
❈❤❛♣t❡r ✸✻ ✲ ❉✐✛r❛❝t✐♦♥

❋r❛✉♥❤♦❢❡r ❞✐❢r❛❝t✐♦♥ ♣❛tt❡r♥

▼♦♥♦❝❤r♦♠❛t✐❝ ❧✐❣❤t ♦❢ ✇❛✈❡❧❡♥❣t❤ λ ✐s ♥♦r♠❛❧❧② ✐♥❝✐❞❡♥t ♦♥ t❤❡ ♥❛rr♦✇ s❧✐t ♦❢ ✇✐t❞❤ a✳ ▲❡t t❤❡ ❝♦♦r❞✐♥❛t❡
s②st❡♠ ♦r✐❣✐♥ ❖ ❜❡ ❛t t❤❡ s❧✐t✬s ❝❡♥t❡r✳ ❚❤❡ s❝r❡❡♥ ✐s ♣❧❛❝❡❞ ❛ ❤♦r✐s♦♥t❛❧ ❞✐st❛♥❝❡ x ❛✇❛② ❢r♦♠ t❤❡ s❧✐t✱ ❛♥❞
t❤❡ ❜r✐❣❤t❡st ❞✐✛r❛❝t✐♦♥ s♣♦t ✇✐❧❧ ❜❡ ❛t t❤❡ ♣♦✐♥t ❙ ✇✐t❤ ❝♦♦r❞✐♥❛t❡s (x, 0)✳ ❈♦♥s✐❞❡r ❛ ♣♦✐♥t P ♦♥ t❤❡ s❝r❡❡♥
✇❤♦s❡ ❝♦♦r❞✐♥❛t❡s ❛r❡ (x, y)✳ ❲❡ ✇✐❧❧ ✉s❡ t❤❡ r❛② t❤❛t ♦r✐❣✐♥❛t❡s ❢r♦♠ t❤❡ s❧✐t✬s ❝❡♥t❡r ❖ ❛s ❛ r❡❢❡r❡♥❝❡✳
❆♥② ♦t❤❡r r❛② t❤❛t ♦r✐❣✐♥❛t❡s ❢r♦♠ t❤❡ ♣❧❛❝❡ (0, y′) ✐♥ t❤❡ s❧✐t ✐s ♣❤❛s❡✲s❤✐❢t❡❞ ❢r♦♠ t❤❡ r❡❢❡r❡♥❝❡ r❛② ❜②
φ ≈ ky′ sin θ✱ ✇❤❡r❡ θ = ∡P❖❙ ✭tan θ = y/x✮ ❛♥❞ k = 2π/λ ✐s t❤❡ ❧✐❣❤t✬s ✇❛✈❡♥✉♠❜❡r✳ ❚❤❡ t♦t❛❧ ❡❧❡❝tr✐❝
✜❡❧❞ ❛t P ✐s t❤❡ s✉♠ ♦❢ ♦s❝✐❧❧❛t✐♥❣ ❡❧❡❝tr✐❝ ✜❡❧❞s ✭♦❢ t❤❡ s❛♠❡ ✉♥❦♥♦✇♥ ❛♠♣❧✐t✉❞❡✮ t❤❛t ♦r✐❣✐♥❛t❡ ❢r♦♠ ❛❧❧
♣♦✐♥ts (0, y′) ✇✐t❤✐♥ t❤❡ s❧✐t✿

E(y) ∝
a/2
ˆ

−a/2

dy′ cos (ky′ sin θ) =
sin (ky′ sin θ)

k sin θ

∣

∣

∣

a/2

−a/2
=

2 sin
(

a
2k sin θ

)

k sin θ

▼♦r❡ ♣r❡❝✐s❡❧②✱ t❤✐s ✐s t❤❡ ❛♠♣❧✐t✉❞❡ ♦❢ t❤❡ t♦t❛❧ ❡❧❡❝tr✐❝ ✜❡❧❞ ❛t P✳ ❚❤❡ ❛❝t✉❛❧ ❡❧❡❝tr✐❝ ✜❡❧❞ ✐s ♦s❝✐❧❧❛t♦r②✱
❜✉t ✇❡ ❝♦✉❧❞ ✉s❡ t❤❡ tr✐❣♦♥♦♠❡tr✐❝ ❢♦r♠✉❧❛✿

cos(ky′ sin θ − ωt) = cos(ky′ sin θ) cos(ωt) + sin(ky′ sin θ) sin(ωt)
θ≪1−−−→ cos(ky′ sin θ) cos(ωt)

✐♥s✐❞❡ t❤❡ ✐♥t❡❣r❛❧ ❛♥❞ ♦❜t❛✐♥ t❤❡ ❛❜♦✈❡ r❡s✉❧t ♠✉❧t✐♣❧✐❡❞ ❜② t❤❡ ♦s❝✐❧❧❛t♦r② ♣❛rt cos(ωt✮ ❛❢t❡r ✐♥t❡❣r❛t✐♥❣ y′✳
❚❤❡ ✐♥t❡❣r❛❧ ✐ts❡❧❢ ✇❛s s♦❧✈❡❞ ❜②✿

ˆ

dξ cos(qξ) =
1

q

ˆ

d(qξ) cos(qξ) =
1

q
sin(qξ) + ❝♦♥st

❚❤❡ ❧✐❣❤t ✐♥t❡♥s✐t② ✐s I ∝ E2✱ s♦ t❤❛t✿

I(y) = I0

[

sin
(

πa
λ sin θ

)

πa
λ sin θ

]2

◆♦t❡ t❤❛t t❤❡ ❛❜♦✈❡ r❡s✉❧t ❢♦r E(y) ❤❛s ❛♥ ✉♥❦♥♦✇♥ ❛♠♣❧✐t✉❞❡✱ ❜✉t ❞♦❡s ♣r❡❞✐❝t ❛ θ✲❞❡♣❡♥❞❡♥❝❡ ♦❢ t❤❡ ❦✐♥❞
sin(A sin θ)/B sin θ ✇❤❡r❡ A,B ❛r❡ s♦♠❡ ❝♦♥st❛♥ts✳ ❚❤❡ sq✉❛r❡ ♦❢ t❤✐s ♠✉st ❛❧s♦ ❛♣♣❡❛r ✐♥ I(y)✱ ❜✉t ❤❡r❡ ✇❡
❝❛♥ ✐♥tr♦❞✉❝❡ ❛ ✏❦♥♦✇♥✑ ❧✐❣❤t ✐♥t❡♥s✐t② I0 ❛t t❤❡ ❝❡♥t❡r (x, 0) ♦❢ t❤❡ ❜r✐❣❤t❡st ❞✐✛r❛❝t✐♦♥ ♣❡❛❦ ❜❡❝❛✉s❡ t❤❡
❢✉♥❝t✐♦✐♥ sin(α)/α ❤❛s t❤❡ ✇❡❧❧✲❦♥♦✇♥ ♣r♦♣❡rt②✿

lim
α→0

sinα

α
= 1

❲❡✱ ❤❡♥❝❡✱ ❤❛✈❡ t❤❡ ❜r✐❣❤t❡st s♣♦t ❛t θ = 0✳ ❖t❤❡r ❞✐❢r❛❝t✐♦♥ ♠❛①✐♠✉♠s ❛r❡ ❛t ♥♦♥✲③❡r♦ ❛♥❣❧❡s θ s✉❝❤ t❤❛t✿

sin
(πa

λ
sin θ

)

= ±1 ⇒ πa

λ
sin θ =

(

m+
1

2

)

π , m = 0,±1,±2, . . .

❉❛r❦❡st s♣♦ts ❛r❡ ❛t ♥♦♥✲③❡r♦ ❛♥❣❧❡s θ s✉❝❤ t❤❛t✿

sin
(πa

λ
sin θ

)

= 0 ⇒ πa

λ
sin θ = mπ , m = ±1,±2, . . .

✶✳ ❬✸✻✳✺✼❪ ❆ s❧✐t ✵✳✸✻✵ ♠♠ ✇✐❞❡ ✐s ✐❧❧✉♠✐♥❛t❡❞ ❜② ♣❛r❛❧❧❡❧ r❛②s ♦❢ ❧✐❣❤t t❤❛t ✇❛✈❡ ❛ ✇❛✈❡❧❡♥❣t❤ ♦❢ ✺✹✵ ♥♠✳
❚❤❡ ❞✐✛r❛❝t✐♦♥ ♣❛tt❡r♥ ✐s ♦❜s❡r✈❡❞ ♦♥ t❤❡ s❝r❡❡♥ t❤❛t ✐s ✶✳✷✵ ♠ ❛✇❛② ❢r♦♠ t❤❡ s❧✐t✳ ❚❤❡ ✐♥t❡♥s✐t② ❛t
t❤❡ ❝❡♥t❡r ♦❢ t❤❡ ❝❡♥tr❛❧ ♠❛①✐♠✉♠ ✭θ = 0✮ ✐s I0✳ ✭❛✮ ❲❤❛t ✐s t❤❡ ❞✐st❛♥❝❡ ♦♥ t❤❡ s❝r❡❡♥ ❢r♦♠ t❤❡ ❝❡♥t❡r
♦❢ t❤❡ ❝❡♥tr❛❧ ♠❛①✐♠✉♠ t♦ t❤❡ ✜rst ♠✐♥✐♠✉♠❄ ✭❜✮ ❲❤❛t ✐s t❤❡ ❞✐st❛♥❝❡ ♦♥ t❤❡ s❝r❡❡♥ ❢r♦♠ t❤❡ ❝❡♥t❡r
♦❢ t❤❡ ❝❡♥tr❛❧ ♠❛①✐♠✉♠ t♦ t❤❡ ♣♦✐♥t ✇❤❡r❡ t❤❡ ✐♥t❡♥s✐t② ❤❛s ❢❛❧❧❡♥ t♦ I0/2❄

✷✸



• a = 0.360 ♠♠, λ = 540 ♥♠✱ x = 1.20 ♠

I(θ) = I0

[

sin
(

πa
λ sin θ

)

πa
λ sin θ

]2

→ 0 ⇒ πa

λ
sin θ = mπ , m = ±1,±2, . . .

• ✭❛✮ ❆♣♣r♦①✐♠❛t❡❧❧②✱ y/x = tan θ ≈ sin θ✿

m = 1 ⇒ sin θ =
λ

a
⇒ tan θ ≈ sin θ =

λ

a
=

y

x
⇒ y =

λx

a
= 1.8 ♠♠

• ✭❜✮ ❙♦❧✈❡ ♥✉♠❡r✐❝❛❧❧② sin(ξ)/ξ = 1/
√
2✿

I(θ)

I0
=

1

2
=

[

sin
(

πa
λ sin θ

)

πa
λ sin θ

]2

≈
[

sin
(

πa
λ

y
x

)

πa
λ

y
x

]2

sin
(

πa
λ

y
x

)

πa
λ

y
x

≈ 1√
2

⇒ πa

λ

y

x
= 1.39 ⇒ y =

1.39λx

πa
= 7.96× 10−4 ♠

✷✳ ❬✸✻✳✺✾❪ ❈♦♥s✐❞❡r N ❡✈❡♥❧② s♣❛❝❡❞ ♥❛rr♦✇ s❧✐ts✳ ❯s❡ t❤❡ s♠❛❧❧✲❛♥❣❧❡ ❛♣♣r♦①✐♠❛t✐♦♥ sin θ ≈ θ ✭❢♦r θ ✐♥
r❛❞✐❛♥s✮ t♦ ♣r♦✈❡ t❤❡ ❢♦❧❧♦✇✐♥❣✿ ❋♦r ❛♥ ✐♥t❡♥s✐t② ♠❛①✐♠✉♠ t❤❛t ♦❝❝✉rs ❛t ❛♥ ❛♥ ❛♥❣❧❡ θ✱ t❤❡ ✐♥t❡♥s✐s②
♠✐♥✐♠❛ ✐♠♠❡❞✐❛t❡❧❧② ❛❞❥❛❝❡♥t t♦ ✐t ❛r❡ ❛t ❛♥❣❧❡s θ± λ/Nd✱ s♦ t❤❛t t❤❡ ❛♥❣✉❧❛r ✇✐❞t❤ ♦❢ t❤❡ ♣r✐♥❝✐♣❛❧
♠❛①✐♠✉♠ ✐s 2λ/Nd✳ ❚❤✐s ✐s ♣r♦♣♦rt✐♦♥❛❧ t♦ 1/N ♦♥ t❤❡ ❜❛s✐s ♦❢ ❡♥❡r❣② ❝♦♥s❡r✈❛t✐♦♥✳

• ◆❛rr♦✇ s❧✐ts ♠❡❛♥s a < λ ✇❤❡r❡ a ✐s t❤❡ s❧✐t ✇✐❞t❤✿ ❞✐✛r❛❝t✐♦♥ ✐s ♥♦t s❡❡♥ s✐♥❝❡ t❤❡ ❜r✐❣❤t❡st ♣❡❛❦
s♣r❡❛❞s ♦✉t t♦ ❛♥ ❛♥❣❧❡ ✏❣r❡❛t❡r✑ t❤❛♥ ✶✽✵o✳ ❲❡ ❛r❡ ❞❡❛❧✐♥❣ ✇✐t❤ ❛♥ ✐♥t❡r❢❡r❡♥❝❡ ♦❢ N ❡q✉❛❧❧②✲
s♣❛❝❡❞ ♣♦✐♥t✲❧✐❦❡ s♦✉r❝❡s ✭✐♥ t❤❡ ❧✐♠✐t a ≪ λ✮✳ ▲❡t d ❜❡ t❤❡ s❡♣❛r❛t✐♦♥ ❜❡t✇❡❡♥ t✇♦ ❛❞❥❛❝❡♥t
s♦✉r❝❡s✳ ❚❤❡ ♣❤❛s❡ ❞✐✛❡r❡♥❝❡ ♦❢ ❧✐❣❤t r❛②s ❢r♦♠ t✇♦ ❛❞❥❛❝❡♥t s♦✉r❝❡s ♦❜s❡r✈❡❞ ❛t ❛♥ ❛♥❣❧❡ θ ♦♥
t❤❡ s❝r❡❡♥ ✐s φ = 2π(d/λ) sin θ✳ ❲❡ ♠✉st ❛❞❞ ♦s❝✐❧❧❛t♦r② ❡❧❡❝tr✐❝ ✜❡❧❞s ❢r♦♠ ❛❧❧ s❧✐ts t♦ ♦❜t❛✐♥ t❤❡
t♦t❛❧ ✜❡❧❞ ❛t t❤❡ ♦❜s❡r✈❛t✐♦♥ ♣♦✐♥t ✭❛♥❣❧❡ θ✮✿

E(θ) = E0

N−1
∑

n=0

cos(nφ− ωt) = E0

N−1
∑

n=0

cos

(

2πn
d sin θ

λ
− ωt

)

❚❤❡s❡ s✉♠s ❛r❡ ♠♦st ❡❛s✐❧② s♦❧✈❡❞ ✉s✐♥❣ ✏♣❤❛s♦rs✑✱ ✐✳❡✳ ✉s✐♥❣ t❤❡ ❊✉❧❡r ❢♦r♠✉❧❛ eix = cosx+ i sinx
❢♦r ❝♦♠♣❧❡① ♥✉♠❜❡rs✿

N−1
∑

n=0

cos(nφ− ωt) = ❘❡

{

N−1
∑

n=0

ei(nφ−ωt)

}

= ❘❡
{

e−iωt
[

1 + eiφ + e2iφ + · · ·+ e(N−1)iφ
]}

= ❘❡
{

e−iωt
[

1 + z + z2 + · · ·+ zN−1
]}

❲❡ ❤❛✈❡ ❧❛❜❡❧❡❞ z = eiφ ❛♥❞ ❘❡ st❛♥❞s ❢♦r ✏r❡❛❧ ♣❛rt✑✳ ❚❤❡♥✱ ❞❡✜♥❡✿

SN = 1 + z + z2 + · · ·+ zN−1

❛♥❞ ♥♦t❡✿
zSN = z + z2 + · · ·+ zN−1 + zN

SN − zSN = (1− z)SN = 1− zN ⇒ SN =
1− zN

1− z

❚❤❡r❡❢♦r❡✿

N−1
∑

n=0

cos(nφ− ωt) = ❘❡
{

e−iωtSN

}

= ❘❡

{

e−iωt 1− zN

1− z

}

= ❘❡

{

e−iωt 1− eiNφ

1− eiφ

}

✷✹



❯s✐♥❣ ❛❣❛✐♥ ❊✉❧❡r✬s ❢♦r♠✉❧❛✱ ✇❡ ✜♥❞✿

eix = cosx+ i sinx , e−ix = cosx− i sinx ⇒ sinx =
eix − e−ix

2i

1− eiφ = eiφ/2(e−iφ/2 − eiφ/2) = −2ieiφ/2 sin(φ/2)

1− eNiφ = eiNφ/2(e−iNφ/2 − eiNφ/2) = −2ieiNφ/2 sin(Nφ/2)

❛♥❞ ❤❡♥❝❡✿

N−1
∑

n=0

cos(nφ− ωt) = ❘❡

{

e−iωt e
iNφ/2

eiφ/2
sin(Nφ/2)

sin(φ/2)

}

=
sin(Nφ/2)

sin(φ/2)
× ❘❡

{

ei(N−1)φ/2e−iωt
}

=
sin(Nφ/2)

sin(φ/2)
× cos

(

(N − 1)φ/2− ωt
)

❚❤❡ ✐♥t❡♥s✐t② ♦❢ ❧✐❣❤t ✐s ♣r♦♣♦rt✐♦♥❛❧ t♦ t❤❡ ❡❧❡❝tr✐❝ ✜❡❧❞ ❛♠♣❧✐t✉❞❡ sq✉❛r❡❞✿

I(θ) ∝ |E(θ)|2 =
sin(Nφ/2)

sin(φ/2)

❲❡ r❡ ♥♦t ✐♥t❡r❡st❡❞ ✐♥ t❤❡ ♦s❝✐❧❧❛t♦r② ♣❛rt t❤❛t ❤❛s ωt✳✳✳

• ◆♦✇ r❡❝❛❧❧ φ = 2π(d/λ) sin θ ≈ 2π(d/λ)θ✳ ❉❛r❦ ❢r✐♥❣❡s ❛r❡ ♦❜t❛✐♥❡❞ ❛t ♣❧❛❝❡s ✇❤❡r❡ I → 0✱ ✐✳❡✿

sin(Nφ/2) = 0 ⇒ Nφ/2 = mπ ⇒ θ ≈ λ

2πd
φ =

λ

2πd

2πm

N
=

λ

Nd
m , m ∈ Z

❚❤❡ ❡①❝❡♣t✐♦♥ ❛r❡ t❤❡ ♣❧❛❝❡s ✇❤❡r❡ ✇❡ ✇♦✉❧❞ ✜♥❞✿

I(θ) ∝ sin(Nφ/2)

sin(φ/2)
→ 0

0
⇒ φ/2 = mπ ⇒ θ ≈ λ

2πd
φ =

λ

d
m , m ∈ Z

❚❤❡s❡ ❛r❡ ❜r✐❣❤t ❢r✐♥❣❡s✳ ❈❧❡❛r❧②✱ t❤❡ ❛♥❣✉❧❛r s❡♣❛r❛t✐♦♥ ❜❡t✇❡❡♥ t✇♦ ❛❞❥❛❝❡♥t ❞❛r❦ ❢r✐♥❣❡s ✐s
2× λ/Nd✳

✸✳ ❬✸✻✳✻✸❪ ❲❤❛t ✐s t❤❡ ❧♦♥❣❡st ✇❛✈❡❧❡♥❣t❤ t❤❛t ❝❛♥ ❜❡ ♦❜s❡r✈❡❞ ✐♥ t❤❡ t❤✐r❞ ♦r❞❡r ❢♦r ❛ tr❛♥s♠✐ss✐♦♥
❣r❛t✐♥❣ ❤❛✈✐♥❣ ✾✷✵✵ s❧✐ts✴❝♠❄ ❆ss✉♠❡ ♥♦r♠❛❧ ✐♥❝✐❞❡♥❝❡✳

• ❚❤❡ ❞✐st❛♥❝❡ ❜❡t✇❡❡♥ ❛❞❥❛❝❡♥t s❧✐ts ✐s d = 1/9200 ❝♠✱ ✐✳❡✳ d = 1.087 µ♠✳ ❚❤❡ ❧✐❣❤t ♦❢ ✇❛✈❡❧❡♥❣t❤
λ ❤❛s ❜r✐❣❤t ❢r✐♥❣❡s ❛t ❛♥❣❧❡s θ s✉❝❤ t❤❛t d sin θ = mλ ❢♦r ✐♥t❡❣❡r m✳ ❚❤✐s ✐♥t❡❣❡r ❞❡✜♥❡s t❤❡
✏♦r❞❡r✑ ♦❢ t❤❡ ❜r✐❣❤t ❞✐❢r❛❝t✐♦♥ ♠❛①✐♠✉♠✳ ❙✐♥❝❡ ✇❡ ❛r❡ t♦❧❞ t♦ ✜① m = 3✱ ✐♥❝r❡❛s✐♥❣ λ ♠✉st
❝♦rr❡s♣♦♥❞ t♦ ✐♥❝r❡❛s✐♥❣ sin θ✳ ❍♦✇❡✈❡r✱ t❤❡ ❧❛tt❡r ✐s ❜♦✉♥❞❡❞ ❜② ✶✱ s♦ t❤❡ ❧♦♥❣❡st ✇❛✈❡❧❡♥❣t❤ ✐s✿

λ♠❛① =
d× 1

m
=

d

3
= 362 ♥♠

✹✳ ❬✸✻✳✻✾❪ ❆♥ ❛str♦♥❛✉t ✐♥ t❤❡ s♣❛❝❡ s❤✉tt❧❡ ❝❛♥ ❥✉st r❡s♦❧✈❡ t✇♦ ♣♦✐♥t s♦✉r❝❡s ♦♥ ❡❛rt❤ t❤❛t ❛r❡ ✻✺✳✵
♠ ❛♣❛rt✳ ❆ss✉♠❡ t❤❛t t❤❡ r❡s♦❧✉t✐♦♥ ✐s ❞✐✛r❛❝t✐♦♥✲❧✐♠✐t❡❞ ❛♥❞ ✉s❡ ❘❛②❧❡✐❣❤✬s ❝r✐t❡r✐♦♥✳ ❲❤❛t ✐s t❤❡
❛str♦♥❛✉t✬s ❛❧t✐t✉❞❡ ❛❜♦✈❡ t❤❡ ❡❛rt❤✳ ❚r❡❛t ❤✐s ❡②❡ ✭♣✉♣✐❧✮ ❛s ❛ ❝✐r❝✉❧❛r ❛♣❡rt✉r❡ ✇✐t❤ ❞✐❛♠❡t❡r ♦❢ ✹✳✵✵
♠♠✱ ❛♥❞ t❛❦❡ t❤❡ ✇❛✈❡❧❡♥❣t❤ ♦❢ ❧✐❣❤t t♦ ❜❡ ✺✺✵ ♥♠✳ ■❣♥♦r❡ t❤❡ ❡✛❡❝t ♦❢ ✢✉✐❞ ✐♥ t❤❡ ❡②❡✳

✷✺



• ❘❛②❧❡✐❣❤✬s ❝r✐t❡r✐♦♥ ✐s t❤❛t ♦♥❡ ❝❛♥ r❡s♦❧✈❡ t✇♦ ♣♦✐♥t✲❧✐❦❡ s♦✉r❝❡s ♦❢ ❧✐❣❤t ♦♥❧② ✉♣ t❤❡ ♣♦✐♥t ✇❤❡♥
t❤❡ ❝❡♥tr❛❧ ❞✐✛r❛❝t✐♦♥ ♣❡❛❦ ♦❢ ♦♥❡ ❝♦✐♥❝✐❞❡s ✇✐t❤ t❤❡ ✜rst ❞✐✛r❛❝t✐♦♥ ♠✐♥✐♠✉♠ ♦❢ t❤❡ ♦t❤❡r s♦✉r❝❡✳
❋♦r ❛ ❝✐r❝✉❧❛r ❛♣❡rt✉r❡ ♦❢ ❞✐❛♠❡t❡r D✱ t❤❡ ✜rst ❞✐✛r❛❝t✐♦♥ ♠✐♥✐♠✉♠ ✐s ❢♦✉♥❞ ❛t t❤❡ ❛♥❣❧❡ θ1 ❣✐✈❡♥
❜②✿

sin θ1 = 1.22
λ

D

❙♦✱ t❤❡ t✇♦ ♣♦✐♥t✲❧✐❦❡ s♦✉r❝❡s ♦♥ ❡❛rt❤ ♠✉st ❤❛✈❡ ❛♥❣✉❧❛r s❡♣❛r❛t✐♦♥ ♦❢ ❛t ❧❡❛st θ1 t♦ ❜❡ r❡s♦❧✈❡❞✳
■❢ t❤❡ ❛str♦♥❛✉t✬s ❛❧t✐t✉❞❡ ✐s h ✐s ♠✉❝❤ ❧❛r❣❡r t❤❛♥ t❤❡ ❞✐st❛♥❝❡ l = 65.0 ♠ ❜❡t✇❡❡♥ t❤❡ s♦✉r❝❡s✱
✇❡ ♠❛② ❛♣♣r♦①✐♠❛t❡ l/h = tan θ ≈ sin θ ❛♥❞ ✜♥❞✿

sin θ1 = 1.22
λ

D
≈ l

h
⇒ h ≈ lD

1.22λ
= 387 ❦♠

✷✻


