




• ❚❤❡ r❡❢r❛❝t✐♦♥ ✐♥❞❡① ♦❢ ✇❛t❡r ✐s nw = 1.33✳ ❚❤❡ r❡✢❡❝t❡❞ ❛♥❞ r❡❢r❛❝t❡❞ ❜❡❛♠s ♦♥ t❤❡ ✇❛❧❧
❛r❡ ♣❡r♣❡♥❞✐❝✉❧❛r✱ s♦ t❤❡ ❛♥❣❧❡ θ❛✐r ♦❢ ✐♥❝✐❞❡♥❝❡ ♦♥ t❤❡ ✇❛❧❧ ✭✇✐t❤ r❡s♣❡❝t t♦ t❤❡ ♣❛r♣❡♥❞✐❝✉❧❛r
❞✐r❡❝t✐♦♥ ♦♥ t❤❡ ✇❛❧❧✮ ✐s✿

1× sin θ❛✐r = n sin θ✇❛❧❧ = n cos θ❛✐r ⇒ θ❛✐r = arctan(n) = 58.2o

❚❤❡ ✐♥❝✐❞❡♥❝❡ ❛♥❣❧❡ ♦❢ t❤❡ r❡✢❡❝t❡❞ r❛② ♦♥ t❤❡ ✇❛t❡r s✉r❢❛❝❡ ✐s t❤❡♥✿

θ′
❛✐r

= 90o − θ❛✐r = 31.8o

❚❤✐s ❜❡❛♠ ❣❡ts r❡❢r❛❝t❡❞ ✐♥ t❤❡ ✇❛t❡r✿

1× sin θ′
❛✐r

= 1× cos θ❛✐r = nw sin θw ⇒ θw = arcsin

(

1

nw

cos θ❛✐r

)

= 23.3o

✼✳ ❬✸✸✳✺✼❪ ❆ r❛② ♦❢ ❧✐❣❤t ❣♦❡s ❢r♦♠ ♣♦✐♥t ❆ ✐♥ ✇❤✐❝❤ t❤❡ s♣❡❡❞ ♦❢ ❧✐❣❤t ✐s v1 t♦ ♣♦✐♥t ❇ ✐♥ ❛ ♠❡❞✐✉♠ ✐♥
✇❤✐❝❤ t❤❡ s♣❡❡❞ ♦❢ ❧✐❣❤t ✐s v2✳ ❚❤❡ r❛② str✐❦❡s t❤❡ ✐♥t❡r❢❛❝❡ ❛ ❤♦r✐③♦♥t❛❧ ❞✐st❛♥❝❡ x t♦ t❤❡ r✐❣❤t ♦❢ t❤❡
♣♦✐♥t ❆✳ ✭❛✮ ❙❤♦✇ t❤❛t t❤❡ t✐♠❡ r❡q✉✐r❡❞ ❢♦r t❤❡ ❧✐❣❤t t♦ ❣♦ ❢r♦♠ ❆ t♦ ❇ ✐s✿
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v2

✇❤❡r❡ h1 ❛♥❞ h2 ❛r❡ ✈❡rt✐❝❛❧ ❞✐st❛♥❝❡s ♦❢ ❆ ❛♥❞ ❇ ❢r♦♠ t❤❡ ✐♥t❡r❢❛❝❡ r❡s♣❡❝t✐✈❡❧②✱ ❛♥❞ l ✐s t❤❡ ❤♦r✐③♦♥t❛❧
❞✐st❛♥❝❡ ❜❡t✇❡❡♥ ❆ ❛♥❞ ❇✳ ✭❜✮ ❚❛❦❡ t❤❡ ❞❡r✐✈❛t✐✈❡ ♦❢ t ✇✐t❤ r❡s♣❡❝t t♦ x✳ ❙❡t t❤❡ ❞❡r✐✈❛t✐✈❡ t♦ ③❡r♦ t♦
s❤♦✇ t❤❛t t r❡❛❝❤❡s ✐ts ♠✐♥✐♠✉♠ ✈❛❧✉❡ ✇❤❡♥ n1 sin θ1 = n2 sin θ2✳ ❚❤✐s ✐s ❙♥❡❧❧✬s ❧❛✇ ❛♥❞ ❝♦rr❡s♣♦♥❞s
t♦ t❤❡ ❛❝t✉❛❧ ♣❛t❤ t❛❦❡♥ ❜② ❧✐❣❤t✳ ❚❤✐s ✐s ❛♥ ❡①❛♠♣❧❡ ♦❢ ❋❡r♠❛t✬s ♣r✐♥❝✐♣❧❡ ♦❢ ❧❡❛st t✐♠❡✿ ❧✐❣❤t t❛❦❡s
t❤❡ ♣❛t❤ ❜❡t✇❡❡♥ t✇♦ ♣♦✐♥ts ❆ ❛♥❞ ❇ t❤❛t ♠✐♥✐♠✐③❡s ✐ts tr❛✈❡❧ t✐♠❡✳

• ✭❛✮ ✐s ♦❜✈✐♦✉s ✇❤❡♥ ②♦✉ ❞r❛✇ ❛ ♣✐❝t✉r❡✿
√

h2

1
+ x2 ✐s t❤❡ ❞✐st❛♥❝❡ t❤❡ r❛② tr❛✈❡❧s ❢r♦♠ ❆ t♦ t❤❡

✐♥t❡r❢❛❝❡✱ ✇✐t❤ s♣❡❡❞ v1✱ ❡t❝✳✳✳

• ✭❜✮ ◆♦t❡ t❤❛t✿
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v1

=
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v2
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v2
sin θ2

n1 sin θ1 = n2 sin θ2

✶✺


