Å YƻǾǳƪ ƪǀǒŜƭŜǊƛƴŘŜ ƎǸœ 
ƪŀȅōƤƴƤ ŀȊŀƭǘƳŀƪ ƛœƛƴ 
ƪǀǒŜƭŜǊ ȅǳǾŀǊƭŀƴŘƤ

Å aƤƪƴŀǘƤǎ ǘŀǎŀǊƤƳƤ ŘŜƳƛǊ 
ƳƛƪǘŀǊƤ ǾŜ ŘŜƳŜǘ ƘŀǘǘƤƴŀ 
ƳŀƴȅŜǘƛƪ ŀƭŀƴ ǎƤȊƳŀǎƤƴƤ 
ŀȊŀƭǘŀŎŀƪ ǒŜƪƛƭŘŜ ƻǇǘƛƳƛȊŜ 
edildi
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Rhodotron Simulation

Prototip

wƘƻŘƻǘǊƻƴ ǘƛǇƛ ƘƤȊƭŀƴŘƤǊƤŎƤƭŀǊ ƛœƛƴ ƳŜǾŎǳǘ ǘŀǎŀǊƤƳ ǾŜ ǎƛƳǸƭŀǎȅƻƴ ȅŀȊƤƭƤƳƭŀǊƤƴƤƴ ŜƪǎƛƪƭƛƐƛΣ ȅŜƴƛ ǾŜ ōǳ 
ŀƭŀƴŀ ƻŘŀƪƭŀƴŀƴ ōƛǊ ŀǊŀœ ƛƘǘƛȅŀŎƤƴƤ ŘƻƐǳǊŘǳΦ .ǳ ŘƻƐǊǳƭǘǳŘŀ ōƛǊ м5 ǇǊƻǘƻǘƛǇ ƘƤȊƭƤŎŀ ƎŜƭƛǒǘƛǊƛƭŘƛΦ

.ƛǊ ŜƭŜƪǘǊƻƴǳ ōŜƭƛǊƭƛ ȊŀƳŀƴ ŀǊŀƭƤƪƭŀǊƤƴŘŀ όdt), ƎƛǊŘƛ ƻƭŀǊŀƪ ǾŜǊƛƭŜƴ 9a ŀƭŀƴ ƛƭŜ ŜǘƪƛƭŜǒǘƛǊŜǊŜƪ œŀƭƤǒƤȅƻǊΦ
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Å Prototip veCST ƻƭŘǳƪœŀ ȅŀƪƤƴ ǎƻƴǳœ 
verdi

Å.ǳ ǇǊƻǘƻǘƛǇ ƎŜƭƛǒǘƛǊƛƭŜǊŜƪ ƘƤȊƭŀƴŘƤǊƤŎƤ 
ǘŀǎŀǊƤƳƤ ǾŜ ǸǊŜǘƛƳ ǎƻƴǊŀǎƤƴŘŀ 
ƪǳƭƭŀƴƤǒƭƤ ƻƭŀŎŀƪ ōƛǊ ǎƛƳǸƭŀǎȅƻƴ 
ȅŀȊƤƭƤƳƤƴŀ ŘǀƴǸǒǘǸǊƳŜ ƪŀǊŀǊƤ ŀƭƤƴŘƤΦ



Rhodotron Simulation
Tek Ŝҍ için Lout optimizasyonu

ÅwƘƻŘƻǘǊƻƴ {ƛƳǳƭŀǘƛƻƴΩǳ ƛœƛƴ ƛƭƪ ŀŘƤƳ
ÅDŜœƛǒ ǎƻƴǊŀǎƤ Ŝҍ,ƪƻǾǳƪ ŘƤǒƤƴŘŀ tout = Lout/v kadar 

bekletilir
Å Ters yönde v ƛƭŜ ƪƻǾǳƐŀ ǘŜƪǊŀǊ ƎƛǊŜǊ
Å toutǇŀǊŀƳŜǘǊŜǎƛƴƛ ǘŀǊŀȅŀǊŀƪ ƻǇǘƛƳǳƳ ŘŜƐŜǊƛ ōǳƭǳǊ
Å/{¢ ǎƛƳǸƭŀǎȅƻƴƭŀǊƤ ƛƭŜ ƪŀǊǒƤƭŀǒǘƤǊƤƭŘƤƐƤƴŘŀ ƪǳƭƭŀƴƤǒƭƤ 

bulundu
ÅaƤƪƴŀǘƤǎ ǘŀǎŀǊƤƳƤƴŘŀ ƪǳƭƭŀƴƤƭŀōƛƭƳŜǎƛ ƛœƛƴ ŘŜƳŜǘ 
ŘƛƴŀƳƛƐƛ ŜƪƭŜƴƳŜƭƛ 
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Rhodotron Simulation

Demetler için lag optimizasyonu

Å5ŜƳŜǘ ƳŜƪŀƴƛȊƳŀǎƤ ŜƪƭŜƴŘƛ όŜǒƛǘ ŀǊŀƭƤƪƭŀǊ ƛƭŜ ƪƻǾǳƐŀ ƎƛǊŜƴ 
N elektron, enjeksiyon süresi: tg, enjeksiyon periyodu: Tg)

Å lag : 5ŜƳŜǘƛƴ ƛƭƪ ŜƭŜƪǘǊƻƴǳ ƪƻǾǳƐŀ ƎƛǊŘƛƐƛ ŀƴŘŀ RC ŦŀȊƤ

ÅTƭƪ ǾŜǊǎƛȅƻƴŘŀ ŘŜƳŜǘƭŜǊƛ ŦŀǊƪƭƤ lag ŦŀȊƭŀǊƤ ƛƭŜ ƪƻǾǳƐŀ 
ŜƴƧŜƪǘŜ ŜŘŜǊŜƪ ǘŀǊŀƳŀ ƛǒƭŜƳƛƴƛ ȅŀǇƤȅƻǊ

Å Erms ŘŜƐŜǊƛƴƛ ƳƛƴƛƳƛȊŜ ŜŘƛȅƻǊ

Å <E> ŘŜƐŜǊƛ ǾŜǊƛƭŜǊƛ ŀƴŀƭƛȊ ŜŘŜǊŜƪ ƳŀƪǎƛƳƛȊŜ ŜŘƛƭŜōƛƭƛȅƻǊ

Å5ŜƳŜǘ ƳŜƪŀƴƛȊƳŀǎƤ ŜƪƭŜƴŘƛƪǘŜƴ ǎƻƴǊŀΣ Lout
optimizasyonu da Erms ŘŜƐŜǊƛƴƛ ƳƛƴƛƳƛȊŜ ŜŘŜŎŜƪ ǒŜƪƛƭŘŜ 
güncellendi
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Rhodotron Simulation
Örnek lag & Lout optimizasyonu

Å P= 40kW
Å f = 107.5 MHz
Å R1= 0.188 m
Å R2= 0.753 m
Å tg = 1 ns
Å Ein= 40 keV
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Rhodotron Simulation
3D Simülasyon

Å.ǳ ŀǒŀƳŀȅŀ ƪŀŘŀǊ ǎŀŘŜŎŜ e-EŜǘƪƛƭŜǒƛƳƭŜǊƛ ǎƛƳǸƭŜ ŜŘƛƭƛȅƻǊŘǳ
Å e-BŜǘƪƛƭŜǒƛƳƭŜǊƛƴƛ ǎƛƳǸƭŜ ŜŘŜōƛƭƳŜƪ ƛœƛƴ о5 ǎƛƳǸƭŀǎȅƻƴ 
ȅŀǇƤƭƳŀǎƤ ƎŜǊŜƪƛȅƻǊ

Å{ƛƳǸƭŀǎȅƻƴ ōŀǒǘŀƴ ȅŀȊƤƭŘƤ

e-EM interaction logic in 3D
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Rhodotron Simulation
DǀǊǎŜƭƭŜǒǘƛǊƳŜ

IƤȊƭŀƴƳŀ ŘǸȊƭŜƳƛƴƛ ƎǀǊǎŜƭƭŜǒǘƛǊƳŜƪ ǸȊŜǊŜGnuplot eklendi.

Å P= 40kW
Å f = 107.5 MHz
Å T= 9.3 ns
Å R1= 0.188 m
Å R2= 0.753 m
Å tg = 1 ns
Å Ein= 40 keV

Tg= 5 ns
Tg= 9.3 ns
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Rhodotron Simulation

aŀƴȅŜǘƛƪ !ƭŀƴŘŀ IƤȊƭŀƴƳŀ

Å e-. ŜǘƪƛƭŜǒƛƳƭŜǊƛ ǎƤǊŀǎƤƴŘŀ ŜƴŜǊƧƛ ƪŀȊŀƴƤƳƤ ƎǀȊƭŜƴŘƛ
Å Bu sorunun sebepleri ve muhtemel çözümleri 
ŀǊŀǒǘƤǊƤƭƳŀȅŀ ōŀǒƭŀƴŘƤ

Å.ƛǊ ǘŜǎǘ ƻǊǘŀƳƤ ōŜƭƛǊƭŜƴŘƛ
× 1 MeV enerjiye sahip 100 elektron
× x > 0.05 m de bulunan düzgün manyetik alan   

( B = 0.1 T )
ÅŘǘ Ґ лΦлм ƴǎ ŘŜ ȅŀǇƤƭŀƴ ŘƻƐǊǳƭŀƳŀ ǎƛƳǸƭŀǎȅƻƴǳƴŘŀ 
ƳŀƴȅŜǘƛƪ ŀƭŀƴ ƛœŜǊƛǎƛƴŘŜ нΦтуо aŜ± ŜƴŜǊƧƛ ƪŀȊŀƴƤƳƤ 
gözlendi

Å.ǳ ŀǒŀƳŀȅŀ ƪŀŘŀǊǎŀŘŜƭƛƐƛ ǾŜ ƛƳǇƭŜƳŜƴǘŜ ŜǘƳŜǎƛ 
ōŀǎƛǘ ƻƭŘǳƐǳƴŘŀƴ LeapfrogȅǀƴǘŜƳƛ ƪǳƭƭŀƴƤƭƤȅƻǊŘǳ 

Å Problemin [ŜŀǇŦǊƻƎΩdan kaynaklanma ihtimalini 
test etmek içinRK4 yöntemi entegre edildi
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Rhodotron Simulation
aŀƴȅŜǘƛƪ !ƭŀƴŘŀ IƤȊƭŀƴƳŀ

Å Leapfrogve RK4 ŦŀǊƪƭƤ dt ŘŜƐŜǊƭŜǊƛƴŘŜ ǘŜǎǘ ŜŘƛƭŘƛÅIŜǊ ǘŜǎǘ ƻǊǘŀƳƤ мл ƪŜȊ œŀƭƤǒǘƤǊƤƭŀǊŀƪ ƛǒƭŜǘƛƳ ǎƛǎǘŜƳƛ 
ȊŀƳŀƴƭŀȅƤŎƤǎƤ ƪŀȅƴŀƪƭƤ ǎƛƳǸƭŀǎȅƻƴ ǎǸǊŜǎƛ ǎŀǇƳŀƭŀǊƤ 
ŀȊŀƭǘƤƭƳŀƪ ƘŜŘŜŦƭŜƴŘƛΦÅ¢ŜǎǘƭŜǊ !ǇǇƭŜ aм /t¦ ƪǳƭƭŀƴƤƭŀǊŀƪ 

ƎŜǊœŜƪƭŜǒǘƛǊƛƭŘƛ
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Rhodotron Simulation

9ƭŜƪǘǊƛƪ !ƭŀƴŘŀ IƤȊƭŀƴƳŀ

Å e-. ŜǘƪƛƭŜǒƛƳƛƴŘŜƴ ǎƻƴǊŀΣ Ŝ-E 
ŜǘƪƛƭŜǒƛƳƭŜǊƛƴŘŜ ǘŜǎǘ ŜŘƛƭƳŜǎƛƴŜ ƪŀǊŀǊ ǾŜǊƛƭŘƛΦ 

ÅTƪƛ ǘŜǎǘ ƻǊǘŀƳƤ ƻƭǳǒǘǳǊǳƭŘǳ Υ
×м aŜ±  ŜƴŜǊƧƛ ƛƭŜ όҍлΦтроΣ лΣ лύ Ƴ 

konumundan elektrik alana enjekte 
edilen 100 elektronSetup 1 : 

ü 9 Ґ όҍнΦсрсмсΣ лΣ лύ a±κƳ:
ҍлΦтро ғ Ȅ ғ лΦтро Σ ҍлΦтро ғ ȅ ғ лΦтро

ü EҐ л ŘƤǒŀǊƤŘŀ

Setup 2 : 
ü E = όлΣ ҍрΦомнонΣ лύ MV/m :
ҍлΦтро ғ Ȅ ғ лΦтро Σ ҍлΦтро ғ ȅ ғ лΦтро

ü EҐ л ŘƤǒŀǊƤŘŀ
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Rhodotron Simulation

Acceleration in Electric Field

21

Å Leapfrogve RK4 ŦŀǊƪƭƤ dt ŘŜƐŜǊƭŜǊƛƴŘŜ ǘŜǎǘ ŜŘƛƭŘƛÅIŜǊ ǘŜǎǘ ƻǊǘŀƳƤ мл ƪŜȊ œŀƭƤǒǘƤǊƤƭŀǊŀƪ ƛǒƭŜǘƛƳ ǎƛǎǘŜƳƛ 
ȊŀƳŀƴƭŀȅƤŎƤǎƤ ƪŀȅƴŀƪƭƤ ǎƛƳǸƭŀǎȅƻƴ ǎǸǊŜǎƛ ǎŀǇƳŀƭŀǊƤ 
ŀȊŀƭǘƤƭƳŀƪ ƘŜŘŜŦƭŜƴŘƛΦÅ¢ŜǎǘƭŜǊ !ǇǇƭŜ aм /t¦ ƪǳƭƭŀƴƤƭŀǊŀƪ 

ƎŜǊœŜƪƭŜǒǘƛǊƛƭŘƛ



Rhodotron Simulation
Grafiksel Arayüz (GUI)

Tƭƪ D¦L ǘŀǎŀǊƤƳƤ

Å RhodotronSimulation,ƪƻƴŦƛƎǸǊŀǎȅƻƴ ŘƻǎȅŀǎƤ ile 
ƪǳƭƭŀƴƤƭŀōƛƭƛȅƻǊŘǳ

Å ROOTƪǳƭƭŀƴƤƭŀǊŀƪ ōƛǊ Grafiksel Arayüz ƎŜƭƛǒǘƛǊƛƭƳŜǎƛƴŜ ƪŀǊŀǊ 
verildi

Å RhodotronSimulation, simülasyon motoru olarak yeniden 
ƛǎƛƳƭŜǊŘƛǊƛƭŘƛ ŀǊƪŀǇƭŀƴ ǎŜǊǾƛǎƛ ƻƭŀǊŀƪ œŀƭƤǒƳŀƪ ǸȊŜǊŜ ƎǸƴŎŜƭƭŜƴŘƛ

Å Tƭƪ GUI ǘŀǎŀǊƤƳƤ ŦŀǊƪƭƤ ƎǀǊŜǾƭŜǊƛ ƻƭŀƴ р ǎŀȅŦŀŘŀƴ ƻƭǳǒǳȅƻǊŘǳ
ü Configuration
ü Simulation
ü Render
ü Analyze
ü Sweep

22

mǊƴŜƪ ōƛǊ ƪƻƴŦƛƎǸǊŀǎȅƻƴ ŘƻǎȅŀǎƤ



Rhodotron Simulation
Grafiksel Arayüz (GUI)

Configuration Frame

Å {ƛƳǸƭŀǎȅƻƴ ŀȅŀǊƭŀǊƤƴƤƴ ȅŀǇƤƭŀōƛƭŜŎŜƐƛΣ 
ƪŀȅŘŜŘƛƭŜōƛƭŜŎŜƐƛ ǾŜ ŀȅŀǊ ŘƻǎȅŀƭŀǊƤƴŘŀƴ 
ƻƪǳƴŀōƛƭŜŎŜƐƛ ōƛǊ ŀǊŀȅǸȊ
ü RF
ü aƤƪƴŀǘƤǎ
ü Kovuk
ü 9ƭŜƪǘǊƻƴ ǘŀōŀƴŎŀǎƤ
ü Simülasyon
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Rhodotron Simulation
Grafiksel Arayüz (GUI)

Simulation Frame

Å {ƛƳǸƭŀǎȅƻƴ ƳƻǘƻǊǳƴǳ œŀƭƤǒǘƤǊƤǊ ǾŜ ȅǀƴŜǘƛǊ
Å Simülasyonun ilerleme durumunu 
ƪǳƭƭŀƴƤŎƤȅŀ ōƛƭŘƛǊƛǊ
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Rhodotron Simulation
Grafiksel Arayüz (GUI)

Render

Å {ƻƴ œŀƭƤǒǘƤǊƤƭŀƴ ǎƛƳǸƭŀǎȅƻƴ ǾŜǊƛƭŜǊƛƴƛ 
ƎǀǊǎŜƭƭŜǒǘƛǊƛǊ

Å Simülasyonun zaman içerisindeki evrimi 
veya tercih edilen bir zaman dilimindeki 
durumu incelenebilir

Å Simülasyon video olarak yada bir zaman 
ŘƛƭƛƳƛ ŦƻǘƻƐǊŀŦ ƻƭŀǊŀƪ ƪŀȅŘŜŘƛƭŜōƛƭƛǊ

Å о5 ƎǀǊǎŜƭƭŜǒǘƛǊƳŜ ǸȊŜǊƛƴŘŜ œŀƭƤǒƤƭƤȅƻǊ
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Rhodotron Simulation
Grafiksel Arayüz (GUI)

Analiz

Å {ƛƳǸƭŀǎȅƻƴ ǾŜǊƛƭŜǊƛƴƛƴ ƎǀǊǎŜƭƭŜǒǘƛǊƛƭƳŜǎƛ ǾŜ 
ŀƴŀƭƛȊ ŜŘƛƭƳŜǎƛƴƛ ǎŀƐƭŀǊ

Å  ǳŀƴƪƛ ǾŜǊǎƛȅƻƴŘŀ ƛƪƛ ŀƴŀƭƛȊ ȅǀƴǘŜƳƛ 
bulunmakta :
ü Her elektron için E(t) ƎǊŀŦƛƐƛ
ü 9ƭŜƪǘǊƻƴ ŜƴŜǊƧƛ ŘŀƐƤƭƤƳ ƘƛǎǘƻƎǊŀƳƤ

Å Grafikler kaydedilebilir
Å !ƴŀƭƛȊ ŀǊŀœƭŀǊƤ ŜƪƭŜƳŜ œŀƭƤǒƳŀƭŀǊƤ ŘŜǾŀƳ 

ediyor
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Rhodotron Simulation
Grafiksel Arayüz (GUI)

Sweep Frame

Å tŀǊŀƳŜǘǊŜ ǘŀǊŀƳŀǎƤ ƛǒƭŜǾƛƴƛ ȅǀƴŜǘƛǊ
Å  ǳ ŀƴƪƛ ǾŜǊǎƛȅƻƴŘŀΣ ŦŀȊ ƎŜŎƛƪƳŜǎƛ ǘŀǊŀƳŀǎƤ 

yapabilmektedir 
Å ¢ŀǊŀƳŀ ǾŜǊƛƭŜǊƛƴƛ ƎǀǊǎŜƭƭŜǒǘƛǊƛǊ
Å Grafikleri kaydeder
Å .ŀǒƪŀ ǇŀǊŀƳŜǘǊŜ ǘŀǊŀƳŀƭŀǊƤ ǸȊŜǊƛƴŘŜ 
œŀƭƤǒƳŀƭŀǊ ŘŜǾŀƳ ŜǘƳŜƪǘŜ ό Lout vb. )

27



28



Rhodotron Simulation
Grafiksel Arayüz (GUI)

Faz uyumu neden önemlidir?

Senkron elektron
ϤƻǇǘƛƳŀƭ ŦŀȊ ƎŜŎƛƪƳŜǎƛ ŘŜƐŜǊƛ

Senkron olmayan elektron
{ǘŀƴŘŀǊǘ ŀƭǘƤ ŦŀȊ ƎŜŎƛƪƳŜǎƛ ŘŜƐŜǊƛ

Senkron olmayan elektron
YǀǘǸ ŦŀȊ ƎŜŎƛƪƳŜǎƛ ŘŜƐŜǊƛ
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l˒ag= 16° l˒ag= -48° l˒ag= -59°


