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Wire antennas
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Wire antennas

In the Fraunhofer Region the expression of the radiated field simplifies as

27l » ]—exp(jﬂzcosg)

0

— / l
r=(r,9.9) E=j g 7 exp|—/jBr] singfgj.dz](z)
I
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Wire antennas

In the Fraunhofer Region the expression of the radiated field simplifies as

exp(jpzcos9) |i,

— Effective length of the wire antenna

... Memo
any antenna, in the Fraunhofer region, behaves as follows

_Jjgre’”

F>>D E(r)=E(r.8.9)=-——1(5.9)
2
r>2D )
¢H=i.xE
r>>A

Effective length
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Wire antennas: effective length

i(.9) = 19(9)53 = sin&'“ﬁ dz ]EZ) exp(jﬂzcos&’)}?s

=/l 0

£=(r89) | The effective length is independent of ¢
P
: | —=Ns ... absolutely not surprising
ol -7
0 ez —
. R Ll The effective length depends by the current distribution /(2)

... absolutely not surprising

u The effective length depends on L
... absolutely not surprising
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Wire antennas: effective length

i(.9) = 19(19)59 = sin&'“ﬁ dz ]EZ) exp(jﬂzcos&*)}ig

=/l 0

r=(r,9,p) N ](Z)
. P u=-Lcosd I(z)=
T .
N L
0 7’ — F(u) = J- dZI(Z)e_j”Z
S -

For the wire antennas the source impressed on the antenna is
related to the radiated field through the Fourier Transformation rule
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Wire antennas: effective length

N ) F(9)=F(u)

For the wire antennas the source impressed on -L

the antenna is related to the radiated field 3 1(2)

through the Fourier Transformation rule I(z 7
0

I(z) | The properties of the Fourier Transformation suggest
I, | some interesting considerations

.| Antenna’s size and beamwidth

.
(e}
—
NV

F | .| Scanning of the pattern

.| Synthesis of the pattern

u
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Wire antennas: visible region

E=j 24':1 I, exp[;jﬂr] [sin 19F(19)z°3 ] £(9) :F(w

F(u) :j;dzi(z)ejuz

~ I(z
f(2)= 10
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Wire antennas: visible region

E=j 24:1 I, exp[;j,Br] [sin 19F(19)z°3 ] £(9) :F(w

Visible region of the F(u) _ j‘ dZi(Z)e_juZ
spectrum i

A
_l | i(z)=12

1
> .
u
B 0 i
é ; >
0 /2 s 9
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Wire antennas: visible region

_ <ol— 7 Br A F(3)=F(u
E=jziloe p[r]ﬂ ][sinSF(Q)ig} )= )u:—ﬂcos&?

A F(u) = j‘ dzi(z)e‘juz

(0 .

I(z)= ]Z
?5 u>
>
9

Stefano Perna — Universita Parthenope — Ingegneria Informatica, Biomedica e delle TLC — Corso di “Antenne”



Wire antennas: visible region

T F(8)=F (1)
E= > I, > [sm&F(Q)zg } ‘@
L
A F(u) = I dzi(z)e_juz
o .
~ I(z
I(z)=
(2)= 1
] ? >
g . / u
‘F(S)‘ T.he mapping law that allows
jumping from the u-domain to
the $-domain is not linear!
é_///-\/‘ ‘.\/‘?\\_E >
0 /2 m 9
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Color legend

New formulas, important considerations,
important formulas, important concepts

Very important for the discussion

Memo

Mathematical tools to be exploited




Wire antennas: an ideal case

Uniform current distribution

|

: I(z)
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__________ S ! l
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Wire antennas: an ideal case

<ol— i Br A F(9)=F(u
E=jziloe p[rfﬂ ][sinaF(S)i,g] = )u=—,8c059
F(u) =j dzi(z)e_juz
I(z) - z - z
EO):](z):reCt[Z} ](z):IE)

0
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Wire antennas: an ideal case

E:j ¢ 7 exp[—j,b’r][

T » sin 9F (9) i ]

I(z) :i(z):rect{i} — F(u)=2L sin (uL)

ul

F(Q) :F(u)
u=-—Lcosd

F(u) =Jidzf(z)ej"z

~ I
i(z)=22

0
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Wire antennas: an ideal case

- F(9)=F(u)
. ¢ exp|-jpr]|r . .
EZ]Z/IIO » [sm&F(zS‘)lIg} u=-pcosd
L
F(u) = J dzf(z)e_j"z
L
](Z) - z sin(uL) 7 1(z)
=I(z)=rect| — — 1 =
I (z)=rec {2L} |:> F(u) —sY — (z) I
Memo 1. Let’s depict F(u)
1
[ (u) 2. Let’s jump from u to 9 and calculate:
SO, * VA R il The direction of the Main Lobe
i .’ s u il The NNBW / HPBW
HON il The SLL
kil The Directivity
6 rc/2“.4‘775 =x9
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Wire antennas: an ideal case
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Wire antennas: an ideal case

1
0.9
0.8
0.7
0.6
0.5
0.4
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0.2

0.1

u
~5z/L —4rn/L -3z/L -2x/L -x/L #/L  2x/L 3z/L 4rx/L 5x/L
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Wire antennas: an ideal case

1

0.9
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_sx/L —4x/L =37/l -2x/L -7x/L 7/l 27/l 3x/L 4x/L  57/L
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Wire antennas: an ideal case

6= 21, S

1,

1. Let’s depict F(u) v
2. Let’s jump from u to 4 and calculate:

The direction of the Main Lobe

The NNBW / HPBW
The SLL
The Directivity

sinSF(Q)fg ]

I(z) :j(z):rec{i} — F(u)=2L sin (uL)

ul

F(Q) :F(u)
u=-—Lcosd

F(u) =Jidzi(z)ej"z

~ 1
f(z)= EZ)

0



Wire antennas: an ideal case

1 I

0.9

0.8

0.7
06
0.5
0.4
0.3

02 Uy

s

szl —4x/L 37/l —2x/L —-x/L O  x/L 2x/L 37/l 4x/L 5x/L

0.1
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Wire antennas: an ideal case

; F(8)=F (u)
- ¢ exp[-jpr]r . .
E:JZX,IO . [SIHSF(Q)ZS} u=—,300819
L
F(u) = J dzi(z)e_j"z
—L
](Z) TR z sin(uL) i _ 1(z)
I —](z)—rect{i}@ F(u)=2L > (z) B
1. Let’s depict F(u) v
2. Let’s jump from u to 4 and calculate:
ul The direction of the Main Lobe S5 =§
ul The NNBW / HPBW
ul The SLL

ul The Directivity
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Main lobe and Beamwidth (NNBW)

NNBW =249

Hup i
A\l 71"
— —
2

A9 9,
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Wire antennas: an ideal case

Let us assume

AG << 2

Upy

N

_sg/L —4x/L 37/l —27/L -x/L O /L 27/l 3x/L 4x/L 5x/L

0.1
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Wire antennas: an ideal case

; F(8)=F (u)
- ¢ exp[-jpr]r . .
E:JZX,IO . [SIHSF(Q)ZS} u=—,300819
L
F(u) = J dzi(z)e_j"z
—L
](Z) = B z sin(uL) i _ I(z)
I —](z)—rect{i}@ F(u)=2L > (z)= B
1. Let’s depict F(u) v
2. Let’s jump from u to 4 and calculate:
ul The direction of the Main Lobe S5 =§
ul The NNBW / HPBW NNBW z%

wl The SLL
ul The Directivity
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Main lobe and Beamwidth (HPBW)
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Wire antennas: an ideal case

HPBW =249

Let us assume

AG << 2

0.4

0.3

0.2

0.1

_sg/L —4x/L 37/l —27/L -x/L O /L 27/l 3x/L 4x/L 57/l
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Wire antennas: an ideal case

E:j ¢ 7 exp[—jﬂr]

227 r

1,

1. Let’s depict F(u) v

2. Let’s jump from u to 4 and calculate:

wl The direction of the Main Lobe
wl The NNBW /| HPBW

wl The SLL
ul The Directivity

[sin&F(&)fg ]

sin (uL)

I(Z):j( _rec{ }:>F()

F(Q):F(u)

u=-—Lcosd
F(u)zj;dzi(z)ej"z
()=

NNBW ~ = HPBW = 0.88—
L 2L
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Side Lobe Level (SLL)

=

SL

SLL =20log,

=

ML

7N

\ 4
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Side Lobe Level (SLL)

E=jo 7 eXp[_j'Br][sinSF(Q)fg}

sin(4,)F (4,

SL

’ ‘Sin("gm )F(ngB )‘

7(3.)
7 (9.

SLL =20log

~20log,

Let us assume
"""" |95, — S| << 27

o
S

o~

o
l

7N

NSRS
/ %
Vo)
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Wire antennas: an ideal case

Uy

—5z/L —4rx/L -3z/L -2x/L -x/L 0 z/L  2x/L 3z/L 4zx/L 5x/L
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Wire antennas: an ideal case

' F
F () =22 5204) SLL ~20log, P (w.)
L F(u,)

Uy

—5z/L —4rx/L -3z/L -2x/L -x/L 0 z/L  2x/L 3z/L 4zx/L 5x/L
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Wire antennas: an ideal case

; ¢ 7 exp[—jﬂr]

E =
227 r

[sin&F(&)fg ]

I(Z):j( _rec{ }:>F( )=2 sm(uL)

1, ul

1. Let’s depict F(u) v

2. Let’s jump from u to 4 and calculate:
ul The direction of the Main Lobe
ul The NNBW /HPBW

wl The SLL v
ul The Directivity

F(9)=F(u)
u=-—Lcosd
F(u) = J dzi(z)e”"z
. I
i(z)=22
Sun =
2 1 2

NNBW ~ = HPBW ~0.88—
L 2L
SLL =-13.46dB
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Wire antennas: an ideal case

; ¢ 7 exp[—j,b’r]

E =
227 r

[sinSF(&)i9 ]

I(Z):j( _rec{ }:>F( )=2 sm(uL)

1, ul

1. Let’s depict F(u)

2. Let’s jump from u to 4 and calculate:
ul The direction of the Main Lobe
wl The NNBW / HPBW

wl The SLL v
«l The Directivity

F(9)=F(u)
u=-—Lcosd
F(u) = J dzi(z)e”"z
. I
i(z)=22
Sun =
2 1 2

NNBW ~ = HPBW ~0.88—
L 2L
SLL =-13.46dB
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New formulas, important considerations,
important formulas, important concepts

Very important for the discussion

Memo
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