
 

 

 

 

 

 

 











 

≤

λ λ



 

σ

δ



 

 



 

 𝜃𝑅𝑜𝑡 =  00,  300,  450



 

𝜃𝑅𝑜𝑡

𝜃𝑅𝑜𝑡

 

 

𝑊𝑥 , 𝑊𝑦) =

(15𝜆, 15𝜆)

χ

χ (15𝜆 𝑥 15𝜆)

(15𝜆 𝑥 15𝜆)



 

αd βx,d βy,d βz,d αI βx,I

βy,I βz,I

θ φ θ

φ θ φ



 

θ φ

φ φ

θ φ θ

φ

φ φ



 

 



 

 

 

 

 

 

 

 

 

 



 

 



 

 

 

 

 

≥

 ≥

 



 

 



≤





𝐴𝑝𝑒𝑟𝑡𝑢𝑟𝑒 𝑟𝑎𝑡𝑖𝑜 =
𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑠𝑝𝑎𝑐𝑖𝑛𝑔 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑎𝑛𝑡𝑒𝑛𝑛𝑎𝑠

𝑡ℎ𝑒 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑝𝑎𝑐𝑖𝑛𝑔 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑎𝑛𝑡𝑒𝑛𝑛𝑎𝑠

α

α











 

 

 



 

𝑀𝑒 =  𝑇(𝑥𝑒) = 𝑚|𝑥𝑒| + 𝑐 𝑇

𝑀𝑒 = 𝑇(𝑥𝑒) = 𝑐𝑜𝑠 (
4𝜋

5

𝑥𝑒

𝑋𝑒

)
𝑞

𝑞

𝑀𝑒 = 𝑇(𝑥𝑒) = 𝐴𝑐𝑜𝑠 (
4𝜋

5

𝑥𝑒

𝑋𝑒

) + (1 − 𝐴)𝑠𝑖𝑛 (
4𝜋

5

𝑥𝑒

𝑋𝑒

) , 0 

≤  𝐴 ≤  1
𝐴



 

 



 

(cos 𝜃)𝑞

λ



 

 

 

λ

λ λ λ



 

 



 

λ



 



 



 



 

 



 

 

λ

𝜃𝑅𝑜𝑡)

𝜃𝑅𝑜𝑡 =  00,  300,  450

𝜃𝑅𝑜𝑡



 

 θRot =  00,  300,  450

Π

𝐹⃗(𝜃, 𝜑) 𝐹⃗(𝜃, 𝜑)  (cos 𝜃)1.2

Primitive Vectors 𝑎⃗1 = (𝑐𝑜𝑠 𝛼 , 𝑠𝑖𝑛 𝛼) 

𝑎⃗2 = (
1

2
𝑐𝑜𝑠 𝛼 −

√3

2
𝑠𝑖𝑛 𝛼 ,

1

2
𝑠𝑖𝑛 𝛼 −

√3

2
𝑐𝑜𝑠 𝛼)

𝛼 0 − 𝜃𝑅𝑜𝑡

Γ = {(𝑚𝑎1 + 𝑛𝑎2)|𝑚, 𝑛 ∈ ℤ}

Ω = {(𝑥, 𝑦)||𝑥| ≤
𝑤𝑙

2
, |𝑦| ≤

𝑤ℎ

2
}

𝛱 = {(𝑥, 0)|𝛤(𝑥, 𝑦) ∈ 𝛺}

𝐸⃗⃗(𝜃) = 𝐹⃗(𝜃) ⋅ ∑ 𝑤𝑛 ⋅ 𝑒−𝑖𝑘⃗⃗(𝜃)⋅𝑥⃗𝑛𝑁
𝑛=1

𝐹⃗(𝜃)

Π

𝑥⃗𝑛 (Π𝑛)

𝑘⃗⃗(𝜃) 𝑘0 ∙ sin(𝜃)

𝑤𝑛 |𝑤𝑛|𝑒−𝑗𝜑𝑛

𝜙𝑛

(𝜃0) −𝑘⃗⃗(𝜃0) ⋅ 𝑥⃗𝑛



 

𝑘0 2𝜋/𝜆0)

𝜆0

λ

𝜃𝑅𝑜𝑡

𝜃𝑅𝑜𝑡 (00, 900) λ λ

𝜃𝑅𝑜𝑡

λ

𝜃𝑅𝑜𝑡

≤ 𝜃𝑅𝑜𝑡 λ

𝜃𝑅𝑜𝑡

𝜃𝑅𝑜𝑡



 



 



 

ε δ

(Δ𝜙)



 



 



 

 

λ λ

(𝑊𝑥  𝑥 𝑊𝑦 𝑥 𝑊𝑧)

𝑛̂

𝜓 𝑛̂



 

𝒂⃗⃗⃗𝟏 = 0.7𝜆 ⋅ (1,0,0)𝑇 𝒂⃗⃗⃗𝟐 = 0.7𝜆 ⋅ (0,1,0)𝑇 , 𝒂⃗⃗⃗𝟑 = 0.35𝜆 ⋅ (0,0,1)𝑇

𝒂⃗⃗⃗𝒊
′ = cos 𝜓 ∙ 𝒂⃗⃗⃗𝒊 + (1 − cos 𝜓) ∙ (𝒂⃗⃗⃗𝒊 ∙ 𝒏̂) ∙ 𝒏̂ + sin 𝜓 ∙ (𝒂⃗⃗⃗𝒊 × 𝒏̂) 

Γ = {(𝑚𝒂⃗⃗⃗𝟏
′ + 𝑛𝒂⃗⃗⃗𝟐

′ + 𝑝𝒂⃗⃗⃗𝟑
′ )|𝑚, 𝑛, 𝑝 ∈ ℤ}

Ω = {(𝑥, 𝑦, 𝑧)||𝑥| ≤
𝑤𝑥

2
, |𝑦| ≤

𝑤𝑦

2
, |𝑧| ≤

𝑤𝑧

2
}

Π = {(𝑥, 𝑦)|Γ(𝑥, 𝑦, 𝑧) ∈ Ω}

 {𝒂⃗⃗⃗𝟏, 𝒂⃗⃗⃗𝟐, 𝒂⃗⃗⃗𝟑}

{𝒂⃗⃗⃗𝟏
′ , 𝒂⃗⃗⃗𝟐

′ , 𝒂⃗⃗⃗𝟑
′ }

Π′

𝑊𝑥  , 𝑊𝑦 , 𝑊𝑧, 𝑛̂ 𝜓

φ φ φ

𝑊𝑥

𝑊𝑦  𝑊𝑥

𝑊𝑦 15𝜆 𝑊𝑧



 

𝑊𝑧, 𝑛̂

𝜓 𝑊𝑧, 𝑛̂ 𝜓 λ

𝑬⃗⃗⃗(𝜽, 𝝓) = 𝑭⃗⃗⃗(𝜽, 𝝓) ⋅ ∑ 𝜔𝑛
𝑁
𝑛=1 ⋅ 𝑒−𝑗𝒌⃗⃗⃗(𝜽,𝝓)⋅𝒓⃗⃗𝒏

𝑭⃗⃗⃗(𝜽, 𝝓)

Π

𝒓⃗⃗𝒏 (𝑥, 𝑦) (Π𝑛)

𝒌⃗⃗⃗(𝜽, 𝝓) 𝑘0 ⋅ (𝑠𝑖𝑛 𝜃 ⋅ 𝑐𝑜𝑠 𝜙 , 𝑠𝑖𝑛 𝜃 ⋅ 𝑠𝑖𝑛 𝜙)

𝜔𝑛 |𝜔𝑛|𝑒−𝑗𝜗𝑛

𝜗𝑛

(𝜃0, 𝜑0) −𝒌⃗⃗⃗(𝜽𝟎, 𝝓𝟎) ⋅

𝒓⃗⃗𝒏

𝑊𝑥 , 𝑊𝑦) =

(15𝜆, 15𝜆)

𝑊𝑧



 

𝑛̂ 𝜓

𝑊𝑧

𝜎0

𝑑𝑛 = 𝑚𝑖𝑛(‖𝑟𝑛 − 𝑟𝑖‖)

𝜎0 = √∑ (𝑑𝑛−𝑑0)𝑛
2

𝑁−1

𝑑̅0 =  

𝑟𝑛 = 𝑡ℎ  

𝑟𝑖 = 𝑡ℎ  

𝑑𝑛 =  

𝑑0 = average

χλ χλ

χ

χ

χ χ



 

≈ χ

χ χ

(15𝜆 𝑥 15𝜆)

(15𝜆 𝑥 15𝜆)



 

 

 

 

 

 

 

 

λ λ



 

𝜎0

𝜎0

𝜎0

𝜎0



 



 

(𝐴𝑐𝑡𝑖𝑣𝑒 𝑆11)𝑚𝑡ℎ 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 = ∑ 𝑆𝑚,𝑛
𝑤𝑛

𝑤𝑚

𝑁
𝑛=1

𝑆𝑚,𝑛



 

λ λ λ

λ

𝝈𝟎

λ

θ

φ

θ

φ

θ

φ

θ

φ

θ

φ

θ

φ

θ

φ

θ

φ

θ

φ



 

λ

λ

λ

λ

λ



 

λ λ λ

λ

λ

λ

λ

λ

λ λ

λ λ

λ

λ λ
λ



 

∅𝐷𝑃𝑆𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑖
= ∅(𝜃,𝜑) 𝑏𝑒𝑎𝑚 𝑠𝑐𝑎𝑛 +  ∅𝑝𝑎𝑡ℎ𝑙𝑒𝑛𝑔𝑡ℎ 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑜𝑟 𝑖𝑡ℎ 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 



 



 

 



 

αd βx,d

βy,d βz,d αI βx,I βy,I βz,I

β β β

𝑭(𝜃, 𝜑)

(cos 𝜃)𝑞

𝑬(𝜃, 𝜑) = 𝑭(𝜃, 𝜑) ∙ (
∑ 𝜔𝑑 ∙ 𝑒−𝑗𝒌(𝜃,𝜑)∙𝒓𝒅𝐷

𝑑=1

+ ∑ 𝜔𝑖 ∙ 𝑒−𝑗𝒌(𝜃,𝜑)∙𝒓𝒊𝐼
𝑖=1  

)               



 

𝒓𝒅,𝒊 {
( )    

[𝑷𝒙𝒚][𝑹𝒙𝒚𝒛,𝒅,𝒊](𝛼𝑑,𝑖 ∙  𝑽𝒅,𝒊)

𝑽𝒅,𝒊 {
  

(𝑥𝑑,𝑖, 𝑦𝑑,𝑖, 𝑧𝑑,𝑖)
𝑇

𝒌(𝜃, 𝜑) {
                               

  𝑘0(sin 𝜃 cos 𝜑, sin 𝜃 sin 𝜑, cos 𝜃)

[𝑷𝒙𝒚] [
1 0 0
0 1 0
0 0 0

]

[𝑹𝒙𝒚𝒛,𝒅,𝒊] [𝑹𝒛,𝒅,𝒊][𝑹𝒚,𝒅,𝒊][𝑹𝒙,𝒅,𝒊]

[𝑹𝒛,𝒅,𝒊] [

cos 𝛽𝑧,𝑑,𝑖 − sin 𝛽𝑧,𝑑,𝑖 0

sin 𝛽𝑧,𝑑,𝑖 cos 𝛽𝑧,𝑑,𝑖 0

0 0 1

]

[𝑹𝒚,𝒅,𝒊] [

cos 𝛽𝑦,𝑑,𝑖 0 sin 𝛽𝑦,𝑑,𝑖

0 1 0
− sin 𝛽𝑦,𝑑,𝑖 0 cos 𝛽𝑦,𝑑,𝑖

]

[𝑹𝒙,𝒅,𝒊] [

1 0 0
0 cos 𝛽𝑥,𝑑,𝑖 − sin 𝛽𝑥,𝑑,𝑖

0 sin 𝛽𝑥,𝑑,𝑖 cos 𝛽𝑥,𝑑,𝑖

]

𝛽𝑥,𝑑,𝑖

𝛽𝑦,𝑑,𝑖

𝛽𝑧,𝑑,𝑖

𝜔𝑑,𝑖 {  |𝜔𝑑,𝑖|𝑒−𝑗𝜑𝑑,𝑖                                       
 

𝜑𝑑,𝑖 {
 −𝑘̅(𝜃0, 𝜑0) ∙ 𝑟̅𝑑,𝑖                                        

𝛼𝑑,𝑖

𝑘0 (2𝜋 𝜆⁄ )

𝜆



 

𝑊𝑠𝑙𝑙 = 𝑃𝑒𝑎𝑘 𝑆𝐿𝐿 𝑖𝑛 3𝐷 𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 𝑝𝑎𝑡𝑡𝑒𝑟𝑛
𝐷𝑒𝑙𝑒 = 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝑖𝑛𝑡𝑒𝑟 − 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒

𝑜𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒 𝑓𝑜𝑏𝑗
𝑛 =  {

min
0≤(𝛽𝑧,𝑑,𝑖,𝛽𝑦,𝑑,𝑖,𝛽𝑥,𝑑,𝑖)≤2𝜋

(𝑊𝑠𝑙𝑙)

max
0≤(𝛽𝑧,𝑑,𝑖,𝛽𝑦,𝑑,𝑖,𝛽𝑥,𝑑,𝑖)≤2𝜋

(𝐷𝑒𝑙𝑒)
 



 

φ φ

φ φ

φ φ

φ φ



 



 

θ φ θ φ

θ φ θ φ



 

φ φ

φ φ

φ φ

θ φ θ φ



 

φ φ

λ

λ λ λ λ λ λ

θ φ

θ φ



 



 

 

δ

 



 

 

 

 

δ



 

δ



 

𝐹𝑖𝑑𝑒𝑙𝑖𝑡𝑦 𝐼𝑛𝑑𝑒𝑥 =
𝑃𝑒𝑎𝑘 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑖𝑛 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑖𝑚𝑎𝑔𝑒

𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑅𝑀𝑆
  



 



 

 



 

𝑥𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑒𝑑 =
𝑥𝑝𝑜𝑙𝑦

1−𝑧𝑝𝑜𝑙𝑦
, 𝑦𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑒𝑑 =

𝑦𝑝𝑜𝑙𝑦

1−𝑧𝑝𝑜𝑙𝑦

(𝑥𝑝𝑜𝑙𝑦 , 𝑦𝑝𝑜𝑙𝑦) (𝑥𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑒𝑑 , 𝑦𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑑)



 



 

δ δ

δ



 



 



 



 



 

λ



 



 

 



 

 

𝜃𝑅𝑜𝑡

 

 

λ

𝜎0



 



 

λ

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.vla.nrao.edu/
https://www.e-merlin.ac.uk/
https://www.narrabri.atnf.csiro.au/
https://www.almaobservatory.org/en/home/
http://www.gmrt.ncra.tifr.res.in/
https://www.skatelescope.org/the-ska-project/


 

 

 

 



 

 

 

 

 



 




