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Zasada Huygensa

hyperphysics.phy-astr.gsu.edu
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Zasada Fermata

www.quora.com

PromieŒ Ŝwietlny poruszajŃc siň miňdzy dwoma punktami przebywa 

najkr·tszŃ moŨliwie drogň optycznŃ, czyli takŃ, na kt·rej przebycie 

potrzebuje minimalnego czasu.
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Powstawanie cienia

www.animations.physics.unsw.edu.au

ǇǳƴƪǘƻǿŜ ȋǊƽŘƱƻ ǏǿƛŀǘƱŀ

ŎƛŜƵ

brak cienia

brak cienia
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Powstawanie cienia

www.animations.physics.unsw.edu.au

ǇǳƴƪǘƻǿŜ ȋǊƽŘƱƻ ǏǿƛŀǘƱŀǊƻȊŎƛŊƎƱŜ ȋǊƽŘƱƻ ǏǿƛŀǘƱŀ

ŎƛŜƵ

brak cienia

brak cienia

ŎƛŜƵ

ǇƽƱŎƛŜƵ

ǇƽƱŎƛŜƵ

brak cienia

brak cienia
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Optyka promieni ςray tracing

pl.wikipedia.org

sites.google.com/site/ tiffanycinglis/ fun-stuff/cs-girls-ray-tracing-workshop

www.zemax.com
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Optyka promieni

ÅtǊƻƳƛŜƵ τ ƭƛƴƛŀ ǿǎƪŀȊǳƧŊŎŀ ƪƛŜǊǳƴŜƪ ǊƻȊŎƘƻŘȊŜƴƛŀ ǎƛť ŜƴŜǊƎƛƛ ǇǊƻƳƛŜƴƛƻǿŀƴƛŀΣ 
ǇǊƻǎǘƻǇŀŘƱŀ Řƻ powierzchni falowej

Å²ƛŜƭŜ ȊƧŀǿƛǎƪ ƻǇǘȅŎȊƴȅŎƘ ƴƛŜ ǿȅƳŀƎŀ ŀƴŀƭƛȊȅ ǏǿƛŀǘƱŀ Ƨŀƪƻ Ŧŀƭƛ ŜƭŜƪǘǊƻƳŀƎƴŜǘȅŎȊƴŜƧ ƛ 
Řƻ ƛŎƘ ƻǇƛǎǳ ǿȅǎǘŀǊŎȊŀ ƻǇŜǊƻǿŀƴƛŜ ǇƻƧťŎƛŜƳ ǇǊƻƳƛŜƴƛŀ ǏǿƛŜǘƭƴŜƎƻΣ ƪǘƽǊȅ ƧŜǎǘ 
ƻŘōƛƧŀƴȅ ƭǳō ȊŀƱŀƳȅǿŀƴȅ ƴŀ ǊƽȍƴȅŎƘ ǇƻǿƛŜǊȊŎƘƴƛŀŎƘ

Å² ƻǇǘȅŎŜ ƎŜƻƳŜǘǊȅŎȊƴŜƧ ȊǿȅƪƭŜ ȊŀƴƛŜŘōǳƧŜƳȅ ȊƧŀǿƛǎƪŀ ǇƻŎƘƱŀƴƛŀƴƛŀ Ŧŀƭƛ

Å½ŀƪƱŀŘŀƳȅΣ ȍŜ ŘƱǳƎƻǏŏ Ŧŀƭƛ Ŝ-Ƴ ƧŜǎǘ ōŀǊŘȊƻ ƳŀƱŀ ǿ ǇƻǊƽǿƴŀƴƛǳ Ȋ ǊƻȊƳƛŀǊŀƳƛ 
ŜƭŜƳŜƴǘƽǿ ǘǿƻǊȊŊŎȅŎƘ ŀƴŀƭƛȊƻǿŀƴȅ ǳƪƱŀŘ ƻǇǘȅŎȊƴȅ

Å²ƛŊȊƪŀ ǏǿƛŀǘƱŀ ƧŜǎǘ ƻōƛŜƪǘŜƳ ǊȊŜŎȊȅǿƛǎǘȅƳΦ !ƴŀƭƛȊŀ ǇǊƻǇŀƎŀŎƧƛ ǿƛŊȊƪƛ ǇƻƭŜƎŀ ƴŀ 
ŀƴŀƭƛȊƛŜ ōƛŜƎǳ ǇǊƻƳƛŜƴƛ ƧŊ ǘǿƻǊȊŊŎȅŎƘ

Åtťƪ ǇǊƻƳƛŜƴƛ τǿƛŊȊƪŀ ǇǊƻƳƛŜƴƛ ǿȅŎƘƻŘȊŊŎŀ όǇǊȊŜŎƘƻŘȊŊŎŀύ Ȋ ƧŜŘƴŜƎƻ Ǉǳƴƪǘǳ

ÅDroga optyczna L = nϊ droga geometryczna

ὒ ὲὨί rƽǿƴŀƴƛŜ ŜƛƪƻƴŀƱǳ
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tǊƻƳƛŜƵ ǇŀŘŀƧŊŎȅ ƛ ǇǊƻƳƛŜƵ ƻŘōƛǘȅκȊŀƱŀƳŀƴȅ ƭŜȍŊ ǿ ƧŜŘƴŜƧ ǇƱŀǎȊŎȊȅȋƴƛŜ

L.S. Pedrotti, Fundamentals of Photonics
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hŘōƛŎƛŜ ǏǿƛŀǘƱŀ ςz zasady Huygensa

i = CACôô = ACôôAôô = iô

E. R. Huggins, Physics2000, GeometricalOptics

WΦ bƻǿŀƪΣ aΦ ½ŀƧŊŎΣ hǇǘȅƪŀ ƪǳǊǎ ŜƭŜƳŜƴǘŀǊƴȅ
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hŘōƛŎƛŜ ǏǿƛŀǘƱŀ ςz zasady Fermata 

{ǇƻǏǊƽŘ ǿƛŜƭǳ ƳƻȍƭƛǿȅŎƘ ŘǊƽƎΣ ǏǿƛŀǘƱƻ ōƛŜƎƴƛŜ Ǉƻ ǘŀƪƛŜƧΣ aby ŎȊŀǎ ǇƻǊǳǎȊŀƴƛŀ ǎƛť Ǉƻ 
ƴƛŜƧ ōȅƱ ŜƪǎǘǊŜƳŀƭƴȅ όȊǿȅƪƭŜ ƴŀƧƪǊƽǘǎȊȅύ
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hŘōƛŎƛŜ ǏǿƛŀǘƱŀ
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hŘōƛŎƛŜ ǏǿƛŀǘƱŀ

gƽǊŀ-ŘƽƱ
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hŘōƛŎƛŜ ǏǿƛŀǘƱŀ

ƎƽǊŀ ŘɐƽƱ

lewo  ɐprawo

ǇǊȊƽŘ  ɐǘȅƱ
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hŘōƛŎƛŜ ǏǿƛŀǘƱŀ ςcornerreflector

en.wikipedia.org/wiki/Corner_reflector
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|ǿƛŀǘƱƻ ƴŀ ƎǊŀƴƛŎȅ ƻǏǊƻŘƪƽǿ

icecube.wisc.edu
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½ŀƱŀƳŀƴƛŀ ǏǿƛŀǘƱŀ ςz zasady Huygensa
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Prawo Snella

E. R. Huggins, Physics2000, GeometricalOptics
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½ŀƱŀƳŀƴƛŜ ǏǿƛŀǘƱŀ ςz zasady Fermata 
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½ŀƱŀƳŀƴƛŜ ǏǿƛŀǘƱŀ ςmetoda Younga 

Prawo Snella
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Optyka geometryczna - aksjomaty

Å |ǿƛŀǘƱƻ ǿ ƻǏǊƻŘƪǳ ƧŜŘƴƻǊƻŘƴȅƳ ǇǊƻǇŀƎǳƧŜ ǎƛť Ǉƻ ƭƛƴƛŀŎƘ ǇǊƻǎǘȅŎƘ ςpromieniach

Å .ŜȊǿȊƎƭťŘƴȅ ǿǎǇƽƱŎȊȅƴƴƛƪ ȊŀƱŀƳŀƴƛŀ ὲ , gdzie vςǇǊťŘƪƻǏŏ ǏǿƛŀǘƱŀ ǿ ŘŀƴȅƳ ƻǏǊƻŘƪǳ

Å DŘȅ ǇǊƻƳƛŜƵ ǇǊȊŜŎƘƻŘȊƛ Ȋ ƻǏǊƻŘƪŀ ƻ ōŜȊǿȊƎƭťŘƴȅƳ ǿǎǇƽƱŎȊȅƴƴƛƪǳ ȊŀƱŀƳŀƴƛŀ n1

Řƻ ƻǏǊƻŘƪŀ ƻ ōŜȊǿȊƎƭťŘƴȅƳ ǿǎǇƽƱŎȊȅƴƴƛƪǳ ȊŀƱŀƳŀƴƛŀ n2ǘƻ ǳƭŜƎŀ ȊŀƱŀƳŀƴƛǳΥ

Å tǊƻƳƛŜƵ ǇŀŘŀƧŊŎȅ ƛ ǇǊƻƳƛŜƵ ȊŀƱŀƳŀƴȅ ƭŜȍŊ ǿ ƧŜŘƴŜƧ ǇƱŀǎȊŎȊȅȋƴƛŜ

Å {ǇŜƱƴƛƻƴŜ ƧŜǎǘ ǇǊŀǿƻ Snella: ὲÓÉÎ ὲ ÓÉÎ

Å tǊȊȅ ƻŘōƛŎƛǳ ƻōƻǿƛŊȊǳƧŜ ǇǊŀǿƻ ƻŘōƛŎƛŀΥ

Å tǊƻƳƛŜƵ ǇŀŘŀƧŊŎȅ ƛ ǇǊƻƳƛŜƵ odbity ƭŜȍŊ ǿ ƧŜŘƴŜƧ ǇƱŀǎȊŎȊȅȋƴƛŜ

Å YŊǘ ƻŘōƛŎƛŀ Ǌƽǿƴȅ ƧŜǎǘ ƪŊǘƻǿƛ ǇŀŘŀƴƛŀΥ  
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Optyka geometryczna - aksjomaty

Å |ǿƛŀǘƱƻ ǿ ƻǏǊƻŘƪǳ ƧŜŘƴƻǊƻŘƴȅƳ ǇǊƻǇŀƎǳƧŜ ǎƛť Ǉƻ ƭƛƴƛŀŎƘ ǇǊƻǎǘȅŎƘ ςpromieniach

Å .ŜȊǿȊƎƭťŘƴȅ ǿǎǇƽƱŎȊȅƴƴƛƪ ȊŀƱŀƳŀƴƛŀ ὲ , gdzie vςǇǊťŘƪƻǏŏ ǏǿƛŀǘƱŀ ǿ ŘŀƴȅƳ ƻǏǊƻŘƪǳ

Å DŘȅ ǇǊƻƳƛŜƵ ǇǊȊŜŎƘƻŘȊƛ Ȋ ƻǏǊƻŘƪŀ ƻ ōŜȊǿȊƎƭťŘƴȅƳ ǿǎǇƽƱŎȊȅƴƴƛƪǳ ȊŀƱŀƳŀƴƛŀ n1

Řƻ ƻǏǊƻŘƪŀ ƻ ōŜȊǿȊƎƭťŘƴȅƳ ǿǎǇƽƱŎȊȅƴƴƛƪǳ ȊŀƱŀƳŀƴƛŀ n2ǘƻ ǳƭŜƎŀ ȊŀƱŀƳŀƴƛǳΥ

Å tǊƻƳƛŜƵ ǇŀŘŀƧŊŎȅ ƛ ǇǊƻƳƛŜƵ ȊŀƱŀƳŀƴȅ ƭŜȍŊ ǿ ƧŜŘƴŜƧ ǇƱŀǎȊŎȊȅȋƴƛŜ

Å {ǇŜƱƴƛƻƴŜ ƧŜǎǘ ǇǊŀǿƻ Snella: ὲÓÉÎ ὲ ÓÉÎ

Å tǊȊȅ ƻŘōƛŎƛǳ ƻōƻǿƛŊȊǳƧŜ ǇǊŀǿƻ ƻŘōƛŎƛŀΥ

Å tǊƻƳƛŜƵ ǇŀŘŀƧŊŎȅ ƛ ǇǊƻƳƛŜƵ odbity ƭŜȍŊ ǿ ƧŜŘƴŜƧ ǇƱŀǎȊŎȊȅȋƴƛŜ

Å YŊǘ ƻŘōƛŎƛŀ Ǌƽǿƴȅ ƧŜǎǘ ƪŊǘƻǿƛ ǇŀŘŀƴƛŀΥ  

Optyka geometryczna ςograniczenia

Å .Ǌŀƪ ȊŀƭŜȍƴƻǏŎƛ ƻŘ ŘƱǳƎƻǏŎƛ Ŧŀƭƛ ςdyspersja

Å ½ ǇǊƻƳƛŜƴƛŜƳ ƴƛŜ ƧŜǎǘ ȊǿƛŊȊŀƴŀ ƳƻŎ ǏǿƛŀǘƱŀ ςǇƻŘȊƛŀƱ ƳƻŎȅ ƴŀ ƎǊŀƴƛŎȅ ƻǏǊƻŘƪƽǿ

Å bƛŜ ǿȅƧŀǏƴƛŀ ȊƧŀǿƛǎƪ ŘȅŦǊŀƪŎƧƛΣ ƛƴǘŜǊŦŜǊŜƴŎƧƛΣ ǇƻƭŀǊȅȊŀŎƧƛ
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/ŀƱƪƻǿƛǘŜ ǿŜǿƴťǘǊȊƴŜ ƻŘōƛŎƛŜ ό¢Lwύ

ÅtǊȊȅ ǇǊȊŜŎƘƻŘȊŜƴƛǳ ǏǿƛŀǘƱŀ Ȋ ƻǏǊƻŘƪŀ ƻ ǿƛťƪǎȊȅƳ n1Řƻ ƻǏǊƻŘƪŀ 
o mniejszym n2,ƳƻȍŜ ƴŀǎǘŊǇƛŏ ǎȅǘǳŀŎƧŀΣ ƎŘȅ ƪŊǘ ȊŀƱŀƳŀƴƛŀ ƧŜǎǘ Ǌƽǿƴȅ ƭǳō 
ǿƛťƪǎȊȅ ƴƛȍ 900Σ Ŏƻ ȊƴŀŎȊȅΣ ȍŜ ǏǿƛŀǘƱƻ ƴƛŜ ƳƻȍŜ ǇǊȊŜŘƻǎǘŀŏ ǎƛť ǇǊȊŜȊ ƎǊŀƴƛŎť 
ƻǏǊƻŘƪƽǿΦ

Å½Ƨŀǿƛǎƪƻ ǘƻ ƴŀȊȅǿŀ ǎƛť ŎŀƱƪƻǿƛǘȅƳ ǿŜǿƴťǘǊȊƴȅƳ ƻŘōƛŎƛŜƳ i jest 
powszechne w przyrodzie oraz szeroko wykorzystywane 
w technice.

ÅTIR  (ang. Total InternalReflection)
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