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10. Zbiralna zrcala

Omejevanje kvadratne napake faze lahko zahteva nepraktično dolge 
valovodne lijake. Kvadratno napako faze popravi zbiralna leča oziroma 
zbiralno zrcalo, ki pretvori krogelne valovne fronte v ravne valovne fronte.

Čeprav so osnove delovanja enake, se praktične izvedbe leč za 
radijske valove v marsičem razlikujejo od leč za vidno svetlobo. Bistvena 
razlika je v velikosti leče v primerjavi z valovno dolžino. Leče za vidno 
svetlobo so običajno dosti večje d≫λ  od valovne dolžine. Izmere leč za 
radijske valove so pogosto primerljive d≈λ  z valovno dolžino.

•

Zbiralno zrcalo
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ρ2=4 fz=x2+ y2

Rotacijski paraboloid :
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x2+ y2

4 f

ρ=√ x2+ y2

f

f ≡goriščna razdalja

Γ≈−1

f 2−2 fz+ z2+ρ2= f 2+2 fz+ z2
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Izrezi zrcala
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Osvetlitev zrcala
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16 f
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=

d
2
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16 f

=
2⋅

d
4 f

1−( d
4 f )

2

tanα=
2 tan α

2

1−( tan
α
2 )

2

α=2arctan
1

4( f /d )

tan α
2
=

d
4 f

2αf /d=
1

4 tan α
2

l=√(d /2)2+( f −h)2= f [1+( 1
4( f /d ))

2

]
Zgled f /d=0.4 → α≈1.12rd≈64 ° 2α≈128°

l≈1.39 f → 20 log10(l / f )≈2.86dB
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Sevanje krožne odprtine

r⃗

x
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E⃗ ( r⃗ )

dE≈
j
2λ

E 0(ρ ,ϕ)ρd ρd ϕ
e− jk ∣⃗r− r⃗ '∣

∣⃗r− r⃗ '∣
(1+cosΘ)

∣⃗r− r⃗ '∣=√( x−ρcosϕ)2+( y−ρsin ϕ)2+ z2

ρ z

d ϕ

Faza k ∣⃗r− r⃗ '∣≈k (r−ρsinΘ cos(Φ−ϕ))

dE≈
j
2λ

E 0(ρ ,ϕ)ρd ρd ϕ
e− jkr

r
(1+cosΘ)e jk ρ sinΘ cos(Φ−ϕ)

E=∬
A

dE≈
j
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r
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0
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∫
0
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ϕ
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Enakomerno osvetljen krog
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e jt cos ϕd ϕ=2π J 0(t )
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2 ∫
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2π J 0(k ρsinΘ)ρd ρ
d
dt
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0

d /2

2π J 0(k ρsinΘ)ρd ρ=2π [ρ J 1(k ρsinΘ)k sinΘ ]
0
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=π ( d2 )
2 2 J 1( kd2 sinΘ)
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2
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2
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kd
2
=
π d
λ

F (Θ ,Φ)=
1+cosΘ

2

2 J 1( π dλ sinΘ)
π d
λ
sinΘ

J 1(t)=0 → t≈3.8318

α−3dB≈Θ0≈arcsinΘ0≈
3.8318λ
π d

≈1.22 λ
d
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Kvadratna napaka faze
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2 [ 8d 2 ∫0
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F (Θ=0)=
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d 2
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0
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e− j Δϕ(2ρ/d )2ρd ρ=∫
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1

e− j Δϕudu=
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− j Δϕ

=e− j Δϕ/2 sin (Δ ϕ/2)
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2 [ 8d 2 ∫0
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e− j Δϕ(2ρ/d )2 J 0(k ρsinΘ)ρd ρ]
Θ=0 → cosΘ=1 J 0(k ρsinΘ)=1

ΔD[dB ]=20log10∣F (Θ=0)∣=20 log10∣sin (Δ ϕ/2)Δ ϕ/2 ∣
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r
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E0(ρ ,ϕ)=C e− jΔϕ(2ρ/d )2

Δϕ=0 Δϕ=π/4
Δϕ=π/2 Δϕ=π

20 log10∣F (Θ)∣ d=8λ
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•

Osni odmik žarilca

z=
ρ2

4 f

z

x y

r

f −z

λ

ρ

l1

l 2

l1=r−z

l 2=√( f −z )2+ρ2

f
Γ≈−1

l1+l 2 '=r−z+√(e+ f −z )2+ρ2=

=r−z+√( f + z)2+e2+2ef −2ez

l 2 '

e

l 2 '=√(e+ f −z)2+ρ2

e≪ f

l1+l2 '≈r+ f +
(e2+2ef −2ez )

2( f + z )

ρ=√ x2+ y2

Δ l≈e [ f −z
f + z

−1]=e−2 zf + z

Δ l≈e
−8ρ2

4 f 2+ρ2

z
Δϕ=k Δ l≈ke

−8ρ2

4 f 2+ρ2

Ob osi zrcala
ρ≪ f → Δϕ≈−2 ke (ρ/ f )2
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Napake oblike zrcala
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Gregorijanska antena
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